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1

project water supplied to every acre within the

2

project each year, whether in New Mexico or Texas."

3

So let's stop there.

4

for that?

5

A.

What's the basis in the Compact

I think the basis for this that I was relying

6

on had to do with the historic practice, and

7

specifically, I'll point to the historic practices

8

described in the affidavit of Bert Cortez where he

9

specifically lays that -- that aspect out.

10

Q.

So do the historic practices of Reclamation

11

in the first 40 years of the project establish some

12

sort of limitation on the operation of the project?

13

mean, the 2008 operating agreement is also an historic

14

operation of the project.

15

operation, and that's Reclamation's operation, as

16

well.

17

the historic -- I'm putting air quotes around that --

18

historic operation that controls?

19

A.

I

It's a more recent historic

So how can you pick and choose which period is

You asked me for what basis I was using for

20

that conclusion.

I told you what that basis was.

21

will expand on that a little bit and say that it's

22

also common within Reclamation projects generally that

23

unless there is some other specific delineator,

24

projects are generally operated to supply water

25

equally to project lands, and there's a number of
Page 29
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1

A.

I don't believe that they are.

2

Q.

Okay.

So I guess it comes down to a

3

difference of how we define explicit delivery

4

requirements and -- and the word delivery.

5

believe that delivery of water into the reservoir

6

would preclude or does preclude New Mexico from

7

interfering with project operations under the

8

downstream Compacts -- contracts?

9

MR. WECHSLER:

10

A.

11

Sorry.

12

Q.

Do you

Object to form.

I don't understand what you're asking.

(BY MR. SOMACH)

Okay.

Does the delivery

13

obligation basically once you -- New Mexico delivers

14

water into the reservoir, does it have any residual

15

control over that water or entitlement to that water,

16

other than what exists pursuant to the Elephant Butte

17

Irrigation district contract with the United States?

18
19

A.

Does it have residual control over that water

or entitlement to the water?

Yes.

20

Q.

Does it retain control?

21

A.

I believe that we have an entitlement to 57

22

percent of that water after it's gotten into the

23

project.

24

those downstream contracts, but it is under the

25

Compact.

Under the Compact, it -- it arises from

The Compact recognizes those, and those
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1

serve as the basis for that apportionment, but New

2

Mexico has a right to 57 percent of that.

3

Q.

Does New Mexico or does Elephant Butte

4

Irrigation District have a right under those

5

contracts?

6
7

MR. WECHSLER:
A.

Object to form.

The contracts are Elephant Butte contracts.

8

The contract is a contract that -- where Elephant

9

Butte is a party.

The project is a -- it's similarly

10

is a contract in federal law and state law and the

11

Compact, and that is an agreement amongst the states

12

that has been ratified by Congress, and I think that

13

New Mexico has a right under the Compact to the

14

apportionment that's equivalent to what Elephant --

15

EBID gets under the -- the contract.

16

Q.

(BY MR. SOMACH)

Could New Mexico, under the

17

analysis you just provided, utilize the water that has

18

been delivered into Elephant Butte reservoir for

19

purposes other than irrigation of lands within the

20

Elephant Butte Irrigation District?

21

A.

Not without some -- not without some

22

municipal -- what is it called -- miscellaneous

23

purposes contract or something like that, like -- like

24

the City of El Paso has.

25

Q.

Is --
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1

Q.

2

No. 1.

3

A.

Yes, I think that it is.

4

Q.

Okay.

Its operation to deliver water to EBID and EP

And would you agree that the

5

apportionment of Rio Grande project water is -- is --

6

a portion to Texas is protected by the Compact?

7
8
9
10

A.

The 43 percent of project supply that I

talked about?
Q.

Yes.

It's whatever you believe is apportioned

under the Compact.

11

A.

I just said what I believe it was.

12

Q.

Okay.

13

43 percent.

You think that's

protected by the Compact?

14

A.

Yes.

15

Q.

Okay.

To your knowledge, has the amount of

16

groundwater pumping within New Mexico below Elephant

17

Butte increased since 1938?

18
19
20

A.

Based on my review of historical records,

yes, it has.
Q.

Do you have an opinion as to whether

21

groundwater levels generally below Elephant Butte

22

reservoir have declined since 1938?

23

A.

They certainly have, particularly after the

24

2008 operating agreement.

25

levels have been quite resilient, and they've declined

Before that, groundwater
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1
2

referring to the -- the pumping in the Hueco.
Q.

Okay.

I want to ask you about a sentence

3

that is in your rebuttal report, and to save us all

4

the time of looking it up, I'll just read it to you

5

and then ask my questions.

6

that, "Under State and Reclamation practices," and

7

then you point that, "Texas and EP No. 1 or

8

Reclamation were concerned that pumping were affecting

9

Texas apportionment, then Texas has responsibility

There's a statement

10

under the Compact to formally raise the issue with New

11

Mexico and Colorado."

12

practice were you referring to?

13

A.

And my question is:

What state

I'm referring really generally to kind of

14

prior -- the prior appropriation doctrine.

15

with Mr. Somach yesterday, under the prior

16

appropriation doctrine, there might be a senior that

17

has a better right, but to the extent that they're not

18

using their full supply, a junior gets to use some of

19

that.

20

is knowledge that something needs to be done and that

21

the junior needs to be done, needs to do something

22

to -- is by notice.

23

that they know that they have to do something.

24

Otherwise, life goes on.

25

Q.

As I spoke

And oftentimes, the only way that -- that there

They had to be given notice so

What about the Reclamation practice or

Worldwide Court Reporters, Inc.
(800) 745-1101

Page 141
1

practices?

2

A.

Same thing.

Same thing.

It's the

3

Reclamation operates throughout the west in --

4

primarily in areas with the work under the prior

5

appropriation doctrine.

6

Q.

Same thing.

And then when you refer to responsibility of

7

the Compact, were you referring to a particular

8

provision of the Compact?

9

A.

No, I was not.

10

Q.

And then where's the basis for that statement

11
12
13
14

then?
A.

The same basis.

It's just a tenant of the

prior appropriation doctrine.
Q.

Just a couple of questions to follow up on

15

your conversation with Ms. Klahn about the development

16

of the 2008 operating agreement.

17

apprised of the negotiations as they were moving

18

forward?

19
20
21

A.

Was the state

What do you mean by "apprised"?

Did we know

that they were happening?
Q.

Yeah.

Did you have any interaction with the

22

negotiating parties such that the state had a general

23

awareness of the nature of the negotiations and -- and

24

the parties' positions during the negotiations?

25

A.

I don't think that we had that level of
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1
2

the impacts is what I'm -Q.

Okay.

And by "offset," are you talking about

3

offset in the way that term is used under New Mexico

4

law as an offset for out of priority pumping?

5

A.

I'm not sure how that's used exactly.

I

6

don't want to -- I don't want to agree or not to that.

7

I'm not exactly sure what that -- that says.

8
9

Q.

Let's go back to the list on text Page 3.

Use of drain flows, which are appropriate --

10

appropriately a part of project supply.

11

that bullet point and how it was used in your

12

scenarios.

13

A.

Tell me about

So in my opinion, I believe it's 4.5, I

14

describe the -- kind of the elements of project

15

supply, what comprises project supply.

16

in the elements specifically.

17

of usable water from the reservoirs, return flows --

18

return or drain flows, and the inflows below --

19

between Elephant Butte and Fort Quitman.

20

relates to the return and drain flows element.

21

El Paso Valley, drain flows were part of project

22

supply and were often used all the way down

23

essentially up to Fabens, Texas.

24

pretty -- any drain flows that might -- might be

25

generated from irrigation in the Tornillo were

I think it's

I talk about releases

And so this
In the

Below Fabens is
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1
2

Q.

(BY MR. WECHSLER)

Please let me know when

that comes up for you.

3

A.

It has come up.

4

Q.

So the -- the first paragraph I'd like to get

5

you to look at is Paragraph 4.

6

before you?

Do you have that

7

A.

Yes.

8

Q.

The first sentence reads, "As detailed below,

9

the Rio Grande Compact, among other purposes, was

10

entered into to protect the operation of the Rio

11

Grande Reclamation project."

Do you see that?

12

A.

I do.

13

Q.

Based on your review of the historical

14
15

record, do you agree with that statement?
A.

Yes.

And as a matter of fact, I think that

16

is a component of one of my opinions in my original

17

expert report.

18

Q.

19

complaint?

20

A.

21
22

Do you have any input into drafting this

No, not to my knowledge.

I wasn't asked to

review it or respond to it.
Q.

Further down in Paragraph 4, I'm skipping one

23

sentence about New Mexico.

24

delivered to Elephant Butte Reservoir, that water is

25

allocated and belongs to Rio Grande project

It then says, "Once
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1

beneficiaries in southern New Mexico and in Texas

2

based upon allocations derived from the Rio Grande

3

project authorization and relevant contractual

4

arrangements."

5

historical record, do you agree with that statement?

Again, based on your review of the

6

A.

Yes.

7

Q.

A couple others here that I'm curious on your

8

impression about.

I'm moving now to Paragraph 6,

9

Dr. Miltenberger.

I'm looking at the last sentence in

10

that paragraph, which reads, "The 1904 irrigation

11

Congress also recommended delivery of water from the

12

proposed project as between the lands in southern New

13

Mexico and in Texas based on the ratio of project

14

lands within each state.

15

1904 irrigation Congress were adopted by the secretary

16

of the interior and the Rio Grande Reclamation project

17

was authorized pursuant to the Rio Grande Reclamation

18

Act."

19

do you agree with that statement?

The recommendations of the

Based on your review of the historical record,

20

A.

Yes.

21

Q.

All right.

Paragraph 8.

And here, I'm

22

looking at the first sentence, which reads, "As noted,

23

Rio Grande project water deliveries are made based

24

upon the ratio between the irrigable acreage of the

25

Rio Grande project situated in New Mexico and the
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1

irrigable acreage of the Rio Grande project situated

2

in Texas.

3

percent New Mexico and 43 percent in Texas."

4

your review of the historic record, do you agree with

5

that statement?

Historically, this ratio has been 57

6

A.

Yes.

7

Q.

All right.

Paragraph 10.

Based on

Again, I'm looking

8

at the first part of this paragraph.

9

Rio Grande Compact did not specifically identify

It says, "The

10

quantitative allocations of water below Elephant Butte

11

Dam as between southern New Mexico and Texas, nor did

12

it articulate a specific state line delivery

13

allocation.

14

project and its allocation and delivery of water in

15

relation to the proportion of Rio Grande project

16

irrigable lands in southern New Mexico and in Texas to

17

provide the basis of the allocation of Rio Grande

18

waters between Rio Grande project beneficiaries in

19

southern New Mexico and the State of Texas."

20

your historic review, do you agree with that

21

statement?

22

A.

Yes.

23

Q.

All right.

Instead, it relied upon the Rio Grande

Based on

There's another document I want

24

to get you to look at, and I'm marking this as Exhibit

25

SAM 6.

Again, please let me know when that comes up.
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1

(Exhibit No. 6 was marked.)

2

A.

It's up.

3

Q.

(BY MR. WECHSLER)

4

Do you recognize this

document, Dr. Miltenberger?

5

A.

Yes.

6

Q.

In fact, this is a document that you describe

7

in your original report; is that correct?

8

A.

Yes.

9

Q.

And what is this document?

10

A.

This is a letter from Frank Clayton, the Rio

11

Grande Compact commissioner for Texas, to an attorney,

12

Sawnie B. Smith.

13

Q.

What's the date of the letter?

14

A.

October 4th, 1938.

15

Q.

When was the agreement to enter into the

16
17

Compact, when was that agreement reached?
A.

The specific date actually -- I don't recall

18

the exact date, but I believe it was before this

19

letter.

20

Q.

Same year?

21

A.

Yes.

22

Q.

If you look at the second paragraph here,

23

Mr. Clayton says that the Rio Grande project, as you

24

know, is operated as an administrative unit by the

25

Bureau of Reclamation, and the dam and releases from

Worldwide Court Reporters, Inc.
(800) 745-1101

Page 42
1

the reservoir are controlled by the Bureau and will

2

continue to be at least until the federal government

3

has repaid its investment and very probably even

4

beyond that time.

5

language is:

6

that the Rio Grande project is operated as an

7

administrative unit.

8

to mean?

9
10

A.

Now, my first question about that

In your report, you used the language

What do you understand that term

That the -- that Reclamation administers the

Rio Grande project as a whole.

11

Q.

What the do you mean "as a whole"?

12

A.

As a single piece.

13

Q.

And here, Mr. Clayton is talking about that

14

the Bureau will continue to operate the project.

15

Based on your review of the historical record, was

16

that an expectation that the states held as they were

17

negotiating the Compact?

18
19
20

A.

I don't recall it being a subject of

discussion as to whether it would not be.
Q.

Does that mean that there seems to be an

21

assumption reviewing -- amongst the parties that that

22

would continue?

23

A.

Yes.

24

Q.

This statement here indicates that, at least

25

until the federal government has repaid its
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1
2

investment, what do you understand that to mean?
A.

Well, the basis of federal reclamation

3

projects was that the beneficiaries would have to

4

reimburse the federal government for the construction

5

of the project itself, of the project works itself, at

6

which point it would then be turned over to the

7

project beneficiaries, at least that was the idea.

8

The Reclamation Act was amended several times to

9

reflect difficulties in repayments.

10
11

Q.

And how did the beneficiaries repay the

investment?

12

A.

I believe through various assessments made.

13

Q.

They would -- they had to pay -- they were

14

given certain services and -- and water, and

15

ultimately, they had to pay the government back?

16

A.

Yes.

17

Q.

If you -- if you go down a little bit

18

further, Dr. Miltenberger, you skip over the

19

paragraph "moreover," and you go to the paragraph that

20

reads -- it starts with the word, "However."

21

just read that into the transcript.

22

question of the division of the water released from

23

Elephant Butte Reservoir is taken care of by contracts

24

between the districts under the Rio Grande project and

25

the Bureau of Reclamation."

I'll

"However, the

And that's similar to the
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1

language we saw in the Texas complaint; would you

2

agree, the concept?

3

A.

It's similar language.

4

Q.

It goes on, "These contracts provide that the

5

lands within the project have equal water rights, and

6

the water is allocated according to the areas involved

7

in the two states."

Do you see that?

8

A.

Yes.

9

Q.

What was meant by that language, "Lands

10
11

I see that.

within the project have equal water rights"?
A.

I read that as Clayton asserting that the

12

lands within the project -- there was no priorities

13

among the lands within the project.

14

Q.

What do you mean by that?

15

A.

That one acre of land in the Mesilla Valley

16

versus another acre of lands further down -- let's say

17

one acre of land in the Rincon Valley versus one acre

18

of land in the Mesilla Valley, that one or the other

19

didn't have greater priority than the other, had a

20

greater entitlement, shall we say, to the water.

21

Although to be fair that the concept of water rights

22

here, that this statement about water rights, is -- is

23

a little ambiguous to me.

24

Q.

Why is it ambiguous?

25

A.

Water rights can mean a number of different
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1

the paragraph we were discussing, it starts on Page 1

2

and carries over to 2, we can see there that

3

Mr. Clayton is talking about, as he puts it, the

4

question of the division of the water released from

5

Elephant Butte Reservoir, right?

6

A.

Yes.

7

Q.

If you look at the last sentence of that

8

paragraph, he says, "By virtue of the contract

9

recently executed, the total area is, quote, frozen at

10

the figure representing the acreage now actually in

11

cultivation, approximately 88,000 acres for the

12

Elephant Butte Irrigation District, and 67,000 for the

13

El Paso County Water Improvement District No. 1 with

14

a, quote, cushion of 3 percent for each figure."

15

you see that?

16

A.

Yes.

17

Q.

My question is:

Do

Based on your review of the

18

historical record, how did knowing the acreage in each

19

of the districts allow for the division of water?

20

A.

The original conception of the Rio Grande

21

project was that water would be -- the water delivery

22

was tied to the amount of irrigable acres.

23

Q.

24

statement.

25

A.

I'm sorry.

You cut out at that last

The water -- I believe I was saying that the
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1

water delivery through the project, to project lands,

2

would be on the basis of irrigable acres.

3

Q.

How so?

4

A.

From the beginning.

5

Q.

How were the -- was the water delivery on the

6
7
8
9
10
11

basis of irrigable acres?
A.

I'm not quite sure if I understand the

question.
Q.

How much water would each of the districts be

entitled to?
A.

Not certain if I could answer that

12

specifically without taking a closer look at the --

13

perhaps the project histories.

14

that the basis of the project, and this is one of the

15

first Reclamation projects in the American west, was

16

that rather than there be a certain amount of water,

17

that the amount of water be determined by the amount

18

of acres that could be irrigated through the project.

What -- my point was

19

Q.

20

histories?

21

A.

I have.

22

Q.

So how -- what do the project histories tell

And you have reviewed those project

23

you about how the water was divided between the

24

districts?

25

A.

I believe that there is some data in there
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1

additional report or -- or not or additional opinion

2

or not.

3

Q.

I can't say as I sit here.
I -- I understand that.

I'm not getting at

4

that issue again.

5

that you know you're intending to express at trial up

6

to this point, have we covered everything either in

7

your original report, your original deposition, which

8

was previously taken, your rebuttal report, or today's

9

deposition, is there any other opinion that's not

10
11
12
13
14

I'm just getting at of the opinions

expressed in one of those four places?
A.

I think there are some points of emphasis

that I diverge from Dr. Stevens' report on.
Q.

Are those points of emphasis not covered in

your rebuttal report?

15

A.

To some extent, they are covered.

16

Q.

Why do you qualify that with the words "to

17
18

some extent"?
A.

Well, as I -- as I sit here, it occurs to me

19

that there's a -- there -- there's a central perhaps

20

interpretive difference between myself and Dr.

21

Stevens -- my report and Dr. Stevens' report that may

22

speak to some of the documents and how she interprets

23

them.

24
25

Q.

What is that?

Well, first, why don't you

tell me what that difference is.
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1

A.

Well, I see the Compact and the project as

2

distinct entities, and my -- my reading of

3

Dr. Stevens' analysis is that the project and Compact

4

are coterminous.

5

Q.

6

to be?

7

A.

What do you understand Dr. Stevens' opinion

I think as I -- as I just -- as I just

8

stated, that I -- I -- I discern or I read an

9

interpretive difference being that Dr. Stevens'

10

analysis, the Compact and the project are one and the

11

same, whereas I see them as distinctive.

12

encompasses the project.

13

to the project.

14
15
16

Q.

The Compact is not limited

So start with the phrase "the Compact

encompasses the project."
A.

The Compact

What do you mean by that?

As I think I mentioned earlier today, I mean

17

that the Compact is intended to protect the project in

18

part.

19

Q.

Anything else?

20

A.

I think that's what I mean when I say the

21
22
23
24
25

Compact encompasses the project.
Q.

What do you see -- what does it mean when you

say the Compact is not limited to the project?
A.

Well, the Rio Grande project ends at Fabens,

for instance.

The Rio Grande Compact is an equitable

Worldwide Court Reporters, Inc.
(800) 745-1101

Page 146
1
2
3

A.

I'm not certain if I understand what you mean

by methodology.
Q.

A mechanism, a way.

I mean, we've looked at

4

documents you agreed to this morning both from Texas'

5

complaint and also this letter from Mr. Smith -- I'm

6

sorry -- Mr. Clayton.

7

again.

8

division of the water released by Elephant Butte is

9

taken care of by contracts between the districts under

10

We can look at that language

Mr. Clayton actually says the question of the

the Rio Grande project and the Bureau of Reclamation?

11

A.

What --

12

Q.

I'm sorry?

13

A.

No, I'm sorry.

14

Q.

I mean, that's what we discussed this

15

morning, right?

16

A.

Yes.

17

Q.

Is there some piece of that, that you

18
19
20
21

disagree with?
A.

I'm not certain if I follow what you mean

by "piece of that."
Q.

Yeah.

Piece of Mr. Clayton's letter?

We're talking about the way in which

22

the water -- the historic record reflects that the

23

water was divided below Elephant Butte?

24
25

A.

Well, I think that's reflected in how the

project operated and how water was used and reused
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1

down and throughout the project.

2

surprising that the figure that was arrived at for

3

delivery into Elephant Butte was 790,000 acre-feet.

4

That's only 10,000 acre-feet off of what Texas asked

5

to be released in part of the Compact negotiations,

6

and Raymond Hill elaborates on ultimately what the 790

7

constitute.

8

different orientation, different interpretive

9

orientation, that 790,000 acre-feet of water would

10

seem to be water -- seem to be molecules that were

11

intended to serve lands not only in New Mexico, but in

12

Texas all the way down to Fort Quitman with, of

13

course, the understanding, and as is reflected in

14

Mr. Clayton's letter, that the Rio Grande project,

15

Elephant Butte was an essential control point for all

16

the other reasons he elaborates in the letter having a

17

measurement that state line would be difficult.

18

the mechanism, as you say, asking about the

19

apportionment was the Compact itself, the 790,000

20

acre-feet that had to be delivered to Elephant Butte

21

by New Mexico.

To me, it's not

So, again, approaching this from a

So

22

Q.

23

and Texas?

24

A.

All the way down to Fort Quitman.

25

Q.

Well, the project serves to Fabens, right?

Which then served those lands in New Mexico
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1

A.

The project serves to Fabens.

2

Q.

And then as you state, any wastewater is

3
4

available for Hudspeth?
A.

Yes.

Certainly as of, I believe in my expert

5

opinion, my initial expert report, as of the time

6

period at the time of the Compact.

7

not as familiar with the course of contact after.

8
9
10

Q.

As I sit here, I'm

Do you -- is there some part of what you just

said that you understand Dr. Stevens disagrees with?
A.

As I think I said earlier, what I see as the

11

central sort of interpretive difference orientation is

12

that I see the Compact as being broader than just the

13

project.

14

understand documents that she uses in a different way.

15

I read them in a different way.

16

Q.

I don't -- and on that basis then, I

Can you explain to me again broader in what

17

way?

18

broader in that you think the Compact was intending to

19

protect or to apportion water all the way down to Fort

20

Quitman.

21

disagree with Dr. Stevens on in that regard?

So far, all you've identified is you think it's

22
23

Is there anything else that you think you

MR. HOFFMAN:
A.

Asked and answered.

Well, I -- referring back, I think, to my

24

earlier answers, I think that that's an interpretive

25

difference that I see between myself and Dr. Stevens,
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1

working seven days a week.

2

Q.

That's a lot to manage.

3

A.

Yes.

4
5

And besides that, we have 24-hour

dispatchers, also.
Q.

Oh, okay.

So yesterday, Mr. Stubbs was

6

talking about when he was farming, he used to fax in

7

his water orders.

8

communicate their water orders to you now?

9

A.

Do people -- how do people

There's -- there's four ways.

They can

10

either go on the computer and send it in.

11

them call in.

12

faxes and -- and then some farmers come in, in person.

13
14

Q.

We do -- we're receiving less and less

Oh, okay.

All right.

So you don't have

e-mail or text?

15

A.

No.

16

Q.

Okay.

17

A lot of

So when does irrigation taper -- start

to taper off in the district?

18

A.

Towards September.

19

Q.

Okay.

So is that -- what other things, other

20

than -- what other things are happening in that time

21

frame?

22

A.

Well, usually, that's -- in September -- in

23

early September, that's the last -- if the water is

24

available, that's the last irrigation for cotton.

25

Q.

Okay.
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1

majority does report to the Clint office.

2

Q.

Okay.

3

Let's mark this exhibit.
(Exhibit No. 4 was marked.)

4

Q.

(BY MS. KLAHN)

All right.

Mr. Reyes, I want

5

to hand you what's been marked Reyes Exhibit 4.

This

6

is a -- I guess, a page from the EP No. 1 Website

7

titled, "Procedure for Ordering Water."

8

A.

Okay.

9

Q.

We'll wait until everybody gets organized.

10
11

MR. DUBOIS:
Exhibit 4?

12

MS. KLAHN: (Nodding head.)

13

Q.

(BY MS. KLAHN)

14

look at this.

15

take a look at it.

16
17

So this will be Reyes

Just take a minute and take a

I'm sure you've seen it before, but

MR. MACFARLANE:

Is this Reyes Exhibit

2?

18

MR. DUBOIS:

19

MS. KLAHN:

20

Q.

(BY MS. KLAHN)

4.
4.
So as -- Exhibit 4 has a

21

procedure for ordering water.

22

is:

23

as you know the system to work from your side?

24
25

So my first question

Does that procedure look accurate to you as far

A.

Yes.

Except for the middle portion.

We

now -- because of drought situation and -- and
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1

scheduling and so on, our water master meets or

2

communicates with EBID's water master on a daily basis

3

and -- and then they -- between both of them, they --

4

they get the numbers that Mexico needs as far as

5

water, what -- what has been ordered for our district,

6

what's been ordered for EBID's district and

7

communicate with the Bureau of Reclamation and then

8

they set the gates on a -- almost on a daily basis as

9

to what water to release.

10

Q.

Okay.

So the middle section is -- would be

11

the place where it says, "Note, do not expect to

12

receive irrigation water the same day"?

13
14

A.

Right.

That -- that's correct.

And, you

know, we used to order water twice a week.

15

Q.

Okay.

16

A.

Okay.

Or make changes twice a week, and,

17

now, it's on a daily basis, including Saturday and

18

Sunday during irrigation season.

19

Q.

Oh, okay.

So the -- the distance, though,

20

from the -- well, this is going to expose my ignorance

21

about how the project works so help me out here.

22

A.

Okay.

23

Q.

So they set the gates at the dam?

24

A.

Yes.

25

Q.

That's quite a ways away from the lower El
Page 24
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1

Q.

2

calls?

3

A.

And what are the subject of those conference

We -- we coordinate -- Mr. Rios, I will say

4

my hats off to him on how he can coordinate the water

5

orders from our farmers and what -- what water we need

6

to bring down to get it down here to our water users

7

and then he coordinates with James, the EBID water

8

master, and he also coordinates with IBWC for the

9

Mexico order, and then they -- they communicate

10

amongst themselves and -- and then they communicate

11

with Reclamation, a majority of the time over the

12

phone, sometimes through e-mail on where they want

13

their gate set and how much water they're expecting

14

coming down the river.

15

Q.

And then looking back to Paragraph 13,

16

skipping a sentence where you do indicate it's

17

Mr. Rios who participates in those conference calls,

18

you then have a sentence that says, "On behalf of

19

EPCWID, he provides information and direction to

20

Reclamation as to how much water Reclamation should

21

release, the timing of such releases, and when and

22

where it is needed and all other relevant information

23

and direction for purposes of Reclamation to release

24

water in New Mexico for delivery to the project in

25

Texas."

Do you see that?
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1

structure.

2

Canal that flows parallel to the border fence, and to

3

the Franklin feeder, the Franklin feeder dumps into

4

the Franklin Canal.

It -- it divides water into the Riverside

5

Q.

What year was this project completed?

6

A.

Says 12/31 of 2011 is when the picture was

7

taken.

8

Q.

Some time before that?

9

A.

Some time, like, the year before that, I

10

think.

11

Q.

And I just have a couple other of these

12

projects that you're identifying in this.

13

turn to Page 16, and this is under the

14

heading, "Wasteway No. 1."

15

project?

16

A.

Yes.

So if you

Could you describe that

This is a -- a project that was done in

17

conjunction with IBWC.

18

it refurbished Wasteway No. 1 that we utilize in case

19

of emergencies.

20

into the Rio Grande and then this structure here are

21

the gates to the Riverside Canal that runs parallel to

22

the border fence.

23

Q.

It was funded by IBWC.

It --

We utilize it to return water back

Again, we see a date stamp on the picture of

24

12/31/2011.

25

completed?

Do you know when that project was
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1

A.

It was completed in '10, also.

2

Q.

And the next project that you identify here

3

is on Page 19, "Wasteway No. 1 ShotCrete."

4

A.

Okay.

5

Q.

Can you describe that project?

6

A.

Yes. Behind there in the background, that

7

crossing that you see in the head gates, that's the

8

partidor structure, and this is the Riverside Canal as

9

it runs to Wasteway 1.

So we concrete lined from

10

partidor to Wasteway 1.

11

project with our equipment.

That's all my men doing the

12

Q.

Do you know when that was completed?

13

A.

That was done in -- in '11, the year after

14
15
16
17

Wasteway 1 was completed.
Q.

Next project listed here is on Page 21.

What

is that slide referencing?
A.

Those are the Eads checks.

The Eads checks

18

are located -- it's on the Franklin Canal.

19

road there behind the blacktop that you see on top

20

there is the FM 1110 road that runs between San

21

Elizario, the City of San Elizario, and the City of

22

Clint.

23

Eads gates, check gates, and it's all done by our men

24

utilizing our funds.

25

Q.

It's the

This is a structure that we refurbished the

When was that completed?
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1

allotment is a matter for the Board and for the

2

engineering department; is that right?

3

A.

Yes.

4

Q.

And then do you have responsibilities for

5

ensuring that each farmer gets their allotment?

6

A.

Right.

7

Q.

What's the -- during a full -- are you

8

familiar with the term a full supply year?

9

A.

Yes.

10

Q.

In a full supply year, what's the allotment

11
12
13

in EP No. 1?
A.

What do you mean by what's -- what's the full

allocation?

14

Q.

Right.

15

A.

I think it's 300 and -- I'm not sure the

16
17

number, but I think it's, like, 370,000.
Q.

I actually meant what's the amount that's

18

allotted per acre within the district for a full

19

supply?

20

A.

That usually goes the 48 inches.

21

Q.

In the last, say, since 2008, in how many of

22

those years would you estimate there was an allotment

23

of 48 inches?

24
25

A.

I didn't study no manuals or look at any, but

I think maybe twice or three times.
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1

accounts is how -- how they can figure out the

2

irrigation.

3

Q.

When you say the amount that you get from the

4

Bureau, are -- do you mean the -- the total amount of

5

water that's allocated to the district?

6

A.

Right.

7

Q.

And so it sounds like each farmer keeps track

8

of their own allotment, their own account; is that

9

right?

10

A.

Well, we keep account because every time they

11

irrigate, they got a running balance, but we send up

12

the statements every month to them and they got to

13

determine, like a budget, how many times they can

14

water with the water they got available to themselves.

15

Q.

In other words, you -- you set the allotment,

16

you track that on a monthly basis, how much they've

17

ordered?

18

A.

And how much they use.

19

Q.

You send to them a -- a -- basically a -- an

20

accounting each month?

21

A.

Yes, sir.

22

Q.

And other than that, it's the farmers who

23

decide when and how they're going to use their

24

allotment?

25

A.

Right.
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1

Discussions sent around orders from farmers to the

2

district, which is not what Paragraph 3.1 addresses.

3

Q.

(BY MR. WECHSLER)

Yeah.

I'm trying to

4

change subjects to the ordering from the Bureau now,

5

Mr. Rios, and so --

6
7
8
9
10
11
12

MS. O'BRIEN:

Objection then foundation.

Give him some foundation for your question, please.
Q.

(BY MR. WECHSLER)

Sure.

Mr. Rios, do orders

come from your office to the Bureau of Reclamation?
A.

Explain that a little bit better.

I don't

quite understand the question.
Q.

Sure.

After you collect orders from the

13

farmers in terms of how much water each farmer wants,

14

how do you communicate that to the Bureau of

15

Reclamation?

16

Caballo?

17
18

A.

How do you get the water released from

We give the -- the new order and the -- the

gate openings to the Bureau of Reclamation.

19

Q.

How often?

20

A.

We try to do it whenever -- whatever James

21
22

and myself need to do.
Q.

If I understood you correctly at the very

23

beginning of the deposition, you indicated that you

24

coordinate with -- I think is that James Navares?

25

A.

Yes.
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1

Q.

2

basis?

3

A.

4
5
6

And does that coordination occur on a daily

If not once, at least twice or three times a

day.
Q.

And you collectively determine how much water

needs to be released from Caballo; is that right?

7

A.

Yes.

8

Q.

And then how does that get communicated to

9
10

the Bureau of Reclamation?
A.

As soon as me and James get together, we make

11

the water order.

12

we talk it over as far as what the river is doing,

13

the -- the losses, the gains that are occurring, and

14

what he's having to do and then we call Larry Vasquez

15

from the Bureau of Reclamation and give him the year

16

release plus the gate opening and then he -- he texts

17

it to the -- to the dam and there's, like, 15

18

individuals that get that text and then usually

19

they'll deliver release so the change within 30

20

minutes to an hour.

21

Q.

We got all the official numbers, and

Let me show you -- I'm going to show you

22

another document, which I'll mark as deposition

23

Exhibit 7.

24
25

(Exhibit No. 7 was marked.)
Q.

(BY MR. WECHSLER)

This looks like an e-mail.
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A.

It's really evaporation of sands, open water,

and evapotranspiration from the Bosque.
Q.

What about irrigation uses in the Middle Rio

Grande, are those consumptive?

5

A.

Yes, absolutely.

6

Q.

But they're --

7

A.

Some of them.

8

Q.

They would be human?

9

A.

Yeah.

But they're -- I think between

10

evaporation off of Elephant Butte reservoir, the

11

evaporation losses of the channel, and the Bosque, you

12

know, those are something on the order of 55 percent

13

of the total losses in the Middle Rio Grande.

14

ranges.

15

Reservoir.

16

depletions in the system.

17
18
19

Q.

It

Depends on what's happening at Elephant Butte
But those are by far the greatest

Do you recall when you became aware of this

lawsuit, Texas versus New Mexico?
A.

I think it was when Stuart came to a hearing

20

of -- of -- of a -- of a lawsuit that New Mexico

21

attorney general's office had filed, and it was either

22

Pat Gordon -- well, Pat Gordon had told me he was

23

hired to sue us, so I'm not -- you know, it's kind of

24

hard to say when we knew it was going to happen, but

25

when they came to that -- that hearing and left, you
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1

know, that was the understanding.

2

the date of it.

I can't remember

3

Q.

Was that the --

4

A.

It was after -- it was after Reclamation took

5
6

our credit water.
Q.

Was that the 2008 operating agreement lawsuit

7

that New Mexico filed?

8

2008 operating agreement lawsuit that New Mexico

9

filed?

10

A.

Was the hearing part of that

That's correct.

And -- and so I think that's

11

the first time that I was -- I -- I met Stuart, I

12

think.

13

Q.

Well, that's not what I'm -- that's really --

14

I'm sure that was -- I'm sure that was a great

15

meeting, but my question is:

16

lawsuit, and is it your testimony that you just became

17

aware there was going to be a lawsuit around that

18

time?

19

A.

When did you -- this

You know, that's a really hard question to

20

answer.

21

which was in December of 1999, Joe G. Hanson, the then

22

Compact commissioner, stood up and said, you know,

23

deliver or we'll sue.

24

constant refrain in the entire time that I've been

25

there no matter what the supply is.

I mean, the first day I showed up on the job,

And that's just kind of a

So are you --
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any work duties related to the Rio Grande basin?
A.

I don't -- I don't recall.

During this period

of time, I don't recall.
Q.

Did the -- did the agency split up the state

5

into different geographic areas that different engineers

6

would work in?

7

A.

Only -- only for the adjudication process.

So

8

during -- for the enforcement and the permitting

9

process, you know, when those -- when those applications

10

or those issues came before the agency, then they

11

were -- they were assigned to various individuals

12

working on -- on -- on -- in that field.

13

Q.

Okay.

We're going to jump forward, then, to

14

the next entry where you spent 25 years, and the entry

15

listed is "Texas Commission on Environmental Quality

16

Engineer Advisor/Manager."

17

your screen?

18

A.

Yes.

19

Q.

Actually, before we go to that, just one other

Do you see that entry on

20

follow-up question related to when you were doing one of

21

the water rights work.

22

your duties, have to look at impacts to the surface

23

water stream from groundwater pumping?

Did you ever, as part of any of

24

A.

No.

25

Q.

So then on the -- the next entry that I just
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mentioned for the next 25 years, is what you've entered

2

here, the "Engineer Advisor/Manager," are those two

3

separate duties or two separate titles that you held?

4

A.

Well, beginning in 1987 is when I started

5

doing the work related to the interstate compacts, and I

6

was the Engineer Adviser for the Canadian, Pecos, Red,

7

Rio Grande, and Sabine River Compacts.

8

portion of that time, I only became the, quote, official

9

Engineer Adviser on the Rio Grande during the tenure of

Although for a

10

the commissioner before Pat Gordon.

11

a -- a staff out in El Paso of an engineer and

12

administrative assistant and -- and that was the

13

official -- that engineer was the official Engineer

14

Adviser for the Rio Grande up until, like I said, during

15

the tenure of the commissioner preceding Pat Gordon,

16

whose name escapes me at the moment.

17

We used to have

But, anyway, but I was always Engineer Adviser

18

for the Canadian, Pecos, Red, and Sabine River Compacts

19

and then for the Rio Grande for I don't know how long

20

that was, 18 years, ten years, something like that.

21

But -- but even during that period of time, from 1987

22

forward, while I was not the official Engineer Adviser,

23

I was kind of -- I was -- I was an additional Engineer

24

Adviser, and the -- the other gentleman would actually

25

sign the Engineer Adviser's reports during that time,
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1

until, like I said, during the time when that position

2

was done away with under the commissioner previous to

3

Commissioner Gordon.

4

Q.

Okay.

So when you say you were an additional

5

Engineer Adviser, what I may use sometimes the shorthand

6

of EA, does that mean you attended all of those EA

7

meetings?

8

A.

Yes.

9

Q.

And then would you help develop the Engineer

10

Yeah.

Adviser reports?

11

A.

Yes.

12

Q.

And during this time when you were working on

13

the interstate compacts, did you have separate duties as

14

a manager that you've listed here?

15

A.

There was -- yeah, there was a short -- there

16

was a period of time, I don't remember exactly how long

17

it lasted, where I was the section manager of the --

18

of -- of the -- of that -- of a group that included

19

water rights permitting and other -- other issues, and

20

it became -- it became too much of a burden.

21

I couldn't do it all is what I -- is, basically, what

22

I'm saying.

23

to continue to be the Engineer Adviser to all the

24

compacts.

25

of the permitting group for a period of time and section

I could --

So I gave up the management of the section

But I was -- I was section manager of the --
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A.

Yeah, back at that time, yes.

2

Q.

Okay.

And so in Article III, under III(a),

3

there is a reference to that 1947 condition.

4

that?

Do you see

5

A.

Let me -- let me read III(a).

6

Q.

Sure.

7

A.

Okay.

8

Q.

Under III(a), what was the requirement for New

9

Mexico related to the 1947 condition?

10
11
12

What was the question?

MR. HOFFMAN:

Objection; calls for a legal

conclusion.
A.

It says, New Mexico shall not deplete by man's

13

activities the flow of the Pecos River at the Texas -

14

New Mexico state line below an amount that would give to

15

Texas a quantity of water equivalent to that available

16

to Texas under the 1947 condition.

17

Q.

(BY MS. THOMPSON)

How does this Compact, as

18

far as state line delivery, compare to the Rio Grande

19

Compact?

20

A.

Does it have anything similar?
Well, each one of them is a separate --

21

separate Compacts.

22

you can compare -- it's my opinion you can't compare one

23

Compact to the other Compact.

24
25

Q.

So I don't think -- I don't believe

Do you recall, though, whether or not the

Rio Grande Compact had a specific state line delivery in
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1

the Compact?

2

A.

It had state line delivery --

3
4

MR. HOFFMAN:
about?

5
6
7

Which state are you talking

Q.

(BY MS. THOMPSON)

The New Mexico-Texas state

A.

Well, the Compact incorporate -- the

line.

8

Rio Grande Compact incorporated the Rio Grande Project.

9

And by the Compact incorporating the Rio Grande Pro- --

10

Project, it provided water to Texas.

11

Q.

And how did it do that?

12

A.

How did it -- be more -- can you be more

13
14

specific?
Q.

Sure.

I was just following up on your

15

statement that, "And by the Compact incorporating the

16

Rio Grande Project, it provided water to Texas."

17

you say "it provided water to Texas," I assume you mean

18

the Rio Grande Project provided water to Texas; is that

19

right?

20

A.

No.

When

The -- the Rio Grande Compact

21

incorporated the Rio Grande Project and -- and the water

22

use associated with the Rio Grande Project by Texas and

23

New Mexico.

24

provided water to Texas associated with its portion of

25

the Rio Grande Project.

So by incorporating that project, it
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LETTERS 0F TRANSMITTAL.
DEPARTMENT or THE INTERIOR,
Was/u'ngttm, December 8, 1903.
SIR: Pursuant to the requirement of section 2 of the act of Congress
entitled “An act appropriating the receipts from the sale and disposal
of public iands in certain States and Territories to the construction of
irrigation works for the reclamation of arid lands," approved June
17, 1902 (32 Stat, 388), l have the honor to transmit herewith a letter
of the 28th ultimo from the Director of the Geological Survey covering the Second Annual Report of the Reclamation Service, showing
the work done and in progress under the law, and giving information
essential to a complete knowledge of the subject.
The report is a continuation of the First Annual Report of the
Reclamation Service, and covers the _eld season of 1903.
The Director has stated that a practical application of the provisions of the law during the one and a half years of its existence has
shown them to be effective, and that so far as can be foreseen at the
present time no further legislation is required, the present law having
been found to be of suf_cient scope to accomplish its purpose of
reclamation.
Very respectfully, E. A. Hrroueoek,
Secretary.
The SPEAKER OF THE HousE or REPRESENTATIVES.
DEPARTMENT or THE INTERIOR,
UNITED STATES GEOLOGICAL SURVEY,
Washingtma, litman/cr 98, 1903.
SIR: I have the honor to transmit herewith a report of the work
done and in progress under the reclamation law approved by the I’resident on June 17, 1902, together with other information essential to
a full understanding of the subject, supplementing and bringing up
to date the First Annual Report of the Reclamation Service, transmitted
to you on November 29, 1902.
H. Dec. 44, 58-2——-2 17
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18 LETTERS or TRANSMITTAL.
Examinations and surveys authorized by law have been carried on
in the arid region, and plans prepared leading up to construction of
irrigation works. In Nevada actual construction has been begun on a
large canal from Truckee River. In Arizona preliminary construction
has been begun on the Salt River dam, to furnish water to arid lands
in the vicinity of Phoenix. In other States and Territories plans and
speci_cations are in various stages of progress and the work is being
pushed as rapidly as is consistent with a full knowledge of the, facts
and with economical administration.
In general it may be said that the reclamation law has been put to
practical application during a period of one and one-half years. Its
general provisions have been found to be effective for the work in
band, and so far as can be foreseen at present no further legislation is
required to carry into e_'ect the intent of the law—the construction
of important works of reclamation. .
Criticism has arisen in some quarters because the law is not suf_ciently elastic to authorize various small projects of individual interest
and to permit a more general distribution of funds throughout certain
States. The restrictions of law, however, have been shown by experi~
ence to be wise and to anticipate many of the matters which would
have proved sources of weakness in the successful carrying out of the
purposes in view.
As the people of the country become better acquainted with the
law and the operations under it there appears to be general satisfac~
tion. There is, as has been expected, more, or less criticism, particu—
larly of what appears to be slow progress in one locality or another.
The idea has been held by some persons that the reclamation fund
should be spent as quickly and broadly as possible to stimulate business throughout the “’est. All persons who look fora distribution
of the fund in this manner have been inclined to resent the somewhat
cautious way in which work has been done. and liabilities have been
incurred. The great body of thinking people, however, are apparently
satisfied with the present rate of progress, and demand that great care
shall be exercised to prevent mistakes and to guard the funds for the
best use in the development of the thinly settled parts of the “'est.
Many of the operations under the law are novel, at least in departmental practice. In carrying on work care has been taken to conform
to the general methods of transacting Government business, especially
those pertaining to cmploymentand property transactions. It will be
necessary in the future to provide somewhat elaborate rules and regulations, but these are not advocated at the present time, for the ultimate establishment of the best possible regulations is dependent. on
further experience. For some time to come, therefore, necessities
should be met individually as they arise from day to day. The precedents thus established will unquestionably be far more valuable than
any rule which could be laid down arbitrarily in advance.
TX700083951
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In short, the law has been found to be satisfactory; progress under
it has been made quietly and steadily, and good business practice
seems to demand that work be pushed forward under existing methods
with as much rapidity as is consistent with caution and economy.
Verv respectfull ,
l 3’ Units. 1). WALm'rr.
. lit-“11131012
The SECRETARY or THE INTERIOR.
DEPARTMENT OF THE INTERIOR,
UNITED STATES GEOLOGICAL SURVEY,
RECLAMATION Smwm :,
"_shing/ton, D. (7., LTU'L‘L’IHLUI' 97, 1.90.}.
SIR: In accordance with the provisions in section 2 of the reclamation law, approved June 17, 1902, I have the honor to submit herewith
the Second Annual Report of the Reclamation Service.
This is a continuation of the First Annual Report, transmitted at the
opening of the second session of the Fifty—seventh Congress. The state—
ments made in the _rst report are here supplemented by an account of
the results accomplished 'during the _eld season of 1903. The latter
portion. of the present report contains detailed descriptions of the
operations in the _eld, arranged in alphabetical order, by States and
Territories.
Very respectfully, F. ll. Nawmm,
Chief Jilllf/I'IH’I‘I’.
Hon. CnAs. D. W ALCO’I‘T,
Director.
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SECOND ANNUAL REPORT
OF THE
RECLAMATION s:
EH
RVrIUE.
F. ll. NEWELI., (llnif Engineer.
GENERAL DISCUSSION, (lllllANlZATlllN, AND SUMMARY ill" WORK.
The First Annual Report of the Reclamation Service, completed on
November 29, 1902, gave a brief discussion of the location and condition of the arid public lands, of the history of the national irrigation
movement, of the laws recognizing irrigation, and of the condition of
the work of reclamation in the various States and Territories. In this,
the second report, it is not necessary to discuss again the general
aspects of irrigation and reclamation. The progress made in the surveys and examinations and in constructing works of reclamation is
brie_y set forth, and accompanying reports from engineers in the
_eld give the essential details.
Before reviewing the work in various localities of the arid region it
is desirable to discuss, in a somewhat general way, the reclamation
law and the application of its various provisions under existing cou- ‘
ditions. In an undertaking of this kind there must be encountered
many unforeseen contingencies and complications when the general law
is applied to actual conditions. The arid lands of the United States
are of such vast extent and the problems of their reclamation are so
diverse that even with the most complete information possible no lawmakers could anticipate all important questions. It may be said,
however, that the reclamation law, as judged from its practical application, is on the whole not only satisfactory but exceptionally good—
even better than it was supposed to be when work under it was begun.
RECLAMATION LAW.
There is here inserted, for convenience of reference, a reprint of the
law. During the year and a half it has been in operation nearly every
word has been studied to find its meaning and application, and, as said
above, it has stood the test of criticism and of practical experience.
21
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22 SECOND ANNUAL REPORT or RECLAMATION SERVICE.
AN ACT appropriating the receipts from the sale. and disrmsal of public lands in certain States and
Territories to the construction of irrigation works for the reclamation of arid lands.
Be it enacted (lg/the Senate and House of Remesemmives of the United States of .-lmm-ica
in congress osmnhled, That all moneys received from the sale and dispoml of public
lands in Arizona, California, Colorado, Idaho, Kansas, Montana, Nebraska, Nevada,
New Mexico, North Dakota, Oklahoma, Oregon, South Dakota, Utah, ‘Vashington,
and W'yoming, beginning with the _scal year ending J uue thirtieth, nineteen hundred and one, including the surplus of fees and commissions in excess of allowances
to registers and receivers, and excepting the _ve per centum of the proceeds of the
sales of public. lands in the above States set aside by law for educational and other
purposes, shall be, and the same are hereby, reserved, set aside, and appropriated as
a special fund in the Treasury to be known as the “ reclamation fund,” to he used in the
examination and survey for and the construction and maintenance of irrigation works
for the storagi, diversion, and development of waters for the reclamation of arid and
semiarid lands in the said States and Territories, and for the payment of all other
expenditures provided for in this act: Provided, That in case the receipts from the
sale and disposal of public lands other than those realized from the sale and disposal
of lands referred to in this section are insu_icient to meet the. requirements for the
support of agricultural colleges in the several States and Territories, under the
act of August thirtieth, eighteen hundred and ninety, entitled, ”An act to apply a
portion of the proceeds of the public lands to the more. complete endowment and
support of the colleges for the bene_t of agriculture and the mechanic arts, established
under the provisilms of an act of Congress approved July second, eighteen hundred
and sixty~two,” the de_ciency, if any, in the sum necessary for the support of the
said colleges shall be provided for from any moneys in the Treasury not otherwise
appropriated. ~
Sac. 2. That the Secretary of the interior is hereby authorized and directed to
make examinations and surveys for, and to ltincate and construct, as herein provided,
irrigation works for the storage, diversion, and development of waters, including
arlesian wells, and to report to Congress at the beginning of each regular session as
to the results of such examinations and surveys, giving estimates of cost. of all
contemplated works, the quantity and location of the lands which can be irrigated
therefrom, and all facts relative to the practicability of each irrigation project; also
the cost of works'in process of construction as well as of those which have been
completed. '
SEC. 3. That the Secretary of the Interior shall, before giving the public notice
provided for in section four of this act, withdraw from public entry the lands required
for any irrigation works contemplated under the provisions of this act, and shall
restore to public entry any of the lands so withdrawn when, in his judgment, such
lands are not required for the purposes of this act; and the Secretary of the Interior
is hereby authorized, at or in‘nnediately prior to the time of beginning the surveys—
for any contemplated irrigation works, to withdraw from entry, except under the
homestead laws, any public lands believed to be susceptible of irrigation from said
works: Provided, That all lands entered and entries made under the homestead laws
within areas so withdrawn during such withdrawal shall be. subject to all the
provisions, limitations, charges. terms, and cmnlitions of this act; that such surveys
Shall be pmsecuted diligently to completit‘m, and upon the completion thereof, and
of the necessary maps, plans, and estimates of cost, the Secretary of the Interior
shall determine whether or not said project is practicable and advisable, and if
detennined to he impracticable or nnadvisahlc hc shall thereupon restore said lands
to entry; that public lands which it is proposed to irrigate by means of any contemplated works shall be subject to entry only under the provisions of the homestead
laws in tracts of not less than forty nor more than one hundred and sixty acres, and
shall be subject to the. limitations, charges, terms, and conditions herein provided:
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Provided, That the commutation provisions of the homestead laws shall not apply to
entries made under this act. V
See. 4. That upon the determination by the Secretary of the Interior that any irrigation project is practicable he may cause to be let contracts for the construction of
the same, in such portions or sections as it may be practicable to construct and complete as parts of the whole project, providing the necessary funds for such portions
or sectionsare available in the reclamation fund, and thereupon he shall give public
notice of the lands irrigable under such project, and limit of area per entry, which
limit shall represent the acreage which, in the opinion of the Secretary, may be
reasonably required for the support of a family upon the lands in question; also of the
charges which shall be made per acre upon the said entries and upon lands in private
ownemhip which may be irrigated by the waters of the said irrigation project, and
the number of annual installments, not exceeding ten, in which such charges shall .
be paid and the time when such payments shall commence. The said charges shall
be determined with a view of returning to the reclamation fund the estimated cost of
construction of the project, and shall be apportioned equitably: I’rom'drd, That in all
construction work eight hours shall constitute a day’s work, and no Mongolian labor
shall be employed thereon.
Sac. 5. That the entryman upon lands to be irrigated by such works shall, in addition to compliance with the homestead laws, reclaim at least one-half of the total
irrigable area of his entry for agricultural purposes, and before receiving patent for
the lands covered by his entry shall pay to the Government the charges apportioned
against such tract, as provided in section four. N 0 right to the use of water for land
in private ownership shall be sold for a tract exceeding one hundred and sixty acres
to any one landowner, and no such sale shall be made to any landowner unless he be
- an actual bona _de resident on such land, or occupant thereof residing in the neighborhood of said land, and no such right shall permanently attach until all payments
therefor are made. The annual installments shall be paid to the receiver of the local
land of_ce of the district in which the land is situated, and a failure to make any two
payments when due shall render the entry subject to cancellation, with the forfeiture
of all rights under this act, as well as of any moneys already paid thereon. All
moneys received from the above sources shall be paid into the reclamation fund.
Registers and receivers shall be allowed the usual commissions on all moneys paid
for lands entered under this act.
SEC. 6. That the Secretary of the Interior is hereby authorized and directed to use
the reclamation fund for the operation and maintenance of all reservoirs and irrigation
works constructed under the provisions of this act: Provided, That when the payments required by this act are made for the major portion of the lands irrigated
from the waters of any of the works herein provided for, then the management and
operation of such irrigation works shall pass to the owners of the lands irrigated
thereby, to be maintained at their expense under such form of organization and
under such rules and regulatitms as may be acceptable to the Secretary of the Interior: Provided, That the title. to and the management and operation of the reservoirs
and the works necessary for their protection and operation shall remain in the Government until otherwise provided by Congress.
SEC. 7. That where in carrying out the. provisions of this act it becomes necessary
to acquire any rights or property, the Secretary of the Interior is hereby authorized
to actjuire the same. for the United States by purchase or by condemnation under
judicial prmresa, and to pay from the reclntnatitm fund the. sums which may be needed
for that purpose, and it shall be the duty of the Attorney-General of the United
States upon every application of the Secretary of the Interior, under this act, to cause
proceedings to be commenced for condemnation within thirty days from the, receipt
of the application at the Department of Justice.
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Sac. 8. That nothing in this act shall be construed as affecting or intended to affect
or to in any way interfere with the laws of any State or Territory relating to the control, appropriation, use, or distribution of water used in irrigation, or any vested
right acquired thereunder, and the Secretary of the Interior, in carrying out the
provisions of this act, shall proceed in conformity with such laws, and nothing herein
shall in any way affect any right of any State or of the Federal Government or of
any landowner, appropriator, or user of water in, to, or from any interstate stream
or the waters thereof: Provided, That the right to the use of water acquired under
the provisions of this act shall be appurtenant to the. land irrigated, and bene_cial
use shall be the basis, the measure, and the limit of the right.
SEC. 9. That it is hereby declared to be the duty of the Secretary of the Interior
in carrying out. the provisions of this act, so far as the same may be practicable and
subject to the, existence of feasible irrigation projects, to expend the major portion
of the funds arising from the sale of public lands within each State and Territory
hereinbefore named for the bene_t of arid and semiarid lands within the limits of
such State or Territory: Provided, That the Secretary may temporarily use such portion of said funds for the bene_t of arid or semiarid lands in any particular State or
Territory'hercinbeft‘ire married as he may deem advisable, but when so used the
excess shall be restored to the fund as soon as practicable, to the end that. ultimately,
and in any event, within each ten-year period after the passage of this act, the
expenditures for the bene_t of the said States and Territories shall be cqualizml according to the proportions and subject to the conditions as to practicability and feasibility
aforesaid.
SEC. 10. That the Secretary of the Interior is hereby authorized to perform any
and all acts and to make such rules and regulations as may be necessary and pmper
for the purpose of carrying the provisions of this act into full force and effect.
Approved, June 17, 1902.
DETAILS OF THE LAW.
In the following paragraphs the details of the law and its application to various conditions which have arisen are discussed. In a
number of instances decisions have been asked from the Secretary of
the Interior on doubtful points, and these are referred to in the order
in which the subjects are covered by the law.
FUNDS FOR RECLAMATION.
Section 1 provides the necessary funds for carrying the law into
effect. These funds are obtained from the sale and disposal of public
lands in the 13 States and 3 Territories to which the work is limited.
It is probable that the reclamation fund now in the Treasury is far
larger than was anticipated, but. it is none too large for the important
works which have been begun and which are under consideration.
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t The following statement gives the condition of the funds by years:
Amounts to the credit of the reclamation fund from the sales of public lands and from fees
and commissions in the set-13ml States and Territories during the_scal years 1901, 1902,
and 1903.
smteor'ren-imry. 1901. ‘ 1902. I (apprdgiinalc). i (“a__gz_ey
Arizona ............ $42,536.16 $69,197.35 $43,931.92 ‘ $125,605.33
California .......... 205,030.40 299,240.36 1 793,949.10 1,297,119.96
Colorado ........... . 254, 999. 99 374,105.13 i 510,072.44 1,139,067.45
Idaho .............. j 206, 645. 36 ' 300,903.27 012, 219. 52 1,149,667.15
Kansas ............. 20,199.79 | 29,946.94 l 19,417.44 67,553.16
Montana ........... 367, 342. 31 405, 035. 49 552, 169. 41 1, 324, 546. 21
Nebraska ........... 102, 963. 24 132, 234. 94 119, 939. 64 354,036. 92
Nevada ............. 9, 183. 47 14, 230. 61 12, 465. 23 35,979. 31
New Mexico ........ 75, 203. 06 72, 034. 60 150,127.70 297, 365. 36
North Dakota ....... 449, 474. 96 779, 021. 35 1, 229, 943. 99 2, 456, 340. 20
Oklahoma .......... 370, 464. 93 639, 330. 44 916, 096. 57 ' 1, 924, 991. 94
Oregon ............. ; 364, 993. 62 545, 972. 44; 1,994,729.93 2,795,690.99
South Dakota ....... l 113, 274. 20 194,299.17 239, 420. 59 546, 992. 96
Utah ............... 99, 416. 00 49, 409. 39 97, 519. 66 234, 344. 04
Washington ........ 257,190.95 536,907. 92, 1,099,990.42 1,994,069.19
Wyoming .......... 1 206,999.59 179,773.24 l 272,923.64 659,696.47
Total... ...... l 3,144,921.91 4,595,520.53 ; 9,461,493.90 16,191,936.34
EXAMINATIONS AND SURVEYS.
In section 2 the Secretary of the Interior is “ authorized and directed
to make examinations and surveys for and to locate and construct
* * * irrigation works for the storage, diversion, and development
of waters, including artesian wells.” A question has arisen concerning the interpretation of this provision in respect to artesian wells, and
a ruling was made regarding the matter. The necessity for this arose
from the fact that in many parts of the semiarid region where surfacewater supplies are de_cient it is probable that water must be procured
underground if at all. There are many localities where a supply of
good water from a deep source would he of great advantage. Many
persons also saw in this provision concerning artcsian wells an oppor—
tunity for distributing the reclamation fund widely and in small quantities, so as to stimulate local business and bring about various indirect
changes. Many petitions were directed to the Secretary of the Interior
asking that artesian wells he put down, and at one time nearly every
county and towa in portions of the semiarid region was endeavoring
to have an artesian well sunk.
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The object in sinking deep wells was, in many instances, not so much
to secure water as to have an exploration made of the rocks beneath
the surface. It is a common belief that if there are no minerals of
value on the surface there should or may be valuable deposits of one
kind or another underground, and it was held by many persons that
deep wells might discover oil or gas or something of value. In any
event, even if a failure, the money would be expended in their locality
and they would be indirectly the gainers.
As a matter of fact, artesian conditions are very unusual and are
governed by well-known geologic laws. Artesian basins of value
are, relative to the needs for water, very limited. (‘rene 'al studies
have been carried on for years by persons now connected with the
division of hydrology of the Geological Survey to ascertain the location
and extent of artesian basins, and records have been kept, as far as
practicable, of all deep Wells. Maps hare been prepared showing the
depth to water throughout a great part of the Great Plains region and
the facts concerning wells already drilled. This information is being
extended and ampli_ed, and is of the greatest possible value in connection with requests for examinations for reclamation purposes.
From facts at hand, obtained through many years of study, it is
peasible to state positively that artesian conditions do not exist over
considerable areas, and to indicate that the probabilities of obtaining
good water in considerable quantities are. so small as not to warrant
expenditures for experimental purposes.
The phrase in section 2, “including artesian wells,” refers directly
to irrigation works, and artesian wells are thus described as one class
of such works to be located or constructed in carrying out the scheme
for the reclamation of arid lands. Preliminary examinations and surveys will probably be necessary for the sinking of any artesian well,
but no reasonable construction of the language used will sustain the
contention that the act contemplates the sinking of such wells as a part
of the preliminary examinations authorized.
A statement of the purpose of this act would seem to leave no room
for two opinions upon the matter. The fund created is to be used to
develop and conserve the water supply for irrigation purposes. In
the prosecution of the work no project, whether it involves artesian
Wells, construction of reservoirs, or any other irrigation works, should
be entered upon that. does not appear to be feasible. audithat does not
present a probability that it will tend to the, attainment of the object
proposed.
It is not permissible to sink an artesian well, or to construct. any
work for conserving \ 'ater, when there. are reasons for supposing that
water can not be obtained or that it will not be suf_cient for irrigation purposes; neither is it permissible to sink an artesian well, or to
umlcrtakc any other work tending to develop or conserve. the water
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supply, where it is not probable that the water will be needed or used
for irrigation. If, after examination, it is probable that land can be reclaimed by
deep wells, there can be no objection to using the fund in that manner
and to taking reasonable chances, such as those taken by a good business
man; but the drilling of a deep well solely as an experiment, when no
information points to its probable success, is not considered a proper
expenditure of the reclamation fund.
The surveys and examinations authorized by section 2 have been
orgmnized and carried on wider throughout the arid region. The
work has been intrusted to an engineering corps, known as the Reclamation Service, all the regular employees of which are appointed after
certi_cation by the Civil Service Commission. The attempt has been
made. to procure, through competitive examination, Well-educated,
energetic men, experienced in irrigation planning and construction.
Wl'l‘ll HRA‘VA I. ()F‘ LANDS.
Section 3 covers the matter of withdrawal, or the setting aside of
lands needed ~for irrigation works or to be reclaimed by these works.
Two forms of withdrawal are speci_ed, one absolute, the other relative. The _rst form of withdrawal applies to the lands needed permanently for the works, these being reserved from occupation and entry
of all kinds. The second form of withdrawal suspends, during examination at least, all further entries excepting those under the homestead
law; these can be made at any time, but the commutation provisions
of the homestead law- do not apply to entries made upon lands withdrawn, and they are subject to the other conditions of the act.
Under the provisions of this section large areas have been withdrawn pending survey. In most of the States and Territories the
preliminary withdrawal has usually been elaborate, whole townships
having been designated if it was probable that any irrigable land would
be found in them. This withdrawal has been found to be neither
injurious nor destructive, since it does not affect in any way the lands
already entered upon, and leaves the remaining lands still open to
entry under the. homestead act. There has been apparently little if
any criticism of the larger withdrawals made during survey. These
are being lessened from time to time as the examinations show that
certain lands will probably not be susceptible of irrigation.
In many cases entries under the homestead law have been rapid
within the areas withdrawn pending survey, the persons making these
entries being actuated mainly by speculative motives. It is impossible
to tell in advance whether a project will be found to be feasible 01'
what land will be reclaimed. Nevertheless, many persons, in their
desire to anticipate the future development of the country, have. risked
making homestead entries and have built small structures with the
idea that these will comply with the requirements of law. Most of '
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these structures are of the simplest possible form, being in general
appearance a big box with holes cut for a door and a small window.
F ew, if any, have been occupied or show evidence of occupation. In
fact, in the majority of cases it is impossible to make a home until the
work of construction has begun.
In sevelal instances individuals have made a businessof following
the surveyors in the _eld, and have advertised In general effect that
they have advance information, and for a charge of $50 or $100 have
offered to show intending settlers and speculators the choice lands
which will ultimately be reclaimed. It is needless to say that these
persons have no information beyond that which is open to every
citizen, and in many cases they have misled persons by representing
lands as irrigable which will probably not be reclaimed. W'arnings
have been issued to this effect wherever practicable.
The 'lands entered under the homestead act within the withdrawn
area are usually in tracts of 160 acres. They are, according to the
terms of the law, subject to all the provisions of limitations, charges,
terms, and conditions of the act. It is of course impossible to designate these in advance of preliminary surveys, and hence. entries made
when the lands are _rst withdrawn involve necessarily many elements
of chance, so that the bona tide homesteader will avoid the risk of losing his homestead entry by rushing in to take up these lands. There
is, however, a considerable number of men who have the idea that they
may secure some future advantage by being on the ground.
It is provided that surveys shall be prosecuted diligently to completion, and if the project is determined to be impracticable the Secretary
shall thereupon restore the lands to entry. This has been done in a
number of cases, careful examinations having demonstrated that the
projects are impracticable.
SIZE OF TRACTS SUBJECT TO ENTRY.
A further provision is that the public lands shall be subject to entry
in tracts of not less than 40 nor more than 160 acres. In the southwestern part of the arid region the minimum limit of 40 acres is
extremely liberal, and in some cases 20 acres or less would have been
su_icient for a homestead.
The question has arisen what units between 40 and 160 acres can be
adopted. A decision was asked on this point, and the conclusion was
reached that under existing law the authorized minimum subdivisions
of the public lands could not be changed. In other words, the units
must be either 40 or multiples of 40 (viz, 80, 120, or 160 acres), excepting in cases of irregular lots shown by the public-land surveys. It
would be desirable in some cases to make the farm unit 60 or 100
acres; but according to the law this is impracticable. No cases have
yet occurred, however, where the farm unit can not be adjusted to the
multiple of 4G.
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(‘ON_TRUt'l‘I 0N.
Section 4 provides that. the Secretary of the Interior, upon the determination that an y irrigation project is practicable, may cause to be let
contracts for the construction of the same in such parts or sections as
it may be practicable to construct and complete as parts of the whole
project, provided the necessary funds for such portions are available.
Under this provision of the law contracts have already been let for
three portions or sections of the Truckee canal in Nevada, and for ‘
preliminary work leading to the construction of the Salt River dam in
Arizona.
In drawing speci_cations for such work the attempt has been made,
as far as possible, to subdivide the work into small units or sections,
,so that a large number and variety of bids can be received. That is to
say, instead of making the speci_cations such that only one or two
large contracting firms might bid, the work has been subdivided to
bring about an active competition, and to permit the man with small
capital to compete. In removing earth for the construction of ditches,
it is desirable to so arrange the contracts that the farmers or settlers
who have suitable teams can take sections of the work and receive pay
therefordirectly, thus subsisting themselves while making homes upon
the arid land. 0n the other hand, the speci_cations are also drawn
so that if small bidders can not cmnpete, the entire work can be bid
upon by larger contracting _rms.
The law provides that after contracts are let, the Secretary shall give
public notice of the lands irrigable under each project and of the limit
of area per entry, which limit shall represent the acreage which, in the
opinion of the Secretary, may be reasonably required for the support
of a family.
Public notice of the lands irrigable has not yet been given, as the
contracts already let are in the nature of preliminary work and will
not bring the projects to a point where water can be delivered directly
to the land. Before this can be done additional work must be taken
up, and, in particular, the lands must be carefully surveyed and the
value of each 41') acres considered.
If all of the irrigable land were of equal value it would be a comparatively simple matter to esmblish a unit and allow entries to be
made, but, as a matter of fact, under most of the projects examined,
the lands are very unequal in value—one 40-acre tract consisting
mainly of good land, the next if) acres having alkali or rocky portions;
so that while one éo-acre tract might support a family. the next 40
acres would not su_ice. For this reason each large tract of land must
be divided into 40-acre tracts, the value of each ascertained, and a
map prepared showing the lands irrigable and the limit of area for
each entry.
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The Secretary is also to determine the charges which should be
made per acre upon the entries and upon lands in private ownership
which may be irrigated. These charges are to be determined with a
view to returning to the reclamation fund the estimated cost of construction. This is believed to be one of the most important limitations and safeguards of the law, since it puts the whole matter of
reclamation upon a strictly business basis and guards against wasteful
or useless construction. Without this provision it would be almost
impossible to administer the law fairly, since it would leave open the
door to other in_uences than those of merit alone. It is believed that
this matter of refunding the cost should be made at all times the
prime requisite in any project, and that no undertaking should be
begun Where it is not reasonably sure that the cost will be refunded
within a short time. '
COMPLETING TITLE TO LAND.
Section 5 provides additional safeguards and imposes limitations
tending to secure actual settlement and reclamation of the land in small
tracts. It is provided by section 2 that the commutation provisions of
the homestead laws shall not apply to entries made under this act.
The homestead entryman must reside upon the land _ve years before
he can secure title. In addition section 5_ provides that before receiving patent the entryman shall pay the charges apportioned against
the tract. If the annual installment extend for ten years, and if it
should he decided that this can not be commuted or paid in advance,
then final passage of title may be deferred for upward of ten years.
At the expiration of the minimum of _ve years or the maximum of ten
years it is probable that the persons entering the land will have made
permanent homes and will not be desirous of selling their lands or consolidating them into large holdings. It is safe to assume that, in any
well-irrigated country, after a period of _ve years the tendency is
rather to subdivide than to consolidate the farms.
The spirit of the law regarding small holdings is further shown by a
limitation that no right to the use of water for land in private ownership
shall be sold to any one landowner for a tract exceeding 161.) acres. Further, no such sale shall be made to any landowner unless he he an actual
bone _de resident on the land or occupant thereof, residing in the neighborhood of such land, and no such right shall permanently attach until
all payments are made. The fear has been expressed that this provision
would be avoided by persons owning large tracts putting these temporarily in the names of others, and, having secured water rights, consolidating the holdings again into one large farm. If, however, payments extend over a number of years, and can not be made in advance,
it will be practicable to hold in abeyance the _nal passage of title to
the water fora period not to exceed ten years. Any collusion to evade
the spirit of the law can be readily prevented, as it is practically
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impossible for such collusion: to extend for long a period of time. It is
proper to assume that if lands are colonized by actual residents for
periods of _ve or more years these colonists will become well settled
by the expiration of that time.
Failule to observe the provisions of the law and to make annual
payments subjects an entry to cancellation and forfeits all rights and
moneys paid. The demand for irrigable lands is such that it is probable each entryman will be carefully watched by a number of other
persons, who will seek any opportunity to contest his entry if he is
not an actual bona _de resident and does not comply with all of the
provisions of the law.
OWNERSHIP AND MAINTENANCE OF WORKS.
Section 6 authorizes the Secretary of the Interior to operate and
maintain all reservoirs and irrigation works until payments are made
for the major portion of the lands irrigated, when the management
and operation of the works shall pass to the owners of the lands irrigated and the works he maintained at their expense. This permits the
Secretary of the Interior not only to construct but to operate the '
works for a period suf_ciently long to get everything in good working
order. The management then can pass gradually into the hands of an
association of the water users.
It is essential to consider in advance of actual construction the form
and character of the organization which will ultimately own and operate the works, as there are many matters of business between the
Secretary and such an association which can he easily settled in advance,
but which can not be so well handled after the works are under way.
When any project is in contemplation the persons owning lands
which may be irrigated, and others who are desirous of securing land,
are in the state of mind where they will accept ‘agerly almost any
provision and will meet without hesitation the requirements of the
Secretary. Later, when the works have been built and it is evident
that the Secretary is committed to a certain course, it may not be so
easy to deal with the individuals and to secure the adoption of rules
and methods tending to make secure the investment by the Government. '
The _rst association formed to carry out the purpose of the law
is that known as the Salt River Valley Water Users‘ Association.
The articles of incorporation of this association have been carefully
prepared after long discussion and consultation with legal advisers,
engineers, and landowners. The attempt has been made. to have these
articles serve as a model for other associations to be formed at a later
time. The articles have been presented to the Secretary and have
been approved as to general form, subject to any modifications which
may be found important as progress is made. They are given on
page 76.
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In forming such associations many points must be considered. One
of these is that the association of water users shall be organized simply
and solely for the purpose of carrying out the provisions of the law,
and not for any other .business or speculative purpose; otherwise it
may be practicable to evade the provisions of the law or defeat the
objects. The associations should be constituted solely for the purpose
of acquiring, maintaining, and dperating the irrigation works at their
OWn expense, under such form of organization and rules and regulations as may be acceptable to the Secretary of the Interior. Some of
the proposed associations desire to add to these duties the OWnership
and control of nonirrigable lands and water powers, and propose to go
into other business of interest to the community. Such action may
be advisable in the future, but while the irrigation works are being
constructed and paid for, it is important to concentrate all efforts upon
the one matter in hand.
The necessity for the formation of these associations is shown by
the fact that each person owning or claiming lands which may be irrigated has usually his own ideas or preferences regarding various
details, and appeals to the Secretary of the Interior or advises him
regarding various matters. The correspondence from all of these persons is so voluminous that it is impossible for one man to read it, and
it gives no evidence whatever of a consensus of public opinion. It is
of the highest importance that details be fully discussed in open public
meeting by the various water users, and that the ideas upon which they
agree he presented to the Department through a single channel. This
is particularly the case in respect to details concerning water distribution. Here absolute justice can never be reached, and the division
of water to claimants is always accompanied by interminable discussion and some dissatisfaction. Matters of this kind should be left to
the o_ieers of the association, to be adjusted under general rules, and
the Department thus be relieved of a burden of petty and harassing
detail.
The ownership and the management and operation of the reservoirs
and the works necessary for their protection and operation remain in
the Government until otherwise provided by Congress. A great
variety of reservoirs will probably be built under the reclamation
law. Some of these will be on the principal rivers of the arid region
and their operation will affect the interests of several communities.
Other reservoirs will undoubtedly be built out on the plains and be
connected with the distribution systen'i.
('(’)NI)EMNATION PROCEEDINGS.
Section 7 authorizes the Secretary of the Interior to acquire any rights
or property needed in carrying out the provisions of the law. This
can be done by purchase or by condemnation under judicial processes.
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As far as practicable it is deemed wise to make all purchases after
negotiation with the owners, and not to resort to condemnation proceedings if this can be avoided. It is believed that operations can be
expedited by observance of the ordinary rules of business in conducting negotiations for the purchase of property, and that recourse
to the law should not be taken unless the prices asked are exorbitant.
Up to the present time no condemnation suits have been brought, as
it has been found possible to purchase at a reasonable price the property needed. The authority to condemn is, however, an important
and necessary provision for use in overcoming obstruction detrimental
to the public good.
STATE LA W8.
Section 8 bears upon the relation with State laws, prevents interfer—
ence with vested rights acquired thereunder, and directs the Secretary
of the Interior, in carrying out the provisions of the reclamation act,
to proceed “in conformity with such laws. It, however, makes a very
important declaration that the right to the use of water acquired under
the provisions of this act shall be appurtenant to the land irrigated,
and bene_cial use shall be the basis, the measure, and the limit of the
right. As the laws of many of the States and Territories relating to
water are in a more or less chaotic condition, the declaration as to
appurtenance to the land irrigated, and bene_cial use, helps to solve
some of the problems which otherwise would be extremely serious.
In order to carry out the provisions of this section, careful study
must be made of the e_'ect of State laws upon each project under consideration in that particular State. It appears probable that in some
of the States radical changes in the laws must be made before important projects can be undertaken. In one of the States—Nevada—the
legislature has recognized the importance of action and has passed
laws intended to supplement the reclamation law and to assist in
carrying out its purpose. V
DISTRIBUTION OF EXPENDITURE.
Section 9 designates how the funds arising from the proceeds of the
disposal of public lands in each State and Territory may be expended,
and, while it leaves much to the discretion of the Secretary of the Interior, gives a general rule to be followed. It virtually divides the fund
from each State and Territory into two portions, known as the major
and minor parts. For convenience in discussing the matter, the major
portion has been assumed to be 51 per cent of the funds. The expenditure of this major portion is limited to the State or Territory within
which the money originates, subject, however, to the existence of feasible irrigation projects. The minor portion, or, as it has been assumed,
49 per cent of the fund, is unrestricted and can be expended in any
one of the 13 States and 3 Territories.
H. Doc. 44, 58-2—3
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The following table Shows the condition of the restricted and unre—
stricted portions for the various political divisions on the assumed
basis of 51 and ~19 per cent.
Reclanmlicm fund for years 1901-4903, inclusive.
State or Territory. { Total: 53111998;de ‘ Restrigztédusl per Unrpe-pltiigltloisl 49
I
Arizona ...................... i 6125, 605. 33 $64, 056. 71 661, 546. 62
California .................... 4 1, 287, 119. 86 656, 431. 13 630, 638. 73
Colorado ..................... 1, 139, 067. 45 560, 921. ~10 556, 143. 05
Idaho ........................ 1, 119, 667. 15 566, 330. 25 563, 336. 90
Kansas ....................... 67, 553. 16 31,152. 11 33, 101. e5
Montana ..................... 1, 321, 546. 21 675,516. 57 649, 027. 6-!
Nebraska ..................... g 354, 036. 62 160, 556. 76 173, 476. 04
Nevada................-...-..! 35,679.31 16,296.15 17,566.66
New Mexico .................. i 297, 365. 36 15], 656. 33 145, 709.03
North Dakota ...... ' ........... 2, 456, 340. 20 ! 1, 252, 733. 50 1, 203, 606. 70
Oklahotna..-.---...._.--....-: 1,621,661.94‘ 930,669.79 694,192.15
Oregon ....................... i 2, 795, 690. 69 1,125, 602. 35 1, 369, 666. 54
South Dakota ................. ‘ 516, 962. 96 276, 961. 31 266, 021. 65
Utah ......................... 231, 311. 0-1 119, 515. 46 114, 626. 56
Washington .................. l 1, 694, 069. 19 965, 975. 29 926,693.90
Wyoming .................... ‘ 656, 666. 47 1 335, 936. 10 322, 756. 37
Total ................... I 16,191, 636. 31 , 6, 257, 836. 53 7, 933, 999. 61
uThe amount for 1903 is approximate.
The unrestricted funds are to be restored as soon as practicable, to
the end that ultimately, and in any event within each 10-year period
after the passage of the act, the expenditures for the bene_t of the
various States and Territories shall be equalized according to the
amount of funds obtained. This equalization is, however, subject to
conditions of practicability and feasibility of the irrigation projects.
The unfortunate condition exists that the States and Territories
having the largest fund at present are those in which irrigation is of
least importance and value. There the chief interest is not so much
in-reclamation as it is in having the funds spent in the State to promote
general prosperity and improve business conditions. On the other
band, the States and Territories having the smallest fund have greatest
need and possibilities of development and widest opportunities of
making prosperous, self-supporting homes. Every effort should
undoubtedly be made toward a just apportionment, and at the same
time regard should be paid to the feasibility of the various projects
suggested. It is believed that feasible projects can be found in every
State and Territory, but the relative values of these differ widely.
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RULES A ND REGULATIOXH.
The last section (sec. 10) of the law authorizes the Secretary of the
Interior to perform any and all acts and to make such rules and regulations as may be necessary for the purpose of carrying the provisions
of the law into full force and effect. Comparativcly few rules have
been made, as it has been considered wise to let these follow the practical working out of the law, and not attempt to anticipate contingencies which might arise. The law leaves to executive discretion such a
Wide range of matters that the regulations which ultimately must be
enforced can be established by precedent based on actual conditions.
DECISIONS OF THE SECRETARY OF THE INTERIOR.
The following is a statement of decisions of general interest relating
to the Reclamation Service, made by the Secretary of the Interior.
‘WITHDRAVVALS.
By decision of February 11, 1903 (32 L. D., 6), interpreting section
3 of the act, it was held that two different forms of withdrawal are
authorized. The _rst form provides for Withdrawal from public
entry of the lands required for irrigation works, under which no
entries of any kind can be allowed. The second Form of withdrawal
leaves the land open to homestead entry under the provisions, limitations, charges, terms, and conditions of the act, and is intended to
apply to lands irrigable from the works constructed.
ENTRIES.
In considering a recommendation of the Director of the Geological
Survey in regard to the limitation of the areas of homestead entries
within withdrawals under the second form provided in section 3, the
Secretary of the Interior, on November 17, 1902, decided that he was
not authorized to specify any limitation in the area of homestead
entries under the reclamation act in advance of a de_nite determination to enter upon the necessary construction for the project in question, and the issuance of the public notice provided for in section 4.
This matter was further considered and a similar decision reached by
the Secretary on February 11, 191 I3 (32 L. D., 6).
By decision of the Secretary of the Interior, under date of August
21 (3:! L. D., 237), the Reclamation Service is authorized to classify and
combine the different subdivisions within lands withdrawn for irrigation under the reclamation act, so as to make practically homestead
segregations of the entire territory under any one project, specifying
the particular legal subdivisions that shall constitute each entry as to
all public land included in the withdrawal. Such scgrcgations of
homestead entries must be by legal subdivisions (to-acre tracts or
TX700083968
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lots) and be limited to areas of not less than it) nor more than 160
acres. All the subdivisions forming each entry must be of contiguous
tracts. The homestead entries so segregated may be of different areas
in the same project, the intent being to prdvide, in each homestead
entry, such quantity and quality of irrigable land as shall be suf_cient
for the support of a family.
This classi_cation of the lands will be reported by the Director of
the Geological Survey to the Secretary of the Interior for incorporation in the public notice of the lands irrigable under each project, as
required by section 4 of the reclamation act. In such list the area of
irrigable land in each entry will be speci_ed, as it will form the basis
of the payment required for the water supplied from the irrigation
works of the Reclamation Service. .
Upon the suggestion of the Director of the Geological Survey, the
Secretary of the Interior, on July 6, 1903, issued instructions that
whenever _nal proof was offered on any desert-land entry for lands
within the limits of any of the withdrawals. for the Reclamation Serv~
ice, an inspection should be made by the engineers of the Reclamation
Service to determine whether the entryman had complied with the
desert-land laws and regulations.
In pursuance of this decision a circular was issued to the engineers
of the Reclamation Service, under date of July 21, 1903, containing the
following provisions:
By order of the Secretary, of July 6, 1903, the Reclamation Scrvice will report on all
desert-land entries for which _nal proof is offered, when the lands involved are
included within withdrawals under the reclamation act. This of_ce will be promptly
advised of the offer to make such _nal proof; you will be noti_ed thcrcof, and will,
as soon as possible thereafter, have the land insjmctcd by one of your assistants upon
whose discretion and judgment you can rely. It is important that your report be
promptly forwarded to this of_ce, in order that there shall be no delay in the disposition of these arses by the General Land Of_ce.
'WA'I‘ER RIGHTS.
On March 20, 1903, the Secretary of the Interior authorized the
Director of the Geological Survey to designate suitable persons to _le
notices of water appropriation for the projects of the Reclamation Serv—
ice, in the name of and on behalf of the Secretary of the Interior, in
pursuance of the provisions of section b‘ of the reclamation act.
On September 5, 1903 (32 L. 1)., 254), the Secretary of the Interior
decided that thcrc is no authority to make such cxccutivc withdrawal
of public lands in a State as will reserve the waters of a stream _owing
over the same from appropriation undcr the laws of the State. or will
in any mauncr interfere with its laws relating to the control, appropriation, Use, or distribution of water.
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LANDS.
Authority was given by the Secretary of the Interior by letters of
March 20 and April 16, 1903, for the Director of the Geological Survey
todesignate suitable persons to enter upon negotiation for the purchase of such lands, rights of way, or water rights as may be needed
for proposed irrigation projects.
RIGHT OF WAY.
The act of Congress approved August 30, 1890, provides that certain patents issued for lands west of the one-hundredth meridian shall
contain a reservation of right of way for ditches or canals constructed
under authority of the United States. This provision of law is one of
great value in the operations of the Reclamation Service, for a large
proportion of the lands crossed by its ditches or canals will be subject
to this provision of law. A circular letter giving notice of the intention of the United States to claim the bene_t of this reservation has
been prepared and was approved by the Secretary of the Interior,
July 25, 1903. It is intended to send a copy of the same, properly
_lled out, to all persons who own land which will be crossed by the
line of any ditch or canal, when the location of the same has been delinitely decided. The circular reads as follows:
The reclamation service established under authority of the. Secretary of the Interior in pursuance of the act of Congress of June 17, 1902 (52 Stat, 388), is about to
undertake the construction of a ditch or canal across lands in section —,‘township —, range —, meridian, of which it is understood that you are the owner.
An examination of the records of the United States Land Of_ce shows that your
entry was made subsequent to October 2, 1888, and that the lands included therein
are accordingly subject to the following provision of law:
“That in all patents for lands hereafter taken up under any of the land laws of
the United States, or on entries or claims validated by this act, west of the onehundredth meridian, it shall be expressed that there is reserved from the lands in
said patent described a right of way thereon for ditches or canals constructed by
the authority of the United States. ” (Act of Aug. 30, 1890, 26 Stat, 391.)
The entries or claims validated by that act are such as may be asserted under
entries made subsequent to October 2, 1888, as held by the Department in the circular of October 5, 1893. (See vol. 17, p. 521, of the Decisions of the Department of
the Interior relating to public lands.)
It is accordingly intended to exercise the right conferred by this law, and to take
necessary right of way across the said lands for the construction and maintenance of
the ditch or canal required in connection with the reclamation work authorized
under the said act of June 17, 1902.
For information concerning the location of the proposed canal or ditch, you are
referred to the engineer in charge, Mr. , at
You are further informed that you will be entitled to receive water for the irrigation of your lands from the said canal or ditch, in accordance with the pnwisions of
the said not and the regulations authorized thereunder by the Secretary of the
Interior.
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RIGHT-OF-WAY AI’I’LICATlONS.
Inasmuch as there is a tendency to make speculative _lings in order
to pro_t by the opportunities which may arise in connection with the
operations of the Reclamation Service to make sales of property or
rights to the Government, or to take advantage of the knowledge
obtained by means of its investigations, it was early found to be necessary to exercise a careful supervision over the rights of way applied
for under the various acts of Congress. Accordingly, in pursuance of a
request of the Director of the Geological Survey, the Secretary of the
Interior, on July 14-, 1902, instructed the Commissioner of the General
Land Of_ce to submit to the Director of the Geological Survey, for
his consideration and report, all applications for rights of way over
the lands withdrawn for the uses of the Reclamation Service. On
September 18, 1902, these instructions were extended to cover rights
of way applied for within the limits of forest reserves, inasmuch as
the lands within these reserves might be utilized for irrigation works
by the Reclamation Service and special withdrawals would not be necessary in such cases. The above instructions cover all rights of way,
including those for railroads. On June 23, 1903, the Secretary of the
Interior instructed the Commissioner of the General Land Of_ce to
submit to the Director of the Geological Survey all the applications
received for rights of way for canals or reservoirs in any of the States
or Territories subject to the operations of the reclamation act.
SURVEY S.
As the land which it is proposed to reclaim under some of the
projects now being studied has not been subdivided in accordance
with the public-land surveys, and as such subdivisions will be necessary
in order to make proper descriptions for the disposal of the same, the
matter was submitted to the Secretary of the Interior, who, on May 9,
1903, decided that the necessary public-land surveys could be ordered
whenever the same should be found advisable.
1n the course of the topographic and other surveys in connection
with the irrigation projects, it was found that in many cases the publicland-survey corners which had been marked on the ground were lost
or destroyed, and in some cases had not been placed at all, although
_eld notes had been submitted for the surveys. In connection with
the work of the Reclamation Service, it is essential that the irrigable
lands should be de_nitely located and be capable of exact description.
Accordingly, upon presentation of the matter to the Department, the
Secretary of the Interior, by letter of July 14, 1903, authorized
the Director to instruct the engineers and topographers of the Reclamation Service to retrace and re-mark the public-land lines within the
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areas under survey with a view to their reclamation. A circular dated
July 21, 1903, has been issued to the engineers in charge of the various
projects covering this subject. It is in part as follows:
In the work done in this connection the rules in the circular on the reatoration of
lost or obliterated corners, issued by the General Land O_ice, March 14, 1901, and
the requirements of the Manual of Surveying Instructions for the Survey of Public
Lands, issued by the (ieneral Land Of_ce, must. be toliowed.
1n restoring comers, it is important that there shall be no interference with vested
rights where. the lands have been settled upon, and that no corner should be regarded
as missing until diligent search has been made for evidences of its original lm-ation.
For this work it will generally be necessary to have copied of the _eld notes on _le
in the of_ce of the surveyor-general of the State or Territory in which the. work is
located.
The tolmgraphers and engineem should keep careful and complete record or _eld
notes of the work, with descriptions of corners established, in the manner required
by the regulations of the Land Of_ce. Such _eld notes should be kept on tile in the
of_ce of the engineer in charge.
No corners are to be reestablished or re-Inarked unless they are required for the
clami_caticm of irrigable lands or for the identi_cation of lande the title to which
must be acquired.
ARTESIAN \N PILLS.
By decision of March 3, 191 I3 (32 L. 1)., 278), the Secretary of the
Interior held that the reclamation fund could not he used for drilling
artcsian wells for exploration. Such wells may be paid for from the
reclamation fund only in cases when there is suf_cient knowledge in
advance to make it probable that water will he obtained therefrom in
such quantities as could be used for the irrigation of lands, with the
probability that the cost of the work will be returned to the reclamation fund.
COOPERATION.
XEVAILL
Under the provisions of the. act of the State, legislature of Nevada,
approved February 16, 1903 (Stat. Nevada, 1903, p. 18), the State
engineer is authorized to examine and measure the discharges of the
streams, and to make maps of the canals or ditches and of the irrigated
and irrigable lands. The Reclamation Service being engaged in a
thorough study of the water supply and of the irrigated and irrigable
lands in the valleys of Truckee and Carson rivers, and also being
engaged in making topographic maps of the. streams, canals, and
ditches in these valleys, it was found to be to the interests of both the
State and the United States that the work under each be carried on
Without duplication and in such manner as to derive the greatest bene_ts from the funds expended. Accordingly a plan of cooperation
was agreed upon by the chief engineer of the Reclamation Service. and
the State, engineer of Nevada. which was approved by the. acting
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Director of the Geological Survey. This plan was put into the form
of a contract, of which the following is a copy:
These. articles of agreement, made and entered into this _rst day of July, 1903, by
and between F. H. Newell, chief engineer Reclamation &rvice, for and on behalf of
the United States Geological Survey, party of the _rst part, and A. E. Chandler,
State engineer of the State of Nevada, party of the second part, witnesseth:
Whereas, the United States Geological Survey is authorized by act of Congress
approved June 17, 1902 (Stat. L., vol. 32, p. 388), to make surveys and examinations
for the reclamation of arid lands; and
Whereas, the United States Geological Survey is now prepared to make such surveys and examinations of lands in the valleys of the Truckee and Carson rivers; and
“'hereas the State engineer of the State of Nevada is directed by an act of the
legislature of the State of Nevada, approved February 16, 1903 (Stat. Nevada, 1903,
p. 18), to examine the streams of the State, and to make maps of the streams, canals,
or ditches, and of the irrigated and the irrigable lands;
Therefore, it is hereby agreed that the expenses of such examination and survey
shall be divided between the parties in the manner following:
The _rst party shall pay the subsistence expenses of the surveying party and the
salaries of the _eld assistants engaged in the examination and mapping of the streams,
canals, or ditches, and the irrigated and irrigable lands in the valleys of the Truckee
and Carson rivers.
The second party hereby agrees to place the assistant State engineer in charge of
the said survey party, pay his salary, supply and provide for the team used by the
said survey party, and pay the transportation expenses of the entire survey party
between Reno and Dayton, Nev.
All accounts to be paid by the first party shall be submitted in accordance with
its rules and regulations.
The original records and the resulting maps shall remain the property of the United
States Geological Survey. Two photographic copies of the manumript maps shall be
furnished to the second party; and a reasonable number of copies of the printed sheets
shall be furnished for of_cial use of the of_ce of the State engineer, in case the maps
shall be engraved.
The provisions of this agreement, when duly executed by and on behalf of both parties, and approved by the Director of the United States Geological Survey, :ehall be
considered as having been in effect 'on and after June 1, 1903.
This contract is executed in duplicate, one copy to be kept by each of the parties.
In testimony whereof, the said parties have hereunto set their hands the day and
year _rst herein written.
F. H. NEWELL,
Chief Engineer Reclamatimi Service, for and on. behalf of (he _rst party.
A. E. CHANDLER,
State Engineerfnr A'm'miu, scarred party.
Approved.
Ii. C. RIZER,
Acting Director United States Geological Survey.
PROTECTION OF HEADWATERS. —
One of the most important matters in connection with the permanent
development of the water resources of the country is the protection
of the catchment basins from destructive in_uences. It is essential
to preserve in some localities a certain amount of forest cover, and to
prevent the destruction of these by _re or by overgrazing.
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The headwaters of many of the important streams are already included
within forest reserves, and‘some of the important reservoir sites are
thus guarded from injury. In other localities the forest-reserve boundaries should be extended to include the country from which comes the
principal part of the run-O_'. This land usually has no value for cultivation, is rugged, and suitable only for the production of trees. Grazing
to a limited extent is practicable and will not interfere with the best use
of the waters, but if unrestricted the number of cattle and sheep may be
increased to such an extent that the grazing is destroyed and the bare
soil is washed by storms. The accompanying maps (Pls. I—IV) show the
principal river courses, forest reserves, existing and proposed, and the
areas segregated under the terms of the reclamation law. Pl. I, of Montana, \Vyoming, and Idaho, shows the sources of many of the important streams of the arid region. P]. 11 shows the country south of
this, including Colorado, Utah, and the Territories of Arizona and New
Mexico; the principal streams shown are the Rio (irande and the
tributaries of_ Colorado River. Pl. 111 includes the States of California and Nevada and shows the principal part of the Great Basin, from
which no streams escape to the sea. After Colorado River, the streams
of greatest importance are those which issue from the Sierra Nevada,
_owing on the west side toward the interior valley of California, and
from the east side into the deserts of Nevada. Pl. IV completes the
series and shows Oregon, Washington, and Idaho; the principal streams
being the Columbia and its great tributary, Snake River.
ORGANIZATION OF RECLAMA'I‘ION SERVICE.
The plans of operation under the reclamation law approved by the
Secretary of the Interior on July 8, 1902, authorized the creation of
what is known as the Reclamation Service, a corps of engineers and
professional men constituted to carry out the purposes of the law.
For convenience of administration the Reclamation Service was made
a division in the hydrographic branch of the Geological Survey, continuing under the rules and regulations which have proved effective
in this organization.
The new division was at _rst composed of men who had been connected with the division of hydrography of the United States Geolog—
ical Survey, and who, under various laws, had been studying the water
supply and the extent to which the arid region might be reclaimed.
From time to time new men have been added and the Reclamation
Service has been expanded as rapidly as possible to cover field work
in each of the 13 States and 3 Territories. The new men were
obtained by means of competitive examinations held by the Civil
Service Commission, especial attention being given to experience in
irrigation work and in the distribution of water under the laws and
customs of the various parts of the \Vest. In particular, several men
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connected with various State engineer of_ces were obtained, and as far
as practicable preference was given to persons of known ability in
the building and operation of canals and ditches.
W'ith the experienced men have also been included a considerable
number of young, well-educated assistants obtained from colleges and
technical schools. These men have good engineering training and are
capable of rapid advancement after a few seasons’ work in the arid
West. Advancement in all cases rests upon ability shown in the
performance of duties and intelligence displayed in meeting contingeneies.
The principal o_icer of the Reclamation Service is the chief engineer,
who reports to the Director of the Geological Survey, and through
him to the Secretary of the Interior. Assisting the chief engineer is
an advisory or consulting corps made up of experienced civil, mechanical, and electrical engineers, and also several engineers who have had
legal training and practice. Various boards or committees of these
engineers consider and report upon details of organization or of technical importance. The attempt is made to secure rapid execution
through a single responsible head and at the same time to obtain the
advice and careful consideration of numerous experienced and quali_ed
men.
Work in the _eld is under the immediate direction of district engineers, each in charge of examinations and construction in a State or
large drainage basin. The district engineers report directly to the
chief engineer, and their reports are passed upon by supervising or
consulting engineers organized into a board or committee to consider
the particular matter.
The district engineers suggest or recommend projects and execute
the work approved by the chief engineer. They are responsible for
all details and are custodians of property acquired in each district.
They are assisted by various engineers, assistant engineers, and engineering aids, classi_ed in accordance with experience and known capability. These men, organized in suitable _eld parties, are engaged in
reconnaissance, or in engineering examinations, or in supervising construction where projects have been determined upon.
STATE AND LOCAL ORGANIZATIONS.
To assist in carrying out the reclamation law, various agencies have
been created under State or private auspices. The principal ones of
these are described in the following paragraphs: ‘
ARIZONA.
In this Territory the water users of the Salt River Valley have
been organized into an association, as described on page 76. The articles of incorporation there given have been carefully considered and
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are believed to embody most of the essential features necessary for
good administration of the reclamation law. From time to time other
items or modi_cations may be found necessary and can be made.
CALI FORNIA .
Cooperation was brought about by legislative action in 1903 appropriating certain funds for cooperation in topographic and hydrographic surveys. The board of control, consisting of the governor,
the attorney-general, and State treasurer, is empowered to enter into
agreements to carry out certain investigations which will lead to a
better knowledge of the opportunities of reclamation. The State
appropriation provides for cooperation along the following lines:
For topographic mapping of important drainage basins by the topographic branch
of the Geological Survey, $20,000. '
For gaging of streams and the surveying of reservoir sites by the. hydrographic
branch of the Geological Survey, $15,000.
F or the study of the forest cover of the mountain drainage basins, $15,000. This
work to be done by the Bureau of Forestry of the Agricultural Department.
For the determination of the duty of water, by the Department of Agriculture,
310,000.
This entire appropriation was made with the view of calling attention
to the latent opportunities in the State for irrigation development, as
well as of reconnnending de_nite policies to be pursued by the State
to accomplish this result.
The Geological Survey has undertaken the mapping of the irrigable
lands of the Sacramento Valley. There will be surveyed during the
winter of 1903-4 at least four 15-minute quadrangles, on a scale of
1: 62500, with a contour interval of 5 feet. Other topographic work
is being done in the drainage basin of King River.
The Geological Survey has extended its work of stream gaging in
California and is now maintaining gaging stations on 35 streams. In
addition to this a general reconnaissance is being carried on in the
drainage basin of Sacramento River for the purpose of discovering
existing reservoir sites and the survey thereof. An examination of
this whole drainage basin is planned with the view of deciding upon
a comprehensive scheme for the irrigation of the. Sacramento Valley.
Unusual opportunities are offered here because of the fertility of the
soil, the mild character of the climate, which permits the growth of
semitropic fruits, and the abundant water supply.
The mountainous portions of this drainage basin are heavily covered
with timber, which is being rapidly exhausted by lumbering operations. Because of this denudation the Bureau of Forestry of the
Department of Agriculture was called upon to particularly investigate
these timbered areas. The forest reserves which have. been tentatively
withdrawn will be thoroughly investigated and recommendations made
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not only for a national forestry policy, but also for a code of State
forestry laws. _
In all of these lines of investigation the personnel of the _eld parties is selected by the Federal authorities and the _eld expenses are in
greater part paid by the State, the result being that the. State furthers
the work of the corps of the scienti_c bureaus of the Government
with which California is cooperating.
COLORADO.
In this State the water users of the Uncompahgre Valley have
organized in form similar to the aSsociation in the Salt River Valley,
Arizona. A few modifications have been made to suit local conditions.
NE“? MEXICO.
A commission on irrigation has been created by the State legislature.
As noted in the First Reclamation Report, on page 261, this commission has made various suggestions regarding possible reclamation
projects and has offered to cooperate in all practicable ways. Its
membership is as follows: President, G. A. Richardson, Roswell;
Charles A. Dalies, Belen; Frank Springer, East Las Vegas; Charles
E. Miller, Anthony; Geo. W. Knaebel, secretary, Santa Fe.
NEVA DA.
The State legislature passed an act, approved February 16, 1903
(Statutes of Nevada, 1903, p. 18), providing for cooperation with the
Government in the work of the Reclamation Service and containing
the following provision regarding the of_ce of State engineer:
No person shall be appointed as such State engineer who does not have such
training in hydraulic engineering and such practical skill and experience as shall _t
him for the position; nor shall any person be so appointed save upon the recommendation of the Secretary of the Interior or the Director of the United States
Geological Survey, unless after thirty days‘ notice to such of_cials they shall fail to
make such recommendation. He shall hold his of_ce at the pleasure of the governor, but his successor shall, in all cases, have the foregoing quali_cations and
recommendations. He shall not. be permitted to accept any private employment.
Uponthc receipt of notice from the governor of the State as to the
terms of this act, the Secretary of the Interior, upon the recommendation of the Director of the Geological Survey, decided to nominate
for appointment as State engineer, Mr. A. E. Chandler. Mr. Chandler was at the time a professor in the State University of Nevada, and
was fully qualified, by his experience and training in hydraulic
engineering, to _ll the of_ce satisfactorily to the people of the State.
In pursuance of this recommendation Mr. Chandler was appointed by
the governor of the State, and has since entered upon the duties
connected with said of_ce.
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NORTH DAKOTA.
A State irrigation association, named the North Dakota Irrigation
Congress, has been formed in North Dakota to further the interests
of the State. This association met at Bismarck on October 20 and
21, 1903, and elected the following of_cers: E. A. \Villiams, Bismarck,
president; \V. H. Brown, Mandan, secretary, and an executive committee of 17 members, two from each judicial district and one at large.
The~object of the association is to secure early construction of reclamatil'm works in the State and to bring about a settlement of the land
by actual home makers.
OREGON.
A committee has been appointed by the governor of the State to
formulate a new code of State laws on water rights and irrigation, to
be presented to the legislature which meets in January, 1905. This
commission consists of the following: Thos. G. Hailey, attorney,
Pendleton: Zera Snow, attorney, Portland; C. \V. Mallett, irrigator,
Ontario; Henry Ankeny, irrigator, Medford; H. V. Gates, engineer,
Hillsboro.
It is probable that this committee will confer with the Reclamation
Service on matters pertaining to this work. In addition there is a
State association devoted to irrigation. This also has appointed a committee to cooperate With the legislative committee above mentioned.
Its membership is as follows: “C M. Pierce, Thomas McConnell,
J. S. Geer, E. Blythe, A. King 'Wilson, F. G. Young, 0. Hayter, J. W.
McCulloch, T. T. Greer, Professor “'ythicombe, and Samuel \Vhite.
SOUTH DAKOTA .
A Black Hills irrigation association has been in existence for some
time and has held occasional meetings. The principal of_cer is C. V.
Gardener, Piedmont, S. Dak. The Chamber of Commerce of western South Dakota has for its object the encouragement of irrigation
development by Government or private effort. The of_cers for 1903
are Chauncey M. Woods, president, and Emmet A. Cade, secretary,
both of Rapid.
UTAH.
At the last- session of the Utah legislature a board of commissioners
consisting of _ve members, known as the Arid Land Reclamation Fund
Commission, was created, and in March, 1903, the governor appointed
Abraham F. Dorenms, chairman; Joseph A. West, Harden Bennion,
William E. White, and L. R. Anderson members of the board. It is
the duty of the connnission to take such measures as may be necessary
to secure the construction by the United States of such reservoirs and
irrigation works as are contemplated by the reclamation law.
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The commission has employed as its legal adviser, F. S. Richards,
of Salt Lake City, who has tendered to the Secretary of the Interior
any services which it may be in his power to render.
\VATER USERS, ASSOCIATIONS.
In developing irrigation projects in connection with which there is a
considerable proportion of land in private ownership, it will be necessary to provide some means of dealing with the private owners as a body,
because it would be manifestly impossible to bring to any de_nite conclusion negotiations with a thousand or more individuals whose interests
have many points in common but many also which are different if not
con_icting. It is only by combining all these interests under one control that the necessary arrangements for the distribution of water and
the payment therefor can be made.
SALT RIVER VALLEY, ARIZONA.
The water users in the Salt River Valley, Arizona, after careful study
decided upon a set of articles of association: as a basis for combining
their interests in order to conduct the proper negotiations with the
Government in connection with the construction of the irrigation
works in the Tonto Basin and along Salt River. These articles are
given on page 76, under the description of operations in Arizona.
From an examination of these articles it appears that each share of
stock gives: (1) The right of its proportion of all waters available
for distribution by the association. (2) The right to have that water
carried tothe land to which the share is appurtenant. (3) A perpetual
right to the use of that water on that land, thus establishing united
ownership of land and water.
The distributing systems to the outermost laterals are under the
control of one organization of water users, which is responsible to the
Secretary of the Interior.
Assessments for the ordinary cost of operation, maintenance, and
repairs are made equally against all the lands under the distributing
system. Assessments for local bene_ts are made against those bene_ted, but general benefits are assessed against all the lands alike.
In subscribing to the articles of incorporation the land owner undertakes to pay all charges and assessments levied against his land, and
agrees that such assessment shall be a lien against it. This lien runs
in favor of the association. The association makes a contract with the
Government in which it guarantees the payment of all charges for the
water. In this way the amounts due to the reclamation fund on
account of this construction are secured to the (iovernment by a lien
upon the lands bene_t-ed.
These articles of association are, under the law, subject to the approval
of the Secretary of the Interior, and they also contain provisions that
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they are subject to the rules and regulations of the Department. While,
under the law, the ownership of any portion of the distributing system which may be constructed by the Government will ultimately pass
to the water users, the ownership and control of the. reservoir will
remain in the Government until otherwise provided by Congress.
Accordingly, the Secretary of the Interior will retain control of the
entire system, because he will have control of the water stored in the
reservoir, and therefore the management and operation of this association will remain subject to the control of the Secretary of the Interior,
thus assuring to each individual obtaining water from the system a fair
and equitable distribution according to the rights to which he is entitled.
These articles were submitted to the Secretary of the Interior, who
decided that while he is charged with de_nite and _nal duties concerning such an organization at the time when the payments required by .
the law have been made for the major portion of the lands irrigated,
such a condition did not then exist and was not likely to arise for
several years. Accordingly there was no immediate necessity for
determining upon all the details of the organizatiom It was evident,
however, that some steps must be taken in order that the people interested in this particular case and those in other localities operating
under similar conditions should be advised as to the general form of
organization which w ould be acceptable to the Sec ietar v of the Interior.
In the Salt Riv er Vallev , and in other places whom there me several
thousand owneis of small t1 acts who desiie to obtain watei undel the
terms of the law, it is absolutely essential that an organization of some
kind should be perfected in order that unity of purpose may be
obtained in their dealings with the Government.
On April 17, 1903, the Secretary of the Interior approved the following recommendations, submitted for his consideration by the
Director of the Geological Su1vzey
First. That the Scol_etmy 0f the Interim can, unde1 the law, deal
with an organization in 1"eceii ing payments from individuals who have
contracted for water rights under the terms of the reclamation law.
Second. It is not necessary or advisable at the present time to determine upon a general form of organization to be taken as a basis in
organizing every reservoir district.
Third. The particular form of organization for the Salt River Valley
may be modi_ed in the future as necessities may require, but for the
present the form already adopted is considered suf_cient.
Fourth. It is probably possible, in completing the details of distribution, to make arrangements whereby the. owners of vested water
rights may be bene_ted. Such details, however, are not essential for
present consideration, and may safely be left for initiation by the local
organization of water users. Their united opinion upon the matter
should have weight in the _nal determination.
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UNCOMPAHGRE VALLEY PROJECT, COLORADO.
The landowners in the valley of Uncompahgre River, from a point
a few miles above Montrose northward to the. town of Delta, have
undertaken to form an organization similar in character to that of the
water users of the Salt River Valley in Arizona.
They have adopted articles of association modeled upon those of the
Salt River organization.
GENERAL OBSERVATIONS.
Among the owners of land covered by the two projects in Arizona
and Colorado there are a number of persons who have large tracts.
The plan of operations provided by the articles of incorporation
adopted will permit any individual to subscribe for as many shares
- of stock as he owns acres of land, each share representing an acre.
Some could, therefore, subscribe for a thousand shares or more. A
condition of continued ownership of such stock is, however, full compliance with the law and the regulations thereunder, and a subscriber’s
stock will be paid for by paying to the Government all the charges
upon his application for water. Inasmuch as the Government will not,
under the law, accept an application for water for more than 160 acres
for any one person, it will become necessary for such a subscriber to
dispose of the excess of area. The purchasers will then apply for the
water needed to irrigate their own lands. In this way the landowner
is able to _nd a market for land which, as a rule, has not been productive of any income. At the same time he will obtain suf_cient
water for the amount not exceeding 160 acres which he retains, and its
yield will be several times as great as it had been when his water
supply was insuf_cient and unreliable.
The e_ort of the Reclamation Service in this connection will be to
make certain that all such transfers of title shall be made in good
faith, and it is proposed that such regulations shall be adopted as will
prevent the possibility of fraud or deception in such transfers.
SUMMARY OF OPERATIONS IN 1903.
The First Annual Report covers, as before stated, the principal facts
which led up to the passage of the reclamation law, and gives a résumé
of the conditions in each State and Territory. During the year which
has elapsed since that report was prepared, progress has been made
along many lines and _eld work carried on extensively. This _eld
work at the time of preparation of the present report (October and
November, 1903) is making gratifying progress, and it is deemed wise
to reduce to a minimum the delay of operations in the _eld consequent
on the preparation of the report which the. law requires shall be presented at the beginning of the regular session of Congress in December. It is far more important at this time to accomplish results than
TX700083987

SUMMARY or OPERATIONS IN 1903. 49
to discuss at length the various operations and projects, and therefore
the district engineers have been instructed to make such reports as
will be practicable without delaying _eld work. Their reports are
given on pages 71—528.
A brief summary or abstract of the engineers’ reports is given at
this point, stating concisely the operations in each of the States and
Territories and presenting the most important facts relative. to the
examinations and surveys which have been made.
ARIZONA.
In this Territory the various operations have been under the direction of Arthur P. Davis, supervising engineer, who has acted also as
district engineer. His report on a later page gives many of the
details of the work in hand. He has continued general examinations
of feasible projects in Arizona, but his attention has been devoted
chiefly to the construction of the dam on Salt River below the mouth
of Tonto Creek. A number of small contracts have been let and construction has been begun on works which are necessarily preliminary
to the building of the dam itself.
The problem of water storage on Salt River was discussed by Mr.
Davis in Water-Supply Paper No. 73, published in 1902. Since this
paper was published some changes have been made in details, as more
complete information has been obtained; but in a general way the
larger plans are unchanged.
The dam is intended to store _ood waters of Salt River. As regards
capacity of reservoir and foundations for a dam, its location is one
of the best in Arizona. The place, however, is somewhat inaccessible,
and the transportation of material to the dam site is one of the large
factors of expense. '
The discharge of Salt River at this point, as given on pages 26 to 29
of Water-Supply Paper No. 73, shows wide variation, from a little
over 150,000 acre-feet in 1000 to over 1,700,000 acre-feet in 1891. It
is evident that the storage must be sufficiently ample to provide for
one or two dry seasons. The reservoir capacity with a dam 220 feet
above the bed of the river is very nearly 1,200,000 acre-feet. A dam
could be carried above this level, with continually increasing reservoir capacity, but it has not been considered wise to greatly exceed
240 feet. Bed rock is from 25 to 30 feet below the river channel, and
the highest point of the masonry above the foundation will be 270 feet.
The maximum width at bottom is 180 feet and at top 20 feet. The
length at top between spillway abutments is 5‘00 feet, and the height of
the dam above the channel of the stream is 2-10 feet, the total masonry
being approximately 360,000 cubic yards. About 200,000 barrels of
Portland cement will be needed in the work, and the total cost has
been placed at $3,000,000.
H. Doc. 44, 58—2——4
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In comparison with this may be taken two large dams now under
construction, the _rst of these for the New York City water supply
on Crotou River, and the second for the Boston water supply on
Nashua. River. The respective dimensions and estimated cost of these
are as follows:
Cl‘oton dam—height above foundation, 300 feet; above old river
channel, 220 feet; length from spillway abutment to earthen section
as originally designed, 710 feet; maximum thickness of base, 218 feet;
thickness at top, 18 feet; approximate cost as originally designed,
$450,000; contents of reservoir, 30,000,000,000 gallons, or 92,066
acre-feet.
Wachusett damwmaximum height of dam above base, 207 feet; maximum thickness at base, 185 feet; height of dam above old river channel,
129 feet; thickness of dam at top, 25 feet; length of dam at top, 850
feet; cubical contents of masonry in dam, 280,000 cubic yards; approximate cost, $2,000,000; storage capacity of reservoirs, 63,000,000,000
gallons, or 193,340 acre-feet. .
One of the principal items of expense in the construction of the Salt
'River dam is cement. This matter has been thoroughly considered,
and tests made of cement materials occurring near the dam site justify
the belief that cement of good quality can be made from the materials
available. Therefore, it has been determined to manufacture cement
at the locality, and contracts have been let for machinery. It is believed
that a substantial reduction in cost can be made by following the experience obtained elsewhere in cement manufacture.
As the ordinary or low-water _ow of Salt River is entirely appropriated and used for irrigation, it follows that this water must not be
diminished in quantity, but must be allowed to _ow down the river in
the customary manner. Two methods might be adopted to accomplish
this purpose. The water could be measured as it enters the upper
end of the reservoir and the same amount turned out through the
dam; or, preferably, the low-water _ow could be taken around the
reservoir and kept entirely away from the stored _ood water. For
this purpose a canal will be necessary around the left side of the reservoir in order to take water from the river at a suf_cient height to
conduct it successfully past the dam and return it to the river.
By following this course it is possible to entirely segregate the
stored _ood water and also to utilize the power furnished by the lowwater _ow of the river when this is turned back into the channel.
This power is needed in pumping water in the Salt River Valley for
the reclamation of arid lands which can not be supplied from gravity
sources. The canal for diverting water around the reservoir serves
therefore the double purpose of keeping the low-water _ow out of the
reservoir and of furnishing power. Contracts for the construction of
this canal are being let.
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The irrigable lands in the Salt River Valley are in the vicinity of
Phoenix. All of the vacant public lands which may be supplied with
water have been withdrawn under the terms of the reclamation law.
Much of the best land is, however, already in private ownership, and
it has been considered wise to give the persons owning or claiming
lands in small tracts the _rst opportunity to obtain water for their
reclamation. In other words, it is not considered good public policy
to encourage more people to come into the valley until those who are
already there and are struggling for a livelihood have been able to
secure suf_cient water for the irrigation of small farms.
The irrigable land is being accurately mapped to show its location
and character and the extent of present improvements. Systems for
bringing water to this land are being considered and a careful study
made of the possibility of supplementing the surface supply by water
pumped from underground, using for this purpose the electric power
generated at or below the Salt River dam. The area which may be
irrigated by the stored water is from 160,000 to 200,000 acres. Some
time will be required before the exact area can be de_nitely determined.
An' additional 20,000 acres, possibly 40,000 acres or more, may be supplied by water obtained from underground. All these points are being
carefully considered and the interrelated facts and alternative projects
reduced to simple form for consideration.
CALIFORNIA.
In central and southwestern California irrigation under private
enterprise has reached a higher stage than elsewhere in the United
States. The well-distributed water supply and the climatic conditions
have enabled investors to carry to successful completion works of a
character which have not been found remunerative elsewhere. On
account of the high stage of development, there has been less necessity
and demand for construction by the Government than in other localities
of the arid region.
The principal bodies of arid vacant land in the State are those along
Colorado River between the town of Needles on the north and Yuma
on the south, the latter being near the Mexican boundary. There are
also large areas of vacant land in the northeastern part of the State,
adjacent to Oregon and Nevada, but these do not have an adequate
water supply or are unsuited for agriculture. Investigations in California have been made in both of these areas, but particular attention
has been given to the vast extent of arid land along Colorado River,
since the latter furnishes an ample water supply. Colorado River in
many respects resembles the Nile, and the lands along the (‘olorado
are comparable to those of lower Egypt.
In the First Reclamation Report, Colorado River and the explorations
which have been made are described in a general way. During the
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winter of 1902—3 surveying parties were organized and placed at various points along the stream for the purpose of making thorough ex ploration surveys of the river and of the irrigable land along its course.
Nearly 400 miles of river and adjacent lowlands were mapped, with
the exception of a short interval not covered in the vicinity of Picacho.
Examinations were also begun of various dam sites and diamond-drill
work executed at the upper reservoir site above Needles and in the
vicinity of Bulls Head. With the extreme heat of summer the parties
on the river were compelled to discontinue work, and the men trained
in mapping and detailed examination were transferred to the more
northern States. In the fall of 1903 surveys were resumed on Colorado River, with the object of completing the detailed maps of the
portion of the river not previously covered and of continuing the
examination of various dam sites and obtaining the facts upon which
to base estimates of alternative projects.
The utilization of Colorado River in the reclamation of arid lands
along its course is so great an undertaking and involves so many
unknown factors that great care must be exercised in obtaining all of
the essential information upon which to base a de_nite judgment. It
is probable that within the present generation many million dollars
will be expended from private, State, and national funds in the reclamation of arid lands, and it is extremely important to the country as a
whole that the investigations be made upon a plan and scale which will
lead to the largest future development. It is possible to reclaim in
various localities a few thousand acres, and establish a few hundred
families at moderate cost. This small development, however, would
effectively block and prevent the utilization of thousands of acres of
better land, and make dif_cult, if not impossible, the creation of thousands of prosperous homes. In short, the situation is such that by
exercising prudence and forethought the wealth of adjacent States and
of the nation will be vastly augmented, or, by letting matters drift, a
moderate development will follow, but without notable gain to the
country as a whole.‘
In northeastern California are a number of streams tributary to
Sacramento River or included within the Great Basin drainage—the
latter losing their waters in sinks or desert valleys. Development in
a small way has taken place along a number of these streams, and various projects have been suggested; each of these is being studied to
ascertain its merits. Some of them are apparently favorable, but all
require careful and patient consideration of the physical facts and of
the legal conditions surrounding them.
’A great work for the future in central California is the utilization
of Sacramento River and its tributaries in Sacramento Valley. Systematic examinations of the reservoir sites and irrigable land have
been taken up in cooperation with the State of California, and a
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number of projects considered with a view to possible construction.
The streams heading in the Coast Range on the western side of the
valley have been examined during the last season, owing to the fact
that irrigation is more essential there than on the eastern side. On
Puta Creek a valuable reservoir site has been found. Clear Lake on
Cache Creek has unusual merits for the impounding of water, and on
Stony Creek are a number of good localities for dams. The general
idea for the extension of irrigation in Sacramento Valley is to ultimately construct a large diversion canal from the head of the valley
down its western side. During high stages of Sacramento River this
canal would be supplied with water from the river itself, and during the
low stages from numerous reservoirs in the Coast Range. The system
would be operated in such a way that navigation of Sacramento River
would not be interfered with by irrigation diversions.
Explorations of the upper reaches of Sacramento, McCloud, and
Pit rivers have shown the existence of a number of reservoir sites of
marked merit. The stored water can be used during the low stages of
Sacramento River. The execution of such a plan for the Sacramento
Valley involves a large amount of tedious negotiations and adjustment
with private landowners in order to comply with the provisions of
the reclamation act.
The Clear Lake project on Cache Creek offers the simplest and cheapest opportunity for extended irrigation development in California.
Private interests, however, have recently purchased all the existing
water rights of canals on Cache Creek, as well as lands near the outlet
of the lake. Extended negotiations were carried on with these parties,
but such prices were put on these rights as to make their acquirement
by the Federal Government prohibitive. In these negotiations California State of_cials have rendered active assistance. It is a matter
of marked regret that it is not possible to proceed with the Clear Lake
project.
Another project which has been considered tentatively is that of
King River, in the San Joaquin Valley. In 1900 the canal companies
diverting water from this stream organized an association to cooperate
with the Geological Survey in making examinations for increasing the
low-water supply by storage. Furthermore, assistance was rendered
by the California Water and Forest Association, and $2,500 was subscribed, and every facility offered for thoroughly considering this
work. This was prior to the passage of the reclamation act. The
results of these investigations were published in Water-Supply Paper
No. 58, and it was demonstrated that large reservoirs could be constructed in this drainage basin upon a commercial basis. Some effort
was made by these irrigators to carry out the proposed plan of construction, but the con_icting interests of the various canal companies,
as well as the magnitude of the enterprise, prevented such extensive
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construction. Since this time there has been a merging of canal interests on King River, and the water rights have been so adjusted that
now the greater portion of the diversions from that stream is controlled
by one set of individuals. These parties are reported to be desirous
of cooperating with the Reclamation Service in constructing storage
reservoirs.
King River rises in annual _ood in April, May, and June, and all
the canals, the aggregate capacity of which is some 4,000 second-feet,
are completely supplied for a short period of time. In late summer
the river falls to a _ow of about 200 second-feet, which is entirely
inadequate. This low-water _ow it is proposed to enhance by the reten—
tion of a portion of the spring _oods. The canals out of this river
command approximately 300,000 acres of land. These lands are mostly
in small holdings, and are highly developed when the water right is
suf_cient to justify their improvement. The average annual rainfall
is less than 9 inches, and nonirrigated lands are not worth over $10 an
acre. The same lands irrigated and developed by Orchards and vineyards are worth approximately $500 an acre, and frequently yield net
returns of from $50 to $100 an acre per annum.
It will be an intricate matter to adjust all of the complications necessarily preliminary to cooperation with this locality, but efforts are
under way to test the feasibility of such a procedure. The question
lies with the owners of the land and water themselves. The physical
conditions are favorable and. the returns are unquestionably suf_cient
to justify the outlay.
Owens Valley is situated on the eastern slope of the Sierra Nevada,
in Inyo County, Cal. It ranges in elevation from 3,000 to 4,000 feet.
The Owens River and its tributaries derive their water supply from
the eastern _ank of the Sierras. This supply passes off in winter and
spring _ood waves, and is followed by'periods of low summer _ow.
There are now in- cultivation in the Owens Valley approximately
50,000 acres of land.
A large reservoir site has been discovered at a point known as Long
Valley, the capacity of which is 119,850 acre-feet, with a dam 110
feet in height. This reservoir site could doubtless be used to regulate
a portion of the spring _oods for late summer use. Other reservoir
sites of less merit are believed to exist on some of the upper tributaries,lbut they have not yet been surveyed.
The knowledge of the available water supply is limited, and it
would not be justi_able to decide on works for construction in this
locality until the hydrographic data are more complete. It is necessary not only to know the annual discharge from the drainage basin,
but also the amount of diversions by numerous canals. It is believed,
however, that the surplus water available for storage is large, and that
probably the irrigated area may be doubled. A large area of arid
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public land could be commanded by a canal system from Owens River,
and these lands have been withdrawn, pending the completion of this
investigation.
In short, it may be said that in California the numbe1 of possible
projects and their range is so great that much time and thought must
be given to the work in order that each possible project should get
adequate consideration. While there are believed to be a number of
enterprises which can be properly taken up under the reclamation
law, some of these are of such gleat magnitude and othels are so
involved that immediate decision is impossible, and some time must
be taken to obtain the essential facts.
. COLORADO.
Colorado, as shown by the Twelfth Census, contains a larger area of
irrigated lands than any other arid State. The value per acre is not
as great as in California, but the reclaimed total is larger. Development has taken place mainly along South Platte and Arkansas rivers
and their tributaries in the eastern and along the Rio (irrande in the
southern part of the State.
The vacant public lands are located mainly in the western or northeastern part of the State. Here, as a rule, the valleys are narrow, and
the area of reclaimable land is relatively small, but the water supply is
large.
In taking up work in Colorado under the reclamation law, attention
was _rst given to the projects which had been discussed for a number
of years by citizens of Colorado. It was deemed adiisable to accede
to requests made to consider these, at the same time taking up explo—
ration of less known localities.
Among the matters _rst brought to the attention of the Reclamation
Service was the more complete storage of the _ood waters of South
Platte River, the diversion of Grand River in a high-line canal near
Grand Junction, and the construction of a tunnel from Gunnison River.
.The diversion of Gunnison River to the U ncompahgre Valley through
a tunnel has been described in the First Reclamation Report, pages
1313454. The work there described has been continuedsystematically,
and details regarding the cost of the project and the extent of the
irrigable lands have been acquired. The latter have been mapped on
a scale of 1,000 feet to the inch, and in 10-foot contours. showing all
slopes, improvements, and other conditions essential to a full understanding of the subject, and enabling careful estimates to be prepared
of the actual amount of land irrigable, the size of farm required for
the support of a family, and other factors essential to a discussion of
the subject.
Many alternatives must be considered as to the precise location, size
and slope of a tunnel, and the character of the headworks. Many of
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these are governed by the limitations as to area irrigable. The
amount of land to be supplied with water is limited and the size of
the tunnel and consequent cost must be nicely proportioned to suit
the demands which will be made upon it. The question is not simply
one of putting a. tunnel through a mountain, but of building the most
effective and economical structure which will perform the work. The
difference of a few cents in unit quantities of excavation or of lining
will makea di_'erence of many thousand dollars in the total cost of the
work. In a great enterprise of this kind, all of the details must be
thoroughly considered before contracts are let, and hence the engineer—
ing features require thorough consideration by men of engineering
experience.
In the construction of a tunnel from Gunnison River and providing
headworks in a narrow torrential gorge, many novel conditions are
encountered, and there is a wide diversity of opinion among engineers
as to thebest methods of overcoming the obstacles which are met. It
is an open question whether or not a low dam should be placed in the
river, or the water be taken out below the natural surface. This can
only be settled by making comparative plans and estimates and balancing the advantages and objections of each method of procedure one
against the other.
Not only are the physical dif_culties of this tunnel to be solved, but
there are also certain legal complications which must be considered.
The water users of the Uncompahgre Valley have formed an association for the purpose of dealing with the Secretary of the Interior, and
have presented subscriptions for upwards of 65,000 acres; additional
subscriptions must be obtained in order that the total acreage, including
the vacant public land, may come to an amount which will justify the
construction of the tunnel. There are also various questions of existing canals and water rights which must be adjusted on a satisfactory
basis before the work can be undertaken by the Government. Matters
are progressing favorably along the various lines, and one dif_culty
after another is being surmounted, but care, patience, diplomacy, and
tact must be exercised, as well as engineering skill in devising the
structures.
Another of the projects which was _rst called to the attention of the
Reclamation Service is what is known as the Grand River diversion
scheme. This has been described in the First Reclamation Annual.
A detailed survey has been made of the Grand River Canyon above
Grand Junction, and a line has been run out around the upper edge of
the Grand River Valley, covering all of the irrigable land near Grand
.Junction and extending westerly to the Utah line. The report upon
this project, given on later pages, indicates that it will not be practicable to take water by a high-line canal to the broad extent of arid lands
in Utah, and that since this is impracticable the cost of the project
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for the land in Colorado alone will be so great as to be almost prohibitive. It is possible, however, that some reclamation can take place in
the Grand River Valley on a smaller scale than at _rst contemplated,
and from information received it appears that private capital will take
this up.
The third project which was of apparent interest to the people of
Colorado was the storage of the _ood waters of South Platte River and
the diversion of these to a large reservoir site on Pawnee Creek, the
water to be used on arid lands in the vicinity of Sterling.
A careful survey made during the fall of 1902 showed that the cost
of a _ood canal from South Platte River would be enormous, since it
must pass for many miles through a sand~hill region. The dif_culty
of maintenance would also be great, and, taken in connection with the
short duration and uncertainty of _oods, the project was not considered feasible. This decision has not only been a great disappointment
to the people in the Vicinity of Sterling, but has resulted in more or
less hardship to settlers, who, upon initiation of the survey, rushed in
to take up homestead entries upon the reserved lands. These settlers
were warned by public notice of the risk taken by them, but, led on
by the suggestions of interested parties and carried away by public
excitement, they persisted upon entering lands which calmer judgment
would have shown to be of doubtful value.
IDA H0.
The southern portion of the State of Idaho, particularly along Snake
River, offers some of the best opportunities for reclamation in the
United States. There are vast tracts of arid land along this river and
a relatively large amount of water available. The quantity, however,
is not so great but that storage must be resorted to in the near future
if various large enterprises are carried out. ‘
The Reclamation Service has made a general reconnaissance of the
irrigation possibilities and has selected three localities for more complete study. These are, in geographic order—
First, the desert land below the town of Dubois and around what is
known as Mud Lake.
Second, the lands on both sides of Snake River below American
F ails, near Minidoka, and above Twin Falls.
Third, the land between Boise and Payette rivers.
Each of these projects has its merits and disadvantages, but all of
them are relatively good as compared with the conditions prevailing
in other States.
The Dnbois or Mud Lake project includes a large extent of desert
land, possibly 500,000 acres in all, to which water may be brought by
canal heading on the north fork of Snake. River, near the town of St.
Anthony. The water supply must be supplemented by storage, and it
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is not probable that more than 200, 000 acres of- the best land can be
reclaimed. Careful su1vev f01 available storage has been made and
surv evs of the most promising localities have been begun. Various trial
lines have been run an oss the desert lands, showing that canals can be
carried out at various elevations and at different costs. The most serious
obstacle encountered has been the range of drifting sand hills between
the towns of St. Anthony and Dubois. It is believed, however, that
by adopting a canal line of moderate elevation these bills can be skirted
and much of the good land he reached.
The \linidoka project includes land on both sides of Snake River
south of the Oregon Short Line Railroad. Water can be taken out by
means of a dam placed across the stream. It will not be practicable,
however, to raise the water to the height of the best lands, and it is
proposed to provide supplemental pumping plants on a large scale to
reach lands above the gravity system. The power for pumping can
be obtained by suitable water wheels installed near the dam. It is
necessary to allow a certain amount of water to pass over this dam
in order to supply prior appropriations below. The power derived
from the water passing the dam can be utilized for pumping to higher
tracts. \Vork on this project has progressed far enough to lead to
the belief that it is feasible to irrigate 60,000 acres on the south side
and 60,000 acres on the north side of the river.
Supplemental storage Will be required for these lands, and this can
be had at the headwaters of Snake River, in Jackson, Two Ocean,
Emma Matilda, and Jennie lakes, all of which have been reserved for
storage purposes.
The I’ayette~Boise project involves the reclamation of desert lands
west of the city of Boise on the slopes now above gravity ditches.
Payette River on the north furnishes a large supply of water, much
of which goes to waste. The ridge. separating the Fayette from Boise
River is extremely steep on the side toward Payette, and to divert
water from Payette River will require a long and expensive canal on
a steep hillside and extensive tunnels.
The practicability of taking water from Payette River to supplement
the _ood supply from Boise River has been under considemtion, and
the project is believed to be feasible from an engineering standpoint,
but the vested rights and present condition of irrigation development.
necessitate very careful study of the situation. The lands when
reclaimed will be of high value and the bene_ts to the State of Idaho
will be far- reaching.
KANSAS.
In this State reclamation of arid land has perhaps less importance
than in any of the other States mentioned in the reclamation law. The
funds arising in the State are very small and irrigation is regarded as
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of secondary or merely local concern. In fact, the attitude of the
people toward irrigation is in many respects similar to that of the
citizens of Eastern States. It is regarded as a mere adjunct or incident, such as watering the lawn or kitchen garden, and not as a prime
requisite.
There are in western Kansas a large number of localities where irrigation can be carried on successfully on a small scale, and there is no
question that the number of irrigators will increase, to the advantage
of the citizens and of the State. The climatic conditions are such,
however, that crops can frequently be raised without arti_cial watering,
and investments in large ditches have not been practicable because the
farmers have not been compelled by circumstances to take and utilize
the water, but have succeeded in getting along without it.
The water supply is restricted, and is limited mainly to the quantity
obtained by pumping from underground or by storage of _oods from
local storms.
All of the rivers in western Kansas except the Arkansas rise in the
Plains and do not have a mountain catchment area. The Arkansas,
coming from Colorado, carries at certain times of the year a considerable amount of water, but in its course through Kansas the river
has a broad, sandy bed, into which, through many months of the year,
tiny rivulets disappear.
“’ater storage on a small scale has been attempted in various localities, but has not been found to be pro_table. The most successful
irrigators are those who obtain small quantities of water by pumps
driven by windmills.'
The Reclamation Service has made a general reconnaissance of the
western part of Kansas, but without _nding any projects which
seemed worthy of consideration. The citizens of the State are appard
ently more interested in putting down deep or artcsian wells, in the
hope of getting a _ow of good water, and incidentally perhaps of
_nding oil and gas. Urgent requests have been made to have deep
wells bored, and to distribute these in various counties, in the hope of
aiding local industries.
7 A careful study of the artesian conditions of the Great Plains area,
including Kansas, has been carried on through several years and a
record kept of all deep drillings made. The study of the geology of
the country has made possible the interpretation of well records, and a
fairly thorough knowledge has been had of the geologic conditions
governing the occurrence of water underground. This knowledge is
suf_cient. for the preparation of maps showing in a general way the
depth to water and the probability of obtaining a _ow.
In many of the localities where experimental borings are desired
it is already known that good water can probably not be had, and
further expenditure along this line is not justi_ed by ordinary business
judgment.
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MONTANA .
This State, with its enormous extent of arid land, offers a number of
opportunities for reclamation. Attention has been concentrated largely
upon the northern border, and particularly in the Milk River Valley,
which contains large areas of vacant public land. Milk River has a
small _ow, not receiving water from the mountains. It is proposed
to reinforce this _ow by connecting the lakes at the foot of the menutains with the headwaters of the river by a relatively short canal. The
chief obstacle is not one of engineering, but of international complication, since the upper tributaries of Milk River rising in Montana _ow
through a portion of Canada, returning again to the United States.
The question as to the propriety and feasibility of turning water into
the head of Milk River to _ow along the international boundary on the
Canadian side is one which is to be considered.
Surveys and estimates of cost of storing water in St. Mary Lakes,
and of taking this across the divide into Milk River, have been continued during 1903, also further examinations of the possibility of
utilizing the waters of Milk River in the lower part of its course.
These show that construction is feasible and the reclamation of many
thousands of acres possible if certain matters concerning land titles and
rights of way can be satisfactorily adjusted.
In the country south of Milk River a general reconnaissance has
been made along Yellowstone River, particularly near its mouth. It
is believed that lands can be reclaimed in eastern Montana and adjacent
portions of North Dakota by diverting the waters of Yellowstone River
on the north or left bank in Montana. An investigation of the possibilities of storage and irrigation in the region of Musselshell River
and its tributaries has been made. It is apparent that within this area
are a considerable number of small projects widely separated and involving _ood storage. Each of these could be taken up independently and
might be made the subject of private enterprise.
NEBRASKA.
The western end of Nebraska lies within the arid region, and its
principal source of water supply is North Platte River. This stream
rises in “'yoming, and has a large continuous _ow. A comparatively
small amount of water is taken out from the main river in Wyoming,
but in western Nebraska a number of large ditches head on the river,
and a considerable part of the low lands are now irrigated.
It is probable that canals heading in “ryoming can be taken out to
cover lands in Wyoming and Nebraska. and detailed surveys showing
the feasibility of such canal lines have been carried on, as noted in the
descriptions under the heading “'yoming. T hesc have not been carried
to a point suf_cient to demonstrate the feasibility and cost of irrigating
any speci_c tracts in Nebraska.
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In the northwest corner of the State are a number of small streams
south of the Black Hills. Irrigation has been developed in a small
way along these, but the water supply is de_cient and the natural conditions are not particularly favorable for the construction of storage
reservoirs. The search for possible sites for water storage has not as
yet been successful, but will be continued.
7
NEVADA.
In this State the necessities for immediate work are probably greaterthan in any other portion of the arid West, as the population is very
small, having declined With the diminished mining activity, and thphysical conditions have been such that private capital could not readily be induced to undertake the construction of storage reservoirs.
The principal water supply comes from the mountains across the
State line, in California. The irrigable lands are in Nevada. and it has
not been practicable to construct reservoirs in California for supplying land in Nevada with water. It is possible, however, by considering the physical necessities of the case rather than the political, to
reclaim large areas of valuable land in Nevada and to support a dense
population in certain portions of this State. 1
Truckee River, the outlet of Lake Tahoe, was _rst considered. This
lake lies at an altitude of over 6,000 feet, and receives the drainage
from surrounding mountains and discharges at the northwest corner of
the lake into Truckee River, which _ows in a general northerly and
easterly direction through a portion of California into Nevada. \Vater
is taken out on land in the vicinity of Reno, but a large amount of
_ood waters and seepage escapes into the lower river and _nally _ows
into Pyramid Lake.
The _rst work proposed has been that of a canal diverting the excess
water from Truckee River below Reno and carrying it out into the
Carson Basin. A suitable reservoir site has been found on lower Carson River, where the waters of the Truckee and of the Carson can be
held together for use on the desert lands.
The contract for the construction of the canal from Truckee River
was duly advertised, the work being divided into three parts. An
award was made and contract entered into on September 3, 1003, with
C. A. \Varren & Co. to construct divisions 1 and 2 of the main canal,
and another contract on August 28, 1003, with E. B. and A. L. Stone
Company to construct division 3 of the canal. The terms of the
contract are given on pages 365—367.
The estimated total, based upon the probable yardage, is as follows:
Division 1 ....... ' .................................. - ................. - . $325,495
Division 2 ............................................................ 37H, 408
Division 3 ............................................................ 250, 716
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NEW MEXICO.
In this Territory irrigation has been practiced longer than in any
other part of the United States, as water has been applied to the land
by the Pueblo Indians since time immemorial. The early Spanish
settlers coming from Mexico watered their gardens and diverted the
Rio Grande at numerous points. This stream, the largest river in the
Territory, rises in Colorado, wherea number of large canals have been
constructed to take water to lands in San Luis Valley. Entering
New Mexico the river _ows through canyons where reservoirs might
be constructed and then passes through broad valleys in which acousiderable part of the water is lost. By the time it reaches the south—
ern boundary of New Mexico the river has shrunk in volume, and
during many months of the year the channel is dry.
N ot only is the water supply of the Rio Grande uncertain in quantity
and volume, but dif_culties are encountered in using it because of the
large amount of sediment in suspension. The _ne mud or silt comes
in largely from Chama, Puereo, and other tributaries in New Mexico.
These in times of _ood wash the soft earth into the Rio Grande, where
it is deposited in part or carried into the irrigating ditches, necessitating continual work in keeping them clean. Reservoirs built along
the river will in time be _lled by this sediment, and all plans for water
storage necessarily take into account the question of the life of the
reservoir, or period before it will be _lled, and also the probability of
keeping the reservoir moderately free from silt.
Not only are the physical problems very dif_cult as regards the
storage of the _ood waters of the Rio Grande, but there are in addition interstate and international matters. At the southern end of New
Mexico the river forms the boundary of the State of Texas for several
miles and then becomes the international boundary between Texas and
the Republic of Mexico. The Mexicans claim certain prior rights to
the use of the water of the Rio Grande and also certain treaty rights as
regards navigation. Any project to store Water on the Rio Grande
must take cognizance of the claims of Mexico to certain uses of the
water before conclusions can he reached as to what may be done toward
reclamation. Extensive surveys must be made to ascertain the opportunities and cost of water storage. For this purpose reservoir sites
have been surveyed on the main stream and irrigable lands examined.
These examinations have not progressed to a point where de_nite conclusions can be given, but they indicate that water storage may be
feasible, provided suitable arrangements can be made with the claimants to water rights.
The most important tributary of the Rio Grande is the Pecos, which
_ows through the eastern part of the Territory. The waters of this
river a re utilized for irrigation, particularly in the vicinity of the town
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of Carlsbad. Storage reservoirs hare been constructed on the stream,
but there are still available certain other storage sites and possibilities
of water conservation. In particular, one of these localities is at
what is known as Urton Lake, northeasterly from Roswell, where the
waters of the Pecos may be stored for reclamation of lands south of
the reservoir.
Another project which may be feasible is that of the storage of the
waters of Hondo River west of Roswell. This stream _ows into Pecos
River, near the town just mentioned. The chief dif_culty as regards
Pecos River is the large quantity of gypsum and alkaline salts carried
in solution. The country to a considerable extent is composed of Red
Beds containing large amounts of gypsum, and much of the land
already brought under irrigation has been injured by being water~
logged or by an accumulation of gypsum near the surface mostly due
to unskillful use of water in irrigation. It is believed, however, that
by careful consideration of all these matters it will be found practicable
to plan and construct irrigation and drainage syStems so as to reclaim
large bodies of arid land without ultimately injuring it by the alkaline
water's.
NORTH DAKOTA.
North Dakota, although included in the list of States under the
operation of the reclamation law, contains comparatively little arid
reclaimable land. The western part of the State is de_cient in mois—
ture, but settlers are rapidly pouring in and are adopting methods
of dry farming which in ordinary years are moderately successful.
Drought-resisting crops are being planted and methods of cultivation
adopted suitable for the prevailing climate.
A general examination has been made of the opportunities for
reclamation in North Dakota. Many river valleys, particularly those
of streams entering Missouri River from the west, have been examined.
The valleys of these streams are as a rule narrow, and the fall of the
rivers is frequently so gentle that water can not be diverted by gravity
to tracts of large size. None of the streams head in a mountain area,
and all of them receive water from local storms, so that the flow during the summer season is small and water storage must be resorted to
wherever practicable. The topography, however, is not well suited
to water storage, and problems pertaining thereto are not easy of
solution.
The best opportunity for reclamation at present known is that offered
by a tract of land in the area between Yellowstone and Missouri rivers.
This can possibly be irrigated by a long and somewhat expensive canal
heading on the west or left bank of Yellowstone River in Montana and
carried around the edges of the bench lands or bluffs out to the agricultural lands in North Dakota. The land under the preliminary canal
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line is estimated to amount to 55,000 acres in Montana and 22,000
acres in North Dakota; of this 90 per cent can probably be reclaimed.
Missouri River itself has been in past years examined thoroughly
for opportunities of diversion. Level lines have been carried along
the river for several hundred miles, and it has been found that the fall of
the river is so gentle that gravity canals can not be taken out to surmount the bordering bluffs. It is popularly believed that water might
be taken from Missouri River over into the central part of North
Dakota, but this could be done only by a canal several hundred miles
in length, extending through many miles of deep cutting. The cost
would be prohibitory and the bene_ts doubtful.
As water can not be taken out of the Missouri by gravity, the project
of pumping it has been discussed, utilizing the cheap fuel obtained by
mining the lignite which occurs along Missouri River and its tributaries. A general study of this question was made by Prof. F. A.
Wilder, of the State University, who has pointed out a number of
localities where pumping plants might be established. The lands to be'
bene_ted are, however, mainly in private ownership. _ The report by
Professor Wilder is given on pages 400412.
OKLAHOMA.
In this Territory examinations have been made, particularly in the
western part, of feasible opportunities for reclamation. A number
of localities where works might be built have been pointed out, but
the preliminary surveys of these have shown that either the water
supply is de_cient or other conditions are unfavorable. There is no
general demand for irrigation in Oklahoma, and the climatic conditions
are such that it will be of doubtful utility, except in localities where
convenience to market or other favorable conditions render intensive
farming practicable.
The western prolongation of Oklahoma in Beaver County may offer
some opportunities for reclamation, but, compared with the needs of
the country farther to the west, the Oklahoma situation is not pressing.
OREGON.
In eastern Oregon are vast tracts of arid land, much of it still in
public ownership, but cut up by wagon-road grants and swamp selections. The water supply as a rule is small, as the streams which _ow
out upon the vacant land rise in comparatively low or small mountain
areas. Nearly all of the meadow lands have passed into private ownership under the terms of the swamp act, and the basins which might be
utilized for water storage are used to a large extent as cattle ranches.
The principal stream on the eastern side of the Cascade Range—Deschutes River—is in many respects favorable for utilization in irrigation
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development, but its waters are largely claimed by various corporations proposing to irrigate lands under the terms of the Carey act.
The opportunities for reclamation under national auspices are
somewhat limited by the physical conditions and by the present condition of ownership and control of irrigable lands.
A reconnaissance of the State has been made, and various projects
suggested have been given especial consideration. Out of the large
number of possibilities, systematic surveys have been concentrated
upon three localities——one in the northern part of the State, west of
Umatilla River; another in the eastern part of the State, on Malheur
River, and the third in the center of the State, in Harney County.
About one-fourth of the lands under the Umatilla project are Northern Paci_c Railroad grant lands. Much of the desirable land in
the Malheur project is so-called military road grant land, and of the
land under the Harney County project, practically the last vacant land
has recently been selected by the State under the Carey act. Each of
these projects offers engineering dif_culties, particularly as regards
securing a certain water supply. Each has its merits, and it is probable that one or another will be found to be feasible after thorough
study has been made of all the surrounding circumstances. The complications and alternative propositions on each project are so involved
that it has not yet been possible to obtain a summary of these in terms
of cost and acreage, but it is hoped that plans and estimates looking
to early construction will be completed in the near future.
SOUTH DAKOTA.
South Dakota, like its sister State on the north, embraces a comparatively small amount of arid land. It has, however, the great
advantage over Nebraska and North Dakota in that in the western arid
end of the State are the Black Hills, from which come several streams
of considerable size, and where the topographic relief is such that
storage reservoirs can be built.
Examinations have been made during 1903 of the streams issuing
from the Black Hills, to discover the best reservoir sites, and stream
measurements have been systematically carried on to obtain the
amount of water available for storage. Trial lines of various possible
canals have also been run, and preliminary surveys made of several
possible projects.
The most favorable opportunity for reclamation appears to be on
lands north of Belle F ourche River. A canal can be taken out of this
stream which will carry the _ood waters to depressions that can be converted into reservoirs, and from these distributing canals can be built
to irrigable lands. The systematic investigation of this project has not
progressed to a point where it is possible to state accurately the acreH. Doc. 44, 58-2—5
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age and cost. The land is gently rolling, and very detailed surveys
are required to outline the irrigable areas.
Other projects of secondary importance have been found along the
east and southeastern sides of the Black Hills, and it is probable that
one or another of these will prove to be feasible in the future. From
present knowledge, however, the Belle Fourehe project offers best
opportunities.
UTAH.
Utah, with its well-distributed but small water supply, has a_orded
exceptional opportunities for reclamation by individuals and associations of water users. The water resources of the State are fairly well
utilized, the principal exceptions being in the case of the two large
fresh-water lakes—one in the central part of the State and the other
on the northern boundary. These receive a considerable amount of
water which is lost by evaporation. . The future development of the
State is dependent largely upon the ability to check the evaporation
by reducing the area of the lakes and making them serve better their
purposes as reservoirs.
The citizens of Utah appreciate the great importance of a better
system of water conservation, and, especially in the case of Utah Lake,
have asked that general studies be made and plans prepared looking
toward a more complete control of the available supply. Preliminary
investigations were made by the Geological Survey in 1888 and 1889
and measurements of important streams have been continued since
that time. In 1903 the work on Utah Lake was taken up again at the
request of the State commission on reclamation, and detailed surveys
of the lake were begun in order to determine upon a plan for utilizing
the entire water supply of the lake, either by extending the pumping
facilities, or by lowering the bed of the Jordan as well as reducing the
area by dikes, cutting off shallow portions. The examinations have
also been extended to the arid areas in the vicinity with a view to their
reclamation.
In the case of Bear Lake, additional facts were obtained during 1903
as to the water supply which can be brought into the lake and as to the
cost of a canal from the lake to the river and of ditches to the arid land
along the course of the stream.
WASHINGTON.
One of the largest projects of reclamation in the United States is
that of the utilization of the arid land in what is known as the Big
Bend country in central Washington. There is a vast area, a million
or more acres, of arid land lying at moderate altitude, to which the
waters of Spokane River or other streams of eastern Washington
might be taken. The cost of bringing water to this land is known to be
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great, but it is believed to be feasible, in the future at least. Extensive
surveys have been carried on to ascertain the practicability of divertin g water to the Big Bend country and of storing it at available localities.
Some time must necessarily elapse before the many alternative projects
can be discussed with full knowledge of the cost and bene_ts.
A general examination and study has been made of the country along
Yakima River, but the conditions of land ownership and of claims to
water are such that reclamation work by the Government is not at
present regarded as practicable.
Other tributaries of the Columbia have been considered, and in particular detailed surveys have been begun along the Okanogan, in the
extreme northern part of the State. The complicated topography and
the numerous small reservoirs which might be constructed render the
study of alternative projects important. The situation necessitates
detailed and careful estimates before speci_c projects can be recommended.
A reconnaissance has been made in the neighborhood of Palouse
River in order to determine the feasibility of a plan to take water from
Palouse River to irrigate a body of land of the best quality lying
between Snake and Columbia rivers below the 2500-foot contour.
This reconnaissance seems to indicate that while this project is feasible, it is of considerable magnitude. It is expected that construction
will be begun in the near future. The amount of land that can probably be irrigated is about 100,000 acres.
WYOMING.
From Wyoming and adjacent portions of Colorado issue the headwaters of the streams most important in the agricultural development
of the \Vest. The State covers a considerable portion of the higher
catchment basins of the great rivers of the arid region, and occupies
what has been termed the “crest of the continent.” As a whole, the
State is at a higher altitude than any other political division, and embraces vast areas of rugged mountains, partly forest clad. Toward
the east and north the land falls to a moderate altitude and valleys as
low as 3,500 feet above sea level are found.
The water supply of the State, as might be expected, is notably
large, and there are many excellent reservoir sites. Development has
proceeded, under private and State auspices, so far that canals of considerable size have been built, and there has been as yet little need of
water storage for lands within the State, except on the small tributary
streams which issue from the mountains. The canals under construction or projected, however, will have capacity suf_cient to make water
storage necessary, especially about the edges of the Bighorn Basin.
Owing to the situation of Wyoming at the headwaters of important
streams, much time has been devoted to the State, and several projects
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have been suggested. Attention was _rst directed to the eastern
slope of the Bighorn Mountains, where scarcity of water was already
beginning to be felt. In particular, consideration was had of Lake De
Smet, a closed body of water lying at the foot of the mountains. Here
_ood waters of "adjacent streams might be stored and the water taken
out upon irrigable lands in the lower valleys.
The project as a whole is somewhat expensive, and its feasibility
can not be determined without knowledge of the probable water supply which can be diverted into Lake De Smet and taken out again.
The lands to be irrigated are largely in private ownership, and are in
long, narrow strips fringing the streams. The bene_ts to be derived
are mainly in increasing the production of forage crops, since grazing
is the principal industry.
\Vest of the Bighorn Mountains, in what is known as the Bighorn
Basin, are vast tracts of irrigable lands and a large supply of water
coming from the Yellowstone Forest Reserve. The slope of the
country is so great that the rivers are readily diverted, and irrigation _
development has taken place at moderate expense and with great
rapidity; so much so that along Grey Bull River a scarcity of water
in the latter part of the irrigation season has been experienced. An
examination was made of the reservoir sites at the headwaters of Grey
Bull River, but most of these were found to be high up in the mountaius, where the catchment areas are small and of limited capacity, so
that by the construction of these the low-water _ow would not be
increased suf_ciently to meet the demands made upon it. \Vater from
Grey Bull River is used in a very extravagant and wasteful manner,
so that many impartial observers have been led to the conclusion that
the low water of summer has been a blessing in disguise to the farmers
along Grey Bull River, by inducing them to practice greater economy
in the use of water.
The principal water supply for the Bighorn Basin is obtained from
Shoshone River. Canals have already been taken from this and from
the South Fork, and large systems are under construction through the
operation of what is known as the Carey act (approved Aug. 18, 1894,
Stat. L., vol. 28, pp. 372—422; amended June 11, 1896, Stat. L., vol.
29, p. 434; amended again Mar. 3, 1901, Stat. L., vol. 31, p. 1188),
described in the First Annual Reclamation Report, pages 56—59. A
large tract of land on the north side of Shoshone River between Cody
and Garland has been segregated under the terms of this law, and
attempts have been made to obtain capital to construct the necessary
works. As dif_culties were, encountered in doing so, the attention of
the Reclamation Service was called to the matter, and, in accordance
with requests from citizens and of_cials of Wyoming, a careful examination of the project was begun. On January ‘26, 1903, Hon. De Forest Richards, governor of Wyoming and president of the State board
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of land commissioners, stated that he was authorized by the board to
relinquish this land to the United States. Detailed surveys have been
made in the canyon of Shoshone River above Cody and of the irrigable land in order to determine the practicability of taking out canals
at various elevations to cover the maximum amount of vacant land.
There are a number of alternatives to be considered. If the matter
were one simply of obtaining the largest revenue for the least investment, it would be comparatively simple; but it is desired to reclaim
the largest possible area of vacant land at a reasonable cost.
In the southern part of Wyoming the principal interest centers on
North Platte River and its tributaries. This stream is utilized to a
small extent in irrigation, but the complete use of its waters has been
prevented by the gentle fall of the stream. It is a matter of surprise
to the engineers familiar with W'estern conditions to _nd a river issuing
from the mountains and _owing for a long distance with so gentle a
fall. The canals can be diverted only with exceptional dif_culty. The
water supply at present available is not large after July 1, and if
development proceeds to any considerable extent reservoirs must be
constructed to hold the spring _oods and winter _ow. If reservoirs
are constructed it will be possible to provide an ample supply for all
of the land along North Platte River which can be reached by canals.
Along nearly all of the streams entering North Platte River there
is scarcity of water. The people are seeking suitable reservoir sites;
a number of small dams have been built and others will be constructed
in the near future. It is generally admitted that the low-water _ow
of North Platte River is already appropriated and used by the citizens
of Nebraska. The new ditch now being built from the north side of
North Platte River, heading near Fort Laramie, will probably be short
of water after July 15 of each year unless the supply is reenforced by
reservoirs.
There are along this river many excellent reservoir sites, and public
attention has been drawn in particular to that on Sweetwater River, a
short distance above its junction with North Platte River, where Sweetwater River cuts through a small granite hill in an extremely narrow
canyon known as Devils Gate. Above this canyon is a good storage
reservoir, and the cost of building a dam here would not be large.
The question of water supply at this point is serious, however, and
after full consideration. it was determined to seek a reservoir site at a
- lower point on North Platte River itself, where not only the _oods of
the Sweetwater but also those of the main stream may be stored. Such
a point has been found a short distance below the mouth of Sweetwater
River. This reservoir site is known as the Path_nder.
Reconnaissances and surveys of reservoir sites have been made to
determine the possibility of diverting the river upon the adjacent arid
lands. The tillable lands are found to be separated from each'other
TX700084008
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frequently by areas of from 1 to 5 miles in width, consisting of shifting sand which is piled in great ridges or dunes, greatly increasing
the cost of maintenance, as well as of construction. Although these
are vast in extent, yet they lie for the most part in benches 50 feet or
more above the river, and are interspersed among areas of broken
land, so that very long and expensive canals along the rough edges of
the benches must be built to reach these lands. Systematic surveys
have been carried on along the river to ascertain in a broad way the
cost of di_‘erent projects in order to compare their relative advantages
and disadvantages.
The most attractive enterprise along North Platte River is that in
What is known as Goshen Hole, in the extreme southeast corner of the
State, adjacent to Nebraska. Water can be taken out in the vicinity
of Guernsey and conducted in a. canal, but the cost of this will be
enormous, as its upper end must pass through many miles of rock
country and skirt steep bluffs. Many alternative methods are under
consideration; all of them are expensive, but some may be found
worthy of adoption.
TX700084009

INVESTIGATIONS IN ARIZONA.“
By ARTHUR P. DAVIS.
In this Territory general examinations have been carried on to discover the relative value of various projects, and detailed surveys have
been made leading up to the early construction of the dam on Salt
River below the mouth of Tonto Creek. The principal facts concerning the work in this Territory have been given in the First Annual
Reclamation Report, beginning on page 75. Additional details are
also given in Water-Supply Paper No. 73.
During 1903 surveys have been made of the irrigal.)le land in Salt
River Valley, and an organization of water users has been brought
about. The articles of incorporation of this association have been
very carefully considered, and are believed to include most of the
essential features required by the administration of the reclamation
law. They are therefore given in full on pages 7 6-87 .
A careful study of underground waters has been made by Willis
T. Lee, under the direction of N. H. Darton. The facts obtained by
Mr. Lee are given on page 73.
SALT RIVER PROJECT.
Preliminary surveys and borings for foundation were made in 1901
in Tonto Basin, on Salt River, by Arthur 1’. Davis, in cooperation with
Maricopa County. The results of those investigations are published
in Water-Supply and Irrigation Paper No. 73 and in the First Annual
Report of the Reclamation Service, pages 91 to 106.
A small party in charge of C. R. Olberg resumed investigations in
October, 1902. Surveys were begun for a power canal to divert the
waters of Salt River above the reservoir and conduct them to the dam
site, there to be discharged through turbine wheels under an available
head of about 220 feet for power purposes. The canal line was found
to traverse a very broken country, and it was found to be necessary
to make a detailed topographic map of the vicinity of the line, as an
aid in considering the alternative possibilities.
In 1903 the owners of lands, mostly in small tracts, in the Salt River
Valley formed themselves into an association, to which they pledged
their lands to the amount of about 200,000 acres for the return to the
a Investigations on lower Colorado Rlver in Arizona and California are described under the heading “Investigations In California," page 93.
71
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Government of the cost of the reservoir and auxiliary works. The
articles of incorporation and the reject itself were provisionally
approved on March 12, 1903, by t e Secretary of the Interior, and
authority was granted for such preliminary work as the construction
of roads, the purchase of lands required, and the preparation of contracts for the main structure. Under this authority a road has been
constructed, leading from the clay beds north of Eddy Flat to the site
of the proposed mill for the manufacture of cement, over which it will
be necessary to haul about 10,000 tons of clay for cement-making purposes. The construction of this road involved some heavy work, as it
ran on sidehill in solid rock, and rock _ll was necessary across low
marshy ground. Work was also begun on a road leading from the
reservoir site to the timber region on the Sierra Ancha, where it is
proposed to saw the lumber required for the various temporary and
other structures, which will necessarily be made of wood. A road
leading from the mill site to the dam site was also built.
Surveys have been made by W. A. Farish on Salt River, a short
distance above the mouth of the Verde, for an estimate on the cost of
the development of power for pumping.
All these _eld operations were placed under the general charge of
Prof. L. G. Hill, August 24, 1903.
In November, 1902, a survey was placed in charge of Robert
Muldrow for the mapping in 55-foot contours of the valley lands to be
irrigated in the vicinity of Phoenix and Mesa. This survey has been
extended over all the lands of the valley lying north of the base line
and east of the Agua Fria. Mr. Muldrow was ordered to Michigan in
June, 1903, and the work has since been continued by R. W . Hawley.
On this map the lands can be classi_ed and the ownership marked,
and any modi_cation of the canal system can be planned and very
closely estimated.
011 October 12, 1903, the Secretary of the Interior approved the
award of contracts to the following for the purposes stated: Wilcox '&
Rose, Riverside, Cal.. for erecting a building for the manufacture of
cement; Hendrie & Bolthotf, Denver, (3010., for the electric motors
required in the mill; Babcock Electric Manufacturing Company, for
the generators for the temporary power plant; Stillwell-Bierce and
Smith~Vaile Company, for the water wheels for same; Allis-Chalmers
Company, for the machinery for the manufacture of the cement; James
R. Thorpe, for a telephone line from the Arizona dam to Livingstone.
These contractors are now actively engaged in preparations for the
construction of the works mentioned.
The preliminary plans made for the Salt River reservoir and
auxiliary works contemplated that the construction work should be
paid ‘for by the county, which was to assume a very heavy interestbearing bonded debt. In view of this fact, estimates were made for
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as small and cheap a project as could be adapted to its object. In
considering a construction by the Reclamation Service, it is possible to
foreshadow the ultimate complete development of the natural opportunities, both for water storage and for pumping, and to provide works
as substantial as considerations of true economy justify. .
It has been decided to make the storage depth of the reservoir 220
feet, instead of 190, this being warranted by a study of the water
supply and sediment problems, and being unanimously requested by
the citizens’ committee of Salt River Valley. An enlargement has
also been made in the power development contemplated, so as to more
fully develop the underground waters by pumping, and provision has
accordingly been made for transmitting this power to the valley.
Items have also been included for the construction of roads and
telephone lines to facilitate the construction, maintenance, and operation of the works, as it is believed that in the long run this will be
economical.
-All these changes increase the estimates over those _rst made, and
they are all made in the interest of a wise and far-seeing economy,
looking to the greatest possible development of the water resources of
the region under consideration. The _nal estimates and plans for the
entire system are not yet complete, but the indications are that the
cost will be from $18 to $20 per acre for the land irrigated.
UNDERGROUND WATER 01" SALT RIVER VALLEY.“
A study of the conditions in and about Salt River Valley, Arizona,
has been made by Willis T. Lee, assistant geologist, with a view to
ascertaining the amount of underground water available for irrigation.
Brie_y stated, the physical conditions affecting the problems are as
follows:
1. Salt River Valley was at some former time a broad, deep valley
surrounded by granite mountains. This valley was later _lled to a
great though unknown depth by clay, sand, gravel, and bowlders.
The loose material is kept saturated with water, probably by the river
and by the occasional _oods entering the valley from the surrounding
hills.
2. There are at least three water-bearing horizons—_rst, the
so-called surface _ow; second, the so-called under_ow, the great
water-bearing horizon of the valley, extending dOWn to a depth of
about 200 feet or more, and separated from the surface _ow by an
impervious clay layer; and third, a water-bearing sand that yields a
large amount of water. Only two wells have been put down below
the second horizon. One struck the third horizon at 600 feet. The
second well, 705 feet deep, did not strike a third water horizon.
Neither reached bed rock.
aExtract from the report of Willis '1‘. Lee.
TX700084014
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The waters in the lower horizons are under pressure and rise in the
wells nearly to the surface. “later from the lowest horizon rises nearer
the surface than water from the horizons above.
VVater-bearing horizons may exist which have not been exploited
up to the present time, and these might be found to contain a large
supply of water.
In the two deep wells above mentioned, the formation below the
. 200-foot level is mostly clay. The fact that in one case an important
water-bearing sand exists in the midst of the clay strengthens the
supposition, arrived at from a study of the nature of the valley _ll, that
other horizons may be found. There is, furthermore, the possibility
that wells penetrating lower horizons might give an artesian _ow.
In the San Pedro Valley, Arizona, are conditions similar to those in
Salt River Valley. In the San Pedro Valley an artesian _ow is
obtained from beneath a mass of clay 700 feet or more in thickness.
In the 1,305-foot well the clay of the valley _ll is known to extend
below sea level. The surface elevation is 1,225 feet, thus placing the
bottom of the well 80 feet below sea level. Any sand or gravel beds,
therefore, found at or near the bottom of the valley _ll would almost
certainly be saturated with water, since no water could drain out.
Fj‘ ‘ o 9 (9
I2 13 11
r.
lull-I
FIG. 1.—Sketeh showing line of proposed pumping plants, Salt River Valley, Arizona.
It is proposed to construct pumping plants as an auxiliary of the
Salt River reservoir. It seems probable that a series of wells may be
constructed across the valley in some such manner as that indicated in
the accompanying sketch (_g. 1). So far as is known at the present
time, these wells would not extend beneath the base of the second
water-bearing horizon. But, as stated, there is good reason for the
belief that important horizons exist at a greater depth. It is possible
TX700084015
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that a suf_cient quantity of water may be found below the 200-foot
level to warrant the sinking of all the wells to a greater depth.
The line along which the proposed pumping plants may be established has been indicated in the sketch. This is subject to change,
but it is proposed to so place the wells as to intercept in the best way
possible the course of the under_ow. After careful consideration of
all obtainable data, it is believed that a test well put down'at or near
the point numbered 6 will best test the presence or absence of additional water-bearing beds.
It has been known for some time that there is a large amount of
underground water in the Salt River Valley, and that in some parts of
the valley this water rises suf_ciently in wells to be within easy pumping distance. It is proposed to use the power generated at the projected reservoir to pump water from the under_ow in the valley, and
thus augment the supply made available for irrigation by the storage
of the _ood waters. The geologic, physiographic, and economic conditions relating to the underground water supply have been studied,
and the ways and means of rendering it available for irrigation have
been investigated.
The areas over which investigations have been extended are generally
known as the Salt River Valley and the Gila Valley. Salt River Valley,
taken in this sense, extends along Salt River from Verde River to Gila
River. Gila Valley extends from The Buttes east of Florence to the
junction of Gila and Salt rivers. The valleys are not separate in the
sense that there is any well-de_ned line of division between them, nor
are they de_nitely separated from the desert plains into which they
merge. The investigations were con_ned to such areas near the rivers
as were available for irrigation and such neighboring areas as had to
do directly with this problem. The region thus examined has an area
of about 1,800 square miles.
The geology of the region has been studied in order to ascertain
the bearing of stratigraphy and structure on the occurrence of underground waters. For this purpose the character and general areal distribution of the formations have been determined in regions likely
to be sources of underground supply. The physiography of the
region has received careful attention. The study of the form and
extent of the debris-_lled ancient valleys and of the structure and
character of the valley-_ll has given much information concerning the
best locations for pumping plants.
The principal results of the investigation are as follows:
No _owing wells have been found in the region under consideration,
and there is but little hope that such wells will be obtained.
Beneath a large area in Salt River Valley and also in the Gila Valley,
including the greater part of the Pima Indian Reservation, underground
water is less than 50 feet beneath the surface of the ground.
TX700084018

76 SECOND ANNUAL REPORT OF RECLAHATION SERVICE.
The quantity of water obtained by pumping in the best localities has
thus far been limited only by the capacity of the pump. Pumping
plants which are raising water at a rate suf_cient to irrigate 1,000 acres
of land have not succeeded in permanently lowering the water level to
any measurable extent.
After due consideration of all available facts there seems to be little
doubt that in Salt River Valley suf_cient water to increase the irrigated
areas to a notable extent may be obtained by pumping.
The underground waters contain large quantities of salts. It is
probable, however, that the water can be so treated as to render useful
for irrigation even such waters as are most highly charged with salts.
In Gila Valley enough underground water is probably available near
the surface to supply the present needs of the Indian reservation in
that valley. ‘
ARTICLES OF INCORPORATION OF SALT RIVER VALLEY WATER USERS,
ASSOCIATION.
Know all men by these. articles of incorporation, that we, the undersigned, have ,
associated ourselves together under the laws of the Territory of Arizona as a body
corporate.
An'riCLE I.
The name of the corporation shall be and is Salt River Valley Water Users’ Association.
ARTICLE II.
The names of the incorporators are: Frank T. Alkire, E. J. Bennitt, J. Wilfred
Broomell, A. J. Chandler, Vernon L. Clark, 0. H. Christy, William Christy, W. W.
Dobson, W. S. Dorman, B. A. Fickas, B. A. Fowler, S. S. Green, C. R. Hakes,
James G. Hammels, C. T. Hirst, H. A. Hughes, C. C. Hurley, P. T. Hurley, James
Johnson, Emery Kays, W. J. Kingsbury, Wallace A. MacDonald, H. C. Mann,
M. \V. Messinger, Lin B. Onne, F. II. Parker, Thomas W. Pemberton, Alfred J.
Peters, J. E. Price, L. J. Rice, L. D. Rousseau, H. Simkins, M. A. Stanton], C. S.
Steward, J. A. Stewart, S. S. Stout, J. E. Sturgeon, Fred Tait, Walter Talbot, G. E.
Tompkins, Howard L. Underhil], H. G. Van FosSeu, A. P. Walbridge, W. H.
Wallace, Henry E. Ware, J. C. Wasson, Sam F. Webb, E. w. Wilbur, W. A. Wilson,
but others may become members of said association by subscribing to these articles
of incorporation, or a copy thereof, or by the transfer of stock to them in the regular
course of the administration of the affairs of the association.
A muons III.
The principal place of transacting the business of the assix-iation shall be at the
city of Phumix, in the county of Maricopa, in the Territory of Arizona.
A uric”: IV
SI-X'I‘ION 1. The objects for which the asawiatirm is organized and the general
nature of the business to be transacted by it shall be and are:
To provide for and distribute and furnish to the lands of the holders of shares of
said association, to which said shares and the rights and interests represented thereby
are appurtenant, an adequate supply of water for the irrigation of said lands;
TX700084019
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To divert water within the Territory of Arizona from the public sources of water
supply, to impound water and develop sources of water, to pump water from underground sources, to carry and distribute water for the irrigation of the lands aforesaid,
and to construct, purchase, lease, condemn, or otherwise in any way whatsoever
acquire and own, hold, have. use, control, maintain, preserve, manage, operate, and
conduct the means therefor, and any and all rights, reservoirs, dams, canals, ditches,
_ames, headgates, pipes, machinery, wells, pumps, pumping plants, power houses,
transmission lines, and property both real arid personal of every nature and kind
whatsoever, necessary or appropriate for the accomplishment of any of the objects
or Imrposes aforesaid;
To divert, impound, develop, pump, distribute, deliver, and use water for all
bene_cial uses and purposes from surface and subterranean sources by any means
adapted to any of the purposes aforesaid, and create, transmit, and use power for
the accomplishment of any of the purposes or objects of the association as herein—
before set forth;
To have and exercise all the powers, and do all and everything necessary, suitable,
convenient, or proper for the accomplishment of any of the purposes, or the attainment of any one or more of the objects herein enumerated, or incidental to the
powers herein named,.or which shall at any time appear conducive or expedient for '
the protection or bene_t of the association or its members as shareholders therein.
Sec. 2. For the accomplishment, or to aid in and promote the accomplishment, of
the aforesaid purposes or objects, or any of them, this association shall have power
to enter into any contract or other arrangement, or undertake in whatsoever manner
and by whatsoever means may be deemed proper or convenient therefor, to secure
action by or the aid of the United States Government in the construction, erection,
or acquisition of any dams, reservoirs, canals, wells, or other works or property or
appurtenances necessary thereunto for the storage, development, diversion, distribution, or delivery of water to the lands of the shareholders of this association, or to
aid therein, and tolenter into any agreement with said Government which may be
approved by the Secretary of the Interior or any duly authorized of_cial or representative of the Interior Department with reference to the collection and payment
to the Government of any and all moneys which may be due the Government under
or by reason of rights issued by the Government to members of this association for
the use of water from any reservoir or irrigation works acquired or constructed by
said Government, or in the acquisition or construction of which it may have aided,
and to comply with any conditions, rules, or regulations prescribed by Congress or
by any executive department or of_cial of said Government lawfully authorized
thereunto, concerning the storage, diversion, delivery, application, or use of any
water so stored, developed, or delivered to the shareholders of this association from
or by means of any works constructed or acquired by the Government or in the construction or acquisition of which the Government may have aided, or which it may
hereafter construct or acquire or in the construction or acquisition of which it may
hereafter aid.
SEC. 3. The territory within which are the lands to be irrigated as aforesaid shall
be known as the Salt River reservoir district, and shall include lands within the
boundaries described as follows—that is to say: Commencing at a point on the right
bank of Salt River at the mouth of the Verde River; thence in a southerly direction to the headgates of the Arizona Canal; thence in a general westerly direction
along the north line of the right of way of the Arizona Canal to the end thereof, at
or near the quarter corner between sections 5 and 6, township 3 north, range 1
east; thence west to the left bank of the Agua Fria River; thence in a southerly
direction along the left bank of the Agua Fria River to a point in section 14, township ] north, range 1 west, where the line of the St. J ohn’s Canal intersects the Agua
Fria River; thence in a southeasterly direction along the north line of the right of
TX700084022
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way of the St. John’s Canal to the north bank of the Salt River; thence across the
Salt River to a point in section 35, township 1 north, range 1 east, where the east line
of the Gila River Indian Reservation intersects the south bank of the Salt River;
thence in a southerly direction along the east line of the said Gila River Indian
Reservation to the township line between townships 1 and 2 south; thence following
the boundary of the said Gila River Indian Reservation, east along the said township
line to the range line between ranges 4 and 5 east; thence south between ranges 4
and 5 east; thence east between townships 2 and 3 south, to the east line of the right
of way of the east branch of the Consolidated canal; thence north, following the east
line of the right of way of the east branch of the Consolidated canal to the south line
of section 2, township 2 south, range 5 east; thence east to the section corner common
to sections 5, 6, 7, and 8, township 2 south, range 6 east; thence north between sections 5 and_6, township 2 south, range 6 east, to the east bank of the Highland
canal; thence in a general northerly direction along the east bank of said Highland
canal to the left bank of Salt River; thence in a general northerly directirm. along the
left bank of Salt River to a point opposite the mouth of the Verde River to the place
of beginning; together with any public or other lands on which rights to the use of
water from reservoir or irrigation works referred to in section 2 of this article shall
be issued by the Secretary of the Interior.
ARTICLE V.
Samoa 1. The capital stock of the association shall be $3,750,000, and be divided
into 250,000 shares of the par value of $15.00 per share.
SEC. 2. Those and those only who are owners of lands, or occupants of public
lands having initiated a right to acquire the same, within the territory described in
Article IV of these articles of incorporation, or within such extensions thereof as
may be hereafter made from time to time under the powers herein conferred for
that purpose, shall be the holders or owners of shares of the capital stock of this
association. For each acre of such lands shareholders may become the owner of one
share of stock of this association and no more.
SEC. 3. As a condition of continued ownership of said shares of stock, and participation in any of the bene_ts thereof, each subscriber therefor, or transferee thereof
in case of transfer, shall, as soon as the right or rights hereinafter referred to become
subject to application and acquisition under the rules and regulations prescribed or
to be prescribed for the purpose by Congress or any executive department of the
Government, apply for, and in good faith comply promptly with all such rules and
regulations for the acquisition of, a right to the use of water from any source of supply
provided by the Government, or in the provision of which the Government has
aided, for the irrigation of the lands to which said shares and rights represented
thereby are appurtenant-J Upon the failure of the subscriber, or holder otherwise,
of any of the shares of the capital stock of this association to apply for such rights, or,
having applied therefor, upon failure to promptly and in good faith comply with all
rules and regulations prescribed or that may be prescribed by Congress or by any
executive department of the Government. relative thereto, then he shall forfeit to
the association such shares of stock and all and every right in anywise theretofore
or then incident thereto, or that might in anywisc arise or accrue from or exist by
virtue of such subscription or ownership, or that could by any means arise or be
claimed therefrom, and such person, his heirs and assigns, shall thereafter have no
right whatsoever as a member of this association by virtue thereof.
SEC. 4. Any shares of stock so forfeited shall at once be cancelled and shall not
again, under any circumstances, be renewed, revived, or reissued. ()ther stock in
lieu thereof up to the limit of the total number of shares authorized by these articles
may be subscribed for, and issued, subject to all the conditions of these articles and.
to the approval of the Secretary of the Interior.
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Sec. 5. The ownership of each share of stock of this association shall carry, as
incident thereto, a right to have delivered to the owner thereof water, by the association, for the irrigation of the lands to which such share is appurtenant. '
Soc. 8. The amount of water so to be delivered to such owner shall be that. proportionate part of all stored and developed water, the storage or development of
which is or may be effected by this association, or by means of works under its
control, management or direction, or which may become available for distribution
by this association from irrigation works built by the National Govemment, during
any irrigating season, as the number of shares owned by him shall bear to the whole
number of valid and subsisting shares of the association issued and then outstanding, to be delivered to and upon said lands at such times during such amen as he
may direct.
SEC. 7. And there shall also be incident to such ownership of such shares the right
to have delivered to the owner thereof, for the irrigation of said lands, as the association shall from time to time acquire means for that purpose, the water heretofore
and before the shareholder or his transferee became a member of this association,
appropriated by him or by his predecessors in interest, for the irrigation of said
lands: Prar_dnt, hmmver, That the whole amount of water actually delivered from
all sources shall not exceed the amount necessary for the proper cultivation of said
lands.
Sec. 8. The recOrds of the association and each and every certi_cate or other evidence of ownership of shares of stock in the association, when issued, shall contain a
description of the lands to be irrigated, and to which the aforesaid rights and shares
shall be perpetually appurtenant, and thereafter all rights, whatever their source or
whatever their manner of acquisition, to the use of water for the irrigation of said
lands, shall forever be inseparably appurtenant to said lands, together with the said
shares of stock, and all rights and interests represented thereby or existing or accruing by reason thereof, unless such rights shall bwome forfeited under the provisions
of these articles of incorporation, or of by-laws adopted in pursuance thereof, or by
operation of law, or by the voluntary abandonment thereof by deed, grant, or other
instrument, or by non-user for the term prescribed by law; but no such abandonment shall be for the benefit of any person designated by such shareholder, directly
or indirectly, or to his use, nor confer any right whatsoever upon the holder of any
grant, release, waiver, or declaration of abandonment of whatever kind of such right:
Provided, however, That if for any reason it should at any time become impracticable
to bene_cially use water for the irrigation of the land to which the right to the use
of the same is appurtenant on the said land, the said right may be severed from said
land and simultaneously transferred and attached to other lands to which shares of
stock in this association are or are thereby made appurtenant, if a petition for leave
to make such transfer and showing the necessity therefor shall have _rst been
approved by a two-thirds vote of the board of governors at a regular meeting and by
the Secretary of the Interior; and all the provisions and agreements hereinbefore in
this section contained shall be set forth in the aforesaid certi_cate or other evidence
of the ownership of shares of stock in the association, and such certi_cate or other
instrument shall be signed, executed, and acknowledged by the president and secretary of the association, and by the person to whom it is issued in the manner
required by law for the execution and acknowledgment of deeds for the conveyance
of real estate, and the council shall pass by-laws prescribing the form of such certi_cate or other instrument not inconsistent with these articles. '
Sac. 9. Every transfer of the title to any lands to which the said rights and stock
are so appurtenant, whether by grant or by operation of law (except where the land
may be subjected by grant or involuntarily under any law to an easement, the exercise of which does not interfere with the cultivation of the soil by the servient
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owner) shall operate, whether it be so expressed in the grant or other means of
transfer or not, as a transfer of all rights to the use of water for the irrigation of said
lands, and all ,rights arising from, or incident to, the ownership of such stock, and
as well the stock itself, to the grantee or successor in title of said lands; and upon
presentation to this association of proof of any such transfer of land, to which such
rights are appurtenant, the proper of_cer shall transfer such stock upon its books to
the successor in title to said lands.
Sec. 10. Any transfers or attempted transfer, of any of the shares of stock of this
association, made or suffered by the owner thereof, unless simultaneously a transfer
of the land to which it is appurtenant is made or suffered, shall be of no force or
effect whatsoever for any purpose, and shall confer no rights of any kind whatsoever
on the person or persons to whom such transfer may have been attempted to be
made.
SEC. 11. No payments for the capital stock of this association shall be required
except in the manner following: '
Whenever it shall be announced or otherwise made known by the Government, or
any of its proper agencies, to the subscribers to the shares of said capital stock that
rights may be initiated to the use of water from any works acquired or constructed
by it for the storage or development of water capable of being used on the lands of
the subscribers for said shares of stock, or in the acquisition or construction of which
works the Government shall have aided, then the said subscribers shall, under the
rules and regulations prescribed by the Government therefor, within a reasonable
time, apply to the proper agency for such rights at the rate of one acre for each share
of stock so subscribed for, and upon proper proof to this association that such rights
have been allotted to the subscriber and that he has complied with the Government
rules and regulations up to that time, so as to entitle him to complete his ultimate
acquisition thereof, then such subscriber shall be deemed to have paid on his subscription of said stock the amount that he shall have then paid to or for the use of
the Government for such right, and when all subsequent payments required by the
Government for such rights shall have been paid by him, or by anyone for him, then
such stock shall be deemed and held to have been fully paid up.
See. 12. If it should be determined by the Government that the amount of water
that may safely be estimated to be capable of being stored, or developed by works
acquired or constructed or to be acquired or constructed by it, or by this association,
in addition to the amount of water now appropriated out of Salt River and Verde
River for the irrigation of lands in said reservoir district, shall together'be insuf_cient
to properly irrigate 250,000 acres of land, then the number of shares of the capital
stock of this association shall be reduced so that the number of such shares shall not
exceed the number of acres estimated by the Government to be capable of irrigation
from such combined sources of supply.
SEC. 13. If at the time of the determination by the Government of the number of
acres capable of such irrigation, there shall have been subscribed for a number of the
shares equal to the number of acres so estimated to be capable of irrigation, then no
subscription for more shares shall be taken. If the number so subscribed for, however, shall then exceed the estimated number of acres so capable of irrigation, then
there shall be allotted to said subscribers that number of shares equal to the estimated number of acres capable of irrigation. In such allotment, cultivated lands
shall have the preference; and any excess in the number of shares subscribed for
over the number so allotted, shall be cancelled, and thereafter shall not be issued.
Sec. 14. In exercising the right of preference to allotment of shares, provided for
in‘ the foregoing section, the by-laws may prescribe reasonable times within which
such preference shall be declared and the manner thereof.
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ARTICLE VI.
Snt'rrox 1. The exercise of the corporate powers of this association and the management of its affairs shall be vested in
l. A council,
2. A board of governors,
3. One or more local boards of water commissioners, and
4. A president. vice-president, treasurer, secretary, and such other of_cers and
agents as shall or may be, from time to time, created and established by the council.
Sec. 2. The council shall consist of 30 members, who shall hold their o_ices for
three years. In the event of a vacancy occurring from death, resignation, ceasing to
be a shareholder of this association, removal from the reservoir district, or other
muse, the unexpired term shall be _lled at the annual election next after the vacancy
shall have occurred. Shareholders of this association only shall be eligible to the
of_ce of member of the council.
Sec. 3. The annual election of the members of the council, and of the other of_cers
for whose election these articles provide, shall be held on the _rst Tuesday of April
in each year.
SEC. 4. For the purpose of electing members of the council the territory described
in Article IV of these articles shall be divided by the council into 10 districts, which
districts shall severally consist of contiguous territory, and be as nearly uniform in
shape, and contain as nearly an equal number of acres to which shares of stock of
this association are appurtenant, as may be practicable.
Sec. 5. At each annual election, after 1904, there shall be elected one member of
the council from each of said several districts by the electors thereof. Such member
shall at the time of his election he the owner of lands situated within the district for
which he is elected to which shares of stock of this association are appurtenant, and
shall also be a resident of the reservoir district, and if he should during his term of
of_ce cease to be such owner or a resident of such reservoir district, his of_ce shall
thereupon and by reason thereof become vacant. '
SEC. 6. At the annual election to be held on the _rst Tuesday of April, 1904, there
shall be elected three members of the council from each of said districts, one of whom
shall be elected to serve for one, one for two, and the other for three years.
See. 7. The term of of_ce of members of the council shall begin on the _rst Monday in May following their election.
SEC. 8. Until the election of members of the council at the annual election' in 1904,
and until their quali_cation, the council shall consist of the following-named persons,
that is to say:
J. Wilfred Broomell, Vernon L. Clark, 0. ll. Christy, W. W. Dobson, B. A. Fickas,
S. S. Green, C. R. Hakes, (l. T. llirst, P. T. Hurley, James Johnson, Emery Kays,
W. J. Kingsbury, Wallace A. MacDonald, H. 0. Mann, M. W. Messinger, Thos. W.
Pemberton, Alfred J. Peters, J. E. Price, L. J. Rice, L. D. Rousseau, C. S. Steward,
J. A. Stewart, J. E. Sturgeon, Fred Tait, (i. E. Tompkins, Howard L. Underhill,
II. G. Van Fossen, A. 1’. Walbridge, Henry E. Ware, W. A. Wilson.
SEC. 9. The council shall meet at. least once in each year at the city of Phoenix, in
Maricopa County, Ariz. This regular annual meeting of the council shall begin on
the _rst Monday in May in each year and continue in session at its pleasure.
Sec. 10. Special meetings may be called and held in such manner and at such
times and under such provisions as may be prescribed by the by-laws. The general
object and nature of business to be transacted at any special meeting shall be made
known by reasonable public notice, such notice to be that prescribed by the by-laws
therefor.
H. Doc. 44, 58-2—4
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Sec. 11. The members of the council shall serve as such without compensation, but
may receive mileage one way at the rate of 10 cents per mile for each day bf actual
attendance.
Sec. 12. No member of the council shall be eligible to any of_ce of this association
to which there is attached any emolument or compensation, nor shall he be an eligible
until at least two years shall have elapsed after his term of of_ce as councilman shall
have expired: Provided, That this inhibition shall not apply to any person by reason
of his membership of the _rst council.
Sec. 13. The council shall have power to enact and adopt, and provide for the
enforcement thereof, by-laws for the government of the members of this association,
and the management of its business, and the conduct of its affairs, and to repeal,
modify, and amend the same from time to time. But the council shall not have
power to adopt or to enforce any by-laws that in anywise conflict with any rule or
regulation established by the Secretary of the Interior, or other agency of the Government for the administration of water from any reservoir, or other works acquired
or constructed by the National Government, or in the acquisition or construction of
which it shall have aided, and which may be used for supplying water to the lands
of the shareholders of this association. ,
SEC. 14. No by-laws shall be passed or enforced which shall interfere with or affect
any present existing vested right of any member of this association to the use of water
for irrigation.
SEC. 15. All by-laws shall be of general application so far as general laws can be
made to apply.
ARTIcLs VII.
SECTION 1. At all elections the electors shall possess the following quali_cations:
(1) Shall be at the time of the election the owner of at least one share of the
capital stock of this associatimu and shall have been the owner thereof, as shown by
the books of the association, for at least twenty days before such election.
(2) Shall be of the age of 21 years or more and of sound mind.
Sec. 2. At all elections each shareholder shall be entitled to one vote for each
share of stock owned by him, not however to exceed in the aggregate 160 votes, and
no more.
Sec. 3. The votes shall be by written or printed ballot, and be voted only by the
electors at the polls in person.
SEC. 4. The council may make reasonable by-laws for the rcgistration of voters
and the method of holding elections.
Sec. 5. At all elections the person receiving the highest number of votes for any
of_ce shall be deemed elected to such of_ce.
A ltTIt'LE VIII.
Sac-nos 1. The board of governors shall consist of the president, by virtue of his
of_ce, and ten other members. Each of said ten members shall be the owner of
land situated within the district for which he is elected, to which shares of stock
of this association are appurtenant, and shall also be a resident of the reservoir
district; and if he should, during his term of of_ce, cease to be such owner or a
rcsidcnt of such reservoir district, his of_ce shall thereupon, and by reason thereof,
become vacant.
Sec. 2. One member of said board shall be elected at the annual election to be
hcld on the _rst Tuesday of April, 1904, and at each annual election thereafter from
and by the electors of each of the districts into which the territory described in
Article IV of these articles is or may be divided for the purpose of the election of
members of the council. .
Sec. 3. Until the election of members of the board of governors at the annual
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election in 1904, and until their qualification, the board of governors shall consist of
the following-named persons, that is to say:
Frank T. Alkire, A. J. Chandler, Wm. Christy, B. A. Fowler, Lin B. Orme, F. H.
Parker, H. Simkins, M. A. Stanford, W. H. Wallace, Sam F. Webb, E. W. Wilbur.
SEC. 4. If a member of the board of governors, at any time during his term of
of_ce, should cease to have any of the quali_cations prescribed for that of_ce, such
of_ce shall thereupon become vacant, and in the event of a vacancy from that cause,
or by reason of the death, removal from the reservoir district, or resignation of any
member of said board of governors, the vacancyahall be filled by the council if it
occurs more than sixty days prior to a regular election.
SEC. 5. The board of governors shall meet in regular session, at the of_ce of the
association, on the _rst Monday of each month, unless it be a legal holiday, in which
case the board shall meet on the following day.
Sec. 6. Special meetings of the board of governors may be called by the president,
or by any six of the members of the board. Such call shall be in writing and signed
by either the president, or any six of the members, and shall state the time of such
propomd meeting, and the nature of the business to be transacted thereat. Such
written call shall be filed with the secretary, who shall thereupon immediately, and
at least _ve days before the time _xed for such meeting, mail, postpaid, to the
president, and each member of the board, a copy of such call, and shall publish the
same in some newspaper published, and of general circulation, in the territory
described in Article IV, of these articles, on three consecutive days before, and exclusive of, the day _xed for such special meeting. If the secretary fail or refuse to
publish such call or to mail copies thereof, as above provided, then either the president, if he issue the call, or any one of the members who issued the same, may make
publication and mail copies of the call, with like effect as if done by the secretary.
Special meetings of the board of governors shall be held at the of_ce of the association.
SEC. 7. The members of the board of governors shall receive such compensation as
shall be prescribed by the council, by by-laws. _
SEC. 8. The board of governors shall have the administration of the corporate
affairs and business of the association and shall manage and conduct the same, subject to all the provisions of these articles and of the by-laws. SEC. 9. it shall have the power to appoint, subject to removal by it at any time, a
general superintendent, and prescribe his duties and powers, subject to all rules and
regulations prescribed by the by-laws, and to emplOy an engineer, or engineers. and
sur-h other employees as may be proper and necessary to effect the purposes of this
association, subject to such rules and regulations as may be prescribed by the bylaws.
SEC. 10. It shall have the power to prosecute, defend, and compromise all lawsuits; to make all contracts, in the name of the association, necessary and proper for
the conduct of the affairs and the carrying on of the business of the association, sub—
ject. to all limitations and regulations prescribed by these articles or the. bydaws.
SEC. 11. It shall have the power to estimate, make, and levy all assessments
against the shareholders of this association to the extent and in the manner authorized by these articles and regulated and prescribed by the by-laws.
Sec. 12. It shall have the power to make, publish, and enforce rules and regulations concerning the distribution, use, and application of water for irrigation, subject
at all times to and not inconsistent with these articles or with the by-laws or with
an y rules or regulations established by the Secretary of the Interior or other agency
of the National Government.
Sec. 13. It shall keep, or cause to be kept, a record of its transactions, which shall
at all times remain in the of_ce of the association, and shall, during of_ce hours, be
open to the inspection of the shareholders or their properly authorized agents.
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Sec. 14. It shall bear and determine complaints of shareholders of nonservice or
of improper service or distribution of water or of improper performance of duty by
any employee of the association relative to the distribution of water.
ARTICLE. IX.
Six'rrox 1. The lands under each separate distributing canal system within the
territory described in Article IV of these articles shall, on the petition of the owners
of two-thirds of the shares of the capital stock of this association appurtenant to the
lands in such proposed canal division, be formed into a canal division, and the
boundaries of such division be _xed by the council. On the petition of the holders
of a majority of the shares in this association owning the lands affected thereby, or
without such petition whenever in the judgment of the council it will be bene_cial,
the council may change or modify the boundaries of any canal division.
SEC. 2. A board of water commissioners to consist of three members shall be
appointed annually by the board of governors for each canal division. Such
appointment shall be made in the month of May in each year, and no one shall
be eligible for such of_ce unless he be a resident within the canal division for
which he may be appointed and a quali_ed elector as provided in these articles.
The term of of_ce of the. members of the boards of water commissioners shall be.
from the time of their appointment until the lst day of May in the following year
and until their succmsors shall have been appointed and have quali_ed, and they
may be removed for cause by the board of governors, who may _ll any vacancy in
any lmanl of water commissioners for the unexpired term.
Sec. 3. If a petition signed by shareholders in this assmiation, constituting a
majority of quali_ed electors residing in any canal division, shall be presented to
the. board of governors at their _rst meeting in May, naming three mmms eligible
for appointment as water commissioners in said canal division and asking for their
appointment to such of_ce, such persons shall be appointed as such water commissinners.
SEC. 4. In each canal division the board of water commissioners thereof shall have
the control and management of the local affairs of the canal system therein, and of
the distribution of water therefrom, subject to the provisions of these articles, and to
'the bylaws, and to the rules and regulations established by the council, or by the
Secretary of the Interior, or any agency of the National Govemmcnt.
Sec. 5. The lmard of watercommiswioners in each canal division may appoint a
seeretary of the board and employ a division smwrintcndent removable at their
pleasure.
Sec. 6. The lxrard of water commissioners may call a meeting at any time of all
the landowners in their canal division who are shareholders in this assmaiation, to
consider and determine whether an assessment or assessments for their special bene_t shonld be levied on the shareholders in said division. At least ten days’ notice
of such meeting shall be given by the secretary of said board, by pirating a notice
thereof in three public places in said canal division, and mailing a copy of such
notice, with postage prepaid, to each shareholder residing in said canal division.
Sec. 7. If a majority of such shareholders who are the holders ota majority of the
shares of this association appurtenant. to lands in said canal division shall at said
meeting approve the levy of such special assessment. or assessments aml sign a petition to the board of governors that the same be levied on the shareholders in this
assm_iation, owninglands in said division, and specifying the mnonnt of said proposed
assessment and the purpose for which it should be levied, and said board of water
commissioners should recommend it in writing, indorscd on said petition, it shall be
the duty of the board of governors to levy said special assessment on all the
shareholders in this association owning lands in said canal division.
l SEC. 8. When so levied the said assessment may, when collected, be. disbursed by
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the board of water commissioners of said canal division for the purpose specified in
its levy, and shall be paid out by the treasurer on warrants drawn on him by the
said board of water commissioners: Provided, however, That nothing in this article
shall limit or abridge the right of the association to make, levy, and collect assessments, as elsewhere in these articles provided.
ARTICLE X.
Samoa 1. A president and a vice-president of the association shall be. elected at
the annual election, to be held on the _rst Tuesday of April, 1904, and every two
years thereafter, and shall serve for two years from and after the _rst Monday of
May following their election and until their successors are elected and quali_ed.
Until the election of a president and vice-president, as above. provided, B. A. Fowler
shall be the president, and E. W. Wilbur shall be the vice-president of this assimilation.
Sec. 2. A treasurer and a secretary of the association shall be appointed by the
board of governors at its _rst. regular meeting in each year, and shall serve for one
year thereafter, and until their successors have been appiinted and have quali_ed.
Sec. 3. The treasurer and secretary shall give. such bond as may be. prescribed by
the by-laws: Provided, That no member of the board of governors, nor the secretary,
shall be accepted as a surety on the bond of the treasurer.
Sec. 4. The president, vice-president, treasurer, and secretary shall perform such
duties as are prescrile] by these articles and by the by-laws, wherein such by-laws
shall not be inconsistent with law or with these articles, and shall receive such compensation as may be. _xed by the by-laws, which compensation shall be neither
increased nor diminished during their respective terms of of_ce.
Sec. 5. In case of the absence, illness, or inability of the president. to act from any
cause, or in case of a vacancy in that of_ce, the vice-president shall act in the place
and stead of the president. In the event of a vacancy in the of_ces of both the.
president and vice-president, the council shall call a special election to _ll the unexpired terms for both of_ces. Provided, hmrercr, That such vacancies, if occurring
within sixty days before the next annual election, shall be _lled by appointment by
the council.
Sec. 6. The president shall be the chief executive of_cer of the association, and
shall have general supervision over all other of_cers of the association in the performance of their duties as such, and of the conduct of the business and affairs of
the association. He shall preside at all meetings of the. board of governors and shall
be ex of_cio a member of that board, and perform such other duties as may be
devolved upon him by the by-laws.
SEC. 7. All certi_cates or other evidences of the ownership of shares of stock in
the association issued by the association shall be signed by the president and secretary of the association and shall have the sml of the association af_xed thereto.
Sec. 8. All contracts and instruments in writing executed for or in behalf of the
association shall be so executed in the name of the association by the president and
secretary and shall have the seal of the association af_xed thereto.
SEC. 9. The treasurer shall receive and be the custodian of all moneys and other
funds of the association. No moneys shall be paid out by the treasurer unless upon
warrants drawn on him by the president and secretary, except as provided in Article
IX, section 8, of these articles. No warrants shall be drawn on the treasurer by the
president and secretary except upon the order of the board of governors, recorded in
the minutes of the board, and in a warrant record to be kept by the secretary.
SEC. 10. .The treasurer shall keep a full, complete, and accurate account of all
moneys of the assratiation received and disbursed by him, in books belonging to the
association, and shall present a report and account thereof for the last preceding
month to the board of governors at every regular monthly meeting of said board,
and shall, at the expiration of each quarter, prepare and publish, in such manner as
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the by-laws may prescribe, a quarterly statement to shareholders showing all such
receipts and disbursements during the last preceding quarter; and the treasurer shall
perform such other duties as may be devolved upon him by the by-laws.
SEC. 1]. The secretary shall act as the clerk of the board of govemors, and keep a
record of all their proceedings. He shall be the custodian of the seal of the association, and of all its books, papers, and records. He shall, immediately upon their
adoption and certification to him by the council, record in a book of by-laws to be
kept by him in his of_ce, all by-laws adopted by the council, and shall keep such
book open to the inspection of any member of the association at all times during
business hours. And the secretary shall perform such other duties as may be
devolved upon him by the by-laws.
A RTICLR XI.
The council may create such other of_ces as may be necessary for the carrying on
of the business and affairs of this association, and prescribe the manner of appointment, powers, duties, terms of of_ce, eligibility, and compensation thereof by by—laws
not inconsistent with these articles.
ARTICLE XII.
Upon proper complaint thereof by the board of governors, duly sustained, the
council may remove from of_ce the president, vice-president, treasurer, secretary,
or the incumbent of any of_ce. created by the council, for incompetence, neglect of
duty, misappropriation of funds of the association, or for violation of any of the pro.
visions of these articles or of any by-law. The council shall prescribe by by-laws the
procedure for such removal.
ARTICLE XIII.
SECTION 1. Revenues necessary for the accomplishment of the purposes of this
association shall be raised by an assessment thereof from time to time as required
upon and against the shareholders.
SEC. 2. The council shall have power to makeland enforce necessary by-laws for
the making, levying, collecting, and enforcing of such assessments.
SEC. 3. Assessments for the ordinary cost of operation, maintenance, and repair,
of the works of the association, or of those the maintenance and control of which are,
or may be hereafter, lodged in the association, shall be equally assessed against all
the shareholders in proportion to the number of shares held by them respectively.
SEC. 4. Assessments for the purpose of constructing or acquiring, or for the betterment, improvement, renewal, replacement, or preservation of any works, property,
or rights of the association, or for the. purpose of preserving, or incrmising, or more
efficiently or economically distributing the water stipplies available for distribution
by the association, or for the ful_llment of any obligation undertaken by the association, in any contract, agreement, or other arrangement with the U nitcd States Government, or necessary for the accomplishmentor carrying out of any of the purposes
of the association, may be equally assessed against all the shareholders in proportion
to the number of shares owned by them respectively.
Sec. 5. Assessments for expenditures for purposes that are of benefit to a part only
of the shareholders may be. specially assessed in proportion to such benefits against
such shareholders, but no expenditure to be provided for, or covered by, such special
assessment shall be made, or obligation to expend the same incurred, except upon
the petition of the holders of two—thirds of the shares to be so specially bene_ted
thereby.
SEC. 6. Assessments shall become. from time to time as thcv are made and levied,
and, until they are paid or otherwise discharged, shall he and remain a lien on the
lands of the shareholder against which thev are levied, and upon the shares of stock
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appurtenant to said lands, and all rights and interests represented by such shares.
Thenianner of _xing the. lien and enforcing the same. shall beprescrilmlinthe by-laws.
Sin". 7. Except for the ordinary operation, maintenance, and repair, no work shall
. be undertaken, purchase made, or indebtedness incurred or be authorized during
any one year whereof the cost or amount thereof shall exceed $50,000 until it shall
have _rst been rati_ed by at least two-thirds of the votes cast at an election to be
called for that purpose. Special elections may be called and held for such purpose
under such by-laws as the council may prescribe, not inconsistent with these articles.
ARTICLE XIV.
Nothing in these articles of incorporation, or in the fact of becoming a member of
this association, shall be construed as affecting, or intended to affect, or in any way
interfere with the present vested rights of any person to the prior use, or delivery,
of the natural appropriated flow of the. waters of the Salt and Verde rivers.
A R'I‘ICLB' X V.
The individual property of the shareholders shall be. exempt from liability for
incorporate indebtedness of this association.
A RTICLB X \'I .
The incorporate. indebtedness shall not exceed two-thirds of the amount of the
capital stock. '
Amu‘tn XVII.
This corporation shall endure for the term of twenty-five years.
ARTICLE XVIII.
These articles of incorporation can only be amended by the shareholders at a
regular annual election or at a special election called for that purpose. N0 proposed
amendment shall be submitted to the shareholders until it shall have _rst received
the approval of two-thirds of the members of the council at a regular or duly called
session thereof, nor shall any such proposed amendment he so submitted until it
shall have been published in full at least Once in each week for four consecutive
weeks in at least three newspapers published and of general circulation within the
territory described in Article IV of these articles, the last of which such publications
shall be not less than ten nor more than twenty days before any such election.
ARTICLE XIX.
This association may accept and avail itself of, or subject itself to, the provisions
of any law or laws enacted or that may be enacted by Congress, or the legislative
assembly of the Territory, or State, when it becomes a State, of Arizona, relative to
corporations, which may be applicable to corporations organized for like purposes as
this association. Such acceptance or subjection shall be. valid when ratified by at
least two-thirds of the votes cast at any annual election, or at any special election
called for the rati_cation thereof.
ARTICLE XX.
The seal of this association shall be a _gure of two concentric circles, the outer
being 2 inches and the inner 1; inches in diameter. In the space between the two
shallbe the words, “Salt River Valley Water Users’ Association,” and hearing
within the center space an unrolled scroll with the words and _gures thereon:
“ Incorporated, 1903, Arizona.”
Witness our hands hereto this 4th day of February, A. I). 1903.
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SAN PEDRO RIVER.
The basin of San Pedro River was visited in April, 1903, by
Arthur P. Davis, and an inspection was made of a reservoir site at
Charleston, a station about 20 miles above Benson. In the gorge
below Charleston is what appears to be a fairly good dam site, provided foundation conditions should prove favorable. The rock is a
good, hard porphyry, suitable for construction purposes and convenient for use. The valley opens out above and forms a site of fair
capacity, and the drainage basin supplies considerable water. The
railroad, however, traverses the entire site, and its removal would be
expensive. The canal, to reach available lands, would also be rather
expensive, so that its feasibility as a storage enterprise is doubtful,
but it is considered worthy of a survey and estimate, which is contemplated at an early day.
SAN CARLOS PROJECT. (I
The investigation of water storage upon Gila River was inaugurated in 1895 by Arthur P. Davis, in connection with the problem of
irrigation upon the Gila River Indian Reservation. At that time
pumping tests were made at various points on the reservation, and it
was ascertained that a large quantity of water can be thus obtained,
but the scarcity and high price of fuel prevented an adoption of this
plan for the relief of the Indians.
Surveys and preliminary soundings were made at Buttes, on Gila
River, about 16 miles above Florence, and at Whitlow’s ranch, on
Queen Creek. Investigations showed, however, that the water supply
for the Queen Creek Basin was insuf_cient for the purposes in view,
and in the report, Senate Executive Document No. 27, Fifty-fourth
Congress, second session, it was recommended that an appropriation
be made for further investigations, and especially for borings at the
dam site on Gila River.
Subsequently an appropriation for this purpose was made, and borings were made at Buttes, Queen Creek, Riverside, and San Carlos
during the _rst half of the year 1899. Before the completion of the
borings at San Carlos the state of the _nances necessitated the discontinuance of the work, which was stopped in the month of July, 1900.
In August of the same year Mr. Davis was ordered to the American
Isthmus to conduct the hydrographic investigations upon the proposed
canal routes in Nicaragua and Panama, and the preparation of a
report upon the Gila River problem was assigned to J. B. Lippincott, who had assisted in the investigations. The results were published in 1900 as Water-Supply and Irrigation Paper No. 33.
The great depth to bed rock and the character of foundation at the
aSee also First Annual Report Reclamation Service, pp. 81-86.
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SAN CARLOS DAM SITE, ARIZONA. VIEW OF LEFT BANK AND CUFF ABOVE
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ARIZONA: SAN PEDRO RIVER. 89
Buttes rendered this site impracticable; Riverside reservoir site was
physically more practicable, but involved great dif_culty and expense
on account of the large number of mining claims that would be Submerged. Everything considered, the San Carlos site was by far the
14. :5 Iain L'- 1: l
I‘vlupnvt AL: Surf ll
,, ,s., ,4
FIG. a—Plan of San Carlos dam site, Arizona. showing location 01 lines of b'oringa.
best discovered on Gila River, but the investigations of foundations
were incomplete, only two holes being sunk to bed rock, and one of
these being near the edge of the canyon. The bed-rock problem is
very important at this point, as there is a. fault in the strata almost
directly across the canyon at the dam site, and it became necessary to
TX700084040
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locate the dam either above or below the narrowest part of the gorge
in order to avoid this fault.
Investigations of the foundation problem were begun by the Reclamation Service in February, 1903. The steam diamond drill and the
pipe apparatus were placed in charge of W. G. Steward, under the
general direction of C. R. Olberg. The work was discontinued in
August, 15 holes having been sunk to bed rock and diamond-drill cores
being taken therefrom. These are shown in fig. 2 and P1. XI.
The general result shows that the depth to bed rock is somewhat
less above the fault than below it, and this fact, together with the
general desirability of leaving the fault entirely out of the reservoir,
pointed to the location above the fault as a more feasible position for
a high dam.
Final conclusions with reference to this project have not been
reached, but the result of borings shows that the foundation dif_culties are not by any means insuperable.
Two other problems are, however, involved in this storage project
which are of a very serious nature. The quantity of sediment carried
by Gila River is very large; and while it is believed that this problem
can be solved, it must be admitted that no plan has yet been submitted
which meets with the general approval of experienced engineers. The
plan proposed for this purpose by Mr. Davis is published in the First
Annual Report of the Reclamation Service, page 83.
For properly carrying out this plan, or any similar one, it will be
necessary to _nd some auxiliary storage on the upper waters of Gila
River. There is now no steady _ow to depend upon for sluicing out
the reservoir or for serving the lands below during the process. At
present no such site is known except at York Canyon. The treach—
erous nature of the abutments for the dam and the great expense
caused by the removal of the large amount of railroad. make the construction of a dam at this point of doubtful feasibility. Incomplete
reconnaissance of the upper basin made by Cyrus C. Babb in 1899
failed to reveal any feasible site. It is proposed to continue this
reconnaissance the coming year.
Still more serious than the sediment problem is that of the watersupply. Since previous investigations were made there has been a
progressive decrease in the _ow of water past San Carlos, due probably to more complete diversion of Gila waters in the neighborhood of
Solomonville, in Graham County.
The total discharge for the year 1902 was less than 100,000 acrefeet, and the total discharge for the year 1901 less than 200,000 acre-'
feet. In fact, no year has occurred since 1897 when a reservoir of the
proposed dimensions would have been _lled at this point. It is conceded that the last four years have been abnormally low in their small
water supply, but such years may occur again, and must be reckoned
with. A reservoir of large capacity must be constructed in order to
TX700084041
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ARIZONA: BABACOMABI SITE. 91
utilize the _ow of wet years to supplement those of minimum supply
and to provide for the immense silt deposits. It is advisahle, therefore, in order to consider this phase of the subject, to make surveys
for a higher dam and a larger reservoir than heretofore contemplated
and, if possible, to _nd auxiliary storage in the upper part of the basin.
In addition to these complications, the water supply data indicate
that under the exacting requirements of irrigation in the hot- climate
of Arizona it will not be possible to irrigate from this reservoir as
large an area of land as heretofore contemplated.
BABACOMARI RESERVOIR SITE.“
The Babacomari reservoir site is situated on Babacomari Creek,
Arizona, just east. of the line separating Santa Cruz and Cochise coun—
RESERVOIR SITE
BABACOMARI CREE K
ARIZONA
D——+'
True North
I! V?
H d
I .93: ‘
.—~
Bantu Crux
EXPLANATION
LLmder’s Ranch 7 Trestle —-Elev. m
2 Landon”: Ranch 8 Trestle—Elev. «so
3 Corner on 00. line 9 Steel Bridge TJLH. “72
4 Trestle -E|ev. ms 10 Dam—Elev. «as
5 BIL-Elev. 4619 11 Babaoomari Creek
6 Trestle-Elev. 4M 12 Ditch
! B (m: Elev. 4550 A/
r ;\
Limestone
»;,'-k/.W_/}V/Z//
Fm. 3.—Map of Babacomari reservoir site and pro_le of dam site.
ties, on what is known as the Babacomari claim, owned by the Green
Cattle Company. The Southern Paci_c Company‘s line between BenuExtraet from round of H. H. Hodgcson.
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son and Nogales passes through the site and through the narrow gorge
in which the dam would be situated. However, if the site should be
considered more desirable for a reservoir than for a railroad right of
way, the road could be transferred to the hills without encountering
serious engineering dif_culties.
The hills on the north are composed chie_y of limestone, seemingly
of a quality that would be satisfactory for purposes of construction,
While those on the south of the railroad are covered with loose rock
and dirt, the rock varying in size from a pebble to a cobblestone.
Only a small amount of water runs in the creek, but it enables the
few ranchers to irrigate garden patches and small _elds. A reservoir
established here would furnish water to the _ats adjacent to the Bahacomari, in addition to a supply for the valley itself.
TX700084045

INVESTIGATIONS IN CALIFORNIA.
By J. B. LIrmNcm'r.
In the State of California general investigations have been carried
on widely to obtain full information as to the possibility of reclamation of arid lands in all parts of the State. Detailed surveys have also
been conducted at important points, particularly along Colorado River,
in the drainage basin of Sacramento River. in Salinas Valley, and in
other parts of the State. A careful study of the quantity and distribution of underground waters in southern California has been made,
in order to obtain facts upon which to base estimates of future development. Explorations have also been conducted in northern California along the rivers draining into the interior, and in the eastern
part of the State, notably in Owens Valley.
The results of these surveys and examinations are described in the
following pages. They consist mainly of extracts from reports prepared by E. T. Perkins, H. E. Green, J. C. Clausen, and other engineers and assistants, to whom credit is due for faithful performance of
the work.
There are described, _rst, the Owens River project, from the report
by Mr. Clausen; next, the Sacramento Valley surveys, from the statement by H. E. Green; and _nally, the conditions along Colorado River,
from the report by Mr. Perkins.
OWENS RIVER PROJECT.“
In June, 1903, J. C. Clausen was detailed to make a reconnaissance
of Owens Valley, to determine the amount and quality of arid public
lands and the possibilities of water storage for their reclamation.
LOCATION.
Owens River Valley is situated between the Sierra Nevada and-the
White Mountains, in Inyo and Mono counties, Cal. It is about 100
miles long and has an average width of about 5 miles. About 200,000
acres of this area have passed from Government control, and it is estimated that 60,000 acres still under Government title and 50,000 acres
«Extract from report by J. C. Clausen.
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of good land belonging to private parties could he reclaimed at a pro_t.
These _gures are preliminary and will be revised when detailed surK
\
“3x
\
i‘ _/%cwsnsni¢za
j i‘” i} i
_a_
_
k' '" RESERVE)
X.
/i
:_r‘ “
{I}
/ w"
2%
_giiimygf; 573*
{l v
Veys
from the adjoining mountains.
FIG. 4.—-Mup of OWEN.“ River project. California.
are made. The soil is of a granitic character, due to the wash
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RESERVOIR SITES.
A possible reservoir site was found at the lower end of Long Valley,
in T. 4 5., R. 30 E.; T. 4 S., R. 29 E., and T. 3 S., R. 29 E., Mount
Diablo meridian, in the southern part of Mono County, Cal., at an
elevation of 7,000 feet. As a. result of this reconnaissance it was
decided to make more detailed investigations. A survey of the Long
Valley reservoir site was ordered and on August 15, 1903, J. C. Clausen
organized a party for this purpose. This survey is now under way
and is being pushed with energy, but owing to the incompleteness
of the work no de_nite _gures as to the capacity and costs of construction can be given. It can safely be said, however, that the storage
capacity is ample for irrigating the lands to be reclaimed. The watershed above this site has an area of about 300 square miles, an elevation of from 7,000 to 12,000 feet, and a large portion is subject to a
heavy fall of snow.
The dam site, situated in sec. 19, T. 1 S., R. 30 E., Mount Diablo
meridian, is a fair one. A llU-foot dam would have a crest length of
450 feet and a base length of 175 feet. Bed rock outcrops at both abutments. This rock is of volcanic origin, very light, weighing not over
100 pounds per cubic foot, and somewhat porous. Suf_cientquantities
of this rock for construction are in the immediate vicinity of the dam
site. A granite quarry may be opened at a distance of less than onehalf mile from the dam site, and the rock delivered hya downhill haul.
“'ATE it SUPP} .Y.
The water supply is being thoroughly investigated. On August 3,
1903, a permanent gaging station was established on Owens River,
above its junction with Rock Creek, in sec. 10, T. 6 S., R. 31 E. Frequent meter measurements are taken and daily gage heights are
observed. Stations have also been established on Rock, Pine, and
Bishop creeks, and measurements are being taken on all streams tributary to Owens River. Here again, due to the limited records, nothing de_nite can be said as to the probable quantity of water available
for storage. The available water supply is the measure of possible
development.
Private capital has extensively developed irrigation in the valley
by the construction of about 15 canals of varying capacities, from
100 to 200 second-feet; and in order to determine the quantity of
water required to satisfy existing rights it was necessary to establish
gaging stations on each canal. This has been done, and frequent
meter measurements are taken.
The drainage problem must be carefully studied, as many acres now
under irrigation have been ruined by alkali and saturation. By draining these lands they may be restored and the water utilized elsewhere.
TX700084048
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RECOMMENDATIONS.
To obtain all data necessary for an intelligent decision as to the
feasibility of the reclamation of land in Owens Valley, not only will
the completion of the work now under way be required, but it will be
necessary to map the present irrigated land, in order to determine the
duty of water and the existing private rights, to make preliminary
canal surveys, to reestablish Government lines, so as to determine
accurately the quality and quantity of land belonging to the Government, and to make surveys of the lakes in the high Sierras to ascertain whether they can be made feeders to a larger system.
WATER STORAGE IN THE 'DRAINAGE BASIN OF SACRAMENTO
RIVER.“
The drainage basin of Sacramento River has an area of upward
of 11,000,000 acres, of which 2,685,000 acres are valley lands. The
Sacramento rises at Mount Shasta, in the Sierra Nevada, and _ows
nearly directly south, through 37 townships, to Suisun Bay.
Up to the present time the watershed on the west side of the valley,
along the Coast Range, has been investigated. W'hen this investigation is completed all available water-storage basins within the watershed will be mapped with a view to the construction of canals for
irrigating the Sacramento Valley, the main supply during seasons of
high water in the spring and early summer to be taken from Sacramento River at Red Bluff, where the river enters the valley proper
through the bed-rock gorge called the Iron Canyon. The river is of
importance for navigation as far north as Red Bluff. The discharge at
this point varies from 3,600 to 151,000 second-feet, and while the
greater portion of the irrigation supply can be obtained from the
normal _ow of the stream, this must be supplemented by impounded
reservoir water during the low stages of the river, so that the irrigation
supply may not only be maintained but also the navigation interests
may not su_er.
CLIMATE OF SACRAMENTO VALLEY.
The following general statement concerning the Sacramento Valley
is quoted from Water-Supply and Irrigation Paper No. 86:
The seasonal rotation in the Sacramento Valley much resembles that in the southern valleys of the State situated between the Sierra Nevada and the Coast Range.
There is more rain in the Sacramento Valley but it falls in the same months. There
is a distinct dry summer extending from April until October. In midsummer the
temperature is at times as high as 114° and the relative humidity is low, ranging
from 10 to 20 per cent. In the other half of the year the rainfall ranges from 25.56
inches at Red Bluff, at the head of the Sacramento Valley, to 18.19 inches at Woodland, in Yolo County. The minimum temperature recorded by the United States
a Extract from report by H. E. Green.
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Weather Bureau at Red Bluff since 1878
growth of all of the products of the State.
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Red Bluff by Mr. Maurice Connell, observer for the United States Weather Bureau,
is given in this report. They show in detail the conditions here referred to.
H. Doc. 44, 58-2-—-—7
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Surrounding Sacramento Valley on the north, east. and west are high ranges of
mountains culminating in Mount Shasta at the northern apex of the valley, with an
elevation of 14,380 feet. Upon the crest of these ranges, the Sierra Nevada on the
east and the Coast Range on the west, the precipitation is much greater and occurs
usually in the form of snow, which remains at the higher altitudes until melted by
the summer sun. like the mountains are higher to the north and east of the valley
than to the west,.the precipitation is greater there, the temperature is lower, and
the snow remains unmelted until later in the summer. The stream conditions resulting from these physical conditions may readily be inferred. From the higher Sierras
the creeks begin to rise with the fall rains, and the precipitation in the foothills
causes them to maintain their _ow throughout the winter. Under normal conditions, however, they reach stages of maximum discharge in the spring and early
summer. when the snows at the higher levels are melting. They reach their lowest
stages in September. On the western side of the valley the streams issuing from
the Coast Range, to which class Stony Creek belongs, _ow from :lower and warmer
levels. Consequently, the precipitation is more often in the form of rain and the
snow is more quickly melted. The resulting stream _ow therefore is more irregular
and the maximum periods of _ow are'in winter and early spring. These Coast
Range streams are reduced to very low discharge throughout the summer months,
and their proper utilization is largely dependent upon the construction of reservoirs
for the conservation of the winter water. There is therefore a cool, wet winter in
the valley, followed by a hot, dry summer. The Sacramento and its eastern tributaries are strong streams during the winter, spring, and early summer, and have
relatively low discharges in September and October, while the western tributaries
are normally high in winter and early spring and almost dry in summer. These
conditions not only demand the irrigation of the valley, but furnish the opportunity
therefor. * * *, i
The higher marginal valley lands arelbetter drained and warmer than the lowlands. They are not so well adapted to the growth of grain, as the soil is not so
strong, but it is believed that with irrigation they would be among the _nest fruit
lands of the State, capable of producing the olive, vine, and orange.
The Valley of the P0 in northern Italy is the greatest arti_cially watered district
of Europe. In this region irrigation has been practiced continuously for over one
thousand years. The values of water and of irrigated lands have continuallyincreased,
and to-day it stands as an example of most intensive cultivation, supporting 391 persons per square mile in the irrigated district.
The following interesting comparison may be made between the climatic conditions
of Milan, in the heart of this district, and those in the upper Sacramento Valley.
R. Baird Smith, lieutenant of engineers, British service, in a work entitled ”Italian
Irrigation,” is the authority for the statements on Italian irrigation. The record of
rainfall and temperature for Milan was obtained from the United States Weather
Bureau. It probably extends back into the eighteenth century. For monthly
maximum and minimum records at the head of the Sacramento Valley, see the Red
Bluff record given later in this report. ‘
TX700084051
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COMINlTiSO'n of climatic amdiliom in Sacramento Valley and in northern Italy.
Rainfall. Temperature.
Month. Milan. Lombardy.
Woodlands. Milan. ‘ Woodlands. 7’ v
La]. Lombard). (3:11., mean. g:§_ ' 3,132,- ! Mean.
1
Inches. ‘ Inches. ° F. o E i O E l 0 I-'.
January ..................... 3. 67 2. 28 42. 6 55 7 33
February .................... 2. 56 2. 34 45. 5 71 19 38
March ....................... 2. 72 2. 60 48. 9 74 21 46
April ........................ 1. 7 3. 59 55. 5 82 27 54
May ........................ . 85 4. 06 62. 1 91 39 l 62
June ........................ . l2 3. 30 70. l 97 48 70
July ........................ . 00 2. 92 77. 9 99 5' 74
August ...................... . 02 3. 66 76. 1 95 51 72
September ................... . 25 3. 82 65. 6 91 46 6-5
October ..................... . 92 4. 93 b0. 4 78 .16 5.5
November ................... 2.01 4. 22 50. 4 63 23 43
December ................... 3. 42 2. 87 41 5 61 10 36
Mean annual ........... : 18. 25 40. 59 53. 5 99 7 54
The minimum temperature at Woodlands is not available. The lowest temperature recorded at Red Bluff by the Weather Bureau in 18° above zero.
It will be noted that there is double the rainfall in Lombardy that there is in
Glenn County, and a large portion of it occurs in the summer, yet irrigation is
accepted as decidedly pro_table and water rights are increasing in value. This
being true, irrigation certainly should be of marked bene_t in the Sacramento
Valley.
STREAM MEASUREMENTS.
Following is a seven-year record of the mean discharge of Sacramento River at J ellys Ferry, obtained from the records of the United
States Geological Survey:
Estimated mean annual discharge of Sacramento River at Jellys I'ln'ry, or Iron Canyon,
Tehama County, Cal.“
[Drainage area, 9, 134 square miles.]
Second—feet.
1896 .................................................................... 18,109
1897.--..---..-.--......-.--; ........................................... 12,418
1898 ........................................................ . ........... 6, 349
1399 .................................................................... 9, 301
1900 .................................................................... 11, 242
1901 .................................................................... 11, 521
1902 ....... - ............................................................ 17, 053
Seven-year mean .................................................. 12, 370
a For details of discharge measurements, see Water-Supply and Irr. Paper N0. 81, p. 186.
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RESERVOIR SITESThe Coast Range on the west side of the valley offers many opportunities for the storage of water. The investigation shows that there
are two reservoir sites which have not previously been surveyed by
the Geological Survey; one on Puta Creek, at Guenoc Valley, about
40 miles above the foothills, and one of unusual capacity in the main
river canyon 7 miles above Red Bluff. The water supply of Cache
Creek, including Clear Lake, is discussed by A. E. Chandler in WaterSupply and Irrigation Paper No. 45. Stony Creek Basin is fully
described by Burt Cole in “Tater-Supply and Irrigation Paper No. 86.
The accompanying map (_g 5, p. 97) shows the area covered by the
investigation. The _rst exploration was undertaken on Puta-Creek,
and a reservoir site in Guenoc Valley was surveyed in July and August.
The basin comprises an area of about 2,000 acres of cultivated _at land.
Back of this is a gentle slope which has not been cleared, and still
farther back are steep hills which are thickly wooded with oak and
Chaparral.
GUENOC RESERVOIR.
The map of the Guenoc reservoir shows the contours at 10-foot
intervals. Following is a table showing the capacity at each contour:
Capacity of Guenoc Valley reservoir site.
Comm a‘eL‘i‘fo_f “$3533" c.3231...
Acres. Aer-eject Acre-feet
1100 2. 8 ........................
1110 _ 28. 8 158 158
1120 169. 6 992 l, 150
1130 816. 4 4, 930 6, 080
1140 1, 787. 6 13, 020 19,100
1150 2, 583. 6 21, 856 40,956
1160 3, 217. 6 29, 006 69, 962
1170 3, 763. 2 34, 904 104, 866
1180 4, 154. 4 39, 588 144, 454
The dam site is about 415 feet wide at the 80-foot level, and about
100 feet wide at the base, as shown in the accompanying plan and
cross section. Excavation with pick and shovel was made on each side
of the canyon at the dam site, in order to ascertain the character of
the rock, and what appeared to be‘solid rock was found in every case
within 4 feet of the surface. The stream bed is full of sand and
bowlders, the bowlders being too large to admit of boring except by
machinery. At a point in the reservoir about a mile southeast of the
TX700084053
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dam site there is a favorable location for a wasteway, a detailed sketch
of which is shown.
FIG. 6.—Dnm site on Pum Creek at Guenoc reservoir, Calilomia.
Any increase in elevation above 80 feet would necessitate an expensive structure for n westeway. The discharge from the wasteway
Digitized by GOOSIQ
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runs through a small valley with a lake in it and enters Puta Creek
again about 2 miles below the dam site.
The area of the watershed of this reservoir, estimated from Rice’s
county map of Lake County, is 91 square miles.
The rainfall in the Cache Creek drainage basin, given by Lir.
Chandler in Water-Supply and Irrigation Paper No. 45, has been used
as an approximate basis for estimating the rainfall in the Puta Creek
Basin, although it seems reasonable to allow a higher average for the
Puta Creek Basin, as‘it has a larger percentage of high mountains
Within its area.
-m
ms \ l
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FIG. 7.—Cross section of Guenoc dam site.
If the minimum rainfall is 30 inches and the maximum 40 inches,
the basin will yield (using J. B. Lippincott’s general run-off curve for
large watersheds) for the minimum years 30,030 acre-feet, and for
the maximum 60,060 acre-feet; so‘ it would take two and one-half
seasons of maximum rainfall to _ll the reservoir, provided the dam
was built to a height of 80 feet. A dam 60 feet high would impound
one season’s stream _ow in years of abundant water supply. If a
tunnel 3 miles long should be constructed from Cache Creek, a portion
of its water could be impounded in the Guenoc reservoir. (See WaterSupply and Irrigation Paper No. 45, p. 32.) A gaging station has
been established near the dam site.
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CLEAR LAKE RESERVOIR.
Clear Lake, at the head of Cache Creek, is the most important site
for a storage reservoir on the west side of Sacramento River. A comprehensive survey was made of this lake and its outlet by William
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FIG. 3. —Detail 0! site [or wasleway for liuL-nol: reservoir.
Hammond Hall, State engineer of California, in 1889. Owing to the
length of time which has elapsed since that survey was made, it was
deemed advisable to have a new survey made of the channel from
the outlet of the lake as far downstream as regulating works were
contemplated.
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Three gage rods were set on the lake—one at Lakeport, one at Kono
Tayee at the Narrows, and one at Lower Lake at Webbers Landing.
Synchronous observations were made at these three stations for fourteen days, thereby establishing an equation for each gage rod. The
survey of the lake outlet was connected with the gage rod at W ebbers
Landing. The result of the readings has not yet been worked out in
suf_cient detail to allow of the result or the exact equations being
given in this report. '
Clear Lake has a mean water area of about 40,800 acres. As a
reservoir it has an estimated capacity of fully 80,000 acre-feet assured
for every irrigating season. It commands the Capay Valley, 20 miles
long and from 1 to 3 miles wide, and an area of _ne alluvial soil of
upward of 75,000 acres in the Yolo Basin. (See Water-Supply and
Irrigation Paper No. 45, p. 40.) The survey of the lake outlet made
this season was for the purpose of revising the estimates of cost which
appear in the paper cited. Measurements of discharge 'from the lake
are being made at Lower Lake. A gaging station has been established
at the mouth of Cache Creek. The record here will show the waste
of water into Sacramento Bay. At Lakeport records are kept of the
lake level, evaporation and rainfall.
REERVOIR 0N KELSEY CREEK.
A Site for a small reservoir was found on Kelsey Creek, about 3
miles above Clear Lake, into which it empties. A reconnaissance
survey of this reservoir showed it to have a capacity of about 16,000
acre-feet with a dam 100 feet high. The ground would permit of a
dam 150 feet high, the upper 50 feet in elevation more than doubling
the capacity, which was estimated to be about 39,000 acre-feet at the
150-foot contour. This would irrigate the land contiguous to Clear
Lake as far as Lakcport. Storage in Clear Lake is, however, cheaper
and the water may be put upon lands of as great value.
LITTLE INDIAN VALLEY REERVOIR.
This reservoir, on the North Fork of Cache Creek, has already been
described by Prof. A. E. Chandler in Water-Supply and Irrigation
Paper No. 45. The reservoir has an estimated annual capacnty of
40,000 acre-feet. A
STONY CREEK RESERVOIRS.
There are no other storage reservoir sites of value in the Coast
Range until Stony Creek Basin is reached. In this basin there are
three reservoirs already surveyed and reported on by Burt Cole in
Water-Supply and Irrigation Paper No. 86.
Stony Creek, which rises across the divide immediately northeast
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of Clear Lake, runs northward for some distance, then turns east, and
_ows into Sacramento River north of Orland.
The three reservoir sites mentioned above are: First, Briscoe reservoir, on Briscoe Creek, which rises directly in Sheet Iron Mountain;
second, East Park reservoir; and, third, Mill Site reservoir. The
following table from Water-Supply and Irrigation Paper No. 86
shows the value of these reservoirs as storage basins and their estimated cost.
Co“ and alpam'ty of rmirs on Stony Creek.
mt of installation. Annu‘l
Le h Width _ —_7 co“ H
Area of 113! acre- not
ImproveL oi dam of , of water
ment. Description. 33':- on crestoi Capacity. Total noggigoot stored for
' crest, dam. ' stored interest
‘ and operation.
Sq.milla.l m. Feel. Acre-fed. i
Briscoeres— 125-foot concrete 50 360 12 14.385 $215,281.80 815.17 81.10
ervoir. gravity dam
with wasteway.
tail-loot concrete 50 360 16 14,386 211,106.95 14.67 1.07
over_ow dam.
lz_ootioosemk- 50 360 20 14,335 316,632.00 14.29 1.09
_ 1! dam with
wasteway.
East Park libioot concrete 210 197 12 26,000 206,559.10 7.94 .58
reservoir. gravity dam
with wasteway.
lib-lootlooserocko 210 195 20 26.000 109,335.00 6.51 .50
_ll dam with
waste-way. .
Hill 8110 95wa loose rock— 500 1,240 20 {3,735 h_‘ll__m 13.32 - .93
reservoir. nlldam wnh I
wastcway. , ‘
OTHER SITES.
A reservoir site in Hambright Valley, near Orland, was examined,
but was not considered worthy of a detailed survey. The dam for this
reservoir would be very wide, and there is little prospect of reaching solid rock at a reasonable depth. The reservoir has no drainage
area, and would have to be _lled by a canal from Stony Creek during
time of _ood. The reservoir basin is not more than 1:} miles wide in
any direction, and the expensive canal and dam and the small capacity
of the reservoir render it of no value.
A smallreservoir on Reed Creek, near Paskenta, was also examined,
but found to be of little consequence.
Another reservoir was examined on Redbank Creek, 12 miles from
Red Bluff. This one has not been mapped. It is of about the same
importance as that on Kelsey Creek.
A survey for a reservoir 7 miles above Red Bluff, in the Iron Canyon,
has just been commenced, but there has not yet been suf_cient work
done to give any estimates. It is of great capacity.
TX700084058
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RECONNAISSANCE IN BASIN OF PIT RIVER.“
A reconnaissance of Pit River Basin, in Dissen and Modoc counties,
was made in order to determine the possibility of storing the waters
of this stream in Big Valley.
BIEBER RESERVOIR SITE.
There is a reservoir site at Bieber, Lassen County, which would be
of value in connection with the irrigation of the lands of the Sacramento Valley. It may be used to store the winter and spring _ow of
Pit River for late summer irrigation in the lower portion of its valley.
This would assist in obviating the necessity of interfering with the
navigation of Sacramento River below Red Bluff by irrigation diversion from that stream during its lower stage.
Big Valley is now adequately irrigated in its lower portions by two
diversion canals. One takes water from Pit River near the Lassen
County line and the other from Ash Creek near Adin. Some of the
lower lands are _ooded directly from the river by the diversion of
water by weirs and levees. Native grasses constitute the prevailing
crops; but some alfalfa and timothy is grown. Excessive amounts of
water are used in _ooding. The irrigated areas in Big Valley could
be materially extended by the construction of high-line canals heading
at Stone Coal on Pit River.
It is possible that storage reservoirs would be necessary at Round
Valley or Warm‘Springs Valley to supplement the summer _ow available for the reclamation of Big Valley. Practically all of the lands in
Big Valley are private holdings.
The dam site for this valley is in the canyon about 7 miles below the
town of Bieber. There is a choice of two dam sites; the one, measured
near the exit of the valley, is 60 feet wide at water level, 680 feet wide
at 50-foot elevation, 880 feet wide at IOU-foot elevation. There is no
solid rock visible at this site.
About 1,000 feet below the _rst dam site there is another site where
the canyon bends and is considerably narrower, but there is some loss
of grade between these points. No section of this site was taken.
The rock on both sides is very poor. The bed rock crops out in the
stream bed and banks of the canyon.
The estimated length of this reservoir with a 100-foot dam is about
' 15 miles, and the mean width is 2.5 miles. Estimating this area with
30 per cent of the dam height gives (15 by 2.5 by 640 by 30:) 720,000
acre-feet. _
A reservoir here would _ood the most desirable land for irrigation
in the neighborhood. Big Valley is entirely occupied by hay _elds,
stock raising being the principal pursuit. The value of the land in
aExtmct from report of H. 1-2. Green.
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these valleys is from $10 to $20 per acre, according to the quality of
the soil and facilities for irrigation. In all the valleys in this section
more or less crude irrigation has been practiced. The farms in Big
Valley are rather large, averaging possibly over 640 acres. The area
of the tributary drainage basin is 3,041 square miles, ranging in elevation from 4,000 to 10,000 feet.
WIDOW VALLEY RESERVOIR SITE.
Widow Valley, situated on the Modoc and Lassen County line in
T. 39 N., R. 7 E., Mount Diablo meridian, is 12 miles north and
west of the tOWn of Bieber, and 8 miles from Lookout. The land of
Widow Valley is used for grazing and is partly fenced. “'hitc residents have left it and one Indian rancheria is the only habitation at '
present. The highest practicable dam at this place would be 35 feet
high, with a bottom width of 120 feet and a top width of 210 feet.
Such a dam would _ood the valley for about 5 miles, and the average
width would be three-quarters of a mile. This would probably store
25,000 acre-feet of water if there was an adequate supply. There was
no water running in September, 1903. The topographic map shows a
drainage area of 15 square miles, ranging in elevation from 4,-l00 to
6,500 feet.
The water from this reservoir could be used on the west side of Big
Valley on its higher levels. The water supply, judging from the size
of the basin, would be inadequate. Residents of Big Valley, however,
claim that the _ow of this stream is very material. No bed rock was
visible in the bottom of the valley at the dam site. On the northern
slope are cliffs of lava formation and on the south slope is earth and
pine timber.
ROUND VALLEY RESERVOIR SITE.
Round Valley is on Ash Creek, north of Adim, in Modoc County,
Cal. The proposed reservoir is in T. 39 N., R. 9 E., Mount Diablo
meridian.
A dam site here has a width of 305 feet on the bottom and 1,020
feet at an elevation of 100 feet, above which the slope continues uniformly for another 50 feet. Bed-rock appears in the stream bed 200
or 300 feet above the dam site. There is no visible bed rock on either
slope, and it was impossible to make an estimate regarding it without
soundings.
A dam 100 feet high would _ood the valley several miles back. It
is estimated 15 square miles would be _ooded. The east slope of the
dam site is composed of cliffs and bowlders, the west slope of loose
lava rock. It is estimated that the water _owing past this dam site is
equal to one-half the discharge of Pit River at a point where Ale
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Creek empties into it; it was not measured. The drainage area above
the dam site is 264 square miles, ranging from 4,200 to 7,000 feet in
elevation.
Round Valley is all meadow land and has six or seven resident families therein, with lands mostly fenced. The water impounded here
could be used to irrigate lands on the east side of Big Valley. These
lands are in private holdings. The same lands could be commanded .
by a high line canal from Pit River heading at Stone Coal. This reservoir could also be used to supplement the low-water supply in the
Sacramento Valley, as in the case of the Bieber reservoir site. This
site is of possible value in connection with local developments.
WARM SPRINGS VALLEY RESERVOIR SITE.
This reservoir site is in Modoc County, Cal., on Pit River. The
site is situated in Ts. 41 and 42 N ., Rs. 10 and 11 E. The elevation of
the drainage basin varies from 4,400 feet at the dam site to 8,000 feet
along the crest of the Warner Range. The area of the drainage basin
is 1,692 square miles.
The dam site is about 4 miles below Canby. A dam here would be
270 feet long on the bottom and 700 feet long at the 100-foot contour.
Such a height would _ood a large area in the valley and would back
the water for 20 miles. No instrumental work was done here other
than at the dam site, but an outline of the reservoir was sketched.
The reservoir would probably have an area of over 40 square miles,
with a possible capacity of 750,000 acre-feet. The entire valley is
owned and occupied by ranchers. The value of these lands is from
$10 to $20 per acre in the bottoms. The dam site on the right bank
consists of cliffs of lava rock and bed rock shows in the stream bed.
The left bank is covered by loose lava rock.
The water from this reservoir could be used on the lands in Big
Valley, which are practically all held in private ownership, and can
be supplied with irrigation waters without the constructiOn of this
impounding basin. The greatest bene_t of this great reservoir site,
as in the case of that at Bieber, would be in the development of the
Sacramento Valley. However, it probably would not be necessary to
construct both of these reservoirs, as the capacity of either is suf_cient
to control the water from this basin in ordinary years.
RATTLESNAKE RESERVOIR SITE.
This site is situated in Modoc County, Cal., in T. 43 N., R. 12 E.
The land is in private ownership. The drainage basin is not large and
consists of rolling timbered country. It ranges in elevation from
4,800 to 5,200 feet. The stream was dry in September, 1903, but on
November 22, 1903, was discharging about 100 second-feet at the
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county road crossing. With a dam 40 feet high the capacity of the
reservoir would be probably 40,000 acre-feet, but the available water
supply is limited.
The land irrigable from this reservoir is in the valley of the South
Fork of Pit River in Modoc County. The greater portion of these
lands are in private ownership, but some public lands probably could
be served.
On one of the branches of Rattlesnake Creek is a reservoir with a
dam 25 feet high and 600 feet long, capable of impounding approximately 40,000 acre-feet. This reservoir is being constructed by the
residents of Alturas for use near that city.
JESS VALLEY RESERVOIR SITE.
This site is situated in T. 39 N., Rs. 14 and 15 E. The reservoir site
is in private ownership. An examination with a hand level indicated
that the bed of the reservoir would .cover about 3,000 acres of meadow.
A dam 150 feet would _ood about 8 square miles. It is estimated that
a 100-foot dam would impound 150,000 acre-feet.
The drainage area, including East Creek, Mill Creek, and South.
Creek, is 91 square miles, ranging in elevation from 5,000 to 8,000
feet. It is on the western slope of the Warner Range and includes the
slope of Eagle Peak (9,934 feet high), which is the highest mountain
in this portion of the State. The water supply from this range of
mountains is believed to be large. '
The dam site is 500 feet below the head of the canyon. The leftside of the canyon is composed of loose lava rock, as is also the right
side, to an elevation of 125 feet, above which are cliffs. At the dam
site the canyon has a width of 300 feet on bottom, of 600 feet at 100foot elevation, and of 800 feet at 150-foot elevation.
The lands that would be irrigated from this reservoir are situated in
the valleys of the North and South forks of Pit River and in Warin
Springs Valley. While the greatest portion of the land is in private
ownership, some public land would probably come under the canal
line. The elevation of this valley ranges from 4,400 to 4,800 feet.
The forage plants will be the principal crop.
WEST VALLEY RESERVOIR SITE.
This reservoir site is situated on the Lassen and Modoc County lines
'1'. 30 N., R. 14 E., at an elevation of 4,800 feet, in what is known as
West Valley Canyon, a tributary of the South Fork of Pit River.
The reservoir site is owned by one individual, and..is meadow land.
With the water impounded to a maximum depth of 100 feet, the reser?
voir would be about 4 miles long with an average width of 3,000 feet;
the estimated capacity being 40,000 acre-feet. The drainage basin
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ranges in elevation from 4,800 to 8,600 feet, and has an area of 144
square miles.
On September 26, 1903, the discharge of the stream was 8 secondfeet, which is the low-water stage.
The dam site has the following section: 20 feet wide on bottom,
220 feet wide at 50 feet elevation, 325 feet wide at 7 5 feet elevation,
and 470 feet wide at the 100-foot elevation. Above the 100-foot elevation the left bank rises abruptly in cli_'s. On the right bank the
slope continues uniformly to 130 feet, which is the limiting contour.
The lands that would be watered from this site are in the valley of
the South Fork of Pit River, and are the same as those irrigable from
Jess Valley.
These two reservoirs could be used for the same irrigable lands.
While the majority of the irrigable lands are in private ownership,
some Government land could probably be served.
The land in the valley proper of the South Fork of Pit River is
nearly all marsh, but the rising lands, which would be covered by the
two last reservoirs above mentioned, is a _ne quality of sagebrush land.
SUMMARY.
It is impossible to make any reliable estimates on cost of works or
available water supply from the data now on hand. The estimates of
capacity given above are but rough determinations with hand levels.
The reconnaissance indicates that the conditions are such as to justify
the continuation of the investigation, particularly as to available water
supplies.
RECONNAISSANCE IN KLAMATH RIVER DRAINAGE BASIN.a
A reconnaissance was made of Klamath River drainage basin in order
to ascertain whether there were any desirable sites for storage reservoirs. The route traversed was from Craig, in Big Valley, to Cornell,
on the southeast side of Tule Lake; thence to the Jesse D. Carr ranch
on the northeast side of Tule Lake (where the State line is crossed),
and around the north side of the lake to Merrill, Oreg. From Merrill
the investigation was continued south across the State boundary line
to the Davis ranch in California, situated at the head of Willow Creek,
at the foot of Dome Mountain; thence west to Samuel D. Pratlier’s
ranch at Ball post-of_ce. There is a great deal of open country lying
south of Tule Lake which would be made valuable by irrigation, but
there is no water available unless it were diverted from Clear Lake.
. At Ball post-of_ce a conference was held with Samuel D. Prather
' regarding irrigation possibilities in Shasta Valley. He stated that he
had run levels through and across the Shasta Valley and these indi«1—
aExtract from report of H. E. Green.
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cated that it would be necessary to divert water above Shovel Creek
Mud Springs (or Beswick post-of_ce) on Klamath River to bring that
river into Shasta Valley.
From Ball post-o_ice, the reconnaissance was extended north into
the canyon of Klamath River, near Topsy, about 18 or 20 miles below '
Keno. The project of diverting water from Klamath River into Shasta
Valley appeared feasible within reasonable limits of cost. The length
of the conduit would be about 35 miles. It is estimated that from
50,000 to 100,000 acres could be irrigated in Shasta Valley from
Klamath River. This is a well-known project which has been discussed
by many engineers. No detailed work has ever been done on which
to base an estimate of the cost. An examination of the United States
Land Of_ce records shows that there is practically no public land that
would come under such a ditch. The valley is taken up by cattle
ranchers, alfalfa being grown. The Prather Brothers have spent a
great deal of money in irrigating their ranch, which lies to the north
of Montague.
Little Shasta River, having a high mountain watershed, discharges
a considerable amount of water through Shasta Valley in the spring.
On this stream there is a small reservoir site which could be used to
supplement a diversion from Klamath River. Klamath River was
measured by meter at the railroad bridge at Klamathon, at its low
stage this year, and was fOund to be discharging 2,000 second-feet.
Legal residents state this _ow to be the smallest in several years.
The Southern Paci_c Railway traverses the Shasta Valley. From
Montague, which is the largest cattle shipping point in this section,
there is a branch road running to Yreka. On the west side of the
valley is the old Yreka ditch, built a. great many years ago to supply
water to the town of Yreka. At present it is used for the irrigation
of ranches in the Shasta Valley, but is not carrying much water.
From Laird station on the Southern Paci_c Railway, a little north
of Ager, a lumber railroad which has been built up the Klamath
River Canyon, surmounts its side by a switchback about 10 miles below
Shovel Creek Mud Springs. This road has lately been completed,
and runs as far as Pokegama, about 30 miles from Klamath Falls.
From Pokegama a stage runs to Keno, and from this place a gasoline
launch makes trips up the river to Klamath Falls. This is the most
convenient way of getting into the Klamath Lake country from the
Southern Paci_c Railroad.
After leaving Shasta Valley the investigation was continued up the
Southern Paci_c Railway to Ashland, Oreg., where Mr. C. B. Watson
was interviewed. He is at present an attorney at law of Ashland,
but in the seventies was deputy county surveyor and did work in Lake
and Klamath counties. He stated that the best reservoir sites for irri—
gation schemes that he knew of were, _rst, Clear Lake in Modoc
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County, Cal.; second, Lockey Flat and Horse Fly Valley in Oregon;
third, one on Sycan River. The latter is in the Klamath Indian Reservation and was not visited.
From Ashland the Dead Indian road to Pelican Bay was traveled,
along the’ west side of the Upper Klamath Lake. The road is very
steep until reaching the table-land of the lakes, when it traverses a
rolling country heavily timbered.
From Pelican Bay the shore of Upper Klamath Lake around its
north end was traversed as far as the Klamath Agency, where an in terview was had with Captain Applegate, Indian agent, who has lived
there for over thirty. years. He spoke of the same reservoir sites
described by Mr. Watson, of Ashland, and said that Clear Lake was the
best project in the district. Accordingly they were visited in the
order of their location.
On the way to Langells Valley, Klamath Falls, or Linkville, was
visited. At this place there is a fall from the Upper Klamath Lake
to Klamath River of between 60 and 70 feet in a distance of a mile.
This is being used in various ways for the development of water power.
An irrigation ditch which heads near the upper end of the falls supplies land between Klamath Falls and Lost River with water. This
ditch is not in very good order, and where crossed on the county road
its section was estimated to have an area of about 12 square feet, and
the discharge was from 12 to 16 second-feet. There have been several
projects contemplated for taking a larger amount of water out at a
higher elevation than this ditch, to cover the land between Klamath
Falls and the head of Tule Lake. The last estimates of cost for such
a ditch were in the neighborhood of $700,000. Without raising the
level of the lake by a dam there could only be 3 or 4 more feet of
elevation gained above the present ditch. It is not easy to take such
a ditch out of the lake, as there is a ridge along the east side of the
lower end of the lake which such a canal would have to cross. Nearly
all the land tributary to such a canal is in private ownership. A higher
level canal would practically parallel the present ditch, as the ground
is of very even slope.
At Lower Klamath Lake, J. F. Adams, of Merrill, Greg, is dredging
a canal through the ridge to reach the lands bordering upon the upper
shores of Tule Lake. From Klamath Falls the investigation was
extended across the north edge of Poe Vallcy‘to Langells Valley.
Poe Valley is entirely occupied by ranches. At Bonanza, at the lower
end of Langells Valley, there are a great many springs which come to
the surface and are locally believed to be fed from Lost River, which
sinks in its course through Langells Valley during the summer season.
A few miles before reaching Bonanza, a pumping plant was observed
being erected on Lost River, to irrigate land on the north side of Lost
River as far as Bonanza. There is also a dam in course of construcTX700084065
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tion at the Narrows, near Olene. The owner and projector is Mr.
Harpold, of Bonanza. It consists of a timber structure bolted on to
bed rock to carry _ash boards, with earth abutments riprapped to protect the ends. A large ditch has been excavated with a varying crosssection—at some places 7 5 feet wide on the bottom, and others only 30
feet. Most of this work will probably be destroyed by next spring
floods. This diversion ditch is intended to cover land above the level
of the existing ditch out of Klamath Falls before mentioned.
To summarize the Klamath River situation, it may be stated that
the water supply from this stream is large, and probably in excess of
irrigation requirements. The irrigable lands are practically all in
private holdings, and consist of cattle ranches which are usually large.
These lands, because of their elevation, are adapted principally for the
growth of alfalfa, and their value and productive capacity would be
greatly increased by irrigation. The most feasible public enterprise
is probably a diversion from Klamath River to Shasta Valley. The
construction would be dependent upon the attitude of property holders
in this district. Such an enterprise is too great for local capital. A
high-line diversion canal from lower Klamath Lake along the eastern
side of the river, supplemented by either pumping plants driven by
hydro-electric power, or storage reservoirs, on Lost River for still
higher lands is worthy of further consideration. Such a project would
be complicated by existing works and prospective private developments. Westerly from the Southern Paci_c Railway Klamath River
passes through a mountainous timbered country of heavy rainfall, offering neither the opportunity nor the demand for irrigation development.
Prairie Meadow, in Lost River drainage basin, was inspected. It is
occupied by a stock raiser named G. Noble. The area of the meadow
is estimated to be 2,500 acres. The dam site below is poor, being about
155 feet wide at the bottom and about 600 feet wide at the top, with
seamy volcanic rock on the sides. The utmost height to which a dam
could be built here is 96 feet. The watershed of this reservoir is
about 100 square miles. A reservoir site in Horse Fly Valley, on the
Klamath stock farm, was visited also. The area of this valley is about
3,500 acres. It is very _at, and if a dam was made 50 feet high, which
would probably be the controlling limit of height, an average depth
of 30 feet would be obtainable over the valley, which would give a
capacity of 105,000 acre-feet. This valley is owned by the Gerber
Brothers, of Sacramento. It would be possible to put a dam in on
Miller Creek. which would also catch the water coming from Lockey
Flat. The dam site at the Horse Fly Valley is somewhat better than
the one in Lockey Flat. Both these reservoirs could be used to
irrigate Langells Valley, in which it is estimated the area of tillable
land is 80,000 acres, nearly all in private hands. The drainage area
H. Doc. 44, 58—2—8
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of Horse Fly reservoir is about 100 square miles. If the Prairie
Meadow reservoir was not used, and the stream taken into Horse Fly
_ reservoir, the total drainage area would be 200 square miles.
The Jesse D. Carr ranch, on Clear Lake, was inspected. The area
of this lake is 121} square miles. With the possibility of raising it 50
feet, the area _ooded would probably be about three times as great,
assuming the mean area to' be 24 square miles, or 15,360 acres. Estimating 30 feet of available range in levels would make the capacity
460,800 acre-feet. The dam site is about 250 feet wide at the bottom,
with perpendicular sides of lava rock, and about 50 feet in height,
Clear Lake is fed from Willow Creek, which rises in the hills on the
west side of Goose Lake. Mr. Carr has built-a dam across this creek,
and turns the water into Lost River when he has _ooded his land
around Clear Lake suf_ciently for a crop of native hay. There was
very little water in Willow Creek in October, 1903. All the people
that were interviewed concerning the _ow of Willow Creek stated
that the supply would be amply suf_cient to _ll such a reservoir as
described above. This situation is one of merit from a physical standpoint, but it is greatly embarrassed from the standpoint of the reclamation act, owing to the fact that the marginal lands of Clear Lake
are all owned by one cattle company that is interested in maintaining
their water rights for the irrigation of their own lands.
RECONNAISSANCE OF HONEY LAKE VALLEYThe drainage basin of Honey Lake is situated on the eastern slope
of the Sierra Nevadas, in Lassen County, Cal. It is reached by rail
from Reno, Nev., to Hot Springs, Ca1., from which point a stage line
extends to Susanville, the county seat. The drainage basin may be
divided into four distinct parts: Susan River drainage, Eagle Lake and
“Tillow Creek drainage, Long Valley drainage, and desert lands southeast of Honey Lake.
WATER SUPPLY.
Honey Lake was surveyed in 1864, prior to any irrigation development, and was found by the Land Of_ce records to contain 64,000 acres.
The lake is now dry for the third time within the memory of white
settlers. Evaporation, as measured at Lake Tahoe, is approximately
30 inches. At Pyramid Lake, to the east of Honey Lake, it is believed
to be 50 inches. Honey Lake, lyin‘g somewhat intermediate between
these two, is believed to have an annual evaporation from its surface
of 42 inches. From this it is fair to assume that when the lake covers
its normal area fully 200,000 acre-feet of water pass- from its surface
by evaporation. All the streams of the Honey Lake Basin drain into
the lake as a sink, and this evaporation of 200,000 acre-feet represents
the mean annual discharge of the basin.
Mr. William Ham. Hall, in a report which he made for some water
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companies seeking investment in this district, divided the supply as
follows:
Annual discharge of streams _owing into Honey Lake.
Acre-icet.
Susan Creek ..................................... .' ......... 100, 000
W'illow and Pete creeks ..................................... 30, 000
Balls Canyon Creek ........................................ 29, 000
Long Valley Creek ......................................... 34, 000
All other sources ........................................... 10,000
Total ................................................ 203, 000
From an examination of the drainage basins of Honey Lake and
from the record of _ow of Susan Creek (given on page 116), it is
believed that this estimate is quite accurate.
DRAINAGE AREAS.
Susan Creek, above Susanville, drains 256 square miles; Willow
Creek, above its mouth, exclusive of Horse Lake watershed, drains 186
square miles; Long Valley Creek exclusive of “'hite Alkali Lake,
drains 230 square miles; the total drainage area, including Honey
Lake itself, is 1,586 square miles. The basin of Susan River above
Snsanville is practically entirely timbered, the growth near the summit being dense and of _ne quality. The southern slope of the drainage basin of Willow Creek is also timbered; and the precipitous
western slope of Long Valley Creek is sparsely wooded. All the
remaining portion of the drainage basin is practically bare desert hills.
SUSAN CREEK .
Fifty per cent of the water entering the Honey Lake Basin is
believed to come from Susan Creek, above Susanville. The forest
cover is evidence of the heavy precipitation in this basin. The western
rim of the basin is the summit of the Sierra N evadas, which are also
the eastern rim of the drainage basin of Feather River, which _ows
westerly into Sacramento River.
Rainfall records have been kept at Susanville since 1885. The
observer, Mr. James Branham, is accurate and reliable. The mean .
precipitation is 22.20 inches.
Record of precipitation at Smanville, Lassen County, Cat
Elevation. 4,196 feet.]
Inches. Inches.
1885—86 ............... . .......... 23. 32 1894—95 ......................... 28. 07
1336—87 ......................... 09. 12 1895-96 ......................... 25. 90
1887-88 ............................... 1896-97 ......................... 23. 21
1888—89 ......................... 18. 43 1897—98 ......................... 13. 61
1889-90 ......................... 36. 36 1898—99 ......................... 12. 62
1890—91 ......................... 20. 71 1899-1900 ....................... 19. 78
1891—92 ......................... 19. 77 1900-1901 ....................... 22. 17
1892—93 ......................... 31. 40 1901—2 .......................... 17. 17
1893-94.--.._.......--.-..----.. 20.43 1902—3 ............. - .' ............ 14.92
a Year incomplete.
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It will be seen from the table above that the rainfall for the past six
years has been decidedly below the normal. In 1900-1901 it was about
mean; in other years it was below it. In considering the feasibility
of an irrigation project estimates must be based upon a group of dry
years such as these, but it is not considered advisable to say that the
absolute minimum shall control the area irrigated from any stream.
On January 4, 1900, a gaging station was established by L. H. Taylor
on Susan Creek at Susanville for the United States Geological Survey,
the observer being Mr. James Branham, of Susanville. As the station is remote but six measurements of discharge have been made
here, and no tables of monthly discharge have been computed. A
fairly satisfactory rating curve was, however, made from these gagings, and as the section of the stream is of a permanent nature a rating
table has been prepared and computations made covering this period
of time. If some high-_ood measurements are made later the rating
table could properly be revised. The record is given in seasonal years,
beginning with the lst of September. The _rst season of record is
practically a year of mean rainfall, and probably of stream _ow. The
last was a year of low rainfall, although there are two other consecutive years of lower precipitation in the rainfall records. It is therefore improbable that the season of 1902—3 is a year of minimum stream
_ow, although below the normal.
Discharge of Susan Creek at Suaanvillc in acre-fret,- area of Main, 256 square miles.
1900-1901. 1901-2. 1902-3.
September ...................................... 238 0 0
October ........................................ 615 18-1 0
November ...................................... 2, 4-10 655 60
December ...................................... 3, 443 3, 332 i 5, 226
January ................................... _ ..... 2, 399 246 2, 091
February ....................................... 18, 605 6, 109 222
March .......................................... 22, 566 4, 796 10, 268
April ........................................... 23, 028 27, 015 20, 767
May ........................................... 26, 747 17, 585 12, 912
J uue ........................................... 3, 035 3, 749 893
July ........................................... 676 246 0
August ......................................... 18-1 0 0
Total ..................................... 103, 975 63, 967 52, 439
At present, 20,000 acres are irrigated in the valley of Susan Creek.
These lands have been assigned water rights under certain decrees of
the county court, which involved 60 litigants, the court issuing 3-1
judgments. The duty of water is uncertain. A large portion of the
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area irrigated consists of meadows of native hay, which are _ooded by
the construction of weirs in the river, assisted by levees. The sidehill lands irrigated by diversion canals use considerably less water. It
is not believed to be safe to _gure on a higher duty than 2 acre-feet
per annum to 1 acre, as the crop grown will be almost exclusively
alfalfa. This will give an annual right to 40,000 acre-feet of water
for the 20,000 acres adjudicated. This water is handled through
reservoirs and diversion canal lines in large part, and it is believed that
in case the system was developed there would be lost by seepage and
evaporation in its delivery at least 15,000 acre-feet. This, together
with the 40,000 acre-feet, bene_cially applied, would give a right to
55,000 acre-feet of water annually. There was in the season of 1900—
1901 available for the irrigation of other lands a surplus of 48,975 acrefeet; in 1901—2, 8,967 acre-feet, and in 1902—3, a de_ciency of 2,561
acre-feet. It must be remembered that this record is for low years, but
these are believed to be justly controlling years. Filings have been
made on Susan Creek, according to the “ Report of Irrigation Problems
of Honey Lake Basin,” for 955,000,039 miner’s inches. Of course the
great bulk of these water rights were never perfected, but the state—
ment is given as indicative of the extent to which this development
has been considered by other parties on previous occasions.
NERVOIR SITES 0N SUSAN CREEK.
There are an unusual number of good reservoir sites on Susan Creek.
In addition to several small lakes under the crest of the Sierra Nevada,
which probably would not be utilized on account of their small drainage
basins, there is a series of _ats along the river which are large enough
to satisfactorily impound water. Norval Flat is the highest of these,
and contains 980 acres, with an estimated capacity of 11,122 acre-feet,
with a reasonable height of dam. Next on the stream is McCoy Flat.
A right-of—way application for this reservoir site was made under the
law of 1891 by the predecessors of the Colonial Irrigation Company of
Honey Lake Valley. A dam approximately 25 feet high would _ood
the water over an area of 1,921 acres, and give a stated capacity of
17,295 acre-feet. A dam about 12 feet high has been built at this point, .
consisting of earth and loose rock. It is about 175 feet in length. If
the dam was raised the length of it would be very materially increased,
but this would involve the construction of a low dike or levee made of
earth without great expense. The constructed work is not built to the
full size requested in the right-of-way application.
The Hog Flat reservoir site is not on Susan Creek, but may be _lled
by means of a canal about 3 miles in length diverting from the river
below McCoy reservoir site. Hog Flat has also been applied for as a
reservoir site by the same parties mentioned above. The application
has been granted and a low dam of earth built. The application,
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which was examined at the Land Of_ce, alleges that 1,332 acres may
be _ooded, and a capacity of 10,360 acre-feet obtained. The dam has
not been built to the full height.
Stockton Flat is a fair reservoir site situated farther down the
stream, near the opening of its canyon into the valley. The dam site
is in a basaltic rocky gorge. Several hundred acres would be _ooded,
and it is believed that this reservoir might be constructed within
reasonable limits of expense, its province being to impound the water
entering the stream below Lake McCoy. No surveys have been made
here.
Lake Leavitt reservoir site is an old lake bed in the Susan Creek
Valley. Its storage capacity is increased by along, low dike. It is
_lled from the Susan Creek by means of a diversion canal approximately 5 miles in length. With a mean depth of 7 feet 1,500 acres
are said to be covered, giving a capacity of 10,500 acre-feet. The
lake is emptied by a cut through a rim of the basin. If the dike is
raised to a height of 15 feet at Leavitt Lake, it is stated that the water
will cover approximately 2,000 acres 20 feet deep. The dike is now
about 7 feet high. The intake canal is 30 feet wide on the bottom, 6
feet deep, and with a slope of 2 feet per mile. It is said that the
elevation of the canal will permit the raising of the dam as suggested
above.
It is believed that with these reservoirs properly constructed the
averageannual discharge of the Susan Creek can be controlled. The
supply available at McCoy Flat can be increased by the construction
of a canal about 5 miles long into the basin of Susan Creek from near
the head of Pine Creek, which now _ows into Eagle Lake. This
would add 30 square miles to the drainage basin above McCoy Lake.
Using the ratios of run-off per square mile obtained from the three
years of record of Susan Creek, we would obtain from this Pine Creek
diversion for 1900—1901, 12,380 acre-feet; 1901-2, 7,385 acre-feet;
1902—3, 6,082 acre-feet. This water added to the measured _ow of Susan
Creek, less the estimated present rights to 55,000 acre-feet, would
yield on the three years given a supply available for the irrigation of
other lands as follows: 61,355 acre-feet, 16,352 acre-feet, and 3,521
acre-feet. Reservoirs could probably be built to control these _ows.
A ditch known as the Mastin ditch diverts water above the gaging
station on Susan Creek. No complete records have been kept of the
_ow of this canal, but it is believed that it will average 2 second-feet,
or 1,500 acre-feet per annum. This diversion is not included in the
discharge tables given above. '
EAGLE LAKE.
Eagle Lake covers 27,800 acres. It is a sink, and does not visibly
contribute to the drainage of Honey Lake Basin. It is surrounded by
high mountains, and has an elevation of 5,115 feet. It is very deep
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and is currently said to have been sounded to a depth of 1,900 feet.
It is popularly supposed to be a great-source of water supply if it
could be “ tapped,” and some money has been spent for this purpose.
Eagle Lake, however, being a sink, has adjusted its sur_cial area to
evaporation and in_ow, and it is not possible to obtain any material
water supply therefrom, except by drawing it down to such an elevation that the surface area exposed to evaporation will be materially
reduced: A tunnel 3 miles long would draw the lake down approxi~
mately 100 feet, but no data are at hand showing how materially this
would reduce the area of the lake. It is not believed to be a feasible
project commercially. It is much simpler and cheaper to divert the
upper tributary of Eagle Lake, called Pine Creek, into the headwaters
of Susan River, and impound its water at McCoy Flat. If this was
done, Eagle Lake would probably fall.
WILLOW CREEK.
The drainage basin of Willow Creek above Pete Creek is 101 square
miles. Above the dam site on the Willow Creek Meadows there are
about 90 square miles of drainage area. The southern third of the
basin is timbered; the remaining portion is barren hills. The elevation of the valley is 5,000 feet. Judging from the run-01f of Susan
Creek, the run-o_' on mean years would approximate 0.3 of a secondfoot per square mile, or a mean _ow of 27 second-feet. The reservoir
site in Willow Creek Valley will cover probably 8,000 acres, the grade
of the stream not being over 2 feet to the mile. The dam site at the
lower end of the valley has walls of basaltic rock, and the opening is
from 400 to 500 feet wide. The dam would be of an earth or rock_lled type, with large spillway accommodation. W'm. H. Hall estimates the discharge of Willow and Pete creeks at 30,000 acre-feet.
The discharge above the Willow Creek reservoir site on mean years
would be about 20,000 acre-feet. 1f the reservoir covers 8,000 acres,
the mean depth of water would be but 21} feet, therefore the loss by
evaporation would be a very high percentage of the total storage. It
is not probable that the lands of this basin, which are irrigated for
native hay, could be bought for less than $20 an acre, or $160,000 for
the right of way alone. This would represent about $16 per acre-foot
of water delivered from the reservoir for right of way alone, which
would be excessive. This reservoir site is therefore condemned
because the cost is too great. In order to control the waters of Willow Creek a smaller reservoir
site must be found, or the stream diverted around the upper end of
Susan Creek Valley into Lake Leavitt. V. S. Barber, a local engineer, was employed to explore the lower end of Willow Creek for
other reservoir sites. The entire basin of Willow Creek, above its
month, including Pete Creek, but excluding the Horse Lake Basin,
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has an area of 186 square miles. The run-off on average years is not
over 0.25 of a second—foot per square mile, ora mean _ow of ~16 secondfeet per 33,300 acre-feet on mean years, and about 15,000 acre-feet on
dry years. This water probably could be delivered to Lake Leavitt
by a canal 12 miles long. No surveys were made to determine this.
Using the measured run-off of Susan Creek as a guide, it is estimated
that the following amounts of water could have been diverted to Lake
Leavitt from Willow Creek: In the season of 1900—1901, 15,000 acrefeet; 1901—2, 10,000 acre-feet, and in 1902-3, 7,500 acre-feet. Add
this to the available surplus obtained from Susan Creek and the diversion of the headwaters of Pine Creek, the surplus waters would be
increased to the following amounts on the three years named above:
76,355 acre-feet; 26,352 acre-feet, and 11,021 acre-feet. These _gures
may be considered as the ultimate obtainable from the district northeasterly from Honey Lake as determined by data now in hand. They
indicate the possibility of improving the supply for the 20,000 acres
of lands now claiming water rights, and also the additional irrigation
of from 10,000 to 15,000 acres of private land. The following memorandum concerning Willow Creek basin is presented by V. S. Barber,
of Susanville:
PETE CREEK.
The dam site'is very poor at the mouth of Pete Creek, the canyon
being wide, and the abutments loose lava, or solid lava with large _ssures and seams. Suitable clay or earth is‘not at hand. Within 100
feet of Willow Creek there is about 6 feet fall in Pete Creek, and,
continuing upstream, the canyon of Pete Creek is very narrow for
nearly a half mile, though with very little fall; then it widens somewhat and rises steeper for a quarter or half mile more, at which elevation it is about 60 feet above Willow Creek. Thus a rather long dam,
over 60 feet high, would have a comparatively small capacity. It was,
therefore, concluded that the placing of a dam at the junction of Pete
and Willow creeks is not a practicable and economical means of storing
_ood waters at that point. Therefore no further time was spent on
instrumental work at that point.
An investigation was made just below the mouth of Balls Canyon.
The main portion of the reservoir site was meandered carefully, but
the auxiliaries, dams, and possible extensions were not examined
instrumentally.
The preliminary work showed that the conditions are as follows: (1)
10,000 to 12,000 acre-feet of water could be stored in a series of small
reservoirs at a reasonable expense; (2) in the spring, even in the
driest years, there is always enough water to _ll the reservoir going
to waste past this point; (3) there is high-gmde irrigable land in close
proximity to the site; (4) the embankments and beds of the dam sites
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are of a good quality of puddle clay; (5) large spillway capacities could
be provided at a low expense; (6) all losses by seepage from the
reservoir, ditches, and irrigated lands will be valuable lower down,
whether it _nds its way back into the running streams or simply
raises the ground water in the lower _elds.
LONG VALLEY CREEK.
Long Valley Creek, exclusive of White Alkali Lake, has an area of
230 square miles. The western side of the drainage basin is the
abrupt eastern face of the Sierra Nevada. The water from this creek
can be advantageously distributed on the desert lands southeast of
Honey Lake. The Honey Lake Land and Water Company was organized prior to 1894 to reclaim this land from Long Valley Creek. The
construction of a dam for the impounding of these _ood waters was
then commenced about 6 miles from and 200 feet above the lake. The
reservoir when full will cover nearly 1,000 acres to a maximum depth
of 90 feet, and have a storage capacity 28,01]! acre—feet. The dam was
carried away before it was completed and the company failed. The
dam was to be 500 feet wide at the base, 20 feet wide on top, and 96
feet high from the datum at the bed of the creek. The slopes were
to be 3 to 1 inside, 2 to 1 outside, and the length of the dam would be
960 feet. In the low-water stage the creek is alkaline.“
Judging from the appearance of the drainage basin, it is estimated
that the stream is alternately either in _ood or in drought, and that the
water supply would not be reliable. In addition, the reservoir site is
still owned by the water company, and 15,000 acres of land thereunder
have been lately _led upon with State lieu scrip.
DUTY 0F “'ATER.
In the water contracts that have been signed throughout this valley
it has been customary to assign 1 miner’s inch to 1 acre, the irrigation period extending from May 10 to, say, August 10. The water,
however, is not available for so long a time. Should the irrigation
extend over one hundred days this would be equivalent to a depth of 4
feet. Possibly 2 feet in depth annually would be suf_cient. The
experience on similar lands in Nevada generally calls for a depth of
3 feet. It is not believed that the duty could be placed higher than 2
feet. Upon the consultation with the county of_cers and representatives of the United States Land Of_ce it was estimated that there were
100,000 acres of irrigable land northwest of Honey Lake, 150,000
acres southeast of the lake in California, and 100,000 acres southeast
of the lake in Nevada. The lands northwest of the lake nearest to the
available water supply from Susan and Willow creeks certainly should
“A detailed description of work is given in Engineering News, March 15, 1894.
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be _rst irrigated. Judging from the topographic maps of the United
_ States Geological Survey there are not over 60,000 acres of these lands
‘ northwest of the lake, but the area is greater than could be served
from the available‘ water supply from this source. Arrangements
were made with the registrar of the United States Land Of_ce at
Susanville to prepare township plats showing all remaining public
lands in this district. It has previously been stated that 20,000 acres
now have water rights attached thereto, and the ultimate development
of the basin would permit of additional irrigation of from 10,000 to
15,000 acres from Susan Creek and its tributaries. A large portion
of the lands southeast of the lake are public, but they are not of so good
grade. Moreover the water from Long Valley Creek apparently is
not available publicly.
Generally speaking, the lands are good. They range from sandy
loam to adobe, and are generally covered by sagebrush on the sidehills, merging into alkali _ats near the lake. These _ats would have
to be reclaimed by drainage as well as by proper irrigation. The
holdings, as a rule, are from 160 acres to 320 acres, the largest being
probably about 4,000 acres. The uncultivated sagebrush lands under
the canals are probably worth from $20 to $30. When sown to alfalfa
they are worth fully $50. When not commanded by water they are
practically worthless. The country is distinctly a stock country, and
the prime crop is alfalfa, of which crop from 4 to 6 tons can be harvested in three cuttings annually.
WATER COMPANIES.
The Colonial Irrigation Company, of Honey Lake Valley, about
189-1 obtained possession of some water properties, including reservoir
sites, on Susan Creek. It was a colonizing enterprise. This company
and its predecessors obtained possession of McCoy Flat and Leavitt
Lake, and also of the canal system, by _ling right of way applications.
The capital stock of this corporation is stated currently to be $800,000,
in addition to the bonded debt, which is still outstanding. This would
all have to be reckoned with in case the Government undertook the
construction of the works. The other diversions of water in this valley are by private parties, with short canal systems, the lands being
frequently _ooded by placing weirs in the river and spreading out the
waters of the creek over the adjacent farms. At the delta of Susan
Creek the oldest inhabitants of the valley have settled. They are
locally known as the “Tule Confederacy,” because of the manner in
which they have stood together in water litigation protesting against
upper diversions. There irrigation is almost entirely by _ooding from
the creek channels, the result being the production of a crop of about
1 ton of native bay to the acre. These lower rights would have to be
dealt with, but it is alleged that these people will not resist a Federal
movement to construct a comprehensive system.
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PUBLIC SENTIMENT.
The public sentiment of this valley is said to favor the construction
of works by the Government. However, the parties living in the
lower end of the valley, in what is known as the “ Tule district,” were
not interviewed and their position is known only by hearsay. In the
higher foothill lands and at Susanville the sentiment seemed to be
markedly in favor of the project.
SUMMARY.
Probably from 10,000 to 15,000 additional acres of land can be irrigated from Susan and Willow Creeks, and the land now being irrigated
brought under a more satisfactory supply if these streams were properly regulated, as they can be by the construction of reservoirs. Our
records for stream _ow are for dry years, but not the driest. These
series of years of low rainfall should properly be the controlling ones
in the development of the irrigation system. The irrigahle lands
are practically all in private ownership. In addition, water corporations and private water rights will have to be dealt with and consolidated, the situation being complicated. It would be necessary, in
order to proceed satisfactorily with this matter, to surrender all water
rights in the valley to the Government and to place all comers on an
equal footing, for the development of a harmonious and comprehensive system.
INVESTIGATIONS ON COLORADO RIVER.“
Surveys and general investigations along Colorado River, from
latitude 35° 36’ to the Mexican line, were inaugurated during the
months of October and November, 1902, and continued until June,
1903, E. T. Perkins being engineer in charge in the _eld.
The surveys were mainly topographic, a large amount of triangulation and primary and secondary leveling being done. As the Reclamation Service had not yet organized a corps of skilled topographers,
most of the topographic work was done by topographers detailed
from the division of topography of the United States Geological Survey. The work of the topographic division about Needles, Cal., was
under the general charge of E. C. Barnard, and that about Yuma,
Ariz., under R. B. Marshall. Later in the season Mr. Barnard’s
duties called him elsewhere, and Hersey Munroe succeeded him.
Primary triangulation was extended from 100 miles above Needles,
Cal., to the Mexican line, 300 miles south. Principal lines of levels
were extended by R. B. Farmer from the Paci_c Ocean to Yuma, a
distance Of 275 miles; and then on each side of Colorado River, north
and south, over all territory under consideration; other lines of
levels branching from these principal lines were run so as to have
la Extract from report of E. 1‘. Perkins, See also report on Colorado River diversion. In First
Annual Report of the Reclamation Service, pp. 106—129.
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complete control. Topographic surveying parties mapped all of the
region adjacent to the river, save that between Picacho and Ehrenberg,
which work will be mapped during the coming _eld season.
A diamond drilling out_t was put to work at the lower end of
Pyramid Canyon, near Bulls Head, A1iz., in ordei to determine the
“depth to bed rock and to ascertain the feasibility of constructing a
«high dam at this point.
At Bulls Head and at Yuma, Ariz. , gaging stations were established.
The discharge of the river was measured three times a week aid the
height of the water was observed daily. Samples of the river‘ivater
were regularly sent from Yuma to the Agricultural Experiment Station at the University of Arizona, where Prof. R. H. Forbes made a
study of the physical properties of the water. During the winter new
appointees of the Reclamation Service were instructed in the general
methods of topographic surveying as practiced by the United States
Geological Survey.
During the course of the detailed topographic mapping the topOgraphers classi_ed the area mapped into _rst, second, third, and fourth
class lands, so that there was obtained, in addition to the contour map,
a land-classi_cation map. The land was divided into two general
classes_irrigable and nonirrigable land. Irrigable land was classed
as _rst, second, and third class; under “nonirrigable land” was
included land too rocky, too broken, or too full of alkali (as shown by
surface deposits of “white” or “ black” alkali) to permit of agriculture. The topographer was guided by his own knowledge, by frequent consultations with the inhabitants, and, in a general way, by
the vegetation.
A more detailed, searching investigation of the soils about Yuma
is now being made by J. Garrett Holmes, of the Bureau of Soils,
Department of Agriculture. It is the intention of Mr. Holmes to
investigate each 40-acre tract, and to mark upon the ground and upon
the topographic map the point of investigation, so that actual proof
of this investigation can be shown when the lands are classi_ed for
homestead segregations. The soil maps will show conditions for the
_rst 2 feet in depth and for a total depth of 6 feet. A circular hearing upon the relations of soil conditions and vegetation has been issued
by the Agricultural Experiment Station, University of California,
Bulletin 1-10, supplement.
\Vherever possible, high- water malks wele r,ecorded so that the
areas covered by _oods could be estimated. A fu1 ther study of this
subject is being made.
PROJECTS INVESTIGATED.
The work of the winter 1902—3 along Colorado River, from latitude 35° 36’ to the Mexican line, has shown the projects named below
to be either feasible or worthy of further investigation. In order of
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their importance and urgent need of investigation the projects are
ranked as follows: >
(1) A dam at the Yuma dam site, with canals from this point to lands
in California and in Arizona.
(2) A diversion at Black Point, near the upper end of the Blythe
estate, in California.
(3) A diversion at Headgate Rock above Parker, Ariz., with canal
covering Colorado River Indian Reservation, in Arizona.
(4) A dam at Williams River for storage purposes and water
regulation.
(5) A diversion at Bulls Head, Arizona, with canal leading to the
lands of the Needles Valley, Arizona. Also a further investigation
for bed rock at Bulls Head for a high dam for storage purposes.
(6) Investigations of possible reservoir sites above 350 36’, notably
at the Las Vegas Wash and at Virgin River.
It would be advisable to investigate reservoir possibilities on Co]orado River in Colorado, Utah, and W'yoming, above the point where
streams carrying high quantities of silt enter, so that we may have
knowledge of such storage possibilities as exists where provisions do
not have to be made for silting.
YUMA DAM SITE.
At a point 22 miles above Yuma, Ariz., Colorado River passes
through the _rst rocky gorge, the walls being about 1,500 feet apart.
The hills through which this gorge is out were named the “Purple
Hills ” by Lieut. J. C. Ives in 1857—58.
The topographic maps show that the construction of a diversion
dam here, 70 feet high, would make practicable the reclamation in the
river bottom of 178,000 acres in Arizona and 23,000 in California, with
a possibility of so extending the California canal as to cover all the lands
of the Salton Sink, where it is roughly estimated there are about
300,000 acres of good land not now under ditch. The 23,000 acres in
California are fertile lands in the Yuma Indian Reservation, on which
there are about 300 Indians. The reservation has recently been subdivided; the lands Will be allotted to the Indians in severalty, and the
remainder made available to settlement. This project is the only one
which has so far been discovered where a high-line canal is considered
worthy of investigation, if satisfactory conditions are found at the
proposed dam site. Of the Arizona acreage 87,000 acres are mesa
lands, which could be devoted to the highest forms of agriculture, the
remaining 91,000 acres being bottom lands suitable to general agricultural products. The advisability of constructing a high-line canal can.
be determined only by further investigation.
The general plan of reclamation of the lands adjoining Colorado
River, as proposed by A. P. Davis, supervising engineer of the Reclamation Service, provides that the project farthest down the river should
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be _rst taken up, and diversions made and reservoirs formed as needed,
the dams being of such heights as to permit the silting of low bottoms,
which could afterwards become agricultural lands by diverting from
lower outlets in the dam. The building of the Yuma dam or a low
weir is in harmony with such a plan, and has independent intrinsic
merit of the highest order. The extreme upper waters of the reservoir
would cover the lowlands between Picacho and Ehrenberg, but would
not “ drown ”any large amount of land at present suited for agricultu re.
The desirability of extending the work along the lines proposed by
Mr. Davis is dependent upon further study. The project of a high
dam is dependent on _nding bed rock at this dam site within reasonable
depths. If such conditions are not found, an estimate will be made
upon a low diversion weir with a spillway on bed rock on the side and
a low-line canal.
This lower project is conveniently located for transportation facilities, and would reclaim lands lwhieh now have a growing market for
their produce. Furthermore, the construction of the system here
proposed would aid a number of most deserving citizens of the United
States—the farmers below Yuma, who are now struggling with defective irrigation and reclamation systems. These men lately obtained
the titles to their land by brave and unwearying e_'ort in the courts,
in con_ict with claimants of a Spanish grant. ‘
A considerable area of the lands below Yuma is subject to over_ow
when the river gage at Yuma indicates a height of 24 feet and 6 inches,
and provision must be made to protect this land with levees. This
over_owed district has an area of approximately 30,000 acres in Ari_ zona and 18,000 in California. A further study of this question is
being made. Should it appear feasible to construct such works as
would irrigate this area, especially the mesa lands, a thorough system
of drainage will be necessary.
On August 31, 1903, the President ordered that the Fort Yuma
abandoned military reservation, in Arizona, be reserved and set apart '
for the uses of the Reclamation Service. The order is as follows:
It is hereby ordered that the Fort Yuma abandoned military reservation lying
south of the Colorado River, in Arizona, with the buildings thereon, excepting the
building and lands reserved for the Weather Bureau by Executive order dated March
26, 1902; the building and lands reserved for the customs service by Executive order
dated April 29, 1902, and the rights of way of the Yuma Pumping Irrigation Company, conferred by the act of Congress approved January 20, 1893, and all legal
vested rights, be, and it is hereby, reserved and set apart for the uses of the Reclamation Service.
A table showing the classi_cation of lands about Yuma is given
below. In the preparation of these tables and similar ones an arbitrary division into sections was made, and the acreage computed in
_rst, second, and third class. The average elevation of each section
was considered in relation to the construction of laterals for irrigating
this section and in connection with the elfect upon the cross section of
the main canal.
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CALIFORNIA: PROJECTS ON COLORADO RIVER.
Classi_cation of lands of Yuma Valley.
BOTTOM LANDS.
127
Calllomla. Arizona.
Section_ 12%;“. Ch... Squue ‘lquure
miles. Acres. Lmilea. Acres.
M _ _ A First class ..... 0. 72 461 0. 52 333
4 1601+Secondclass.-- .22 140 ....................
I Worthless ..... .17 109 .72 461
31 Total..-- 1.11 77771701 7 1.217 7111
. lrFirstclam ..... 77877 1,337 , 17.54 7 11,223
5 1 150 .1 Second class .................... ‘ 5.41 3, 462
i Worthless ......................... .89 570
W Total..-. 2. 37 1,937 177723.731 1572537
1 First class ..... 23. 717727 7147,7957 13.25 8,430
5 140 1 Second class .24 154 3. 54 2, 235
1 Worthless ..... 2.12 1,357 .04 211 4
7. Total...-7257._ _7167,30h'7 7 7 10.733 ”_n-7717
lrFirstclass ..... 3. 937 7 5, 77137 7 2.33 '7 1,523
_ Second class .' ............. - ..... . 36 231
‘ 130 7‘ Worthless ..... .05 34 ....................
Total...- 3.973— 77777 5, 77177 7 2.7774— 1,754
Firstclaes ............ 7. 7W7. 7 7257. 70 1157, 443
8 120 1Second class... .................... .27 173
Worthless ......................... 32 205
Total.... ................. 7.! 270.7729 7 1173207
First class ......................... E 20. 05 16, 072
9 110 Second class .................... . 44 282
Worthlem ......................... i 1.38 883
. 10131.... "7.7.... .-..7...' 727.737 7171,8377
.rFirst class ..... 7.7.7.7: 7-7-7.-. 7307.05 719,003
10 100 E Second class ........................................
Worthless ......................... . 03 111
[1 Total..-. .................... 1 7307.706 1713,7622
IrFirstclaas......7....7...-........I7 12.32 71,335
11 90 '4 Second class... ........................................
Worthless ......................... .26 166
1 Total.... .......... 77.73 7 7172.753 3,051
rFirst class ..... .— 375.7 8171 22,306 i 123.30 32,170
Total. ..-1 Second class .46 294 ' 10.02 , 6, 413
,Worthless ..... 2. 34 1,500 ; 3.01 2,330 _
Grand total. ................ 33.44 {772476007 7 1172.705 710,913 7
“Arbitrary divisions of irriguble lands used In classifying the soil.
1
TX700084086

128
SECOND ANNUAL REPORT OF
Classification of lands of Yuma Valley—Continued.
MESA LANDS.
RECLAMATION SERVICE.
Cullfomla. Arizona.
Elcva- ' Secti . Cl .
0“ lion- “a“ 8;;ng Acres. mg? Acres.
Fleet.
'First class ......................... 24. 03 ..........
Second class -.- .............................. 15, 379
1? 140 1 worthless ......................... 20. 10 12, 664
Total- - . - .................... 44. 13 28, 243
'Fimt class .............................................. y
| Second class . . - .................... 6. 61 4, 231
13 150 llVor_lk__ ......................... 3.76 2,406
1 Total. . - . .................... 10. 37 6, 637
First. class .............................................
Second class . . . .................... 23. 96 15, 334
14 160 Worthless ......................... 2. 03 1, 299
5 Total . . -. .................... 25. 99 16, 633
First class .............................................
Second class - . . .................... 8. 93 5, 716
15 170 l Worthless .............................................
. Total. - .- .................... 6 93 5, 716
'First class .............................................
Second class - .. .................... 27. 17 17, 389
16 180 1 worthless ......................... .04 26
._ _ l, _,___A_
L Total.--. ; ................... 1.7.1.1 17,415
First class. .............................................
Second class . . . .................... 17. 87 11, 437
17 190 1 Worthless- ........................ 1 49 954
1 qual.-.. .................... 19.36 1 12,391
First. clam-1 ......... L . .—..: : .......................... :
Total ..... Second class . . . .................... 103. 57 . 69, 486
\Vorthless . . - . . .......... 1 .......... 27. 42 i 17, 549
Grand total. .................................... 135. 99 1‘ 87, 035
Total ..... ‘
Grand total‘I 1
1 Fxrst class ..... |
Second class _ . .;
1 l
‘ Worthless ..... ‘1
35. 64
f
BOTTOM AND MESA LANDS.
22, 906
l
126.60
.46 294 118.59 ;
2.34 1,500 31.06 '
38. 44 24, 600 I 276. 04
I
----------------l
|
82, 1 70
75, 899
19, 879
177, 948
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A. YUMA DAM SITE. COLORADO RIVER, LEFT ABUTMENT. ARIZONA.
B. YUMA DAM SITE. COLORADO RIVER‘ RIGHT ABUTMENT, CALIFORNIA.
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PICACHU DAM BITE.
At one time the construction of a dam for storage purposes at Canebrakc Canyon, below Picacho, was favorably considered, but the possibility that such a reservoir would _ood much good land above the
dam arises, and for the present it is recommended that work upon
this site be deferred pending investigations elsewhere.
DIVERSION AT BLACK POINT ABOVE BLY'I‘HE MATE.
On the California shore, at Black Point, about 10 or 12 miles above
Ehrenberg, Ariz., is a possible diversion point. though the bottoms
on the left bank are low and wide. The river, however, seems
to naturally encroach upon the right bank, as is stated in the First
Annual Report of the Reclamation Service. A canal from this point
would cover 40,000 acres in private ownership and about 95,000 acres
of public lands. It is possible that this canal could also be extended
to cover Milpitas Valley, reclaiming altogether, 102,500 acres. This
project is worthy of prompt consideration, as it is one of the very few
large ones in California that seem worthy of serious consideration
under the reclamation act, and as the major portion of the lands are
classi_ed as either first or second class. At present an association of
private individuals is planning to put in a ditch at this point; it desires
to retain 10,000 acres of the Blythe estate for a sugar-beet plantation
and to sell the remaining 30,000 acres in small holdings.
INVERSION AT HEADGA'I‘E ROCK.
Below Headgate Rock, on the Arizona side of the river, lie 129,000
acres of lowlands of the Colorado River Indian Reservation. A canal
might possibly be constructed from Williams River, or should this
prove too expensive, a diversion may be made at Headgate Rock.
Such a canal would cover 129,000 acres above Ehrenberg, and 25,000
acres below. The area below Ehrenberg and above Picacho has not
been mapped. The lower acreage below Ehrenberg can not be computed accurately and is not included in the table below. Almost all
this land is in Government possession.
The lands of the Indian reservation are of great fertility, and at this
point the Atchison, Topeka, and Santa Fe Railway has made reconnaissance and run preliminary lines for a new crossing of the Colomdo
in order to obtain lighter grades. \Vere this line constructed the
reservation lands would be of great value, as they are most fertile and
the great body of them lies above _ood levels. The lands in this valley are classi_ed in the tables following.
H. Doc. 44, 53—2—9
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Classification 11] irriguble lamb: bdrm! Hcadyule Rock.
A HOV I'Z EH R EN BEIH L
SECOND ANNUAL REPORT OF RECLAMATION SERVICE.
Elem. 1
In_ulifnrmn lu-Inw Blythe-1
salute hcmlgnlr.
In Arizona.
Sectimu liun. Chum. i. * ’ 1 *1 r’
, 11:11:." *11'1111m
Fed. t
11 Firstclass ............. . ............. 4.55 2,912
_ ’ Secullll class _____ ‘ .................... t 11. 42 7, 3011
1‘ -------- 50° ‘ “'ort 111m _______ ‘. _ _ , . ................ j 4. 7.5 3, 059
.1 7 .7, 7 ‘ _ i
‘ IL Ti.ita1......-.. _____ 211.75 13, 21-10
‘ ' r First claim ............................ 1 13. 33 8, 851
Second class ......................... ‘ ll. 25 7', 200
L ........ 3111 . ‘ , . —
“i urlhlcss .......... i. .1 ................. ‘ 4- 4b 3, 3‘05
‘ Total ....... .................... 29. 54 13, 906
I :,—" “— :77—
} ) ’ Fin-1t class ................ 2 .......... 6. 30 ‘1, 224
\l 3%) Second class . . - - . - .......... l .......... 3. 35 '1, 324
‘ """" " “’orthless ................. - .......... 2.56 1, has
I
! .
1 Ti .1111 _____________________________ 12. 01 7, 6815
' 1 First Mama ........................... 9. 77 6, 253
Nee-11nd class . _ . - - . ................... 5. 43 3. 475
~ . a: 1 .
3‘ -------- l 5-” 11‘ \i'iirmii-sii . _ . . _ __ ____________________ 11.10 7, 296
Tutal- -,,, ...................... 26.610 17,024
| 1 First class .......................... 9: 61 6.150
) Second class .......................... 4. 3‘2 3. 035
‘ ------- 3“) “'ortlilee-Is ___ _ __ . ..................... 16.12 10. 317
1 Total ....... . i .................. 30. 55 19, 552
1 *__ 7T7 7—* __.'k' . im—m *- h Firstirlass..--.-..-.-. ............... I 44.21 28,294
1’ _ Second class ..... g .................... I 2. 65 l, 696
“““ 300 Wurlliless...-.-....-...-...-.-----..| 9.21 5,895
i» Tntal-.-.-... ......... 56 071 .......... ! 35,885
;. *_' ‘—— Y 1—: E —__'7__.
‘ First class .110 ‘ 512 ‘ 20.10 12,864
1 Semnd 111111151 .-.-...---.... ............ I ....................
1 l
‘1 -------- . 3"” 1‘ \Vortlll__b‘ ....... 1 1.115 1, 0511 ‘ 1. 83 1.171
1— W '
I Tutu] ....... l 2. ~15 1,568 ! 21. 93 14, 035
I T _7: ' 7 ‘7 7 7; u '_ V"
. First (‘IHHH __..- . -l 111. 111.1 10, 662 ‘ 2.18 1, 395
80011111! 111111-14 ..... - 1. 38 834 .....................
n) I
R “50 iviu-iIiIi-ss ....... l 2. 01 1,2146 3 1.12 717
1 Total _______ .i 20.115 12, 21:12 1 3. 30 2, 112
Digitized by GOOSIQ
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(711211301th111 0f irrigablr lmula below Hmulgale R06k——(bl1ti11116d.
BELOW EH KEN BERG.
1 ‘ In (.7311 11.1mm lx-lnw Blythe
calulu hrmlgutc. 1" A_mnu'
Pile va Set-1.11m. 11011. I (_lm. “111nm. I 5‘ uur A ~ —
._ ' . l‘
, 1111169. I “m" , nines. ‘ Am“
Fruit. ! ‘ y 1
1
1 1 1711-91 class ....... 14.67 I 9.339 ‘ 1.07 1 635
Second 01331-1 ..... l. 59 1 1,018 .......... 1 ..........
1 n"'
‘5 """""" 7‘" .1 Worthless ....... 1.21 1 774 .63 l 403
Total.......: 17.471 11,131 170‘ 1,033
1 _ _ _ . _ _ ,_ __ ,
' First class ........ 6.13 1 3,955 . 1 57 i 1,005
, Serum! class ...... 3. 49 ‘ L), 234 ....................
5 -------- . 3'0 Worthless ........ 2.44 I 1.561 ---------- ' ---------Total ........ . 12.11 ‘ 7, 750 f 1 57 1,005
1 - .-_ _ _ - _. , _ — —::
"Firstclasa ........ 14.92 i 9, 549 i 1.57 1,005
Second c1939 ...... ‘ 11.53 7,379 ' ....................
T -------- 3"” Worthless ........ 5.23 3,379 1 1.51 966
. , Total ........ 31.73 20,307 i 3.03 1,971
‘ Fimtclasa ........ f 10. 63 6,303 1 1.16 742
1
Second class ...... .33 211 ’ ....................
U 251) , l
"""" f ‘ “orthless........ 29.54 18,906, .39 250
|
1__ 1- -1-_,2__ _
| ‘ Total ........ 40.50 25,920 1 1 55 992
RECAPITULATIUN.
In California. i In Arizona.
Location. Class. __—____ 1H " "’
8131135 “'9'“ 3333:? Am”Abuvc Ehrenberg - First class ........ , 32. 13 t 20, 563 111. 92 71, 628
Second class ...... , 2. 97 1 1,902 33. 42 24,539
Worthless ........ 4.37 I 3,116 1 52.11 33,351
Total ........ 39.97 1 25, 531 : 202.45 129,563
Below Ehrenberg" First class-1 ........ 31.73 20,307 ! 4.30 2,752
Secund class ...... 15. 35 9, 82-! i ....................
Worthless ........ 37. 26 23,346 I 1.90 1,216
Total ........ 34.34 53,977 i 6.20 3,963
Grand 16191.. First class ........ 63. 36 3 40,370 ' 116.22 ‘ 74,330
Second class ...... 18. 32 11, 726 38. 42 24, 589
Worthless . ....... 42.13 26, 962 54. 01 34,567
Total ........ 124.31 [ 79, 553 1 203.65 1 133,536
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DAM AT “’ILLIAMB RIVER.
The topographic maps show that a dam 75 feet above average lowwater river level at the Williams River dam site would create a
reservoir with a capacity of 1,300,000 acre-feet and a surface area of
50,873 acres. Such a dam would not _ood the town of Needles nor
compel the raising of much of the track of the Santa Fe Paci_c Railroad, but it would probably compel the raising of the Red Rock bridge
at Mellon, Ariz., about 10 feet. This reservoir would be of great size,
and would serve a good purpose in regulating the river and in silting
the lower bottom lands of Needles Valley. A dam of this height (75
feet) would not _ood the Red Rock bridge except through the effect
of “_owage,” which has not yet been determined, but a higher dam
would certainly do so, and would necessitate the removal of the
town of Needles and a general elevation of the tracks of the Atchison,
Topeka and Santa Fe from Mellen to Needles, but the added capacity
of the reservoir might justify this action. This project should be further investigated with a View to _nding bed rock and proper spillways.
Along Colorado River there is much question as to _nding bed rock
in the old bed of the river, but at Williams the river appears to
follow a new channel, and the indications are that bed rock will be
found at such a depth as will permit of building a high dam.
Capacity of Williams River memoir.
Height Am. Capacity of
above low . section. Total capacity.
water. Square miles. Acres.
0 0. 51 326 .......................
10 5. 32 3, 404 18, 650 18, 650
20 10. 90 6, 976 51, 077 69, 727
30 19. 56 12, 518 95, 010 164, 737
40 2-1. 24 15, 512 1-16, 857 311, 594
50 29. 72 19, 020 165, 096 476, 690
60 42. 5c 27, 200 _ 230, 877 707, 567
70 67.65 43, 296 339, 510 1, 047, 077
80 91. 40 53, 450 523, 270 1,570, 347
90 117. 86 75, 430 551, 310 2,222,157
1 100 140. 32 89,811 848, 130 3, 070, 287
This capacity gleatly exceeds that of the Assuan reservoir of
Egypt, which is 1,065,000,000 cubic meters, as stated by Willcocks in
Egyptian IrrIgation, or 863,396 acre-feet.
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BULLH HEAD DIM SITE.
In an investigation for the Bulls Head dam the _rst proposed site
was abandoned. Back of the rocky river hills there was exposed a
contact point of clay and sand at su_iciently low elevation to jeopardize
a IOU-foot dam at this place. Such a structure here would create a
Hole N0. 16
Hole No.15
_—‘\_ . __ __Coln___n_PiWr
Sand \' __ ‘K'
190 200 ' 1306‘ i .400 500 600 me a.
1 . l i i l l l J l- l n l
caoss SECTION LINE 3. DAM sms no.2
—O
l“540 fb.
i-‘g
9
z
a:
'5
I:
8016 No. 18
Colorado River ‘ 500‘
480*
4004
i ) i ‘ +40—
1' l ‘ T
[hi-Vim if r), v—krre ‘r-w . “I
_it] 4330.
l) 100 200 300 ~lU0 .500 600 700 800 ft.
1 J. L _. I 1 l l i . l 1 l A i l l
CROSS SECTION DAM SITE NO..2
Fm. 10,—Cmaq section. Bulls Head dam site N o. 2. Colorado River.
reservoir with a capacity of 845,000 acre-feet and a surface area of
16,750 acres. While the conditions are unfavorable for so high a dam,
a dam 60 or 70 feet above low water may posaibly be constructed,
provided bed rock is suitably close to the surface. A dam 7 0 feet in
height would form a reservoir of 392,000 acre-feet capacity, with a
Digitized by GOOSIE
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surface area of 13,600 acres. Iii consideration of this fact, it is deemed
advisable to continue the investigatioiis here in the future. The
capacity and surface acreage are computed only to the northern limit
of the area mapped (lat. 35“) 36’). Where the canyon begins it is not
believed that the portion of the reservoir in the canyon will increase
the capacity to a large extent.
CROSS SECTION LINE 1. DAM SITE no.2
Hole No.14,
-500
‘i_ ..
09.21.10
7.—
, . . 'n
. . ~7th - .
n ‘ I; .. .‘ZI'... -..¢':.o “-1.7" ‘—
fthti‘ft ' w .- 420‘
‘ . ' . 5.3 .‘.'.'-“~‘{ " '
~14!) ' "11.: i i: ‘ «33/?4- 4w.
\pl‘kh 5&3}
{E1 in?» “
+330 3800 l lqt, 1 SI?0 2‘90 Agni 4i“) i :Kro l _jlo 1 ‘5') l 8(1) ft‘
CROSS SECTION LINE 2, DAM SITE No.9
Fm. 11.—Croes section. Bulls Head dam site No. 2, Colorado River.
At the lower end of Pyramid Canyon. where the walls of the canyon
and the neighboring hills presented good surface conditions for a high
dam, an extended series of borings was made for bed rock, but with
unsatisfactory results.
:4“ liars”?
«wort. ‘ 151.500—
;m 480:.
Am «0:
"-«o «0:
L400 420:
1.00 ml
Lam .L‘ 330-:
a.le.e.a.a.a.e.a.m
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0
DIVER_lON AT BULLS HEAD FOR NEEDLES VALLEY.
Though no suitable place for a high dam has yet been found at. Bulls
Head, it is feasible to construct here a diverting weir about 20 feet
in height above low water, with wasteweir founded on solid rock on
the Arizona shore. From this weir could be carried a canal which
would cover 47,000 acres of land in Arizona between Bulls Head and
Mellon.
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Capacity of Bulls fiend reservoir (to latitude 35° 36").
Height Am‘ .
above low — —— _ Total capacity.
water. Square miles 1 Acres I
0 ................................ . - . 10 1. 26 806 4, 030
20 2.16 ‘ 1,571 15,993
30 3. 84 2, 458 35, 897
40 9. 70 6, 208 7-1, 706
50 14. 40 9, 216 157, 584
60 18. 94 12, 122 258, 686
70 I 21. 28 13, 619 395, 325
80 l 22. 78 14, 579 529, 276
96 9 24.26 15,526 686,864
100 ; 26. 17 ‘ 16, 7-19 810. 716
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Irv-{gable lands in Neal!“ Valley.
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In California. In Arizona.
sootton. Egg,“- Class. ‘ u ‘ “SW": ‘ '"
. _ ,
$131191? “'9'" miles. M”’First-clam ........ 0.05 32 0 11 » 70
Second-class ...... .08 51 50 320
A -------- 530 =* Worthlals ........ .24 1 154 45 7 233
_ Total ....... .37 237 1 06 , 678
rFirst-01333 ........ . 52 333 . 06 l 38
Second-class ...... l . 05 31 1. 99 1, 274
3 -------- 520 *Worthleea ........ E .23 143 .63 ' 403
L Total ....... J .30 1 512 2 63 1 1,715
First-class ........ ‘ .41 1 262 3 53 i 2, 291
Second-clam ...... 1 19 122 9b 615
C -------- 510 1Worthloos ........ ‘ 14 90 1 26 306
t - Total ....... ‘ .74 474 5 30 1’ 3,712
’First—clasa ........ 1 . 69 441 . 00 0
Second-class ...... .97 , 621 34 I 217
D ........ 500 *Worthleeo ........ 1 .57 365 10 V 64
1 Total ....... 5 2.23 1,427 44 i 281
First-class ........ I 1. 40 896 .29 l 136
Second-class ...... .04 26 .00 I 0
E ........ 490 1Wortltloes ........ ‘ .57 364 .16 102
Total ....... ‘ 2.01 1,236 45 l 233
First-class ........ 1 3.65 5, 536 4.57 l 2, 325
Second-class "1 .15 96 .56 I 358
F -------- 480 ‘Worthless ........ 2. 27 1,453 63 442
Total ....... 11.07 J 7, 035 5 32 3,725
“First-class ........ .63 , 435 12.31 7,373
Second-class ...... .33 f 211 6.54 4,185
G -------- 470 lwmhless ........ .00 l 0 5 27 3,372
Total ....... 1 01 i 346 24 12 15,435
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Irrigable lands in Needles Valley—Continued.
1 In Calll’omla. In Arizona.
Section. _g}? Class. 1‘ 8 mm “ .
1 131163. Acres. 8133;“ Acres.
M.
First-class ........ 0. 32 205 3. 76 2, 406
Second-class ...... 1. 43 915 11. 45 7,328
H -------- 43° Worthless ........ .91 582 1.15 7
Total ....... , 2.66 1, 702 - 16.36 10,470
’First-class ........ T .05 32 ' 3.60 2,304
Second-class ...... 1 1.95 1,246 . 3.19 2, 041
I --------- 450 lWorthless ........ 1.94 1,242 i 5.69 3,642
Total ....... 3.94 2,522 l 12 43 7,987
'First-claea ........ .18 115 1 1.65 1,056
Second-class ...... .20 , 128 ' .7. 506
J --------- 44° lWorthless ........ 1.97 ‘ 1,261 2.06 1,313
, Total ....... 2.35 I 1,504 4.50 2,880
5 -~ _ > .
Total ....... First-class ........ 12.95 ! 8,287 29.93 19,154
Second—class ...... 5.39 3. 449 i 26.32 16,844
Worthless ........ 9. 34 5, 659 17. 46 11,173
Grand total - ................... 27.13 17, 395 73. 71 47,171
Opposite Fort Mohave the river has changed its course from the
bluffs on the Nevada shore to the blu_‘s on the Arizona shore. It
appears probable that the river could be restored to its former course
at a small expense, so that 10,600 acres which are now on the west side
of the river would be on the east side and under the ditch, making
a total area of 57,600 acres under the proposed canal. Of the area,
36,000 acres were classi_ed as _rst- and second-class farming land.
The capacity of the Bulls Head reservoir at different heights of dam
and the classi_cation of the irrigable lands of Needles Valley below
the reservoir are given in table on‘page 136.
About 6 miles below Bulls Head, at Hardyville, the river has a
“hardpan” bottom, and it might be possible to divert it here by a low
weir, but the project has not been investigated.
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M‘MMARY.
The following gross amounts of land, approximately, would be
reclaimed by the various projects:
A mount of land reclaimable by the various projects on Colorado River.
Acres.
Salton Sink 0 ........................................................... 300. 000 '
In California (Yuma. Indian Reservation) ..... . .......................... 23, 000
In Arizona ............................................................. 178, 000
Diversion at Black Pomt. ....... 102,000
Diversion at Parker ..................................................... 153, 000
Diversion at Bulls Head ................................................ 58,000 Total ............................................................ 814, 500
Of this amount 322,000 acres have been classi_ed as _rst class, 87,000
as second. Present information shows 200,000 acres subject to over_ow by frequent _oods, and 225,000 acres by exceptionally high _oods.
These statements refer to the land which has already been surveyed.
These projects are being duly considered, and investigation of the
feasibility of the reclamation project at the Yuma dam site is being
vigorously prosecuted. A pipe-driving rig operated by gasoline and
a diamond-drilling rig operated by steam are in operation boring for
bed rock.
FLOW' OF COLORADO RIVER.
The portion of Colorado River under consideration, of_cially known
as “ the Lower Colorado district,” to distinguish it from other reclamation districts in the State of Colorado, forms the boundary between
Arizona on the east and Nevada and California on the west. The river
drains portions of \Vyoming, Utah, Colorado, Nevada, California, New
Mexico, and Arizona. Including the Green, its principal tributary, it
is more than 2,000 miles long, and has a drainage basin of over 225,000
square miles, ranking in size as the second drainage basin of arid
America. It has an estimated _ow during the low season of 3,000 to
4,000 second-feet, and during the _ood season of over 70,000 second-feet.
The following tables give for the stations on Colorado River at
Yuma and Bulls Head the results, as far as available, of the stream
measurements made during 1903.
a Not surveyed.
TX700084102
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Daily mean gage height, infect, of Colorado River at Yuma, Aria, for 1903’.
Day. January. February. March. April. May. June.
1 17.60 17.30 17.40 20. 50 20. 90 23.50
2 17.40 17.30 17.50 20.30 21.60 23.40
3 17. 30 17. 10 17. 60 20. 40 21. 70 23.40
4 17.20 17.10 17.70 21.00 21.30 23. 40
5 17.00 17.20 17.70 20. 90 21.80 23.30
6 16.90 17.20 18.00 21.00 21.90 23. 40
7 16. 90 17. 20 19. 00 21. 30 22. 00 23. 80
8 16.90 17. 30 18.90 21.50 22. 00 '24. 20
9 16.90 17. 40 18. 70 22. 80 22. 00 24. 50
10 16.90 17.50 18.50 22. 70 22. 20 24.80
11 16. 90 17. 70 18.30 22. 20 22. 20 25.00
12 16.80 17. 30 18. 2‘0 21.90 22. 50 25. 30
13 16.80 17.90 18.20 21. 40 22. 70 25.50
14 16.90 18.00 18. 30 21. 00 23. 10 25. 60
15 17.00 18. 00 19. 80 20. 80 23. 30 25.80
16 17. 10 18. 00 19. 80 20. 40 23.40 26. 00
17 17.10 17.30 19.50 20. 50 23.50 26.30
18 17.10 17.50 19.70 20. 40 23.80 26.50
19 17.00 17.40 19.00 20. 60 24. 00 26. 70
20 17.00 17.20 19. 70 20. 60 24. 20 26.80
21 17.00 17. 20 19. 6o 20. 60 24. 40 27. 00
22 17.00 17.20 20. 60 20. 60 24.90 27. 10
23 17.10 17.30 20. 50 20. 50 25.20 27.30
24 17.20 17.30 20.30 20. 50 25.” 50 27.50
25 17.40 17.30 20. 10 20. 70 25.60 27.60
26 17.40 17.30 20.00 20. 90 25.40 27.70
27 17. 40 17.20 20.00 20. 90 25.10 ’ 27.70
28 17. 40 17. 30 19. 00 20. 80 24. 70 27.60
29 17. 50 .......... , 19. 60 20. 70 24. 20 27.60
30 17. 50 .......... 1 19. 60 20. 70 23. 90 27.50
31 17. 40 .......... 20. 10 .......... 23. 60 ..........
r '25 24 7:35 ‘
TX700084103

CALIFORNIA: FLOW OF COLORADO RIVER. 141
Daily mean gage height, in feet, of Colorado River at Yuma, Ariz., for mos—Continued.
Day. July. August. September. Dewber. November. 1 December.
1 27.4 i 21.5 19.4 20.4 19.7 ' 19.6
2 27.3 i 21.5 19.2 20.4 19.7 19.7
3 27.1 21.6 19.2 20.6 19.7 19.6
4 26.9 21.5 19.1 20.7 19.7 19.4
5 26.6 21.3 19.2 20.7 19.7 19.2
6 26. 4 21.1 19. 5 21.0 19. 7 19. 2
7 26.0 20.9 19.3 20.9 19.7 19.4
3 25.3 20.9 19.3 20.0 19.7 19.4
9 25.2 20.3 19.4 20.2 19.7 19.5
10 24.7 20.6 19.4 20.0 19.7 19.6
11 24. 4 20. 5 19. 5 1 19. 9 19. 7 19. 6
12 23.6 20.5 19.4 20.2 19.7 19.6
13 23.3 20.2 19.2 20.4 19.7 19.6
14 22.9 20.1 19.1 20.3 19.7 19.5
15 22.7 20.1 19.0 20.2 19.7 19.5
16 22.3 20.0 19.1 20.0 19.7 19.4
17 22. 3 19. 3 19. 4 19. 9 19. 7 19. 3
13 I 22.6 19.3 19.9 19.9 19.7 19.2
19 22. 4 19. 3 19. 5 19. 3 19. 6 19. 0
20 22.4 19.9 19.3 19.3 19.6 13.3
21 22.3 19. 3 19. 3 19. 3 19. 6 13. 6
22 22.1 19.7 19.6 19.7 19.6 13.5
23 22.2 19.6 19.6 19.7 19.6 13.5
24 22.9 [ 19.4 19.6 19.7' 19.6 13.4
25 23.0 I 19.3 19.6 19.7 19.6 13.3
26 22. 9 19. 2 19. 7 19. 7 19. 6 13. 3
27 22. 6 19. 2 19. 7 19. 7 19. 4 13. 3
23 22.3 19. 2 19. 7 19. 7 19. 4 13.4 29 21. 3 19. 2 19. 7 19. 3 19. 3 13. 7
30 21.3 19.2 20.1 19.3 19.5 13.9
31 21.6 19. 4 .......... 19. 7 .......... 13. 9
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Dulcimrge measurements of (.‘olarada Riri’r at Yuma, Ariz.
REPORT OF.RECLAMATION SERVICE.
Date. 11213 et. cage. D1110. 5141-1231131 1 clgirge.
1903. Feet. Sea-_. 1903. Feet. ism-_.
January 2 ........... 17. 40 2, 423 March 9 ............. 18. 68 4, 974
January 3 ........... 17. 30 3, 503 March 10 ............ 18. 415 4, 692
January 5 ........... 17. 00 3, 133 March 12 ........... , 18. 26 4, 183
January 7 ........... 16.90 2, 626 March 13 ............ 5 16.23 4, 097
January 9 ........... 16. 90 2, 722 March 14 ............ 18. 35 4, 177
January 10 .......... 16.90 2, 818 March 16 ............ 19. 84 7, 146
January 12' .......... 16. 80 2,694 March 18 ........... 1 19.73 , 6, 806
January 14 .......... 16.95 2,903 March 20 ............ . 19. 68 ‘ 6, 284
January 19 .......... 17.00 2,939 March 21 ............ , 19.63 1 6, 434
January 21 ......... 17.00 2, 900 March 23 ............ ' 20. 54 , 9, 408
January 23 .......... 17.10 3,076 March 24 ............ ; 17.41 1 3, 512
January 24 .......... 17.20 3,170 March 26 ...... '. ..... , 20. 05 6, 662
January 25 .......... 17.20 2, 997 March 26 .......... '. .. 19. 34 7, ‘ '2
January 26 .......... 17. 40 3, 320 March 30 ............ 19.56 , 6, 530
January 27 .......... 17.40 3,266 1 March 31 ......... 20.20 1 6,295
January 29 .......... 17.50 3,297 April 2 .............. 20. 27 1 6,961
January 31 .......... 17.40 3, 362 April 6 .............. . 21. 55 20, 359
February 2 .......... 17.20 2, 978 April 9 .............. 22. 65 I 32, 623
February 3 .......... 17. 15 2, 647 April 10 .......... . _ _, 22. 75 25,400
February 6 .......... 17.20 3,179 April 16 ............. 20. 56 12, 263
February 7 .......... 17. 25 3, 171 April 18 ............. 20. 40 11, 466
February 7 .......... 17. 29 3,171 April 21 ____________ 20. 64 11,442
February 9 .......... 17.41 3,512 April 23 _____________ 20.55 , 10,036
February 10 ......... 17. 55 3, 643 April 25 ............. 20. 60 11, 564
February 11 ......... 17. 71 3, 906 April 27 ............. 20. 90 12, 216
February 14 ...... 17.98 4,113 April 29 ............. 20. 70 . 11,762
February 16 .......... , 16. 00 3, 973 ~ May 2 ............... 21.60 ' 17, 243
February 17 ..... ; 17.77 3,607 May 4 ....... . ....... 1 21.75 ‘ 21,177
February 18 ......... 17.55 3,447 1 May 6 ............... . 21.90 22,462
February 20 ......... , 17.25 3,123 , May 9 ............... ‘ 22.00 22,792
February 21 ......... ‘ 17.21 3,182 1 May 12 .............. 22.55 27, 428
February 23 ......... 1 17. 24 2,910 I May 15 .............. 23.30 29,261
February 24 ......... 1 17.29 3,313 1 May 16 .............. 23.80 33,420
February 26 ......... 3 17.26 3,127 .1 May 21 .............. 1 24. 45 43,160
February 26 ......... 1 17. 25 3, 255 1 May 23 .............. 1 25. 20 46, 980
March 2 ............. 17.50 3,500 J May 25 .............. 1 25.60 56,390
March3.....--......i 17.65 3,7001 May 26 .............. 24.65 49,475
Mar-2115 ............. 17. 69 3,695 .1 May 31 .............. 23.60 ‘ 37,925
March 6 ............. 18.14 4, 099 ? June 2 .............. 23. 40 28, 770
March 7 ............. 19.01 5, 791 1 June 4 .............. 23. 40 29,600
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Date. hgrgl. chars-e. Date. hélg et. 611211-3112.
1903. 11m. Sun-_. 1903. _eet. ' 656.11.
June I) .............. 23.40 29,360 Oct 2 ............... 20.4 9,352
June 6 .............. 24.25 40,990 Oct. 4 ............... ! z. .7 11,493
June 10 ..... . ....... 1 24. 30 49, 050 Oct. 6 ............... 21. 0 15, 606
June 12 ............. 25.25 52,465 ' Oct. 6 ............... i 20.35 9,352
June 15 _____________ 25. 75 54, 290 Oct. 10 .............. ' 19.9 7, 906
June 17 ............ 26.35 56,720 ' Oct 12 .............. 20.1 6,403
June 19 ............. 26.65 61,6757 Oct 14 .............. 20.4 9,916
June22-..-_---_.-;. 27.15 65,500. Oct. 16 .............. 20.0 6,044
June 24 ...... p ....... 27.50 69, 174 Oct. 19 .............. . 19. 6 6, 745
Jnne26 ............. 27.65 66,065 . Oct. 2; ............... 19.7 1 6,763
June 29 ............. 27. 60 72, 219 opt. 25 .............. 19. 7 6, 396
1513-2 ............... 27.25 66,512 Oct 27 .............. 19.7 6,365
July 5 _______________ 26. 70 54, 229 Oct. 29 .............. 19.75 6, 126
my; ............... 26.05 51,265 Oct 31 .............. 19.7 6,143
July 9 ............... 25.20 44,430 Nov 3 .............. 19. 7 6,386
July 11 .............. 24. 45 41, 353 Nov. 5 ............... 19. 7 6, 071
Jul-1'13 .............. 23.15 34,096 Nov 7 ............... 19.7 5,702
July 15 .............. 22.70 30,950 Ndv 10 .............. 19.7 5,700
July 17 .............. 22.30 30,301 Km 13 .............. 19.7 5,353
151,20 __________ 22.40 26,412 Nov 16 .............. 19.7 5,245
Ju1y22 .............. 22.20 26,150 N01 16 .............. 19.7 5,236
July 24 .............. 22. 90 30, 400 Nov. 21 .............. 19. 65 5,011
101.1127 .............. 22. 70 27,700 Nov 24 .............. 19.6 5,054
July 29 .............. 21.30 22,724 Nov 26 .............. 19.55 4,963
July 31 .............. 21.60 20,060 Nov 23 .............. 19.4 , 4,707
AngustS ............. 20.30 13,325 Nov. 30 .............. 19.5 g 4,944
August 11 ............ 20.50 11,233 Dec. 2 ............... 19.7 ' 5,345
August 19 ............ 19. 75 6, 170 Dec. 5 ............... 19.2 4, 479
August 21 ............ 19. 63 9, 193 Dec. 6 ............... 19. 42 4, 689
September 2 ......... 19.20 5, 759 Dec. 10 .............. 19.6 5,056
September 4 ......... I 19.00 5,501 Dec. 12 .............. 19.65 5,027
September 10 ........ L 19.40 5,942 Dec 14 .............. 19.5 4,906
September 12--..-... 19.35 6,309 . Dec. 16 .............. 19.36 4,766
September 15 ........ 19.10 5,136 Dec. 16 .............. 19.2 4,370
September 17 ........ 19.50 7,399 Dec. 20 .............. 16.35 3,336
September 19 ........ 1 19.50 7,714 Dec. 22 .............. 16.55 3,627
September 21 ........ I 19.30 6,943 .; Dec. 25 .............. 13.35 3,253
September 23 ........ ! 19.60 6, 231 , 1155. 26 .............. 13.4 3,410
September 25 ........ I 19.60 7, 991 ' Dee. 30 .............. 13.9 3,696
September 29 ........ I 19. 70 7, 649
|
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Discharge measurements of Colorado River at Bulb Head, Arizona.
DisDm- ‘ 521g et. «112%. DW- 5335:. charge.
1903. Feet. See-_. 1903. Feet. Sea-_.
January 3 ........... 2. 20 2, 899 March 13 ............ 4. 00 8, 723
. January 5 ........... J 2. 40 3, 416 March 14 ............ 3. 90 7,988
January 7 ........... 2. 20 2, 978 March 17 ............ 4. 00 8, 505
January 14 .......... I 2. 60 3, 415 March 18 ............ 4. 15 9, 001
January 18 .......... i 2. 85 3, 856 March 20 ............ 4. 5O 10, 458
January 20 .......... - 3. (X) 3, 836 March 23 ............ 4. 45 9, 329
January 21 .......... 3.00 3, 700 March 25 ............ i 3. 90 7, 976
January 22 .......... ' 3. 10 3, 776 March 27 ............ i 4. 00 8, 652
January 23 .......... 3. 10 3, 953 March 30 .- ........... 4. 45 7, 403
January 24 .......... f 3. 05 ’ 4,164 April 1 ............... 5.10 11, 759
January 27 .......... 2. 75 3, 651 April 3 .............. 5 5. 30 14, 457
January 29 .......... 2. 60 3, 652 April 6 .............. i 6. 10 17, 420
January 30 .......... 2. 65 3, 455 April 10 ............ ' 6. 40 18, 991
February 4 .......... . 3. 00 4, 289 April 13 ............. f 5. 30 14, 476
February 7 .......... ' 3. 35 4,380 April 15 ............. ' 4. 95 12,611
February 10 ......... 3. 35 4, 924 April 20 ............. ! 5. 20 13, 152
February 19 ......... 2. 70 3, 975 April 22 ............. ‘ 5. l5 12, 308
February 21 ......... 2. 60 3, 611 April 24 ............. 5. 30 15, 323
February 25 ......... 3. 20 ‘ 4, 582 April 30 ............. 6. 25 17, 266
February 27 ......... 3.15 4,221 May 1 .............. 1 6. 80 20,359
March 4 ............. 3. 20 4, 991 May 4 ............... 7. 65 25, 981
March 7 ............. 3. 15 5, 551 May 6 ............... 7. 55 25, 362
March 9 ............. 3. 3O 6, 274 May 1 l .............. 8. 40 34, 272
In March and April, when melting snows are _rst in evidence, the
river begins to rise, gradually attaining its maximum—usually reached
in J une—of _fty, sixty, or seventy thousand second—feet. From this
on, the _ow gradually sinks to a comparatively low stage, reached in
August and September. From time to time throughout the year,
especially in the summer season, the river is subject to sudden small
rises, originating in torrential downpours on the Arizona watershed,
but the manner and character of these _oods distinguish them from
the main river _ow.
The _ow, estimated on incomplete data, for 1902, and resulting from
an average run-o_' of about 0.49 inch of the rainfall from the watershed, is 7,960,189 acre-feet, which is suf_cient to irrigate 1,000,000
acres of land if regulated.
During the last season the discharge has been much greater, the
_ow for 1903, having been 11,329,032 acre-feet.
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Discharge, in seamd-_ef, of C‘ulorarlo Ro'rer at Yuma, A riz., for 1903.
[Drainage area. 225,049 square 1111109.]
Day. January. February. March. April
1 .............. 3,900 3,175 3,375 10,600
2 .............. 3,423 3,050 3,525 9,200 ,
3 .............. 3, 503 2, 847 3, 700 10,150
4 .............. 3, 375 2, 800 3, 72 15, 900
5 .............. 3, 133 2, 997 3, 725 13, 700
6 .............. 2, 925 3, 179 4, 000 15, 450
7 .............. 2,326 ‘3,171 5,700 13,000
8 .............. 2, 775 3, 250 5, 550 19, 850
9 .............. 2, 722 3,475 4, 950 31, 600
10 .............. 2,313 3,625 4,695 25,000
11 .............. 2, 750 3, 906 4, 450 22, 200
12 .............. 2, 694 3, 980 4, 150 20, 300
13 .............. 2, 725 4, 050 4, 097 17, 350
14 .............. 2, 905 4, 075 4, 150 15, 050
15 .............. 2, 975 4, 100 7, 150 13, 400
16 .............. 3,100 3,973 7,050 11,800
17 .............. 3,100 3,807 6,350 11,900
18 .............. 3,000 3, 447 6,850 11,466
19 .............. 2, 939 3, 250 7, 150 11, 700
20 .............. 2,920 3,123 6, 200 11, 700
21 .............. 2, 900 3, 182 6, 400 11, 200
22 .............. 2, 900 3,050 9,525 10, 750
23 .............. 3, 078 2, 910 9, 350 7 10,038
24 .............. 3, 170 3, 200 8, 800 9, 650
25 .............. 3, 275 3, 300 8, 550 11, 584
26 .............. 3,320 3,127 8,500 12,150
27 .............. 3, 266 3, 100 8,500 12, 218
23 .............. 3,280 3,255 7,800 12,000
29 .............. 3, 297 ...... ' ..-. 6,900 11,762
30 .............. 3, 400 .......... 6, 600 12, 100
31 .............. 3,362 .......... 3,150 .-...' _____ ,
Total ....... 95, 776 94, 404 189, 617 429, 768
ndean .......... 3,039 3,372 6,117 14,326
Run -o_, e r
square mi 6. .. .014 .015 .027 .064
Ihnro__ninches‘ .016 .016 .031 .071
AcneJeet ....... 1 139,935 137,-71 376,120 352,456
H. Doc. 44, 53—2—10
13,050
17,000
20,100
21,177
21,650
22,479
22,650
22,650
22,771
24,000
24,600
27,100
28,100
29,000
29,760
30,750
31,600
34,000
36,600
39,700
43,160
46,650
46,930
53,500
56,401
55,150
52,200
46,465
44,300
40,300
37,925
1,045,783
33,735
.150
.173
2,074,264
June.
33,200
23,770
29,200
29,600
23,300
29,360
34,100
40,990
44,600
49,050
50,600
52,459
53,550
53,900
54,290
56,100
56,720
59,300
61,675
62,900
64,050
65,500
66,600
69,174
69,500
67,737
70,000
70,500
72,219
70,500
‘ ..........
1,594,444
53,143
.236
.263
3,162,526
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Dim-hurge, in Rt'CUnd-ft’t‘i, of Colorado Ric'rr at Yuma, Ariz., for MUS—Continued.
Day.
16. .. ............
Mean ..........
Run-off, per sq.
mile .........
Run-o_,in inches
Acre-feet .......
1
I
I
!
November.
J uly. Augu‘st. September. October.
69, 500 19, 300 6, 300 9, 500 6,225
66,512 19,300 5,900 9,352 6,300 63, 000 19, 900 5, 760 10,325 6, 336
53,500 13,600: 5,560 11,493 6, 225'
54, 000 17, 300 5, 675 11,950 6, 071
52, 650 15, 700 6, 500 15, 306 5, 620
51, 265 14, 400 5, 375 15, 500 5, 702
43, 900 13, 600 5, 325 9, 352 5, 700
44, 430 13, 125 5, 920 3, 750 5, 700
42, 900 12, 175 5, 942 7, 906 5, 700
41, 300 11,233 6, 350 7, 300 5, 590
37,050 10,950 6,500 6,403 5,460
34, 700 9, 975 5, 500 10, 100 5, 353
32, 350 9, 700 5, 100 9, 916 5, 325
30,950 9,600 5,000 3, 700 5,230
30,600 9,350 5,100 6,044 5,245
30, 219 3, 500 6, 950 7, 925 5, 240
29,450 3,400 9,200 7,200 5,233
23, 650 3, 375 7, 714 6, 745 5, 135
26,553 3,300 6,950 6, 750 5,090
27, 300 9, 000 6, 943 6, 755 5, 011
25,500 3,600 3,050 6,763 5,060
25,300 6,300 3,331 6,625 5,030
30,400 7,500 3,175 6,500 5,054
31,000 6,675 7,991 6,396 4,990
29,600 6,400 7,960 6,330 4,963
26, 700 6, 350 7, 940 6, 365 4, 755
25, 200 6, 275 7, 765 6, 250 4, 707
23, 000 6, 200 7, 649 6, 123 4, 675
22, 000 6, 250 3, 650 6, 140 4, 944
20,350 6,600 .......... 1 6,146 ..........
1, 161, 334 336, 933 203, 575 262, 967 161,974
37, 479 10, 669 6, 766 3, 432 5, 399
.166 .043 .030 i .036 .024
.191 .055 .033 i .044 7
2, 304, 494 663, 309 403, 795 521, 533 321, 263
December.
5, 145
5, 345
5, 230
4, 900
4, 479
4, 540
4, 675
4, 665
4, 350
5, 056
5, 100
5, 027
4, 935
4, 945
4, 910
4, 320
4, 620
4, 370
4, 165
3, 336
3, 715
3, 627
3, 525
3, 355
3, 253
3, 170
3, 270
3, 455
3, 745
3, 696
3, 915
134,639
4, 343
. 019
. 022
267, 041
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The range of the river from low to high water is indicated on the
Yuma, Needles, and Bulls Head gages as follows, the gage heights and
corresponding discharges being given:
Range of height of Colorado River, and corresponding discharges.
Lowest measured water at Yuma read 16.8 feet on Southern Paci_c Railroad Company’s gage January 12 and 13, 1903, and discharge was 2,700 second-feet.
Highest measured water at Yuma read 27.7 feet on Southern Paci_c Railroad Com—
pany's gage June 29, 1903, and discharge was 72,200 second-feet. The zero of the
Yuma gage is 102.] feet above sea level, according to the statement of R. B. Marshall,
tormgrapher of the United States Geological Survey. This section is very poor and
an ordinary rating curve. is unreliable. An observer, however. has been permanently
assigned to this station and measurements are made every other day.
Lowest measured water at Bulls Head read 2.2 feet on United States Geological Survey gage December 31, 1902, and January 3 and' 7, 1903, and discharge was 2,900
second—feet.a The zero of the Bulls Head gage. is 499.0 feet above sea level, Needles
datum. 5
Highest observed water at Bulls Head read 16.8 feet on United States Geological
Survey gage J one 22, 1903 (discharge of this _ood as measured at Yuma was 72,200
second-feet).
Highest water at Needles, Cal., read 4.5 feet on United States Geological Survey
gage June 23, 1903 (discharge of this _ood as measured at Yuma was 72,200 secondfeet). During the week June 20 to 27 the gage height ranged near -1 feet, being the
crest of the _ood wave, an elevation above sea level of 456 feet, Needles datum. (At
this height a large portion of the land between Needles and Mellen was over_owed.)
Prof. R. H. Forbes, Bulletin No. H, Agricultural Experiment Station, University of Arizona, states as follows:
The upper two-thirds of this area is a high plateau furrowed with deep canyons
and ridged with high mountain chains, whose forest covers and melting snows insure
an abundant _ow of water, mostly during May and June.
The. lower third of the watershed is lower-lying desert country, draining into the
Colorado mainly through the San Juan, the Little (v‘rolorado, the Virgin, and the
Gila rivers. Far the smaller part of the volume of the main river comes from these
tributaries, although during the rainy seasons these desert streams, because of their
salinity and the enormous quantity of mud which they carry, greatly affect the character of the Colorado waters.
From about September 1 to about March 1 of each year, except for
occasional _oods, the river is low, the _ow reaching a minimum of
about 3,000 second-feet in the winter. The period of _ow which is
probably of greatest importance is during August and September.
During this period there is generally a. falling supply, while the demand
continues large.
I: The di_crcm'c between lowut water at Yuma and lowest water at Bulls Head is accounted for
by high water on Gila during Dcrmnbcr. 1902.
b'l‘hc datum oi the Needles-i elevation is top of rail in front of Alt-bison, Topeka and Santa Fe
passenger depot at Needles. (‘ul.. the elevation of which, as taken from railroad pro_les, was 474
feet; a subsequent connection with mean sea level. via Yuma. Aria. showed the assumed elevation to be 6.946 feet. low.
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In addition to these river stations, gage rods have been established
at Parker and at Ehrenberg, Ari'z. These rods are referred to the
Yuma datum, and are so placed that their readings serve as indexes of
the _ood conditions of the two great valleys, the Needles Valley and
the Ehrenberg Valley. _
A gage rod or rods should be established at some point high up on
the stream, possibly Green River, Utah, or Grand Junction, (1010.,
with telegraph communication, so that the settlers of the lower agricultural regions can be warned of _oods or low-water periods.
OVERFDOWED LAND 0N COLORADO RIVER DURING HIGH WATER OF
JUNE, 1903.
On the gage at' Needles, Cal., the highest point reached by the
water was 456.38 feet, Needles datum. This height of water _ooded all
the low parts of the plain below Spear (Ira ta ba) Lake, and permitted
the steamer Searchlight to ascend to this point. The pasture of
“William Hutt, at Needles, Cal., was over_owed; a number of Indians
had to leave their dwellings and seek higher ground, and the water
came close to some of the dwellings in the eastern part of the town.
It was impossible to travel over any of the wagon roads from Mellen,
Ariz., through this valley. Everywhere there was a deposit of silt,
ranging in depth from 3 inches to a foot or more. This silt is not
only a very rich fertilizer for lands under cultivation, but it raises the
general level of the land, so that succeeding _oods must be higher to
over_ow the bottoms. The Indians, upon the subsidence of the _ood,
plant their _elds with corn and melons, and practice the ancient
Egyptian method of “ basin irrigation.” During this particular year
they will probably obtain two crops.
Just above the Red Rock bridge of the Atchison, Topeka and Santa
Fe Railway, at Mellen, Ariz., the valley narrows and the river passes
between banks only 1,000 feet apart. This chokes the stream, and a
rise of 1 foot at Needles causes a rise of several feet at Mellen. The
water at the bridge pier at Mellen seems to have reached an elevation
of about 444 feet, Needles datum, while at Needles it reached 456 feet.
The low water of the winten was at an elevation of 425 feet at the
water’s edge at Mellen, Ariz., and of 450 feet at Needles, Cal. Consequently we have a rise of 6 feet at Needles and 19 feet at Mellen, or
a rise Of 1 foot at Needles gives an approximate rise of 3 feet at Mellen. This also holds true for the various canyons below Mellen, for
in them the river is choked as at the bridge. The _rst valley of any
size below Mellen is Chemehuevis Valley, 30 miles below Needles.
This has an area of 5,590 acres, or 8.73 square miles. This valley is
slightly higher than the river and the main part was not over_owed by
TX700084111
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18 inches, though several sloughs were reopened, and the lowlands,
where the Indians have their ranches, were _ooded, as was necessary
for the production of crops. The _ood plain is here about 400 feet
above sea, Needles datum. Little Chemehuevis Valley, a small _at
just below the main valley, is low lying and was all under water.
From the lower end of Chemehuevis Valley to Williams River
there are no valleys or bottoms of any size, and the over_ow conditions
are of little importance.
From \Villiams River to Headgate Rock there is but little valley
land, but below this point the bottom lands of the Colorado River
Indian Reservation extend for many miles on both sides of the river,
but mostly in Arizona. These lands are low and were extensively
over_owed, the water reaching nearly to the 340-foot contour at the
upper end of the valley.
Opposite Riverside Mountain (or Hearle City) the water reached
nearly to the 310-foot contour, covering large areas of lowland.
At the Blythe estate ranch house the water reached 270 feet, Yuma
datum, having come in by way of the sloughs from near the proposed
diversion at Black Point.
At Ehrenberg the high-water mark is 267.5 feet, Yuma datum.
From below Ehrenberg to Picacho. a distance of about 60 miles, there
is a low _at valley heavily timbered, with many thousand acres of
tillable land subject to over_ow in all stages of high water. The
country is very similar to the valley opposite Ehrenberg comprising
the Blythe estate.
Below Picacho there is but little bottom land until Cocopah Point is
reached. From this place to Yuma is a great valley, mostly on the
Arizona shore, which is not much subject to over_ow above Yuma.
An estimate of over_owed lands has been given on page 139.
COLORADO RIVER BOTTOM LANDS BELOW YUMA.
Between Yuma, Mexico, the Colorado River, and the desert mesa to
its east there are 50,000 acres of fertile land, of which 10 per cent is
now under cultivation, producing alfalfa, corn, wheat, and some
Egyptian cotton. Crops can be grown every month of the year.
Alfalfa (a Persian forage plant) is cut from seven to eight times, producing 10 to 15 tons annually to the acre. Corn and maize bear with
like abundance, frequently two crops being harvested in a year. Here
fruits and vegetables ripen earlier than at other places in the United
States. These bottoms have been built up by material deposited by
the river when in _ood. The deposits, together with the silt carried
by the irrigation canals, insure the fertility of the land; and a rich
TX700084114
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soil, an abundant water supply, an intense sun, and an arid atmosphere
unite to produce a rapid growth.
The development of this Valley dates back only _ve years. It was
claimed as a Spanish grant and the title was contested by local settlers,
who were sustained by two decisions of the United States Supreme
Court.
The people were poor and interest rates have been from 12 to 24
per cent annually, and as it is a new country investors hare heretofore been inclined to regard the whole situation as a problematic venture. The settler, therefore, has practically had to rely on his own
strength and endurance. Many have subsistcd on corn bread and
bacon while theyconstructed their canals and leveed their land by
their own labor. Their irrigation works have largely been built without skilled engineering adrice or experience, and are therefore defective in many respects. Four canal systems new cover a district that
would have been more suitably served from one high-line canal.
Some communities and groups of people have built fragmentary
levees which should have been planned on an extensive scale to protect
all. There are miles of levees on which no levels were ever run by
an engineer, but which are true to grade, serving their purpose in a
remarkable way. In one instance a levee, perhaps 4 miles in length,
was-holding where the water line was uniformly standing within 6
inches or a'foot of the top of the embankment.
These people have expended their strength and their money in bringing this area to its present stage of development. Their canals are
imperfect, their levees are not suf_ciently secure, and their farms are
not completely stocked. In this situation they are appealing to the
Government, with which they desire most earnestly to cooperate, to
construct a proper irrigation and reclamation system for their lands
and adjoining public lands.
The _ood of June, 19(i3, reached a height on the Yuma gage of 27
feet 8 inches. It was the highest Hood for the last _fteen years.
When the river reaches a stage of ‘24 feet 6 inches the water begins to
over_ow these bottom lands unless protected by levees. The maximum _ood height ever recorded on Colorado River was on February
27, 1891, when a record of 33 feet 2 inches was attained. If arrangements can be made whereby the approaching flood waves in the Colo—
rado can be observed at some point in northern Arizona and the
information be telegmphed to Yuma, much loss and damage may be
prevented. Many of the houses are adobe, and the overflow reaches
their foundation and they soon fall.
It has not been found satisfactory along the Colorado River bottoms
to depend on raising crops by planting immediately following the
over_ow, as American corn and grain do not mature with suf_cient
TX700084115
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rapidity and perish for want of water unless they are irrigated later.
The valley must be supplied both with an irrigation canal system and
with levees if it is to have its full or even approximate development.
In their present _nancial condition these people are not suf_ciently
strong to construct these works for themselves, and are looking
toward the Government for their salvation. That the land is productive has been demonstrated beyond question, and is fully illustrated in the photographs shown herewith. That adequate levees
can be made has also been proved. The depth of water on these
over_ow lands usually does not exceed -t feet. The small levees which
have been built by the farmers are from 3 to 5 feet high and 5 feet
wide on top. They hold in a way that is remarkable, restraining
the _ood, which is within 6 inches of the top of the embankment. The
town of Yuma is protected by a levee built by the army engineers,
which has stood in a satisfactory condition for many years. This levee
is 10 feet wide on top, approximately 15 feet high, with slopes of
3 to 1 on the outer side and 1 to H; on the inner side. These levees
can not be expected to withstand a direct attack of the main current
or body of Colorado River, but probably if they are constructed from
a quarter to a half mile inland from the ordinary banks of the river
they will be ef_cient. The depth of water against them would not
exceed 3 or 4 feet, and the water overflowing the bottom is devoid of
swift current. The soil in this bottom is a _ne loam or silt, which is
almost entirely impervious. In case the river encroaches upon the
levee by the erosion of the river banks, it will be advisable to abandon
it and build a new levee inland rather than to try to resist the direct
attack of the river.
For the proper development of this section two things are needed:
First, a high-line canal which will command by gravity all of the
irrigable lands, the canals which are now constructed to be used if
possible as the distributors of the main high-line canal. Second, there
should be a substantial'levce constructed from Yuma through to the
Mexican line along the left bank of the river.
The bottom land below Yuma is typical of other portions of the
Colorado Valley between Needles and Mexico. The over_ow irrigation problems, character of soil, and the possible products are largely
the same throughout. What has been learned from the hard experi~
ence of the colonists near Yuma should be applied intelligently elsewhere. The over_ow problems must be met with substantial levees,
but the dif_culty and expense will be no greater than the construction
of a distribution canal. The levees should be built well back from
the river, to prevent undermining by swift currents and deep water,
and also so as not to contract the river channel seriously. When the
river does encroach upon them others must be built farther inland.
TX700084118
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The same method of protection must be applied to other valleys of
the river. The stream must be kept within its banks by grasses and
Willows planted along the sides and by spurs to de_ect and guide the
current. When the various reservoirs are established and the canals
are in operation it is to be hoped the problems of _ood will be much
more easily and much less expensively solved, and that the river can
be maintained in a relatively permanent channel.
SILT.
The silt carried by the river presents a serious problem, as it accumulates and decreases storage capacity. On the other hand, silt is a.
valuable addition to cultivated lands. The following suggestion is
made for the general solution of the silt problem. Low diverting
dams should be constructed. These would afford a settling basin and
the canals would then draw upon a supply partially clari_ed. A series
of sluice gates in the dam would permit scouring out the accumulated
silt for several hundred feet back from the dam. It is desirable to
carry a small portion of the silt upon the land, to act as a fertilizer, but
it is believed that silt will always be deposited in the farmers’ laterals
and necessitate cleaning at intervals. The silt in the ditches acts as a.
lubricant, hOWever, and much smaller cross sections of canals and
much less slopes are needed here than in other regions. Mr. D. J.
McPherson has made an investigation of the subject and his results are
being prepared for publication in the Water-Supply and Irrigation
papers. .
R. H. Forbes, of the experiment station at Tucson, Ariz., took daily
samples of the water in the river at Yuma from January 10, 1900, to
January 19, 1901, and has made complete chemical examinations of the
samples, both as to silt and as to soluble salts. The following is a
summary of the results for silt: '
Silt carried by Colorado Hirer ut Yuma, 111134., frmn January 10, 1.900, to January 19,
1901.
l
iJan._10 to Apr. Man? to July T July 12 to Sc t. 26. 1900.
l :,1900. 12.1900. Sept. 26. 1900. to an. 19, 1901.
I
Per cent. Per can. Per mt. Per cent.
Silt, by volume, wet .......... 0.184 0. 526 0.45 1. 781
Silt, by weight, dry ........... .0719 . 2937 . 1744 . 4807
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Silt (proportion by wright) carried by Colorado Riwr from February to June, 190.9.
I l
Febnmry. Much. April. May. i J une.
Day. !
l
i Per and. Pr arm. ltr mu. 1 hr and. Per 0211!.
1 ........................ i .......... . ‘ 0.0376 1.4463 . 0.6190 0.7520
2 .................................. .0376 1.4463 I .6190 .7023
3 .................................. .0951 1.5921 1 .6539 .7023
4 .................................. .0651 1.5921 ; .6539 .7023
5 .................................. .0651 1 1.5921 . .6539 .7437
6 .................................. .1635 ‘ 1.3672 1 .6345 .7437
7 ............................ . ...... . 1635 1 1.3372 i .6345 .7437
6 ............................ . ..... .1635. 1.3372 1 .6345 .3054
9 .................................. .1169 , 1.9159 1 :8987 .9054
10 .................................. .1169 1.9159 1 .6937 .6054
11 .................................. .1169 . 1.9159 ' .6967 .9239
12 .................................. € .0931 1.9113 ' .9180l .9239
13 ........................ 0.1465 .0931 1.9113 .9160 i .9239
14 ........................ .1465 .0931 1 1.9113 .9160 .9040
15 ........................ .1465 .4335 _. 1.9714 .7690 .9040
16 ........................ .0670 . 4335 1. 9714 . 7690 .9040
17.__-_---.. ............ . .0370 .4335: 1.9714 .7690L ..........
13 ........................ .0370 .4335 ' 1.3955 .7209 1 ..........
19 .............. 4 .......... ‘ .0744 .6226 1.3955 .7209 . ..........
20 ........................ . .0744; .62265 1.3955 .7209‘1 ..........
21 ........................ .0744 1 .6226 ‘ .9910 .9407 ...........
22 ........................ 0756 i 1.2762 . .9910 .9407 ..........
z; ........................ 0756 1 1.2762 .9910 .9407 ..........
24 ........................ 0756 i 1.2762 .7966 .7969 ..........
25 ........................ .0615 1.2717 .7 .7969: ..........
26 ........................ .0615 1.2717 .7933 .7969 ' ..........
27 ........................ .0615 13717 .6245 .6760 ..........
23 ........................ f .0376 1.1720 , .6245 .6760 ..........
29 ........................ . .......... 1.1720 .6245 .67 ...........
30 .................................. l 1.1720 1 .6190 .7520 i ..........
31 .................................. 1 1.4468 1 .......... 4 .......... 1 ..........
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During the last season the investigations of the 211110111159 of silt carried have been continued, with the following results:
Sedinmu (by wright, dry) (-nrriml daily by (Munich) Riv-er.
E 1903.
Day. 1— —* ~‘-——- *- *—
I February. ‘ Mun-h. April. May.
1 Thus. ‘ Tomi. Tana. Thus.
1 ............................................ 1 7, 919 (a) 202, 910
2 ........................................... ‘ 8, 234 (a) 273, 720
3 ............................................ ? 9, 459 (a) 363,700
4 .......................................... E 6,502 (a) 356,300
5 ............................................ 9, 502 (a) 393,450
6 ............................................ 17, 429 713, 400 394, 750
7 ......... '. .................................. 23, 969 971, 200 399, 900
9 ............................................ 24,100 l1,059,000 ‘ 399,900
9 ............................................ . 15,467 !1,557,000 1 553,200
10 ........................................... 1 14,900 1,292,700 1 594,700
11 ............................................ ‘ 14,145 1,107,000 ' 594,300
12 .................................. ! .......... 10, 511 960, 000 674, 200
13 ................................. t 16, 201 12, 569 936, 200 699,000
14 .................................. 16,260 10,967 733,000 3 719,250
15 .................................. 16,012 92,300 694,600 ‘ 576,350
16 .................................. 1 9,335 92,300 649,400 1 627,400
17 .................................. ' 9,179 , 64,322 644,100 j 639,500
19 .................................. 6, 317 ‘ 99, 763 444,610 3 650,500
19 .................................. l 6, 504 116,990 429,390 ; 752,200
20 .................................. ‘ 6,272 106,790 431,350 913,000
21 .................................. 6,302 1 106,790 305,100 3 1,096,100
22 .................................. 6, 094 323, 900 277, 460 1, 175, 100
23 .................................. 5,995 306,300 269,650 ' 1,244,000
24 __________________________________ 6,056 320,100 ' 215,450 ...........
25 .................................. 5,496 299,350 250,190 1 ...........
26 __________________________________ 5,191 : 297,990 259,920 ...........
27 .................................. ' 5, 4061 297,710 205,550 ...........
29 .................................. 1 7, 735 245, 390 202, 350 ...........
29 .................................. 1 .......... | 221,500 199, 990 ...........
30 .................................. 1 .......... 1 219,000 199,990 ...........
31 .................................. ' .......... ‘ 311,900 .....................
«1 Nut ('nlcuhltcd.
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Mr. Forbes makes the following Interesting statement concerning
the. silt: _
The. unsnrveyed state of storage reservoir sites on the Colorado makes the quantity
of silt in the river of less economic interest at present than in the Salt and Gila
rivers. The average acre-f<.mt of Colorado River water for the year of observation
carried 7,201 pounds of silt, varying from 1,182 to 56,410 pounds, as shown by 6-day
conqmsite samples. Four acre-feet of water, about the average amount required to
irrigate an acre of ground one year, would contain about 29,160 pounds of silt, or
0.67 pound to the square foot, which would amount to an average, approximately,
of 0.043 inch of solid matter, or about one-tenth of an inch of soil.
On the basis of the pro_le constructed from available data for the volume of _ow
of the Colorado, and of the year’s silt determinations made in this laboratory, itis estimated, conservatively, that the. river during 1900 brought down about 61,000,000
tons of sedimentary material, which, condensed to the form of solid rock, is enough
to cover 26.4 square. miles 1 foot deep; or, to make 53 square miles of dry alluvial
soil 1 foot deep; or, to make. about 104 square miles of recently settled, submerged
mud 1 foot deep, reckoning the whole, amount sediment. With the aid of such _gures it is possible. to understand the agency of this river in shutting off with its
deposits that arm of the ocean which afterwards became the Salton Basin, and in
creating great. areas of fertile delta lands along its lower courses.
Arthur P. Davis has suggested that reservoirs be built. As these
reservoirs silt up, others can be constructed farther upstream, and
the water level in the lower reservoir being reduced, the silted
lands become. agricultural lands, the silt being impounded in the upper
reservoir. .
In connection with this question of the study of reservoirs which
silt up, it seems most necessary that a thorough investigation he made
of the reservoir possibilities upon the headwaters of the Colorado,
above the points where the streams carrying large quantities of silt
enter, so that permanent reservoirs may be established in anticipation
of the time when all the irrigable lands along the Colorado will be
under ditch.
The investigation of the chemical properties of the water and silt of
the river has shown that they are bene_cial to the lands. It is believed
that alkaline areas are the results of the salts brought down by local
_oods from side drainage, and that such conditions are not existent in
the lands formed by silt of the Colorado. Mr. Forbes writes as
followsz‘l ‘
The fertilizing value of these. slits, as in the. other rivers discussed (Gila and Salt),
chie_y resides in the nitrogen they contain, although potash and phosphoric acid
haVe. also been estimated.
”Bulletin ll, Agricultural Experiment Station, University of Arizona.
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For the different periods of _ow for the year the pounds per acre-foot of water of
various fertilizing constituents found were as follows:
Amounts per acre-foot of ph
horic acid, potash, and rain-09m in Colorado sediments and
VLWTS, anuary 10, 1900, to January 24, 1901.
‘ 1900.
r Dec. 2Jan. 24.
Jan. 10- Mur. 27- May 1— July 12— Sept. 14— Oct. 14- 1901.
Mar. ‘26. Apr. 30. July 11. Sept. 13. Oct. 13 Dec. 1 .
. Pounds. ‘ Pounds. Pounds. Pounds. Pounds Pounds. Maris.
Phosphoric acid, P, l
()5, in sediment . . . 2. 26. 5. 99 10. 89 3. 27 43. 56 18. 51 4. 08
Potash, K,O, in sed- .
iment ............ 16. 34 25. 05 59. 99 14. 70 i 444. 60 134. 75 288.6
1900. 1901.
Jan. 10- Mar. 27— May 1- J uly 1- Aug. 22- Sept. 27- Nov. 15Mur. 26. Apr. 30. June 30. Aug. 21. Sept. 26. Nov. 14. Jan. 24.
Pounds. Pounds. Pounds. Pounds. Pounds. Pounds. Pounds.
Potash, K,O, soluble
in water .......... 35. 12 68. 33 33. 49 42. 20 57. 98 69. 69 39. 75
Nitrogen in sedi- .
ment ............. 1. 032 2. 87 4. 92 1. 64 3. 29 17. 39 3. 98
Nitrogen soluble in .
water ............ 3. 099 1. 79 1. 69 1. 75 1. 33 ‘ 2. 57 2. 17'
Total nitrogen- 4. 131 4. 66 6. 61 3. 39 5.12 19. 96 6. 15
Value per acre-loot
of total nitrogen,
at 15} cents per
pound ............ $0. 64 $0. 72 $1. 02 $0. 53 $0. 79 $3. 09 $0. 95
Considering nitrogen only, therefore, the waters of the Colorado are seen to have
a fertilizing value of from 53 cents to $3.09 per acre-foot. Four acre-feet of average
quality would have a value in nitrogen, at 15} cents, of $4.44, which is without.
doubt largely realized upon the nitrogen-barren soils to which it is applied.
A further study during 1902—3 gave the following results:
Amount of silt in (blow-ado River water in 1902—3.
[Samples represent 100 cc. of water taken on each of the days mentioned.)
£3.13. 1).... i133.
‘ Grams.
3126 1 February 9, 10, 11, 12 ......................................... 0. 8190
3122 December 30, 31, January 1, 2, 3, 5, 6, 7, 8, 9 ................... .4615
8123 , January 10, 11, 12, 13, 14, 15, 10, 17, 18, 19 ..................... . 3225
3124 January 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 .................... . 785-1
3125 January 30, 31, February 1, 2, 3, 4, 5, 6, 7, 8 ................... .6880
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Stills in Colorado River water in 1902—3.
[50 cc. of clear water taken on each of the days mentioned]
Parts per 100,000.
No.01 Dam Total Chloris Hard- Nitro- 4‘
sample. soluble in ness in gen In , Nitrogen in
solids terms terms form 01 form of
at 110° of nl- nitrites.
of
C. NaCl. (1380,. trams.
1
3127 December 30, 31, January 1, 2, 3, 108.0 38.8 20.6 0.12 Very faint
I 5, 6, 7, 8, 9. traces.
3128 January 10, 11, 12, 13, H, 15, 16, 105.0 39.6 19.0 .09 0. 001
17, 18, 19. - 3129 January 20, 21, 22, 23, 24. 25, 26, .1010 42. s 13. 5 .09 Very faint
27, 28, 29. traces.
3130 January 30, 31, February 1, 2, 3, 139. 8 58. 8 13. 1 .11 Do.
4, 5, 6, 7, s, 9, 10, 11, 12.
1 .
COMPARISON OF THE COLORADO AND THE NILE.
There have been many comparisons made between the valley of the
Colorado and the valley of the Nile. Mr. Forbes makes the following
statement:
Like the Nile, it rises in a distant, mountainous country; its lower courses traverse
a subtropical and nearly rainless desert; and both rivers empty into great landlocked
arms of the ocean at a little less than 32° north latitude. Like the Nile, the Colorado
has for long distances along its lower courses created a narrow ribbon of fertile soil
in the midst of the desert through which it _ows, and has deposited a great alluvial
delta between Yuma and the Gulf Of California. Like the great river of Egypt, the
Colorado is subject to an annual summer rise suf_cient to over_ow great areas of its
border and delta lands. These high waters are rich in fertilizing sediments, are
exceptionally free from alkaline salts, and come at an opportune time for irrigation.
When the Colorado _oods are less than normal the Yuma Indians fail of satisfactory
crops, just as do the Egyptians with a low Nile.
Although the climatic conditions in winter are slightly more severe in the Colorado
delta than in that of the Nile, yet these two regions closely resemble each other
agriculturally.
Some common products are (or may he) alfalfa, wheat, and grains of the sorghum
class; the date, palm, _g, orange, and pomegranate; cotton, melons, and sugar cane.
When the Colorado is understood and utilized as successfully as is its greater and
better known parallel, it will be recognized as the American Nile, the creator of a
new country for the irrigator. and mother of the occidental Egypt. '
Mr. Thomas H. Means, of the Bureau of Soils, Department of Agriculture, in his paper, “Reclamation of alkali lands in Egypt,” Bulletin No. 21, states that there is a marked difference between the
climate of the two valleys, and gives the tables following.
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Normal monthly and unmurt temperature in Egypt, .llubmtm, Tums, mull .lrizmm.
MW“- ‘iki‘iéiiiiii'i': 13.}??? , rtiiiiii_iik. 0101113110100, “"1"" ml1
—M_——h if _ ‘ or. ‘07: i or. 01'. 01'.
January .................. 58. 3 55. 0 51. 5 48. 3 54. 1
February ................. 59. 4 58. 5 55. 8 52. T 58. 8
March ................... 62.1 63.1 1 61.9 I 57.0 I 64.5
April ..................... I 05.3 70.3 ; 70.1 i 03.4 00.3
May ..................... ! 70.7 75.2 74.3 72.3 ' 77.2
June.......-_; ........... 75.61 310 30.7l 7' 4 34.9
July ................... . 30.1 34.0 . 33.3 i 31.5 . 01.5
August. ................... 70.0 32.4 . 32. 2 I 70.3 90. 7
September ................ 76.5 l 77 '2. 77.5 - 73.1} 84.4
October .................. 73. 2 73. 9 6.. 7 i 65. 2 73. O
Novmnher ________________ 03.9 i 05.1 53.0 55.2 01.9
December ________________ 62.6 58. 3 5-} ‘t 49.6 56 0
Year ......... . _____ 1 00.5 70.3 : 03.5 i 05.2 72.2
It has been {generally supposed that. the climate of the country around the mouth
of the Colorado River and extending up intn the Colorado River Valley in A riznua
and California is very similar to the climate of Egypt. Such, however, is nut. the
case. Normal temlmratures from Yuma, Arr]... are included in this table, from which
it will be seen that there is a great difference between the. temperatures of the. two
countries. Upper Egypt, no doubt, 11113 a desert climate similar tu that of Yuma,
but meteorulugical remrds have not been kept in that. part. 0f the country.
Mean monthly and annual relative humidity in Egypt and in .300!th portion of tip:
United Stutcw.
1...... ‘Z__f_f‘ 71:10: 1 “1:13:31" 1.11.5010. E ‘i ‘33:}; 1".1' 1-1 ut. I’t‘r vent. I J’L'I'c‘t'nt. Percent. 1’! r cent. ‘ 1‘1 :- cult. I‘crr-ult.
January ............ 1 03.0 00.4 05.0 i 74.5 [ 75.3 70.4 . 45.4
February ........... . 07.0 00.4 1 03.3 73.0 ‘ 74.7 73. 0 } 43.8
March .............. i 03. 0 53.0 ' 02.1 03.3 03. 3 l 03. 0 43.0
April ............... r 00.0 52.0 i 07.7 05. 3 . 04.3 02.4 35.1
May -, .............. 00. 0 50.1 ‘ 00. 0 ‘ 73.0 1 00.3 } 05.3 30.7
June ............... ‘ 72.0 50.0 07.3 I 73.2 E 70.1 71.1 34.7
July ............... 75.0 51.3 1 04.0 71.3 I 70.0 70.3 5 42.3
August ............. 73.0 57.5 i 05.2 03.3 I 73.1 77.9 47. 7
Septeuller .......... 09.0 05.0 03.3 07.3 ! 74.0 71.2 i 44. 7
October ............ l 03.0 ' 03.5 i 03. 7 04 5 l 00 0 03.4 1 40.2
November .......... 07.0 00.7 05.3 7 0 ‘ 72 7 7.1. 3 43.3
December .......... ' 03.0 71.1 1 02.3 74 1 75 0 73. 0 51.4
Year ......... 00.4 * 00.1 l 05.5 70.4 72.2 72.1 42 9
l
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The evaporation, as determined by the United States Geolotriual
Sunm hv'drographol at Emma, is as follows:
Evaporation u! Yuma, A NIL, in 1.903.
Inches.
J :muary ................................................................. 3. :52
February .................... : ................. ' .......................... l 3. 25
March . . - ................................................................ 5. 28
April .................................................................... 7. 21
May ..................................................................... 9. 84
June .................................................................... 10.25
July ..................................................................... 10. 75
August .................................................................. 10. TO
Observations at Bulls Head, Arizona. gave. the following results for
evaporation :
Empurrrfinn at Bulls ”emf, Arizona, in 190:}.
. Inches.
January- 2.57
February ................................................................. 2. 94
March .................................................................... 3.32
April ..................................................................... 5.64
May ...................................................................... 6.51
Cumjmrison of nwm ('mporntion from the 11mm xurfm-e in El Imp! and m the hailed Slum.
Month. . CuiroJngpL ou.é:::nio.i ‘l-iiinilllii‘ Yunm,Ariz.
J In_ux. ' lru'hrra. ‘ I ru'hc’a. 1 Im'lms,
January ............................ i 2. h'l .......... l .......... . ..........
February ........................... l 3 14 l .......... l ....................
h1arclx.....---..........-..-........<‘ 4.92" .......... ' .......... l ..........
April ............................... 5. 77 1 4. 68 I -l. 81 8. 32
May ............................... 1 7.13 § 5 27 i 4.24 9.17
June ............................... 8. 23 4 79 ‘ 5. 8.3 10. 56
July ............................... l 8. 5] h. 77 3. 65 l 9. 87
August ............................. l 7. 17 (i. 54 l 4. 27 l 9.08
Septemlwr-.-__-._-.._-..... ........ l 5.21 4.71 «1.12‘ 9.73
October ............................ i 4.25‘............. .................
Novemlwr .......................... i 2. 33 ............................. —.
December .......................... ‘ 2.43l
Year ......................... ’ 62. 25 ............................. ._
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Hectpitmion at Yuma, Aria, in inches.
Month. 1891. 1898. 1894. 1895. i 1896. 1897. 1898. 1890. 1900. 1901.
January ...... 0.00 T. 0.00 0.73 0.14 2.33 0.42 I 0.01 0.03 0.12
February ..... 2. 53 (a) .00 .02 .00 .06 .00 .01 . 11 3. 01
March ....... T. 1.53 .00, T. .43 .213 .39 T. .03 .30
April ......... .00 .00 .00 .00 T. T. .01 .00' .53 T.
May ......... T. . 31 T. . 00 T. T. . 00 . 00 T. T.
June ......... .00 .00 .00 T. .00 .00 T. T. .00 .00
July ......... .04 .40 .30 .01 .41 T.‘ .00 T. .02 T.
August ....... .05 .42 .01 T. .32 .57 .19 .00 T. .22
September ' T. .30 .12 T. .31 .20 .00 .00 .05 .00
October ...... l .00 .00 1.25 .15 .10 T. .00 .02 T. T.
November.-..' .00 .30 .00 .37 .06 .00 .21 .50 T. .00
December-u”! .05 .11 .29 .00 .73 .04 1.13 T. .00 .00
Total... 2.37 3.37 1.97 1.33 2.55 4.13 2.33 0.30 0.35 3.35
a Ralnlall of February, 1890, not recorded.
An annual average of 2.35.
Mr. Means compares the delta of the Nile with the upper stretches
of the Colorado. There are many more points of resemblance between
the deltas of the two streams than between their upper stretches.
Howerer, he recognized much similarity in the physical characteristics
of the two rivers. The sections of the valleys of the Nile and the
Colorado are much the same, as both have a “ berm” on each side of
the river and their lower lands extend to the desert foothills. Navigation of the two streams su_'ers from uncertain channels and sand
bars, but the Nile, owing to the long period of settlement and the larger
volume of water, has a large amount of river tra_ic, while the Colorado
is almost unused for such purposes.
The slope of the bed of the Colorado is about 1:4400 between Needles and Yuma. On the Nile the slope is 1:13000 in low water and
1:2220 in _ood, and the'mean slope of the valley is 1:10800. The Nile
has much the greater watershed, and has many large lakes at its head
to act as reservoirs and regulators, but its _ood and ebb come at the
same period. During its _ood period it scours its bed, and at low
water it silts, as does the Colorado. Each river has formed a. great
fan-shaped delta, but the Colorado also cut off an arm of the sea, which,
during generations, has dried up and silted up until it is now a great
valley. All the valley lands from Needles to Yuma were formed by
Colorado River. Wells have been sunk in the Imperial Valley to over
500 feet in depth, and the character of the soil remained the same.
This region is among the easiest in the world in which to obtain a
living from agriculture, the Colorado River bottom lands being of
TX700084127
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great fertility. All crops grow with great luxuriance and require. relatively little attention. For the. Indian to plant, raise, and gather his
crop of corn and melons along the Colorado, it is not necessary for
him to work more than two or three days in the year. The seeds are
planted by merely sticking them in the ground, and the next work is
the gathering of the crop. There is no plowing, hocing, weeding, or
other care work. Corn grows and matures in about 6 weeks; it is,
however, only 2 or 3 feet high, and bears but one or two cars to the
stalk, though these cars are sweet and excellent for table use. There
are many mesquite trees along the bottoms to furnish beans as forage
for the cattle, which are not fed hay at all. The Indian judges the
proper time for planting by the river foliage, and, when the cottonwoods turn green, puts in his crop.
About Yuma and Imperial the conditions approach closely those of
Upper Egypt, where the year is divided into three seasons—summer,
_ood, and winter. In the summer season, when the crops are sugar
cane, millet, vegetables, and clover, the land is irrigated up to May.
During the _ood season the whole country is irrigated by the over_ow
of the Nile. There are 581,001) acres in Upper Egypt, which have a
gross yield of $22,700,000, or $39 an acre. The _rst cost of all the
works for reclamation was $27.50 an acre, and the cost of maintenance
is 60 cents per acre per annum. The land is valued at about $60 an
acre. It seems that lands of equal fertility with similar climatic conditions, cultivated by intelligent Americans and with markets near at
hand, should have a much greater value.
During six months of the year the climate along Colorado River is
nearly perfect. During the remaining months it is apt to be very’
hot, but the great heat of summer is relieved by a constant breeze
from the Gulf of California and by the dryness of the climate; for the
drier the atmosphere the greater the evaporation and the lower the
sensible temperature.
SUMMARY.
In conclusion it may be stated that along Colorado Itivcrv
I. There are _ve great projects of reclamation, involving nearly a
million acres of land, which should receive immediate investigation.
2. These great projects present correspondingly great problems, and
require continued study and the best engineering advice obtainable.
3. The lands to be reclaimed are of great fertility, and their reclamation would well repay the time and money spent upon them.
‘H. Doc. ~14, 5&2 11
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INVESTIOA'I‘IONS IN (‘-OLOll:\DO. ,
By A. L. FELLOWS.
The work of thelteclamation Service in Colorado has been described
in part in the First Annual Report of the Reclamation Service, on
pages 129 to 160. General reconnaissance has been continued throughout the State to ascertain localities offering the best opportunities for
development and to bring together all the facts available for forming
a judgment of the relative merits of various enterprises. Detailed
surveys have been concluded on South Platte River on what is
known as the Sterling or Pawnee Pass project, and along Grand
River on the Grand River project. \Vork is still progressing on the
survey for the proposed tunnel from Gunnison River for the irrigation
of lands in Uncompahgre Valley.
The following pages give essential facts concerning the Sterling or
Pawnee Pass meet and the condition of work in Uncom ah rre Va.'- '
P J P is
ley. There is also appended a report by Gerard H. Matthes on the
Grand River project. _
STERLING PROJECT.
The Sterling or Pawnee Pass project has been described on pages
154-160 of the First Annual Report of the Reclamation Service. The
_eld work, under the direct charge of Charles T. Pease, was discontinued on December 10, 1902, owing to the extremely cold weather
which prevailed at that time. It was later decided that it was best
that the field work should not be resumed, careful investigation
demonstrating that the water supply was inadequate to insure the success of this project.
On May 28, 1903, the Pawnee Pass reservoir site was visited by a
committee of consulting engineers, consisting of Arthur P. Davis,
George Y. Wisner, and W. H. Sanders. This committee was met at
Sterling, (1010., by A. L. Fellows and Morris Bien, engineers, and the
report sulinnitted by A. L. Fellows was examined and discussed. The
committee, after full consideration of the water supply available for
this project, made a report adverse to construction, stating that in
its opinion the surveys made were suf_cient, and that the project is
not feasible, as the water supply is inadequate. ,l n accordance with a
recommendation contained in the conunittee’s report, the land previously segregated by order of the Secretary of the Interior was
thrown open for settlement and the project was abandoned.
162
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SOUTH. PLATTE RIVER VALLEY.
South Platte River (see Pl. XIX) rises in the high mountains of
South Park, in central Colorado, several tributaries converging from
di_'erent directions in South Platte Canyon, which the river has cut in
penetrating the Front Range. Emerging from this canyon, about 20
miles southwest of Denver, the stream enters the plains and becomes,
instead of a turbulent mountain stream, a river of the plains type,
_owing through a _at sandy valley and carrying at high stages considerable sediment. After leaving the mountains it _ows in a nearly
northerly direction for about 61) miles, receiving a number of tributaries from the mountains, the principal of which are Bear, Clear, St.
Vrain, Big Thompson, and Cache la l’oudre creeks, the last named
being the largest. All of these tributaries, like the main stream, flow
for considerable distances through agricultural regions, so that practically all of their normal flow is diverted for irrigation and domestic
supply, and there is little in any of them except during abnormally
high stages, due to rapid melting of snow or to cloud—bursts. (iagings furnishing valuable information concerning the _ow from the
mountains and the amount of water used for beneficial purposes
have been made for a number of years on all the tributaries named.
Large tracts of land remain uncultivated, owing to the fact that the
supply of water does not equal the demand.
During recent years consumers of water throughout this section
have turned their attention to the storage of _ood waters in reservoirs,
it being possible in this way to mature later and more valuable ‘crops
than by using only the normal _ow.
Near Greeley, in northern Colorado, South Platte River makes a bend
and _ows in an easterly and northeasterly direction to the northeast
corner of the State of Colorado, where it enters Nebraska. This portion of the stream is fed only by tributaries of the plains type, the
. principal of which are Crow, \Vild Cat, Pawnee, and Horsetail creeks
from the north, and Boxelder, Kiowa, Bijou, Badger, and Beaver
creeks from the south. Ordinarily none of these streams carry water
except for a short time in the spring and after heavy rains. For a
number of years measurements have been made along this section of
the river at Kerscy, Orchard, and J ulesburg.
NATURE OF LANDS.
The lands of northeastern Colorado are, in general, of the plains type,
and are utilized for the most part for grazing purposes.
South Platte River traverses plains of this character for about 200
miles in Colorado, and wherever enough water has been available tracts
susceptible of a high grade of intensive farming have been reclaimed.
Grasses and grains of nearly all kinds, and ‘all of the varieties of small
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fruits, vegetables, and leguminous plants indigenous to temperate zones
can be pro_tably raised. The cultivation of sugar beets has of late
been attracting attention throughout all of eastern Colorado, and the
locality under investigation seems to be admirably adapted to this purpose wherever the water supply is suf_cient. The lands are generally
Similar to those in the vicinity of the town of Greeley, which have
become famous for their great yield of potatoes, sugar boots, and other
crops suited to the climate. The soil of the river bottom is of a clayey
nature, and when worked proves to be capable of producing excellent
crops. Probably, however, if the plains above were to be extensively
irrigated, much of the river bottom would be ruined by seepage. The
. soil of the plains above the valley for many miles both north and south
is of a somewhat different character, being considerably more sandy
and friable, but capable, with a good water supply, of raising equally
good crops. It is more easily worked than the land of the river bottoms, and is especially adapted to sugar beets, potatoes, and alfalfa.
As the fall of South Platte River through the plains 1s fr’"om 1 to 8
feet to the mile it is generally co111parat1vely easy to construct canals
for the irligation of the bottom lands and adjacent plains The river
bottom varies in width from one to several miles, the stream meandering f10m one side to the other.
The quantity of land which could be irrigated if there was an
unlimited water supply is very considerable. There are probably
600,000 acres lying along the north side of South Platte River which
could be covered by a canal taking water at or near the mouth of the
Cache la Poudre and keeping as high up as the necessary grade would
permit and extending as far as the line between Colorado and Nebraska.
Most of this land is of excellent quality and, with suf_cient water,
would be capable of raising good crops.
VALUE 0 l" LANDS.
Lands with satisfactory water rights and without other improve- ments are worth $30 an acre and upward; probably $40 an acre would
be a fair average valuation at the present time for unimproved lands
with good water rights, while the value of improved lands may easily
run to $100, and even higher, depending upon the nature and amount
of improvement.
PRECIPITATION.
As may be seen from the tables below, from the reports of the
“leather Bureau, the rainfall varies extensively in different years.
The average precipitation for the Great Plains in Colorado, as shown
by the reports of the Weather Bureau, is approximately 15 inches per
annum, the amount increasing in the higher" regions and diminishing
in the valleys. The precipitation is usually greater in the summer,
often coming in the form of violent storms, resulting at times in a
TX700084133

considerable run-off.
generally in gentle showers,
UOLORA DO 2
In some seasons.
STERLING PROJECT.
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however, the rainfall comes
so that the run-off is practically zero.
The average of the three stations is approximately the average for the
The fact should not be lost sight of, however,
that the variation of different years is very great and that in some
years the precipitation during the summer season is exceedingly small,
the greater part of it disappearing as the result of evaporation.
region investigated.
Precipimtion, by 11101111141, at stations in drainage basin of South Platte River, 1'11 (him-ado,
from 1896' (0 1909.
BOXELDER.
A H 4 4 _n Year Jan. Feb. Mar. Apr. May June July Alig.4Sept. Oct. Nov Dee. Annual.
1396 .............. 0.53 4 0.06 3.24 1.10 2.53- 2.16 . 1.93 3.115 2. 36 0.02 0.27 I 0.09 17.33
1396 .............. .19 .65 2.7.5 2.22 3.49 1.59 i 4.03 4.314 .94 .93 .95 21.42
1396 .............. .70 .w .53 1.32 5.62 ' 1.66 1.36 1.711.36 .47 1.17 .17 16.34
1999 .............. 1.27 1.79 1.42 1.06 .52 4 1.79 , 2.23 4 1.46 .13 2.51 .06 .17 14.42
1900 .............. .194 .96 .62 6.7044400 .51 2.724 .55 1.55 .00 .00 .21 17.93
1901 .............. 19. .63 1. 62 2.96 4.19 4 1.99 .5711.66 .49 .46 .13 2.47 17.25
1902 .............. .164 ..51.291 1.11 4.35.180110541.20 4.37 .91 m 1.51 21.156
Normal. .654— .69 1.49 4 1.79 4 3.50 ' 1.66 2.19 4 1.99 4 1.24 .75 .41 .69 17.02
4 F .
GREELEY.
I
Year. 4 Jan. Feb. Mar. '4 Apr. 43114321111104.1111; 4 Aug. Sept.4 Oct. 4 Nov. Dec. Annual.
.__4 4 —. _ 4 4 _4 _4 _
1996 .............. 40.67 40.19 09341.19 1.424 0.4644.82 2.1.5 0.994o.63|01r2 0.07 13.52
1997 .............. .06 .01 2.021 .91 ' 3.20 2.47 41 .2941.11 .40 .39 16.09
1898 .............. .20 ' .33 .23 1.94 5 5.934 1.69 3.50 4 .93 .13 .734 .60 .37 16.43
1999 .............. 41.14 4 .69 .714 "041.15 .47 i 2.34 4 1.04 .30 4 1.9.5 T. .40 10.79
1900 .............. ’ . ..59 .62 6. 32 4 .96 .31'1.294 1.117 .11 .04 .16 11.61
1901 .............. 4 .2-.i .45 .95'2.1 1212.39 245' .20! .47 81.06: .75 .06 1.06 12.22
1902 .............. .124 .16 .164 9041.77 .62' .654. 4.13? .51 .73 .67 10.63
Normal 4 2r 4 1:44191:2.19‘1.191.1.04 .99 994 .764 .57 .32 11.92
»_ -i- 7 If . l,,-,i,--,~,___, _g 1%
DENVER.
Year Jan Feb. Mar. Apr. MM. 41111111. July. Aug. Sept. Oct. Nov. Dec. Annual.
1396 .............. 0.25 0.24 1.43 0.93 ' 1.27 4 0.39 4 2.90 0.97 1.141 0.94 0.10 0.31 11.34
1997 ............. .59 .92 .90 1.31 3.15 2.16 4 2.06 1.44 .. 44 1.61 .24 .63 15.37
11199 ............ .20 .69 .29 1.20 4 1.99' .91 ..67 .96 .29 1.05 .95 .99 12.93
1399 .............. .65 59 1.10 .75 .15 ‘ .47 4 1.92 1. 79 .20 1.01 T. .72 9.33
1900 .............. 4 .13 .55 .11-5 9.21 .11-4' 1.97 4 1.30 .05 .97 .33 .37 .42 15.29
1901 .............. .05 .06 .99 1.96 1.19 ' 2.09 4 .01 1.30 .22 .46 T. 99 9.10
1902 ............. 4 17 .39 .124 .60 1.99 4 1.99, 1.24 76 .170 .80 .61 .59 13 35
Normal. ..4 49' .51 .91 211-2421514142 1.04 1.394 .95I .90 .56 .60 1.1.96
. - 4, ; 1
Mean of the three stationn. 14.30.
No'rI-L—The mean {or the stations 61 Kimball and Lodgermle. in Nehmukn. near this region. 19 16.40,
the altitude being somewhat. greater and the prec‘eipitnlion consequently being mmewhal greater also.
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( YLI MATE.
The temperature of this region, as shown by the records of the
Weather Bureau, ranges from a minimum-of about —200 F. in the
winter to a maximum of about +100O F. in the summer, the mean
being approximately +489 F. The district is more or less subject to
high Winds, which cause heavy drifting of snow in the winter and, in
some localities, of sand in the summer. In general, however, the
climate is mild and equable, and, owing to the lack of moisture in the
atmosphere, the extremes of temperature are not severely felt.
' MEASUREMENTS OF SOUTH PLATTE RIVER.
While a number of stations have been maintained and records of
the discharge of the tributaries and principal branches of South Platte
River have been kept, these data are not of immediate importance in connection with this investigation. It is important to know only how much
water would be available at the head-gate of the proposed canal, and
what the effect of its diversion would be upon the valley below.
Accordingly, tables are given only for the stations at Kersey, established in May, 1901; at Orchard, established in November, 1895; and
at J ulesburg, established in April, 1902. While these records do not
extend back so far as might be desired, they are su_icient in themselves to furnish all the information that is required concerning the
_ow of South Platte River along that portion which is of importance
in connection with this project. In compiling these tables only such
data have been included as are known to be accurate. For example,
the discharge for a number of the winter months during the period
When a station was maintained at Orchard is not included, owing to
the fact that during those months ice gorges checked the _ow of the
stream to such an extent that it was impossible to 'determine the
actual _ow. The information furnished is, however, su_icient for an
approximate determination of the available water supply.
TX700084135

Month.
1901
' 1
May ............
June ...........
.....
July ........... 1...-1
A ugust .........
September ......
October ........
November ......
December .......... I
1902.
J annary ........
February .......
March ..........
April ...........
May ............
June ...........
July ............
Angust .........
September ......
Octal )er ........
November ......
Der-elm ver ......
1903.
January ........
February .......
Marl'h ..........
A pril ...........
..._.,
-—co
""1
COLORA DO 3
STERLING PROJECT.
[Drainage area, 9,470 square miles.]
Discharge in second-feet.
Maximum.
5, 990
5, 004
450
330
705
510
591
1, 9:15
1, 524
1, 524
700
202
224
1, 991
590
105
2, rm
325
527
637
000
805
1,510
1,201
Minimum.
450 ‘
290
200
290
370
450
540
580
637
282
42
501
501
609
332
836
862
480
1 22
96
158
l 24
85
363
249
334
532
526
582
920
524
Estimated discharge of Small Plum R1??? at Kenn].
167.
Run-011.
Tom] in m-re- ‘ ,
a“: we?
85, 653 0. l5 0. 17
108, 297 . 19 . 21
19, 307 . 03 . 03
18, 200 . 03 . 03
23, 504 . 04 . 04
28, 030 . 05 . 06
31, 299 . 06 . 07
55, 524 . 10 . 12
51, 404 . 09 . 10
47, 73 . 09 .09
29, 883 . 05 .06
7, 259 . 01 .01
5, 903 . 01 ,01
9, 402 . 02 . 02
7, 624 . 01 . 01
5, 220 . 01 . 01
21, 600 . 0-1 . 04
15, 310 . 03 . 03
19, 874 . 04 . O4
32, 711 . 0" . O7
32, 343 . 06 . 07
32, 323 . 06 .06
50, 569 . 10 . 12
31, 180 . 06 . 07
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Estimated discharge of South Platte Riwr a! Orchard.
[Drainage area, 12,260 square 1111193.]
SECOND ANNUAL REPORT OF RECLAMATION SERVICE.
Yenr
Month. * ,__ 7 W W ,1 —— —~— -——- ”4—“— - Menu.
1896 1897. 1808. 1899. 19(1).
1 ' mud-fed. .W'mnd—fcd. Sermul-fcrl . ' mud-fed Swami—_u. Second-fed.
January .......... 775 631 ..................... . ......... 703
February ......... a 610 557 811 .................... 859
March ............ 581 231 574 .................... 462
April ....................... 529 380 .......... 4, 180 1, 696
May ....................... 898 1, 9-16 465 8, 617 2, 981
June ....................... 2, 637 776 1, 198 4, 638 2, 312
July ....................... 347 173 1, 593 171 571
August ........... l .......... 803 40 761 114 429
September ........ 3 __________ 92 - 69 45 142 87
October .......... | .......... 303 215 429 431 344
November ........ E .................... 811 799 611 140
December ........ l ........................................ 614 614
a February 16 to 29, inclusive.
Ev_nmtml Ilisrliarge of South Finite River at Julesburg.
[Dminnge urea, 20,598 square 1111103.]
Discharge in Hemnd-_iet. Run-011'.
Month. 1 Totahigltluere- gland-feet A LT;
Maximum. Minimum. Mean. permmi tsun- i;2h(t_.n
1902.
April .............. ‘. 89 i 46 2, 737 (l. 002 0. 002
May _______________ 52 23 37 2, 275 . 002 . 002
J line. ............... 144 9 23 1, 666 . 001 . 001
July _______________ 2‘25 2 19 1,168 . 001 . 001
August _____________ 4 0 3 13-1 . 000] . 0001
September .......... 662 2 153 9, 10-1 . 008 . 009
(112101,” 662 28 129 7,932 .000 .007
' November .......... 75 28 37_ 2, 202 . 0018 . 002
vaeml )er .............................. 761 37, 730 0369 . 0343
EARLY INVESTIGATIONS.
The utilization of the Pawnee Pass reservoir site has been considered
in connection with other possible reservoir sites for a number of years.
In the year 1891 the Of_cers of a. company, known as the South Platte
Water Storage and Irrigation Company. caused surveys to be made
with the View Of utilizing a number of reservoir sites along the north
TX700084137
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side of the South Platte, among which those of the greatest importance are at Jackson Lake, Sanborn Draw, and the Pawnee Pass.
There were also several others which it was thought might be. used to
advantage in connection with those mentioned, but which were of
much less importance, and feasible only in case the larger sites were
made use of. This company made _lings in the oilice of the State
engineer of Colorado on all of these sites, and a comprehensive plan
of irrigation canals and laterals was outlined in connection therewith.
These _lings are as follows:
Filings ’1f the South Platte li'lm’r Storage and Irrigalion Company.
Capacity In
acre-feet.
Sanborn Draw reservoir ..--..-....-.... ..... ....... 70,260
Orchard reservoir ...................................................... 5, 700
Jacksu‘m Lake reservoir ................................................. 67, 790
Wild Cat No. l reservoir ................................................ 2, 000
Wild Cat No. 2 reservoir ................................................ 9,000
Wild Cat No. 3 reservoir ................................................ 7, 900
Pawnee Pass reservoir .................................................. 234, 696
This company has since commenced the construction of canals to take
water for the Jackson Lake and Sanborn Draw reservoirs, although
until the year 1901 practically nothing was done except the completion
of the surveys and a little work upon the Jackson Lake inlet.
In December, 1900, a preliminary examination of this region was
made by the United States Geological Survey. The results of this
investigation were published in the First Annual Report of the Reclamation Service (pp. lint—100). The conclusions reached at that time
were that a detailed survey ought to be made to show the probabilities
of reclaiming any large amount of land. It was thought that the
system taken as a whole, including the Jackson Lake and Sanborn
Draw and other similar sites comparatively near to the river, might
be feasible, although it was thought that in all probability the entire
amount of water available could be stored in the smaller sites, making
it inadvisable to extend the canal so far as Pawnee Pass, which would
require a canal of great length.
There being no funds available at this time for making this survey
nothing ‘further was done until after the passage of the reclamation
act, approved June 17, 1902, when the people dwelling along the
South Platte petitioned that a survey be made for the- purpose of
determining the feasibility of taking water to the Pawnee Pass reservoir site, for irrigating large tracts of land, variously estimated at
from 100,000 to 300,000 acres.
RESULT OF PRESENT SURVEY.
Charles T. Pease, a civil engineer of Denver, (1010., was directed
to commence the survey of the Pawnee Pass project in August, 1002.
After consultation with engineers familiar with the country and an
TX700084138
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examination of surveys already made by the South Platte Water Storage and Irrigation Company, Mr. Pease selected for his head-gate a.
point about 2% miles north of the town of Kersey. After a preliminary survey had been run for 13 miles, however, it was found that it
was necessary for a drop of 30 feet to be made, and it was therefore
decided that a new point of diversion should be selected. One was
accordingly chosen about 3 miles northeast of the town of Hardin, as
shown on the accompanying plat (see Pl. XX), and «15 miles of canal
line were located, the survey being discontinued in the early part
of December, owing to extremely cold weather and a lack of fuel and
water, the ice forming to such an extent that it was impracticable to
carry water either in tanks or in barrels.
The survey not having been completed the report is necessarily
incomplete also, and many of the estimates are. mere approximations,
formed from general knowledge of the country and of the di_iculties
to be overcome. A very satisfactory estimate is made, however, concerning the _rst 45 miles of canal, so far at least as excavation is concerned, although many detalls have not been gone into. The last 15
miles of the 45 surveyed furnish a fair average upon which an estimate
could be made concerning the remaining 45.
The estimates concerning the dam are made from crOSS-seetion notes
of the dam site made by R. F. Walter, of Greeley, engineer of the
South l’latte \Vater Storage and Irrigation Company.
The canal covered by the following estimates has its head on the
east bank of South Platte River, in sec. 21, T. 5 N., R. 61 W. of the
sixth principal meridian, and runs easterly to the basin of Pawnee
Creek. The estimated length of the canal is 90 miles.
TWO estimates for an earthen dam on Pawnee Creek have been
made, the _rst being for a dam 101) feet high and the second for one 125
feet high. In both cases a slope of 3 to 1 on the upper side and 2 to l
on the lower side has been given, the. upper side to be. riprapped.
For an outlet a triple arch culvert of concrete, the three. openings
each being 6 by 10 feet in the clear, has been _gured on. For the
_oor and foundation of this culvert a bed of concrete 3 feet thick and
projecting 3 feet beyond the abutments has been taken. It has also
been assumed that there are to be concrete aprons at both inlet and
outlet and 20!) linear feet of heavy riprap at the outlet, and that no
wasteway will be required.
The _rst mile of the canal passes through irrigablc land, the second
through a mixture of coarse gravel and sand, and in estimating the
grading here slopes of 1% to 1 have been used. From the third to the
eleventh mile, inclusive, the material is _ne sand, which, when the surface is once broken, drifts like snow. The only vegetation is a scant
growth of blue stem and dwarf sagebrush. Almost all of these 9
miles are side-hill work, and the loss of water from percolation must
necessarily be very heavy. It is probable that some arti_cial method
TX700084139
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of “silting” this portion of the canal will have to be. resorted to, but
the. cost of doing this has not been included in this estimate. Through
this light material a slope of 2 to 1 has been used.
From the twelfth to the thirty-fourth mile, inclusive, the soil is composed of sand, but apparently much heavier and more compact than
that above mentioned. There. is also more vegetation, consisting of
blue stem, buffalo grass, dwarf sagebrush, and cactus, though these are
seldom all found in one place. In making the estimates over this portion of the line a slope of 11} to 1 has been used.
F mm. the thirty-fifth mile to the end of the present location the soil
is a bluish clay and sand, with here and there ouu-r(,)pping ledges of
broken lime rock. The general slope used on these sections has been
1 to 1.
In making this location the canal has been put in ‘exeavation” as
much as possible, the constant effort being to have a cut of from 2 to 3
feet on the lower side. It has, however, been found necessary to use
embankments in a few places, notably in crossing the head of Sanborn
Draw on the eighteenth mile. As this piece of work lies along the
crest of a ridge frequently swept by terri_c northwest winds, and as
the embankments will be made of a sandy soil, it is thought that it will
be necessary to cover them with a layer of clay to protect them from
the action of the wind. Clay for this purpOse can be had in Sanborn
Draw, about 2% miles to the south. The cost of thus protecting these.
embankments has not been included in this estimate.
As near as can be ascertainml the prices used in making this estimate
are those now prevailing in Colorado on large contracts.
L
(‘ns'r «W In.“ AND (‘ANA13.
Estimulr of cost of I’vmvm’ Puss project with a dam [001711 in height.
H HA I) “'URKS.
GOO-foot pile dam, at. $15 per foot .......... . ................ _ . . _ $0, 000
1 head-gate ................................................. 3, 500
$12,511)
Rmaavom.
2,315,000 cubic yards embankment, at $0.30 per cubic yard . . _ . 694, 500
58,300 cubic yards riprap, at $1.25 per cubic yard .............. 72, 875
6,820 cubic yards concrete, at $7.50 per cubic yard ............. 5| , 150
7 . ................................... : ,5
Toner, gatehouse, and gates 1 1 B 832,025
CANAL.
180 feet _aming, at $1.50 per foot ............................. 270
335 feet bridging, at $0 per foot .............................. 2, 310
32,600 feet sand fence, at $0.20 per foot ....................... 6, 520
11 Band guns, at $2,500 each ................................. 27, 500
Grading 5,820,400 cubic yards earth, at $0.14 per cubic yard.. . . 814, 856
Grading 1112,100 cubic yards loose rock, at $0.35 per cubic yard- 56, 735
Grading 33,600 cubic yards solid rock, at $1 per cubic yard ..... 33, 600
9-11, 791
Total .......................................................... 1, 786, 316
TX700084142
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Estimate of cost of PHH'NFP Pass project with a dam 125 feet in height.
REA 1) “'ORKS.
(SOD-foot, pile dam, at $15 per foot ............................ $9, 000
1 head-gate ................................................ 3,500
—-—— $12, 500
nmsavoia.
' 4,400,000 cubic yards embankment, at $0.30 per cubic yard. - . . 1,320, 000
81,600 cubic yards riprap, at $1.25 per cubic yard ............. 102, 000
8,600 cubic. yards concrete, at $7.50 per cubic yard ............ 6-1, 500
Tower, gatehousc, and gates ................................ 15, 000
—— 1, 501, 500
CANAL. ‘
180 feet _uming, at $1.50 per foot. . . .. ....................... 270
385 feet bridging, at $6 per foot ............................... 2, 310
32,600 feet sand fence, at $0.20 per foot ...................... 6, 520
,11 sand gates, at $2,500 each ................................ 27, 500
Grading 5,820,400 cubic yards earth, at $0.14 per cubic yard. . - 814, 856
Grading 162,100 cubic yards loose rock, at $0. 35 per cubic yard. 56, 735
Grading 33,600 cubic yards solid rock, at $1 per cubic yard. - - . 33,600
—— 941, 791
Total .......................................................... 2, 455, 791
The foregoing estimates are based upon the most simple forms of
construction and do not include rights of way, head-gates, sluice gates,
wasteways, spill boxes, drops, ete., nor the necessity for covering
considerable portions of the canal with clay. These items would
increase the estimate by probably not less than $150,000.
The necessary reinforcement of the- dam by trenching, the con—
struction of a puddled core, and the necessary distributing system,
which would consist approximately of 60 miles of canal, at an average
cost of not less than $5,000 per mile, would certainly increase the cost
of construction at least another $350,000, so that the total cost on the
basis of a 125-foot dam, which the of_cers of the South Platte Land,
Reservoir and Irrigation Company state to be necessary to permit
the storage of 284,696 acre-feet, would certainly be not less than
$3,000,000, and if there is added to this 20 per cent for engineering
and contingencies, the total estimated cost is approximately $3,600,000.
These estimates are necessarily rough, and it is probable that the
cost would exceed this amount rather than fall short of it. It is
interesting to note, in this connection, that the estimate for the construction of the dam of loose rock, made by L. G. Carpenter, an
engineer employed by the above-named company, was $2,500,000.
His estimate would increase the total cost by at least another million,
raising it to $1,600,000,
SANBOHN DRAW.
A reconnaissance survey was made of Sanborn Draw by running
an assumed high-water line around its sides as far as possible, and
then following the high ridges where any proposed dam would probTX700084143
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ably be constructed to connect the extremities of this high-water line.
Stations 500 feet apart were used.- Points are established at various
places along these lines for plane-table work, it being understood at
the time that such a survey was to be made.
Owing to the very uneven surface of this basin any estimate of its
storage capacity based upon anything but a careful and detailed survey
would be of . little value. A large amount of grading would be
required to connect the various depressions which collectiVel y constitute Sanborn Draw, as well as to provide a suitable outlet. The
greatest depth of water would be about 45 feet, and to procure this a
dam 4 miles long, averaging 30 feet high, would have to be constructed.
The outlines of Sanborn Draw reservoir, as determined by the
reconnaissance survey, are shown upon the map submitted with the
estimates to which this is attached.
This reservoir site has been filed upon by private parties, who are
now constructing a. ditch to it from South Platte River.
DUTY 01" \V ATER.
Whenever any irrigation project for the reclamation of arid lands is
being investigated, one of the most important of the many problems to
be solved, after the undertaking is found to be feasible from a physical
standpoint, is that of arriving at a definite conclusion as to the amount
of water needed per acre, or, in other words, the answer to the question,
What is the duty of the water l There is, perhaps, no other subject
relating to irrigation concerning which more has been written and less
can be determined. The extent and nature of the country traversed,
altitude, temperature, precipitation, wind, protection, or lack of same,
soils, channels, depth of water carried, and many other factors, so
enter into the consideration of this problem that it is most difficult to
arrive at a satisfactory conclusion in any given case, and yet the necessity for determining the specific duty for each project considered is so
great that it may be regarded as absolute.
It is clear that conclusions concerning any given project can never
be entirely applicable to any other. The amount of water required
for the most advantageous use will vary in different localities and
under different conditions to such an extent that no hard-and-fast rule
can be made, even for the amount actually to be used on the land. In
Wyoming, for example, the duty is very much greater than in Arizona,
even when conditions are as nearly equal as possible, and the more
diverse the conditions the greater will be the dif_culty in arriving at
any satisfactory basis of comparison.
It is clear, moreover, that even upon one system widely differing
values may be given to the duty of water, the differences depending
upon where the discharge measurements are made, as well as upon
the conditions mentioned above. If, as in this case, for example, an
TX700084144
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unlined canal 90 miles long is contemplated, this canal to convey water
through a sandy country to a large reservoir, which in turn is to store
it perhaps for some months, after which it is to be again taken into a.
canal, distributed into laterals, and subdivided among the consumers
for application to the land, the relationship between the water and the
land irrigated will vary widely, depending upon whether the water is
measured at the head-gate of the main canal, at its discharge point
into the reservoir, at the outlet of the reservoir, taking into account
the length of time that storage was necessary, at the heads of the
laterals, or at the margin of the farm to be irrigated.
If it be assumed that 11} acre-feet of water per acre irrigated, or
enough to cover the surface 18 inches in depth, is required each
season 'for the most pro_table raising of crops, the measurements
being made at the upper edge of the farm, it is quite within reason to
estimate that this will necessitate, with variations depending upon the
conditions mentioned above, 3 acre-feet at the heads of distributing
laterals, 4 at the, reservoir outlet, 5 at the inlet, and anywhere from
8 upward at the head-gate.
‘In localities where all irrigation must be from a single system of
main canal and laterals, so that there is no possibility of using the
seepage and waste water over again, the duty will necessarily be much
lower than in a valley both sides of which may be irrigated, the excess
_nding its way to the center, where it may be takennout and thus
used, perhaps, several times over. From the foregoing considerations it is evident that in determining
how much land can be pro_tably irrigated with a given amount of
water the _rst conclusion to he arrived at is as to the duty of the water
upon the land itself. Then estimates must be made of the losses to be
sustained during the conveyance of the water to the land and of any
possible gains that may augment the supply, and thus, corrections
being made for the losses and gains, we may arrive approximately at
the effective duty of the entire supply.
Measurements have been made for several years both in this and in
other countries for the purpose of determining the duty of water in
different localities and under diifcrent conditions. The data thus
obtained may be brie_y summarized as folloWs:
Averages made from the records taken show that when the water is
measured at the margin of the _elds to be irrigated in localities Similar
to the one under consideration the amount of water rolluired varies,
even when care is exercised in its distribution, with the nature of the
Soil and other conditions from 1.25 to 2.50 acre-feet per acre irrigated.
In the Report of Irrigation Investigations of 1901, Bulletin No. 119
of the of_ce of experiment stations, the average duty of selected
examples of high duty for small canals or laterals, with but little loss
TX700084145
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in transit, compiled from the measurements made in the years 1899,
1900, and 1901, is given as 1.63. The average of low duties is given
as 5.70, while the average for all measurements upon farms is 3.98, or,
leaving out three farms in New Mexico, where duty was inordinately
low, 3.07. The variation in all examples cited is from 1.20 to 15.44.
The average depth of water applied to some of the different crops is
given as follows:
Depth of water upph'rd to (1' : [I’crcnl crops.
Feet.
Alfalfa ................................................................... 3. 39
Barley ................................................................... 1. 49
Corn ..................................................................... l. 40
Oats ...................................................................... 1. 73
Orchard .................................................................. 2-. 76
Peas ............................. . ........................................ 1. 28
Potatoes ................ - .................................................. 3. 94
Sugar beets ............................................................... 2. 15
Wheat ............................ . ..................................... 2. 68
Average ............................................................ 2. 31
\Vhere the measurements are made at the heads of canals Of considerable length, 20 miles or more, the amounts range from 2.50 upward,
the average; being 4.15 acre-feet per acre irrigated, including many
canals where the supply was insuf_cient. In Buckley’s “Irrigation in
India,” for example, the amounts given as the duty of water of the
Ganges Canal for the years 1889 and 1890, in acre—feet per acre irrigated, are 1.4 and 2.1 at the margins of _elds, 2.8 when measured in
the laterals, and 5.0 when measured at the head-gates. In Colorado
the averages are more than these amounts rather than less.
In the case of the Pawnee Pass reservoir project, the water, after passing the head-gate, would have to be taken, _rst, through a canal about
90 miles long, where the losses resulting from seepage and evaporation
must necessarily be considerable; second, it must be stored, much of
it for a number of months, in a reservoir, where evaporation would he
at the rate, approximately, Of 00 inches per year; third, it must be
taken from the reservoir and conveyed _rst through large, and later
through smaller, canals and distributed among the consumers.
If it is assumed that the amount actuall y required for the successful
raising Of crops in this locality is 1.50 acre-feet per acre irrigated—a
low estimate, as may be seen from the above _gures—-the measurement
to be made at the margin of the _eld, it is fair to assume also that at
least 3 acre-feet per acre irrigated must be delivered into the reservoir.
For the sake of simplicity it will be assumed that the minimum amount
required at the reservoir would be 2.85 acre—feet per acre, equivalent
to a duty, approximately, of 106 acres to the cubic foot per second,
if the amount is distributed evenly throughout _ve months of the irriTX700084146

176 ‘ SECOND ANNUAL REPORT or RECLAMA'I‘ION ssavrcn.
gation season. This amount would admit of the. irrigation of 100,000
acres of land if the reservoir were to be _lled once annually, its estimated capacity being 284,696 acre-feet. it may he assumed, further,
that at the lowest possible estimate 6 acre-feet per acre to be irrigated
would be required at the head-gate of the main canal, with a strong
probability that much more than that amount would be necessary.
At this minimum estimate there would he needed at the head-gate not
less than (300,000 ac rc-feet, which would he the equivalent of a stream
discharging 2,017 second-feet constantly for 150 days, 2,520 for 1:40
days, or 3,360 for 90 days.
('OS'I‘ OF WATER l'Elt .M‘Iil-l.
On the basis of a reservoir capacity of 284,606 acre-feet and a total
cost for the system of $3,600,4'NM), it being assumed, for the present,
that the reservoir could be _lled once annually, the water stored would
irrigate approximately 100,000 acres of land, making the cost of getting
the water to the land about $36 per acre bene_ted. This amount, if
returned to the Government in ten annual installments, Would require
a. yearly payment of $3.60, to which would he added the cost of maintenance, which, taking into account the length of the canal and nature
of the country traversed, the amount of sediment carried by the river
and tributaries_ after violent storms, and the fact that nearly all of the
water must necessarily be carried in the winter time when snow and
freezing would be attendant conditions, would obviously be high,
increasing the annual charge. per acre during the _rst ten years that
water was furnished to at least $4. The cost of breaking the land,
fencing, buildings, and other expenses incident to settling upon new
land, would raise the initial cost of the land to not less than $15
per acre.
WATER SUPPLY.
A more serious question than that of cost, however, is that of adequate water supply. As has been stated to be the case along the
tributaries, the normal discharge of the river has long since been
greatly overappropriated. Rcsulting, however, from the return from
_ seepage and the dif_culties to be overcome in taking water from the
stream in the winter season, there has remained up to the presenttime
a considerable_ow during the months of December, January, February, and March, and in some years a large volume of water has passed
down the stream in May and June. Such being the case it has been
_.but natural that the attention of owners of lands bordering the stream
should be attracted by this discharge and that they should desire to
to see it stored for their use. There has recently been great activity,
therefore, in _ling on reservoir sites and in the construction of such
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reservoirs as'were deemed to have anything like an adequate water
supply. At the time when the project was first undertaken for the
South Platte Water Storage. and Irrigation Company the storing of
the _ood waters of the South Platte had not been carried to any Hitch
extreme as has been the case since that time, nor had direct irrigation
been developed to such an extent as in 1902. Moreover, the successor
of the original company, now the South Platte Laud, Reservoir and
Irrigation Company, had in the years 1901 and 1902 resumed operations with a view to storing water in the upper reservoir sites _led
upon in previous years, abandoning all right and title to the Pawnee
Pass reservoir site (but to that one only), so that this site has now to
stand solely upon its own merits and can not be considered as a supplementary part of the system unless all of the upper portion is
purchased.
warren urn-1.17 DURING menu-nos sums.
Leaving the more recently constmcted reserVoirs out of consideration for the present, we see from the tables of discharge given below,
which are the same as those on page 107 of this report, but in different
form, that there passed the gaging station at Kersey between May 1
and October 31, 1001, inclusive, 283,000 acre-feet; the maximum
monthly _ow for this period being 1,820 second-feet in June, the
minimum being 206 in August, with a mean of 779. Between April 1
and October 31, 1002, 72,324 acre-feet passed the station, the maximum
monthly _ow for this period being 303 second-feet in Septemlmr, the
minimum .85 in August, with a mean of 171.
Diurlmrge during irriyuliou periods of South [‘Iutle [fit-er at Ix'erscy.
Ill". 1312.
Month. _- ' ___ __ _ _' I V _'-—
“$337731. 71337115}. 1.33.117 [iii-1., ilii’riiiit_i.
1
, c ‘l _c
April .................................................... 12:: I 7,259
May ................................ 1,303 33, 1333 00 f 5, 1103
June ................................ 1,320 103, 2:17 153 , 9,402
July ....... 314 10,307 121, 7,324
August .............................. 296 18, 200 85 5, 220’
September ........................... 395 ' 23, 504 303 21, 000
October ............................. 456 28,030 2-19 l 15, 310
779 233, 000 171 1 72, 324
12
H. Doc. 44, 53—2
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Water (11km from South Plum: Rircrr in district No. I .
RECLAMATIUN SERVICE.
[Prepared by James J. Armstrong, superintendent of irrigation of water division No. 1.]
1 Amount
Name or (11142”. [ ”11133111311112”. ]$:b_i(§:cgelle(;. “pliglgll:ll(¥d
‘ 111 d strict.
Hoover .................................. 1 Apr. 1,1869 15 ............
1’. 1-1. Pan-10116 ......................... 1.. Jan. 1,1871 4 l5
Schultz .................................. Apr. 1, 1871 7 I9
Deuel & Snyder .......................... Apr. 2,1871 13 26
Johnson 8: Edwards ...................... . June 1,1872 15 39
llardin .. _.' .............................. Jan. 1,1373 54
Brown & Pyott .......................... June 1, 137-1 62
Tetsel ................................... Nov. 15, 187-1 17 70
Corona ranch ............................ J une 1, 1875 21 87
Illinois .................................. June 1,1876 27 108
Putnam ................................. A pr. 1, 1880 10 135
Weldon Valley ........................... Oct. 26, 1881 165 145
Putnam ................................. Apr. 26, 1882 30 310
Platte and Beaver, upper ................. June 20, 1882 50 340
Tetsel ................................... July 1, 1882 20 390
Platte and Beaver, lower ................. Sept. 4, 1882 38 410
Fort Morgan ............................ Oct. 18, 1882 323 4-18
Hardin .................................. Feb. 21, 188-1 28 771
Dene] & Snyder ............ . ............ Apr. 7, 1884 32 799
Johnson & Edwards- . _ _' .................. A pr. 10, 1886 48 831
Corona ranch ............................ Nov. 15, 1886 35 879
Riverside ................................ Nov. 29, 1886 16 914
A. A. Smith ............................. June 13,1887 20 930
Schultz ......... - ........................ 1 Apr. 1,1888 21 950
Upper Platte 111111 Beaver ................ Apr. 15, 1888 16-1 971
Platte and Beaver, lower ............ . . . . .‘ ..... do ....... 284 1, 135
Fort Morgan 1,. & 11. (‘4,111'11111113' ........... 1 Oct. 18, 1888 125 1,419
Brown & l’yott ......... . ............... 1 Nov. 1,1888 31 1,544
(11115 Stevens ........................... 5cm. 3,1889 23 1,575
P. 11. Parsons ..... _ ............. ; Sept. 8,1889 48 1,593
T5151 .......... . ................... ' ............... 1 1, 646 1,646
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Wuha- (al‘m from South Plane Hirer in district No. 6.5.
[Prepared by James .1. Armstrong, snmriulendent of irrigation of water division No. 1.]
Amount
"Hm" "' ditch- up..l.’,'I.'r‘i._i.,... .fZ-‘_fi-t‘iiii. nil_iili’r'i_iid
n district.
#_ ______ , _ t ____ _
South Platte ............................. May 1, 1872 50. 00 ............
Sterling Irrigation Company .............. July 15, 1673 175. 00 50. 00
Pawnee ................................. Sept. 17, 1873 67. 00 225. 00
Schneider ............................... Oct. 20, 1680 112. 50 292. 00
Henderson at Smith ...................... Nov. I5, 1830 12. 50 40-1. 50
Pawnee ................................. June 22, 1882 150. 00 417. 00
Low Line ................................ Oct. 14, 1882 37. 00 567. 00
“iii and Platte Valley .................... Oct. 1, 1883 150. 00 60-1. 00
Sterling,' No. 2 ............................ June 7, 188-1 50. 00 754. 00
Springtlale ............................... July . 19, 1886 62. 50 80-1. 00
Bravo ................................... Feb. 21, 1893 40. 00 866. 50
Powell and Dillon ........................ Dec. 12,1893 45.00 906.50
Harmony No. 1 .......................... Apr. 23, 1895 252. 00 951. 50
Lone Tree ............................... July 10, 1895 82. 00 1, 203. 50
Ramsey ................................. A Hg. 23, 1894 12. 00 1, 285. 50
Huston .................................. Sept. 17, 1894 10. 00 1, 297. 50
Davis Bros .............................. I C 'pt. 20, 189-1 20. 00 1,307. 50
Powell .................................. Feb. 19, 1895 40. 00 1, 327. 50 Chambers ............................... May 4, 1895 30. 00 1, 367. 50
Lom- Tree ............................... July 15, 1895 82. 00 1, 397. 50
South Platte Extension ................... Apr. 1, 1896 50. 00 1, 479. 50
Harmony No. 2 .......................... May 3, 1897 50. 00 1, 529. 50
Total ............................................. 1, 579. 50 1, 579. 50
Nora: The Iliifunul l’lnltc Valley reservoir noun-cut supply through the lli_' and Platte Valley
ditch. Capacity, 12,458. 613 cubic feet November 15, 1868. Priority No. 12 in district.
The canals of Colorado irrigation district No. 1, however, which lie
almost entirely below this gaging station, are entitled to the use of
1,646 second-feet from South Platte River, and those of water district
No. 64, which lie next below No. 1, extending to the State line, are
entitled to 1,579.5 secondteet, making the total for these two districts 3,225.5 second-feet. (See Pl. XXI.) The canals having
decreed rights in these two districts are, therefore, entitled to draw
3,225.5 second-feet from South Platte River at any and all times during the irrigation season, if there is that amount of water in the
stream, before any water could be diverted into this or any other
storage reservoir taking water in this locality. Not only is this true,
but under the laws of Colorado any later canals or reservoirs, even
TX700084152
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without decreed rights, would be permitted to take water for direct
irrigation be fore the proposed reservoir would be entitled to any water
whatsoever, provided they had made use of water _rst. The reports
of the water commissioners of these two districts show that at no time
during the irrigation seasons of the years 1901 and 1902 was there
enough water to satisfy the demands for direct irrigation, and an
examination of the reports for the preceding ten years shows that the
same condition prevailed then with but few exceptions. ‘
The records kept at Kersey and Orchard, given on pages 167—168,
show that there was but one year, 1900, in the last seven when any
considerable amount of water would hare been available during the
irrigation season.
These reports, and the additional fact that direct irrigation is still
being extended, and this extension will be continued until its maximum
limit is reached, demonstrate that the supply of water a 'ailable for
the _lling of the proposed reservoir is, at any rate. practically limited
to the winter _ow.
“'A'I'ER SUPPLY DURING WINTER PERIOD.
Again examining the tables of discharge on page 107 we _nd that the
entire discharge of South Platte River at the Kersey station between
November 1, 1901, and March 31, 1902, was 215,983 acre-feet, the
maximum monthly discharge being 903 second-feet for December
and the minimum 486 for March, with a mean of 723; and that for
' the winter period between November 1, 1902, and March 31, 1903, the
total discharge was 173,820 acre-feet, with a maximum monthly _ow
of 920 second-feet for March, a minimum of 33-1 for November, and
a mean of 579.
“Discharge of South Platte River (It Kenny] during minIrr periods.
1901-2. 1902-3.
MOlltll. —_ F __ _ __ —
Menu in Total in Moan in Total in
second—feet. acre-feet. second-feel. acre-lect.
November .......................... 526 3] , 299 33-1 19, 874
December .......................... 903 55, 524 532 32, 711
January ............................ 836 51 , 404 526 32, 3-13
February ........................... 862 ~17, 873 582 32, 323
March .............................. 486 29, 883 920 56, 569
723 215, 983 579 173, 820
There are at the present time, however, _ve reservoirs either wholly
or partly constructed or under consideration which would have rights
prior to those of the proposed system wilese points of diversion are in
TX700084153
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the vicinity of the proposed head-gate of the project under consideration. These are the Riverside, formerly called Sanborn Draw reservoir (under construction), with an estimated capacity when completed
of 70,260 acre-feet; the Jackson Lake, present capacity 41,324), but
capable of enlargement to 67,790 acre-feet; Bijou reservoir No. 1,
available capacity 16,070 acre-feet; and Bijou reservoir No. 2, not yet
built but sure to be constructed if there is suf_cient water for it,
capacity 8,035 acre-feet. To these should be added the New Empire
reservoir, capacity claimed 27,259 acre-feet, which has been surveyed
and which will probably be. constructed in the near future. All these
reservoirs will, if constructed _rst, be entitled to water ahead of the
project under consideratirm, not only during the period of winter _ow
but at such times as there should be any summer flow available. The
possible capacities of these live reservoirs are as follows:
Crumcilics of renmmirs proposed or in course of (wimdmcfion.
Reservoir. Calpgflggtlf‘
Riverside .............................................................. 70, 260
Jackson Lake .......................................................... 67, 790
Bijou reservoir No. 1. .................................................. 16,070
Bijou reservoir No. 2 . . ................................................. 8, 035
New Empire ........................................................... 27, 2:39
Total ............................................................ 189, 4 l 4
To furnish this amount would require a stream carrying 1,074
second-feet constantly for 90 days, or 805 second-feet for 120 days, or
6-H» second-feet for 150 days, leaving for the proposed Pawnee Pass
reservoir, on the ISO-day basis, about 7 9 second-feet during the _rst
winter period and nothing whatever during the second, assuming the
_ow to be regular and to be depended upon and controlled throughout
the whole of each winter season. This estimate, moreover, makes no
allowance for loss by evaporation and seepage in the canals conducting water to the reservoirs named, nor does it take into account the
fact that they might, if they had the necessary amount of water, be
_lled more than once in a year. Even on the basis of the first three
of these reservoirs, which either already have been or are beng constructed, more than two-thirds of these amounts would be required
for the corresponding lengths of time, not allowing for any losses.
Further than this, however, is the fact that reservoirs with an aggregate capacity of upward of 300,000 acre-feet either have been constructed within the last two or three years or are now under actual
construction at higher points on the South Platte and its tributaries
and have not in the past had water, but must be taken into consideration hereafter. There are, moreover, _lings upon other sites that
aggregate over 300,000 acre-feet which need not be considered in this
connection, for obvious reasons, but which would be important if there
were any water for them.
TX700084156
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MEASUREMENT“ OF PAWSEF. CREEK.
It has been urged that Pawnee Creek alone would furnish suf_cient
water for the propOsed system. This, however, is not true.
The drainage area of Pawnee Creek down to the site of the proposed
dam is 682 square miles, the precipitation being on the average about
15 inches per annum. In the sandy drainage basin of Pawnee Creek
it would be extraordinary if even one-sixth of the total precipitation
were to become run-o_, which would give only 72,750 acre-feet, about
one-fourth the capacity of the proposed reservoir, while in many years
the run-off would be practically nothing. But more than this, the
greater part of the run-off of this stream occurs during the irrigating
season, when those owning canals along South Platte River below the
mouth of Pawnee Creek have a right to the water discharged from that
stream, so that no part of the summer _ow would be available.
It has been reported that several times during the summer season
of 1902, when there was an unusual number of violent storms, enough
water was discharged by this stream to _ll the proposed reservoir.
The records of the Julesburg gaging station, at the lower end of irrigation district No. 64, show that there was but one rise of any impor—
tance during that season, and the reports of the commissioner of water
district No. 64 show that this rise was caused by heavy rains on streams
entering the South Platte below the mouth of Pawnee Creek and on
the other side of the river. Under the laws of Colorado the proposed
reservoir would not be permitted to hold back the discharge of Pawnee
Creek until after the requirements of all irrigators below were satis_ed,
and by that time the _ood would invariably have passed. Moreover,
even if it were true that the _ow from the violent storms or cloudbursts were suf_ciently great to enable this discharge to be thus utilized, the amount of sediment that is carried in streams of this type
during great discharge, due to cloud-bursts, would soon _ll the entire
reservoir with silt.
T hose facts demonstrate beyond question that the water supply of
South Platte River and its tributaries is inadequate to warrant the
construction of the proposed system. There is an abundance of land
of the _nest quality, capable, with a good water supply, of raising
good crops; but the water supply is entirely inadequate, and even if
there was plenty of water the cost of getting the water to the land
would be so great. as to prohibit the construction.
UNCOMPAHGRE VALLEY PROJECT.
A preliminary report concerning the U ncoinpahgre Valley reclamation project was printed in the First Annual Report of the Reclamation Service, pages 132—149.
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TOPOGRAPHIC MAPPING.
During the month of December, 1902, an client was made to keep
up the topographic mapping of the Uncompahgre Valley, but the
progress made was unsatisfactory, owing to extreme cold and frequent
storms. This work was therefore discontinued in January, 1903, and
the _eld parties were disbanded. The months of January, February,
and the first week of March, 1903, were occupied in the compilation
of the data already obtained and in making preliminary estimates.
The preliminary report was completed on March 0, and further surveys were ordered, so that complete reports might be submitted as
soon as practicable.
A system of triangulation of the entire valley was planned in
March, 1903, and the necessary base lines were established. Leveling
also was commenced. This triangulation work and the primary level
lines necessary for the topographic work were completed in May. On
June 18 the topographic mapping was begun, under the general
direction of Joseph A. Sargent, assistant engineer. On June 17 Ira
W. McConnell, engineer, was placed in charge of the work as resident engineer, and since that time the surveys have been under his
direct supervision.
The topographic mapping has been carried on diligently throughout
the remainder of the season, six parties having been at work during
the greater part of the time. It is hoped that the entire valley will be
thoroughly mapped by the time it is necessary to close this line of
work for the winter. The platting is being done on a scale of 1,000
feet to the inch, showing 10-foot contours. Detailed topographic
maps of each end of the proposed tunnel line have been made on a
scale of 50 feet to the inch, with 5-foot contour intervals. At this
date about two-thirds of the entire valley has been mapped. This
work is done for the purpose of showing clearly the amount of irriga—
ble and nonirrigal‘ile lands, and the general topography of the Uncompahgre Valley, so that the location of canals may be more readily
made. The lands are being classi_ed into irrigable and nonirrigmble
lands, the irrigable lands being subdivided into _rst, second, and third
grades.
An interesting and at the same. time extremely dangerous piece of
topographic surveying was completed in August, 1903. It became
necessary to make a topographic survey of about 1,500 feet of the
bottom of the Grand Canyon of the Gunnisou River, at the point
selected as the location of the head of the proposed tunnel. The canyon
here is approximately 2,000 feet in depth, the walls being almost sheer
precipices. The water-_ows very swiftly over huge bowlders and
through narrow gorges, and it is therefore impossible, particularly at
TX700084160
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high stages, to use boats or to traverse the canyon for any distance.
To obtain the topography of this section, therefore, it was necessary
to descend into the canyon over cliffs and through narrow _ssures in
four different places.
The talus slope for about 600 feet on the south side of the river was
mapped _rst, by descending through a narrow _ssure. It is through
this _ssure that it will be necessary to construct a cableway for the
purpose of carrying supplies and materials into the canyon after construction commences. The party, making a detour of approximately
150 miles, came down a similar _ssure on the opposite side of the river,
and mapped that side for a short distance. About 1,200 feet farther
upstream they were able to descend again to another short talus slope,
the descent being extremely perilous and accomplished'at times only
by the use of ropes over steep cliffs hundreds of feet in height.
On the opposite side there was found another small talus slope, which
was reached by a similar descent from the south side after the return
of the party. One small tract between the extreme limits could not
be reached with instruments, although one man descended to this point
also, by means of ropes, in order that he might set signals for triangulation. This dangerous piece of work was at last satisfactorily concluded. The men making the descent into the canyon were I. W'.
McConnell, resident engineer; W'. P. Edwards, engineer; J. A. Sargent, topographer; and L. E. Foster, assistant topographer.
The accompanying map (Pl. XXIII) shows the topography at this
point, the physical features being more clearly shown by the accompanying photographs (PL. XXIV).
TRIANGULATION.
A comprehensive system of triangulation covering the entire Uneompahgre Valley was carried out during the earlier part of the
season. Triangulation points were established at distances varying
from 1 mile to 5 miles apart, in order to have at least one triangulation point, and preferably two, represented on each plane-table sheet.
The instrument work was done by W’. P. Edwards, engineer, and
Larern J. Charles, assistant engineer, with No. 1 Berger transits,
reading by estimate to 20 seconds of are. The work wasadone with
extreme care, and angles were found to close within 15 seconds on
calculations of the latitudes and departures. The entire triangulation
system was carried across Vernal Mesa also, most of the work being
done by Mr. Edwards in May and June. The purpose of this triangulation was to check the work of the year 1902, andto‘déte_nine
further facts relative to the distances between Uncompahgre Valley
and various points at corresponding levels upon Grannison River.
From Fairview siding triangulation was carried to Gunnison River
at Boat Landing, connecting with Bostwick Park base, with the work
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done in 1902 above Beaver Camp, and with the points at the dam site
from Camp Hill and Signal Hill. Distances were computed from the
Olathe base line, this having been more accurately measured than
the Bostwick Park base. The hearings were all taken with reference
to Bostwick Park base, however, as all bearings of the survey were'
referred to this.
Owing to high water in the river it was impossible to do more than
locate a _ag at the foot of Boat-Landing trail, and other _ags at the
top of the cliffs visible from points near the proposed dam. All points
are either hubs under tripods or chisel marks on rocks or else on short
sights, short straight poles set at a central point between four hubs
with tacks in their tops, set in a circle of about 1 foot radius.
The greatest error discovered in this system of triangulation was
11 seconds. 0n the connection with the dam site the greatest error
was 17 seconds. These errors were adjusted, and it is not likely that
there is any error greater than 10 seconds in any of the angles.
It should now be possible to run a tunnel tangent from station 19,
the northwest end of Bostwick Park base, to whatever points may be
selected at the valley end and at the double heading of the tunnel.
This tangent, based upon the work of the year 1902, should hit the
desired points within 1 or 2 feet, although the triangles of 1902 were
not all closed, consequently minor adjustments could not be made.
It may also be possible. to run a tangent line from the double heading to the gulch below the site of the proposed dam by extending the
line back from each portal—from the west end across to the spur on
the west side of the double-heading gulch, and from the east end by
extending the line across to the top of the cliff on the north side of the
river, and then running east again with the points on the ledge over
the intake. .It will, however, be a dif_cult matter to run this tangent
throughout, even if it is possible.
At the same time a traverse line along the 6,250-f00t contour was
run out by Mr. Charles, for the purpose of determining where the
deepest indentations were to be found in the shale foothills on the
Uneompahgre Valley side of Vernal Mesa. This line was run for several miles in each direction from the portal to the State tunnel. The
contour line was _rst accurately run out by level and then mapped
with the aid of a transit.
LAND SURVEYS.
In May and June “3 P. Edwards, engineer, made a somewhat
extended land survey upon Vernal Mesa and in Cedar Creek Valley
for the purpose of determining whether or not the township and section lines had ever been run out, and for the further purpose of locating the tunnel lines and triangulation points with reference to Land
Of_ce surveys. He was furnished with a certi_ed copy of the _eld
notes of the original survey.
TX700084164

186 sEcoND ANNUAL REPORT OF RECLAMATION SERVICE.
In the latter part of May he started at the marked corner of sees. 25
and 36, T. 49 N., R. 8 VV., New Mexico principal meridian (in place),
on the bank of Cedar Creek east of the station and ran north 7 miles
to Gunnison River, _nding neither corners nor any indications of lines
ever having been run. 'l‘hrce corners on the east-west township line
near Cedar Creek railroad station were, however, found and tied into
the Boat-Landing triangulation. From this the section line can be
plotted to the north.
It has been necessary to run certain other section lines in the
Uncompahgre Valley. The Land O_ive surveys of this valley were
fairly well made, so that in general it is not dif_cult to locate corners.
Vernal Mesa and Bostwick Park were, however, clmrly not surveyed
at all, so far, at least, as the establishing of corners was concerned.
SURVEY OF ROADS.
In the early part of the season W. 1’. Edwards, engineer, was
directed to make a survey for a road from the Uncompahgre Valley
end of the proposed tunnel to the top of the Vernal Mesa, and then to
the heads of the trails leading to the site of the proposed dam and to
the double heading of the proposed tunnel. On June 9 Mr. Edwards
reported on the stadia line survey for wagon roads from State tunnel to
the dam site and double heading in effect as follows:
Starting on Vernal Mesa, at the head of the dam-site trail, the line
ascends for 6,100 feet, with a grade of from 1 to 3 per cent, through
good country to the summit saddle, one-half mile north of Jones’s
cabin; thence from station 0 to station 419, at the State tunnel, a distance of 44,000 feet, the road has a 5 per cent grade, excepting the
one-half mile through Bostwick Park, which has an adverse up grade of
2 per cent. Thetotal distance from the head of the dam-site trail to
the State tunnel is 9!; miles. It was planned that the roadbed should
have a width of 12 feet, 3 feet of which it was intended should be
occupied by a small drainage ditch, leaving 9 feet of actual roadway.
Estimates were made on basis of cut slopes 1 to 1, till 1% to 1.
A line for a branch road to the tunnel heading was also surveyed.
This line leaves the main read line at the saddle one-half mile north
of Joues’s cabin, and runs for 2.2 miles on the north side of the divide
to the head of the trail north of Dan'sons Summit. Grades are as
follows: From station 0 to station 31 the line is level. From station
31 to station 48 is a 2 per cent up grade, and from that point there is
a 1 per cent up grade through easy country. This line is somewhat
longer than the line surveyed in 1902, as the maximum grade was
diminished from 7 and 8 per cent, and sometimes as high as 12 per
cent, to 5 per cent for the new line. For about two-thirds of the
distance, starting from the State tunnel, the two lines are through
TX700084165
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practically the same kind of country, but for the remaining distance the
location of the new line will be very much cheaper, in addition to
being upon a better grade, than the line run in 1902. The road along
the line selected will be an easy one to build.
There is already a fairly good read from Montrose to the State tunnel, so that little expense would be necessary on this part of the line.
RES ER\’ 01“. SITES.
During the month of August and part of September, W. P. Edwards,
engineer, was directed to make a careful examination of the drainage
basin of Gunnison River and its tributaries for the purpose of ascertaining whether any feasible reservoir sites could be found that might
be used for. the purpose of equalizing the _ow of Gunnison River.
In accordance with these instructions Mr. Edwards left Cimarron on
August 1 and spent several weeks making the examination. On
October 6 he submitted a report, the substance of which is as follows:
GUNNIHUN RIVER.
Gunnison River was examined on the south side from Gunnison to
1013., no reservoir sites being found. From Iola down on the north
side the river was not examined.
TA Y LOB RIVER.
Investigations were made on Taylor River from Almont to near the
headwaters above Dorchester post-o_icc, in Taylor Park, T. 12 S., R.
83 1V. Topographic surveys were made of two possible reservoir
sites.
The lower site lies at the lower end of Taylor Park, in secs. 3, 17,
18, 19, and 20, T. 1-1 3., R. 82 W., sixth principal meridian. The
discharge of the river at the dam site at the canyon entrance, on
August 12, 1903, was 141 cubic feet per second. The indications are
that solid granite rock may be found at the dam site by stripping 20
feet of soil and loose rock on the hillsides, and probably also below
the river bed, under 30 feet of bowlders and gravel. The land which
would be covered is pasture land.
The upper site is in sees. 26, 27, 28, 33, 34, and 35, T. 12 3., R. 83
W., sixth principal meridian, below Dorchester post-of_ce. The
material at the dam site is earth, gravel, and granite bowlders, with
no Sign of bed rock. The land which would be covered is pasture
land. The discharge of the stream on Augustvll, 1903, was 37 cubic
feet per second.
No reservoir sites were discovered on the following tributaries of
Taylor River: Spring Creek, Letty Creek, Willow Creek, Illinois
Creek.
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TEXAS CREEK.
A small reservoir could be constructed on Texas Creek about 1
mile above the crossing of the Tineup and Dorchester road by building an earth dam 800 feet in length and of an average height of 30
feet. The water would cover 250 acres to an average depth of 15
feet. ‘
Four miles farther up Texas Creek a dam 1,200 feet long and 35
feet high would _ood 150 acres about 20 feet deep on the average.
No surveys were made of these two sites. Dams would be on earth
5 with some bowlders.
OHIO CREEK.
Ohio Creek joins Gunnison River near Gunnison. No reservoir
sites were found on this stream. ‘
EAST RIV ER.
East River joins Taylor River at Almont, and was examined from
its mouth to a point above Gothic. Two small sites were surveyed.
The lower site is in sec. 3-}, T. 14 8., R. 85 \V., sixth principal meridian, at ()versteg, below the junction of Slate River. Discharge of
stream at dam site on August H, 1903, was 190 cubic. feet per second.
About one—half the area covered would be in meadow grass and onehalf pasture. Material under the dam site is earth, with some loose
rock. This reservoir would be small, and its construction would
necessitate raising the railroad from the valley to the hillside.
The upper site is east. of Crested Butte, in secs. 4 and 5, T. 14 8.,
R. 85 W., and sees. 32 and 33, T. 13 S., R. 85 \V., sixth principal
meridian. Material at the dam site is earth, with some loose rock.
Lands that would be covered are about two-thirds in meadow grass
and one-third in pasture. Discharge of stream on August 18, 1903,
was 117 cubic. feet per second.
The tributaries of East River examined Were: lenient Creek, Slate
River, Brush Creek, and Coal Creek. No sites were found on any of
them.
TOMICIII CREEK.
Tomiehi Creek has less fall than any of the others examined. Its
valley is occupied by the railroad and is used for farming. One survey for a resermir site was made. '
This site is 3% miles below Doyleville and 45 miles above l’arlins, in
sees. 25’, 29, 3:5, 33, 34,:1nt135, T. 49 N... R. 3 F... New Mexico principal meridian. The material uuder the dam will be earth in the valley
and loose rock and earth in the hillside. The discharge of stream on
August 26, 1903, was 60 cubic feet per second. Eighty-_ve per cent
of the valley is cultivated meadow grass land and 15 per cent is pasture.
Farther down, at V ader’s ranch, about 5 miles below Parlins, in secs.
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7, S, 16, and 17, T. «19 N., R. 2 E., a dam 60 feet high and 1,200 feet
long would _ood about 500 acres to an average depth of 25 feet. The
material is earth in the _at and rock at each end on the hillsides. Such
a reservoir would submerge a schoolhouse, two ranch houses, and the
railroad. No survey was made.
On Quartz Creek, a tributary of Tomichi Creek, no sites were
discovered.
LI'I'I'IJ': TUMICIH ('HEEK.
In this creek, at a point about 1 mile below Where the Waunita
wagon road crosses and about 7 miles above Sargent, a dam 1,300 feet
long and 50 feet high would cover about 300 acres to an average depth
of 25 feet. No survey was made.
COCII BTOPA CREEK.
In this creek, one-half mile below Cochetopa post-of_ce, a dam with
bottom length of 100 feet and top length of 350 feet and a height of
50 feet would _ood about 350 acres to an average depth of 20 feet.
The post-of_ce and one ranch house would be in the reservoir site.
The material under the dam would be earth and grave] in the bed of
the creek and loose rock and earth at the sides. No survey was made.
The \Vest Fork of Cochetopa Creek was examined for some miles
above its mouth. No reservoir sites were found.
LOB FINDS CREEK.
Los Pinos Creek is a tributary of'Cochetopa Creek. A survey was
made about3 miles above the old Cochetopa Agency, in sees. 22, 27, and
28, T. 45 N., R. 1 E., New Mexico principal meridian. The dam site
is ~nar1'ow and in good rock, but the valley above is too narrow to justify construction. 0:! August 29, 1903, the stream had a flow of 8
cubic feet per second, but in the spring the _oods sometimes cover the
_at.
CEHOLLA RIVER.
Cebolla River joins the Gunnison at Cebolla. One survey was made
at a point below L. A. Foster’s ranch, above the junction of Spring
Creek, in secs. 11, 12, 13, 1-1, 15, 22, and 23, T. 4-1 N., R. 2 \V., New
Mexico principal meridian. The discharge of the stream on August
31, 1903, was 62 cubic feet per second. Solid rock is exposed at the
sides of the dam site, and can probably be reached in the bottom by
sinkin g 40 feet through gravel and earth. Land that would be covered
is irrigated meadow land in the _at and pasture on the hills.
BI‘RINH (REEK.
Spring Creek joins Cebolla River 1 mile below Cathedral post-of_ce.
A survey was made on this stream 5 miles above Cathedral. Discharge
of stream on August. 31, 1903, was 13 cubic feet per second. There is ,
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gravel and earth on the _at and on the north side of the dam site, and
rock on the south side. The site is too small to be seriously considered.
l..\ K H FUNK .
Lake Fork joins the (lunnison at Sapinero. About 1 mile above
Lake City a dam in rock formation, with bottom length of 60 feet, top
length of 160 feet, and height of 90 feet, would cover 120 acres to an
average depth of 40 feet. No survey was made. Henson Creek
joins Lake Fork at Lake City. No reservoir sites were discovered on it.
SA N ('RISTUBA L LA K E.
San Cristobal Lake, above Lake City, could be raised 35 feet over
an area of about 450 acres by putting in a dam with a length of 40 feet
on the bottom, 500 feet on the top, and 60 feet high. The material
under the dam site is earth and gravel. This would put the small town
of Lake Shore under water, and would raise the water nearly up to
the level of several large mines. No survey was made.
(‘1 M A BBON RIVER.
Cimarron River and several of its branches, including Little Ciniarron River, were examined to their heads, but no reservoir sites were
found.
ll Hill PARK LAKE.
Iligh Park Lake is on the west side of Cimarron River Valley, in
sec. 35, T. 47 N., R. 7 \V., New Mexico principal meridian. It has
an area. of 13 acres. A dam 50 feet high would increase the area to
25 acres by raising the water level 40 feet. The central section of the
dam at the outlet, 70 feet in width, would need to be 50 feet high, and
earth levees extending over 300 feet on each side of the central section
would have to be 13 feet high in order to hold the water to the 40-foot
level. Such a reservoir would contain about 900 acre-feet of water.
The material under the dam would be earth and gravel. No topographic survey was made.
BIG AND LITTLE "LITE, PINE, AND “'ILLO“' ('REEKS.
Big Blue Creek was examined from its head at Unconumhgre Peak.
N o reservoir sites were found on either the East Fork or the \Vest Fork.
Little Blue, Pine, and Willow creeks were crossed on the Lake Fork
wagon road. They are small and head low down. From information
received it is thought there are no reservoir sites on these creeks.
FALLS CREEK.
This creek runs northeast into the West Fork of Big Blue. At a
point about 3 miles above the Big Blue Forks a small reservoir could
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be created by means of a dam in rock formation above the falls. The
dam would have a height of 100 feet, bottom length of 15 feet, and
top length of 250 feet. This would cover about 350 acres to an average depth of 45 feet.
RBI) MIDI'NTAIX CREEK.
On this creek, at a point about 2 miles below I ronton, a dam 50 feet
long on the bottom, 500 feet long on top, and 70 feet high, would cover
about 270 acres to an average depth of 30 feet. The creek bottom is
50 feet wide at the dam site. There is a rock hill of 350 slope on the
north side, and a talus and earth slope on the south side to the end of
the SOD-foot crest. No survey was made.
DA LLAS CREEK.
Dallas Creek joins U ncompahgre River at Dallas. A survey was
made of Willow Swamp, about 3 miles above. the Bush ranch, on the
main cast branch of Dallas Creek, in see. 13, T. 4-1- N., R. 9 W’., New
Mexico principal meridian. Material under dam is earth and loose
rock, with possible solid rock on the south side at a depth of 20 feet.
Discharge of stream on September 8, 1903, was ~15 cubic feetper
second.
At the head of Dallas Creek, under Mount Sne_els, there are three
small but deep lakes, having an aggregate area of 28 acres. Mr.
Manning, a farmer near Hagen, has taken up these lakes in order to
tap them. The lakes were not visited, but the information was obtained
from Mr. Manning. According to his account the conditions do not
favor the construction of dams.
HPRINH CREEK.
Only the lower part and west branch of this creek were examined
in driving to Collins Mill at the Summit Springs. Its drainage area
is small. It is not thought that there are any sites on the creek.
ROUBIDEAL’X CREEK.
Ronbideaux Creek heads on the Uncompahgre Plateau. In the summer and fall it is usually dry, but during the spring floods it discharges
considerable water. There are no reservoir sites on itor its tributaries.
0TH ER STREAMS.
The following streams were examined, but no reservoir sites were
discovered: Cow Creek, Owl Creek, Nate Creek, Low Creek, Willow
Creek, Burrows Creek, Billy Creek, and Dry Creek.
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STREA M .\l EABUREM ENTS.
Discharge measurr'mmls made on streams tributary to (u'zmnixon River.
Cubic .
Date. Name of stream, Place. foot per vanurks.
second.
1903.
Aug. 1 Big BlueCreek ..... Wagon-road crossing, 50 \
Lake Fork road.
1 Little Blue Creek... ..... do ................. 8
1 Pine Creek ............. do ................. 10
1 Willow Creek ........... do ................. 4
1 Lake Fork River-.- ..... (lo ................. 277 l
1 Cebolla. River ...... Bridge on road near Du- 141
hole.
3 Willow Creek ...... Road between Iola and 10
(iunnison.
4 East River ......... At Almont ahove junc- 378
. tion.
4 SpringCrt-ek _______ 8 miles above Almont ‘55
and above junction. .
4 Taylor River _______ Bridge 7 miles above 366 . \Vater clear and
Spring Creek. i falling. All
‘ . _. . ‘ ‘ streams proba4 (:rystal Creek ...... Atabiii-nfimiin iii? llllll‘les .39 , hly 30 per cent.
“ "'p 3-? .ree ' 1 morethanintlle
5 Lottys Creek ....... Drains Union Park. Just 40 averageyearand
above junction with twiceasmuchas
Taylor River. in 1902.
5 ..... (lo ............ ln Hume at exit from 2.7
Union Park.
12 Willow (.Treek ...... From Tincup into Tay- 35
lor Park 1 mile above
. junction.
12 Illinois Creek ...... Main Tint-up road in H
Taylor Park.
13 Taylor River ....... Att'anyoneutranceirom Hl
Taylor Park.
12 He Plant (7reek..-., 3 miles West of Illinois lt)
Greek.
13 Texas, Creek ....... Mani Tint-up road in 305
Taylor Park.
14 Taylor River ....... l 1; miles below Dorclu-s- 37
‘ ter )ost—ot_ce in 'l‘ay- l
lor ‘ztrk. ‘
14 East River ......... Atoversteg, belowjunc- 190
tion “'ltll Slate River.
15 Slate River ........ .lustabovejunctionwith 70
East River.
. . . _ Water clear and
18 hast River ......... Bridge 4 miles above 11. falling.
junction Slate River. '
18 Brush Creek ....... BritlgeonGothicroad.ti l7
l
l
miles above jum-tion
Slate River.
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Ilixcharge measurements made on streams tributary to (:‘unnison Hirer—Continued.
l Cubic
Date. Name of stream. Pluve. .ieet pgr Remarks.
3000i] .
l __
1903.
Aug. 18 Copper Creek ...... One-fourth mile below 11 l
Gothic.
18 East River .............. do ................. 36
18 Slate River ........ One-fourth mile below 20
Anthracite.
21 Ohio Creek ........ Road one-half mile be- 42
low Baldwin’s mine. Wat l l
, l , , er c ear am
21 Carbon Creek ...... From East River to Ohio 9 falling.
Creek,justabovejunction.
22 Tomichi Creek ..... Bridge Haverly Siding, 71
2} miles from Gunmson.
22 Quartz Creek ______ Wagon road at Parlins . . 25
22 ..... do ............ At Pitkin ........ ' ...... 17 4
24 Little Tomichi Road bridge between 31
Creek. Waunita and Sargent.
24 Tomichi Creek ..... l mile below Sargent.... 78 Muddy after rain.
28 Cochetoya Creek.-. Justabovejunctionwith 35
Tomichi Creek. 1
28 ..... do ............ Justabovejunction with 18 l
Los Pines Creek.
28 Lou l'iuoe Creek. . . . Justabove junction with 8
Cochetopa Creek.
31 Spring Creek ....... 5 miles above Cathedral- 13
Sept. 1 Cebolla River ...... 3 miles above junction 48
Spring Creek.
1 MineralCreek ...... Joins Cebolla River 3 10
miles above Spring
Creek, at junction Kilear and falling.
with Cebolla.
2 Cebolla River ...... Hot Springs Bridge, 1 52
mile above Powderborn.
2 Lake Fork ......... Brid e, Powderhorn and 168
- La e City road and 2
miles above Gateview.
2 Henson Creek ..... 3 miles above Capitol 19
City. . = j
2 ..... do ............ One-half mile above I 56
Lake City. ’
4 Lake Fork ......... At Lake Shore, 4 miles I 58 _ Clear.
above Lake City.
4 ..... do ............ , 1 mile above Sherman.-.i 2-1 4
H. Due. 44, 58—2—13
.
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Discharge metwuremmfs made on streams tributary Io Gunnison River—Continued.
Cubic
Date. Name of stream. Place. feet per Remarks.
second.
1903.
Sept. 5 Animaa River...... One-half mile below 26 '
Howardsville, at
bridge on road.
5 CemcntCreek ...... At Silverton ............ 16 leer.
5 Mineral Creek ..... One-half mile above Sil- 3'2
verton.
5 Red M¢.mntain0reek Road bridge 2 miles 22 1
above lronton. }bwollen “3" heavy
rams.
7 Uncompahgre River Road bridge at Ridgway. 255 ' .
8 Dallas Creek ....... Main East Branch, 10 45
miles above Uncom- l
pahgre. l Clearhbut proba8 West DallasCreek-- 2 miles above junction 17 l mynmcreased by
with Dallas. . '
8 Beaver Creek ........... do ................. 8
8 Dallas Creek ....... Road between Hagen 73 Muddy
and Ridgway.
9 Cow Creek ......... UpgeC-lr ford, 9 miles 33 ‘
a ve Uncompahgre.
9 ..... do ............ Junction with Uncom- 18
pahgre (water taken
out above in ditches).
17 Little Cimarron . - - - Just above junction with 17
Cimarron.
18 Cimarron River" -. Head-gate Cimarron 74 ‘
ditch. >(ilear.
' 20 EastForkCimarmn Jackson ................ 26
River.
20 Middle Fork Cim- ..... do ................. - 19
arron River.
22 Little Cimarron . ... At point cast of Jackson. 17
28 East Fork of Big Justnlmvcjunction with ' 9
Blue. West Fork.
29 Big Blue Creek . . .. 2 miles above Lake Fork 26
road.
29 Little Cimarron . - - . Just above junction with 19
* Cimarron.
29 Cimarron River . -- . At Cilnarron gaging sta- 74
tion: Reading ongage.
1.7 feel; mean velocIty, 2.4.
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SUMMARY.
A total distance of approximately 1,300 miles was traversed in making
these investigations. The _ow was measured whenever practicable, the
measurements being made by means of _oats, and eight—tenths of the
average surface velocity being used as‘a mean.
There seems to be suf_cient water to _ll any and all of the reservoirs
that might be constructed, but unfortunately the nature of the country
is not adapted to large reservoirs, the meadows having too much fall
and the valleys being too narrow, so that construction would be expensive in proportion to the reservoir capacity.
The best sites are all occupied by the settlers or by the railroads.
Two sites, however, were segregated, both of which are situated in
Taylor Park, the segregation being as follows: Secs. 7, 8, 17, 18, 19,
and 20, T. 14 S., R. 82 “K, and sees. 27, 28, 33, and 34, T. 12 S., R.
83 W.
A résumé of reports on reservoir sites is given in the following
tables:
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Per cubic
Prices assumed for estimates: yard.
nasomy ........................................... _ .......... . ...... $5. 00
Excavation .......................................................... . 50
Embankment ........................................................ .25
Rescrwirs examined but not mrrcycd in Gunnimm River drainage basin.
Reservoir data. I illam data.
Stream. . t- -— - - - -- - Remarks.
Location. Ilicpth. Area. | Length. thi. Foundation.
I Fm. 4mm? Fm. Fret.
Texas Creek. .. 1 mile above crossing I 15 250 I an 30 Earth .......
Dot-Chester road. I
Do ......... 4milesabovccroaiing 20 150 1,200 30 Earth and
Dorchcstcr road. bowidcm.
Tomichlurcck. 5mlics below Parlins. 25 500 1.200 60 Earth with Will submerge
T.49N.,R.2E..Ncw I . rock at school house
Mexico principall I ends. and 2 ranch
meridian. I I‘ houses.
LittlcTomichl Tmilesabove Sargent.: 25 300 I 1.300 50 ,,,,, do ......
Creek. I .
I
I Top 350. .
Cache lopa One-hall mile below I 20 350 I bottom I 50 """ 'l” """ “i:Ls":'PI')n__—Ir§e
Crock. Cochctupu. post- 100. i d 8
(mice. I an 1 ranch
I house.
I I Top 160,
Lake Fork ..... 1 mile above Lake- 40 120’ bottom 90 """""""
('ity. | l 60.
I I ‘ Top .500, _
Lake San Cris— Above Lakcifiiy ..... ‘ 35 4.50 1 bottom 60 Earth and Will submerge
iobal. I I 40. gravel. town of Lake1 I Top 500, shone.
Red Mountain 2mlleubc|owironlono 30 270I bottom 70 One end
Creek. I 50. rock, one
I I I end earlh.I
Falls Creek.... 3 miles above Big ........ 350 200 .................... Not examined;
Blue Forks. _ 1 reported by
I McBeth. UniI ted Slates Ge—
4 oiogicai Sur- vey topograo
I phcr.
Sne_eis Lakes . Under Mount Sne_els. ............................................. Not well adaptl ' 5 ed; land cmI I | tered.
OTHER INVESTIGATIONS AND “'ORK.
During the course of the season considerable work was done by the
men under the direction of Mr. Edwards in the way of making trails
from the top of Vernal Mcsa‘ down into the Gunnison Canyon at
selected points. Four trails were constructed as far down into the
canyon as practicable without blasting, and brush was cut out for a
temporary wagon road along the top of the mesa for a distance of 2
miles. A number of special trips were made into the canyon, particularly at the proposed dam site, for the purpose of studying the conditions bearing upon the diversion of water at this point. In the month
of October soundings were made both at this site and in the deep pools
above the dam site with the same object in View. These investigations
were carried on under the most trying conditions and were attended
TX700084176
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by the greatest danger to the lives of the men engaged in the work,
but fortunately no casualties have occurred. The greatest credit is due
to Mr. McConnell, Mr. Sargent, Mr. Edwards, and Mr. Foster.
HYDROGRAPH [C IN VBTIG ATIONS.
Throughout the season of 1903 measurements have been made of the
streams and canals of the Uncompahgre and Gunnison valleys, for the
purpose of furnishing the necessary information concerning the _ow
of water in the rivers and the amount of water used in the irrigating
canals. This work has been carried on by W. N. Sammis, assistant
hydrographer, under the direction of l. W. McConnell, resident engineer. Regular gaging stations were maintained at Colona, Montrose,
and Delta, on Uncompahgre River; at Iola, Cory, and Whitewater, on
Gunnison River, and at Hotchkiss, on North Fork of Gunnison River.
A new station was established on Gunnison River at Cimarron on September 18, at which time the discharge of the stream was found to be
865 second-feet, the 'river being at a very low stage. A station was
also maintained on Cimarron River at Cimarron.
In addition to the gagings and records of the regular stations, a
great number of miscellaneous measurements were made on the tributaries of Uncompahgre and Gunnison rivers and on the canals in the
Uncompahgre Valley. The tables of monthly discharge at the various
stations have not yet been computed.
List of discharge measurements on the Gunnison and tributaries.
Station. Du te. H yd rogrnplic r. 1.312%. Discharge.
Gunnison at Iola ............. May 3 F. Cogswell ........ 3. 10 I, 435
May 12 ..... do ............ 3. 95 2, 7
June 1 ..... do..-..-....-. 4.10 2,933
June 2i ..... do ............ , 5. 10 4, 642
Jul y 20 _____ do ............ i 3. 30 1,467
Aug. 12 ..... do ............ 2. 40 544
Sept. 3 . _ -.- _do ............ 2.30 467
Oct. 1 i ..... do ............ 2. 30 458
Gunnison at Cory ............ Apr. 30 I W. N. Sammis ..... 8. 00 3, 769
' May 19 ..... do ............ 9. 45 7, 941
May 28 ..... do ............ 8. 45 4, 776
June 16 ..... do ............ 11.30 16,941
July 8 ..... do ____________ 8. 60 4, 430
July 18 ..... do ............ 7 8.15 4, 275
Aug. 12 ..... do ............ 5. 95 1,057
Sept. 9 ..... do ............ 6. 45 1 , 535
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List of dbcharge mamtrcmenls an the Gunnison and tributaries—Continued.
Station. Date. Hydrogmpher. : height I Discharge.
I I
Gunnisou at Whitewater ...... Apr. 10 F. Cogswell ........ 4. 90 I 1,653
May 10 ..... do ............ 9. 70 I 10,164
May 30' ..... do ............ 7.95I 6,197
June 19 ..... do ............ 11.35 I 15,111
July 13 ..... do ............ I 7.30I 4,341
Aug. 10 ..... do ............ . 4.05 I 1,006
Sept 1 ..... do ............ :.90 372
Sept. 29 ..... do ............. 4. 00 I 864
Gunnison at Cimarron ........ Sept. 18 W. N. Sammis ..... I 4. 90 i 861
North Fork at Hutullkisa ...... May 2 ..... do ............ 4.30 l, 815
May 19 ' ..... do ............ I 4.30 2,473
May 29 ..... do ............ I 4.15 2,096
I June 6 ..... do ............ I 5. 25 3,501
July 7 ..... do ............ I 3. 40 701
July 17 ..... do - ..--. 3.20 892
Aug. 12 ..... do ............ 1.90 87
I Sept. 9 ..... (In ............ 2.10 129
Uncompahgre at Co|ona ....... Apr. 25 ..... do ............ . 3. 25 387
May 4 I ..... do ............ 3. 40 480
May 11 ..... do ............ 3. 50 554
May 16 ...... do ............ 3. 85 901
May 23 I ..... do ............ 3.00 337
June 4 I ..... do ............ 3. 70 764
June 1] 1 ..... do ............ 3.90 1,110
July 10: ..... do ............. 2.00 302
Aug. 3al ..... do ............ I 2.30 234
Aug. 10’ ..... do ............ I 2.70 191
Sept. 4 I ..... do ............ I 2. 60 220
--..do ...I ..... do ............ 2. 70 206
Uncompahgre at. Montrose . - - . Apr. L2 I ..... do ............ 3. 40 91
Apr. 24 I ..... do ............ 4.10 267
May 4 I ..... do ............ 4. 55 381
May 114 I ..... do ............ . 4. 45 344
May 31 I ..... do ............ I 3. 70 213
June 3 I ..... do ............ I 4.45 394
June 10 ..... do ............ I 0. 25 1,033
June 13 ..... do ............ I 7.25 2,331
July 14 1 ..... do ............ I 4.50 423
Aug. 8 I ..... do ............ 3. 10 91
Aug. 21 ..... do ............ 2. 40 10
1:.“ new station 1 mile south of Colona.
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List of discharge nmwurmmus on (he Grmnison and tributaries-Continued.
Station. Date. i Hydrogmpher. “$18,313,. I Discharge.
Uncoinpahgre at Delta ........ Apr. 29 W. N. Sammie ..... 3. 60 I 90
May 7 ..... do . . .......... 3. 85 155
May 18 ..... do ............ 4.55 I 415
May 27 ..... do ............ 2. 60 17
June 16 ..... do ............ ii. 50 1, 768
July 6 ..... do ............ 4. 00 237
July 16 ..... do ............ 4. 7 451
Aug. 11 ..... do ............ 3. 10 18
Sept. 9 ..... do ............ 3. 60 63
Cimarron at Cimarron ........ Apr. 28 ..... do ............ 2. 30 ‘ 238
May 6 ..... do ............ '2. 70 363
May 15 ..... do ............ 3.40 . 686
May 26 ..... do ............ 2. so 1 419
J one 3 ..... do ............ 3. 40 711
June 9 I ..... do ......... . 3. 35 705
July 11 I ..... do ............ 2.80 l 391
July 20 ..... do ............ 2. 50 ‘ 314
July 23 ' ..... do ............ 2.30 247
Aug. 5 I ..... do ............ 1.90 I 131
Sept. 18 I ..... do ............ 1.80 I 106
UNCOMPAHGRE VALLEY “'ATER USERS, ASSOCIATION.
On May 5, 1903, an organization known as the Uncoxnpahgre Valley
Water Users’ Association was formed at Olathe, C010., at a convention
of delegates of the water users of the Uncompahgre Valley.
A committee was elected and given full power to devise articles of
incorporation and to provide funds, by means of subscriptions or general levy, for the purpose of defraying the expenses of the organization. On May 11, 1903, the of_cers and executive committee met in
the town of Delta, 0010., and adopted articles of incorporation. A II
form of subscription for stock was drawn up, containing a copy of
the articles of incorporation, which every subscriber for stock was
required to Sign. This committee made a report to the Secretary of
the Interior on August 7, 1903. At this time 513 signers had subscribed
for approximately 63,000 shares, each share representing 1 acre of
land. At the date of this report this amount has been considerably
augmented, and it is believed that there will be but little if any dif_culty ll] obtaining subscriptions for approximately 85,000 shares.
The assocmtion is still at work securing options and preparing for the
necessary duties connected with the administration of the work of the ‘
association.
W77,_ ,__.,, 1. _
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WHITE RIVER PROJECT.
The district affected by the White River reclamation project lies in
the vicinity of Meeker, Rio Blanco County, Colo. The sources of
White River are in ‘White River Plateau and Williams River Mountains, in the east end of Rio Blanco and (lar_cld counties. All of the
tributaries of the upper part of that river head in the White River
Forest Reserve. The main branches are North and South forks of
White River, which form a junction at Buford, about 20 miles east of
Meeker, the county seat of Rio Blanco County. White River is a
stream of considerable size, discharging at its minimum stage approxiCL...“
, .
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FIG. 13.—Ma.p of North Fork of White River. Colorado.
mately 30!.) second-feet, and at its maximum 6,000. In general the
stream _ows through comparatively narrow valleys, but there are on
either side mesas of considerable extent, all Of which will eventually
be irrigated from White River. The largest of these mesas are to the
east and north of the town Of Meeker, and, in accordance with petitions from the citizens of that locality, the portions of the following
townships not included in the \Vhite River Forest Reserve have been
Withdrawn from settlement:
T. 1 S., Rs. 91, 92, 93, and 94 VV.; T. 1 N., Rs. 91, 92, 93, and 94
W.; Ts. 2, 3, 4, and 5 N., Rs. 92, 93, and 9% \V.
V I
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The projectas outlined contemplates the diversion of water from
North Fork of. White River and the utilization of the lakes at the
heads of the various tributaries of North Fork to augment the lowwater stages for the purpose of irrigating lands on Little Beaver
Creek, about 10 miles east of Meeker, and, if possible, to convey
water through the divide between W'hite and Yampa rivers to irrigate
lands in Axial Basin, which lies in the southern part of Routt County,
Colo. It was believed that if it was practicable to convey water
through this divide enough irrigable land could be found to utilize all
of the waters of North Fork of White River to the fullest advantage,
it being believed further that the waters of South Fork would prove
suf_cient for the complete irrigation of all of the upper lands lying
along White River susceptible of irrigation. No engineers were available for the investigation of this project until the early part of June,
when Robert S. Stockton was assigned to the territory.—
Mr. Stockton left Denver June 5, _rst visiting the land of_ce at
Glenwood Springs, where he obtained maps of the territory to be
investigated. It had been represented that a considerable portion of
the area segregated by the order of February 9 was coal land, and not
needed so far as the agricultural development of the district was concerned, and therefore an examination of these lands was _rst made.
He was assisted in this work by W. H. Clark, a civil engineer of
Meeker, who was especially well acquainted with that territory. On
June 26 Mr. Stockton submitted a report concerning the situation,
and in accordance with this report the following-described lands were
restored to public entry:
Sec. 6, T. 1 N., R. 92 W.; secs. 1, 2, 3, and 4, T. 1 N., R. 93 W.;
secs. 2, 3, 4, 5, 8,9, 10,11,15,16, 17, 2e, 21, and 29, '1‘. 1 N., R. 94
W.; secs. 5, 6, 7,13, 19, 30, and 31, T. 2 N., R. 92 W.; T. 2 N., R.
93 W.; T. 2 N., R. 94 W.; secs. 4, 5, 6, 7, s, 9, 10, 15, 16, 17, 1s, 19,
20, 21, 29, 3e, 31, and 32, T. 3 N., R. 92 W.; T. 3 N., R. 93 w.; T.
3 N., R. 9-1 WC; sees. 30, 31, and 32, T. 4.- N., R. 92 VV.; sees. 19, 20,
27, 2s, 29, 30, 31, 32, 33, 34, 35, and 36, T. 4 N., R. 93 W.; T. 4 N.
R. 9-1: \V.; secs. 1 to 29, inclusive, T. 5 N., R. 92 \V.; secs. 1, 2, 3, 4,
10, 11, 12, 13, 1-1-, and 24, T. 5 N., R. 93 W.
At the same time the following-described lands were segregated in
addition to. those mentioned in the earlier order: All Ts. 3 and 4 N., R.
91 VV., not included in the White River Forest Reserve; secs. 1 to 18
inclusive, T. 5 N., R. 95 “K; T. 6 N., R. 95 W.; T. 6 N., R. 96 W.;
T. 6 N., R. 97 W.
After completing this work Mr. Stockton made an examination of
surveys previously run by Mr. J. D. Moog, surveyor, of Meeker,
being assisted in this investigation by Mr. Moog. Mr. Stockton made
a trip up the North Fork as far as the mouth of Marvine Creek with
Mr. Moog and looked over his preliminary line. This line was run
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with long sights and a grade of 1 in 1,000. It starts at the mouth of
Ute Creek and runs down the river to Big Beaver Creek; thence up
this creek to the forks and down on the west side to a point near the
graded road, where it is proposed by Mr. Moog to tunnel through.
The tunnel would be 3,500 feet long and 234: feet below the top of the
divide between Big and Little Beaver creeks. From this point the
water would be divided, part going down Oak Ridge and part along
the north side of Little Beaver Basin, but no lines have been run to
determine Where these ditches would go. Mr. Moog and Mr. Clark
estimate that 15,000 acres of good land could be brought under cultivation by such a ditch. The Moog line to the tunnel is about 16 miles
long. The portion along the river is mostly in earth and bowlders,
sloping at from 10° to 200. The portion along Big Beaver has some
rock and numerous rock slides, and is very steep, the slepe being from
200 to 40““. Between these portions, perhaps one-third of the distance
in each division, the ground is fairiy good, with easy slopes. There is
only about 3 miles of the bad ground on Beaver Creek. It would seem,
from the data on hand, that this project could be made to pay.
Mr. Stockton was then directed to run such preliminary lines as were
necessary for the purpose of determining the feasibility of conducting
water from the North Fork of White River to an elevation suf_cient to
irrigate the lands under consideration. This project involves the construction of 16 miles of ditch and two-thirds of a mile of tunnel through
the divide between Big Beaver and Little Beaver basins. Starting
from the west end of Mr. Moog’s tunnel, the two branches into which
the ditch must divide at this point were roughly mapped. The relation of this line to the country is shown by the small sketch map
accompanying this report. The object was to determine approximately the area covered by the ditches and to get an idea of the critical points and conditions which would govern further surveys. Some
time was also spent in looking up Government corners as a guide to
this and other surveys that may be made.
The north branch would be 6 or 7 miles long to the Coal Creek reservoir site; from that point to the Aicher Gulch reservoir site is about
3 miles more. The line, if run direct to the Aicher Gulch reservoir
site, would be 15 or 16 miles long. Coal Creek makes a long detour to
the north and cuts through the hogback at \Vatkins’s ranch, the canyon being V-shaped and having very steep sides. A dam 100 feet high
would not be over 400 feet long on top. There is a sandstone abutment on one side, which would probably also be found on the other by
removing a little wash. The valley which could thus be _lled with
water is probably 1 mile long and one-fourth mile wide. In order to
utilize this reservoir the ditch probably will have to be high enough
to also avoid the tunnel, but if this is not feasible the Aicher Gulch .
reservoir site might be used. At this point a dam 00 feet high and
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400 feet long at the bottom and 600 feet long at the top would back
the water for a distance of about 3,000 feet, with a width of from 500
to 1,000 feet. It is probable, however, that reservoirs may be had
more cheaply by dams designed to enlarge the lakes on the headwaters
of Marvine Creek. The south branch would be 8 or 9 miles long to
the last out through the lower terrace of Oak Ridge.
Between these branches of the main ditch there are about 20,000
acres of land not already under ditch, of which at least half is probaably good, irrigable land.
Mr. Fellows visited the locality and came to the conclusion that the
cost of constructing the reservoirs proposed was too great for the
storage capacity, and that further consideration of them was therefore
unnecessary. By means of aneroid and pocket-level observations it
was found, however, that it would be possible to penetrate Yellow
Jacket Pass by means of a short tunnel, and Mr. Stockton was directed
to make a preliminary survey from Yellow Jacket Pass to the North
Fork of White River. In accordance with these instructions, a party
was placed in the _eld August 4, and a number of gaging stations
were established with reference to this project in the meantime.
The line surveyed was designated as the Yellow Jacket line, Yellow
Jacket Pass being the highest point which it was necessary to reach in
order to carry the water to the irrigable lands of Axial Basin, in
Routt County. The line was run as a level line with a light mountain
transit.
The line was run in order to determine, _rst, the length of the tunnels through Beaver Creek and Coal Creek divides, and the length of
the tunnel under Yellow Jacket Pass; second, the point at which the
line would tap the North Fork, and, third, the total length of such a
line and the general character of the country traversed.
The tunnel under Yellow Jacket Pass would be 5,507 feet long, but
of this distance perhaps 2,000 feet could be run as an open cut, leaving
about two-thirds of a mile of tunnel. The ground to be excavated
would consist of sandstones and shales, or possibly limestone. The
line was run from the south side of the pass, starting from a stake in
Lunny’s round bottom meadow, the elevation of which was assumed at
7,300 feet to agree with the barometer reading at that point. A grade
of '1 in 2,000 was selected as being most likely to agree with a _nal
location if it should be made. Stakes on grade were set at distances
varying from 200 to 1,500 feet, but averaging about 500 feet apart.
The distances were read by stadia and the directions by the compass,
and ties to Government corners made. Local attraction along the
lava beds on North Fork will make the location of that part of the
line uncertain, but as the grade and length were considered the most
important at present, this uncertainty was neglected. Great care was
taken with the levels throughout the work. At a distance of about
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21,120 feet from the above-mentioned stake the line reached the Coal
Creek divide; through this divide, for about 1,610 feet, the line would
probablyall be made in an Open cut, with a maximum depth of 43.4 feet.
Between these tunnels there would also be a short tunnel, 367 feet
long. There would probably be a _ame or siphon 500 or 600 feet
across a deep gulch opposite VVatkins’s haystacks, and a shorter one
across Coal Creek. From the Coal Creek divide the line was run for
about 44,540 feet through ordinary country to the Beaver Creek
divide. There were in this section two cuts 507 and 336 feet in length,
with maximum cuts of about 35 and 22 feet, respectively. There
would also be a _ame across Little Beaver Creek and Alamo Creek,
each from 400 to 500 feet long.
The tunnel through the Beaver Creek divide would have a length of
2,065 feet, and would be 138.7 feet below the crest of the hill. The rock
encountered would be steeply inclined beds of sandstone and shale.
There is some question as to the best way to cross Big Beaver Creek,
but the line as run assumes a _ame or siphon across at a point where the
horizontal distance would be about 800 feet and the height. above the
bottom about 115 feet. This would save about 7,000 feet of ditch on a
steep hillside and three smaller _ames. The line follows Beaver Creek
on the east side, and, while fairly straight, is on a very steep hillside,
in many places having a slope of 300 to 35”. There are also some
rock slides, and it is probable that sandstone or quartzite in place
would be struck at certain points, although no solid rock shows on the
surface. This portion of the line is about 14,000 feet long.
The next section of the line is about 23,000 feet long, and crosses
from Beaver Creek to the hills sloping to the North Fork. This is
easy ground, sloping about 10“, and includes one outcast of Gooseberry Creek. The steep hills along North Fork have a slope of 250
to 30" and are, at the surface, made up of earth and lava bowlders.
However, the line is above or below the worst of these hills for at least
half the remaining distance.
The line taps the river about one-fourth mile below the mouth of
Marvine Creek. This is very satisfactory, as Marvine Creek now
carries about the same amount of water as North Fork above the
junction, and probably has about the same drainage area. The line as
run seems to _t the country remarkably well, and, as far as can be
judged without detailed mapping, would not be bene_ted by either
raising or lowering, assuming that the same grade is taken. Although
this line is only 159,900 feet,- or 30.284 miles, in length, it enables all
the water from North Fork of \Vhite River to be thrown into the
Axial Basin, where there is an unlimited amount of fine irrigable land.
At the same time a suf_cient amount of water can be diverted to irrigate the Little Beaver Basin above Meeker. The only tributary of
North Fork _owing in below the proposed ditch line that is worth
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mentioning is_Ute Creek, which carries at present about 15 secondfeet. This water could be conveyed to the river to a point above the
proposed line by a ditch probably 2 or 3 miles long and in an easy
country. This might be desirable if there should be storage capacity
at the head of the creek.
During the early part of September Mr. Stockton was engaged in ,
working up his notes and making estimates at Denver. He returned
to Meeker, however, on September 20, and immediately commenced
preparations for a survey of Trappers, Marvine, and other lakes upon
the headwaters of White River. This survey is still under way, so
that no detailed report can be made concerning it.
RECONNAISSANCE SURVEYS IN NORTHWESTERN COLORADO.
Certain investigations were made in northwestern Colorado by Louis
C. Hill, engineer, assisted by Herman C. Berry, engineering aid. Mr.
Hill procured an out_t in Denver and vicinity in the early part of
June, and left Denver June 15 for a reconnaissance trip through
Grand and Routt counties in northern Colorado and Carbon and Sweetwater counties in southern Wyoming. Mr. Hill was directed to make
examinations of reservoir sites, measurements of the discharge of
streams, and report upon the irrigable lands, together with such other
facts as might bear upon any possibility of reclaiming the territory
explored.
POTATO HILL RESERVOIR SITE.
The first work of importance accomplished was the examination of
two reservoir sites in the vicinity of Hot Sulphur Springs, Grand
County, Colo., both of which sites had been _led upon by the Grand
River Electric Power Company. The _rst site examined is at Potato
Hill Gap, about 2 miles above Hot Sulphur Springs, and is known as
the Potato Hill reservoir site. It was roughly estimated by Mr. Hill
that a dam raising the water 30 feet would impound approximately
2,500 acre-feet. The structure placed at this point would have to be an
over_ow dam for at least 200 feet of its length. It would have to be
515 feet long to impound the amount of water stated. Increasing
the height of the dam 10 feet would about double the storage capacity.
WINDY GAP RESERVOIR SITE.
About 4 miles above the Potato Hill site another reservoir site was
examined, at Windy Gap, in sec. 27, T. 2 N., R. 7 7 W., sixth principal
meridian. According to the _lings made by the Grand River Electric
Power Company in the of_ce of the clerk of Grand County, a dam at
this point would impound the following amounts of water:
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Size and cufxm'ly of reservoir at Wind-y Gap.
'* |
(fonmur. Area l Gil-Pact“ of
‘ reservoir.
__ l
‘ Acres. . Acre-feet.
50 feet .................................................... " 1, 003} l 25,100
60 feet .................................................... l 1, 4321 43, 000
l
70 feet .................................................... - 2, 107§ 73, 600
l i
To impound the maximum amount of water as stated above there
would be required a masonry dam 350 feet long at a height of 10 feet
above the river, and 500 feet long at the top. There would necessarily be at least 200 feet of over_ow, or a tunnel might be constructed
on the north side to take care of the surplus water. The cost of the
dam would be high, but not excessive, compared with the amount of
water stored.
The character of the bed of the stream was not ascertained, but it
is probable that bed rock would be reached within a reasonable depth.
This reservoir would furnish a supply, over and above the natural _ow
of the stream, of 200 second-feet for 186 days, and it is therefore
probably safe to depend upon a _ow through the pipe line proposed
by the company of not less than 400 second-feet during the lowest
stages. The difference in elevation between the surface of the water
below the reservoir-and the lower end of the pipe line at the lower end ‘
of the canyon would be 241 feet, giving a minimum of not less than
7,000 horsepower delivered to the lines. During most of the year the
possibilities would be considerably greater than this.
KREMMLING RESERVOIR SITE.
The proposed dam site of the New Century Light and Power Company at Kremmling was also visited. At the time the reservoir site
was visited only the ISO-foot contour had been surveyed. According to the company’s survey, at the ISO-foot contour line the reservoir would have an average depth of 115 feet and would contain
. 14,595 acres. This would give a capacity of nearly 1,680,000 acrefeet. This is probably too high, but there is no doubt that the
capacity of the reservoir is very large. The dam necessary for such
a reservoir would have a height of about 200 feet, a length of 170 feet
at the bottom and 312 feet at the top. The conditions are ideal for a
high masonry dam and a great reservoir.
WATER SUPPLY OF GRAND RIVER.
But few measurements have betan made along the upper part of
Grand River, but it is certain that the water supply of this stream
would be suf_cient to _ll any or all of the reservoirs contemplated.
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Its minimum _ow is about 600 second-feet at Kremmling, and the
stream keeps up well during the summer, the sources being high and
well protected. The maximum _ow is probably about 10,000 secondfeet for a considerable period in May and June. Such an amount of
water would easily _ll the reservoirs contemplated without cutting off
any of'the discharge of the river except at the higher stages.
LANDS ALONG GRAND RIVER.
There is but little irrigable land along Grand River when the amount
is compared to the available water supply. There are probably from
6,000 to 10,000 acres of land that might be irrigated in Middle Park,
but this can all be provided for from the natural _ow of the streams.
It is, moreover, at such an altitude that only the more hardy agricultural crops can be raised. Wheat, barley, oats, timothy hay, and
similar products are, however, successfully raised and bring high
prices. The same condition prevails along the lower part of Grand
River; the amount of land that can be cultivated can everywhere he
irrigated from the natural _ow of the stream, so far, at least, as
Colorado and Utah are concerned. The development of the proposed
power projects would tend rather to equalize the discharge of the
river than to injuriously affect it, as it would naturally be the aim of
a power company to diminish the maximum _ow and increase the
minimum, which is precisely what would be accomplished by the
building of storage reservoirs for irrigation.
STILL‘VATER DAM SITES ON TAMPA RIVER.
After his investigation in Middle Park Mr. Hill visited the headwaters of Yampa River, in Routt County, Colo. He reported that
there were from 4,000 to 6,000 acres of excellent land near Yanipa
which could be irrigated from Yampa River with the assistance of
storage.
Two reservoir sites were investigated on Roaring Fork of Yampa
River, these sites being locally known as Lower and Upper Stillwater
reservoir sites. A dam raising the water to the 30-foot contour at the
lower site would impound about 1,500 acre-feet. At the 35-foot contour
about 2,000 acre-feet would be stored. An earth dam could be used
there, wholly or in part. A natural spillway exists which would discharge the surplus watcr about 1,000 feet below the dam. It was
estimated that an earth (lam would cost approximately $20,010 The
discharge of the stream at this time was 180 second-feet.
About 5 miles above the lower Stillwater site is the upper site,
which is in many respects better than the lower. The capacity, with
the water raised to the 30-foot contour, would be 1,7 50 acre-feet, and
to the 35-foot contour, 2,100 acre-feet. For an over_ow dam 35 feet
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high the length would be about 150 feet on top and 25 feet at the
bottom. Rock in place exists at both ends, but the quality is not
_rst-class on the surface. It appears to be a badly weathered basalt.
Another reservoir site between these two was examined, but not
surveyed. A dam 25 feet high would impound about 1,000 acre-feet.
GARDNER PARK RESERVOIR SITE.
Another reservoir examined was that claimed by John F. “Tilson,
of Yampa. This site would be important in connection with the
Stillwater system, as the same ditch could be used for conveying
water from two of the reservoirs to the mesa. The area at the
30-foot contour is about 110 acres and the capacity about 2,000 acrefeet. It was stated by Mr. Wilson that a dam would be short and
easy to build. The combined capacity of all the reservoirs in this
locality would be about 7,000 acre-feet, and there is no doubt that
there would be suf_cient water to _ll these reservoirs to their full
capacity. The lands are of good quality and, although high, will raise
_rst-class crops of grain and hay. They will undoubtedly be cultivated
eventually if the country should be penetrated by a railroad.
OTHER RESERVOIR SITES 0N UPPER BRANCHES OF YAMPA RIVER.
Mr. Hill also investigated a number of other reservoir sites upon
the headwaters of the Yampa River, making a survey of one. In all
these cases, however, it was found that the dams would be too expen—
sive to warrant construction when compared with the amount of water
that would be stored.
FURTHER INVESTIGATIONS.
During the month of July and part of August Mr. Hill and Mr.
Berry investigated the drainage of Yampa River and its tributaries
below Steamboat Springs. A reconnaissance examination was made
along Elk and Snake rivers and upon the headwaters of Forti_cation
Creek, and it was reported that there were a number of feasible projects on these streams whereby tracts of land of considerable size could
be irrigated, but time did not permit of extensive or thorough surveys.
An examination was also made of Browns Park, in the northwestern
part of Colorado, and here also it was discovered that there seemed to
be a favorable opportunity for the diversion of the waters of Green
River. On August 20, however, Mr. Hill was transferred to work in
Arizona and the investigation of this region was left incomplete, so that
no de_nite report can be made concerning its possibilities. Enough has
been determined, however, to give assurance that there are favorable
Opportunities for development in this part of Colorado.
11. Doc. 44, 58—2—14
TX700084190
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GRAND RIVER PROJECT.“
1 NTRODU CTION .
There is probably one feature that, more than any other, distinguishes Grand River Valley in Colorado from most irrigation centers
in the arid West, and that is the superabundance of its water supply.
Here is a valley where irrigation is being carried on in a wasteful
manner without fear of shortage; where litigations about water rights
and questions of priority are unknown; where, under the main canal
system, the value of a perpetual water right has depreciated one-half
during the last ten years. There are at present under cultivation in
the valley 30,000 acres; the total amount of water diverted from
Grand River is 500 second—feet during the irrigation season, the _ow
of the river at that time being from five to _fty times as great. The
valley is an exceedingly fertile one, has a mild climate, is particularly
well adapted to fruit raising, and supports a prosperous population.
Roughly speaking, 100 square miles of land await development in this
great valley east of the Utah line. Following the valley across into
Utah no irrigation is met with, but. here also lies a vast extent of land
awaiting irrigation and the plow.
To utilize the waters of Grand River now going to waste and apply
them to the desert lands mentioned has for many years been the fond
wish of the inhabitants of the region. Efforts have been made time
and again during the last seven years to interest private capital or to
secure State aid for the construction of a so-called “high-line” canal,
skirting the valley at a high level on the north side and controlling
the irrigable lands lying above the present canal system. In 1896
was built, by Smith & Struthers, the Plateau Grand canal which diverts
the waters of Plateau Creek, a tributary of Grand River, into a ditch
which at the time promised to become the long-cherished high-line
canal. Unfortunately, after the ditch had been built at great expense
the _ow of Plateau Creek proved to be so limited as to render the
Plateau Grand project a failure and the ditch was abandoned. Surveys have been made by private parties, and a reconnaissance made
by the State of Colorado, for a high-line canal, to take water from
Grand River, some of these surveys extending throughout the entire
. length of the valley to the Utah line.
_ Of late years it has been proposed to continue a canal of this kind
across the State line into Utah in order to irrigate land in that State,
thus making it an interstate canal. It has been the object of the
present investigation to test the feasibility of. a project of this nature.
The surveys in connection with this investigation were commenced
about October 1', 1902, and continued into February, 1003; they were
made for an interstate canal to divert 2,000 second-feet from Grand
a From report by Gerard l-l. Matthcs.
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River. Accurate lines of spirit leveling were extended throughout
the area surveyed; topography was sketched by the plane-table
method, on a scale of 1,000 feet to the inch, with 10-foot contour interval, along the entire length of the canal route, and special surveys of
dam and tunnel sites were made on scales of 100 feet and 50 feet to
the inch, with 5-foot contour interval.
In the following report are included estimates of the cost of construction of the above project and of several modifications of the same.
Estimates of cost are also given for projects to divert 1,200 and 700
second-feet, to irrigate lands in Colorado only.
SOIL AND GEOLOGY.
That part of Grand River Valley which will be considered in this
report is situated in the extreme western portion of the State of Colorado, and extends across into Utah, its total length being 70 miles.
Most of it is north of the thirty-ninth parallel.
The valley is horseshoe shaped, the curvature being northward, with
apex just east of the Utah-Colorado line. Just east of the State line
the valley is' divided by a mesa-like ridge, traversing it from north to
south, known as the Excelsior divide. The valley of Grand River in
Colorado lies on the northern side of a great dome-like uplift, the beds
dipping in northeasterly, northerly, and northwesterly directions.
The strata exposed belong to the lower part of the Upper Cretaceous
and are composed largely of shales interbedded with thin layers of sandstones and clays. On the south of Grand River the uplift exposes
the Dakota sandstone and variegated clays of the Cretaceous, the sandstones and green shales of the Jurassic, the red sandstones and vermilion shales of the Triassic, and the underlying eruptive granites and
gneisses. North of the central portion of the uplift the strata assume
uniform dips extending across the valley to the escarpment of the Little Book Cliffs, where the dips become more pronounced. The Little
Book or Roan Cli_'s, which rise as an imposing barrier inclosing Grand
River Valley on the north for its entire length, and extend to Green
River in Utah,are the foothills of the Main Book or Roan Plateau,
the name having been derived from the banded appearance of the
Dakota sandstones and Cretaceous shales, suggestive of book bindings.
The surface of the valley rises from the river in the direction of the
Little Book Cliffs at rates varying from 50 to 100 feet per mile. It
will readily be seen from the above description that the _oor of the
valley intersects the strati_cation at an acute angle, exposing in succession the various formations. This in a measure will explain the
great variety of soils encountered in what at the _rst glance would
seem to be a fairly uniform and level valley. Erosion and deposition by aqueous agencies have further contributed to complicate
TX700084194
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the areal geology of the valley, clay-like adobe lands having in places
been covered by sandy creek deposits, and much alluvial material
occurring along Grand River overlying the gravels of its former river
beds. The level character of the valley _oor gives place in the
northern part of the valley to sharply eroded shale hills, in many
localities presenting a topography characteristic of “badlands.”
The arable section of the valley is therefore limited to the level portion situated south of these bills, and lies, roughly speaking, below
the 4,800-foot contour. On the Utah side much broken land, un_t for
agriculture, occurs in many places throughout the valley, alternating
with long level stretches of good arable lands many miles in extent.
The soil of the valley is extremely variable in composition, ranging from adobe claystolight sandy loams, with all possible intermediary mixtures. In its former desert state, and as still may be seen
where irrigation water has not been applied, the general appearance
of the soil is light in color when dry and the vegetation consists of
scrubby greasewood. While at the _rst glance it would appear to be
but an inferior grade of desert soil, it must be admitted that this soil
when properly handled is capable of producing crops unsurpassed
anywhere. The relatively low percentage of alkali renders the soil a
safe one for the irrigator provided he exercises due care in applying
the water. The occurrence of alkali appears to be local and is to be
accounted for by improper drainage, due to the presence of shale beds
at little depth below. the surface or wasteful irrigating. So far but
little trouble from alkali has. been experienced in the valley. It has
been pointed out, however, by experts that unless a system of
thorough drainage is established throughout the irrigated districts
much valuable land will be ruined in a few years by seepage waters
and excessive alkali. In a general way it may be stated that the
lands nearest the river contain the most clay, large areas consisting of adobe. Soil of this class takes up water with dif_culty and
requires much care in irrigating. The higher lands of the valley are
distinguished by a greater proportion of sand, the red sandy loams
covered with sagebrush, occurring usually in the ridges and little
mesas that run out into the valley, being considered the _nest agricultural lauds. To this class belong also the lands on the south side of
the river west of the town of Grand Junction, known as Red Mesa, a
river terrace of considerable extent elevated from 60 to 80 feet above
the river. On the same side of the river as Red Mesa, and extending
from the con_uence of Gunnison and Grand rivers to the eastern end
of the valley, is another river terrace, rising 80 feet or more above
the river bed, known as Orchard Mesa. The soil of this mesa contains
more or less gravel and has proved to be valuable orchard land.
Irrigation in the Grand River Valley has brought to light the fact
TX700084195
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that the soil shows a tendency toward settling after it has been thoroughly permeated with water. The amount of settlement varies with
the locality and has 1n places been considerable, seriously interfering
with the maintenance of grade lines on ditches and canals and necessitating their frequent leadjustment. Settlement has occurred along
the Grand Valley canal in some localities to the extent of 4: to 5 feet,
these being extreme cases, however. The process of settling is very
slow and may continue for three or four years. The land adjacent to a
ditch or canal has been found to settle with it for a distance of from 100
feet to 100 yards on each side, deep cracks forming along the edges of
the settled strip. Irrigated lands continue to settle for several years
after the _rst water has been applied to them, and the process, being
rarely of a uniform nature, gives rise to inequalities in the surface,
making repeated regrading necessary. It is stated by one ranchman
that where the highest place used to be in his 10-acre tract of orchard
there exists at present the lowest depression, in spite of much regrading on his part. Obviously the unequal settling of land is least obnoxions in orchards where grading may readily be done as occasion
requires. In the ease of alfalfa laiid, however, unequal settlement is
ruinous. So far as is now known the land that is most given to settling lies in the neighborhood of Palisades, extending westerly for some
distance. It is generally held that the higher lands of the valley are
rather more free from settling, the inference having been drawn from
the experience gained with the higher lands under the present canal
system farther west in the valley.
Along Salt Creek and its two main tributaries, East and West Salt
Creek, just east of Excelsior divide, the" land is so impregnated with
salt and alkali that it is worthless.
WATER SUPPLY.
Grand River has its source in Grand County, 0010., in a mountainous basin known as Middle Park, surrounded on the north and east by
the high peaks of the continental divide. Its watershed is a mountainous region of high peaks and table-lands, intersected by deep
canyons, and in Colorado has an area of 22,290 square miles, or about
21 per cent of the total area of the State. The _ow of Grand River
in Colorado is larger than that of any other river in the State. For
nearly its entire length it passes through canyons, some of them of
great depth. At Palisades, in Mesa County, the river emerges from
the canyon and enters the level valley known as the Grand River Valley, through which it _ows, skirting the blu_'s on the south side for a
distance of 3(1) miles and receiving opposite the town of Grand Junction
the waters of the Gunnison. it then enters canyons again, encased
in which it _nds its way through Utah and into Green River.
TX700084198
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Measurements of the _ow of Grand River were _rst made in 1894
from the highway bridge near Grand Junction, and a gaging station
was established at that point October 18, 1894, a description of which
will be found in United States Geological Survey Bulletin No. 140,
page 186. The dam of the city waterworks just below the gage
was washed out in June, 1895, and has not been rebuilt since, causing
a change in the datum of the gage. The river having two channels at
this point, it was found necessary in 1896 to establish a second gage in
the left channel. '
Records of gage heights obtained at the Grand Junction station have
been published as follows:
1894, Bulletin No. 140, page 186.
1895, Bulletin No. 140, page 186.
1896, Water-Supply and Irrigation Paper No. 11, page 67.
1897, Water-Supply and Irrigation Paper No. 16, page 137.
1898, \Vater-Supply and Irrigation Paper N 0. 28, page 135.
1899, Water-Supply and Irrigation Paper No. 37, page 294.
1900, Water-Supply-and Irrigation Paper N 0.60, page 376.
Results of measurements for the same station have been published as
follows:
1897, Nineteenth Annual Report, Part 1", page 401.
1898, Twentieth Annual Report, Part IV, page 389.
1899, Twenty-_rst Annual Report, Part IV, page. 281.
The station was discontinued in the latter part of 1900.
A station was established at Glenwood Springs, Colo, on May 12,
1899, and records have been kept at that point up to date; they have
been published as follows:
1899, Water—Supply and Irrigation Paper No. 37, page 293.
1900, Water-Supply and Irrigation Paper No. 50, page. 375.
1901, Water-Supply and Irrigation Paper No. 66, page 92.
1902, lVater-Supply and Irrigation Paper No. 85, page 50.
Results of measurements for the same station have been published
as follows:
1899, Twenty-_rst Annual Report, Part IV, page 389.
1900, Twenty-second Annual Report, Part IV, page 389.
1901, Water-Supply and Irrigation Paper No. 75, page 174.
1902, Water-Supply and Irrigation Paper No. 85, page 50.
Another station was established April 9, 1902, at Palisades, Col0.,
as described in \Vater-Supply and Irrigation Paper No. 85. Below
are given the tables of run-off at the Grand Junction and Glenwood
Springs stations. .
An inspection of the tables of _ow shows that the _ood season
occurs during the months of May and June, the discharge one year
having reached a maximum of 40,000 second-feet. The _ow of the
TX700084199
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river still continues high during July, the low-water season commencing usually about the _rst week in August and continuing into March
of the following year. The minimum _ow indicated by the records
occurred in September and October of 1898, when the river discharged
less than 600 second-feet at Grand Junction.
The high-water season and the irrigating season occur at the same
time. Irrigation in the valley commences in May and continues to
the last of July, when the principal fruit crops are ripe. The full
amount of water is used during these months, and it will be seen from
an inspection of the tables that a canal carrying 2,000 second-feet can
be kept full during this period. It should be borne in mind that the
Grand Junction record gives the _ow of the river below the head-gates
of the two principal canals, Which together divert from the river in
the neighborhood of 500 second~fcet. The present project contemplates making both of these canals parts of the proposed canal system;
the canal capacity of 2,000 second-feet alluded to includes, therefore,
the _ow of these canals.
After August 1 from one-half to two-thirds the amount of water is
used in irrigation, and the amount supplied by the river about that
time, as shown by the tables, is suf_cient for the demand.
Estimaied monthly discharge 13f Grand Hirer at Grand Junction, (1)10.
[Drainage urea. H.614 square miles]
1 Discharge in sccuml-icut. Run-off.
Month. _ Total“?! acre- Second- !
Maximum. Minimum. Mun". [Effig_g Ii_ptlh_in
mile.
1397.
January ............ - .................... U 1, 000 61, 488 0.12 0.14
February ........... ' .................... a 1, 050 58, 31-1 .12 12
March .................................. a l, 100 67, 637 . l3 15
April ................ 11, 476 1, 230 3, 723 , 221, 534 .43 ' .48
May ............... '37, 950 12, 785 29, 436 1, 809, 9-18 3. 41 3. 93
June ............... 37, 008 15,618 25, 350 1, 508, 429 2 m 3. 27
July ............... ' 15, 606 3, 400 3, 330 542, 935 02 1. 13
August ............. l 5, 470 1, 721) 3, 000 184, 4&3 . 35 . 40
September .......... l 2, 650 1, 640 i, 803 107, 286 { 21 .23
October ............ ,2, 3.50 1, 560 1, 813 111, 478 21 . 24
November .......... 1, 820 l, 455 1, 663 98, 955 l 19 . 21
December .......... ' ..................... u l, 550 . 95, 306 I 18 l 21
, ._ _ __ _1 ___ W,__ _. ___._.__
The year ...... ' _____________________ ' 6, 693 4, 867, 773 1
u Approximate.
TX700084202
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Estimated monthly discharge of Grand River at Grand Junction, Cola—Continued.
Discharge in 6430011114961. Run-o_.
Month. nggtfcre‘ .IgecondMaximum. Minimum. Mean. 5:333 D_glile‘sn
mile.
1898.
January ................................ u 2, 944 a 181, 020 a 0. 34 a 0. 39
February ............................... a 2, 985 a 165, 777 (I . 35 6 . 36
March .................................. a 2, 113 a 129, 924 a . 24 a . 23
April ............... I ..................... a 4, 305 a 256, 165 a . 50 a . 56
May _______________ 12, 642 4, 633 7, 130 438, 406 .33 . 94
June ............... ‘ 17,262 3, 279 13, 702 815, 326 1.59 1. 77
July ............... 7, 611 1, 725 4, 445 27: ,312 .51 . 59
August _____________ . 1, 725 949 1, 127 69, 297 . 13 . 15
September .......... 1, 143 561 907 53,970 . 11 . 12 October 1,143 561 915 56,261 .11 .13.
November .......... ' 1, 337 755 1, 072 63, 788 . 12 . 14
December .......... 1, .................... 1, 011 62, 164 . 17 . 20
The year ...... II 17, 262 .......... 3, 555 2, 565, 410 . 42 5. 63
1899. I I
March .............. . .................... 1, 799 110, 616 . 24 .21
April ............... i .......... 7 .......... 3, 940 234, 446 . 52 . 46
May ......................... I .......... 19, 375 1, 191, 322 2. 59 2. 24
June ............... I .......... ' .......... 31, 306 1, 862, 336 3. 99 3. 62
July ................ I .......... l .......... 14, 070 365,130 , 1. 33 1. 63
August ............. ' .................... 4, 577 261,429 I .61 .53
September __________ I __________ 1| .......... 2, 164 128, 886 . 28 . 25
' I
0 Approximate.
Ewlinmh'tl 71101111113] discharge 11f (Pruml Hirer at Glen 1mm! Springs, (7010.
Mnnlh.
1899. I
May 12-31 .......... |
June ...............
July ............... 1
August ..............
[Drainage arm. 51,333 square mile“
Discharge in Hecnnd-fccl.
Maximum. Minimum.
13, 765 5, 910
25, 445 7,100
9, 620 1,515
1,460 1,005
Mllnn.
- I
'I'nlni in norc- I
loot. I
642, 730 I
967, 413 I
265, 626
72,125 ‘
Run-011.
Second .
fuel per
square
111110.
1. 79
2. TH
. 74
. 20
Depth in
inches.
2.06
1 3.10
I .95
.23
,_1
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Estimated monthly discharge Qr' Gram! River at (Hemmer! Swings, Colo.——C0ntinued.
Discharge in second-feet. Run-0H.
Month. T021351?”- SecondMnximum. Minimum. Mean (3111:1981. 2:22:33“
mile.
1900.
January ............ 970 810 890 54, 724 0. 15 0. 17
February ........... 935 810 882 48, 984 . l5 . 16
March .............. 1, 460 902 1, 187 72, 988 . 20 . 23
April ............... 3,490 1,120 . 1,815 108,000 ‘ .31 .35
May ............... 1 22,895 3,245 1 11,983 735,577 2.05 2. 37
June ............... l 22,390 7,822 ; 14,817 881,873 2.54 2.83
July _______________ : 7, 72 1,515 3,121 191,903 .53 .61
August ............. 1 1, 480 935 1, 134 89, 727 . 19 .22
September .......... g 870 , 755 800 47,803 .14 .18
October ............ 755 1 755 755 48,423 .13 .15
November .......... 935 727 - 807 48, 020 . 14 .16
December __________ - 840 580 882 41, 934 . 12 . 14
The year ..... ‘ 22,895 , 580 4, 238 2,347, 554 .55 7.55
1901. ‘
January ............ . 810 550 688 42, 180 . 12 . 14
February ___________ i 970 830 748 41, 430 . 13 . 13
March .............. i 970 727 837 51, 485 . 14 . 18
April ............... ! 7, 100 727 1, 888 112, 343 .32 .38
May ................ 22, 895 8, 420 13, 797 848, 529 2. 38 2. 72
June ............... . 15, 880 9, 820 12, 1744- 724, 404 2. 09 2. 33
July ................ 1 10, 785 2, 090 4,833 297, 170 . 83 .98
August ............. l 3, 830 1, 350 1, 907 117, 072 .33 .38
September .......... 1, 460 840 1, (145 62,182 . 18 . 20
October ............ 970 870 917 58, 445 . 18 . 18
November .......... 935 810 879 52, 384 . 15 . 17
December .......... i 935 830 1 788 . 48,452 .14 I .18
Theyeur ...... 22,895 550 1 3,375 I 2,454,039 1 .58 1 7.89
1902. i ' _' “
January ............ 882 600 i 721 1 44,322 .123 ‘ .14
February ........... 84:3 600 l 775 ~13, 061 .133 1 .14
March .............. 882 710 g 802 49,313 .138 .18
April ............... 2, 772 742 1, 419 84, 438 . 244 .27
May ................ 13,980 3,881 1 9,825 804,118 1.383 . 1.94
June ...... ‘. ........ 12,140 ! 2,772 7,318 435,332 1.253 1 1.39
July 1—27 ........... 2,988 " 1,288 ‘, 1,884 99,824 .321 1 .37
December 3—24 ...... 845 ! 500 ‘ 897 30,415 .119 , .10
The year ......
1
l ................ . .................. . ............. , ....... _.
TX700084204
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Attention is called to the fact that arti_cial changes are being
brought about in the drainage basin of Grand River which eventually
will affect the lowwvater _ow of the river to a marked extent. During
the last two years a number of small reservoirs have been built by
ranchmen, usually at high levels, for storing melting snows for use in
irrigation later in the season. Such works will equalize the _ow of i
the river and will be bene_cial in every respect. In like manner the
erection of a dam on Grand River at Kremmling, 0010., for power
purposes, would incidentally afford a most ideal plan for regulating
and equalizing the _ow of the river and be an advantage to all irrigation interests below it. On the other hand, projects contemplating
the diversion of the headwaters of Grand River to the eastern slope
of the Rocky Mountains will prove detrimental to the low-water _ow.
While the amount of water to be diverted is not large. it is likely to
diminish the low-water _ow of Grand River, which during late summer
and fall is derived principally from the high mountains.
CLIMATE.
In a region so exclusively agricultural as is Grand River Valley,
climate is as important a factor as either soil or water supply.
The valley has a mean elevation of 4,700 feet above sea level and
resembles in its climatic conditions the desert plateaus of Utah. The
summers are hot and dry and the winters open, snowfalls being light
and minimum temperatures falling at times below zero. W'eather
Bureau observations made at Grand Junction show an average relative
humidity of 4+ per cent and the number of days of sunshine to be 75
per cent of the total. The conditions are by no means uniform through—
out the valley. The proximity of high mesas, inclosing the valley on
several sides, and the canyon of Grand River at the eastern extremity
are no doubt responsible for local variations. It is to be regretted
that observations have not. been made at different points in the valley.
The only record of value is that obtained at Grand Junction, and
covers a period of eleven consecutive years. Voluntary observations
were made for a few years at Fruita, about 11 miles west of Grand
Junction, but the record is so short as to be of comparatively little
value. Comparison of this record with that obtained at Grand J unction and the experience of ranchmen in different parts of the valley
seem to indicate that while the mean temperatures are about the same
throughout the valley the daily range of temperature is more pronounced in the western part of the valley. Local variations are
further due to irregularities in the topography. Thus it is found that
the ridges occurring in places in the valley are less affected by early
and late frosts than the lower-lying lands, and are for that reason preferred for fruit growing, aside from the fact that their soil is particularly well adapted for that purpose.
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In the following tables are published the most important facts hearing upon the present investigation. T hey represent in condensed
form the results of the observations commenced at Grand Junction in
February, 1892, and are valuable. in this connection, as they cover a
long period.
Mean monthly temperature at Grand Junction, Colo.
Year. Jan. Feb. Mar. Apr. May. June. July. A1142.1Sepl.1 Oct. 1 N1N.1 111-41. 1 Egg:
:7" ’ 1",-1 ‘7‘" 7‘ .17“ 777117717—
1392 ............... . ............ 45.01513 —100.0 72.2 73.3 ...3 69.8 54.413443 29.2 ........
1393 ............... 23.6 32.7 42.4 51.4 60.4 72.6 73.4 71.3166.615'2.-I . 37.2 34. 4 1 52.6
4394 ...... ... ....... 25.9 29.44 45.6534 64.3 70.6 79.217115116331513142.1134.61 53.3
139'. ............... 30 6 29.5 43.1 5-1.6 61.3 09.1 7.5.4 1 70.0 63.0 53.9 1 39.2 1 2.5.1 52.1
1396 ............... 1314 37.2 44.5 52. 3 6-2 4 75.51TH.('1175.2166.0'54.4 38.613111 1 54.1
1397 ............... 12981310 39.01523 653 172.11731.8175.5168.4 53.0 41.2.2251 52.3
1393 ............... 1193'23.7 40.4 .563 600 72.21791. 77.6164.6‘51.1133.3.23.61 51.0
1399............... 20.2 23.01430 342590170017 .3172.9 70.0.51.2 443122.11 51.0
1900 ............... 131.2 36.11418 51.4161.8176.2179.21738163.:1.M.814'2.4131.21 54.5
1901 ............... 123413951413 51.9164.3.70.3132.0 761167.0156.H142.8130.01 54.1
1902 ............... 130H0'343139.2154.5 62.5‘74.0 75.3 7561657 55.01393 24.2, 52.5
1903 ............... 1 23 3 1 .................. 1 ...... 1 ...... 1 ...... 1 ...... 1 .................. 1 ...... ‘ ........
Normal ........... 127.411.12.612. 33.0: 62.3 72.3 1 73. 1 1 75. 6 1 06.. 1 53 . 1 40 5 23.0 32.3
Absolute wruarimum temperature at Grand Junction, ("01...
Year Jan. Feb. Mal-.1Apr. May.1June.11.tuly. A11g.1$epl. 01-1. No1-.1[)1-1-.1 Remarks.
_ (“-2 ___*_ _r_ ______1___ __ '
1392 ...... 1 ...... 1 ...... 1 06 1 32 33 99 96 1 99 1 33 34 60 1 57 1 993-11. day...
1993 ...... 1 55 1 50 73 1 70 1 90 97 1 98 97 i 33 7.5 : 6‘.’ 1 43 1 96119001139.
1394 ...... 1 .51 .52 73 179 90 91 1 100 91. ' 36 1 77 1 64 53 10011vodays.
1395 ...... 50 .53 70 1 79 1 39 94 1 97 97 1 96 73 ' 7 1 .50 1 97111-00339.
1396 ...... .55 1 .53 73 73 ! 94 100 93 90 . 33 77 1 62 49 100 one day.
1897 ...... 7 54 ' 61 1 30 1 39 95 . 97 94 l 33 77 1 64 1 44 1 97 one day.
1898 ....... 43 57 (1’ 1 34 1 36 100 1 99 96 1 85 1 30 1 07 1 43 100 0110 day.
1899 ...... 1 43 1.0 73 30 1 35 93 93 93 . 93 36 05 .50 1 931013.111”.
1900 ...... 1 50 .59 1 74 1 79 1 92 1 104 102 100 1 91 30 1 35 1 54 1 101 one day.
1901 ...... .51 64 1 7 1 32 1 91 I 102 1 103 100 1 91 1 35 . 07 j 60 1 1030110419}:
1902 ...... 1 .53 .53 03 1 34 1 39 101 1 101 103 1 91 1 73 1 03 1 .51 1 110.
1903 ...... 1 56 ...... 1 ...... 1 ...... . ............ 1 ..... 1 ............ 1 ...... ' ...... 1 ...... 1
1 |_ I 1 . 1
Absolute mimmum tempvruture at Grand .Ium'tto", Cato.
Year. Jan. Feb M117. Apr. May. ..Jun1-1J11l1.1.\ng. 154111 1 ()11.—1Nm:1—_ Int-0.1 Remarks.
|
- _ 1"! , h “1#. '. m‘ H
1892..... ..... '23 26 35 42 .55 .53 46 1 27 1 1.; ' 7
1993...-.. — 2 5 19 24 1 37 42 1 67 .57 41 1 :10 Q 17 13 -- 2nne.1.1y.
18M ...... 3 12 20 28 39 37 - 58 1 57 . 34 219 1 l9 1 l? + 3 two days
1895 ...... 12 1 20 1 23 I 36 39 1 52 1 57 32 30 19 2 4 _ 4 ene day.
1890 ...... 4 17 17 17 I 3.5 43 ' 57 1 .53 40 1 32 .‘ 7 11 . + ~1011ed11y.
1397 ...... 9 9 17 23 1 39 1 43 1 .50 1 55 .52 1 30 1 ~22 — 6 ’ -— 0 one day.
F16 3451 ‘ 28 11‘- ‘ 711 —16 one day.
|
1893...-.. —10 — 1 13 2 371 41 1 7
1899...... — 2 —12 13 25 30 1 45 55 .50 40 1 23 1 23 u 1 —12m1edny.
19m ...... 14 12 23 32 37 1 50 1 .52 43 39 1 26 1 19 3 1 + 3 one day.
1901 ...... 0 14 22 10 37 j 46 j 54 1 5 1 :43 34 19 0 0194000391.
1902 ...... — 2 — 4 17 31 1 37 1 40 1 43 . 52 1 39 1 32 13 0 1 - 2on0 day.
1903 ...... - 1 .................................... 1 ...... 1 ........................ ‘
TX700084208
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Greatest daily range of temperature at Grand Junction, Cola.
Year lJan Feb. Mar. 1 Apr. Ma).{J11nc. 'July.:Aug.lSept. Oct. Nominee
1892 ................................... 30 37 42 11 31 i as l 40 34 29
1893 ....................... 37 I 29 29 36 35 39 32 35 93 so“ 32 27
1891 ....................... 29 36 33‘ 34 351 4o 41] 39 35 431 31l 27
18” ....................... I '27 2-1 33 ‘ 35 39 1 39 4‘2 33 ~17 31 ' 30 i 34
18% ....................... 36 32 3‘2 41 40 ‘ 39 . 37 i 37 3-1 3-1 ' 31 29
1397 ....................... ' 37 26 26 31 I 36 33 35 26 31 i 30 33
1898 ........... ° ............ 33 29 33 35 32 I 37 36 i 34 33 38 1 37 30
1399 ....................... 42 31 13 12 37 ‘ 3s 36 ‘ 36 39 30 l 35 32
1900 ....................... ‘ 27 33 39 36 39 1 .12 10 f 43 38 30 1 12 39
1901 ....................... ' 37 33 39 35 41 ' 41 40 36 44 39 1‘ 1 37
1902 ....................... ‘ 37 36 37 33 10 i 41 10 1 40 44 10 38 ' 29
1903 ....................... '. 31 ...... . .................. 1 .................. ' ............ ‘ ............
Date of _rst killing frost in autumn at Grand Junction, Colo.
1892 .............................................................. October 17.
1893 .............................................................. October 12.
1894 .............................................................. September 14.
1895 .............................................................. September 21.
1896 .............................................................. October 31.
1897 .............................................................. October 27.
1898 .............................................................. October 16.
1899 .............................................................. October 16.
1900 .............................................................. October 21.
1901 .............................................................. November 2.
1902 .............................................................. November 2.
Date of last killing froat' m .3an at Grand Junction, (. 0.10
1892 .............................................................. April 28.
1893 .............................................................. April 19.
1894 .............................................................. April 18.
1895 .............................................................. April 30.
1896 .............................................................. April 23.
1897 .............................................................. April 12.
1898 .............................................................. April 8.
1899 .............................................................. April 20.
1900 .............................................................. March 28.
1901 .............................................................. A til 17.
1902 .............................................................. l1 arch 27.
Monthly precipitation 11! Grand Junction, 0010.
1.7,,“
; l :32
Yvnr. Jun. 111-. 31:11. .1511: 319111.111111‘.‘ 11111 1111 <11] 1 11.11 N11 111' .111111111l.‘é é;
1 EE '5
'f,
I!» ..... 11.!” 1.1. 2‘1 _. .. .. ......... . . . . | _ __ ' _______
1911:. , 1 1 1.17 11 11w 11 "1 11.111 11,111 1.11» 11 :~ 11.111 ‘, ' '1 l :15,
13111.: _____ 1.77 1;. 3.111 iv 11‘1 I] l :11 NT . >11 '1‘: Cul x1! ‘ 1::
15:19 Vil‘ .IT 517 .I'- 5111 II. .F 111 .11: "_ .lh .\ 11,111 :19
181171...“ 1 ‘31 ~11 _1._’ ll :1 .17 1.1:: _ '11 ‘.’v ‘.I.’ :..‘1‘1 111 In ‘51 19
w... ,,,,, .7 .11, -: .1» 111 1:' 1 111 .:.7~ 7:1 .121 :: ~41: :17.
1‘97 1111i All 1 11'1 I.|‘_' 1;; ll1 ‘1‘ l “1 l, m 1.“? ‘1‘ 111 I] 111 1111
11“.“ ..... S13 ‘. 1,11» .11: I I11 11'» L‘ .1“ 111 a: 1 11 1.1 :11;
16:15.1... . .1-3 .13 91:1 1.11 11 1 71 .1~ _-.1..- .121 11.: 1,. 11117 11-.l'_'ll. .11 ,ll 52; INJM 1'11 “I U‘.‘ l‘.‘ 1 1'“ ll L" '1 3111 '11
1111'] .. .. 1'1 "1 U“ |_1..'1 1.." 1“ ' J '1 '1 .".'1 ‘1" '_'l ‘.l‘.' 71
1:11: . , . ., .::7 11 .11 1: r .91 «1 T“ .1:=. I 111 m 11:1. 31
121119. ll . . .. .. ..
Nursnul. 7-11 :1 7 HI l .l'.1 1.11 . *1» ‘1'. 'm ‘11 .h.’
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Greatest amount of precipitation in twenty-four hours at Grand Junction, Colo.
13592. 1593.
‘ Pro-I I'm211011111. “1111-. (':l;_i"D1111-. 011:1.
1 111111. 1 H011.
I
January ................ ... 113 0. 2.1
February . . . .1. .1 .......... ‘3 .59
March ....... 20-21 1 (1.111 . 2;! .311
April ......... 19 .7-1 30 .11
May“... ..... :10 .211 I 51'. .75
.Iun131......... 16 .01; I 1:11 .011
July .......... 11 . 1‘.’ 2-1 .119
A 1111:1151 ....... 11: , 05 1:11 , fin
Septmnhur -. '1’ ........... 31.1 .53
0111111117 ...... 129-4111 .37 1 1 .151) 1
N11V1:m|n.~r . . . 1 . RH '15 11."!
15011-111110?“ . . 2311 .1151 “.H '1;
7 |
1 111-09. 1000.
‘ 1 l‘r1-~ i’rx-i
MDHHL I)a11‘.1 (Iii-[_ D1111. [mi
11irin. 1111111.
7 17‘? -11"
January ...... 7—1-1 1 11.111 15 1 11.13
l-‘vhruury ..... 2 .29 211—27 ‘ .1151
March 2:1 1 .22 27 .111
April ..... . ...‘29—.:10 .114 .1 . 12
May ...... ....‘ '2 1 .l‘.’ 1‘. .111
Jum- .......... l'lfi—L’ij 1 .114 21 I .1r_'
.101,»- .......... i21027 1 .111 2.1 .00
August ....... 1 3—1 1 .1111 54'. .15
$1111!1=,1‘niwr.... 14-171 - .31 21 . 11‘OI-IUbL-r ....... |l3~H 1 1.1L! ‘lll .013
01111011111012... 13-111 .01; 1117211 .21
DECL‘IHDUE .. ..| 54.1 ‘ .23 2 T.
11195. ‘
15117. 1
15991.
11191. 1.995. 1
1 l’rw l'nf- : l'r1-- ‘ 11712-i l‘rv; . I'ipi- E ‘ 11'ipl~ 1 . cipi~ ‘ I Plisi- . 1 Pipi—
1111111. 111- 111111. 1114 11011.1 111~ 11311101 1111 1111.11. tati111'1. 1111111. . 111111. 111171. tin“.
._ 1 .7 - 1 ._ .7 i | ‘
5 0.1111 20 0. .10 . 21 g 11.2.1 1:1 ‘ 0.511 ‘1 21 0.44
1 21 .15 101 ..'111' 1.1 .11-11 111 .1111 ......
1 31 .11.- 1-1—30 1 .20 201 .17 11'. .21 1 11-11. .35
1 17 .05 151 .12 2111 .11-1 271 1:11 29 .110
1 .
1 50 1 .10 1:1 1 .15 1,1 .15 211 1 5.1 ’ 20 .57
5: .05 2111 .201 211 .111 1-2‘ .55 2:1 .03
12. .10’ 21 .117 25. .13 3 ‘ 55 ............
11 .25 22 1 .91; 20 | .17 1 1 511 21 2.
. 211 1 .21 1 19 1 .25 122-221 2 21.1 1 7 .12 i 10
1 27 .119 11 1 .171 2.1 .51' 7.1.1| .11. 151 1'5
1 .111 1 2:1 1 .55 111227 ; .22 2-1 .15 10 .12
1:. ‘ .17 15 1 .07 . 11: . 15 1 a 1 .50 21 .25
. . 1 . 1 1
11101. ' 1911:. 100:1. 51112111111111.
Prr- 1 1 PT!“ 1 lirl‘;
.- 1. i .- 1. .- ._ Pry"
“1111-. ‘11,} 111110. ‘9’} “l111‘.1 (11:1 Duty. Plplta—
.“ 1 1 ." 1 .' 111111.
111171. 1111111. 11011. 1
.- . 71 1 7 1 7
2:"...21'. 1 0.35 17 11.17 1 211 I 1). 01‘. Apr. 111.11.11.12 0.7-:
2.21 ' .15 1 21'. _:11 ............ 51-111. 30.111115 1 .53
5-111 .25 1.1 1 11'. 1 ...... 1 ...... 1 01-1 27,151.11 . .119
111711 .115 M 1 .15 ‘1 ............ Aug. 22.1595 .95
241 1 .51 11 1 .22 ............ 501.12.520.1591: | 2.20
1145' .111 25 .1121 ...... 1 ...... 5111:. 1111117 .511
10. .111: 17 .51: ....... Apr. 20.15911. .50
1.5—11.1 .15 11 1 .55 ...... i ...... 1101.1:1-1135119 1 1.12
5721 '1‘. 20,21 1 11.1 ............. 51-111. 211, 1900 1 .111
1‘. .212: 117121 .12. ...... f ....... 11.111 223.1901 .111
10—511 .111 111-12 1.1: 1 ...... 1 ...... 51-10211—2150112 1 55
11-12 .111 ' 1:11 .27 ...... 1 ............................
1
Year. 1 Jan. Feb. Mar 3 Apr. May. Oct. Nov. Dec. Annual
1 1
7 7 71 1 1392.. ........................................ 2.0 ........................ 1 ........ 1.2 3.2
1393 ......................... 2.2 15.5 .91 101 ........ 1 ........ 1 50 1.0 23.9
1391 ......................... 1.2 1.0 ‘ 3.0 ........ I ................ ‘ ........ 7.5 12.7
1395 ......................... 10.5 1 0.0 3.5 1 ................ 1 ........ 1 9.0 3.0 35.0
1595 ......................... T. - T. 2.0 1 ........ l ................ 1.0 11.0 10.0
1597 ......................... 1.5 12.5 1.01 .5 ' ........ 1 ................ 5.5 27.0
1898 ......................... 5.0 T. 5.5 i ........ ' ........ ‘ ................ 1.8 15.3
1899 ......................... 5.1 5.7 3.0 ; .7[ 0.3 0.2 ........ 8.1 25.1
1900 ............. . ........... T. .2 1 T. 1 T ........ T. 1 0 T. 1.2
1901 ......................... 3.7 2.11 2.5 ‘ 5 1 1 ................ T. 3.0 15.7
1902 ......................... 3.2 .5 3.2 ........ T. 1 ........ 1.5 5.0 13.5
1903. ........................ 1.5... .............. ‘ ........ ' ................ 1 .............. ..
1 1 I . I I
Digitized by 600816
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Greatest amount of snowfall in tu'rnfytfo-ur hours at (fraud Junction, Crate.
IHI'J. has. 1.63 I. I\I.I.’I_ I we IHIIT. I M"
Month. IfIIj- III-I; I III‘I: I Ijny- I Ijrq- . IIrII- I‘rg
lIslltzl VIII"? l’ult‘ I VIII“?- lIHII'. l'IlIIIIl- hate. (III? lining (I‘ll-1. llalII.I I'I'IIIiI- IihllII-I list?
I lchJI. IiIIn. [iIm,I [InmI 'IIIIII. Linn. tion
I _. I _ , I .. I I
January ..... I ............ III 2..“ I I I _' I I II ...... l. ...... _’ II 21 I 4.0
February MI... I LI I‘».II .I II.» III sIII . 'I'. Is 7 II ...... ' T.
)lIlrI-h ....... I .‘I II III' I_' I II :1 .II II r I II I '2.” _______ I.II 3: LII
\pril ......... I ........... I. I II .................................... 3 | I ............
November I ..... I ...... :3 L?- ...... I ______ I 2.: I.II :7 LI) ........................
Di-t'I'lIIIIIPr___ ‘11s ‘I - H II . II I II II". J II II. II ~ III :1 ."
IHIIII. IEUIIIL l‘Jlll, Inn-J. Irma. Maximum.
llIlIIlllll. lint? link, PIP: ll“) I'nl' I-Ir“,
lmtv. VIIIIIII- lInLI~. I'IIIIIIVIK llilll‘. "IIII'I I'lIILIII IIIIIIIIVII iInlI. VIII“ I lhIlII. I'iIIimIiIItI. “ML. IiI‘III. llIIllII IIIIII. “”H‘
JIIIIIIILrj; ...... I III 1.1 I ...... ’i'. 2.1;"; 2. I. l III ].II III II.‘ .‘viqu ‘_'1, I_iI: 1!.”
Fl‘llt‘ll_l‘y _____ '_' 1!. l.li 7 II.'_' '3 I) l,‘.I I. ,I I: 'I. I Pub. '3. 1W2: (LII
.‘Iliiri'll ........ II Ll ..... T. u. l 5 [l ' II . .......... I Mar. ‘_'l,'l“~‘.'l I.“
.\IIrII._....__. m .7 ...... ’1'. I :Ii _____ l’-t'lr. i'xl‘_'f'w H.(I
May .......... '_‘ _:'. ,,,,,,,,,,,,,,,,,,,,,,,, in I. Nev. 97.1mm LII
(JI'lIIlII'I’ ...... ‘ If- A; 'l‘. .................................... I-‘I-II_ 15.1w? 1.0
NI-I'HIIIIIT ................ :II LII I. If: .IILll. 11.1w?» I I II
NUCLWHHI'I'HHI -.I :II ...... 'l‘. II—I'.’ 2.:I _ 1:: u 2 ............ I Mar. Lawn | '
l"I-II.2 2;. WM LI?
I INII\,'_’IIIIIIII I.”
I l):'l‘_ll lLl'JIIl ‘3
t; I;
' ['I‘l'. ill, lINI‘_
While the tables are practically complete in themselves and require
no elucidation, it has been deemed worth while to call attention to the
following features as being of special interest.
To the fruit grower or agriculturist the mean monthly temperatures
as given in the table on page 219 are absolutely no indication as to the
real nature of the climate. Yet these are the very _gures on which the
average promoter who writes up a glowing description of this region
draws for statistics. The result is as remarkable as it is misleading.
Thus, it will be seen that the normal mean temperature for the hottest
months—June, July, and August—does not exceed 80° F., while the
table on page 219 SllOWIS maximum temperatures as high as 104:0 F.
Likewise the normal mean temperature for the coldest months barely
indicates frost, while the minimum reached —16‘-’ F. in 1897 and the
mercuryr descended to zero during every winter of the decade except
three. Yet in a late report on the feasibility of a similar project to
the one under consideration, a prominent engineer, referring to the
climate of Grand River Valley, boldly asserts that “frest is a practically unknmvn quantity.” Allowing that his information might
have been based upon tables of mean u onthly temperature, this
statement even then would not be correct; for the frost that injures
TX70008421 1
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plant growth and governs the operations of the agriculturist may
occur while the air is of much higher temperature. There-is no
direct relation between the temperature of the air on an elevated building like that on which the Weather Bureau instruments are located and
that near the ground in the vicinity of vegetation or other moist
substances. Killing frost has been known to occur at Grand Junction
When the thermometer of the W'eather Bureau indicated all the way
from 26"" to 41" F., and Tables V and VI, giving the dates of _rst and
last killing frosts, show that their occurrence as late as April 30 and
again as early as September 14 is of vital importance to horticulture.
“"hile Grand River Valley, as will be seen from the above, enjoys by
no means the Italian climate that is sometimes ascribed to it, any crops
produced in the temperate zone are grown with success, and failures
are rare, the water supply being abundant. Late frosts have at times
been the cause of losses in the peach crops, especially in the western
section of the valley, where entire orchards of young trees have been
killed by them. Fruit growing in the valley, however successful and
lucrative it has been, is not free, therefore, from incidental losses by
frost, especially in young orchards—a fact which should not be lost
from sight by new settlers.
The greatest daily range of temperature that occurred during the
months coveredby the record is 473 F. \Vhile the average daily range
of temperature may seem large, it is but characteristic of climatic conditions of the arid West in general and presents no unusual features.
Indeed, as stated above, the daily range of temperature is still greater
in the western part of Grand River Valley. 7
The rainfall at no time is of prolonged duration or copious in amount.
The greatest rainfall in the last decade occurred in 1896, when a total
' of 3.03 inches fell from noon of September 22 till 9 p. m. of September 23. “’hile on Eastern watersheds a rainfall of this magnitude
would be considered a common occurrence, and would usually be
harmless in its run~off, in a region practically devoid of vegetation,
except at the higher levels, it was disastrous in its consequences and
caused great damage. It is probable, however, that the rainfall
observed at Grand Junction was no correct indication of the magnitude of this storm, as doubtless the rain that fell at that time on the
mountain slopes and high mesas was vastly in excess of that amount.
HISTORY OF THE IRRIGATION MOVEMENT IN GRAND RIVER VALLEY.
Prior to 1882 Grand River Valley constituted part of the Ute Indian
Reservation. After the massacre of Indian Agent N. C. Meeker and
employees at Whitewater, September 29, 1879, an agreement was
entered into with the Utes, March 6, 1880, and as a result the White
River and. Uncompahgre hands were removed during-1881 to the
TX700084214
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Uinta Indian Reservation in Utah. The departure of the Utes marks
the commencement of a new era in the history of western Colorado in
general and of Grand River Valley in particular. \Vhite settlers began
to take up land along the streams and raise crops by applying the water
arti_cially to the soil. Insigni_cant as these early efforts may seem,
made as they were by pioneers little familiar with irrigating methods,
they were of importance, nevertheless, inasmuch as they proved abundantly the fertile character of the soil when properly handled.
GRAND VALLEY IRRIGATION COMPANY.
Before 1883 an attempt had been made to divert the waters of Grand
River in a ditch to irrigate a section of Grand River Valley. Little
was accomplished, however, until Matt Arch organized the Grand
River Ditch Company in 1883, buying the right of way and “ four free
water rights” from the original Grand Valley Ditch Company, started
by E. S. Oldham, W. Oldham, \V. Cline, and J. F. Biggels.
Matt Arch succeeded in interestingT. C. Henry, of Kansas, who
induced the Travelers’ Insurance Company, of Hartford, Conn., to
make investments in the irrigation enterprise by securing mortgages
as follows: A _rst mortgage on March 26, 1883, in the amount of
87 5,000, and again, on December 1, 1883, a second mortgage and deeded
trust in the amount of $85,000. Subsequently, on November 1, 1884,
a new mortgage in the amount of $200,000 was made to supersede the
former two.
In 1885 the Travelers’ Insurance Company, _nding that the securities
were not what they were represented to be, took full possession of the
existing ditch system, which then extended from the head-gate on
Grand River, 12 miles east of Grand Junction, to a point 5 miles below
Fruita. Other canals had in the meantime been built in Grand River
Valley. The Mesa County canal, with a head-gate on Grand River
due south of where Clifton is situated at present, and extending in a
westerly direction north of the town of Grand Junction, and the Independent Ranchmen’s ditch, with a head-gate on Grand River southwest
of Grand Junction, had been constructed during the years 1884 and
1885. In 1886 a consolidation was effected by the company representing the Travelers’ Insurance Company making one system of the
Grand Valley canal, the Mesa County canal and its partly-built Pioneer
extension, and the Independent Ranehmen’s ditch. The head-gates
of the latter two ditches having been swept away by a f reshet in Grand
River, both ditches were connected with the Grand Valley canal and
became laterals of the latter.
In spite of the continuous development of its system and the rapid
settlement of the valley, the Grand River Ditch Company found itself
in ever-increasing _nancial and legal dif_culties. It is of interest to
TX700084215
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note that a principal source of trouble was due to too low a _xed
annual assessment on the water rights. Thus in the contract with the
water consumers an annual assessment of 44) cents per inch was levied
on water taken from the Grand Valley canal; similar assessments under
the Mesa County canal and Pioneer extension were 20 cents per inch,
and under the Independent Ranchmen's ditch 35 cents per inch. It is
estimated by Judge C. F. Caswell, of (i rand Junction, Colo., that the
average actual expense of maintenance amounted to $1.25 per inch,
and that the diti'erence alone caused a de_cit of $15,000 annually.
Indirectly also it was the cause of extensive litigation with consumers,
contractors, and others. Matters reached a climax in 1888, when the
court ordered a foreclosure sale, appointing Frank C. (ioudy receiver.
A new company, known as the Grand Valley Canal Company, purchased
all right, title, and interests and operated the system until 1892, when
it was discovered that through a technical oversight in the legal transactions the .new title was held to be invalid; the foreclosure sale of
1888 was set aside by the court, a new sale ordered, and F. '0“. Loveland appointed receiver. The system passed into the hands of John
P. Brockway, and by him was sold again in 130-1 to the farmers of
Grand River Valley, who had organized under the name of the Grand
Valley Irrigation Company. The sole purpose of this company was
to manage the property and to distribute the water to the consumers,
who thus had become the stockholders. The new company purchased
all right, title, and interest to the property, paying $40,000 in 0 per cent
twenty-year bonds. It later also acquired the deeds to practically all
the water rights outstanding and issued $20,000 bonds for assessable
stock. Its authorized capital is $240,000, consisting of 43,000 shares of
$5 each. Its total water rights owned are 15,000 inches, one share rcpresenting tive-sixteenths inch. The Grand Valley Irrigation Company
is in existence at the present day and its nulnagement has been singu—
larly successful in spite of the dif_culties that it has encountered.
Under its rule the system has been extended and perfected, and in the
report of President A. R. “roll of the board of direction for the _scal
year ending October 31, 190:3, it is stated to be in excellent condition.
The stockholders meet once a year and elect nine of their members as
a board of directors to manage the affairs of the company for the
ensuing year. The salaried of_cers are a superintendent and a secretary and treasurer, who serve during the entire year, are under bond,
and are subject to removal at any time; in addition, three ditch riders
are employed during the irrigating season, which lasts from about the
lst of April until November, their duty being the measuring out of
Water to consumers and supervision of the ditches. In January the
board of direction makes an estimate of the expenditures for the coming season and levies an assessment on all stock to cover the expenses
11. Doc. 44, 53—2 1.3
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of maintenance and the interest on the bonded debt. These annual
assessments have been as follows:
.1133anth on stock of the Grand Valley Irrigation Chmpuny.
Year. l‘cr inch. : l‘cr acre.
. _ 1 _ 1- , ‘_ _ _ _,
1894 ...................................................... ' $0. 96 1 :30. ~18
1395 ...................................................... 1- .96 .48
1896 ...................................................... 1 2. 24 1. 12
1807 ...................................................... ‘ 1. 28 . 6-1
1808 ....................................................... 1. 00 .80
11199 ...................................................... ' .90 . 4a
1900 ...................................................... ‘ .90 .48
1901 ...................................................... l 2.11s 1. 04
1902 ...................................................... I 2.011 1. 04
1903 (estimated) .......................................... l. 28 . 64
Average ............................................ l. «14 . 72
The above table shows that the 1800 assessment was unusually heavy,
consisting, in fact, of $1.28 spring assessment and $0.96 fall assessment. Great damage was caused during September of that year by
extraordinary _oods, which ravaged the entire valley. The amount
expended on repairs from September 20 to October 31 of that year
was $4,500, and the extra fall assessment was levied to meet this
expenditure. During the following year $31,000 were expended on
further repairs, $20,000 of which went solely to rectifying portions of
the system damaged during the preceding fall. This again caused a
high assessment. The repairs accomplished had been applied only
where they had been most urgent, and at the close of 1807 the system
could be considered but as patched at the best. During the ensuing
years, especially in 1808, improvements were systematically continued.
In 1001 large sums were expended on renewing structures. A new
steel and masonry head-gate was built, costing $16,000, and $1,000
additional were spent on training works in the river. The books of
the company for that year show an expenditure of $7,719 on _ames
and similar structures. The canal was also enlarged down to the Kiefer extension, at a cost of $6,000.
The last annual report sulnnitted is of interest as showing a surplus
in the treasury, a low assessment for the. coming year, and no debts
excepting the bonded indebtedness. If it is borne in mind that at the
time the Grand Valley Irrigation Company organized it had not 11 doilar in its treasury’and owned a system in which not a structure was
safe and the head-genes of which had been condemned for two years,
the farmers of Grand River Valley may well look with grati_cation
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and pride on the results achieved during the nine years that they have
been the owners of the system.
Their present canal controls about 35,000 acres, nearly all of it good
arable land. The canal carries about 420 second-feet during the irrigation season, 320 of which are sold to ranchmen, the difference being
lost by seepage, evaporation, and in measuring out. The area irrigated aggregates 25,000 acres. The duty is _gured at :5 inch per acre,
or approximately 80 acres per second-foot. This duty is low and it is
admitted that the waste of water is excessive. While the value of one
inch perpetual water right was originally $16, its value at present has
depreciated to $8, owing mainly to the abundance of the present water
supply. It is probable that this value will rise in after years as more
land is taken up and water becomes more valuable. The Old method
of measuring over weirs is still in use, but is said to give dissatisfaction. Experiments have been made during the last year with the
Stokes measuring gate, and it has been demonstrated that its use, in
many instances, would save the company as much as 15 per cent excess
measurement.
FRI'IT.\ CANAL AND LAND COMPANY.
In 1894 a company was organized by the Kiefer Brothers, under the
name Of the Fruita Canal and Land Company, to extend the Grand
Valley Canal farther west. The ditch generally known as the Kicfer
extension was built gradually, as land was taken up, and was _nished
about 1899, its length being about '16 miles. Water is bought from
the Grand Valley Irrigation Company, which assesses the consumers
for annual maintenance at the same rate as its Own stockholders. In
addition, the Fruita Canal and Land Company levies an assessment
against its stockholders for the maintenance of the Kiefer extension.
This assessment has been about 20 cents per inch. Perpetual water
rights are owned by the company to the number of 1,600 inches. The
agreement between the two companies calls for a bonus of $10 per
inch to be paid the Grand Valley Irrigation Company for every inch
of water right purchased by the Fruita Canal and Land Company. The
company is free from debts. One ditch rider is employed during the
irrigation season.
HIGH LINE MUTUAL IRRIGATION COMPANY AND MOUNT LINCOLN LAND AND WATER
COMPANY.
In 1892 work was commenced on a ditch at the eastern end of the
valley, water being pumped from the river by utilizing water power.
The _rst work was done by F. M. Burger, who constructed the headrace, installed the pumping plant, and built about 5 miles of ditch.
The plant which is in operation at the present day, consists of two 50inch Le_el turbines working under a head of 1-1 feet 8 inches. Water
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is lifted 32 feet by means of two centrifugal 15-inch pumps. In 1893
Burger was joined in his enterprise by Benton Canon and Chas. \V.
Steele, the company being known as the Mount Lincoln Land and
Water Company. It was sold out by them in 189-1 to John E. Price,
who operated it until about 1898, when the system was separated and
came under the management of two concerns, the main ditch, then
nearly 11 miles long, and distributing system becoming the property
of the farmers, organized as the High Line Mutual Irrigation Company, and the pumping plant remaining under the control of Price.
The separation was largely in the nature of a trade, the farmers collectively having owned considerable stock in the pumping plant prior
to that time.
In 1900 the pumping plant passed into the hands of G. H. Hall and
Walter C. Frost, of Colorado Springs, the former becoming president
and the latter secretary of the Mount Lincoln Land and Water Company, which concern has continued to operate the pumping plant to
the present day. The company is bound by a ninety-nine-year contract with the High Line Mutual Irrigation Company to furnish the
latter with such water as it may require, receiving $2 per annum for
every inch pumped. The amount pumped at present is 1,100 inches
and goes to irrigate about 3,000 acres, the duty being _gured at onethird inch per acre, or nearly 110 acres per cubic foot. The contract
further calls for an eventual delivery of 3,000 inches, the MountLincoln Company being bound to furnish additional water by suitable
enlargements of its plant in 200-inch installments optional with the
consumers. Perpetual water rights are sold at the rate of $00 per
inch, $35 of which is paid to the Mount Lincoln Land and Water Company, the remainder going into the funds of the High Line Mutual
Irrigation Company. The latter company assesses its stockholders for
annual maintenance, the rate during the last three years having been
$5.49 per inch, which includes the $2 to be paid to the Mount Lincoln
Company for pumping. The assessment has been somewhat less in
preceding years ($4. 50 per acre), and will probably be reduced again
during the coming season.
The High Line Mutual Irrigation Company, having acquired oWnership practically through trade, is free from bonded indebtedness; except
for a $4,000 _ve-year mortgage, which is to mature in three years.
MUTUAL MINA IRRIGATION (‘UMPANY.
On the south side of the river several miles above Grand Junction,
on what is known as Orchard Mesa, the Mutual Mesa Irrigation Company owns 550 acres, for which irrigation water is provided by pumping from Grand River. ,
A canal 2,640 feet long, which was constructed at the base of the
mesa, furnishes at the lower end a head of 9 to 12 feet, depending upon
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the stage of the river. The capacity of the canal is 1,000 second-feet.
The power is supplied by a 44-inch Victor turbine wheel generating
109 horsepower. Two pumps are used—ea Smith-Vaile 16 by 18 inch
piston pump and a 14-inch Root’s modi_ed rotary pump. The capacity
of each is 2,000 gallons per minute. The lift is 84 feet, and 400 acres
of orchard land were irrigated in 1896. The machinerv as here
described cost about $5,000, outside of the expense of constructing
the canal. One man and at times two are required to operate the
plant. The annual cost per acre under this system is $1.25 to $1.75.
PUMPING PLANT 0|“ JAMES W. HMITH.
James W. Smith has a 300-acre ranch on Orchard Mesa, on the south
side of Grand River. 100 acres of which are in orchard and 160 in
alfalfa. In 1889 he installed a pumping plant, deriving pOWer from
the fall of the river, and was able to pump water for his ranch with two
8-inch, centrifugal, double-suction Webber pumps, placed at _rst alongside each other, later in tandem. giving better results. The mesa is
elevated above the river about 80 feet, making the total lift 82 feet.
Power is obtained by means of a canal three-fourths of a mile long
taken out of Grand River at the base of Orchard Mesa, and two 33-inch
Rodney I‘Iunt turbines, working under a head varying from 8 to 11
feet. In 1893 the river had scoured its bed in the vicinity of the headgates to such an extent that a full head could no longer be obtained at
lOW water, and Mr. Smith was compelled to build a new set of headgates farthe r chm-nstream, the water entering the gates 5 feet deep at low
water and giving a _ow in the headrace of from 100 to 120 second-feet.
In 1898 be replaced the centrifugal pumps by means of a 16-inch Root
rotary pump, which has given good satisfaction. There has been one
continuous source of trouble with this plant. The unsteady character
of the river bed is the cause of much _uctuation in the head on the turbines, and at times of high water, when a full head can be obtained,
the river backs up into the tailrace, curtailing the ef_ciency of the
turbines.
The amount of water pumped varies from 6 to 9 second-feet. The
pump is usually start-ed toward the last. of March, and is run day and
night at the height of the irrigating season. During 1902 the pump
was run day and night for ninety-six days. The two pumping plants
last described can hardly be considered under the head of irrigation
enterprises in Grand River Valley, their object being the watering of
the elevated river terrace known as Orchard Mesa. It has been deemed
of interest to describe them here for sake of comparison. The histories
of the three pumping plants given above stand out in sharp contrast
with that of a neighboring gravity system like the Grand Valley Irrigation Company’s canal, and are good examples of the nature of the
dif_culties which attend projects of that kind. At least two more
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pumping plants have been installed at one time and another, one to
irrigate lands on Red Mesa, the other to raise water on Orchard Mesa.
Both have proved to be failures and have been abandoned. Lack of
time has not permitted investigating the nature of these failures.
It is probable, however, that they are mainly the outcome of an inadequate conception of the problems to be met and of lack of funds.
IRRIGATION PRACTICE.
The duty of water under the Grand River Valley Irrigation Company’s system is established at one-half inch to the acre; or 1 secondfoot to 77 acres, a very low duty as compared with that used elsewhere.
It has been deemed of importance in connection with this investigation
to ascertain the conditions which have brought about this low duty,
particularly as they present a question of some moment in considering
a possible expansion of the present system by means of the proposed
canal.
It is to be expected that with so great an abundance of water economic methods need not be looked for. The average ranchman knows
that the supply is unlimited so far as he is concerned, and the com~
pany, instead of having to be parsimonious with water—the almost
proverbial condition in which most water companies _nd themselves—
can afford to make him a liberal measurement. This state of things
promotes liberal usage of water and encourages wasteful methods.
That the low-water duty under the Grand Valley Canal system is due
principally to this factor will readily be seen by referring to the practice under the High Line Mutual Irrigation Company’s system. This
company pays $2 per inch per annum for pumpage alone. Its irrigation water costs the consumer four times as much as under the other
system, and, besides, the entire supply being pumped, is limited by the
capacity of the plant. Economy with water becomes here paramount.
The duty is _xed at one-third inch per acre, or 1 second-foot to 115
acres, and it has proved suf_cient. In other words, this small quantity
of water so carefully husbandcd gives as good results, on the same
kind of soil, as does an abundance under the more lavish or, properly
speaking, wasteful methods adopted by the other company.
- It becomes of particular interest to analyze the arguments made in
favor of adopting these wasteful methods referred to. The principal
one is “saving of cost of labor.” The second and no less important
one is “ convenience.” It should be borne in mind that in Grand River
Valley the large majority of ranches are planted to fruit. The holdings
are as a rule small, 10 and 20 acres constituting the usual units.
With a high duty of water the amount that would be measured out at
the gate of a 10-acre ranch, for instance, would be 3 or 4 inches—
unquestionably an awkwardly small stream to handle. In spite of its
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continuous flow during the irrigating season, it would be a dif_cult
quantity to apply evenly to 10 acres of soil, proving not only a laborious task to the irrigator, but involving great waste of time. A
greater _ow of water is naturally handled more conveniently and to
better advantage, requiring also less time and labor. It is often stated
that it is not pro_table to handle a stream of less than 10 inches.
Many an orehardist prefers to buy additional water rights, and in this
he is not restricted by the company, and in so doing lessens the cost
of labor on his ranch. Obviously where water rights are of little
value and labor is high this plan has at least the merit of being very
economical.
The proper solution of the problem, however, lies in the “rotation
method” of applying water, now conceded to he not only the most
ecomunical method, as regards both labor and the amount of water
necessary, but as being at the same time the most effective for the
crops so treated. It is of interest to note that the rotation method is
gradually coming into vogue in Grand River Valley, though as yet on
a small plan. Frequently a farmer owning 10 inches of water will
borrow 10 more from a neighbor, and have a flow with which he can
irrigate rapidly and evenly, _lling large numbers of humans at a time,
and upon completion of the job turn off the water, and some other day
his neighbor will do likewise and even the account. Instances of this
kind are growing more numerous in the valley, but the fact should
not he lost from sight that convenience and saving of labor, rather
than economy of water, are the actuating motives in all such cases.
It should be. remarked here that, on account of the great variations
in the texture of the soil, irrigation practice di_’ers widely in different
parts of the valley. The sandy loams absorb water more readily than
the clay-like adobe soils. The latter absorb water with dif_culty, and
furrows have. been known to run water for days and not soak the soil
deeper than 2 or 3 inches.
Numerous inquiries were made into the time of applying the water.
It appears from the information received that in orchards the first
irrigation commences usually about the middle of' May, and continues
into June. Second and third irrigations occur during the fruit-growing season. according to the growth of the fruit, the main object being
to irrigate from four days to a Week before fruit ripens. The early
fruits, such as apricots and early peaches, begin to ripen about the,
middle of July. During the _rst half of August peaches and plums
ripen, and little irrigating is done, during that month. Some ranchmen state that they use but one-half their irrigation water during
August and none in September. It the fall of the year is very dry
water is applied once more late in October or in November. Alfalfa
and other crops require, of course, a different treatment, water being
applied to alfalfa as early as the latter part of March or _rst of April.
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Alfalfa is cut three times, and receives usually two applications of water
between each cutting.
No adequate provisions have been made anywhere in the valley for
drainage. There are, of course, wasteways which receive the superfluous _ow from the ditches, and these in a measure act like drains.
It is very apparent, nevertheless, that in the course of a few years it
will become necessary to put in a very complete system of drainage in
the lands now under irrigation. In a few places seepage waters are
beginning to make their appearance, together with deposits of alkali.
While up to the present time but relatively little trouble has been
experienced with either of these harmful agents, it is safe to say that
they willgrow more and more in evidence as time goes on and the
irrigation system is expanded, as, for instance, by the proposed canal.
With an average slope in the valley of from 51') to 100 feet to a mile, the
excess water from irrigation from one ranch will naturally tend to _nd
its way to ranches lying below, unless intercepted by suitable drains
provided for that purpose.
It will be noted from the above that the main irrigation season is
during May, June, and July; that is, during these months the maximum amount of water is used. Such irrigation water as is needed
during August and the fall of the year goes mainly to irrigate the
alfalfa and other crops. The amount of alfalfa grown in the valley is
not large, and it is probable that it never will be. While usually a
safe investment, it does not yield as large pro_ts per acre as fruit
land, and it is safe to say that the larger part of Grand River Valley
will always be devoted to fruit raising.
PROPOSED IRRIGATION PROJECTS.
A study of the topography of the region revealed at the outset that
the features of the country placed certain limitations upon the choice
for a route for an interstate canal. The elevation of the Excelsior
divide near the Utah line is in the neighborhood of 5,000 feet above
sea level, and the elevation of Grand River in the canyon above l’alisade is in the neighborhood of 4,801) feet. Thus it is apparent that it
is impracticable to construct a gravity canal to overcome the divide
except by means of a tunnel through its narrowest part. The fall of
the river in the canyon is small, averaging 10 feet to the mile, from
which it Will readily be seen that it would be necessary to ascend the
river about ‘20 miles in order to gain suf_cient elevation for a min]
to pass over Excelsior divide. To divert the wate ' at some point high
up on the river, at Dabeque or Rifle. for Instance, would require the
construction of many miles of canal along sheer ledges and precipitous
canyon walls, an undertaking which would prove wellnigh impracticable, and would not be consistent with good engineerine. Placing the
headworks of the canal in the vicinity of the Beaver 'I‘ail tunnel of the
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Denver and Rio Grande Railroad, or near an elevation of 4,800 feet
on the river, insures a safe location for the canal along the canyon
walls, and suf_cient elevation for it to control all the arable lands in
the valley.
The eastern portion of the valley west of the Excelsior divide lies at
a considerably higher level than the lands east of the divide, excluding all possibility of reaching the Utah lands by means of an interstate
gravity canal. Grand River has cut deep canyons in Utah and afford».no possibility immediately west of the Colorado line for any diversion
by gravity. Water from Grand River can be. brought on the Utah
lands in Grand River Valley therefore only by pumping. The aver.
age elevation of the irrigable lands being 30” to ($00 feet higher than
the river, the cost of pumping from the river for irrigation purposes
on a large scale is prohibitive. The only feasible plan, therefore, is
that of pumping water from the end of the gravity canal on the east
side of the Excelsior divide to the. level of the land west of the divide
and conveying it by means of a tunnel through the divide. This can
be done. at a point where the divide is only about a half mile in width,
while the' necessary power can be, derived by constructing a dam in
the narrow canyon of Grand River near Westwater, Utah.
Reconnaismnces of Orchard Mesa and Red Mesa disclosed the fact
that, while irrigation of the former could readily be effected by means
of pumping, the extension of the ditches to include Red Mesa would be
undesirable, as the topography of the eastern portion of the latter
would render the cost of a canal to reach the western portion, contain—
ing the good agricultural lands, out of proportion to the relatively
small area that would be benefited.
rnomcr so. ].
The plan _rst conceived was that of diverting the. waters of Grand
River into the valley of Plateau Creek by means of a tunnel. The
opportunity fora diversion of this kind presented itself at a point along
Grand River opposite the Beaver Tail tunnel of the Denver and Rio
Grande Railroad, where the, two canyons of Grand ltiver and Plateau
Creek are separated by a narrow ledge about HUU feet wide at the base.
In the NW. l of NW. 1 sec. 18,1‘. 108., R. 97 W., a rubble masonry
dam of heavy cross section, 27 feet high above the bed of the river and
founded on piles, will be required to divert the water of Grand River
into the proposed tunnel. The dam will be (390 feet long on top, “204
feet of which will be above _ood level; 36 feet will consist of sluice
gates, and 450 feet will be provided with automatic. shutters on the
crest, raising the water to elevation 4,811.7, which can be lowered at
feet at time of _ood. As bed rock is probably at a considerable depth,
the dam has been designed upon a pile foundation with amasom'y wall
on the upstream side extending down 19 feet below the river bed;
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sheet piling will be driven to a depth of 34 feet below the river bed.
The toe and apron of the dam are to be in the form of a rollerway
with a 3-foot water cushion. The gates are to be of steel and consist
of six openings 5 feet 9 inches in the clear, with lifting gates worked
by hand wheels.
The height to which the water in the river will be raised by the
dam, especially at times of _ood, is such that it becomes necessary to
protect the railroad track on the other side of the river by building a
levee for a distance of 1.2 miles above the Beaver Tail tunnel. Part
of the levee will require riprapping as a protection against wave
action, and a drainage tunnel 1,000 feet long, parallel with the Beaver
Tail tunnel, will be required to drain the area inclosed by the levee.
Protection by levee is found to be far cheaper than raising the railroad
track for 2.3 miles and rebuilding the Beaver Tail tunnel.
After having passed through the regulating gates, the water enters the
tunnel between Grand River and Plateau Creek through a large portal
cut. The tunnel will be 11 feet high, 19 feet wide, and 1,050 feet. long.
The velocity of the water will be 10 feet per second, giving a discharge
of 2,100 second-feet. The rock, being of sandstone of little homogeneity, interbedded with shale, will require protection against this
velocity, and the tunnel will therefore have to be lined throughout
with about 10 inches of cement concrete and steel bars. ' The tunnel
ends in a deep cut in the valley of Plateau Creek, and the canal extends
down the valley for a distance of 5,750 feet, most of the way in cut.
The channel along this distance will be 32.7 feet wide on the bottom,
and 11 feet deep, with i to l slopes. The excavation being in rock
and gravel, it has been decided to give suf_cient grade to obtain a
velocity of 5 feet, resulting in a more economical cross section than
would otherwise have been possible.
The valley of Plateau Creek being narrow, it has been deemed safest
to control the waters of this creek by diverting the entire _ow across
the narrow ledge separating the two valleys into Grand River by
means of a tunnel 8 feet in diameter and lined with steel. This tunnel
will he at a higher level than the main tunnel, and will cross above
the latter. The great cost of such an undertaking is more than compensated by the safety which it insures to the canal location in Plateau
Creek Valley. The discharge of the creek in spring time is claimed
to amount to as much as 2,000 second-feet, and gives it the character
of a turbulent and dangerous mountain torrent.
Fora distance of 800 feet, in sec. 24, T. 10 S. , R. 98 W. , where the canal
grade approaches the level of the valley, provision is made for a settling basin with regulating gates and wasteways, which will discharge
a continuous stream of 100 second-feet into Plateau Creek to remove
silt deposits from the basin. The canal, reduced to a capacity of 2,000
second-feet, then enters a second tunnel, 11 feet high, 18.2 feet wide,
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and 1,650 feet long, .which nrings the water into the canyon of Grand
River. This tunnel is also in sandstone, and will be lined as in the
preceding case. The necessity for this tunnel arises from the fact
that canal construction along the hillside would necessitate some heavy
excavation, besides requiring a sharp bend. in the alignment. For a
distance of 1,000 feet there is a vertical ledge about 80 feet high, which
would prove a serious obstacle to canal construction, and which can be
avoided by means of the tunnel.
After leaving the tunnel, the canal location will for a distance of
19,700 feet be along steep hillsides of loose rock debris overlying the
solid rock, alternating in places with less steep slopes of gravel containing loose rock and howlders. The canal cross section will vary
with the nature of the materials traversed, the vclm-ity being increased
or diminished by changing the grade. Most of the way the canal will
be constructed in the hillside, with a depth of 11 feet and a hottolu
width of 42.2 feet, by building a rubble masonry wall on the downhill
side. A vast amount of excavation will he avoided in this manner,
and a great saving of cost effected. Two dry watercourses will be
taken over the canal hy means of wooden superpussages.
In sec. 3-1, T. 10 S., R. 98 W., the canal enters a third tunnel, of
the same dimensiOns as the. second tunnel, and 1,801) feet long. This
tunnel cuts through a gravel hill, the sides of which are very steep
and unsafe for side-hill construction.
Rapid Creek is crossed on a steel tlume 100 feet long, terminated at
each end by concrete wing walls and aprons. The. _ame will he supported hy piers of cement concrete.
The canal crosses Grand River am] the railroad near the west line of
sec. 2, T. 11 S., R. 98 \V., by means of an inverted steel concrete
siphon, 16 feet in diameter and 1,260 feet long. The pipe is to he laid
under the river, on bed rock, which it is believed will he encountered
at this point at no great depth. An alternative proposition is that of
taking the canal across on an elevated steel aqueduct 1,230 feet long,
consisting of thirteen 50-foot spans, one 40-foot span, one 200-foot
Span, and 340 feet resting directly on the ground. Except- for the
200-foot span, which will be a Baltimore truss, the aqueduct will be
made of plate girders with a bottom width of 18.6 feet and,a water
depth of 11 feet, the grade being suf_cient to impart to the water a
velocity exceeding 10 feet per second. The aqueduct is to he. supported
on steel trestles, except in the case of the _ve. center piers, which will
consist of 2-foot' steel cylinders _lled with concrete below the highwater line, the upper portions consisting of steel trestles. Estimates
of COst for the inverted siphon and the aqueduct are given in the table
of estimates of cost, and it will be seen that the siphon is the cheaper
of the two.
At the lower end of the siphon the water will enter a concrete hay
TX700084226

236 SECOND ANNUAL REPORT OF RECLAMATION SERVICE.
with bulkhead, where the velocity will be reduced before the water
enters the canal. The grade elevation at this point will be 4,786.5
feet, 13.2 feet of grade having been consumed from the head-genes
down. For the next 57% miles, or to the end of the present survey at
the foot of the Excelsior divide, the course of the canal lies in Grand
River Valley, and presents relatively few dif_culties of an engineering
character. The slopes of the country, as a rule, are gentle; in some
localities shale hills are numerous and require in many instances deep
cuts; in the western part of the valley the canal route lies for many
miles through a country of very irregular topography and much eroded
hills, adding materially to the cost of construction. A number of watercourses are crossed by the canal route, the smaller ones of which it is
intended to take under the canal by means of concrete culverts. . The
larger channels, such as those of the Little and Big Salt Washmand of
East and \Vest Salt Creek, are. so wide and their discharges arenito con»
siderahle after rains that substantial steel _umes with concrete abutments and wing walls will be required to cross them. For thgghast 12
miles, commencing at the lower end of the siphon, the canal is to he
made entirely in excavation. Experience with previous canals has
proved that the soil along this part of the route is subject to settling
after the water has been applied for some length of time. This settling,
as explained elsewhere in this report, is a giadual process, continuing for
years, and is by no means uniform or equal in amount at different
points along this section. In order to maintain perfect grades and
alignment, it has been deemed best to excavate the canal, bringing its
water surface level with the surface of the ground, where the country
is _at, or slightly sloping. Levees can then he raised as the canal
settles, eventually making its cross section partly in excavation and
partly in embankment. Farther west the soil is of a different consistency and little trouble due to settling is anticipated. The cross section of the canal there has been designed in the usual manner, partly
in cut and partly in till.
Commencing at the lower end of the siphon the canal will be. built
on a grade of 1:10,(N)0, with a bottom width of 80 feet, a depth of 10
feet, and side slope of 1 to 1. Assuming the coef_cient of roughness
in Kutter‘s formula at 0.025, the discharge for this cross section and
grade will be 2,295 secrmd—feet, the mean velocity being 2.55 feet per
second. This cross section will be retained for a distance of 11,800
feet to a point north of the town of Palisades, where a _ow of 500
second-feet will be drawn from the canal to" feed the present Grand
Valley canal and the ditch now receiving its water supply from the
Mount. Lincoln pumping plant. The principal object in furnishing
water to these two ditches is to make them parts of one system, the
entile watci supply of which is to be controlled by the one set. of
head-gates described above. There being a difference of elevation
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between the proposed canal and the Grand Valley canal of about
100 feet, it is suggested to utilize this fall to develop power to be
transmitted to Orchard Mesa for pumping water onto the latter for
irrigation. The diversion from Grand River of 2,000 second-feet will
practically destroy the two water powers along Orchard Mesa during
part of the irrigating season; and it becomes, therefore, necessary to
provide suf_cient irrigation water to the rauclnnen on Orchard Mesa
by pumping from Grand River. The amount of land at present irrigated on Orchard Mesa is in the neighborhood of 1,000 acres; the
amount of irrigable land aggregates 5,000 acres. Since the scheme
proposed would furnish an abundance of water, it will be possible to
pump water suf_cient to irrigate this entire area. The _ow required
would be 60 second-feet; the height to which it would require to be
raised, 05 feet. As will be seen, the power available—i. c., 470
second-feet and 100 feet head at 50 per cent ef_ciency would yield a
power vastly in excess of that needed. '
The proposed main canal, after furnishing 500 second-feet to the
two canals mentioned, continues for about 30 miles on the same grade
of 1:10,!)00, but with a cross section of 9% feet deep and 00 feet bottom
width, the capacity being 1,590 second-feet and the mean velocity
2.41 feet per second. The cross section is then reduced and for 18
miles the canal has a depth of 9 feet and a bottom width of 50 feet,
giving, on upgrade of 110,000, a discharge of 1,215 second-feet. For
the last 6x3 miles to the Excelsior divide, the cross section will be but
8 feet deep, the bottom width 35 feet, discharging 826 second-feet on
a grade of 1:6,666. As will be seen, the main bulk of the water carried
by the proposed canal is delivered at the western end of the valley,
where the largest amount of unirrigated land is to he found. For
more than 30 miles the proposed canal runs parallel with, and about 2
miles distant from, the Grand Valley canal, the amount of land included
in this strip being relatively small as compared with the unirrigated
area farther west.
In order to continue the 'anal into Utah it will be necessary to
elevate the water by pumping, the lands west of the Excelsior divide
being at a higher altitude. A description of the plan proposed for
irrigating the Utah lands will be found elsewhere in this report.
Estimule of cost of project No. 1, Grand Rircr.
FROM WEIR To snrios 140.
Weir ....................................................... $3] 07, 083
Sluice gates in weir .......................................... 2, 380
Intake gates ................................................. 8, 029
Cost of protecting railroad track for l 2 miles .................. 46, 340
Diversion of Plateau Creek:
Dam ................................................... 24, 000
Steel pipe in tunnel ...................................... 30,214
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Portal cut at head of tunnel NO. 1 ............................ $4, 000
Tunnel NO. 1, length 1,050 feet, lined ......................... 95,550
5,750-foot canal, 11 feet deep, 32.7 feet bottom width .......... 244, 247
BOO-foot settling basin ........................................ 11, 441
Regulating gates and wasteway into Plateau Creek ............. 12, 134
l_O—foot (anal, with Imrtal cut at head of tunnel N O. 2 ......... 3, 007
Tunnel NO. 2, length 1,650 feet ............................... 143, 550
2,400—foot canal, 42.2 feet bottom width, 11 feet deep, including
. portal cut ‘at end Of tunnel NO. 2 ........................... 111, 852 .
2,000-foot canal, 49.6 feet bottom width, 11 feet deep, to station
140, being common point to projects 1, 2, and 3 .............. 51, 0-59
-— $955, 986
FROM STATION 140 TO STATION 415.a
10,500-foot canal, 49.6 feet bottom width, 11 feet deep .......... 276, ]03
2 wooden superpassages ...................................... 1, 750
3,800—foot canal, 42.2 feet bottom width, 11 feet deep, including
portal cut to head of tunnel No. 3 .......................... 132, 391
Tunnel NO. 3, length 2,200 feet ............................... 159, 148
1,200-foot canal, 49.6 feet bottom width, 11 feet deep, including
portal cut at end Of tunnel ‘NO. 3 ........................... 74, 198
lOO—foot steel _ume over Rapid Creek ......................... 10, 500
3,465-foot canal, 49.6 feet bottom width, 11 feet deep .......... 53, 924
1,260-foot steel concrete pipe, 16 feet diameter, inverted siphon
across Grand River, with concrete head and end bays,
station 364 + 90 ........................................... b 94, 100
5,010-foot canal, 80 feet bottom width, 10 feet deep, all in cut, to .1
station 415, common point to projects Nos. 1 and 4 ........... 194;, 080
—— 996,194
FRUM annoy 415 To END or CANAL.“
6,840-foot canal, 80 feet bottom width, 10 feet deep, all in cut. - .
51,160.10ot canal, 60 feet bottom width, 91: feet deep, all in cut-.
111,500-foot canal, 60 feet bottom width, 9; feet deep, half cut,
half _ll ...................................................
97,000-foot canal, 50 feet bottom width, 9 feet deep, half cut,
half _ll ...................................................
33,000-foot canal, 35 feet bottom width, 8 feet deep, half cut,
half _ll ....................................................
1, 647, 789
Total .......................................................... 3, 509, 969
PROJECT NO. 2.
Project NO._ 2 is similar in its main features to project NO. 1, except
for the _rst 2 miles. .
It is proposed to divert the water in the NE. 4 of NE. 1; sec. 13,
T. 10 S., R. 98 W., by means of a dam 28 feet high above the bed of
the river, and carry it by means of two tunnels to a point in the NW. :1
of NW. 4 sec. 24. '1‘. 10 S., R. 98 “K, whence the canal would follow the
"Common to projects Nos. 1, '2, and 3.
hSteel aqueduct, in place of inverted siphon with concrete head and end bays. will cost $124,036.
ccommon to projects Nos. 1. 2, 3, and 4.
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same route as in project No. 1, except that the settling basins would
be provided for in sec. 23, T. 10 S., R. 98 W. As in project No. 1,
the regulator and waste gates will be at the intake of the canal. The
elevation of the crest of the dam will be 4,810.9 feet, thus requiring
practically the same expense for protecting the railroad tracks, and a
dam similar in construction to that of project No. 1.
Estimate of cost of project NO. 2, Grand River.
Weir and accessories ................................................. $168, 805
Sluice gates in weir ........................................... . .......
Intake gates ......................................................... l 11’ 347
Cost of protecting railroad track ....................................... 46, 3-10
Tunnel No. 1, length 3,900 feet, including portal cut at both ends ....... 351, 100
Flume No. 1, length 420 feet, over Plateau Creek ....................... 31,900
740 feet of canal, 51.1 feet bottom width, 11 feet deep, including portal cut
at head of tunnel No. 2 ............................................ .. 63, 492
Tunnel N0. 2, length 1,230 feet ........................................ 109, ~170
Portal cut in rock ........................................... .. ........ 5, 252
2,300-foot canal, 43.2 feet bottom width, 11 feet deep ................... 116, 150
1,500-foot canal, 51.1 feet bottom width, 11 feet deep ................... 40, 162
300-foot settling basin, with three 2-foot pipe outlets .................... 14, 537
200-foot canal, 49.6 feet bottom width, 11 feet deep, to station 140 of
project No. 1 ....................................................... 5, 374
963, 929
From station 1-10 to station 415, same as in project No. 1 ................ 996, 194
From station 415 to end of canal, same as in project NO. 2 ............... 1, 647, 789
Total .......................................................... 3, 607, 912
PROJECT NO. 3.
Project No. 3 contemplates the diversion of the river by a dam
45 feet high in the NW. 1 of NW. 1 sec. 21, T. 10 S., R. 08 W., the
intake of the canal being in a rock tunnel through the vertical cliff.
The elevation of the crest of the dam (4,805.94 feet) will be such that
the remainder of the canal will follow the same route as in projects
Nos. 1 and 2. ,A settling basin will be provided, as in project No. 2.
In this project it is cheaper to raise the railroad for 4.3 miles and
rebuild the tunnel than to build a levee to protect the present location.
The regulator and waste gates will be installed at the lower end of the
tunnel.
Estimate of cost of project NO. 3, Grand River.
Weir and accessories ................................................. $395, 675
Sluice gates in weir ................................................... 3, 840
Cost of raising railroad track .......................................... 168, 940
Tunnel No. 1, length 500 feet .......................................... 45, 500
Regulating and waste gates below tunnel No. 1 ......................... 12, 13-1
1,800-foot canal, 43.2 feet bottom width, 11 feet deep, including end portal
cut of tunnel No. 1 ................................................. 97, 277
' 1;500-foot canal, 51.1 feet bottom width, 11 feet deep .................... 40, 16:3
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BOO-foot settling basin, with three 2-foot pipe outlets .................... $14, 537
200-l'mnt canal, 49.6 feet lmttom width, 11 feet deep, to station 140 of project N o. 1 .......................................................... 5,374
783, 439
From station [40 to station 415, same as in project. No. l ................ 996, 194
From station 415 to end of canal, same as in project No. 1 ............... 1, 647, 789
3. 427, 422
PROJEL’I‘ No. 4.
In this project the canal route follows the right side of the river,
the intake being near the northwest corner of sec. 2;, T. 10 5., R. 98
W., opposite the intake of project No. 3, the diverting dam being in
the same place as in the. latter project, and 2% feet higher. The charactor of the hillsides is similar to that encountered on the left side of
the river, and the methods to be adopted in the construction of the
canal will therefore be practically the same as for the other projects.
For 1% miles the canal will be in loose rock, and will have a bottom
width of 42.3 feet and a depth of 11 feet, with a velocity of 4 feet per
second; the slopes will be 1 to 4, and the lower side will consist of a
rubble masonry wall. One mile of the canal will be in gravel and loose
rock, where the cross section will be 35.5 feet wide at the bottom,
with slopes of 1 to 1, and 11 feet deep. Two watercourses draining
considerable territory will be crossed by means of steel flames 200 and
300 feet long. Two and one-half miles below the head-gates there
will be a settling basin 300 feet long, with three 22-foot pipe outlets,
similar in all respects to those of the other projects.
For 2,800 feet the canal will be in earth and gravel, with a bottom
width of 60.2 feet and a depth of 11 feet, and slopes of l to 1, the
mean velocity to be 2.5 feet per second. For the next 5,300 feet the
canal will be cut in rock, with a bottom width of 40.2 feet and a depth
of 13 feet, and side slopes of 1 to 4. For 2,660 feet the canal is in a
deep rock cut and is to be cement lined in order to obtain a greater
velocity and a correspondingly smaller cross section, the latter being
designed with 30 feet bottom width and 13 feet depth, and slopes of 1
to 4. A tunnel 4,000 feet long, 18.2 feet wide, and 11 feet high, _nally
takes the water across the sandstone and shale ledges of the Little
Book Cliffs, and emerges in Grand River Valley. From there on, the
route of the canal will be the same as in project No. 1.
As in project No. 3, the railroad embankment will have to be raised
for a distance of 4.3 miles, and the Beaver Tail tunnel rebuilt.
Estimate of cost ofprojw-t No. 4, (Jr-amt River.
\Veir and accessories .................................................. $401, 795
Cost of raising railroad ................................................ 187, 014
Sluice gates in weir ................................................... q
Intake gates ......................................................... } 14’ “40
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3,400-fnot canal, 42.3 feet bottom width, 11 feet deep .................... $115,580
BOO-foot stccl _umc .................................................. 23, 100
4,800-ftmt canal, 42.3 feet bottom width, 11 feet deep .................... 102, 500
1,000-ioot canal, 35.5 feet bottom Width, 11 fcct deep .................... 33, 250
200-foot stccl llumc ................................................... 16, 700
4,200-foot canal, 35.5 feet bottom width, 11 feet dccp .................... 90, 780
300-foot settling basin, with three 2-foot pipc outlets .................... 4, 270
2,800-ioot canal, 60.2 feet bottom width, 11 feet deep .................... 8, 765
5,300-foot canal, 40.2 feet bottom width, 13 feet deep .................... 241, 270
2,560-ftx)t canal, 30 [cut bottom width, 13 feet deep ..................... 196, 500
l40-foot portal cut at head of tunnel ................................... 3, 910
4,600 fcct of tunnel ................................................. . . 400, 200
140-foot portal cut at end of tunnel to station 415 of projcct No. 1 ........ 4, 710
a 1, 849, 584
From station 415 to cnd of canal, same as in project No. 1 ............... 1, 047, 584
3, 497, 373
I'aou-zcr so. 5.
This project contemplates the construction of a canal for irrigating
the Colorado lands only. Its capacity is placed at 1,200 second-foot.
The route followed is practically that of project No. 3, the diverting
wcir and intake being at the same point as in the latter project. This
canal is not intended to furnish water to the Utah lands, and cconomy
with grade is, therefore, a minor rcquisitc, as long as its location controls all of thc irrigablc lands. By lowering the height Of tho weir
10 font a considerable reduction in the cost of this construction can be
effected over that in project No. 3. Owing to its smaller capacity,
this canal requires more grade than those previously described.
W hilc its location follows closely that of project No. 3, it is cvidcnt that
its steeper grade. causes it to drop to a lower level as the. distance from
the headworks increases. The lowering of the entire canal location
must be. considered as a bene_t rather than otherwise. Along a considerable part of the route a lowering of the grade locatcs the canal
in more level country, and a number of heavy cuts through shale hills
are cithcr avoided or losscncd. Only in a few instances will cuts bc
appreciably increased. The amount of irrigablc land lost from rcclamation by lowering the canal from its _rst-dcscrilmd location is so
small as not to bc worthy of consideration. This projcct also includes
furnishing water for 5,000 acres on Orchard Mcsa by pumping from
Grand River, and would irrigate 90,000 acrcs in the valley in Colorado.
The cost Of the Orchard Mesa project is not given, howcvcr, in the
following estimate:
Estimatc of cost of prnjrct No. 5, (i'rund River.
Weir and accessories .-..-. ... -._‘. ............................. $314, 400
Cost of raising railroad track .......................................... 30, 700
Tunnel No. 1, length 500 feet, lincd ................................... 28,000
1,800 feet of canal, inclmiing regulating gates ........................... 74, 000
11. Doc. 44, 58—2 16
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1,500 feet of canal .................................................... $20, 000
300 feet of settling basin .............................................. 10, 000
10,800 feet of canal ........................... , ........................ 138, 000
Two wooden sumrpaasages ............................................ 1, 750
3, 700 feet of canal .................................................... 62, 900
Tunnel No. 2, length 2,400 feet, lined .................................. 132,000
1,000 feet of canal .................................................... 30, 000
100 feet of steel fiumc over Rapid Creek, including bays ................. 9,050
3,500 feet of canal .................................................... 30, 000
850 feet of steel concrete. siphon, including bays ........................ 47, 000
11,910 feet of canal ................................................... 238,000
55; miles of canal .................................................... 650, 000
Main feeders and laterals ............................................. 250,000
Steel flames and culverts ............................................. 20,000
Engineering and contingencies, 15 per cent ............................. 314, 140
Total .................................................... . ...... 2, 400, 000
PROJECT N0. 6.
Project No. 6 is essentially similar to the preceding project, except
that its _ow will be limited to 7 00 second-feet, or suf_cient. to water
the 50,000 acres of desert land in Colorado above the present ditches.
It offers the simplest plan for irrigating these lands. No water is to
be furnished to the existing canals in the 'alley, and none is to be furnished to Orchard Mesa. Since no anxiety need he felt in regard to
curtailing the water powers along the mesa by the diversion of only
7 00 second-feet, as compared with the other projects, the canal required
is l'elatchly small.
Estimalc of cos! of projcct No. 6, Grand Rim-r.
Weir and accessories .................................................. $314, 400
(Inst of raising railroad track ........................................... 30, 760
Tunnel No. 1, length 500 feet, lined ....................... . ............ 15, 250
1,800 feet of canal, including regulating gates ........................... 33, 660
1,500 feet of canal .................................................... 6, 540
300 feet Hf Scttling basin .............................................. 7, 400
10,800 feet of canal ................................................... ?, 000
Two wooden snperpassages ............................................ 1, 500
Tunnel No. 2, length 6,920 fcct, lined ................................... 100, 000
100 feet of steel tinmc over Rapid Creek, including hays ................. 4, 710
3,500 feet of canal .................................................... 15, 560
830 feet of steel concrete siphon, including bays ........................ 30,100
57$ miles canal ....................................................... 750, 000
Main feeders and laterals ............................. . ................ 250, 000
Steel _umes and culverts .............................................. 20, 000
Engineering and contingencies, 15 per cent ............................. 258, 820
Total .......................................................... 1, 934, 300
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PROPOSED PLAN FOR WATERING UTAH LANDS.
In the course of the survey it was found impracticable to bring
water on the Utah lands by means of a gravity canal diverting the
water from Grand River. At the base of the Excelsior divide, the
highest elevation which the canal bottom can possibly attain is 4,759.3
feet. 0n the other side of the divide the general elevation of the
land ranges from 4,900 to 4,950 feet, or from 150 to 200 feet higher.
A trial line was run for a few miles west of the divide, following the
drainage of the country, and at a distance of 2 miles the lowest elevation found was 4,847 feet, or still 90 feet higher than the canal grade.
It was also found that the country sloped 06 less rapidly from here on,
and that it would be a long distance before an elevation could he
reached corresponding to canal grade. In the face of these facts it
became obvious that it was impossible to continue the gravity canal
by tunneling or otherwise, the more so as the elevation of the canal
would take it so far to the south as to place it where little or no land
would be covered by it.
It next became of importance to ascertain whether power could be
secured to lift the water by pumping to a height sufficient to control
the arable Utah lands. The amount of water to be pumped is estimated at 700 second-feet; the height to which it is to be raised, at 153
feet. The project would include the construction of a pumping plant
utilizing electricity for power, a steel concrete pipe for raising the
water, and a tunnel through the Excelsior divide nearly one-half mile
in length.
A reconnaissance of the canyon of Grand River in Utah was made
for water-power sites, commencing near “’estwater, Utah, where the
river for a distance of several miles runs in a narrow canyon between
steep, rocky walls. The rock is a gnciss, assuming in places the
nature of a schist, the general color being dark to black. A narrow
place was found in the canyon about 2 miles below \Vestwater in the
NE. 1 sec. 27, T. 20 S., R. 25 E., where the width between walls at
the low-water line is 100 feet. The canyon walls here rise nearly vertically on one side to a height of over 100 feet and at a very steep
angle on the opposite side to a yet greater height. The site was surveyed as a possible dam site for developing water power, but proved
to possess serious disadvantages. The narrowness of the canyon,
which continues for several miles below the dam site, is the cause of a
severe gorging action during the high-water season, evidences of
high-water level occurring as high as 50 feet above the normal level
of the river. This gorging would be equivalent to backwater in the
tailrace to a like depth and would seriously curtail the ef_ciency of a'
power plant at this point during the high-water season. The survey
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made above the site further developed the fact that a dam 100 feet
high would back the water into the valley at Westwater, _ooding considerable farming land and the railroad track for seine distance. This
dam site was therefore abandoned as impracti -able and another site
which had been discovered in the meantime was considered.
The second site is in the 'anyon of Grand River, about 6 miles
below the former site, in the SW. i see. 4, T. 21 5., R. 25 E., at a
point where the river makes two sudden right-angle bends, forming a
letter Z. The width between walls is here 120 feet at low-water level,
the walls rising nearly vertically to a height of 100 feet above this level.
The character of the rock is similar to that found at VVestwater, but
is slightly lighter in color, and more weathered where it has been
exposed to the elements. This site possesses the advantage of being
at a point in the canyon below which the river channel widens out
and has less steep banks, thus insuring a low level in the river even
at times of _ood. The contemplated height for a dam at this point to
furnish the necessary power is 91 feet above the low-water level,
which at the time of survey was 4,166 feet, or a total height of 111
feet. No property will be sulnnerged by the backwater above the
dam. The flow of the river at this point can be relied upon to f urnish 3,000 second-feet during the months of May, June, and into the
latter part of July. This period coincides with the irrigation season,
when the full power for pumping will be required. After August 1
the consumption of water falls off considerably; the power available
after that date, on the other hand, will not suf_ce to pump more than
one-third the amount of water raised during the irrigation season.
This amount of water should be suf_cient, however, if the great
majority of crops are fruit, which may con_dently be expected to be
the case.
As to the probable location of the ‘anal in Utah, little can besaid at
present. The eastern part of the valley is undulating; farther west
more or less broken and rough lands are met with, alternating with
large, level stretches of good lands. In the vicinity of Cisco, Utah,
enormous _ats, containing scores of square miles of the finest desert
lands, are encountered. The canal will be above all of the arable
lands. It is safe to say that, while canal cmistruction will present few
I dilliculties, the contours of the topography are such as will cause the
canal alignment to be exceedingly sinuous. Allowing for losses by
seepage and evaporation, a flow of 700 second-feet should be made to
irrigate about 60,000 acres. From a reconnaissance of the valley,
there is no doubt that the amount of irrigable land is vastly in excess
of this.
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Estimates 0 cost of Hrmul Itircr irri utimi am'ccta Utah and ( 'olomdn.
. 9 7 J :
Project Project Project Project Project Project
No. 1: No.2: No. 3: No. 4: N0. 5: No. 6:
2.000 sec— 2.000 see- 2.000 sec- 2.000 see- 1.200 see- 700 seeond-fcet: mid-feet; mid-feet: and-feet; ond-fcf‘t‘. mid-feet:
areairri- area irri- area irri- area irri- area irri- area irrigated. gated. gated . gated . gated. gated.
155.000 155.000 1:35.000 155.000 95.000 50.000
acres. acres. acres. acres. acres. acres.
From headworks to station 140 . . .. 955. 980 903.920 783, 1139 ...........
From station 1-10 to station 415 ..... 096,191 990.194 990.191 ...........
Total to station 415 .......... 1,952,1w 1,910.12; 1, 779, an 1,319. rm 1'3”" 3““ 1' ““3““
From station 415 to end of canal
m Excelsior divide .............. reams.» 1,647.7s9 1.047.780 1,017.70) '
Main feeders and laterals in Colo- .
ralt'ln ............................. 250, 000 15:1). (1)!) 250. (Ill 250, 000 2'10. 000 -30, 000
Flumes and culverts in Colorado. . 33, 000 33. 000 33 000 33. 000 :50, 000 :0. 000
50 miles of canal in Utah .......... 000.1110 011). 000 000.000 600.000 ......................
Main feeders and laterals in Utah. 200, 000 201,011) 200,000 9.00.000 .......................
Flume-s and culverts in Utah ...... I 20. 000 20.000 20,000 20. 000 ........... l ...........
Total ......................... ‘ ....................................................... 1.725.480
Engineering and contingencies.
15 per cent ....................... ‘ ...................................................... 958, 8'20
Total ................................................................................ ' 1.084.301
Cost per acre .............................................................................. 830. 00
CONCLUSIONS.
The _ow of Grand River is suf_cient to furnish 2,000 second-feet
during the irrigation season.
Allowing 25 per cent for losses by
seepage and evaporation, this amount of water, figuring the duty at 1
second-foot to 100 acres, will irrigate 150,000 acres. Projects Nos. 1,
2, 3, and 4, described in the preceding report, and differing from one
another only in minor details, constitute the plan as originally proposed
for an interstate canal diverting 2,000 second—feet from Grand River
for the purpose of irrigating lands in both Colorado and Utah. The
water is to be apportioned as follows: 500 second-feet are to be furnished to the present ditch systems in operation in the valley for the
irrigation of the 40,000 acres which they control, and of which but
30,000 acres are at present under cultivation. The remainder of the
_ow is to irrigate. 50,000 acres in Colorado and 60,01 )0 acres in Utah,
none of which are at present under ditch. In addition the project
contemplates the utilizing of power derived from a canal drop for
elevating 60 second-feet from Grand River onto Orchard Mesa for the
irrigation of 5,01 l0 acres situated on that river terrace, 1,01 l0 acres of
which are at present under culti 'ation. In all 155,000 acres would
thus be bene_ted, embracing the best agricultural lands in those sections
of Colorado and Utah. It is believed, from a thorough study of the
region and its irrigation possibilities, that the above is the most comprehensive plan that can be o_ered for the irrigation of these lands.
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Brie_y reviewed, the object of distributing the water as proposed
may be stated as follows: About 90,000 acres of land will be controlled
by the proposed canal in its course through Colorado. Of this area
50,000 acres are situated above any of the existing ditches. The latter
control 40,000 acres, at least 10,000 acres of which are not being irrigated or are being held for speculative purposes. The project contemplates including the entire irrigated area, with its existing ditches
and laterals, in the new system, by furnishing water to these ditches
from the proposed main canal. This course should be adopted for the
following reasons:
1. It is of paramount importance that the administration of so vast
an irrigation enterprise be placed on a sound basis and be centered in
one body. ' It will become necessary, therefore, to effect the consolidation of all canal systems in Grand River Valley into one comprehensive system, to be under the management of one board of directors
to be elected by and representing the farmers—i. e. , all water consumers
under the system, including both Colorado and Utah.
2. The intake of the water supply for the entire system should be
‘through one set of head-gates, and all main feeders and laterals should
be fed directly or indirectly from the proposed main canal. This Will
enable superintendents and ditch riders to have absolute control over
the _ow at any point, whether it be in the main canal or in the distribution system, and render possible a just apportioning of the water to
consumers at all times.
3. With one comprehensive system extending through the valley it
will be possible to devise a system of drainage to collect excess and
waste waters from irrigated areas and return these to ditches situated
at lower levels, thus preventing the effects of seepage and the production of injurious alkali. Such a system, if carefully planned with due
regard to the topography of the valley, can be laid out as occasion
requires and be extended as rapidly as new land becomes thoroughly
permeated with water and requires draining.
4. The lands now irrigated should bear part of the expense of the
entire project. The ranchmen of Grand River Valley have given
evidence, through petitions and otherwise, of the importance to them
of the construction of the proposed canal and the consequent settlement of the valley. The bene_ts which directly and indirectly will
accrue to them are manifold. They are, moreover, to become in part
the managers of the entire system after its completion by the Government. It is, therefore, but just that they should be willing to pay
their share of the cost of the project.
5. By including the irrigated area as part and parcel of the new
project it may safely be predicted that the improvement and cultivation of lands now being held for speculative purposes will take place
at an early date.
TX700084237

coLonano: GRAND RIVER PROJECT. 247
6. An additional advantage will be gained in the power to be
derived from the drop in the lateral feeding the Grand Valley canal
at Palisades, which may be utilized in irrigating Orchard Mesa. The
existing head-gates of the Grand Valley canal should be preserved
and maintained for use in case of emergency.
While the above arguments hardly require further elaboration, it
may be pointed out that should two or'more independent irrigation
systems be allowed to operate in the valley, their interests at certain
times would be bound to clash. For instance, during the low-water
season, when the canals can not be run at full capacity, the dif_culties
that would arise in endeavoring to bring about a fair apportionment
of the available supply would lead to that very class of complications
which, as experience has taught, has proved so fruitful of litigatirm
elsewhere. Again, where lauds irrigated by one system are situated
above those belonging to another system, as they would be in this
case, seepage and waste waters from one may cause damage in lands
of another and give rise to serious di_iculties.
In regard to the irrigating of lands on Orchard Mesa, it has been
pointed out elsewhere that the diversion of 2,000 second-feet from
Grand River would cripple the pumping plants along that mesa, and
that water should therefore be furnished the irrigators on the mesa in
some other manner. It is proposed to pump water onto Orchard Mesa
by utilizing power to be generated by the canal drop at Palisades, feeding the present Grand Valley canal from the proposed main canal.
With the abundance of power so obtained it will be possible to irrigate 5,000 acres, comprising the best lands on Orchard Mesa.
It is impracticable to construct a gravity canal from Grand River to
irrigate lands in Utah, or west of the Excelsior divide. Pumping
must be resorted to, and the large amount of water and the great
height through which it must be lifted will require the installation of
an expensive pumping plant at the Excelsior divide and a costly dam
and power plant in the canyon of Grand River for furnishing the necv
essary power. Unquestionably the great cost per acre is in no small
measure to be attributed to the cost of the latter plants. It should
be remarked, on the other hand, that the lands to be reclaimed in
Utah are among the best that come under the propOscd canal, and it
may not unfairly be asserted that the expense is justi_able.
Comparing next the cost of the project per acre with the value of
the land to be controlled by it, it will he found that the value of raw
land under ditch in Grand River Valley in Colorado ranges from $20 to
$40 per acre, according to the quality of the land and its proxunity
to towns and railroads. It becomes apparent from the above _gures
that the cost of the project is out of proportion to the value of the
land to be reclaimed. Not only would the first cost of a project of this
TX700084238
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nature be great, but the future cost of maintenance where large power
and pumping machinery is involved would also be very considerable.
\Vhile it may be argued that the character and great fertility of the
desert lands to be reclaimed, the numberless homes which they would
create, and the wealth that thus would accrue to the States of Colorado
and Utah would more than compensate the expenditure of so vast a
sum, it should not be lost frOm sight that the value of the land with
the water is the price which the settler is willing to pay for it. The
average selling price of the lands in question if brought under ditch is
at present in the neighborhood of $20 per acre, and this _gure must
be considered high for a large portion of the Utah lands, remote from
railroad or towns. It is obvious that at this price the Federal (lovernment would not be reimbursed for its outlay in accordance with
the provisions of the reclamation act. The above price will no doubt
rise in the course of time, and may rise suddenly in the event of the
construction of a canal for the irrigation of these lands, but possibilities of this kind furnish no basis for forming reliable estimates.
An alternative proposition is offered, described as project No. 5,
which is similar in all respects to the above project, except that no
water is to be furnishedyto the Utah lands. The canal is to divert
1,200 second-feet, or water suf_cient for the irrigation of 90,000 acres
in Colorado. In this project as in the other, water will be provided
by pumping for the irrigation of 5,000 acres on Orchard Mesa. As
will be seen from the table giving estimates of cost, the average cost
per acre bene_ted in this project amounts to $30, a _gure which compares favorably with the price of the land. Project No. 5 appears,
therefore, from an engineering as well as from a business standpoint,
to be perfectly feasible. It would accomplish the reclamation of all
the good land in Grand River Valley east of the Excelsior divide. It
would mean the consolidation of all irrigation interests in that part of
the valley into one organization controlling one system. The arguments in favor of such a plan have been set forth on pages 246 and 247,
and apply with equal force to this case.
Attention is called to the fact that while this project is not intended
to provide water for the Utah lands, it will be possible to enlarge the
canal to any desired capacity should it be found in after years that
I the increased value of the Utah lands will warrant the great expenditures required for the construction of the power and pumping plants
described in this report.
Project No. 5, it will be observed, offers no satisfactory solution of
the original problem, namely, that of building an interstate canal from
Colorado into Utah. It is, nevertheless, here recommended as being
the most practical plan, because its cost is consistent with the value of
the land to be reclaimed, and for the further reason that while it eonTX700084239
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templates the irrigation of the Colorado lands only, it does not exclude
the possibility of eventually irrigating the Utah lands as well.
For the sake of comparison an estimate of cost has been prepared,
under the head of project No. 6, of the simplest plan for irrigating
the Colorado land not under ditch, only 700 second-feet being diverted
from the river for this purpose. In spite of the moderate proportions
of this project, the cost, when assessed against 50,000 acres, yields the
relatively high _gure of $39 per acre, or $9 more than in the case of
project No. 5. Aside from this high cost, this project offers the objectionable feature of adding another independent irrigation system to the
_ve already in existence in the valley, with little or no inducement for
promoting a consolidation of any of them.
REPORT OF COMMITTEE OF CONSULTING I'ZNll-INEI‘IRQ.
The report by Gerard H. Matthes given in the preceding pages
was submitted to a committee of consulting engineers, consisting of
of George Y. Wisner, W. H. Sanders, and A. 1’. Davis. On June 10
this committee made a report to the effect that it had examined the
lands and the proposed projects for watering them in the vicinity of
Grand Junction, also the maps of surveys and other data bearing
upon the subject. The committee report as follows:
The surveysmade were mainly directed toward obtaining information in regard to
the irrigation of lands west of the Excelsior divide in Utah. ()ur examination of this
project shows that it would require a long, expensive canal to the Excelsior divide,
and then either a high lift by pumping and a tunnel of considerable length, or without pumping, a tunnel and deep cut 6 or 7 miles in length. It would also be
necessary to provide storage for a portion of each year of less than normal run-off,
to avoid interference with water rights already vested.
After considering all the facts, we have formed the opinion that under present
conditions of cost of construction and value of land the project of irrigating lands
west of Excelsior divide by diversion from Grand River is not feasible.
Our examination, however, develolwd the fact that a line can be limited and constructed in Grand Valley such that the cost of construction “ill be less than the. value
of the lands reclaimed. This project consists broadly of a diversion on the south
side of Grand River about 4,200 feet below the mouth of Plateau Creek, at an elevation of about 4,775 feet above sea level, the conduit crossing to the north side of
Grand River near the Mount Lincoln pumping plant, and following a contour line
along the foothills on the north side of Grand Valley to a point a few miles east of
Excelsior divide.
The land which lies above the Grand River canal and which can he irrigated by
the proposed canal we estimate as follows:
Acres.
Public land above all present canals ...................................... 23, 000
Private land above. all present canals ...................................... 13, 000
Private land under Kiefer extension ................................ , ..... 8, 000
Private land under Mount Lincoln pumping plant - . . - . . . . - . . - . - . - . . .1 ..... 7, 000
Total fertile, irrigable land ......................................... 51,000
TX700084240
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We are assured by the people at Grand Junction that practically all of the lands in
private ownership above mentioned would purchase water rights at cost from a
Government system. The chamber of commerce has undertaken to prepare a
written statement to this effect, to be transmitted to you.“
We have made an approximate estimate of the cost of the proposed line from the
available data, and are of the opinion that 51, 000 acres of good [and can be irrigated
at a cost of about $27 per acre.
After a careful examination of the lands now under irrigation and of those to be
reclaimed, together with the evidence of intelligent persons well acquainted with the
valley and its products, we are of the opinion that any project would be feasible
where the cost should not exceed $30 per acre. The records Ihow that the low-water
_ow of Grand River' Is Stiff"; ient for the requirements of the proposed project without
storage.
F1 1r the above reasons we recommend that a survey of the project outlined be made
at an early date for the purpose of a _nal estimate of cost, and of suf_cient accuracy
for a basis for construction of the works.
a Subsequent to this report, various citizens of Grand River Valley have urged that construction of
a high- -linc canal may heat he left to priutte enterprise or too distritt organization. Pending the
consideration of the matter, and some unitcd c_'ort on the part of the citizens, it has not been deemed
desirable to take further action. The public. lands involved are held under temporary segregation,
to be recommended for release or held for construction as may be considered most desirable in the
future.
TX700084241

INVESTIGATIONS IN IDAHO.
By I). w. Ross.
MINIDOKA PROJECT.
This project provides for the reclamation of what is known as the
“Minidoka” tract, a body of land situated in the Snake River Valley
almost midway between the eastern and western boundaries of Idaho.
SOURCE OF WATER SUPPLY AND POINT OF DIVEKQION.
“later is to be taken from Snake River at the head of the Minidoka
Rapids, about 6 miles south of Minidoka station on the Oregon Short
Line Railroad. This is one of the two points of diversion on Snake
River from which the high bench lands bet-ween Blackfoot River and
the west line of the State can be reached; the other point is at the
“Cedars”, the head of the proposed Twin Falls canal system. The
river at this point has cut through the lava ridge, which is a southerly
extension of the great lava _elds that approach the river from the north
between American Falls and Minidoka. The top of the ridge at this
place is about 37 feet above the river at low water.
The formation in the bed of the river is solid lava rock, as shown by
borings which have been made to depths of from 50 to 80 feet. The
conditions are very favorable for the construction of a dam in the
river at this point. The top of the ridge on the south side could be
used as a spillway.
The river from this point up'to American Falls is in a canyon, or a
very narrow valley from 40 to 150 feet below the bench lands. 0n
the south side the country has a steep lateral slope between these
points, rising rapidly toward the foothills, While on the north side
the lava _elds referred to extend down to the river throughout the
greater part of this distance.
Between the foot of American FaHs and the head of the Minidoka
Rapids the river has a fall of 103 feet. The construction of a dam at
Minidoka Rapids would back the water up a distance of about 35 miles.
The fall from the head to the foot of the Minidoka Rapids, a distance of about one-half mile, is 11 feet at low water, but below this
point the river, for a distance of nearly 30 Inilcs,’0r to the head of the
lower canyon, has only the slight fall of 0.45 foot per mile.
251
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The banks of the river throughout this course are from 5 to 15 feet
above high water, except at a few places where narrow pieces of _rst
bottom, a few acres only, are _ooded during extreme high water.
Through the upper end of the canyon the fall is very rapid as faras
the site of the proposed Twin Falls dam, from which point, for more
than 50 miles, the river _ows at the bottom of a great canyon, from
150 to 800 feet deep, over a succession of rapids and cataracts, all on
the grandest scale imaginable. (See Pl. XXXII, B.)
AREA TO BE IRRIGATEI).
A large area of irrigable land is situated on the north side of the
river, on a bench at a height of from 15 to 30 feet above the strealn.
It is a _at, unbroken tract of nearly 60,000 acres, about 25 miles long
and about 12 miles wide through its widest part.
The country farther north rises abruptly in a second ben_, the
lower edge of which is from 60 to 81) feet above the river, and which
slepes upward gradually toward the north, reaching an elevation about
50 feet higher along the line of the Oregon Short Line Railroad.
The lands on the south side of the river appear to be very flat, when
viewed from a distance, but the slope is decided near the river, and
the surface rises gradually to the foothills to the sout.h,_8 to 25 miles
distant.
The low bench on the north and the lands on the south have a most
excellent soil—a deep sandy loam, and free from alkali—now producing
a thrifty growth of sagebrush.
PREVIO U S I N VESTIGATIONS.
An investigation was made of this project in 1890 by the United
States Geological Survey, preliminary lines being run on both sides
of the river, beginning at the dam site at the head of the rapids
referred to. The line on the north side of the river was run for a
distance of about 15 miles and the one on the south for a distance of
35 miles.“
During the season of 1895 a survey was made by the State of Tdaho
under the direction of the State engineer. The line on the north was
run for a distance of about 35 miles, and one on the south was run for
about the same distance. As it would be necessary to construct a
dam in the river at» the point of diversion, these canals were run on a
grade plane originating at an elevation of 42 feet above low water at
the dam site.
Private parties have been interested in this undertaking from time
to time during the last fifteen years, but no careful surveys were ever
made by them.
"See Eleventh Ann. ltept. U.S.H«m]..‘=ur\'cy. pt. 2.
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INVESTIGATIONS UNDER RI‘IGLAMATION ACT.
A large body of land, including the area susceptible of reclamation
under the project, was withdrawn from public entry by the order of
the Secretary of the Interior November 17, 1902, under the provisions
of the reclamation act.
In March, 1903, a party was organized by the United States Geological
Survey for the purpose of investigating the possibility of reclaiming
these lands. This party was under the direct charge of Mr. J. T. Burke,
assistant engineer, who began the survey by running a. series of trial
lines on both sides of Snake River. These trial lines were run as a
basis for making a study of the land and ascertaining the feasibility
and the probable dimensions of the undertaking.
0n the north side a line was _rst run, beginning at an elevation 30
feet above low-water level of the river. This line followed the outer
margin of the land near the foot of the steep slope leading to the second.
bench. It was soon discovered that practically none of the land lying
between it and the river could be watered from a canal constructed on
this line on account of a wide depression which followed the edge of
the tract, and which could not be crossed by distributing laterals.
Lines of levels were then run over the lands along the section lines,
and the course of a controlling ridge was located, when another trial
line was run connecting the ridge with the point of diversion. It was
found that this ridge began about 6 miles from the head of the canal
system, in the northeast corner of sec. 13, T. 9 8., It. 24- E., and that
from that point water could be conducted on a line practically through
the middle of the tract, it being possible to distribute the same toward
both edges of the land from this location.
The controlling point in the grade elevation of the canal system
which Will irrigate this body of land is near the upper edge of the
ridge mentioned. From this point to the dam site the country, while
comparatively _at, is slightly broken by mounds and ridges of lava,
rendering the location of a large canal di_icult.
A careful topographic survey was made of the ground along this
line, for the _rst 6,000 feet below the dam site, on a scale of 100 feet
to the inch, with contour intervals of 2 feet. The remainder of the 6
miles was done on a scale of 200 feet to the inch, with contour intervals of 1 foot. Careful l'iorings with a 6-foot coal augur were made
along this line and at many points on either side, these test holes being
located on the plane-table sheets.
From the upper end of the ridge referred to, a line was run west
along the section line for a distance of about 2 miles, then about S.
450 W. for a distance of about 8 miles. It would be quite feasible to
construct the main canal on this line and distribute the water into main
laterals which would have a course due west and south.
TX700084246
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Other lines were run on the north side of the river from the dam
site, one beginning at an elevation of 4,264 feet. This line was run
for a distance of about 20 miles, but it followed closely the lower edge
of the second bench and covers but little land.
Another line was run on a regular grade, beginning at an elevation
of 4,298 feet. This line falls back pretty well on the second bench,
and covers an area of 30,500 acres lying above the level of the lower
line, all, however, above a dam of reasonable height. The land lying
between these lines is of good quality and slightly rolling, the inequalities of the surface consisting of a series of long _at ridges extending
toward the southwest and separated by wide _at draws. This line
was extended for a distance of about 23 miles.
A line was begun at a point opposite Minidoka station at an elevation of 4,225 feet. This line was extended in an easterly direction
toward American Falls, and was run for the purpose of investigating
the feasibility of extending the line of the American Falls Canal and
Power Company’s proposed canal system to cover the higher lands on
the north side of the river.
A continuous grade line was run, which crossed Bonanza Canyon
and followed the steep broken ground adjoining the river from this
place in the direction of American Falls. About 4 miles below American Falls the line was abandoned, and connection was made with the
railroad at a point near the line of the proposed canal system referred
to, at an elevation of 4,450 feet, and a line run in a westerly direction
toward Minidoka. This line is from 1 to 3 miles from the railroad, but
for a great portion of the distance crosses lava _elds through which it
would be very expensive to construct a canal. The distance between
the initial point of this line and Minidoka is 44 miles, with a ditference
in elevation of 125 feet. Even with this ditl'erencc in elevation, it
would probably not be possible to locate a canal through this country
without encountering at least 20 miles of solid lava, a portion of which
would be v er y badly broken.
F rom Minidoka westward the surface is fairly free from lava,
although In many place. it would be found at a depth of from 2 to 3
feet. It was hoped that this line would pass north of Kimama Butte
in the direction of \Vood River, but it was too low by about 50 feet.
From its last crossing with the Oregon Short Line Railroad, about
midway between Minidoka and Kimama, its course was southwesterly,
following the southeastern slope of the buttc referred to and ending
at an elevation of «l, 285 feet near the nelthwest corner of T. 9 N.,
R. 24 E. ,a distance of 8—} miles from American Falls.
The tract lying between this line and the one next below it, west of
Minidoka, has an area of 38,500 acres. The lands lying still west of
the lower end of this line are rocky and broken. A canal constructed
on this line could also irrigate about 15,000 acres of good land east of
TX700084247
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Minidoka, or it would irrigate about 84,000 acres lying above the level
of the lowest line described.
It is extremely doubtful if the construction of a canal on this line or
any other designed to irrigate these higher lands will ever be found
feasible excepting at great expense, and, since it would not be considered as forming a part of the Minidoka project, no further study was
made of it.
On the south side of the river the _rst line run was from an elevation at its upper end of 4,225 feet, or 27 feet above low water. This
line did not diverge much more than a mile from the river, and about
13 miles from its upper end ran into the high ridge between the lower
end of Marsh Creek and Snake River. As it would be obliged to follow the steep face of a bench which slopes down close to the river for
a distance of about 8 miles, it was abandoned. Only about 6,200 acres
of land could be irrigated from a canal constructed on this line.
Beginning at an elevation of 4,257 feet another line was run westward for a distance of about 59 miles. The upper portion of this line
between the point of diversion and Goose Creek is from one-half mile
to 2 miles from the river and crosses Goose Creek about 3 miles above
its mouth.
A large body of land is covered near this place, but at a point about
2 miles below Starrahs Ferry the line approaches to within less than
one-half mile of the river and follows it at about that distance for
about 6 miles, or to a point opposite the Twin Falls dam site. The
line at this point is about 40 feet above the water surface in the proposed Twiu Falls canal. From here to a point about 1 mile west of
Dry Creek the line follows the course of the Twin Falls canal, distant
from it from one-half mile to a mile and a half. At the latter point it
leaves the canal line and passes over the low ridge at the south end of
the Twin Falls Butte. Here a cut of 32 feet would have to be made
in order to reach the Rock Creek section. This line would cover in
all about 27,700 acres, practically all good land, but strung out in such
a narrow strip that its reclamation would be very expensive if the
undertaking were limited to this area.
As a basis for a more extended study of the possibilities on the south
side of the river, two other lines were run, one beginning at a point
about 2 miles below the point of diversion at an elevation of about
4,287 feet, and another branching off from this line at a point about
8 miles from the dam site, beginning at an elevation of 4,308 feet. The
_rst of these lines was 31 miles in length and the last 18 miles. The first
covered an area of 23,500 acres above the line run on the 4,257-foot
level, while the upper line added 18,230 acres to this area. The last
line run was 117 feet above low-water level in the river at the dam site.
The lands on the south side of the river are very _ne. The soil is.
deep, porous, and well suited to irrigation and, with the exception of
TX700084250
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perhaps 5,000 acres near the upper end of the tract, would be classed
as number one in every respect.
One drawback, however, in connection with these lands is that they
are too high to be irrigated by means of a gravity system, and the
water will have to be pumped to a height of from 30 to 80 feet above
its level in the river.
The lines on this side of the river were run to ascertain the feasibility of irrigating these lands by means of a pumping plant, and to
determine the areas lying below the different levels, etc. The lines by
no means indicate the location of distributing eanals for this side of
the river, but furnish a very fair basis for the estimate of cost, which
is given on pages 260-265.
A plane-table survey of these lands is now in progress, and will fur—
nish a basis for estimating the cost of the entire distributing system,
for determining the location of the pumping stations, etc.
The estimate of cost referred to is only preliminary in its nature, and
was made for the purpose of obtaining an idea of the height to which
Water might be lifted within reasonable expense. The lines shown on
the map were used as a basis for the estimates in the consideration of
this item of expense and for the purpose of ascertaining the merits of
the several general plans which are being considered for the reclamation of these lands.
\VA'I‘EII BU I’I"I.Y.
The minimum August _ow of Snake River at the Minidoka dam
site will be from 2,000 to 2,100 second-feet, when all the water is
diverted for irrigation above the mouth of Blackfeet River, as it has
been during August in 1001, 1902, and [903." The prior right to this
supply will, in all probability, belong to the Twin Falls tract lower
down on the river, as the construction of the canal systel‘ll designed
for the irrigation of these lands is now well under way.
This supply of water comes from springs below the mouth of Blackfoot River, and the _ow is never likely to be diminished but if anything will be augmented by the seepage from the lands above American
Falls. So when a dam is eonstrm-ted at this site this amount of water
should be available for power development, even when all the waters
of Snake River in the upper valley are diverted for irrigation, and
when the maximum supply is needed for the developnn‘mt of these
lower lands.
In the estimates which follow, the minimum _ow has been taken at
2,000 second-feet, though, should the Twin Falls lands ever need more
than this amount during August (the capacity of the canal system
being 3,400 second-feet), an increased supply could easily be furnished
by storage, when the amount available for power purposes at this
point would be correspondingly increased.
"See First Ann. kept. Reelnmation Service, p. 176.
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It is estimated that there will be available for irrigation from Snake
River during each irrigation season, or from May to October, inclusive, an average supply of about 7,000,000 acre-feet. This is based
upon measurements of its discharge made by the United States Geological Survey from 1889 to 1901.“ In this estimate is considered the
amount which has been used for irrigation during these years, and the
probable amount of return or seepage water which will _nd its way
back into the river and be available again for use. These estimates are
all liberal, and it is not likely that the supply available for irrigation
will average more than this amount.
The further extension of irrigation on any large scale in the Snake
River Valley will depend upon the proper regulation of the discharge
of this stream by storage reservoirs. Recent investigations indicate
that it will be feasible to irrigate approximately 1,250,000 acres in the
Snake River Valley. Of this area about 275,000 acres are now under
cultivation. These lands are all situated above the American Falls,
and for their irrigation all the water of the river in August is diverted.
The natural _ow of the river as itis augmented by the springs referred
to will be capable of irrigating about 150,000 acres more, or 150,000
acres can be supplied throughout the entire season from the natural
_ow of the stream, leaving 825,000 acres, or nearly 70 per cent, whose
late irrigation will have to be supplied by storage.
Since the prior right to the minimum _ow of the river below American Falls will in all probability belong to the Twin Falls tract, the
question of storage becomes one for consideration in connection with
the Minidoka project.
The priorities and the amounts of the rights of the canals of the
upper valley not having been determined, it is dif_cult to estimate just
what the nature of the water right for this land will be, but it is very
safe' to assume that the full supply for irrigation will always be available up to the middle of July. The supply _owing in the river after
this date would have to be supplemented by water stored in reservoirs.
If it is assumed that 4 acre-feet would be needed for the irrigation
of each acre of land, 600,000 acre-feet would be required for the irrigation of this tract on the basis of 150,000 acres. Assuming that
One-third of the water used during the month of July would have to
be supplied by storage, this would amount to about 36 per cent of the
quantity used during the season, or 216,000 acre-feet. It is thought
this is a very liberal estimate.”
_ The capacity of the Twin Falls canal will be 3,400 second-feet, while
at least 2,000 second-feet will be used in the irrigation of the Minidoka
lands, or a total of 5,41 H) second-feet will be diverted at these two
“Sec First Ann. Rent. Reclamation Service, p. 175.
hlbid.. p. 176.
11; I)()(:' 4?}, €3t3";!_____'1 7
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pOints. This amount would likely be furnished-by the natural _ow up
to July 5 to 15. After this date, Snake Riverwould be practically
dry from the Twin Falls dam to and including Shoshone Falls for
about three months, or until after the close of the irrigation season.
But if we are safe in the assumption that 5,400 second-feet will be
required for the irrigation of the lands of the lower valley, 3,400
second-feet will have to be supplied by storage after the above date.
This volume would pass over the American Falls, increasing the dis—
charge at that point to about 5,400 second-feet, which would all be
available for power purposes, and which would also be about the minimum _ow at that place, since the winter _ow is usually more than
this amount. This indicates the change in the discharge of this great
stream which must inevitably follow irrigation development on a large
scale.
POWER DEVELOPMENT.
The natural conditions are unusually favorable for the development
of power at this place. A very good site for a power house exists on
the north side of the river immediately below the proposed dam. A
foundation could be blasted out of the solid rock and water delivered
to the wheels by means of a supply canal, which would be only about
150 feet in length. This arrangement could be made if plan No. 2,
which is referred to below (pp. 262—264), should be adopted. The discharge from the wheels could be made directly into the river into a
channel about 30 feet in depth.
A close examination of this channel has not yet been made. but it
would appear to be feasible to deepen and widen it slightly at a few
points in the rapids so as to lower the water surface during the low
stage of the river to nearly the level of the river below the rapids. If
this should be feasible, an additional head of nearly 11 feet, the fall
' through the rapids, could be given the supply on the wheels at this
point.
If it should not be feasible to add the fall through the rapids at this
point, then in order to utilize the full difference between the surface
of the water above the dam and the water surface of the river below
the rapids, the diverting canal would have to be .made large enough to
take in the water required for the irrigation of the north side lands
and the maximum amount needed for power development and conduct
it for a distance of about 3,000 feet. through solid rock to a place near
the foot of the rapids, at which point a suitable site for a power-house
exists.
The expense of carrying out this plan would depend very largely
upon the type of dam constructed. If a rock _ll dam be built, the
extra cest of excavating this channel would not be, great, as the material taken from the cut could be placed in the dam. If the dam should
TX700084253
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be constructed of solid masonry this channel would cost more, as
much of the rock taken from the cut would perhaps not be suitable
material for such a structure.
‘Another feature of the Twin Falls project should be considered in
connection with power development. The elevation of the water surface in the river below the rapids is 4,186.6 feet. From this point for
nearly 30 miles down the river has but little fall, the elevation of the
water surface at low stage at the crossing of the south line of T. 9 8.,
R. 24 E., being 4,182 feet.
At Starrahs Ferry the water surface has an altitude of 4,175 feet.
This is only a short distance above the head of the canyon section of
the river. At the Twin Falls dam site the surface of the water is at
an elevation of 4,133.3 feet. It is proposed to raise the water surface
at this point 49 feet, or to 4,182.3 feet, or to the elevation of the present low water at a point about 10 miles below the foot of Minidoka
Rapids. It is the purpose to make this both the maximum and minimum elevation of the water surface back of the Twin Falls dam. The
surface of the water in the canals is to be kept at this level while the
_ood level is to be regulated by means of gates placed in the spillway.
A line of levels was carefully run between these dam sites, and
bench marks established on the north bank of the river every half
mile. When the river is at minimum _ow this backwater would in no
place over_ow the banks above Starrahs Ferry, but at _ood stage the
water would without doubt back up to the foot of the Minidoka Rapids and over_ow all the small bottoms below Starrahs Ferry and most
of the small ones above, and during extreme _ood discharge would
probably back part way up the rapids.
In the estimate showing the cost and possibilities in connection with
this project three plans are considered. The _rst plan provides for a
dam which would create an available head for power purposes of
about 42 feet, counting the fall of the rapids. The second plan would
give a head of 52 feet, and the third plan would furnish a head of 77
feet. There could be developed under each of these plans 9,545,
11,820, and 17,500 horsepower, respectively, with the minimum _ow
of 2,000 second-feet. The estimate shows how this might be applied
in pumping water to levels above the gravity line on the south side of
the river.
The land on the south side of the river is of better quality than the
land above the _rst bench on the north side, and for that reason its
reclamation is advised in preference to the high lands on the north side.
DIAMOND-DR] LL WORK .
In order to obtain accurate information regarding the formation at
the dam site, holes have been drilled along the center line of the proposed dam to a depth of about 80 feet. This work, which is practically
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_nished, was done with a diamond drill. A core 1% inches in diameter
was removed, and shows the texture of the rock upon which a dam
must rest. The holes are 13 in number, and their location and depths
are shown on the pro_le (Pl. XXXVII). '
These drillings were in solid lava rock of varying texture, which for
the _rst 30 to 40 feet is porous and very uneven, with speci_c gravity as
low as 2.2; below 40 feet the formation is uniform and of _ne texture,
with speci_c gravity as high as 2.6.
The diagram referred to indicates the distances through the different
grades of rock and the character of the strata. The borings show that
the formation is more porous on the north than on the south side of
the river channel. This is evidenced also by the deep channels which
have been eroded on the north side. This tendency to erode would
indicate the inadvisability of constructing an overfall dam at this site,
and should a masonry dam be built its top should be carried above the
_ood level of the backwater, or a suitable apron provided.
PLANS FOR. RECLAM ATION.
The three plans referred to in the following tabulations were taken
as a basis for ascertaining the full possibilities in connection with this
undertaking and as a means of determining the proper limit to be
placed on its dimensions.
The first plan is based upon a dam only high enough to divert water
to the lower bench lands lying on the north side of the river. The
estimate of the cost of the dam is based upon a solid masonry overfall
type and amounts to $256,000. Its crest would be about 35 feet above
low water, and its average height above the bed of the river 'would be
39 feet. The crest would be about 3 feet below the top of the ridge
on the south side of the river, although a few depressions in the
ridge would have to be closed by low masonry walls.
The location of the canal on the north side of the river would be
practically the same in both plans Nos. 1 and 2. The lava ridge which
crosses the river at this place is about a mile wide, and the river _ows
close to its broken face for a distance of nearly half a mile. The steep
slope of this ridge would not afford a good location for a large canal,
so it would be necessary to make a deep cut a short distance back
from the broken edge of the bench for a distance of about 6,000 feet.
For about one-half this distance the canal would be in solid rock.
From this point on the location would be on practically level ground,
with an occasional outcropping of rock for the _rst 5 miles. Beyond
that point the canal would be in earth. This line is shown on the map
(Pl. XXXI) and is marked “Preliminary location line from elevation
4223,” this being the elevation of grade at the initial point. The total
cost of the north-side canal system is estimated at $734,930, and the
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not area to be irrigated 60,000 acres, or an average cost per acre of
$12.25.
Only about 6,000 acres could be irrigated under this system on the
south side, at an estimated coat of $120,000, or $20 per acre, making a
total cost of $855,000, or an average of about $13 per acre for 66,000
acres under the gravity system.
__._____.__.——_._.CROSS SECTION
or
PROPOSE D DAM no.1.
[1.8.0.8. MINIDOKA. IDAHO
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l j 1
FIG. l-l.—-Croas section of proposed dam and spillway, Mlnldoka 'project.
As may be seen by the estimates, there could be developed about
9,500 horsepower at the dam, 6,240 of which could be used for pumping water on to 53,000 acres lying on the south side of the river, at a.
total cost of $873,600, or $17.47 per acre.
Plan No. 1, then, would provide for the reclamation of 116,000 acres,
at a total cost of $1,728,520, or an average cost of $14.90 per acre.
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Plan No. 2 is based on a dam which would raise the water level 3‘
feet higher than the one contemplated in plan No. 1. The estimate is
based upon two types of dams—a rock-_ll and a solid-masonry dam.
The rock-fill dam would have a back _lling of gravel and earth and
would be carried 8 feet above extreme highawater level. It would be
25 feet wide on top. The rock section would have a lower slope of
1:} to 1 and an upper slope of £ to 1, the back _lling to have a slope of
3 to 1. The top of the dam would be 56 feet above present low water,
and would have a maximum height above bed rock of about 86 feet.
It would be across a deep channel about 35 feet in width. The average
height above bed rock would be about 65 feet. The cost of the rock_ll type is estimated at $346,420, and the solid masonry at $402,760.
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FIG. 15.—Croes section of rock-_ll dam, spillway. and core wall, Mlnldoka project.
The main canal on the north side would have a better location for
the _rst 6,000 feet, the rock cuts being shallower by 8 feet than those
under plan N o. 1. From this point on the main canal and distributing
system would be identical. The cost of the north-side canal system is
placed at $851,640. The net area to be irrigated is estimated at
60,000 acres, the same as under plan No. 1, making an average cost per
acre of $14.19. The height of this dam was based upon the height of
the ridge on the south side of the river, it being the plan to use the
ridge for a spillway. A few low gaps along the top of this rocky
ridge would have to be closed by masonry walls, when a spillway
more than 3,000 feet in length would be available. ‘
If a solid~masonry dam should be built at this place, its top should
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be carried above the _ood level, as it is doubtful if the bed rock of the
river would resist the eroding action of the water falling from this
height. The estimated cost per acre is based upon the rock-_ll type.
The south side canal under plan No. 2 would only be capable of irrigating about 6,000 acres by gravity at a total cost of $130,180, or an
average cost of $21.70 per acre.
It is estimated that it would be possible to pump water onto 60,000
acres of land on the south side at a total cost of $1,009,780, or an average cost of $16.91 per acre.
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CROSS SECTION OF HUBBLE CONCRETE DAM N03
FIG. Iii—Cross section of rubble-concrete dam and spillway, Mlnldoka project.
The total cost of plan No. 2 is estimated at $1,991,600, and. it is estimated that 126,1")00 acres not could be irrigated by this means at an
average cost of $15.81 per acre, or 91 cents more per acre than under
plan No. 1. Under this plan it would be possible to develop about
2,000 horsepower more than by plan No. 1. It also contemplates the
irrigation of 10,000 acres more than under the _rst plan. There is a
much larger body of desirable land than the amount of this estimate
TX400084260
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on the south side of the river; in fact, there is all the land that could
be pro_tably irrigated by this means.
Under plan No. 3 the same type of dam was used as a basis for an
estimate as in plan No. 2, viz, a rock _ll. The top of this dam would
be 83 feet above low water, its maximum height being about 113 feet,
and average height above bed rock about 94 feet. The cost of this
dam is estimated at $1,607,110. While it would be possible to divert
water at a higher elevation on the north side of the river by means of
plan No. 3, no more land could be irrigated by a- gravity system than
would be covered by plans Nos. 1 and 2. A saving could, however,
be made. in the cost of the diverting canal, which is estimated to amount
to over $47,000. The estimated cost of irrigating these lands by this
plan is placed at $26.90 per acre.
A canal taken out at this level would irrigate by gravity 35,500 acres
on the south side of the river. These lands would lie in anarrow strip
extending to Rock Creek, a distance of nearly 59 miles. The cost of
irrigating the lands on the south side is placed at $33.86 per acre. The
total cost of the gravity system capable of irrigating 95,500 acres is
estimated to be $2,815,870, or $29.48 per acre.
About 17,500 horsepower could be developed during the low stage
of the river under this plan. A large area—35,000 acres—could be '
irrigated on the north side of the river by pumping, at an estimated
cost of $152,750, or at the rate of $12.94 per acre. On the south side
41,700 acres could. be irrigated by a similar means at an expense. of
$561,360, or an average cost of $13.10 per acre. The estimated cost
of the complete system under plan No. 3 is $3,829,980. It would
irrigate 172,200 acres, at an average cost of $22.24 per acre.
While the possibilities under plan N o. 3 appear to be much greater
than under the others, there are many objections to be offered to the
plan of constructing a dam of this height at this point. The site is not
well suited to a dam of this great height, as the ridge on either side of
the river is comparatively low, not rising until a point is reached nearly
8,000 feet back from the river on the south side and more than 3,000
feet on the nerth side. The dam proper would have to be about 7,000
feet long, While the spillvay would be more than 4,500 feet long,
making a structure having a length of more than 11,500 feet. There
are also so many points in connection with this site which the investigations up to this stage have not covered that it would not. be safe to
place much dependence upon the estimated cost of this structure. One
thing is certain, it would not be less than this estimate. There is no
question, however, regarding the feasibility of plan No. 2, and as an
abundance of land of excellent quality exists on the south side of the
river which may be irrigated by pumping, or as much of it as could be
covered at a reasonable cost per acre, it would seem that plan No. 2 might
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be regarded as indicating the possibilities of this project, extending the
reclamation by means of pumpng as long as the cost remained at a
reasonable amount per acre. It is estimated that as much as 150,000
acres could be reclaimed by this plan.
ESTIMATE 0F COST.
The estimate of cost of the first 6 miles of the main canal of the
north side gravity system is based upon a projected location made on
the basis of a plane-table survey on a scale of 100 and 200 feet to the
inch, with contours at intervals of 1 foot and borings at frequent
intervals as a basis for the classi_cation of the material. The estimate
of the second 6 miles of this main canal was based upon a preliminary
location survey, all the material being earth. The estimated cost of
the remainder of the distributing system on this side of the river was
based upon a general survey which had been made of practically all of
the lands and should be reliable.
On the south side of the river three canal lines were run on levels
corresponding to the three plans discussed. The lines were run carefully for 1 mile each, and the estimate of cost made. The result was
taken as the unit of cost for the _rst 12 miles of each of these canals,
this being the extent of rough ground over which they would pass;
and the _rst mile being the heaviest one in all cases, it was thought that
this would be a safe basis for the estimates. From this point on, all
the lines pass over a practically level surface, all the material to be
removed being earth.
The basis for the estimate of the cost of pumping is not accurate, as
it is not yet known where the pumping stations will be located nor
what will be the height of each lift. But any discrepancy arising from
lack of this' information would apply to all the plans discussed, and
would not effect the ratio of cost.
It must be remembered that this estimate is intended to serve as a
means of comparing the merits of the different plans, rather than of
determining the actual cost of reclamation under any one. The _eld
work has not advanced far enough for that; still, it. is thought that
the estimated cost per acre will be found to be reasonably correct.
A plane-table survey of the lands lying on the south side of the
river is now in progress. This survey was begun during the _rst
week of August, and about 50 square miles were completed by September 30. The work is being done to a scale of 1,000 feet to the inch,
with contour intervals of 5 feet. When the survey is completed, the
distributing system can be projected and the sites for pumping stations, etc., located. This would furnish a proper basis for an estimate
of cost.
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Dimensions of masonry dam, plan No. I .
Feet.
Elevation of crest ..................................................... 4, 232
Elevation of crest of spillway .......................................... 4, 232
Elevation of backwater at low water .................................... 4, 232
Elevation of backwater at high water ................................... 4, 239
Cost of masonry dam, plan No. 1.
Masonry in darn, 28,270 cubic yards, at $8 a yard ........................ $226, 160
Excavation for trenches for toe walls, 900 cubic yards, at $1.50 a yard ..... 1, 350
Coffer-dam in deep channel (estimated) ................................ 20, 000
Masonry spillway (estimated) .......................................... 8, 550
Total cost of dam ................................................ 256, 060
Spcml_calionsfor north side canal (lourcr_al gravity line) , plan No. 1.
Elevation of bottom grade at head, 4,223 feet.
Elevation of surface of water, 4,231 feet. _ .
Station 0 to station 64, 20 feet on bottom; slopes, Q to 1; rate of grade, 0.007; velocity, 4.8 feet per second.
Station 64 to station 464, 50 feet on bottom; slopes, 2 to 1; rate of grade, 0.00015;
velocity, 2.25. .
Station 464 to station 634, 45 feet on bottom; Slopes, 2 to 1; rate of grade, 0.0002;
velocity, 2.25.
Capacity at head, 1,200 second-feet.
Cost of gravity works, north side, plan No. 1.
MAIN CANAL.
First mile ............................................................. $65, 700
Second milc ........................................................... 34, 680
Third mile ............................................................ 27, 600
Fourth mile ........................................................... 18, 690
Fifth mile ...................................................... 21,320
Sixth mile ............................................................ 17, 500
Seventh mile .......................................................... 10,500
Eighth mile .......................................................... 10, 090
Ninth mile ...................................... . ..................... 9, 050
Tenth mile ........................................................... 9, 190
Eleventh mile .............. . ........................................ 9, 680
Twelfth mile ....... - ................................................... 9 , 320
243, 320
MAIN LATERALS.
North main lateral:
7 miles (20 by 5 feet, slopes 2 to l) , at $4,350 a mile ......... $30, 450
7 miles (10 by 4 leet, slopes 2 to 1), at $2,375 a mile ....... .. 16, 630
—— 47, 080
North lateral:
4 miles (20 by 5 feet, slopes 2 to l), at $4,350 a mile ......... 17, 400
4; miles (10 by 4 feet, slopes 2 to 1), at $2,375 a. mile ........ 10,690
—— 28,090
Extension of main canal:
4 miles (20 by 5 feet, slopes 2 to 1), at $4,350 a mile ......... 17,400
H miles (10 by 4 feet, slopes2 to 1), at $2,375 a mile ......... 10,690
—— 28,090
South lateral:
25 miles (20 by 5 feet». slopes 2 to 1) at $4,350 a mile ......... 10,880
3 miles (10 by 4 feet, slopes 2 to 1) at $2,375 a mile ......... 7,130
—— 18, 010
121, 270
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SUMMARY.
Laterals ............................................................. $121, 270
Main canal ........................................................... 243, 320
Cost of controlling works (estimated) ................................. 15, 000
Ten-elevenths cost of dam to be charged to north side (60,000 acres
irrigated by gravity on north side, 6,000 acres irrigated by gravity on
south side) .......................................................... 232, 780
Contingencies, 20 per cent ............................................. 122,550
734, 920
Cost per acre (acres to be irrigated: Gross, 78,000; net (estimated), 60,000)- 12. 25
Speci_cations for gravity works, south side canal.
Elevation of bottom grade at head, 4,225 feet.
Elevation of surface of water, 4,231 feet.
Dimensions: 10 by 5 feet, slopes 2 to 1; rate of grade, 0.006; capacity, 120 secondfeet; velocity, 2.25 feet per second.
Cost of gravity works, south side canal.
14 miles of canal (estimated 25- per cent rock, at $1 per cubic yard, and 75
per cent earth, at 15 cents) at $5,500 a mile .................. . ......... $77, 000
One-eleventh total cost of dam .......................................... 23, 000
Contingencies, 20 per cent ............ _ ................................. 20, 000
_ Total ............................................................ 120, 000
Cost per acre (area to be irrigated: Gross, 6,200 acres; net, 6,000 acres). . . . 20
Power necessary on south side in connection with plan No. 1.
Horsepower.
29,500 acres under lift of 33 feet from gravity canal, requiring 360 secondfeet (duty of 80 acres) ................................................ 2, 340
23,500 acres under lift of 6:! feet from gravity canal, requiring 300 second
feet (duty of 80 acres) ............................................... 3, 900
Total required - ................... , .............................. 6, 240
Total available ....................... , ........................... 9, 500
Surplus ..... - .......................................................... 3, 260
Minimum supply of water. 2,000 second-feet.
Available head, 42 feet.
Cost of pumping tmrks, south side canal, plan No. 1.
Developing and utilizing 6,240 horsepower for pumping purposes- $312, 000
Additional 12 miles of canal ................................... 124, 000
——~ $436, 000
Canal under 33-foot lift from river, 33 miles (22 by 5; feet, slopes 2 to 1),
at $4,000 a mile ..................................................... 13:2, 000
Canal under 63-foot lift from gravity canal, 23 miles (20 by 5 feet, slopes 2
to 1), at $4,350 a mile ................................................ 100,000
Pipe lines from pumping plants to canals ...................... . ......... 60,000
Contingencies, 20 per cent .................................. _ ............ 145, 600
Total ........................................................... 873, 600
C(‘ist per acre (area to be irrigated, 5 ,000 acres gross; estimated 50,000 net). 17. 47
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Summary of cost of gravity and pumping works, plan No. 1.,
irri‘gmd. Cost per acre. Totalcost. _
Acres.
North side gravity. .......................... 60, 000 $12. 25 $734, 920
South side gravity ........................... 6, 000 20. 00 120, 000
South side pumping ......................... 50, 000 17. 47 873, 600
Total ................................. 116,000 14. 90 1, 728, 520
Estimated cost of rock-_lled dam, plan No. 2.
Loose rock, 107,900 cubic yards, at $1.50 a yard ........................ '. $161, 850
Gravel, 101,030 cubic yards, at $0.40 a yard ............................. 40, 410
Masonry core, 1,620 cubic yards, at $8 a yard ............................ 12, 960
Spillway, 11.970 cubic yards, at $8 a yard ............................... 95. 760
Coffer-dam (estimated) ................................................ 20,000
Cut-off wall in deep channel ........................................... 3, 440
2 tunnels (10 by 20 by 200 feet), at $30 per foot .......................... 12, 000
Total ........................................................... 346, 420
Spem‘_ratimm for grmrity Merl-s, north side canal, plan No. 2.
Elevation of bottom grade at head, 4,231 feet.
Elevation of surface of water, 4,239 feet.
Rate of grade at head, 0.007.
Capacity at head, 1,200 second-feet.
Station 0 to station 64: 20 feet on bottom; slopes, § to 1; rate of grade, 0.007; velocity, 4.8 feet per second.
Station 64 to station 464: 50 feet on bottom; slopes, 2 to 1; rate of grade, 0.00015;
velocity, 2.25 feet per second.
Station 464 to station 634: 45 feet on bottom; slopes 2 to 1; rate of grade, 0.0002;
velocity, 2.25 feet per second.
Cost of gravity works, north side, plan No. 2.
Main canal, 12 miles ............................................... _- . . . $243, 320
North main lateral ............................................. 47, 080
North lateral ................................................... 28, 090
Extension of main canal ........................................ 28, 000
South lateral .................................................. 18,010
Total cost of laterals ................................................... 121, 180
' Cost of controlling works (estimated) ................................... 15, 000
‘ Ten-elevenths cost of dam to be charged to north side .................... 314, 930
(Sixty thousand acres irrigated by gravity on north side; 6,000 acres irrigated by gravity on south side.)
Contingencies, 20 per cent ............................................... 157, 120
Total ........................................................... 851, 550
Acres to be irrigated: Gross, 78,000; net (estimated), 60,000.
Cost per acre ...................................................... 14. 19
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Speci_cations for gravity works, south side canal, plan No. 2.
Elevation, bottom grade at head, 4,233 feet.
Elevation, of surface of water, 4,239 feet.
Dimensions: (10 by 5 feet, slepes 2 to 1); rate of grade, 0.006; capacity, 120 second
feet; velocity, 2.25 feet per second.
Cost of gravity works, south side canal, plan No. 2.
14 miles of canal (estimated 25 per cent rock, at $1 per cubic yard, and 75
per cent earth, at 15 cents), at $5,500 per mile .......................... $77, 000
One-eleventh total cost of dam .......................................... 31, 490
Contingencies, 20 per cent .............................................. 21, 690
Total ........................................... , ................ 130,180
Area to be irrigated: Gross, 6,200 acres; net, 6,000 acres.
Cost per acre ........................................................ 21. 70
' Power necessary on south side in connection with plan No. 2.
29,500 acres under lift of 33 feet from river, requiring 360 second-feet (duty of 302:2:
SOacres)- ........................... 2,340
23,500 acres under lift of 53 feet from gravity canal, requiring 300 second-feet
(duty of 80 acres) ..................................................... 3, 300
10,000 acres are under lift of 73 feet, requiring 1% second-feet (duty of 80
acres) or .............................................................. 1, 625
Total required .................................................... 7, 265
Total available .................................................... ll , 820
Surplus ................................................................. 4, 655
Minimum supply, 2,000 second-feet.
Available head, 52 feet.
Goal of pumping works, south side canal, plan No. 2.
Developing and utilizing 7,165 horsepower ............................. $358, 250
Canal under 73-foot lift from gravity canal, 20 miles, capacity 125 secondfeet (12 by 4 feet, slopes 2 to 1) at $2,640 a mile ...................... 52, 800
Additional _rst 12 miles of south side gravity canal due to carrying 750
second-feet for pumping plant N0. 2 ................................. 142, 600
Canal under 53-foot lift from gravity canal, 23 miles, (20 by 5 feet, slopes
2to l) at $4.350amile .............................................. 100,000
Canal under 33-foot lift from gravity canal, 33 miles, (22 by 5} feet, slopes
2 to 1) at $4,000 a mile .............................................. 132, 000
Pipe lines from pumping plants to canals ............................... 60, 000
Contingencies, 20 per cent .................. . ......................... 164, 130
Total .......................................................... l, 009, 780
Area to be irrigated, 63,000 acres gross; estimated. 60,000 acres net:
Cost per acre ..................... .. .................................. 16. 91
Summary of cost of gravity and pumping works, plan No. :2.
I Area Irrigate—d. . amt pet-acre? VTotali—cost.
. Acres.
North side gravity ........................ 60, 000 $14. 19 $851, 640
South side gravity ........................ 6, 000 21. 70 130, 180
South side pumping ...................... 60, 000 16. 91 1, 009, 780
Total .............................. I 126,000 I 15. 81 i 1, 991, 600
TX700084268

270 SECOND ANNUAL REPORT OF RECLAMATION SERVICE.
Dimmmimm of rock_llcd (lam, plan No. 3.
Fact.
Elevation of crest - . . . - . ; ................................................. 4, 280
Elevation of crest of spillway .............................................. 4, 265
Elevation of backwater, low water ........................................ 4, 265
Elevation of backwater, high water ........................................ 4, 270
Cost of -roclc:_lled dam, plan No. 3.
Loose rock, 727, 700 cubic yards, at $1.50 a cubic yard .................. $1, 091, 550
G revel, 669, 070 cubic yards, at $0. 40 a cubic yard ..................... 267, 630
Masonry core, 1,620 cubic yards, at $8 a cubic yard .................... 12, 960
Spillway, 24, 945 cubic yards (masonry), at $8 a cubic. yard ............ 199, 560
Coffemlam, (estimated) ............................................. 20, 000
Cut-off wall in deep channel, 430 yards, at $8 a. yard ................... 3, 4-10
Two tunnels (10 by 20 by 200 feet), 91630 a foot ...................... 12, 000
Total ....................................................... .- . 1, 607, 140
Speci_cations for north side canal (lowcr_at gravity line), plan No. 3.
Elevatitm of bottom grade at head, 4,257 feet.
Elevation of nurface of water, 4,265 feet.
From head to station 120 on old line, 25 feet on bottom, slopes Q to 1, grade 0. 0067.
Station 120 to station 464, 50 feet on bottom, slopes 2 to 1, rate of grade 0. 00015,
vel. 2. 25 feet per second.
Station 46-1 to Ht_tll)“ 63-1, 45 feet on bottom, slope-a 2 to 1, grade 0.0002, vel. 2. 25
feet per second.
By diverting on high line and dropping to low level at station 120,
a saving of $17,340 can be made, reducing cost of main canal to
$195,900.
Cost of gracify works, nor-(h Kide canal, plan No. 3.
g
Main canal ................... . ........ . ....................... . ..... $195, 900
Laterals ............................................................. 121, 270
Controlling works (estimated) ........................................ 15, 000
Proportional cost. of dam (63 per cent) ................................. 1, 012, 480
Contingencies, 20 per cent ............................. . ............. 268, 950
Total .......................................................... 1, 613, 600
Area to be irrigated, 60,000 acres.
Cost per acre, $26.90.
.S'Iio-rrl_critit)rz.9 for south side canal, plan No. 3.
Elevation of bottom grade at head, 4,257 feet.
Elevation of surface of water, 4,265 feet.
Rate of grade, l:.0005.
Capacity at head, 1,240 second~foet
(L'oxt of gravity marks, south side cmml, plan No. .9.
12 miles (40 by 6, slopes 2 to 1), 25 per cent rock, at $15,840 ..... $190, 000
15 miles (40 by 6, slopes 2 t0 1), at $6,400 ...................... 96, 000
23 miles (25 by 5, slopes 2 to 1), at $4,750 ...................... 109, 250 '
—— $395, 250
Controlling works (estimated) ....................................... 12,000
Proportional cost of dam (37 per cent.) ................................. 594, 660
Contingencies, 20 per cent ............................................ 200, 360
Total .......................................................... 1, 202, 270
Area to be irrigated, 35,500 acres.
Cost per acre, $33. 86.
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Power necessary for pumping on north side, with plan No. .‘i’.
Horsqiower.
20, 000 acres under lift of 25 feet from backwater, requiring 250 setond- feet
(duty of 80 acres) or ................................................... 1,250
15, 000 acres under lift of 60 feet from batkwater, requiring 200 second— feet
(duty of 80 acres) or ....................... . ............................ 2, 400
Total ................................. - ............................ 3,650
Minimum supply, 2.000 second-feet.
Available head, 77 feet.
Cost of pumping limits north side equals, plan No. 3.
Development and utilization of 3,650 horsepower ........................ $200, 000
Canal under 25-foot lift, 17 miles (20 by 4 feet, slopes 2 to 1), at
$3,660 a mile; 17 miles (10 by 4 feet, slopes 2 to I), at $2,375 a
mile- . _ - .................................................... $102, 595
Canal under 60-foot lift, 12 miles (15 by 4 feet, slopes 2 to 1), at
$3,430a mile; 12 miles (10 by 4 feet, slope 2 to 1), at $2,375 a mile. 69, 660
177, 350
Contingencies, 20 percent. ............................................. 75, 400
Total ........................................................... 452, 750
Net area to be irrigated, 35,000 acres.
Cost per acre, $12.94.
Power necessary for pumping on south side, plan No. 3.
Horsepower.
23,500 acres under lift of 30 feet, requiring 300 second-feet (duty of 80 acres). - l, 800
18,200 acres under lift of 50 feet, requiring 230 second-feet (duty of 80 acres). . 2, 300
Amount of power used on south side ......... . ........................... 4, 100
Amount of power used on north side ...................................... 3, 650
Total ............................................................. 7, 750
Amount of power available ............................................... 17, 500
Surplus ........................................................... 9, 750
Cost of pumping works, south side canal, plan No. 3.
Development and utilization of 4,100 horsepower ........................ $205, 000
Additional cost of gravity canal due to water carried for pumping, 12 miles
(50 by 8 feet, slopes 2 to 1) .......................................... 78,800
Canal under 30-foot lift, 23 miles (20 by 5 feet, slopes 2 to 1), at $4,350 a
mile ................................................................ 100, 000
Canal under 50-foot lift, 20 miles (15 by 4; feet, slopes 2 to l), at $3,950 a
mile ................................................................ 79, 000
Additional cost at head due to pumping station .......................... 5, 000
Contingencies, 20 per cent ............................................. 93, 560
Total ........................................................... 561, 360
Area to be irrigated, 41,700 acres.
Cost per acre, $13.46.
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Summary of cost of gravity and pumping works, plan No. 3.
Area irrigated. Cost per acre. Amount.
Acres.
North side gravity ......................... 60, 000 $26.90 $1, 613, 600
North side pumping ............. '. ........ 35, 000 12. 94 +52, 750
South side gravity ......................... 35, 500 33. 86 1, 202, 2'0
South side pumping ....................... ~11, 700 13. 46 561, 360
172, 200 22. 24 3, 829, 980
SUMMARY.
PLAN N0. 1.
Area irrigated. Cost per acre. Amount.
Acres.
North side gravity ........................ 60, 000 $12. 25 $734. 920
South side gravity ......................... 6, 000 20. 00 120, 000
South side pumping ....................... 50, 000 17. 47 873, 600
' 116, 000 14. 90 1, 728, .520
'PLAN N0. 2.
North side gravity ......................... , 60, 000 $14.19 $851, 640
South side gravity ......................... 6, 000 21. 70 130,180
South side pumping ....................... 60, 000 16. 91 1, 009, 780
126,000 ‘ 15. 31 | 1,991,000
PLAN N0. 3.
North side gravity. .' ..... 3 ................. 60, 000 $26. 90 ,3‘4 31,1 613, 600
North side pumping ...................... 35, 000 12. 94 750
South side gravity ......................... 35,500 33.86 ! 1,202, 20
South side pumping ....................... 41, 700 13. 46 1 561, 360
172, 200 22. 24 g 3, 329, 980
RESERVOIR st‘nvm's.
Surveys were made of several lakes on the headwaters of Snake.
River during the fall of 1902 by the United States Geological Survey
With a View of determining the feasibility of utilizing them for storage purposes.“
uFirst Ann. Kept. Reclamation Serviee, p. 193.
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The location of these lakes is shown on the map (Pl. 'XXXIV), and
the tables on pages 275—278 give the capacities of these storage, sites at
each contour interval.
Jackson Lake presents the greatest possibilities in the way of
storage of any of these sites. A very good site for a dam exists
about a half mile below the outlet, shown in _g. 17. The river is 200
feet wide at this point and has a rock bottom. Regulating gates
could be placed in the river, while an earthen embankment could be
constructed very cheaply connecting the dam proper with the higher
ground. This embankment would be £200 feet long.
The estimated cost of raising the water in this lake 25 feet is based
upon the construction of a steel-frame dam resting upon a masonry
foundation, with wooden apron and masonry abutments. This structure would be about 200 feet long. The earthen embankment would
be 40 feet wide on top, with a slope of 3 to 1 on the upper and 2 to 1
on the lower side. The main wagon road crossing the valley at this
point could be placed on top of this embankment. The estimated
cost is as follOWs:
Estinmted cost of dam at Jackson Lake.
Dam proper ............................................................ $81,000
Embankment, 160,000 yards, at 25 cents a. yard .......................... 40, 000
Total ............................................................ 121,000
Acre~feet of water impounded, 555,250.
Average cost per acre-foot, $0.21.
The discharge from the lake on September 13, 1902, was 536 secondfeet. It was measured again September 22, 1903, when the discharge
was found to be 705 second-feet. A permanent gaging station was
established a short distance below the dam site at the time of this
measurement for the purpose of ascertaining the run‘o_' from the
watershed above the outlet of the lake. The drainage area above the
lake outlet is 831 square miles. A measurement was made of the
main South Fork at Lyon on September :37, 1903, the discharge being
3,788 second-feet. The watershed above the outlet of the lake is 15
per cent of the drainage area above the point of measurement of the
South Fork, while the discharge from the lake was 18 per cent of the
discharge at the latter place, indicating that the season’s ru'n-oti'
might be about in that proportion. If this should hold good the
average discharge during the irrigation season should amount to about
700,000 acre-feet.
Assuming that the average discharge from the lake during the
remainder of the year, or from October to April, inclusive, is 400
second-feet, which would be a very safe estimate, there would be an
additional amount available for storage amounting to about 170,000
acre-feet, or a total of 870,000 acre-feet. This amount would include
the quantity stored at Shoshone Lake if that. site should ever be used
H. Doc. 44, 58—2 15
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for storage purposes. In that event an average of nearly 800,000 acrefeet would be available annually for _lling the Jackson Lake reservoir,
and 555,250 acre-feet of this could be stored by raising the water surV'_'euaon mans . “dun-3"
; “n+2: {—2 “\ r
I &‘
‘ mummmw.
! Tomhlp Lla[ I ~ a”; m ’ aunt, R. 115w. l
L L.NIT£3,1‘,IJ- 45-33.; ‘
FI'G. 17.—Jackson Lake reservoir site. Wyoming.
face 25 feet. There is no doubt that this amount of stored water and
much more will be required for irrigation on the lands depending
upon the South Fork alone.
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Camcity of Jackson Lake reservoir.
Capacity of
Contour. Area. section.
Fed. Acres. Aer-(Jed.
Shore line. 18, 223. 5 O
10 21, 564. 5 198, 940
20 24,667. 5 231, 160
25 25, 400. 0 125, 168
30 26, 106. 5 128, 766
mNIDoxA PROJECT. 275
Total capacity.
Acre-fed.
0
198, 940
430, 100
555. 268
684, 034
Two Ocean and Emma Matilda lakes, which lie from 4 to 6 miles
east of Jackson Lake, offer good facilities for storage. The water of
Paci_c Creek would have to be diverted into Two Ocean Lake by
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Fm. lit—Emma Matilda Lake and Two Ocean Lake reservoir sites, Wyoming.
means of a canal which would be about 3 miles in length. A dam
would be constructed at the outlet of this lake.
This dam would be
45 feet in height, about 700 feet long on top, and would impound
31,076 acre-feet. The water of Paci_c Creek could be stored in the
reservoir thus created, and by cutting a short channel through a low
divide the surplus would _ow over into Emma Matilda Lake, when it
could be impounded by a dam 45 feet high near its outlet. This dam
TX400084276
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would be about 375 feet long on top and, would impound 41,092 acrefeet. These dams would be of earth and could be easily constructed.
The following is an estimate of the cost of constructing this canal and
the dams with proper outlets for each:
C'rqxtcity of Two Ocean Lake reservoir.
Contour. Area. 0133933“ : Total capacity.
Feet. Acres. Acre-feet. Acre-feet.
Shore line. 628. 0 0 0
10 708.0 6,680 . 6,680
20 784.8 7,464 14,144
30 848.4 8,166 ‘ 22,310
40 _ 904.8 8,7' 31,076
50 988.0 9,464 1 40,540
Cajun-Hy of Emma Matilda Luke reacrwir.
Contour. Area. {1:23:23} .0 f Total capacity.
Feet. Acres. Acre-_at. Acre-_at.
Shore line. 854. 8 0 0
10 940. 0 8, 974 8, 974
20 1,030. 8 9, 854 18, 828
30 1, 122.8 10, 768 29, 596
40 1,175.6 11,494 41,090
50 1, 278. 0 12, 268 53, 358
Extimutml cost of storage works at Two Ocean and Ermml J_ltilda lakes.
Supply canal....--.----..-... .......................................... $30,000
Dam at. outlet of Two Ocean Lake ....................................... 28, 300
Dam at outlet of Emma Matilda Lake .' .................................. 26, 500
Total ............................................................ 84, 800
Amount of water stored, 72,166 acre-feet.
Average cost per acre-foot, $1.18.
Shoshone Lake, which lies in the Yellowstone National Park, offers
splendid facilities for storage. There are several hot' springs and
geysers along its northwest end, but the lake’s surface could he raised
10 feet without interfering with these scenic features. If raised to
this level, it would have a surface area of 8,456 acres, and a storage
capacity of 79,844 acre-feet. This would require a dam 300 feet long,
which should he constructed at a cost of about $18,001), or an. average
cost of $0.23 per acre-foot. The discharge at the outlet. of this lake
was measured on August 26, 1902, and was 100 second-feet. The
TX700084277
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drainage area above. this outlet is 111 square miles. A measurement
was made of Snake River at the outlet of Lewis Lake, about 10 miles
below the outlet of Shoshone Lake on September 19, “NB, when the
discharge was found to be 1111' second-feet. The drainage area above
this point is 1-10 square miles. This would seem to insure an abundant
supply of water for stomge in Shoshone Lake.
I‘m. 19.——Sho:-shone Lake reservoir site. Wyoming.
(itpacity of Shoshone Lake reserroir.
Contour. l Area. 1 “33333;.“ ‘ Total capacity.
Feet. Acres. l Acre-fed. Acre-fret.
Shore line. 7, 472 1 o 0
5 8, 005 38, 692 38, 692
10 8, 456 l 4-11, 152 79, 84-1
15 8, 704 I 42, 900 122, 744
20 8, 900 { 44, 010 166, 754
Jenny Lake is situated 6 miles south of Jackson Lake. It has an
area of 1,211 acres, and lies at the. foot of the Grand Teton Mountains.
If raised to a height of 20 feet above its present level, it would have.
a storage capacity of 24,269 acre-feet. This would require a dam 25
feet in height and 450 feet long on top. The discharge at the outlet
of this lake was ‘28 second-feet on October 9, 1902, and 10.8 secondfeet on September 23.
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JE N N Y L A KE
Am Isms Acrn mew-«o; I_l_.
«+0
Fm. _l—Jenny Lake reservoir site. Wyoming.
Capacity of Jmny Lake rmwir.
Contour. Area. Cg_gid Total capacity.
Fed. Arr-u. Acre-feet. Acre-fed.
Shore line. 1, 214. 8 0 O
10 1, 249. 6 12, 322 12, 322
15 1, 277. 6 6, 212 18, 534
20 1, 296. 4 6, 435 24, 969
The construction of a dam at this point would 'be a very simple
matter, and the'cost of the work is estimated at $12,200, or at the
This dam site is shown in _g. 20.
The following table shows the cost of these reservoirs:
rate of $0.48 per acre-foot.
Table showing the ('08!- of storage on headwalers of South Fork of Snakc River.
Name. Capacity. ‘ Amount. Average cost.
Acrr-_‘d. l Am-Jed.
Jackson Lake ............................. 555, 250 $121, 000 $0. 21
Emma Matilda and Two Ocean lakes ....... 72, 166 8-1, 800 1. 18
Shoshone Lake ..................... . ..... 79, 844 I 18, 000 0. 23
Jenny Lake. . ............................. ,_ 2i,_26§1|_ 12, 200 0. 48
Total ............................... 731, 529 l 236, 000 0.32
TX700084281
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The foregoing table shows that these three lakes would be capable of
storing 731,529 acre~fcet, at a total expense of $236,000, or at the rate
of $0.32 per acre—foot. The utilization of any of these lakes would be
very feasible.
Should 216,000 acre-feet of water be needed for the irrigation of.
the Minidoka lands during July, August, and September, at the above
rate, $69,120 would have to be added to the estimated cost of the
system, or $0.46 per acre to cover the item of storage.
It is not likely, however, that these lakes will furnish all the storage required for the lands depending upon this stream for irrigation,
and for that reason their construction and administration thereafter
should be planned not simply for the purpose of providing a water
supply for the lands of the Minidoka tract, but with a view of utilizing them for the benefit of all the lands of the Snake River Valley
which may ever have to depend upon these facilities for late irrigation. The future, then, of not only the prospective irrigator of the
Minidoka tract but of the great majority of the irrigators on the lands
using the waters of the South Fork, depends upon the proper
utilization and administration of these splendid storage facilities.
The lands of the Minidoka tract lie at an elevation of from 4,200 to
4,300 feet, or 200 to 1,000 feet lower than the Upper Snake River
Valley, and from 200 to 300 feet lower than the Salt Lake Valley,
Utah. Two cuttings of hay could be made here every season, and in
many seasons three; in fact, there would be almost the same range of
products here as in the Boise Valley. The winters are colder than in
the latter valley but the snowfall is light, rarely exceeding a foot in
depth. Practically every acre of this body is now Government land.
Reclaimed land as favorably located as this and With as good a water
supply is worth at the present from $40 to $100 per acre. So an
expenditure of $16 per "acre in the reclamation of this tract would
appear to be fully justi_ed.
DUBOIS PROJECT.
PRELIMINARY SURVEYS.
An investigation was made in September and October, 1901, by the
State engineer of Idaho in cooperation with the United States Geological Survey with a View of ascertaining the feasibility of diverting the
waters of the North Fork of Snake River onto the lands in the vicinity
of Mud Lake. In making this investigation, a survey of a canal line
was made between Henry Fork and the divide between Shotgun and
Camus creeks. This route was found to be impracticable, the line
which would cross the divide with a reasonable cut being about 40 feet
above the source of supply —Henry Fork, at its upper end.“
al_rst Ann. Kept. Reclamation Service, pp. 183-185.
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Notwithstanding the fact that the investigations referred to furnished
no solution of the problem of irrigating these la nds, it was decided to
extend the inquiry. A small party was accordingly placed in the _eld
in June, 1903, under the immediate direction of James (1}. Camp.
with instructions to look into the feasibility of a route for a canal from
the North Fork of the Snake near St. Anthony westward through the
lava ridge between this stream and Camus Creek, directly to the lands
in question. _
Mr. lamp _rst made a reconnaissance of the land and of a route from
a point on the divide between Beaver Canyon and Medicine Imdge
creeks, about 6 miles southwest of I.)ubois, to St. Anthony. The
result of this investigation pointing to the practicability of the plan,
'a recommendation was made. for the withdrawal, under the provisions
of the reclamation act, of the lands to be reclaimed, and the same was
Withdrawn by an order of the Secretary of the Interior, dated June
11., 1903. A further Withdrawal was made under an order dated July
16, 1903. The lands withdrawn are shown on the map. (Pl. XXXIV.)
This land, as shown by the map referred to, is situated on the
northern edge of the Snake River Desert. It is one compact body,
more than 26 miles in width at its widest part, and more than 40 miles
long, and embraces the alluvial fans formed by Camus, Beaver, Medi—
cine Lodge, and Birch creeks and Little Lost River. The surface of
this tract is very smooth and regular, sloping slightly from every side
toward Mud Lake. It has an altitude from 4,800 to 5,000 feet.
The controlling points in the location of the main canal of this
system are two in number. The _rst is a series of sand ridges which
occupy a strip of country from 1 to 3 miles wide and about 15 miles
long near the base of the hills forming the southwesterly extension of
the Big Bend Ridge, and from 20 to 3“ miles west of St. Anthony.
These sand dunes are very broken and choppy, interspersed with lava
ridges. The slopes of some of these ridges and dunes are very steep.
The. other controlling point is the ridge between Beaver Canyon and
Medicine Lodge creeks, about 6 miles West of Dubois. This is a low,
broad ridge, extending southward between these creeks, almost to Mud
Lake.
The great problem to be solved in the location of this canal is to
adjust its elevation so as to construct a canal through the sand dunes
and the ridge referred to at a minimum cost.
Several preliminary lines were run between the river and the ridge,
the _rst only skirting the edge of the sand _elds, but this line would
require a cut of more than lee feet to get through the ridge west of
Beaver Canyon Creek, which would be impriu-ticable, and it would
also leave out a large aria of valuable land lying farther west. The
second line. begun at the head of the Independence canal, a half mile
below St. Anthony, is 25 feet higher, and runs in the sand ridges for
TX700084285
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1.8 miles. This line would make a cut of 79 feet in crossing the ridge
referred to, and is also impracticable. A third line was run beginning at the river at St. Anthony, at an altitude of 5,002 feet. as initial
elevation. This line was not run all the way through to the divide, but
only through the sand ridges. The estimated distance to the divide is
44 miles, which, with a grade of 0.1 foot per 1,000 feet, would require
a fall of 23.23 feet, or an elevation of 4,978.77 feet at the summit of the
ridge; as the elevation of the ridge is 5,018.8 feet, a cut of 40 feet would
be necessary. This cut would be 7.4 miles in length, while the line.
would pass through 8.6 miles of sand ridges. Mr. Camp states that
the upper portion of this, 3.8 miles, consists of sand ridges and knolls
15 to 40 feet high on a comparatively level sheet. of lava. The ridges
and knolls are separated by strips of bare lava, which do not form
a connected supporting base. The balance of the sand, 4.8 miles, is
very choppy, consisting of sharp ridges and knolls, with hollows and
blow pits between, Some of the latter are down to the rock, and show
lava with a surface slope varying from 3 to 1 to almost level. Sand
over this portion is from 15 to 75 feet deep over the lava, as near as
can be judged. A line was run through the sand ridge on a still
higher elevation, the length of the sand section increasing rapidly on
the higher levels.
Erom the river to the sand the construction would be very easy.
From the sand west to the ridge referred to the canal would be on
practically level ground, with considerable rock in places, but, on the
whole, there is a very feasible route for a large canal. Beyond the
Beaver Canyon-Medicine Lodge divide the construction would involve
really no dif_culties whatever, the surface being practically level and
free from rock, the canal following near the upper edge of the great
plain, just missing the lower slope of the foothills. The feasibility of
the project doubtless depends upon overcoming the dif_culties connected with the sand section.
This sand is very _ne and earthy and drifts about considerably. It
covers the sloping surface of the hills, and in the construction of a
large canal great areas of it would have to be leveled down. There
is no doubt but what it could be easily handled With water, and it
would be quite feasible to construct a small ditch on a level from which
hydraulic giants could be operated in reducing these mounds of sand
to even slopes, which should be done at comparatively reasonable cost.
A careful topographic survey should be made of this section, and test
holes sunk and soundings made at frequent intervals in order to ascertain the depth of the sand formation and locate the bed rock, which it
might be necessary to follow in the location of the canal.
After crossing the divide referred to the line was extended in a
southwesterly direction for a distance of nearly 60 miles, and many
auxiliary lines were run for the purpose of studying the land. These
TX700084286
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lines are shown on the accompanying map (P1. XXXIV) and almost
e11circle the lands designated as “ irrigable.” More than 400 miles of
lines were run by Mr. Camp and party during the months of July
and August in making a preliminary study of this project. The tract
so designated contains an area of more than 300,000 acres, of which
more than 200,000 acres Mr. Camp rates as _rst class in every respect.
In fact, the area of land that could be irrigated by this system would
probably be limited only by the supply of water available from the
North Fork of Snake River and its tributaries.
WATER SUPPLY AND IRRIGATION.
\Vater for the irrigation of these lands will have to be obtained from
the North Fork of Snake River and its tributaries above St. Anthony.
These tributaries include Fall River, Robinson Fork, and Warm Creek.
From measurements of the discharge of Snake River and its upper
tributaries made by the United States Geological Survey it is estimated
that the average amount of water available for irrigation during each
year is 6,930,000, or, say, 7,000,000 acre-feet. Of this amount about
14 per cent, or 970,000 acre-feet, comes from the Henry Fork drainage
and about 12 per cent, or 830,000 acre-feet, from the Fall River
drainage, or a total of 1, 800, 000 acre- -feet would be available for the
irrigation of the lands depending upon this source in the Snake River
Vallev proper and those west of Dubois.
The following table, based upon measmements of the _ow of these
streams made by the United States Geological Survey, shows how this
supply is distributed:
Tobi: thm'ng the distribution of the discharge of Henry Fork and Fall River' :11 acre-feet.
l 1890. 1391.
Month. 1 ‘1' ‘ " ' "' "“
‘ Henry Fork, Fall River. ,' Total. 1‘ Henry Fork. Fall River. Total.
January ........ 7:1, 800 a 31, 980 105, 780 73, 720 i 31, 297 110, 017
February ....... I 69, 375 f' 31, 980 101, 355 71, 040 25, 547 96, 587
March .......... 79, 950 H 31, 940 111, 890 ‘ 78, 720 15, 173 96, 487
April ........... 111,562 102, 935 214, 497 90, 505 36, 060 . 126, 565
May ........... 261, 670 206, 906 . 488, 576 134, 316 111, 846 246, 162
June ........... l 135, 065 160, 780 295, 8-15 107, 160 102, 585 210, 645
July ........... l 95, 325 102, 623 197, 9-18 u 75, 000 69, 542 144, 542
August ......... , 89, 175 59, 70-1 148, 879 . ‘1 70, 000 37, 323 107, 323
September ...... i 78, 183 ~16, 116 124, 299 .......... 30, 9-12 ..........
October ........ I 78, 720 40, 582 119, 302 .......... 31, 974 ..........
November ...... ' 711, 150 32, 311 108, 461 1 .......... 30, 942 ..........
December ...... 3 7a, 720 32, 527 111, 247 ' .......... 31, 980 ..........
Total ..... 1, 247, 095 | s90, 334 2, 128, 079 :— .......... 555, 211 J ..........
|
0 Amount interpolated.
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Table shaming the dist'n'bution. of the discharge of Henry Fork and Fall River in acrefm»( ‘ontinued.
1902. 1903.
Month. ‘7 —- — i 1
Henry Fork. Fall River. Total. Henry Fork. Fall River. Total.
January ...................................... 73, 160 56, 060 , 129, 220
February ..................................... 1 04,960 48,120 Y 108, 030
March ................ _ ....................... 71,000 1 26, 620 97,620
April ......................................... , 88, 200 i 53, 3-10 1 141,540
May ......................................... ' 131,870 J 97,150 1 220,020
June .......................................... 107,280 105,360 1 272,640
July ......................................... l 81,400 1 74,400 ’ 1523,1100
August ......... l .............................. , 75, 000 l 45,380 , 120,380
September ...... 80, 280 ~19, 400 129, 680 ..............................
October ........ ! 74,000 50,840 124,840 l .......... ‘ .......... 5 ..........
November ...... l 70, 700 48,000 118, 700 l .......... , .......... _ ..........
December ...... 1 72,160 48,000 120,160 I .................... i ..........
______ __ _ _ __.____ 1___ _ _
Total ..... l .......... I ............. - ...... l ..............................
I
It will be seen from the above table that the data relating to the discharge of these streams are very meager, and the conclusions, which
are offered only tentatively, are made safe only by assuming a very
low duty for the water used in irrigation. This table shows that the
total run-o_' from Henry Fork in 1890 amounted to 1,247,695 acrefeet and from Fall River 880,384 acre-feet, or a total of 2,128,079
acre-feet. During the irrigating season, from May to August, inclusive, there would have been available from these streams alone 1,131,248
acre-feet. During the same period in 1891 there would have been
792,927 acre-feet available from the natural _ow of these streams, and
more than 900,000 acre-feet would have been available for storage
that season. The records of the years 1902—3 show that there were
777,840 acre-feet available from the natural _ow, with more than 900,000
acre-feet available for storage, 365,000 acre-feet of this coming from
Fall River. These were low-water years, perhaps years of minimum
_ow of these streams, and these _gures could be taken as indicating
the minimum amount discharged and available for storage during any
year. . .
The area under ditch taking water from the North Fork and Fall
River amounts to about 123,000 acres. This may possibly be increased
to 150,000 acres. Of the area now under ditch about one-half, or
62,000 acres, is irrigated, the canals used for that purpose having a
combined capacity of fully 2,500 second-feet.
Irrigation in this portion of the Snake River Valley lasts for only
about four months, from May to August, inclusive. Some water is
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applied in September, but as a rule. irrigation is not much used during
that. month. There is a much larger percentage of grain grown in this
section than in the southwestern valleys of the State, fully 50 percent
of the land being sown to grain, which is harvested during the latter
part of August. Two cuttings of hay are made—one in July, the other
in September—so the period of greatest use of water is in June and
July, and the _ow of the streams in question during this period is a
matter of great importance.
DUTY OF WATER.
Nothing is de_nitely known regarding the duty of water in this
region except that owing to the shortness of the irrigation season a
large volume has to be delivered during a comparatively short period.
This necessitates the construction of canals having a large capacity
per acre, but the actual quantity of water required by crops depends
very largely upon the character of the soil. Therefore, in order to be
on the safe side, it has been assumed that the same depth per acre is
needed for the lands in the valley proper as is usually applied in the
Boise Valley for general irrigation, namely, 4 feet, although a much
higher duty is attained under careful management. It has been
assumed that this amount should be available at the head of the main
canal for the irrigation of the Dubois tract. The loss might be considerable, but it is believed this allowance is ample, as the lands are,
as a rule, of _ner texture than those of the valley proper and would
therefore require less water; also, their irrigation would be under a
single system, which would render it possible to make a more economical distribution of the water supply.
Assuming that all these lands, 150,000 acres in the valley proper
and 200,000 acres in the Dubois tract, would require an average depth
of 4 feet during the months of May, June, July, and August, or
1,400,000 acre-feet, and that during these months 20, 30, 30, and 20
per cent, respectively, of this amount would be required, which would
seem to be a safe estimate, the quantity of water used for irrigation
during each of these months would be shown by the following table,
which also shows the available supply based upon such data as are
now available, and the amount which would have to be supplied by
storage.
Table showing the amount of water _owing in the North Fork availablcfor irrigatima each
month, the quantity of water required, and the mnount which would hare to be stored.
I M a): ‘ J une. July. August. Total.
‘ __ _ .. __ ______
7 Acre-fret. ‘ Acre-feet. Acrefed. Acre-feet. Acre-_ea
Amount _owing in river ....... 243, 000 207, 000 145, 000 107, 000 702, 000
Amount required for irrigatioml 280, 000 420,000 : 420,000 280,000 1,400,000
Amount which would have to l . ,
bestored ................... 5 37,000 . 213,000 1 275,000 173,000 698,000
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In the above table the “Amount _owing in river ” is based upon the
_ow of 1891, the lowest recorded. On this basis it would be necessary
to provide storage for 698,000 acre-feet in order that the allowance of
4 feet may be provided for all the land. There is no doubt but what
this amount of stored water—698,000 acre-feet—would be an ample
supply,and with careful management it is likely that 600,000 acre-feet
would be suf_cient, even during seasons of extreme low water, while
during seasons of high water a much smaller amount would be required.
STORAGE POSSIBILITIES.
It is evident from the foregoing that the question of storage facilities on the headwaters of this drainage system is a factor of great
importance in determining the feasibility of this undertaking. In view
of this fact it was decided to drop the further study of the details of
the canal route and ascertain what were the possibilities of storage on
the headwaters of Henry Fork and Fall River, J; G. Camp, assistant
engineer, beginning such investigations at Fall River Basin in the
early part of September, 1903.
This basin begins about 3 miles above the junction of Bechler Creek
with the main Fall River at a point nearly 6 miles northeast of the
southwest corner of the Yellowstone National Park. It is, in reality,
a series of meadows divided by ridges and knolls. A survey of this
basin has been made by Mr. Camp, but as maps have not yet been prepared, only an approximate estimate of the capacity of the same can be
made. The shore line of this reservoir is about 25 miles long, and the
area of the water surface will be about 20 square miles. The basin is
very _at, having a slope up and down stream of only 10 feet in 2% miles.
It is about 6 miles wide in the middle and almost level across. With
a 45-foot darn it is believed the reservoir will havea capacity of 256,000
acre-feet.
The dam proper would be about 250 feet long on the bottom and
about 2,000 feet long on top, and would be constructed of earth. Wing
dams would have to be constructed connecting the higher ridges on
either side. These wing dams would vary in height from 5 to 30 feet
and would extend for nearly 3 miles. These embankments would contain 654,000 yards, based on a section with a slope of 3 to 1 on the upper
and 2 to 1 on the lower side, with a top width of 25 feet, and at 20
cents per yard would cost $130,800 and with proper outlets, etc., the
reservoir would cost $145,000, or $0.58 per acre-foot.
A measurement was made of Bechler Creek at the proposed dam site
on September 17, 1903, when the discharge was found to be 312.1 secondfeet. The drainage area above this point is 219 square miles. The
discharge of main Fall River on September 11, 101 B, at a point about
12 miles lower down, where it has a drainage area of 391 square miles,
was 663 second-feet, or with a drainage area equal to 60 per cent of the
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whole, Bechler Creek discharges 47 per cent of the _ow of Fall River
during this, the low stage. If this proportion should hold good throughout the whole year, the annual run-o_' from the stream should average
about 380,000 acre-feet. This would be. more than enough ‘to _ll the
reservoir. _
Mr. Camp reports that Beulah Lake, on the south headwaters of
Fall River, could be converted at small cost into a reservoir with an
area of about 1 square mile and an average depth of 12 feet. It would
be necessary to build a dam 35 feet high, 100 feet long on the bottom,
and 400 feet long on top, with a wing 5 to 15 feet high for about 1,000
feet. This fork is fed by large springs. At the head of the other
fork is a meadow about the same size, which would require a dam COW
ing perhaps 10 per cent more than the one for Beulah Lake. Five
miles below this point, on the main river, is a meadow basin containing approximately 2 square miles. A reservoir could be obtained here
with an average depth of 15 to 20 feet back of a dam 45 feet in height,
which would be 200 feet long on the bottom and 600 feet long on top,
with wings 5 to 10 feet high and 1,200 feet long.
A fourth basin is on the main Fall River, 3 miles southeast of the
one on Bechler Creek. This is a heavily timbered basin, which renders it dif_cult to estimate the capacity without a survey, but Mr.
Camp places the area of a reservoir at this place at 2 square miles,
with an average depth of 20 feet. This would probably require a dam
about 50 feet in height, 200 feet long on the bottom, and from 600 to
800 feet long on top, with a possible onevhalf mile of wings.
A reconnaissance survey of these four basins shows that they will
have a combined capacity of from 90,000 to 120,000 acre-feet. Accord—
ing to this estimate, storage could be developed for 350,000 to 375,000
acre-feet on the tributaries of Fall River. There will probably be
water enough to _ll them every year.
The following tables show the capacities of Henry Lake, Flat Rock,
and Island Park, the three reservoir sites on Henry Fork. These sites
were. surveyed in 1001 by the State of Idaho in cooperation with the
United States Geological Survey, under the direction of the State
engineer. The location of these basins is shown on the map (Pl.
XXXIV):
(lipacity of Ifmry Lake reservoir we.
Contour. l Area. “12:31:22."! Total capacity.
_,v_____v_l________,__ v 1
15m. Acres. Acrr-fcrt. Acre—feet.
Shore line. 3, 722 ............................
5 5,013 21,337 21,837
10 5, 840 27, 1'32 48, 969
15 6, 311 30, 377 79, an;
20 6, 905 33, 040 112, 386
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Contour. Area. (’“mp'ffi'_ .M Total capacity.
Feet. A cres. A ere-fret. Ar're-fcd.
10 79 263 263
20 865 4, 720 4, 983
30 1,717 6,450 11,433
35 2, 223 9, 350 21, 233
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Capacity of Island Park reservoir site.
Contour. Area. C_l_i_ior Total capacity.
Fort. A NW. A err-fret. A rrr -ft d.
10 55 91 9]
15 407 1,155 1, 246
20 688 :2, 740 3, 936
25 956 4,110 8, 096
30 1, 193 5, 370 13, 466
35 1, 290 6, 210 19, 676
_;_7 i7,A A_,A_,,h.,1
It will he. soon from the foregoing table that Henry Lake has splendid
storagé facilities—a capacity of (WW 112,000 acre-feet, with :3. rise of
only 20 feet. There would not, however, ho enough water to _ll such
a basin. It is ostimatud that the available supply would not likely
amount to more than 46,000 acre-foot." This amount could be stoi‘i‘d
a First Ann. kept. Reclamation Stl‘rvicu. p. 186.
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FIG. 23,—Flat Rock reservoir site, Idaho, east half.
by raising the lake’s surface less than 10 feet. It would not cost much
more to provide for a rise of 15 feet, which would give a capacity of
79,346 acre-feet, and this should be the limit. This would require a
dam 20 feet in height, and would undoubtedly hold back any unusual
_ood which might occur, but the available supply should not be esti—
mated at more than 46,000 acre-feet until at least more is known
regarding the discharge of the river at this place.
In September, 1901, the lake had a discharge of 35 second-feet, and
on September 9, 1903, of 27 second-feet.
A measurement was made of Henry Fork, near the Flat Rock crossing, near the proposed Flat Rock reservoir, on September 8, 1903,
and the _ow was found to be 206 second-feet. This supply is very
regular, the source being large springs about 8 miles above. ' The
storage site surveyed in 1902 has a capacity of 21,283 acre-feet with a
dam 40 feet in height. There is a good dam site at this place, and
further investigation should be made looking to the feasibility of
a dam higher than the one surveyed, as there is no doubt that a
H. Doc. 44, 53—2—19
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much greater storage basin could be obtained and _lled, as the water
supply is abundant. This suggestion also applies to the Island Park
reservoir site lower dOWn on the river. The capacity of this basin, as
surveyed, is 19,676 acre-feet. It was Mr. Martin’s opinion at the time
of making this survey that the lines should have been run on a higher
level, but owing to the bad weather prevailing at that time further
investigations were postponed. It is believed that further investigation in the neighborhood of these two basins will disclose the feasi[EVEN n m: '
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FIG. 24,—Island Park reservoir site, Idaho.
bility of increasing their storage capacities fully 50 per cent, if not
more.
The reservoir investigations up to date seem to indicate that it would
be practicable to impound upwards of 450,000 acre-feet of water on
the headwaters of Henry Fork and Fall River. Not much more than
one-half this _eld has been examined yet, and another season’s work
will probably demonstrate the feasibility of storing from 600,000 to
7 00,000 acre-feet on these streams. If this can be done there will be
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no question as to the general feasibility of the Dubois project, the
development of which might go forward without any danger of con_icting with the interests of the irrigators of the valley proper.
As before stated Mr. Camp-and party did not begin the reservoir
investigations until about September 10. The weather during the
last week of this month was very disagreeable, there being a heavy
snowfall. It was decided, in view of the fact that it would not be possible to _nish the work this season, to move to a lower altitude where
the weather would be more agreeable and the time could be put in to
better advantage. Before leaving, however, Mr. Camp made a reconnaissance of the country between the outlet of Lewis Lake and the
head of Bechler Creek in order to determine the feasibility of diverting this portion of the waters of the South Fork of Snake River over
into Fall River, where it would be available for use on the Dubois
lands. There would be heavy work just below the lake, but it is
thought that the prospect fully justi_es an actual survey of a canal
route. There would be plenty of elevation to spare between these
points.
FEASIBILITY or THE PROJECT.
There is really only one engineering dif_culty to overcome in connection with the undertaking, and this is the crossing of the sand
ridges referred to. It is believed that there is an abundant water
supply, _rst, for the lands of the valley proper, then for this entire .
tract of 200,000 acres, and that storage facilities can be developed for
its control. The investigations have not advanced far enough to furnish a basis
for an estimate of cost which would be of any value, but it is believed
that the cost will fall within reasonable limits, and will fully justify
the reclamation of the lands.
TIMBERED AREAS AND WATER SUPPLY ON HEADWATERS or HENRY
FORK AND FALL RIVER.“
The question of water supply would not be fully settled by the
construction of storage reservoirs. The regular _ow of the streams
of this region is undoubtedly due to the existence of large wooded
areas on their headwaters. Whether these timbered areas will remain
after a dense population shall have settled upon the irrigated lands
of this section is a question of great importance. There is no doubt
that this question could be answered twenty-_ve or thirty years from
now, or after all the plans developed for this region shall have been
fully consummated. The successful outcome of the plans now under
consideration depends to a great extent upon the water supply which
would be affected by clearing these forest areas. Their control should
«Extract from report of Fred Stockton.
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not be left to chance, but their protection should be assured before the
vast outlay which would be necessary is made. This could only be
done by placing these timbered areas under the control of those whose
_rst interest would be the ultimate and lasting success of these plans.
All of these plans have for their object the utilization of the water
supply, and will be based upon the present habits of these streams.
If by removing the timber from large areas the habits of these streams
should be changed, the worst kind of failure and disappointment would
result. In order to guard against any such disaster befalling this
community, all these timbered areas should be set aside from public
entry, to remain under the control of the Federal Government.
TIMBER ALONG THE NORTH ROBE 0F SNAKE RIVER.
Fred Stockton made an examination of the timber on the Middle
Fork between St. Anthony and the outlet of Henry Lake and Marysville, and between Marysville and Fall River Meadows, side trips being
made to Warm River, Conant Creek, and upper Fall River.
The timbered areas along the North Fork of Snake River are generally on the sloping hillsides. Going upstream from St. Anthony,
the timber begins at the summit of the Big Bend Mountains, a ridge
about 6,500 feet in altitude, 5 or 6 miles above Marysville and on the
west side of the river.
Pretty well up on the south slope and in the ravines there is a somewhat scattering growth of cottonwood and quaking asp, with here and
there a few pines, but after one passes the summit the pine is the predominating forest tree, and continues to be so on up the river. The
trees on the west side average from 6 to 12 inches in diameter, and
cover an area extending about 15 miles up the river. Most of it is
rocky and somewhat broken. Here the valley widens out into what
is known as Island Park.
Island Park is a continuous stretch of rather level open meadow land
with a width of 2 or 3 miles, and a length of. about 10 miles along the
river. It is surrounded on all sides by pine forests. At the upper end
of these meadows the timber closes in again, and is on the _at and
rather low lands, as well as on the higher ground. In some places the
trees are 8 or 10 inches in diameter, but most of them are of a
younger growth, until higher ground near Buffalo Creek, on the east
side of the river, is reached, where the growth is very similar to that
below Island Park.
Between Buffalo Creek and where the river _ows west by Flat Rock,
there appears to have been an old growth of pine which was either
killed by _res or broken down by sleet and wind a good many years
ago, and now, among the tangle of decaying poles and brush is springing up a very dense growth of pine, which varies in height all the way
from 3 to 20 feet.
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A short distance above Flat Rock the Valley opens out into another
meadow, which extends to Henry Lake. Just below the lake, where
the mountains are not far from the river, there is good timber on the
foothills, and on the mountain slope for some distance up the west
side. The east side and the higher mountains on each side are rocky
and barren.
From what could be seen from the higher points along the river and
the high ground east of Marysville, the country between the North
Fork and the Yellowstone Park is of a rather broken formation, the
top being rocky and barren, but the ravines, and especially the ‘north
slopes, are covered well with timber. Lower down toward Warm
River and Robinsons Fork the pine becomes scattering on the higher
slopes, and dense patches of quaking-asp brush are found, so that east
of Warm River and on the headwaters of Robinsons Fork the steep
south slopes and rocky summits only are barren. Between Robinsons
Fork and the main Fall River there is not much open ground. The
summits are not very broken, and quaking asp grows on these higher
_ats to such a size as to be properly called trees, and forms very dense
groves.
Farther up these streams pine is rather abundant on the sides of the
bills, but near the headwaters there are numerous small, swampy meadows, and 4 or 5 miles inside the park the hills gradually draw back
from Fall River and its principal tributary, Bechler Creek, leaving a
very extensive swampy meadow along the latter, known as Fall River
Meadows, and a smaller _at along the former. That along Fall River
is fairly well covered with young willows.
WATER SUPPLY.
The run-off from the North Fork Basin is becoming a matter of
very much concern, for if properly stored it may be very pro_tably
applied to a large tract of land west of St. Anthony. The opportunities for storing this water seem to be at hand in the proposed
reservoir sites at Henry Lake, Flat Rock, Island Park, Warm River,
Robinson Fork, Fall River Meadows, and the main branch of Fall
River.
Henry Lake has a drainage area of 109 square miles to draw from,
which lies about equally on all sides of the lake. From this there is
a normal low-water discharge of 27 feet.
Flat Rock has a drainage area of 231 square miles and a discharge
of 206 feet. The greater part of this is on the east side of the river.
Warm River and Robinson Fork have a drainage area of 199 square
miles and a discharge of 166 feet, all on the east side.
Bechler Creek, in Fall River Meadows, has a drainage area of 219
square miles and a discharge of 312 feet.
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Fall River, main branch, has a drainage area of 127 square miles
and a discharge of about 250 feet.
Of these, the one at Henry Lake, the one at Flat Rock, the one at
Island Park, and the one at Warm River would depend entirely for
their supply of water on that which passes the station at Ora. Like—
wise, the _ood watcrs passing Ora station over and above that required
to supply canals already in existence would represent, in a great measure, that available in _ood season at the proposed reservoir sites for
storage and for immediate use, for, outside of the Warm River Basin,
which is tributary to the proposed Warm River reservoir, there is,
comparatively speaking, only a very small area draining into the
North Fork between Island Park and Ora.
' The total _ow past Ora at the beginning of September, 1903, was
1,192 feet. This 18 made up as follows:
Flow at Ora.
Fee-rt.
Flow at Flat Rock ......................................................... 206
Flow from Buffalo Creek .................................................. 183
Flow from Warm River ................................................... 166
F low from Shotgun Creek ................................................. 130
Other streams and seepage ......................................... ' ....... 507
Total .............................................................. 1, 192
Dividing the 507 feet equally between the two sides, we have _owing from the Henry Lake Basin and the country between the North
Fork and the Yellowstone Park:
Feet.
Flow at Flat Rock ........... _ .............................................. 206
Flow from Buffalo Creek .................................................... 183
Flow from \Vann River ............... . ..................................... 166
Other streams and seepage .................................................. 253
Total ................................................................ 808
Or over 70 percent of the _ow past Ora at low water comes from
these areas.
FOREST RESERVATION.
If this run~o_' is to be protected, it is evident that it must be done
in these parts mentioned. To do this by a forest reserve seems to be
a very easy solution. The hardship that a reserve in this place might
work would of necessity be small, for there is very little timber of
commercial value on it. T he value of the land for agricultural purposes is without a doubt very small. Its principal value at present lies
in the facilities for grazing.
The advantages that a forest reserve would afford may be classed
under three heads: First, a protection of the run-off; second, a protection against _res, and third, at very convenient means for regulating
grazing.
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Just what effect a reserve here would have upon the run—off is dif_cult to say. The conditions are somewhat different from most other
basins. Especially along the upper part of the river the _ow is
dependent very largely upon springs. For instance, the _ow past
Flat Rock is dependent upon that from Henry Lake, that from Thirsty
Fork, and from springs and seepage. Henry Lake discharges 37
second-feet. Thirsty Fork is not a great deal larger, thus leaving the
greater part of the 206 second-feet at Flat Rock to come from springs
and seepage. One very large spring 4 or 5 miles above Flat Rock
supplies a large _ow, and numerous smaller ones come in between that
point and Henry Lake. Warm River also depends very largely upon
springs.
This probably explains in a great measure the exceptionally uniform
_ow past Ora, where, during last year, with the exception of _fteen
days in May, the height of the river did not vary over 1 foot, and
extremes for the whole year are only 1.6 feet apart. The springs
must be dependent for their _ow upon the gradual melting of snow,
which in turn is undoubtedly affected by the timber and brush.
It is believed that with the forests of small pine removed it would
be safe to predict a noticeable diminution in the _ow of these springs,
and consequently an increased and less gradual _ood discharge.
As for a protectiOn against _res, the reserve would be all the more
important because of the fact that it would be directly adjacent to the
Yellowstone Park, and while protecting the timber on the North Fork
it would also offer an outside protection against fires that could prove
very disastrous to the timber of the park.
The grazing which would be affected would not necessarily be hindered, but rather protected. The ranges would be insured against
overstocking, and thus being destroyed.
'A reserve, therefore, would be of very great value to the land to
be developed lower down the river, and would not shut out valuable
improvements on the land itself. As to the residents already living
there, they would have good protection for their ranges, which at
present constitute the principal res’ources.
Pl. XXXIV shows the area that appeared to be most desirable
for a timber reserve that would accomplish the results set forth in this
report. It is understood that residents have already petitioned to have
this area made a reserve.
DIVERSION 0F WATERS OF SOUTH FORK OF SNAKE RIVER ONTO
LANDS EAST OF REXBURG, IDAHO."
Representations having been made from time to time during the past
two years by the people of chburg 'and vicinity that it would be
feasible to divert the waters of the South Fork onto the large body of
a Extract from report by Fred Stockton.
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land lying east of that place, it was decided to make an examination
of the portion of the river from the upper end of the Grand Canyon
westward, from which such diversion would have to be made, and of
the divides over which such a canal would have to cross in reaching
the land in question, the examination being intrusted to Fred Stockton,
engineering aid. ‘
A diversion at a point above the Grand Canyon or at its lower end
would be impracticable, and there is little hope that it would be feasible
to reach these lands from a point still lower down on the river, at the
Lower Canyon. If a more detailed examination should show that it is
impracticable to irrigate these lands from this source, the tract of land
shown on P1. XXXIV, situated on the South Fork, west of the IdahoWyoming State line, which was withdrawn by order of the Secretary
of the Interior in connection with this undertaking, should be restored
to public entry, as it is doubtful if there is enough irrigable land at
this point alone to justify a project under the provisions of the reclamation act.
In investigating this project Mr. Stockton followed the South Fork
of Snake River from Jacksons Hole to Conant Valley, making an
examination of the divides on the right.
There seems to be only three places for diversion that persons calling
attention to the project could have had in mind: First, above the Grand
Canyon; second, immediately below the Grand Canyon; and, third,
above the Lower Canyon. Before considering these directly it will
be necessary to get an idea of the location of the divides between the
three basins known as Teton Basin, J acksons Hole, and a chain of three
valleys known separately as Big Bottom, Swan Valley, and Conant
Valley.
Teton Basin is a rather _at, swampy valley on Teton River. J acksons
Hole is the valley of the South Fork of Snake River above the Grand
Canyon, and the other three are the valleys below the Grand Canyon.
The Teton Mountains and the Snake River Mountains are divides, and
come together in such a way as to form a large Y, with Teton Basin in
the fork and the South Fork _owing through the Grand Canyon
around the stem. The land to be irrigated lies just inside of the end
of the left branch of the Y, and is probably 200 feet above the level
of the river.
The three projects are as follows:
(1) A diversion above the Grand Canyon; this would necessitate
crossing the right branch of the Y directly over into Teton Basin and
from there around the hillsides to the bench lands on the left branch.
(2) A diversion at the mouth of the Grand Canyon; this would
necessitate carrying the canal up the stem and across the left branch.
(3) A diversion at the Lower Canyon by the side of the left; this
branch would make it necessary either to cross directly over from
there or go around the point and back on the other side.
TX700084301
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The _rst plan is apparently impracticable on account of the very
' great height of the mountains to be crossed. Only two passes could
be found; one the Teton Pass and the other the Mosquito Creek Pass,
almost as high. For either of these to be utilized it would require a
tunnel, and that so far down toward the base of the ridge that it would
be entirely too costly for the land served.
The second is a matter of cost of canal construction. The water could
be diverted and put upon the _at of the Big Bottom just below the Grand
Canyon, but the dif_culty would be encountered in the hillside work.
The valley has been formed here more probably by deposits of the _
main river rather than by material washed down the sides. In other
words, the mountains come down very abruptly to the valley. Besides
being steep and abrupt they are in most cases rocky and cut up by
ravines and washouts so as to make construction very expensive. It
is judged that at least 18 or 20 miles of this very costly work would
be necessary besidesagreat deal more of the somewhat less expensive.
In the third, the sidehill work would probably be reduced somewhat
both in distance and in cost per mile, but there would be a very large
increase in the cost of diversion. Being so much nearer the land to
be irrigated, the water would necessarily have to be taken out ata
much higher level from the river. To accomplish this there might be
a possibility of constructing a dam to such a height at the upper part
of the canyon that by using the power developed over the spillway
the water could be pumped from above the dam to a canal pretty well
up on the mountain side, which could be carried around the higher
point and back on the other side to where needed.
As a whole, the scheme seems to have very little to recommend it
and a rather apparent necessity for more expensive works than the
land served could sustain.
BOISE AND FAYETTE VALLEYS, IDAHO.“
BOISE VALLEY.
With the exception of the Upper Snake River Valley, the Boise
Valley contains the largest single body of irrigable land in Idaho—a
tract nearly 60 miles in length from east to west, and from 10 to 25
miles wide, containing nearly 400,000 acres. The soil over the greater
part of this area is deep and fertile, and the valley being situated at a
reasonably low altitude, from 2,500 to 2,800 feet, there is a wide range
in the products. Three cuttings of hay are made wherever water is
applied late in the season, and apples, prunes, and the more delicate
fruits of this latitude are grown successfully.
This valley is watered by Boise River, a tributary of the Snake.
The watershed of this stream has an area of about 2,450 square miles,
«See also report by Mr. Ross In First Ann. Kept. Reclamation Service. pp. 163-196.
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and lies on the western slope of the Sawtooth Mountains. Along the
upper tributaries of the river there is a good supply of timber, but
the mountain slopes are generally steep and precipitous over a large
portion of the area. The altitude of the drainage basin varies from
5,000 to 12,000 feet. The snows are deep in winter and the _ood discharge occurs during the months of May and June, in some years
lasting until well into July.
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Flo. 25.—Drainage area and irrigable lands on Boise and Fayette rivers.
IRRIGATION DEVELOPMENT.
The _rst canals diverting water from Boise River were constructed
for the purpose of irrigating the lands of the _rst bottoms. The river
is broad and shallow, with low banks, and having a fall of almost 8
feet to the mile throughout nearly the entire length of the valley, it
was easy to divert water to the _rst bottoms at nearly any point in
its course.
i
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The _rst bottom is from one-half to 2 miles wide, and the greater
portion of it is _rst-class arable land which furnished the only irrigated
farms for the early settlers until the more dif_cult task of conducting water onto the high bench lands on the south side of the river had
been accomplished. This bench lies from 40 to 75 feet above the _rst
bottom at its lower edge, rising gradually toward the south, forming a ridge between Boise and Snake rivers which reaches a height of
from 200 to 500 feet above the latter stream, toward which it
slopes abruptly.
The surface drainage of these bench lands consists of a series of
shallow creeks and channels running almost parallel with and emptying into Boise River, a_'ording unusual facilities for distributing the
water used in irrigation. The lands on the north side of the river slope
graduallyfrom the _rst bottoms to the foothills without the clearly
' de_ned terraces that characterize the slopes on the south side. The
oldest canals in the valley are those which divert water to the _rst bottoms referred to. Water has always been used very liberally on these
lands, and to-day large tracts are almost ruined as a result of seepage
and over-irrigation. As a rule, the land has never been carefully leveled and prepared for irrigation. The canals are nearly all large, and
the duty of water is very low, even during the lowest stages of the
river, no particular attempt being made toward using the water with
economy.
The _rst “ bench” canals were constructed between 1888 and 1892.
These diverted the water to the lands on the south side of the river.
The principal canals constructed or extended over these lands during
these years were the Boise and Nampa, or “ Ridenbaugh” (extended),
the Settlers, the Phyllis, and the Caldwell canals.
The Ridenbaugh canal was extended in 1891 from a place on the
“bench” about 13 miles from the point of diversion to a point south
of Nampa, a distance of more than 50 miles. The canal has been
enlarged throughout its entire length several times since, and is now
the largest canal in southwestern Idaho, irrigating about 25,000 acres.
The lands irrigated by this system lie scattered from Boise to a point
about 10 miles southwest of Nampa. In distributing water to these
lands, more than 200 miles of main laterals are used. The loss of
water is, as a result, very great.
The Settlers canal was originally constructed, or partly constructed,
by the landowners between 1889 and 1891. It shortly afterwards
became the property of an individual who operated it until 1901 on a.
“rental” basis. Since 1901 it has been owned by the Settlers Canal
Company, Limited, which has enlarged the canal and continued its
operation chie_y on the rental plan.
The Phyllis canal was constructed in 1890 by the Idaho Mining and
TX700084304
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Irrigation Company for irrigation and mining purposes. "It was
operated for the latter purpose for only one season. In 1892 this canal
became the property of an individual who operated it on a “rental”
basis until 1902, when it was bought by the Pioneer Irrigatidn District. The upper portion of this ditch was enlarged by the district in
the spring of 1903. It is the plan of the district to continue this
enlargement from time to time until it shall have been given its full
capacity throughout its entire length.
The Caldwell canal was _rst constructed in 1889. It supplies water
for irrigation to the town of Caldwell and to a few farms in the
vicinity. In 1901 it was purchased by the Pioneer Irrigation District
and will shortly be enlarged and extended and be made a part of the
general irrigation system of that community.
The Riverside canal, a canal of later date than the ones _rst mentioned, is on the south side of the river near the upper end of the
Caldwell Canyon. It irrigates lands in what is known as the lower
Boise Valley. A small ditch was constructed along the present line of
this canal in 1888, but was never operated. In 1893 this ditch was
rebuilt and put into operation by a company which sold stock in the
canal to the irrigators. In 1897 it was sold to the present owners,
who have twice enlarged it and have continued the plan of making the
irrigators stockholders in the canal company.
The New York canal is the last canal on the south side of the river
and is the high line of the valley, heading about 3 miles above the
mouth of the Boise Canyon. This is a “community” ditch, being the
property of the landowners. This canal is in operation as far as Tenmile Creek, and when extended will follow the line shown on the map
(Pl. XXXVIII). About 7 miles west of the point where it crosses the
Oregon Short Line Railroad the ridge line between Snake and Boise
rivers is reached, when the grade of the canal will be dropped about
50 feet, or to the grade plane of the upper portion of the “Ridenbaugh” canal as extended through the “Farmers” lateral shown on
the map referred to. Thus it will be seen that all the land lying below
this point can be covered by either of these canal systems.
In no case has the construction of these canals involved any serious
- engineering dif_culty. In all cases water is diverted from the river
with nothing more than a simple wing dam. The New York canal
encounters some rock through the canyon referred to. All the canals
are obliged to traverse a few miles of steep sidehill ground in passing
from the _rst bottom of the river onto the bench lands. It was very
di_icult to maintain some of these canals at _rst along this hillside, but
they have all grown stronger with use, and it has not been necessary
to resort to _aming. The distributing systems from these canals are
TX700084305
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extremely simple, all the natural drainage channels being used as main
distributaries from which water is diverted without any dif_culty.
All the canals on the north side of the river were constructed by the
landowners, and with but one exception they are now all owned and
operated by the irrigators themselves.
ThesPerrault canal is the high-line ditch of the north side of the
river., It diverts at a point about 2 miles above Boise and delivers
water for the irrigation of lots in that place and to a few small farms
in the vicinity. It is operated on a “rental” plan. This is one of
the oldest canals in the valley.
The Farmers’ Union canal diverts water on the north side of the
river about 3 miles below Boise, and follows the base of the foothills
for a distance of about 25 miles, irrigating the bench lands of the Dry
Creek section. This canal was constructed by the farmers in 1895. It
is well located, covering practically all of the desirable land lying
between the foothills and the river.
The two Middleton canals take water from the river on the north
side about 14 miles below Boise, and water most of the lands of the
_rst bottom between that point and the Caldwell Canyon. These
canals belong to the landowners. An extension of one of them irrigates some of the bench lands near the mouth of Willow Creek.
The Seebre canal takes water from Boise River on the north side
near the lower end of the Caldwell Canyon, irrigating a strip of land
1 to 2 miles in width and about 18 miles long, reaching from Caldwell
to Snake River. This canal was built by the Idaho Irrigation and
Colonization Company, but was enlarged through the cooperation of
the farmers in 1897-98 and was purchased by them in 1902.
The foregoing are the principal canals of the Boise Valley. There
are a few small individual and community canals on the _rst bottom,
most of which have an early right to the water.
The following is a list of the canals just described, with the capacity
and acreage irrigated, and the area of irrigable land below the level
of each as it now exists, and below extensions which would be practicable. Several tracts on the south side have been excluded which
could easily be reached. These tracts would amount to nearly 40,000
acres.
TX700084308
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Principal canals of the Boise Valley.
Area. irrignble.
Name. Capacity. Aggie Under pres— (0:235:33:- Not “if”
ent works. and feasible vided or
extensions.
|
NORTH HIDB' Scam—feet. A ores. Acres. Acres. ,: Ame.
Permult..---...-.; ....... 30 1,000 1,000 1,000! ..........
Farmers’ Union ........... 200 4, 500 9, 000 9, 000 I. - . - - - - : . .
Middleton (two) .......... m 5, 000 6, 000 6,000 ' ..........
Seebre ................... 190 7, 000 16, 000 20, 000 l 4, 000
Other canals .............. 100 5, 000 5, 000 5, 000 , ..........
SOUTH SIDE.
New York ................ 200 2, 500 13, 000 30, 000 . 17, 000
Ridenbaugh .............. 450 25, 000 25, 000 125, 000 100, 000
Settlers ................... 175 7, 000 11,000 11, 000 ..........
Phyllis ................... 200 7, 000 24, 000 53, 000 29, 000
Caldwell ................. 75 1, 500 12, 000 12, 000 ..........
Riverside ................. 200 4, 500 7, 000 12, 000 5, 000
Other canals .............. 200 10, 000 10, 000 10, 000 ..........
Total ............... 2, 220 80, 000 139, 000 294, 000 155, 000
In the above table the capacity of the canals is based in some cases
upon actual measurements made when they were diverting their full
_ow; in others, upon capacities measured prior to recent enlargements.
All of the canals of the Boise Valley were‘measured very carefully
in June, 1809, by A. J. Wiley, under the direction of the State
engineer. At the time of measurement they were all diverting to their
full capacities. The total amount diverted at the time of this measurement was 1,740 second-feet. It is believed the capacities given in the
' foregoing table are conservative.
PAYE'ITE VALLEY.
As the possibilities in the way of further development in the Boise
Valley depend to a very great extent upon the utilization of certain
resources of the Fayette Valley abrief description of that section will
be given.
The Fayette Valley is perhaps one of the best-watered valleys of the
arid wrest, the natural _ow of the river being more than suf_cient for
the irrigation of all the lands which are susceptible of reclamation.
These lands have an area of about 85,000 acres, of which about 50,000
acres are provided with canals, 35,000 being irrigated.
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The largest body of desert land is situated at the upper end of the
valley on the north side of the river. Two plans have been consid—
ered for the reclamation of these lands. One plan proposes the construction of a canal diverting water from the south side of Payette
River at a point about 5 miles above the mouth of Squaw Creek, then
crossing the river below the junction of this creek, reaching the lands
at an elevation nearly 100 feet above the river at the head of the tract
of 'land in question. The other plan contemplates the construction of
a dam in the river at _a point about 6 miles above the town of Emmett,
at a site known as the Black Rock Canyon. This dam would raise the
water surface about 78 feet, at which elevation a canal would be
diverted onto these lands, irrigating about 95 per cent of the area to
be watered by the other plan. It is thought that a considerable
amount could be saved by the construction of a dam instead of a canal
through the canyon, besides a dam has the advantage of the splendid
facilities for a great power development. The latter plan will be
discussed in connection with the irrigation possibilities in the Boise
Valley.
IRRIGATION DEVELOPMENT IN THE FAYETTE VALLEY.
Practically all of the development of the Payette Valley has been
effected during the last twenty years, most of it within the last ten
years. All of the canals belong to the landowners, and, while they are
in nearly every case the result of small beginnings, they have all been
enlarged _nally to about their full capacities with water rights completely established.
The following table shows the principal canals of the valley, with
their present capacities and the area of irrigable land under each:
Principal canals of the Fayette Valley.
Name. Capacity. “35331?”
BOUTII SIDE. Second-feel. Acres.
Last Chance .............................................. 100 7, 000
Farmers’ Cooperative ...................................... 200 12, 000
Enterprise ................................................ 75 4, 00)
Noble ......... . ......................... . ................. 150 10,000 7
NORTH sum.
Lower Fayette ............................................ 160 13, 000
Small canals on _rst bottoms ............................... 100 4, 000
Total ............................................... 785 50, 000
It Will be observed from the map (Pl. XXXVIII) that all of these
canals divert water from the river at points below the site of the proposed dam, so therefore the amount which they are entitled to use
would always be available for the purpose of power development.
TX700084310
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EXTENSION OF IRRIGATION.
A study of the conditions in relatiOn to the extension of irrigation in
the Fayette and Boise valleys was begun in May, 1902, by the United
States Geological Survey, in cooperation with the State of Idaho, the
work being under the immediate supervision of- the State engineer.
This work was continued later under the provisions of the reclamation act.
STORAGE 0N BOISE RIVER.
The _rst work consisted of an investigation of the storage facilities
on the headwaters of Boise River. A thorough investigation was
made of every important tributary and branch of this stream, and a
survey was made of every basin that looked as if it might be converted into a reservoir. ‘
Flo. 26.—Boise River, South Fork, reservoir site. Idaho, west hall.
All the streams of this watershed are swift, and the surface of the
country is very steep, so the result of the investigation was not
encouraging, only three of the sites surveyed being worthy of consideration. Two of these are of very limited capacity, requiring high
dams. The remaining site, while of large capacity in comparison with
the other two, would require an exceedingly high dam (180 feet above
low water in the river), which would hardly be justi_ed under the
most favorable conditions, and owing to the fact that indications of
bed rock at the dam site are entirely lacking, its utilization is extremely
doubtful. This site is situated on the South Fork of Boise River,
near Joy’s ranch. The land covered by this basin has been set aside
for reservoir purposes by order of the Secretary of the Interior.
TX70008431 1
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One of the two other sites referred to is situated on Little Smoky
Creek, about 2 miles above its mouth, while the other is on the Middle
Fork of the Boise near the Alexander ranch. All of these sites are
shown on the map (_g. 25).
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FIG. ‘27.—Bolse River, South Fork reeen‘olr site, Idaho, east hall.
The following tables give the capacities of these reservoirs in acrefeet at the different contour intervals:
Capacity of South Fork reservoir.
H. Doc. 44, 52—2—20
Contour. Area. C___ior l Total capacity.
Feet. Acres. Ann-fed. l Acre-It'd.
10 27. 6 92 92
20 85. 1 563 655
30 1-13. 7 1, 144 1, 799
40 215. 1 1, 79-1 3, 593
50 305. l 2, 601 6, 19-1
{)0 442. 2 3, 736 9, 930
_ 70 637. 1 5, 396 15, 326
so 752.6 6, 943 22, 264
90 799. a 7, 762 30, 026
100 355. 6 8,257 33, 233
110 892. o s, 733 47, 021
120 947. 0 9, 195 56, 216
130 1,006.8 9, 769 65, 935
140 1, 094. 0 10, 504 76, 489
150 1, 194. 7 11,444 87,933
160 ' 1, 283. 1 12, 389 100, 322
170 1, 324. 8 13, 089 113, 411
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(hilarity of Little Smoky reamm'r.
Contour. Al'l'_. aways” Total capacity.
Fed. Am. A ere-fed. Am-fed.
10 5. 9 20 20
20 43. 4 246 266
30 61. 0 522 788
40 80. 3 706 l, 494
50 93. 8 870 2, 364
60 111. 3 1, 025 3, 389
70 133. 4 1,223 4, 612
80 159. 2 l, 463 6, 075
90 197. 1 1, 782 7, 357
100 229. 5 2, 133 9, 990
307
._-mw
I
coast—“133w
,---1l---Jlmo
--|r—--'|37w
%"rgr*43700
o I ' |
---r~r'13700
—L— _—|__—_L—__Jnm
100 250 no 350 MM
PLAN AND PROFltE 0F DAM IITE
Scale
I.” 2000 rm
Flu. 29.—Middle Fork reservoir site. Idaho.
TX700084314

308 SECOND ANNUAL REPORT OF RECLAMATION SERVICE.
Capacity of Middle Fork reservoir.
Contour. Area. (3293335?! Total capacity.
Rat. Acres. Acre-fact. Acre-feet.
10 10. 8 36 36
20 42. 5 267 303
30 83. 2 628 931
40 120. 8 1, 020 1, 951
50 150. 6 1, 357 3, 308
60 182. s 1, 667 4, 975
70 204. 6 1,937 6, 912
80 228. 4 2, 165 ' 9, 077
90 263. 6 2, 460 11, 537
100 295. 1 2, 794 14, 331
Investigations were next made of the storage possibilities along the
line of the upper canals diverting water on the south side of Boise
River. The most promising site was found on Deer F lat, about 7
miles southwest of Nampa, under the line of the Ridenbaugh canal.
This basin is shown in fig. 31. Several other basins exist under the
line of this and the New York canal, all shown on the map, Pl."
XXXVIII. These sites have been surveyed by the canal companies
The following table shows the capacities of the Deer Flat reservoir
site and the other basins referred to:
The capacities of the Deer Flat and other storage basins in the Boise Valley.
N ame. Location. gggg" (11:11:35,223; __iif. ‘ Cami (5'.
Feet. Rat. Acres. Acne—fat
Deer Flat ....... Upper .......... ' ..... 55 3, 100 2, 971 | 45, 6C!)
Deer Flat ....... Lower ................ 25 4, 500 2, 006 2‘2, 900
No. 1 ........... Under Ridenbaugh 28 3, 000 485 6, (I!)
canal system.
N o. 2 ................ do ............... 48 1, 300 385 4, 000
No. 3 ................ do ............... 25 800 ' 240 , .3, 000
No. 4 ........... Under New York canal. ....... . .................... I 5, 000
No. 5 ................ do ............... 24 8, 870 667 | 9, 900
Total ........................................................ I 96, 400
The total capacity of all of these storage basins is 96,400 acre-feet.
All of the embankments will be constructed of earth. none being of
great height, and the development of these sites should be entirely
feasible. '
TX700084315
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\Vhile these storage facilities, if fully developed, would afford the
means of greatly increasing the area of land irrigated late in the season, they are still inadequate for the reclamation of the immense area
of irrigable lands in this valley. A survey was therefore made to
ascertain the feasibility of a plan for increasing the water supply of
the Boise Valley by diverting water- from Fayette River by a canal
and conducting it onto the lands of the lower Boise country, which
would otherwise have to be irrigated by Boise River.
A canal survey was made on the south of Fayette River, beginning
at a point known as the Black Rock Canyon, about 6 miles above the
town of Emmett. At this point there is a natural site for a dam, by
means of which water could be diverted onto both sides of Fayette
River. This canal line follows the lower edge of a steep slope along
the south side of the Fayette Valley, reaching a low gap in the ridge
between it and the Boise Valley, at a distance of about 30 miles from
the proposed point of diversion. It was hoped that it would be found
possible to pass through this ridge without heavy work and reach the
Boise slope at an elevation high enough to irrigate a large acreage of
desert land situated above the line of the Seebre canal. It was found
that a long tunnel (from 7,000 to 10,000 feet in length) would be necessary in order to cross over to the Boise slope and that only a limited
acreage of vacant land could be irrigated. Water could easily be
delivered to the two lower canals of the Boise Valley, the Riverside
and Seebre canals, but the acreage that would be bene_ted would perhaps be too small to justify the expense, in view of the fact that it
could all' be irrigated from Boise River during the early part of the
irrigating season.
BAND HOLLOW REBERVOIB SITE.
An investigation was next made of a plan for diverting ,the water of
Boise River onto the same lands with a larger area added, these waters
to be used during the early part of the irrigation season, the supply
to be supplemented by storage and by the waters of Fayette River
during the latter part of the season. A canal survey was accordingly
made, beginning at a point on the divide between these rivers near
the head of Sand Hollow, at an elevation of about 86 feet above the
grade of the tunnel line referred to. From this point the line was
run up the valley, reaching the river near the head of Eagle Island,
a distance of 60 miles. The conditions for the construction of a canal
along the line of this survey were found to be very favorable, as the
material is earth with easy slope.
Trial lines were also run extending the grade lines of the Perrault
and Farmers’ Union canals. A great deal of very rough ground was
encountered along the extensions of these canals, the fall of the controlling ridge line necessitating drops on each before the main body
of irrigable land was reached, so it was decided that it would not be
TX700084316
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feasible to reach the lands by either of these routes. These surveys
are ShOWn on the map. (Pl. XXXVIII.)
The survey of the canal line from the head of Sand Hollow was
extended westward on both sides of the ridge, one line on the Boise
slope, the other on the Fayette side. It was found that the upper
portion of Sand Hollow could be converted into a reservoir basin with
a maximum capacity of 39,000 acre-feet by the construction of an
earthen embankment. .
' The water surface of this reservoir when full would be on a level
with the bottom-gradeof the canal at the head of Sand Hollow, and
would he 78 feet above the surface of the water in the south side of
Fayette canal opposite that point. Several other sites along the canal
line were surveyed in the hope that they could be developed for storage
purposes, but it is not likely that any of these will be found practicable, on account of the great height of dams which would be necessary.
These sites are shown on the map. (Pl. XXXVIII.) The Sand Hollow site is shown in detail on fig. 30. The capacity of this reservoir
is shown in the following table:
Capacity of 301101 Hollow reservoir.
Contour. Acres. Ctpa_gy-of Total capacity.
Fer . Acres. A (‘rroft’t‘h Acre-fret.
10 20. 65 78 78
20 7 103. 25 620 698
30 289. 10 1, 962 2, 660
40 539. 85 4, 145 6, 805
50 873. 20 7, 065 13, 870
60 l, 250. 80 10, 620 24, 490
70 1, 678. 50 14., 647 39, 137
As may be seen from the map, the construction of this reservoir
would interfere with the construction of a tunnel through the ridge, as
the outlet of the tunnel would be near the upperend of the depression
occupied by the reservoir. The development of the reservoir appears
to be necessary if it should be deemed desirable to reclaim any large
amount of land in this locality, so if this plan should ever be carried
out the tunnel project would probably be abandoned.
The plan which appears most feasible is to provide for the utilization
of the _ood waters of Boise River for the early irrigation of the lands
on the Boise side of the divide. Storage. facilities in Sand Hollow,
and the waters of Fayette River, which could be pumped over the
ridge. at this point, would provide for late irrigation.
The possibilities here discussed are based upon the construction of
a canal of large capacity taking water from Boise River, about on the.
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line shown on the map. (Pl. XXXVIII.) This canal should have a
capacity of about 1 second-foot for each 60 acres of land to be irrigated,
or, say, 650 second-feet, with an additional capacity of 100 secondfeet, or enough to supply the losses which would occur in the reservoir
after May 1 of each year.
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s wFIG. {IQ—Sand Hollow reservoir site, Idaho.
As a part of this plan a dam should be constructed in Fayette River,
at the point referred to, high enough to raise the water level about 78
feet. About 20,000 acres of land lying on the north side of the river
just west of this point, as shown on the map referred to, could be irri—
gated by a canal diverting above the dam. A. canal diverting from
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the river at this point could be constructed on the line shown on
the map.
This canal would also irrigate 20,000 acres of land on the south side
of Payette River, of which about 5,000 acres lie between the point of
diversion and the head of Sand Hollow, and 15,000 acres are west of
that point, south of the upper canal of the lower valley. The canal
should have a capacity at its head of 550 second-feet, which should be
reduced to 500 second-feet near Sand Hollow, and reduced still more
from that point to its lower end.
At a point opposite Sand Hollow a pumping plant could be erected
capable of lifting 350 second-feet a height of 78 feet, or to the level
of the water in the reservoir on the Boise side of the ridge. This
reservoir would be _lled and kept full until, say, June 15, by the
north side Boise canal. The water of the reservoir could be drawn
off after July 1 for irrigation during July and August, the amount
being supplemented by 350 second-feet which could be pumped from
the south side Payette canal. Plenty of power could be developed
for the purpose at the dam site on Payette River.
It would probably be necessary to utilize Payette Lake for storage
purposes in carrying out this plan. This lake is situated near the
headpf the North Fork of Payette River and has an area of about
5,000 acres. As will be seen from the table of canals in the Payette
Valley, the amount of water which would be needed for irrigation is
785 second-feet. For the irrigation of the lands on the north side of
the river, 300 second-feet would be required, with 550 second-feet for
the south side canal, making a total of 1,635 second-feet. The _ow of
Payette River has never been measured regularly, but the records of
its discharge made during 1895, a season of very low water, by the
United States Geological Survey, show a minimum _ow during the
, month of August of 965 second-feet. This measurement was made at
a point about 2 miles above its mouth, below all irrigation. About
560 second-feet was diverted for irrigation that year, which would
givea minimum _ow at the dam site of 1,465 second-feet, or 175
second-feet less than the full amount required to carry out the plan
under consideration. But 785 second-feet of this would be required
below the dam site for irrigation purposes, which amount would
develop nearly all the power that would be required to pump the 350'
second-feet.
Extreme low water does not occur on Payette River until late in
August, so its natural _ow would only have to be increased for a short
period, perhaps not more than thirty days. A dam could be cheaply
constructed near the outlet of Payette Lake to raise the water level 10
feet. This would give a storage capacity of more than 50,000 acrefeet, which would add more than 800 second-feet to the _ow of the
river for a period of thirty days, or 400 second-feet for sixty days,
which would be enough for every purpose.
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In the construction of the south side Payette canal, it would be necessary to cross the track of the Idaho Northern Railway. Before the
crossing is reached the canal and the railroad would run close together
along the face of a very steep hillside; The canal could be carried
through the hill in a tunnel, thus avoiding the railroad. The crossing
could be made below the grade of the railroad. The tunnel would be
about 3,000 feet in length.
POSSIBILITIE OF RECLAMATION.
Under the plan proposed the north side Payette canal would irrigate
20,000 acres; the south side Payette canal would also irrigate 20,000
acres, or altogether 40,000 acres.
A dam would be constructed in Payette River having an abundant supply of water for the development of power for all the needs
of irrigation and for other industrial purposes. A supply of water
could be delivered to the lands of Boise Valley, which, with the
water stored in the reservoir in Sand Hollow, would be suf_cient for
the late irrigation of 72,000 acres. These lands would obtain water
for their early irrigation from Boise River. Of this area 32,000
acres could be irrigated by extending the Seebre and Riverside canals.
These canals now irrigate about 11,500 acres, but of late years no
water has really been available for these tracts after the end of July.
These lands are of excellent quality, and at present command about the
highest market value of any lands in the Boise Valley, and their value
would be greatly enhanced if a water supply were provided during
the latter part of the season. The remaining 40,000 acres are desert
lands lying north of the Seebre canal. These lands have a splendid
soil, and when reclaimed would be worth from $50 to $100 per acre.
So the project, if carried out, would provide for the reclamation of
80,000 acres of desert lands not provided at present with any facilities
for irrigation, and would increase the water supply for 32,000 acres
more. This would add «10,000 acres to the irrigated area in the Boise
Valley and would provide water from Payette River for the late irrigation of 72,000 acres in this valley.
In estimating the possibilities under this project a very liberal duty
of water has been allowed, under the conditions which exist in all cases.
The north side Payette canal would have a capacity based upon 1 second-foot for each 67 acres of land to be irrigated. This amount of
water would be available throughout the entire season. The south
side Payette canal would have a capacity of 1 second-foot for about 60
acres of land until the 1st of July, when there would be available a
supply of 1 second-foot for each 100 acres, counting all the land as
being in cultivation; but a large percentage of the land—say 40 per
cent—would be sown to grain, whose last irrigation would occur before
that date, so there would really be a supply of 1 second-foot for each
60 acres irrigated throughout the season. On the Boise side a capacTX700084320
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ity of 1 second-foot would be provided for each 60 acres irrigated by
the north side canal. This supply would last from June 15 to July 1,
or until the last irrigation of grain, when fully 40 per cent of the lands
using water would be laid aside for the season, leaving 60 per cent of
the total area of 72,000, or 43,200 acres, to be supplied by storage from
Fayette River, so that practically all the land requiring irrigation
would be furnished an abundant supply while it is needed.
COST OF EXTENSIONS.
The following is an estimate of the cost of these works:
Estimated cost of Fayette Valley irrigation project. ,
Dam in Fayette River (masonry) ...................................... $225, 000
North side Fayette canal .............................................. 100, 000
South side canal to pumping plant, $584,000, one-half charged to Fayette
lands .............................................................. 292, 000
South side canal beyond pumping plant . . - -. ........................... 90, 000
Total .......................................................... 707, 000
Acres to be irrigated, 40,000.
Average cost per acre, $17.67.
Estimated cost of _ood and late water system for north side of Boise River.
North side Boise canal...-.-.-_----.....--.-. ......................... $593,000
F ive-ninths of cost of one-half of south side Payette canal ...... $162, 223
Five-ninths of cost of pumping plant ......................... 166, 666
Five-ninths of cost of Sand Hollow reservoir .................. 83, 333
—— 412, 222
Total .................. _ .......... - ............................ 1, 005, 222
Acres to be irrigated, 40,000.
Average cost per acre, $25.13. '
Estimated cost of late water system for lower Boise lands.
Four-ninths of cost of one-half south side Fayette canal ........ $129, 778
Four-ninths of cost of pumping plant ......................... 133,333
Four-ninths of cost of Sand Hollow reservoir .................. 66, 667
Distribution from reservoir to head of Seebre and Riverside canals ...... 50,000
Total .......................................................... 379, 778
Acres to be bene_ted, 32,000.
Average cost per acre, $11.87.
Summary statement of cost.
. A C t
( 09" lrrlgcdftszd. target
Fayette system ................................ $707, 000 40, 000 $17. 67
North side Boise flood and late-water system. -.- 1,005, 222 40, 000 25. 13
Lower Boise lands late-water system ............ 379, 778 32, 000 11. 87
Total ................................... 2, 092, 000 112, 000 18. 68
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In the foregoing estimates of cost the dam in Payettc River is
charged to the lands of the Payette Valley, as their reclamation alone
fully justi_es this expense. One-half the cost of the south side
Fayette canal is also charged to the irrigation of these lands and onehalf to the late~water system, covering 72,000 acres in the Boise
Valley. Five-ninths of the latter amount is charged to the 40,000acre tract in the Boise Valley and four-ninths to the lands under the
Seebre and Riverside canals. The same division is made of the cost
of the reservoir in Sand Hollow.
The average cost per acre for the reclamation of 40,000 acres of
land in the Fayette Valley is $17.67; for 40,000 acres in the Boise
Valley, $25.13, and for 32,000 acres under the Seebre and Riverside
canals, $11.87 per acre. The estimated cost of the entire system is
$2,092,000, or an average cost of $18. 68 per acre for 112,000 acres.
Improved lands under the Seebre and Riverside canals now sell for
from $50 to $125 per acre. Improved lands under the Fayette Valley
canals sell at prices ranging from $65 to $150 per acre, while unimproved lands under these systems have been selling readily during the
past year at from $40 to $50 per acre.
All the irrigated lands in the Fayette Valley have an abundant supply of water throughout the irrigating season. The lands below the
Seebre and Riverside canals have but little water after August 1 of
most years. It is very doubtful if more than 10 per cent of the total
area under these systems, 32,000 acres in all, can safely count upon
obtaining water from Boise River after this date, even after a proper
allotment of the _ow shall have been made by the courts; so the irrigators of a very large section of country will soon be deeply interested
in the matter of increasing their water supply.
SOUTH SIDE OF THE BOISE VALLEY.
In Boise Valley the area under present works and feasible extensions
is 294,000 acres. This includes 146,000 acres for which no provisions
have at present been made The plans of the Pioneer Irrigation District contemplate the reclamation of only 36,000 of the 65,000 acres
which could be covered by this system—the Phyllis and Caldwell
canals. The New York canal at present covers only 13,000 of the
30,000 acres, which is within easy reach of a short extension, while
the Ridenbaugh has been diverting water to its fullest capacity for
several years past, and so far has made no plans for further enlargement or extension. The area referred to, lands for whose irrigation
no provision has yet been made, is all on the south side of the river
and can all be irrigated by extensions of the canals described—all of it
by the New York canal, and most of it by the Ridenbaugh. If we add
to this area the 40,000-acre tract on the north side of the river under
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the Fayette-Boise project, we have an area of 186,000 acres in ‘the
Boise Valley for whose irrigation no steps have yet been taken. '
There are really more than 400,000 acres of good land in the Boise
Valley that could be irrigated by the canals described, provided they
were enlarged and extended and an adequate supply of water were
available during the latter part of the season. So the estimate of
334,000 acres, upon which the following discussion of the water supply
is based, is a very conservative estimate of the area of irrigable land
in this valley. ' ‘
WATER SUPPLY OF BOISE RIVER AND THE POSSIBILITIES OF ITS
UTILIZATION.
DISCHARGE.
The diagram (Pl. XXXIX) shows graphically the discharge of Boise
River in second-feet from 1895 to 1902, inclusive, from measurements
made by the United States Geological Survey. The dotted lines representing the discharge of the river show the _ow as recorded each
day during this period and are platted on the same sheet in order that
comparisons may be made of the periods of maximum and minimum
discharge. The heavy line shows the mean _ow of the river during
this period, that is, the mean discharge during the ordinary stages of
_ow, the following measurements not being regarded: From May 26
to July 20, 1896; April 10 to 18, 1897; April, May, June, and July,
1899, and June 5 to 15, 1902, these being the peaks of high _oods, it
being thought best to base the estimate of available supply upon the
ordinary _ow of the river, as there would be no facilities for storing
any great amount of the _ood waters.
It will be seen that, leaving out the seasons of extreme high water,
the period of mean greatest discharge occurs during the month of May,
the rise beginning about the second week in April, the water gradually
reaching the lowest level about the last week of July. The mean discharge during the month of August varies but little from the extremes,
if we count out the year 1899, and the same may be said of the month
of September, not excepting the record for any year.
The diagram also shows the seeding, haying, and harvesting periods;
also the length of the irrigation season.
Water is general] y turned into the canals about the middle of April,
but irrigation does not usually begin until about the _rst of May and it
ends by about the last of September. From measurements made during the distribution of water from the Ridenbaugh canal system in
1901 over an area of about 25,000 acres, it was found that the season’s
supply was distributed as follows: April, 7 per cent; May, 17 per cent;
June, 18 per cent; July, 20 percent; August, 20 per cent; September,
1-1 per cent; and October, 4 per cent. But it is estimated that not.
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more than 15 per cent of this is sewn to grain, about 75 per cent being
devoted to the growing of hay, which requires heavy irrigation during
July and August, the irrigation of the grain practically ending by
June 30.
It might be stated in this connection that if the acreage of irrigated
land is to be greatly increased in this valley it will be necessary to
increase the percentage of the area sown to grain. The area sown to
grain or to some other crop requiring a short season’s irrigation should
be at least 50 per cent of the whole, and this could be done to good
advantage, as there would be a splendid opportunity of rotating this
crop with alfalfa, which is the natural fertilizer of these lands. In
this way the fertility of the soil could be renewed and a much larger
acreage of land kept under irrigation by the natural _ow of the river.
The heavy dotted line on the diagram referred to indicates the available supply of water as it would be increased by the seepage or return
-_ow into the river from irrigation when the diversion for that purpose
shall have reached the maximum. This amount is based upon the result
of measurements which have been made of the seepage _ow of Boise
River from 1898 to 1901, inclusive, by the United States Geological
Survey. The mean amount of this seepage is also indicated on the
diagram by the _ne dotted line and is shown by the following table:
Sewage water _owing into Boise River from 18.98 to 1901, inclusive.
SecondJeet.
1898 ....................................................................... 260
, 1899 ....................................................................... 369
1900 ....................................................................... 380
1901 ........................ - ............................................. 259
Mean ................................................................ 317
The foregoing table shows a mean seepage discharge into Boise
River for the years mentioned of 317 second-feet. The area actually
irrigated adjacent to the section of the river where these observations
were made varied during that time from 50,000 to 65,000 acres. The
seepage from a large portion of this collects in Indian Creek and discharges into the river below this section. When all the plans providing for the extension of irrigation on the south side shall have been
completed more than three times this area will be under irrigation,
and there should be a corresponding increase in the seepage _ow. ’ A
large part of this seepage water would be collected in the surface
drainage channels, as Fivemile, Tenmile, Mason, and Indian creeks, and
would all be available for use. There has been actually diverted for
use during the years mentioned an average of 1,800 second-feet during
the period of greatest use. The average seepage _ow would be nearly
18 per cent of this amount. It is estimated that the maximum diversion for irrigation may ultimately reach 6,000 second-feet; in that case
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the seepage _ow would amount to about 1,000 second-feet, or about 17
per cent; practically all of it would be available for irrigation. There
would then be available for use the mean discharge of the river, represented by the heavy line on the diagram, plus the seepage _ow, the
total amount being represented by the heavy dotted line.
If the total diversion for irrigation should ultimately be 6,000 second—
feet, as indicated on the diagram, this—amount could be supplied until
about J une 15, which is shortly after the beginning of- the _rst cutting
of hay. This period of haying is also indicated on the diagram, extending from J une 5 to about July 10, the _rst half covering the _rst cutting of alfalfa and the last the _rst cutting of timothy and clover.
With a larger percentage of land seeded to grain than there is at
present, a larger percentage of the season’s supply of water would be
used during the month of June. This month would then become the
period of greatest use of water, during which time we will assume
the maximum amount of 6,000 second-feet would be diverted from the
river. It will be seen from an examination of the diagram referred to
that this amount could not be furnished by the river during ordinary
_ow, but a small volume would have to be supplied by storage. The
stored water would have to be drawn on about J une 15, the amount
required during the month of June, in order to supply all the needs,
being 20,000 acre-feet. The irrigation of grain would be practically over by the 1st of July,
after which one-half the area of cultivated land would not require
water for the season. By making generous use of the _ood waters of
the river during June all the land whose irrigation is to be continued
throughout the season would be in good condition to withstand a shortage in supply, and from this time on a much higher duty should be
attained. Allowing for the diversion of the same amount per acre
during ‘July and August as in June a continuous supply, amounting to
3,000 second-feet, would have to be furnished. This amount would be
more than the mean supply furnished by the river, and its _ow would
have to be supplemented by the supply stored in the reservoirs, about
14,000 acre-feet being required during July and 62,000 during August,
or a total of 76,000 acre-feet. This, with the 20,000 acre-feet which
would be required during the month of June, would make a total of
96,000 acre-feet which would have to be provided. These basins would
have to be _lled by canals diverting from the river from about March
15 to April 30, and practically all the water would be drawn off by the
end of August, or within a period of about seventy»_ve days, so the
loss from evaporation would not be great, probably not more than
2.5 feet over a water surface averaging, say, 3,000 acres, or 7,500
acre-feet. Assuming that the seepage loss would amount to as much
more, there would be required a gross capacity of 111,000 acre—feet.
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As it would be quite possible to provide a reservoir capacity of 39,000
acre-feet on the north side of Boise River and about 100,000 on the
south, it will be seen that it would be practicable to carry out this
plan so far as reservoir capacity is concerned.
With the relation established between the amount of water required
during the ditferent seasons and the available supply, the question is,
How many acres of land can be reclaimed in this valley? If a capacity
is provided in the main canals of 1 second-foot for each 60 acres of
land to be irrigated, the 6,000 second-feet, the amount upon which
this estimate is based, would irrigate 360,000 acres. This supply
would be available until the let of July, 3. small portion being supplied by the reservoirs. According to the basis of the estimate onehalf of the area would be sown to grain, which would not require irrigation after the last of June, reducing the area to be irrigated to
180,000 acres, for which a full supply would be available up to the last
of August. The only supply available after this date would be that
furnished by the river.
DUTY OF WATER.
The duty of water assumed for the early part of the season is very
low, but this is the period when every acre under cultivation would
require water, and a liberal amount should be furnished in order that
the best results might be attained and losses minimized during the
hotter part of the season. The same average allowance per acre is
made for the period during July and August. This may appear
extravagant, but it should be remembered that the greater part of the
water _owing in the river during these months would belong to some
68,000 acres of the lands now under cultivation. It would not be safe to
assume that the duty would be increased any in the irrigation of these
lands, and, adding the greater losses which would occur during these
hot months, the average duty would be much higher than is here indicated, while the duty actually attained on new lands would probably
be as high as 80 or 90 acres to the second-foot. There is no doubt
that under the system which would be established it would be feasible
to attain a higher duty than this, but for the purpose of this estimate
it was not thought best to make such assumptions.
Irrigation would have to end the last of Augustrover the greater
portion of the lands brought under cultivation by this enlarged system. There would be water as at present for the area now being
irrigated, and the increased supply due to seepage would also be available. This would _x the limit of the area that would have water for
late irrigation until the community became wealthy enough to extend
the storage facilities through the utilization of the more expensive
works in the mountains, if they should ever be considered feasible. '
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The estimate of _rst-class irrigable land in the valley is placed at
334,000 acres, throwing out all lands that are at all inferior. The
possibilities with the water supply which would be available provide
for the early irrigation of 360,000 acres, thus leaving a margin of
safety of 26,000 acres.
CAPACITY OF CANALS.
No serious engineering di_iculties would be encountered in utilizing
the flow of the. river on the scale indicated. Either the New York
canal or the Ridenbaugh canal could be enlarged to suf_cient capacity
to serve as a main canal for the south side lands. Other canals would
probably have to be enlarged. somewhat, but a principal canal could
be constructed which would divert all the water belonging to these
lands during the low stages of the river, as there is no doubt that a
. large amount could be saved by taking water out of the gravelly bed of
. the river during the hot months. This supply could easily be distributed to the lower canals through the natural drainage channels on the
bench lands with a minimum loss. The lower canals would divert
nothing but the seepage water during this season of the year.
The main canal on the south side of the river should have a capacity
of about 3,200 second-feet, 200 second-feet of this capacity being
required for supplying losses in the reservoirs. These basins could
be _lled from March 15 to April 30, or before the demand for irrigation became great.
The main canal would be about 100 miles long and would distribute
waterto about 180,000 acres of land. The construction would be pincticall y all in earth, although in places hardpan would be encountered.
The cost, including diversion works, should not exceed $1,500,000, or
at the rate of $8.33 per acre. The capacity of the canal and the
amount of land over which the cost would be distributed would, however, depend upon its location and the relation which it would hear to
existing works.
STORAGE REEBRVOIRS.
The embankments of all the reservoirs would be of earth, which
could be handled without any dif_culty. An estimate of the cost of
construction of the earthen dams for the Deer Flat reservoirs here
given is based upon a cross section of an embankment 25 feet wide
on top, with side slopes 3 to 1, and the use of modern machinery for
handling such material.
The dam of the upper site would be 55 feet high and 3,100 feet long
on top. The dam of the lower site would be 23 feet in height and
4,500 feet long. These sites are shown in detail in fig. 31, and the following tables show the capacities at different contour intervals:
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Capacity of upper Den F [at reservoir.
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ICon tour. Area. : Ctgf_lgaof Total capacity.
I'M. A crew. A (Tr-fed. A err-fret.
] O 96 320 i 320
20 368 2, 320 ‘ 2, 640
30 S90 6, 295 l 8, 935
40 1, 736 13, 130 f 22, 065
50 2, 971 23, 535 45, 600
('uurm'ly of lower Deer Flat reservoir.
tuntuur. Arcu. (Iggfiiégyf I Total capacity.
Fat. Arrrs. Acre-fret. Acre-fed.
30 40 0 0
i 2 290 330 330
35 729 1, 523 1, 858
40 l, 169. 6 4, 7-16 6, 604
45 1, 608 6, 944 13, 548
.50 2, 006. 4 9, 036 22, 584
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The basins would form, in reality, one reservoir; the bottom of What
is called the “lower site” (being farthest down the valley) would be
about 30 feet higher than the “upper site,” but the water would over_ow from the upper basin into the lower one when raised to its highest
level.
Extimute of mat of Deer Flu! realm-coir mnlumkmmts.
UPPER RITE.
610,000 yards earth, at 15 cents .......................................... $91, 5t!)
Outlet pipes, culverts, gates. etc ......................................... 10, (XI!
Total cost ........................................................ 101, 500
Capacity of reservoir, 45,600 acre-feet. Cost per acre-foot, $2. 22.
LOWER BITE.
220,000 yards earth, at 15 cents .......................................... $33, 000
Outlet. pipes, culverts, gates, ctc ......................................... 5, 500
Total cost ................................................. . ...... 38, 500
Capacity of reservoir 22,900 acre-feet. Cost per acre-foot, $1-68.
Estimate of (rust of other resmroira on the south aide of Boise River.
No. 1, under Ridenbaugh canal .......................................... $25, 000
No. 2, under Ridenbaugh mnal .......................................... 13,030
No. 3, under Ridenbaugh canal .......................................... 7,000
No. 4, under New York canal ........................................... 50, 000
No. 5, under New York canal ........................................... 30, 000
Total ............................................................ 125, 000
The estimates of the cost of the other reservoirs given in the foregoing table were furnished by the canal companies which expect to
utilize them and amount to $125,000. The total capacity of these
basins is 30,900 acre-feet, and the average cost $4.05 per acre-foot.
The total cost of the system on the south side would then he——
Canal .............................................................. $1, 500, 000
Reservoirs .......................................................... 265, 000
Total ......................................................... 1, 765, (II)
As before stated, the exact distribution of these expenses would
depend upon the relation which this system would hear toward the
other canals of the valley.
1‘“ ESE-INT DEV 1-11.01’.“ ENT.
So far dcvclopn‘lent has gone forward on the south side of this
valley chie_y through the instrumentality of private capital. As
investments, these enterprises have been complete failures. This has
been due to two principal-causes; _rst, the wrong basis established for
the relation which should exist between the irrigator and the canal
owner; second, the extreme narrow ness of the plans themselves, which
has been in reality the principal cause of all.
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With one of the largest bodies of irrigable land in the West to be
reclaimed, a system of canals has been laid out and extended from
time to time, with capacities entirely inadequate to supply the demands
of the land. Oceans of water have been going to waste during nearly
every high stage of the river, While under some of the canals the hot
season has been entered with much of the land su_'ering from want of
water.
The canal capacity has for a long time been measured by the lowwater _ow of the river, the result being that the right to use the comparatively limited supply of water at this stage has been dedicated
through such use to a comparatively limited acreage of land and no
effort has ever been made to attain a high duty for this water, nor has
a. voluntary effort, as a rule, been made by the irrigators to even
use it without waste. So the work of further development, if ever
undertaken on a large scale, will probably be done with more or less
sacri_cing of misapplied energy of the past, and conceding of rights
based upon wasteful practices. But if such work should ever be
undertaken in a small way there is great danger that some of the most
serious mistakes made by the early promoters will be repeated.
SUMMARY.
The following is a brief summary of what could be accomplished in
the Boise Valley through the utilization of such natural resources and
facilities as are now at hand, and by coordinating the plans for similar
development along Payette River.
(1) By constructing a large canal as has been described, on the south
side of Boise River, and utilizing such storage facilities as could be
easily developed, an early supply of water could be distributed to
about 180,000 acres, and a late supply provided for about 100,000
acres more than are receiving water at the present time.
(2) By constructing acanal from the north side of Boise River, and
a reservoir at the head of Sand Hollow, 40,000 acres of desert. land
could be reclaimed on the north side of the Boise Valley.
(3) By constructing a dam in Fayette River, and running diverting
canals from the same, 20,000 acres of land could he irrigated on the
north side of Fayette River, and 20,000 acres on the south side, while
an enormous water power could be developed, which could be used as
a means of supplementing the water supply for the late irrigation of
72,000 acres of land in the Boise Valley. The present irrigated area
in the Boise Valley could be increased from 80,000 to 334,00) acres,
while 40,000 acres could be added to the irrigable area in the Fayette
Valley.
Referring again to the diagram (Pl. XXXIX), it will be noted that
the mean _ood discharge occurs during the month of May, continuing
almost late enough for the early irrigation of the entire area of irrigable land of the valley, only a comparatively small amount of water
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having to be supplied by storage. The watershed of Boise River consists of very steep mountain slopes over nearly its entire area. A
large part of this watershed is now timbered. How long it will be
allowed to remain in that state is a question of great importance to the
irrigator, for if the average period of this discharge occur but two
weeks earlier in the season, it should be easily seen that, having
practically no facilities for storage on the headwaters, and but meager
ones at best in the valley, the opportunity to produce early crops on a
vast area of land would be lost, and a great surplus of water would
_ow uselessly to the sea. These timbered mountain slopes and
gulches are not agricultural lands, but are the only mountain lands
upon which timber will grow. The people of the. valley will always
require timber, and these lands should always supply that demand,
but if all the merehantable timber should be removed in a wholesale
way, as the merehantable timber in other sections is being cut, the
fortunes of this community may be greatly affected thereby. In the
_rst place, the supply of timber which should be theirs to use for all
time will no longer exist, and with it will be removed, under the conditions which prevail, the only protection that can ever be a_'orded
the water supply, the only regulator of its _ow. If it is desired,
therefore, to have the irrigation resources of this valley developed,
steps should be taken at once for the creation of a forest reserve for
the protection of these timbered areas.
CONCLUSION AND GENERAL RECOMMENDATIONS.
Investigations made by the reclamation service in Idaho during the
last season indicate that it would be feasible to reclaim 200,000 acres
of land in the upper Snake River Valley, from 120,000 to 1504]!)
acres in the lower Snake River Valley, and more than 300,000 acres
in the Boise and Payette valleys, or a total of more than 600,000 acres;
that. these lands are all excellent in quality and capable of supporting
a very dense population: that the cost of these works would be comparatively reasonable, the outlay being fully justified by the high value
which the lands would have after their reclamation; and that any or
all three of these projects would be considered feasible under the pmvisions of the reclamation act. It is believed that the development
of these resources would increase the wealth of the State by from
$60,000,000 to $1t'10,000,000 and provide for the support of half a
million people. ,
Fayette-1304296 projects—Owing to the conditions which exist in the
Boise Valley—its vast area of unimproved land, its abundant water
supply for early irrigation, and the impossibility of fully developing
these resources through so-called “private enterprise,” or even through
community effort, by reason of the great expense involved (they would
probably never be completely utilized if developed piece by piece)—
great bene_t would undoubtedly result should the construction of
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works for the utilization of these resources be undertaken by the
Government. Fully 20,000 people would be immediately bene_ted,
while homes for many times that number would be provided in the
Boise and Payette valleys. '
But in order to carry to completion a comprehensive plan for the
full development of these valleys, many interests which are now
opposed would have to be consolidated. Should the landowners of
the Payette Valley desire to have the Government build the works
which are necessary for the complete irrigation of the lands of that
Section, and should they succeed in removing the dif_culties which
now stand in the way of the consummation of such an undertaking, it
would be feasible and proper, in my judgment. to at once begin the
construction of the necessary dam on the Fayette River and the canals,
which would divert therefrom as parts of a general system of irrigation for the development of the resources of the two valleys. I would
suggest that this undertaking is worthy of _rst place in the consideratiOn of feasible irrigation projects in this State. It probably presents
more dif_culties of a business nature than any other, but such dif_culties can perhaps be solved by the landowners themselves.
illinideka pwy'eet.—This project is apparently free from complications of a.serious nature, but obstacles are almost certain to arise if
its development should be deferred for any great length of time,
owing to the efforts which are being made to establish rights to the
use of the waters of Snake River for other purposes than irrigation.
I therefore urge that the construction of the works in connection with
this project be undertaken at once, to be carried forward in the following manner: First, the construction of a dam in Snake River
according to plan No. 2, and the north-side canal system complete;
then the construction of the _rst 12 miles of the south-side canal
system.
I do not recommend that plans for the immediate construction of
any more of this work be made for the present, but recommend that
as soon as the landowners of the Fayette Valley shall have removed
the obstacles which stand in the way of immediate action by the Government in that locality, the work of constructing a dam on Fayette
River and canals for the irrigation of the lands in that vicinity be
undertaken instead, making this work a part of a general system of
irrigation for the complete development of the Boise and Fayette
Valleys.
Delbois project—I recommend that investigations looking to the
construction of works for the reclamation of the Dubois lands be
prosecuted vigorously, with a view to beginning such work as soon as
the Minidoka construction shall have been completed, provided the
landowners of the Boise and Payette valleys shall not, in the meantime, have made such arrangements as would render feasible the
construction in those sections of the work referred to.
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INVESTIGATIONS lN KANSAS.
By W. G. erssELL.
RECONNAISSANCE IN SOUTHWESTERN KANSAS AND PARTS OF
COLORADO, OKLAHOMA, NEW MEXICO, AND TEXAS.
In company with C. O. Sparks, forester of the Department of Agriculture, W. G. Russell, hydrographer, left Russell, Kama, April 13,
1903, for a reconnaissance to~investigate possible reservoir sites in
southwestern Kansas and adjacent portions of Colorado, New Mexico,
Oklahoma, and Texas. I
KOEN RESERVOIR.
At Hoisington, Kans, is the north boundary of the Cheyenne
Bottoms or Kocn reservoir. The work on the ditch leading into this
reservoir has been under way for a number of years and a small
amount of water has been turned into it. The reservior site is well
fenced in and is being farmed, pastured, and cultivated like other land
in this vicinity.
This land will no doubt hold water without puddling, as there have
been many small lakes on the different parts of it for years, and the
water does not seem to sink, the only loss being by evapm'ation.
The water for this reservoir is taken out of Arkansas River, near
Dundee, several miles west of Great Bend; thence it is conveyed in a
northeasterly direction by means of a ditch into Walnut Creek. Some
distance below the water is directed by a dam, and thence runs northeasterly to the reservoir.
There is plenty of very _ne land under this ditch, and it would seem
that. enough water might be taken to pay the costs of the undertaking
and yield a fair revenue besides; this, however, is not the case, because
this section is in the wheat. belt, and, there being enough rain to raise
part of a crop nearly every year, the people do not care to irrigate.
though the yield might thus be doubled.
PAWNEE RIVER.
Pawnee River comes from the west and _ows into the Arkansasjust
below Larned. On this stream, near Burdett, about 25 miles above
Larned, an abandoned mill was found, the dam having been washed
326
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out. This seems to be a good location for a water mill but other
power than water would probably be needed.
The land along this bottom 13 very fine, and a dam put 1n hele for
irrigation by private parties would no doubt prove a paying 1m estment. The bottom is about 40 feet above the bed of the stream, and
a dam 30 feet high would be about 304,) feet long on top.
“’hen visited, Pawnee River at Larned had a _ow of 20 second-feet.
SAW LOG CREEK.
Southwest of Burdett for several miles up Saw Log Creek, there is
a good agricultural country, but no suitable reservoir sites were seen.
INGALLS DITCH ES.
Between Spearville and Dodge are the adandoned ditches of the
Ingalls system. This company owning these ditches failed to get suf-'
_cient water out of Arkansas River and _nally the enterprise was
abandoned. There is some water _owing in the upper part of the
ditch at times, and some irrigating is done, but there is no water in
the lower part.
(‘ROOKED CREEK.
0n Crooked Creek near Meade, Kan-3., the county seat of Meade
County, is the artesian-well belt. There is artesian water here, but
the amount is small and the pressure light, the sinking of a second or
third well in the immediate vicinity lessening the _ow or stopping it
entirely. It is said that water has risen to a height of 22 feet above
the surface, but only in one or two instances. Considerable alfalfa is
grown along Crooked Creek, but a larger crop could be raised if the
land were irrigated.
CIMARRON RIVER VALLEY.
Along Cimarron River are good sandy-bottom lands which are
owned and have been fenced by private parties. The bottoms are
only a few feet above the water, and are _ooded at times. The river
was measured at the railroad bridge at. Arkalon and found to have a
discharge'of 25 second—feet. Considerable land along this stream
could be irrigated without a large outlay. The soil in the vicinity
of Arkalon, especially to the west, is very sandy and is covered with
'sagebrush.
At the railroad tank is a 6-inch well, 100 feet deep, which furnishes
a full supply of water for the engines. This water is very clear, but
forms a heavy scale in boilers. The engineers call it a “gyp” water.
About 14 miles northwest of _Hugoton the Cimarron River is very
sluggish and dirty, with little _owing water, but having in its bed
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many large pools. The bottoms are sand, covered with straggling
sagebrush and a little grass, with here and there a small body of grass
land from which hay is cut. The upland is at a distance of a mile
from the river. This is a _ne stretch of country, extending for miles
to the north and west. It was once settled and cultivated, but it is now
almost abandoned, there being about 300 people in the entire county,
which contains about 700 square miles.
It was reported that there was a reservoir site at Point of Rocks,
about 18 miles from Rich_eld, and Cimarron River was again visited at
a point about 12 miles southwest of Richfield. Here on the north side
of the river there is a high hill, at the foot of which is a sandy bottom
more than half a mile wide, a part of this being occupied by the river.
The _ow here would not exceed 5 second-feet. The sand extends
south 2 to 4» miles. On the north of the river the sand does not reach
up the blu_‘s and the soil is good. From drift seen along the banks
it is evident that the river sometimes over_ows the bottoms and gets
high; how often this occurs could not be learned; some persons said
it occurred every year, while others said once in 2 to 5 years.
At the upper camp of the Boice Cattle Company in Colorado there
is an artesian well, but the _ow is small and the pressure light. There
is less sand here than below; there is also some hay land, and the
pasture is better.
About 10 miles above this camp the river was found to be clear and
in a well-de_ned channel. The _ow was 4second-feet. Here, instead
of sand, are foothills of gravel and soil. ,
Along this side are several small tracts of land well suited for irrigation, and small ditches and individual dams have been constructed,
each of which irrigates 12 to 60 acres.
Near and above Garrett the hills converge until they are but a half
mile apart, but in no case is there a gorge. The bed of the stream is of
gravel and bowlders, and carries 3 second-feet of water. It is said that
the river does not go dry. Drift shows that the _oods have covered
the lowlands to a depth of several feet, but no de_nite information
could he obtained as to the frequency of these _oods. The amount of
irrigable land is small. the stream running from side to side so often
that it is badly cut up. The blu_’s here are about 200 feet high.
Five or six miles from Garrett the bottom land becomes better and
more level, but not much wider, and a few ditches have been constructed, leading out of small dams only a few feet in height and holding but a small quantity of water. Alfalfa does well and some
sorghum and ka_ir corn a re raised here.
In sec. 4, T. 5, R. 3, there is a site where a dam about 1,000 feet
long would be 45 feet high, but the area of the reservoir would not be
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large, and below the dam the irrigable land would comprise about 200
acres to each mile of distance.
Toward Kenton, the last place visited in Oklahoma, the bottoms
widen out and the hills get higher. The _ow here was found to be
about 2 second-feet. From the drift along the stream and in the trees
it is certain that at times _oods have covered the bottoms, but the fact
that the bottom land is all fenced in in small tracts, and that the fences
cross the river at short intervals, leads to the belief that these _oods
are not of frequent occurrence. All the good and available lands seem
to have been taken up by private parties, and are owned in small tracts.
The boundary line of New Mexico is 1% miles west of Kenton, and
from Kenton up the bottoms spread out to a width of from 1 to 11}
miles, making a beautiful valley with considerable timber along the
watercourses.
In the vicinity of Kenton and for several miles west a number of
prospect holes were seen, but it could not be learned that anything
very valuable had been taken out.
About 16 miles west of Kenton the river cuts through a red sandstone, making a solid bottom, the walls being about 12 feet high and
20 feet apart. A permanent dam, about 25 feet high and 400 feet long
at the top, could be built at reasonable expense, and would impound
enough water for a small irrigation system. The _ow here is about
3 second-feet. At this point, a ditch was started from the stream
bed, but, owing to the amount of rock to be blasted, the project has
been abandoned for the present.
About 25 miles west of Kenton, at McCash‘s ranch, the valley narrows down to a width of much less than one-half mile, and in several
places a dam one-fourth of a mile long would be about 44) feet high.
The hills here are very high; the barometer indicated the height of
the one just north of the ranch house to be 700 feet. Mr. McCash has
a ditch of about 2 second-feet capacity and irrigatcs about 7 5 acres,
raising alfalfa and other crops. The rainfall here is about 12 inches,
and it is stated that the river over_ows the bottom lands almost every
year, and sometimes more than once during the year.
Above the McCash ranch the bottom again spreads out to a width of
one-half mile and more, and there are ditches along the sides, but the
amount of land irrigated is small.
The valley practically ends about 6 miles below Folsom; but at this
point about all _ood signs have ceased, and though the hills are very
close together the fall is so great that a high dam would make only a
very small reservoir.
One-half mile east of Folsom the river cuts through solid rock, in a
channel about 125 feet wide and 40 feet deep. An earthen dam was
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once constructed here to make a lake for a pleasure resort, there being
a large hotel just above, but it was soon destroyed, probably by the
water overtopping it.
While there are several springs below this dam site, there is no water
above, either running or in pools. The town of Folsom lies low, and
any considerable over_ow would reach into houses; yet it is said that
nothing of the kind has ever occurred, and it is concluded that no great
amount of water comes down this stream from the mountains.
CURRAMPAW RIVER.
On Currampaw River the _rst running water was found about 16
miles from Folsom. The drainage area as well as the _ow of the
stream is small, and the bottom lands are narrow, but the uplands were
found to be extensive and accessible. Farther down the stream gets
very sandy, and _nally all of the water disappears.
At a point about 8 miles west of the Oklahoma line are the falls of
the Currampaw. Here the stream has cut a pass through the solid
sand blu_', and falls 35 feet in about 500 feet. The stream bed is a
triangular notch,and a dam 75 feet high would be 4,00 feet long on
t0p and 10 feetat the bottom.
This stream once meandered around this hill to the south and came
in below the falls. There is no running water here; the sand is very
light and drifts badly, and the valley below is narrow for 6 miles;
then, for about 7 miles, the width is from 1 to 1% miles, and it then
narrows to 500 feet or a little more, with a very soft, sandy bottom.
A few miles farther down the bed becomes very much wider and is
devoid of water, except at a depth of 15 to 18 feet below the surface.
REGION BETWEEN CURRAMPAVV RIVER AND STRATFORD, TEX.
For 8 miles the land was found to be sandy and poor; it then gradually became better for the entire distance to Stratford, Tex., 45
miles. This is a good upland soil, covered with buffalo grass, and
adapted to the raising of sorghum, kaf_r corn, etc.
There is no water in this section except that obtained from wells at
depths of 1'75 to 250 feet. Since the Rock Island Railway has extended
its line through from Liberal, Kans., the country is being settled very
rapidly. The water supply will no doubt be scant for any crops, and
there is no way of irrigating, but it will make a good range for stock
raising on a small scale.
' SUMMARY.
On Cimarron River it is possible that a reservoir site may be found
in the vicinity of Kenton, Okla, or farther upstream, but the water
supply is uncertain. This stream does not head in mountain areas
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which contain any considerable amount of snow, and there are fewer
indications of _ood waters in the upper portion of the course than in
the lower. North Canadian River is similar to the Cimarron, and its headwaters
are also located in a country not well adapted to furnishing large and
continuous supplies of water.
In southwestern Kansas and adjacent portions of southeastern Colorado suitable reservoir sites have not been found, and it is doubtful
whether a more detailed examination is desirable. The ()imarron in
Kansas _ows over a sandy bed, and has low banks with broad bottom
lands on one or both Sides; thus the opportunities for the construction
of an economical dam are not o_'ered.
Beaver Creek, in the portion of its course before it reaches Okla—
homa, also _ows over a sandy bed, and all the water except in time of
_ood disappears. No available reservoir sites were found.
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INVESTIGA'I‘IONS lN MUNTANA.
By Cvnrs (3. Base.
MILK RIVER PROJECT.
The location and extent of this project have been described in the
First Annual Report of the Reclamation Service, pages 203 to 21-1.
Field work was continued during 1903, this being the fourth year of
surveys since the _rst examination and reconnaissance in lane. The
general scheme is divided into two parts: First, storage of the flood
waters of St. Mary River and their diversion into the headwaters of
Milk River; and second, the utilization of this water on the irrigable
lands of the lower Milk River Valley in Montana.
The investigation has brought out three methods of utilizing the
water of the St. Mary Basin. (1) Divert St. Mary River, to the North
or South forks of Milk River, and allow it to run through Canada
to the lower Milk River Valley in Montana. (2) Utilize the waters on
the eastern section of the Blackfeet Indian Reservation, and lands
immediately adjacent to the east. (3) Carry water from the head of
St. Mary River across both the North and South forks of Milk River
to Cutbank Creek, down which it will _ow to Marius River, 100 miles
or more. and take it out of the Marias by a canal to Big Sandy Creek,
a tributary of Milk River.
The most feasible project is the one _rst mentioned, but. there are a
number of international questions connected with it which are likely
to cause complications.
The _rst dif_culty arises from the fact there is already a canal in
Canadian territory diverting water from St. Mary River. This canal
is located about 7 miles north of the international line, and is owned
by the Canadian Northwestern Irrigation Company. The total length
of the canal system is 200 miles, including laterals. The length of the
main canal is 86$ miles, including 27 miles of natural channel. The
main canal at the head is 20 feet wide on the bottom, and is designed
to carry 5 feet of water; the side slopes are It to 1, and the grade is
about 2 feet to the mile. With these dimensions the capacity of the
canal would be about 400 second-feet. It is doubtful, however, if the
332
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canal as at present constructed can carry more than one-half of this
quantity.
The second dif_culty is that after St. Mary River has been turned into
Milthiver water may be taken from the latter stream in Canada.
Such a diversion is possible, and plans are now being made for the construction of a canal diverting water from the north side of Milk River in
Canada, about 12 miles below the junction of North and South forks.
The dimensions of this canal are as follows: Bottom width, 25 feet;
depth, 5 feet; side slopes, 11} to 1; grade, 0.0002, or 1 foot to 1 mile;
computed discharge, 330 second-feet. The general course of the canal
follows the line of the Alberta Railroad Company. 'The water is to
supplement the irrigation system from St. Mary River above described,
and wi ll irrigate lands in the vicinity of Lethbridge, Alberta, Canada.
To thoroughly settle the question of water diversion from St. Mary
River and Milk River it will probably'be necessary to come to some
international agreement between this country and Canada. The main
supply of the Canadian Northwestern Company is from St. Mary River.
They, however, can only use the natural _ow of the stream, as no
storage facilities exist above the head of their canal in Canada. This
country, however, has the advantage of storage in St. Mary Lakes by
the construction of the St. Mary dam, in which the _ood waters of
this stream can be conserved and afterwards utilized for irrigation
purposes. An agreement might be reached that if the Canadian
Government will allow to pass down without diversion the water
turned into Milk River, the Canadian canal from St. Mary River will
be furnished suf_cient water by the reservoir on St. Mary River.
WATER SUPPLY.
A gaging station has been in operation on Milk River at Havre, since
May, 1898. Other stations were established in 1901 and 1902 in St.
Mary as well as in Milk River Basin, when the project under discussion was systematically taken up. The run-o_' data for the various
stations have been published from year to year in the hydrographic
reports, but they are again given in the tables below with considerable
additional data. In a number of cases the winter discharge, when the
rivers are low, has been estimated, and the _gures have been entered
in the tables in order that the total yearly run-o_' may approximately
be known.
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Estimated monthly diaclutrgc of St. Mary River at dam sitr, Montana.
[Drainage area, 177 square miles.)
Discharge in second-feet. Runoff.
Month. 13636013. 7 Second-feet 1 De th in
Maximum. Minimum. Mean. poll-m ginn- inghcs.
1902. .
January“.---.-....-.-.‘ ................. 110 6,764 0.62 0.71
February a .............................. 120 6, 664 . 68 . 71
March a ............ ‘ ................... , 100 6, 149 .56 . 65
Aprilb ............. ' .................... 136 8,093 .77 .86
May ............... 1 2, 620 310 1, 359 83, 561 7. 68 8. 85
June ............... 1 2, 700 960 l, 608 95, 682 . 9. 09 10. 14
July ............... 3, 000 1,140 1, 702 110,186 10. 12 11. 67
August .......... . . .1 1, 140 600 1 813 49, 989 4, 59 | 5. 29
September .......... -' 5-10 267 357 21 , 243 2. 02 | 2. 25
October ............ ' 267 182 222 I3, 656 1. 25 l. 44
November .......... 1 182 97 _ 137 8, 152 . 77 . 86
December 6 ......... 1 .................... 136 8, 362 77 69
The year .-_. _ - , .1 .................... 574 411-1, 561 1 3 24 44. 32
1903. I A! A I #_ A777”, — _ —1_
January ............ 140 46 66 '4, 058 . 373 . 430
February ........... 46 46 46 2, 555 . 259 . 270
March ........ ‘ ...... 46 37 40 2, 460 . 2‘26 . 2’61
April ............... 2‘25 46 106 1 6, 307 . 598 . 669
May ............... 1 2, 110 225 750 ' 46, 116 4. 237 4. 883
June ............... 1 3, 6-10 2, 110 3, 154 1 187, 676 17. 819 19. 886
July ............... 1 :1, 260 1,160 1, 832 112, 645 10. 350 11. 934
August ............. 1 I, 160 690 864 1 53, 1‘25 4. 881 5. 621
September .......... ‘ 1, 1110 460 653 :16, 654 3. 669 4. 120
Ovtoher ............ | 1,000 460 638 ‘ 30, 229 3; 604 4. 154
N m’elnbe'r .......... 480 310 398 1 23, 683 2. 248 2. 509
December“ ......... l 352 1| 310 321 1 19, 737 l. 814 2. 095
The year ....... ' 3, 640 , 37 7:10 5315, 445 4. 175 56. 332
|
:Qutjniio: 01411111111011. 4' 1618;114:611 (run; record 01 1160131111); 36:11; 5—31?—
b Estimated from record of April 1) to 36.
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MONTANA: MILK RIVER PROJECT.
Edinmltd nmnthly discharge of Sun_currmt Creel." near St.
[Drainage area, 101 square milex]
335
_lm-3;, JIImIL
Discharge In set'ond—feet. Run-011.
Month. ' ‘ 11.152311021.Sccoud-fcct De th In
Maximum. Minimum. ‘ Mean. pogns_gue , 1112mm.
1902.
Januarya ............................... , 77 4, 735 0. 76 0.88
February“.........-...-.-......--..-...‘. 82 4,554 .81 .84
March“ ................................. 75 4, 612 . 74 . 85
April 0 ................................. 109 6, «185 1.08 1.20
May ................ 1, 966 156 989 60, 811 9. 79 11. 30
June ............... 1,799 245 880 52, 360 8. 71 9. 71
July - .............. 2, 909 301 836 51, 404 8. 28 9. 55
August ............. 412 190 76 16, 971 2. 73 3. 15
September .......... 412 108 168 9, 996 1. 66 - 1. 85
Octob-e‘r ............ 128 78 106 6, 517 . 1. 05 1. 21
November .......... 73 58 66 3, 927 . 65 . 73
Decem her“ .......... - ................... 40 2, 460 . 40 . 46
The year ......................... 309 224, 832 .3. 06 ~11. 73
1903. ~__ — — _ — ._.-..._ 7 _—
January ............ 67 45 50 3, 074 . 50 .58
February ........... 52 45 ~16 2, 555 . ~16 . 48
March .............. 78 ~15 50 3, 074 . 50 . 58
April ............... 215 41) 81 ‘ 4,820 .80 .89
May ............... 980 1 13 335 20, 598 3. 32 3. 83
June 9 .............. 2, 740 1,190 1,902 113,177 13.83 21.03
July ............... 1, I20 425 73-1 45,132 7.27 l 8. 38
August . ............ 490 321 391 2-1, 0-12 3. 87 4. 46
September .......... i 1, 330 189 422 25, 111 4. 19 4. 66
October ............ l 425 189 275 16,909 2. 72 3. 14
November .......... 770 129 264 .15, 709 ‘ . 61 2. 91
December 4 ......... 215 147 170 10, 453 1. 68 1. 94
The year ..... l 2, 740 40 . 393 284, 654 3. 90 52. 88
a Quantities estimated.
b Discharges from 151 to 7th, estimated.
CJ 11m: 8 to 16, estimated.
dDecember 11 to 31, estimated
TX700084344
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Estimated Monthly discharge of 8!. Mary River at Main, Mont.
[Drainage are-11, 298 square miles.]
Discharge 1n second-foot. Run-offMouth. . 1 1110321621. Second-feet De thin
Maximum. Mimmum. Mean. per:i rare ' "Shem
__ _ _..__ “1 1 _
1901. 1 .
July 14—31 .......... 1 .................... 1 1,906 63,049 6. 49 ' 4.29
August ............. | 1,574 653 t 932 .7,306 3.13 ' 3. 61
September. - ........ 1 677 465 576 34, 274 1.. 93 2. 15
October ............ r 465 326 g 401 24, 657 1.35 1. 56
November .......... 1 345 265 1 292 17,375 .98 - 1.09
December .......... l 278 220 1 241 14,819 .80 .92
1902. 1 ' 1
January ............ 1 220 . 1-16 1 193 11,867 .65 .75
February ........... 232 1 185 1 205 11,365 .69 72
March .............. 1 195 1 165 1 131 1 11,129 .61 _ 7
April ............... 1 373 1 165 i 257 1 15,292 .66 - .96
May ............... 1 1,962 1 373 2, 490 153,104 - 8.36 9.67
June ............... ‘ 4,130 2,173‘ 2, 673 170,955 9.64 10.76
July ............... 1 6,692 1 1,563 1 2,737 1 166, 292 9.18 1 10.59
A11gust ............. 1 1,507 1 730 1 1,090 1 67, 010 3.66 4.2
September" .................. ' .......... 463 1 29,033 1.64 1.93
October" ........... ‘ .......... 1 .......... 340 1 20,906 1.14 1.31
Novemlmr_ ......... 1 .......... 1 .......... 205 1 12,197 .69 - .77
December“ ......... 1 .................... 175 1 10,760 .59 ; .66
The year _____ ‘ .......... f .......... 928 1 681, 935 3. 15 42. 94
u Quantities estimated.
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Estimated monthly discharge of St. Mary Riwr at Intrrruwitmal Line.
[Drainage area, 452 square miles.)
Month.
1902.
September ..........
October ............
November ..........
December .......... The period. - - 1903.
January .- .. ........
February ...........
March ..............
July ............... ‘
August. .............
September ..........
October ............
November ..........
December ..........
The year .....
337
Discharge in second—feet. Runo_.
Tamil in q d i
' - ‘il. . .3 - t
Maximum. Minimum. Mean. _ue u 133': :11: 1:33,th
760 175 607 36,119 . 1.343 1.503
610 295 475 29,206 1.051 1.211
410 150 336 19,993 ' .743 .323
1, 900 240 1, 105 67, 943 2. 444 2. 914
............................ 153,260
1, 112 575 962 53,002 1. 907 2. 199
1,165 410 921 51,150 2. 039 ' 2.122
3,280 940 1,327 1 91,594 2.936 ' 3.385
3, 020 360 1, 106 65, 312 2. 447 2.726
, 3,670 ‘ 696 I 1,375 1 115,290 4.149 . 4.791
' 7,190 4'8““). 6,116 363,927 13.531 15.100
5,740 2,000 ‘ 3, 424 210,535 7.575 i 9.734
‘ 2,060 1 1,112 1,426 97,662 3.154 ‘ 3. 1214
2,630 720 1,145 63,133 2.533 2. 923
1,720 575 929 57,061 . 2. 053 2.363
880 1 360 1[ 536 31,394 1.195 1.326
632 ‘ 275 1 436 26,609 .965 1.116
7,190 275 2 1,675 1,212, 939 3.706 t 50.310
H. Doc. 44, 532—22
TX700084346
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Estimated mum/1Q, dim-harm.2 of Marius R—ivcr near Shelby: Mont.
[Drainage area, 2,610 square miles.]
Second-feet Depth in
inches.
0.15
. 14
.17
2.11
1.43
1.75
.29
,20
.13
._-I
.25
7. H
.431
.373
.689
.651
1.140
2.334
.882
.296
.325
.451
.668
8.504
Discharge 111 somnd-feet. l Run-011'.
M 011th. - __ — f T i 7 7 5:3}02: *7
Maximum. Minimum. M01111. per unre
I ‘ ma_a.
_ 2 l _ __ l._ _ -,,‘____:___
1902. 1
Januarya ........... = .......... ' .......... I 350 21,521 1 0.13
February a .............................. l 350 19, 436 1 .13
March a ............ I .................... | 400 2-1, 59:") | . 15
April I; ............. ! .................... 1 468 27, 848 . 18
May ................ ‘ 5,235 ‘ 600 1 4,764 292,927 1 1.33
June ............... I 6,633 2,047-‘ 3.469 206,420. _ 1.33 y
July ................ 16,313 , 1,190 1 3.930 1 244,721 1.52 1
August ............. 1 1,402 333 654 40,213 , .25 I
September .......... I 6001 373 463 27,550 .13 1
()ctnher ____________ 430 1 425 ‘ 425 26,132 , .16
November .......... 720 ‘ '73 1 518 30,823 1 .20 .
December .......... 660 480 ‘ 5153 34,617 .22 |
The year ..... , .......... 1 .......... 1, 367 996, 305 .52
1903. i i i ‘
January ............ I 1,240 1 406 1 963 | 59,520 .371
February ........... | 1,600 I 460 934 J 51,971 3 .353
March ............. | 7,400 395 , 1,56: 1 96,105 .593
April ............... 6, 300 519 1, 516 90, 203 .531
May ............... l 3, 600 ‘ 1,100 ‘ 2, 532 ‘ 153, 761 .939
June ............... | 7,600 1 3,600 1 5, 467 5 325, 309 2.094
July 6 .............. 3.600 300 1 1,993 , 122,545 .761
August" ............ i 600 ‘ 510 1 671 ‘ 41,253 .257
Septwnher" ......... | 1,240 460 , 613 36, 774 .237
(Moher ............ 891') T 5142 7:43 45,375 .232
Novemlwr .......... 5 1,300 409 1 1,043 62,360 i .401
December .......... ‘ 2, 200 654 1 1,506 1 92,600 I .577
The year ..... 7,600 409 I 1,634 ‘; 1, 132, 639 I .626
«t Quantities 0611111111011.
h 12311111111011 [rum gage lwights of April 4 m 30.
1‘ July 1211123111111 25 1031, estimated.
.1 August 1 In 1711111119111 :1], estimated.
t‘_cptmnbvr 1 tn 1(1, usiimntvd.
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Estimated monthly discharge of Milk River at Ham-e, Mont.
[Drainage area, 7,300 square 11111133.]
339
aEstimnted from gage heights of May 15 to 31.
Discharge in second-feel. Run-o_'.
Month. egg-“1:12:32. Second—feet De th 1
Maxlmum. Minimum. Mean. pet“i gare ”Eben."
1393. l
May a .............. 2, 432 836 ‘ 1, 393 35, 337 0. 19 0. 22
June ............... 2,546 200 1,354 80,568 .19 .21
July ............... 950 0 : 133 10,330 .02 .02
August ............. 393 33 i 113 6, 943 .02 .02
September .......... 104 11 ' 53 3,154 .01 .01
October ............ l 125 11 ' 33‘ 5, 411 .01 .01
November 31 ......... ' 110 93 100 5, 950 . 01 . 01
December .......... j 125 110 113 3, 943 . 02 . 02
' 1399. ' i ,1 A ,, W _
January 6 ..................... I .......... 430 26, 440 . 06 . 07
February 0 .......... ‘ .......... ! .......... 600 33, 322 . 08 . 08
March 1‘ ............ 1 .......... I .......... 500 30, 744 07 . 08
April ............... 1 2, 330 320 1, 335 31,223 . 19 .21
May ............... ‘ 1, 630 570 1, 006 31, 357 .14 .16
June I‘ .................................. 940 55, 934 . 13 . 14
July? .................................. 241 14,818 .03 .03
August c ................................ 193 12, 052 . 03 . 03
September .......... 235 34 131 7, 795 . 02 . 02
October ............ 110 30 94 57, 793 . 01 . 01
November 6 .............................. 190 11, 306 . 03 . 03
Decemberc ............................. 150 9, 223 1 .02 .02
Tbeyeer...............:.:.._‘437 402,512 .07 .33
1900. ' '
January 0 ............................... 100 6, 149 . 01 . 01
February 6 .............................. 100 5, 554 . 01 . 01
Marehc ....................... , .......... 150 ' 9,223 02 I .02
Aprild ............. 640 % 230 394 23, 445 .05 g .03
May ............... 1, 575 I 129 435 . 23, 747 .06 .07
June ............... 355 | 76 154 . 9, 164 . 02 . 02
July ............... 91 | 21 43 2, 644 . .01 .01
August ............. _ 232 l 3 40 2, 430 .01 .01
September .......... ' 139 ; 21 73 4,522 . .01 .01
October ............ j 355 ' 76 I 133 11, 437 .03 .03
November 6’ ........ 169 i' 63 114 6, 783 . 02 . 02
December c ............................. 50 3, 074 ; .01 .01
The year ............... i .......... 7 154| 111% # .02 . 23
b Estimated from gage heights 01 November 1 to 19.
9 Approximate.
d Estimated from gage heights of April 10 to 30.
e Eutimated from gage heights 01 November 1 to 15.
TX700084348
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Estimated monthly disrlmrge of _lilk River at ”awe, .MonL—Continued.
I liim'hantc in 8(9(‘.0lld'f(‘l'l.
Month.
I Maximum.
i . ,_
1901.
January (7 .....................
February 'I ....................
March a ......................
April ............... 330
May ............... 2, 272
J une ............... l, 340
July ............... 460
August ............. 65
Septemlxar .......... 95
October ............ 95
November .......... 95
December a ...................
The year ..... 2, 272
1002. "‘—"—"
January ............ 180
February U ....................
March .............. 465
April ............... 268
May ................ 7, 668
June ............... j 4, 616
July ................ ' 8, 960
August ............. 710
September .......... 335
October ............ ‘ 335
November" ...................
Decem ber '1 ...................
The year ........ 8, 966
1903. . l —
January ............ I ..........
February .....................
March ........................ i
- April ............... 1, (520
M ay ............... 4, 120
June ............... i 2, 820
July ............... ‘ 795
A "gust ............. ‘ 795
September .......... 339
October ............ 195
November ....................
Decmnbor .......... I ..........
The year ....... in .: ...... .
:1 Approximate.
Run-071'.
120ml 1,“ SecnudJet-t I
Minimum. Menu. acre-fat. poi“ 83:10.“: [:m’LhCL"
: l
.......... 50 3,074 I .007 i .008
.......... 100 5,554 I .014 I .015
.......... 000 30, 803 .082 I .095
11.5 205 12,198 i .028 .031
230 048 30,844 i. .089 I .103
380 553 32, 000 ' .070 ' .085
05 184 11,314 .025 ' .029
12 28 1,722 .001 I .005
11 50 3, 332 008 . 009
0.5 .2 5,042 I 011 | .013
05 80 4,700 I 011 I .012
.......... 100 0,140 014 f 010
11 224 102, 788 i 7 031— *421
180 180 11,008 .02 .02
.......... 208 11,552 .03 .03
170 249 15, 310 .03 .03
101 100 11, 003 .03 .03
180 1,085 00,714 .15 ‘ .17
405 1, 479 88, 007 . 20 . 22
030 2, 045 125, 742 . 28 .32
310 377 23,181 .05 .06
250 207 17, 073 . 04 .04
288 300 18, 909 . 04 .04
.......... 300 17,851 .04 .04
.......... 300 18,400 .04 .04
101 580 420, 220 08 1. 04
.......... h 200 12, 208 . 027 .031
.......... 1. 200 1 1, 107 027 . 028
.......... b240 14, 757 038 .038
020 900 50,200 .130 ' 152
285 1, 070 00, 344 148 . 171
507 975 58, 015 134 . 150
108 445 27, 302 001 .070
145 378 :3, 242 052 .000
118 104 0,759 022 . .024
110 138 8, 485 018 .021
.......... b115 0,843 .010 .018
.......... b 147 0, 038 020 . 023
.......... 423’I 300, 510‘ .058“ .780
bEslimated.
TX700084349
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Estimated monthly discharge of Milk Hirer at Malta, 1110111,
[Drainage area, 14,014 square miles.]
‘I Discharge in second-feet. Run-01!.
Month. i M 1 0:331:13. l Second-feet l Depth in
axlmum. Minimum. ‘ Mean. pegls_gare inches.
1
1902. l 1
August ............. J 485 212 ‘ 29-1 18, 056 3 0. 021 0. 024
September .......... I 7 251 109 l 143 3, 509 j .010 .011
October ............ 251 173 189 1] , 620 . 013 . 015
November“ ......... l .................... l 180 10, 711 ‘ . 013 . 014
December“ ......... I .................... l 180 11,068 1 .013 .015
1903. g“ "'""“' 5‘ ' _—" "
January ............ 5 ............... -. . -.. a 220 13, 527 .015 .017
February ............................... a 220 12, 218 . 015 . 016
March .............. ' .................... a 330 23, 305 . 027 . 031
April ............... 3, 3-35 830 ' 1, 769 105, 263 . 126 . 111
May ............... 3, 890 380 1,350 83, 008 .096 .111
June ............... 4, 170 275 l, 136 67, 597 . 081 . 090
July b .............. 710 15 408 25, 087 .029 . 033
August 6 ............ 770 185 417 25, 640 .030 . 035
September .......... 77 185 299 17, 792 .021 . 023
October ............ 228 150 180 11,068 . 013 . 015
November .......... 228 86 145 8, 628 . 010 . 010
December .......... 490 86 177 10, 883 .013 . 015
The year ......................... 558 404, 070 . 040 ' .537
a Estimated. 0.1111030 and 31, estimated. ¥ 0 August 1 [(17, estimated. -——
The combined annual discharge of Swiftcurrent Creek and St. Mary
River at the dam site, or the amount available for storage, was 613,333
second—feet in 1902, and 821,099 second-feet in 1903. The minimum
annual run-o_' is placed at 600,000 acre-feet. With the duty of water
at the reservoir of 3 feet to the acre, 200,000 acres can be reclaimed.
For Milk River at Havre the minimum annual run-off was 111,202
acre-feet in 1900, while the maximum was 426,226 acre-feet in 1902.
If the minimum could all be used through storage in a reservoir at the
lands to be irrigated, and with a duty of water of 2 feet to an acre,
then 55,000 acres, approximately, could be served. Considering now
without storage, the June discharge in 1000 was 151 second-feet, stillicient for 15,400 acres, with a duty of water of 1 second-foot to 100 acres.
The Milk River project as designed contemylates reclaiming 250,000
acres. It is seen above that using Milk River alone, without storage,
15,400 acres could be irrigated; with storage, 55,000 acres: and using
St. Mary and Milk rivers, and with storage on both streams, 250,000
acres can be served.
TX700084350

342 SECOND ANNUAL REPORT or RECLAMATION SERVICE.
RAIN FALL.
Rainfall records have been taken for a series of years at two points
in northern Montana—one at Kipp, elevation 4,145 feet, and one at
Havre, elevation 2,483 feet. The following table shows the yearly
rainfall at. the two places:
A uuuul rainfall u! Kipp and [lam-e, Mont.
Year. Kipp. Harte.
l
! Inches. India.
1892 ..................... ' ................................... l .......... 12. 40
1893 ........................................................ 7 .......... 13. 31
1894 .................................................................. 14. 49
1895 ........................................................ 16. 05 10. 94
1896 ........................................................ 26. 28 16. 48
1897 ........................................................ 22. 33 13. 30
1898 ........................................................ 18. 26 12. 11
1899 ........................................................ 25. 61 17. 88
1900 ........................................................ 16. £15 11. 43
1901 ........................................................ 14. 90 1:1. 03
190‘ ..... . ............................................................ 12. 94
190: ........................................................ l .......... 16. 03
Average .............................................. $ 19. 99 13. 86
SURVEYS IN ST. MARY RIVER BASIN.
The more important surveys in the St. Mary Basin were almost
completed at the end of the _eld season of 1902, and the results are
given in the First Annual Report of the Reclamation Service, pages 203
to 214. Two parties have continued work in this basin this season.
One was engaged in the survey of the lakes on a scale of 1,000 feet to
the inch, with a contour interval of 10 feet, to determine their value
as a reservoir site. The following table gives the capacity of the site
for various intervals:
Table of capacity of St. Mary reservoir site.
L‘apaclly
Contour. Area. between “Tout: .
contours. p“ 1 ~
Fret. A rrrs. Acre-fur. Jen-fret.
41 460- - - 2, 092 0 0
4, 470- _. 2, 478 22, 9:10 22, 850
4,480..- 6,910 38,041 80, 891
4,490.. - 7, 443 71, 705 1:12, 656
4, 500. - . 7, 883 76, (130 229, 286
4,7110.-- 8, 292 80,975 310,161
4, 7120 . - 8, 719 1171, 055 395, 216
4, 530. _ _ 9, 133 89, 260 484, 476
TX700084351
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The second party continued drilling for bed rock, which was commenced last year at the site for the storage dam on St. Mary River.
F ig. 32 is a map of the (lam site, showing the location of the holes, and
the following table gives the depths of the various borings:
Boringu at St. Mary dam site, Manama.
gill? Dill-32:30 Loi‘ution.
Fret. ’
l ‘I 26. 9 - Station 389, main line dam.
79. 6 I Station 700, main line dam.
3 ’ 119. 7 Station 1000, main line dam.
4 ........ Station 1300, main line dam, shaft 21 feet to water.
5 137. 9 Station 1600, main line dam.
6 105.0 Station 1300, “ B” line, 1,000 feet south of main line. Rock not
reached. '
'7 1 57.5 Station 1000, “G” line, 2,000 feet South of main line. Rook not
reached.
8 185.0 Station 2900, main line dam.
9 188.0 Station 2000, mainline dam.
10 i 40. 0 Station 450, main line (lam.
ll 81. 5 Station 4000, main line dam.
12 40. 3 _, 150 feet south of station 450, main line dam.
13 45. 6 150 feet north of station 450, main line «lam.
H 14. 5 Station 320, main line dam, in river.
15 7. 5 Station 260, main line dam, in river.
l6 1 . 0 Station 640, canal line.
17 1 7.0 Station 592, canal line.
18 16. 0 On hill West of Henkel‘s ranch.
19 28. 0 Do.
20 ' 35. 0 D0.
21 8. 8 D0.
22 15. 0 Do.
23 10. 7 Do.
24 6.0 On hill west of Iienkel’s ranch. No rock; ahamlonml.
25 22. 6 0n hill west of Henkel’s rant-h.
26 15. 0 Do.
27 20.0 Do.
28 23. O 150 feet north of station 3'30, main line dam.
29 8. 9 : 150 feet south of station 320, main line dun).
30 7. 0 l 150 feet south of station 260, main line (lam.
31 8. 0 l 150 feet north of station 260, main lim- dam.
32 16. 0 Swiftcurrent creek.
TX700084352
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Plans and pro_les for the dam on St. Mary River, and for the outlet
gates into the canal, have been made.
During the latter part of the season a force was at work improving the road from Browning to St. Mary Lakes, a distance of 35 miles.
_ a _ _ -4‘
n_.
Flu. 32.~—St. Mary dam site. Montana, showing location of borings.
Some grading through a series of swamps was done, and a number of
bridges were built over small watercourses.
SURVEYS IN LOWER MILK RIVER VALLEY.
. The greatest amount of _eld work during 1903 has been done in the
section that it is proposed to reclaim. Two divisions are here noted
also, based on two separate diversion schemes from Milk River. This
stream, after crossing the international line into the United States for
the last time, continues in a deep valley for 60 miles or more to a point
a short distance below Havre. Here the relative heights of the hills
decrease, and the valley broadens. '
Ten miles below Havre, or near Yantic, a survey for a diversion
canal was made on the north side of the river. A line was _rst run
on a grade of one-half foot to the mile to see if the benches lower
down the river could be reached. This was found to be impossible
owing to the slight fall of the river. The location is along sidehill most of the way and construction would be expensive. From
this survey it was found that only the bottom lands of the valley could
be served, and another lower line was therefore run and contoured
on a scale of 500 feet to the inch. From this survey estimates of the
cost of construction can be made.
The greater portion of the land under this ditch is already irrigated
by the small private ditches from Milk River, and it will be some years
before there is a call for the construction of this canal.
TX400084353
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FIG. 33.—Map of lower Milk Rlver Valley. Montana.
Digitized by GOOSIQ
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This investigation, together with the topographic surveys, has
brought out the fact that a large tract susceptible of reclamation is
located on the south side of the river, a large percentage of it being
on the Fort Belknap Indian Reservation. The survey of this area
will probably be made during 1904.
MALTA PRO-1m.
The greatest amount of _eld work in 1903 was in the vicinity of
Malta, where it is proposed to use the water. The plan is to divert
water from the south side of Milk River about 2 miles above Dodson
and 23 miles above Malta, and carry it eastward for 25 miles to Lake
Bowdoin reservoir, at present a small alkali body of water. 8 miles
east of Malta. The canal to the reservoir will be a feed canal to (nu-r3;
flood waters and will be 34.3 miles long. Between Malta and the
reservoir occurs a divide 50 feet above the lake. At this point there
is a drop of 25 feet, as the water surface is to be raised only 25 feet.
From the top of this drop a high line lateral will be carried to the
south around Beaver Creek and cover lands in this valley. This high
line was surveyed as far as Glasgow. The line that will be con—
structed to this point, however, will probably be 30 feet lower in
elevation and draw water from Lake Bowdoin. There would be no
storage on the upper line. and without it all the land could not be.
served.
“’hen _eld operations were resumed In May, 1903, work was started
on a pessibIe diversion point at what is known as Point of Rocks. 16
miles west of Malta. The topographic survey of the dam site brought
out the fact that the dam would cross the river channel three times.
owing to the sinuosities of Milk River at that point, and besides
would be over 12,000 feet long. Another site for the diversion dam
was then found, 6 miles above this one. It is at a point where the
railroad formerly had a small dam and water tank, and is about 2
miles west of Dodson station.
This site has several advantages. The dam will not be so long and
will not contain as much embankment. A canal can be taken out
on the north side and irrigate about 15,000 acres between the head
and Malta, only a very small proportion of which could be covered
from the lower site.
Borings were made this season at the upper site, known as the Dodson dam site. The average depth of bed rock was about 60 feet.
The formation passed through in reaching it was a gravel containing
small bowldcrs with occasional streaks of clay. The stone encountered
was a soft sandstone similar to that outcropping on the adjoining hills.
After the rock was reached with the casing it was chopped into with
the chopping bit for 30 to 40 feet. A diamond drill would not have
worked, the rock being too soft to core readily.
TX700084355
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Borings at Dodson dam site, Montana.
Hole N0. D__f" £33 Location.
Feet. Fact.
1 .................... 66. 8 104.0 “A” line, station 5-{ 00.
2 .................... 70.5 104.3 "A” line, station 6+00.
3 .................... 59. 0 98. 5 “A" line, statiun 3+96.
4 .................... 59. 3 100. 0 “A” line, station 4+48.
5 .................... 61. 4 100. 5 “A” line, station 3+42.
6 .................... 65. l 100. 0 "B” line, station 3+28.
7---.-...---.. ....... 85.5 66.3 “B" line, station5+28.5.
8 .................... . 56. l 95. 8 “ B” line, station 3+96.
‘9 .................... ' 63.1 100.0 “B” line, station 4+60.
10 .................... 110. l 125. 2 “A” line, station 7+10.
HOLE no.3
HOLE no.3 °
HOLE "0..
1‘ HOLE '30..
LJW 290 =90 Wm
Fla. 3I.—Map of Dodson dam site, Montana. showing location of borings.
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Three designs for the dam are under consideration—an earth
embankment, a concrete dam founded on piles and with a long apron,
and a wooden crib dam, also founded on piles driven to bed rock.
These three types are for the main channel of the river. All of
them would be about 635 feet long, with a maximum height above the
bed of the river of about 30 feet.
There would also be necessary for _ood protection, whichever of
the three designs is adopted, a low earth embankment 6,150 feet
long, with a maximum height of 16 feet. The amount of _ll in this
low embankment would be 170,205 cubic yards. If an earth dam was
placed in the main channel of the river there would be an additional
_ll of 24,627 cubic yards, making a total of 194,832 cubic yards.
This dam is not to be used for storage purposes, but for diversion
into the two canals. During flood stages of the river certain lands
will be _ooded by backwater from the dam and certain private claims
- .are liable to be damaged. The _ood level is placed at 2,295 feet.
Options on a number of claims under this level have'been obtained, as
it has been deemed best for the Government to purchase outright the
land and thus forestall future claims for damage. The area of private
lands thus affected is 859.4 acres.
The canal on the north side will be about 30 miles long. ending 6
miles northeast of Malta, and is to be used simply to irrigate the area
under it—that is, it is not to be a feed canal to a reservoir. It is to
be 15 feet wide on the bottom, 4.8 feet deep, side slopes 1.5 to 1, and
with a grade of-about 1 foot to the mile. The carrying capacity is
computed as 200 second-feet.
The south canal line from the diversion dam to Lake Bowdoin will
have a length of 34.3 miles, bottom width of 60 feet, side slopes 1.5 to 1,
depth of 10 feet, and a grade of about 6 inches to 1 mile. It is estimated to carry 2,000 second-feet.
A survey of Lake Bowdoin was made in 1902, the following table
showing the capacities for the different depths:
Capacity 15f Luke Bmmluin rcsrnroir ails.
Contour. l Area. nnm‘f_i_z'llf_feml 'I‘olal capacity.
# ,__ 7 4i rrrrrr
Rel. ll Acres. Acrr-frc-I. ‘ Ar‘rr-_rt.
2,205 1 4,300 0 i 0
2,200 I 5,300 4,1470 I 4,070
2,207 I 0,400 5,890 1 10,700
2, 200 § 7, 420 0,910 l 17,070
2, 209 I 3,440 7,930 1 25,000
2,210 . 9,453 0,931 1 34,531
2,215 | 12,133 53,904 ss,495
2,220 ' 13,521 04,130 152,031
2, 225 14, 744 70, 663 223, 291
2, 230 15, 501 75, 013 298, 907
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In order to create a reservoir at Lake Bowdoin it will be necessary
to build an series of earth emimnkments across various gaps, eight in
all. The total length of the embankments will be 15,370 feet, and
they will contain 451,783 cubic yards of earth. They will have a top
width of 16 feet, slope on water face of 3 to 1, and on lower face 2 to 1.
Elevation of top of the dam is 2.230 feet.
l I RI 1 _-I REQEI
/
(‘7 “DEW”
__ 1 . i c , __ _‘ _ 7 3‘
one“ M Bowdmn \
a
[-3
Fm. 35.—-.\iup at Lake Bowduin reservoir site. Montana.
Length and mmleul of Luh' Bmmlniu rmbunkmenls.
h _— ‘ — 7‘ - .- _ *7, End—unun ‘ _ T . ,
Number. _ll. - Length. i Quantit) .
_ ‘ v, __ if 7 — _ _ 7 I 7. ,H'ct. Fed. Cubic yards.
1 ............................................... 10. 5 ‘ 2, 200 12, 786
2 ............................................... 24. 5 } 5, 095 . 292, 213
3 ............................................... 6.0 . 960 ; 5, 259
4 ............................................... 2. 5 l 205 g 213
5 ............ “ ................................... ‘23. 0 1, 820 53, 897
6 ............................................... 2. 0 500 492
7 ............................................... :31. 0 3, 400 79, 437
3 ............................................... 7. 4 1, 190 7, 436
Total ............................................... ; 15, 370 451, 783
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A reservoir _ling on Lake Bowdoin was made by a private [arty
and approved by the Secretary of the Interior October 23, 1901.
Negotiations are now in progress for the settlement of this claim. A
number of desert and homestead entries are also included in the contemplated reservoir, and as they will be completely _ooded ultimately,
it is necessary that these private claims be purchased. Options on
most of them, or on 1,280 acres, have therefore been obtained, giving
the Government the right to purchase within one year.
The Great Northern Railroad now passes through the site. It will
be necessary to move 9 miles of its tracks.
The level to which water will be raised in Lake Bowdoin reservoir
is 2,225 feet. The present level of the lake is 2,205 feet, and this is
about the elevation at which water will be drawn. The elevation of
the Beaver Creek lateral opposite Ash'_eld is 30 feet above this, and
it was this line that was surveyed to Glasgow this season. The result
of the survey, however, shows that a line 30 feet lower, or drawing
water from the reservoir, is probably the one that will be constructed.
It will keep water on the south side of the valley.
Itis also planned to take out a canal from the north side of the main
reservoir dam, continuing north of Ash_eld, crossing Milk River, and
covering lands to the north of this stream.
General areal surveys, under the direction of the topographic
division, and on a scale of 2,000 feet to the inch, have been made this
year of a portion of the area east of Lake Bowdoin that it is expected
to reclaim. After the of_ce work on these maps is completed the
general location of the north reservoir canal can be made and the total
area of agricultural land can be determined.
Engineering surveys, on which _nal estimates of cost of construction
can be based, have been made on the following sections: The diversion
dam above Dodson, the north canal line, the feed-canal line from the
diversion dam to Lake Bowdoin reservoir, the high line around Beaver
Creek, and down to and around Larb Creek. The whole of Beaver
Creek bottom, under the canal, was mapped in detail, as a lawsuit is
liable to arise over the water supply of Beaver Creek and over the
private reservoir _ling on Lake Bowdoin. It was considered necessary that all information possible on this phase of the question be
obtained. .
SUMMARY.
At the end of this _eld season the preliminary surveys of the Milk
River project were practically completed with the exception of the
Marias River diversion. For the St. Mary division the estimates of
cost have been prepared, and work on similar estimates for the lower
Milk River Valley is nearly completed. It is believed that, from an
engineering standpoint, the entire project is feasible. The main di_iTX700084359
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culty is the international one, as described above—that is, the Canadian
diversions from St. Mary and Milk rivers. Regarding the continuation of St. Mary canal to Marius River and rediversion from this
stream below, it can not be decided whether it is feasible until further
surveys of the Marius River are made.
It is probable that in the near future construction can be started on
the Dodson dam and on the feed canal to Bowdoin reservoir, with the
idea of ultimately obtaining this site by condemnation if satisfactory
arrangements can not otherwise be made. Depending only on the low
water _ow of Milk River, 68,500 acres can be reclaimed with storage,
at a cost of from $20 to $25 an acre. If it is later found feasible
through the Marias diversion to bring the St. Mary water down, a
greater acreage can be brought under cultivation and the cost per acre
should be reduced.
RECO‘NNAISSANCE IN SUN RIVER VALLEY.“
The area between Sun River on the south, the Teton on the north,
the Missouri on the east, and the .Rocky Mountains on the west was
examined during the past season in order to determine what changes,
if any, have taken place since the investigation and survey of this
region in 1889. The report of Herbert M. Wilson on the original
investigation appears in part 3 of the Thirteenth Annual Report of
the Geological Survey. At that time 10 reservoir sites were selected,
and several level lines were run to determine the area which could be
irrigated. Mr. Wilson’s report states that between Sun and Teton
rivers the area of the bench land is about 530,000 acres, of which perhaps 395,000 acres could be profitably cultivated if a suf_cient water
supply could be provided, and that fully 95 per cent of this area was
owned by the Government and without water almost valueless except
for grazing.
It has been found that a large portion of the public lands above
referred to have been disposed of, but that the major portion is now
held in large individual tracts, and that it is not cultivated, but is
used for grazing purposes, no diversion of water upon the bench lands
having been made. It was found that a local company of Choteau,
Mont, known as the Kilraven Cooperative Canal Company, is attempting to build a canal diverting Sun River at the lower end of reservoir
No. 1, with a proposed capacity of about 475 second-feet, and that it
is intended to irrigate bench lands above Sun River, the route of the
canal following practically that of the original Government survey.
About 1 mile of the 42 miles contemplated has been completed.
While much of the land has been disposed of as stated, about onehalf remains as public land, without irrigation, valuable only for graz—
——_____,
aExtract from report of C. H. Fitch.
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ing, and it is probable that owners of the land which has passed into
private ownership would be willing to dispose of it in small tracts, so
that all of the lands, public and private, could be watered. Without
considering the land which maybe irrigated by the Kilraven Cooperative Canal, should it be built, there is undoubtedly an abundance
of water from Sun River which may be stored, and a large amount of
land which may be irrigated.
RECONNAISSANCE OF UPPER YELLOWSTONE RIVER.”
A rapid examination of what is known locally as the “ Lake Basin
country,” on the north side of Yellowstone River, in Yellowstone and
Sweet Grass counties, Mont., was made during the season of 1903.
There is a large tract said to comprise about 400,000 acres of rolling
upland lying some distance back from Yellowstone River. The land
slopes gradually toward the south and east, and is favorably situated
for irrigation. Yellowstone River has considerable fall, but the com
trolling point for diversion of this stream to cover the lands above
indicated would be determined by the selection of a route for the
canal, which would pass through a country where the cost of construction would be as low as possible. Without _rst running two or three
_ying lines of levels to determine this, it would be impossible to state
where such diversion should be made. If the water of the Yellowstone were diverted in the vicinity of Big Timber, the canal would
doubtless have suf_cient elevation to reach all of the lands which may
be irrigated from it, but it may be desirable to continue higher up the
river—possibly as high as Livingston or above—in order to run the
canal line behind the river bluffs, which at several points present di_iculties in the way of construction. Along the river valley the bluffs
are in many places rocky and precipitous, and behind these bln_’s in
many places the hills are very rough and broken. There is doubtless
an adequate water supply to be obtained from Yellowstone River.
RECONNAISSANCE 0N MUSSELSHELL RIVERJ)
The Musselshell reconnaissance of 1902 showed that along the lower half of that
stream there is a surplus of _orul water beyond the local storage capacity; that it
was possible to divert this water and throw it over the eastern divide into the basin
of Big Dry Creek. The reconnaissance of 1903 was for the purpose of _nding sin:
for reservoirs to store this water, and suitable land to be irrigated. Consequently an
examination was made of the countrydraining into the Missouri between the Murwelshell on the west and the Yelh‘nvstone on the east. This section embraces the greater
part of Dawson County, Mont, and is approximately 150 miles from east to wait,
and 75 miles from north to south. It lies in three main divisions along Big Dry,
Redwater, and Missouri rivers.
aExtruc-t irmn report of C. ll. Fitch.
I-In the _rst annual report of the reclamation service. pages 215-220,:1 general description of the
Musselshell region has been given by S. B. Robbins. The examination made byhim was continued
during 1903, and the following statements are taken from his report.
TX700084361
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The Big Dry flows through a sandstone country, and the. soil is mostly a sandy
loam. The north side of the valley is cut up by numerous creeks, having a general
southeasterly mnrsc. In none of thcsc is there permanent water, except in occasional
springs, which run for a few hundred yards before sinking completely. This slope
contains considerable clay, mixed with the sand, and wherever the clay occurs sagebrush is found. In' all these creek bottoms there are tracts where the soil is good,
and the topography such that small storage dams may be put in and the floods held
to reclaim from 100 to 2,000 acres. The hills furnish fair pasturage much better to
the west than to the east, and better near the heads of the creeks than near the Dry.
0n the south side the sagebrush gradually disappears as the tributaries are ascended,
and grass takes its place. The water supply is better than to the north, Sand Creek
and Little Dry having a little running water, lwsides t‘xsmsional living springs, and
there is um'loubteslly mmsiderable under_ow, for water always stands in holes along
their beds. Along the courses of Sand, Little Dry, and Timber creeks are many large
bottoms, which can be easily reclaimed by private individuals or associations, and
much bench land can also be covered, as the south side is not as badly broken up as
is the north. When not overstockel, the natural pasture on the hills is abundant
and very nutritious.
The bottoms along the Big Dry itself are badly cut up by the course of the stream.
Storage dams will be difficult and expensive to build and maintain. There is little
inducement to settlement until the _oods are controlled by storage along the tribtitaries. The main stream hasa consideratde growth of cottonwood scattered along it,
but trees are infrequent on the side streams. While timber is scarce, stone occurs
for building material in many places, and lignite coal of an excellent quality for
domestic purposes occurs all through the region in beds varying from a few inches
up to 8 feet in thickness, thus solving the fuel problem.
The Itedwater heads in the Sheep Mountains, a short ridge of high buttes having
an elevation of about 4,000 fect above sea level, and flows northeast for about 100
miles to the Missouri. These mountains are not high enough, nor of suf_cient
extent, to hold much late snow. Consequently the stream has a considerable flood
in the spring and is practically dry in the summer, except for its middle stretch,
where there is always a small _ow, which sinks in the sandy country a few miles
before reaching the Missouri. There are springs in many places in the hills and it
is probable that water may be obtained throughout the valley by digging wells.
' There is very little sagebrush along the Redwatcr or any of its tributaries, and the
country is well covered with grass.
0n the east of the main creek the soil is a sandy loam which will not generally
hold water well in storage reservoirs, judging from surface indications and the
observations of the few settlers now there. But much of this porous soil will raise
crops without irrigation in ordinary years. 7
On the west side, between Redwater and the Dry, the soil is lea-5s randy and will
hold stored water excellently. The valleys of the side streams slope out gently to
the hills and have large, flat bottoms, as is the case along most of the main streams.
Reservoir sites occur at fruluent intervals, suitablc for privat. enterprise, and the
greater part of this section can be reclaimed in this manner. .There should be
abundant _ood water capable of storage to reclaim this tract, for it is a country that
needs little irrigation to make farmng a success. One good watering each year will
guarantee a crop.
There is no timber on the west side of the Redwater, and very little along the
main creek, but in the gulches at the heads of the eastern forks is a considerable
growth of ash, cottonwood, and some cedar. This whole valley containslignite coal
in abundance.
The country draining into the .‘ll___lll‘l between the Musselshell and the Dry is
H. Doc. 4-1, 58—2—23
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very broken, being 1111‘1stly “bad lands, ” and in many places impossible to cross for
miles, even afoot. There is very little water in this section, and very little opportunity to store the _oods, lax-rinse the fall of the country is too great, averaging about
100 feet to the mile. Also there is very little land to use the water upon if it were
stored, and the quality is usually poor, being adobe clay.
There is a good deal of timber in this section, mostly lod'gepole pine, some of
whi1h is suitable for sawing into rough lumber There is also some fir and red
cedar, suitable for fence posts and general ranch purposes. The timber occurs on
the side hills and 111 the gulches and is hea1iest along Snow and Sewn Blackfeet
creeks. All along the Missouri bottoms' Is a heavy growth of cottonwood.
East of the Dry the slopes towanl the Missouri are gentler, the country is not as
broken, and there is more water. But most of the water is controlled at present by
scrip locations of big cattle ranches. Ultimately these big holdings will be broken
up as it becomes unprc 1_table to run cattle on the range and there will be a good many
openings for the small stockman to store the _oods and irrigate the bottoms for hay,
while pasturing stock on the'hills. '
The Redwater and some of the forks of the Dry can be made a co'untryot' small
farms irrigated by individual or community effort. The main Dry and the broken
lands sloping westwanl to the Musselshell and northward to the Missouri never can
he thickl_1 settled, but offer many good opportunities for the small stoekman.
There Is no large storage basin to he] 1 the 1-111 ess floods of the Minstrels-111e,“, nor is
there enough irrigable land' 111 a body to warrant the expense of the 1111 crslon e1 en
were a reservoir site available. Nor is there any reclamation project in that region
of su_icient magnitude for Government construction. It is preeminently a country
for the settler to reclaim, and the Redwater Valley alone can give support to two
thoUsanrl families, probably more. The rest of the area under examination should
maintain at least as many more.
At present the country is very much 01' erstoc ked with both sheepand cattle, owing
to scarcity of feed in the southern part of the State, and to a craze 11hi1h occasionallv
cause! people to _ock into the same section. But a hard 11inter, the settling of the
country, and fencing of the water will reduce the numbers to those the country can
reasonably maintain. '
There are two drawbacks to settlement, both of which will be overcome in time:
First. The country is all unsurveyed and the settler hesitates to make valuable,
permanent improvements until certain where his boundaries are, and, inside the
Northern Paci_c Railway land grant, which covers about one-half the area, he is
uncertain which is vacant and which is railroad land. The surveys should be pushed
from the south and east as rapidly as practicable.
Second. Much of the country is a long distance from a railroad. There is abig river
without bridges between it and the Great Northern, and a big river with only two
bridges between it and the Northern Paci_c. Ultimately there will be another railroad built up the Missouri to the mouth of the Relwator. It must go up that stream,
for, from a short distance west of that point all the way to (ireat Falls, the south
side of the Missouri, and much of the north side, too, is an almost unbroken stretch
of bad lands and cut banks. Continuing up Redwater, the route would lie around
the head of Little Dry, down Rattlesnake to Musselshell, down that stream to Flatwillow, up that and McDonald to the gap between the Snowy and Judith mountains, through the Judith Basin and the gap between the Little Belt and Highwood
mountains to Great Falls. _
The climate is good, the winters not severe as a rule, and the prevalent winds are
from the northwest. As many of the streams run n1'1rtheast, shelter from the wind
can be easily obtained in most cases. The country is broken and rolling enough to
cut oil much of the wind, nor does it blow as hard as near the main range of the
Rocky Mountains and on the plains farther east.
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INVESTIGATIONS IN NEVADA.
By L. H. Tavmu.
TRUCKEE-CARSON PROJECT.
During the year 1903 the surveys begun under the direction of
L. H. Taylor, engineer, in the summer of 1902,“ were continued in
the basins of the Truckee and Carson rivers. Following is a brief
summary of these surveys:
(1) A preliminary survey and plotting of Truckee River“ high line”
canal to ‘25 feet above and below grade line was made on a scale of 100
feet to 1 inch with 5-foot contours. This survey covered 37.5 miles of
main canal and 113 miles of lateral and alternative canals, commanding
73,000 acres of land lying north and northeast of the town of Reno, in
Lcmnion, Hungry, Presser, Spanish Springs, and Warm Springs
Valleys.
(2) A preliminary survey and map was made, on a scale of 100 feet
to 1 inch with 53-foot contours, to 25 feet above and below grade line,
of 'Lower Truckee canal, from Truckee River, about 10 miles above
Wadsworth, to Lower Carson reservoir site. Length of the preliminary line is 39 miles.
(3) A preliminary survey and plotting was made of Pyramid branch
from Lower Truckee canal to the north of Wadsworth, a total length
of 39 miles. This branch will command about 27,000 acres of land.
(4) A reconnaissance was made for Loveloek branch from Lower
Truckee canal at a point about 11 miles east of Wadsworth. This
Work extended ever a distance of 78 miles.
(5) LoWer Truckee canal was _nally located and cross sections
made. The total length of the canal is 30.9 miles.
(6) In Lemmon Valley 34 square miles of irrigable land were
mapped with plane table on scale of 1,000 feet to 1 inch with 10~foot
contour interval, and 32 square miles east of Wadsworth were mapped
with 5-foot contour interval. ,
(T) In Carson Sink Valley 335 square miles were mapped, on scale
of 4 inches to 1 mile, with 53-foot contour intervah , (8) In upper Carson V alley 48 square miles were mapped in cooperation with State engineer, on scale of 4 inches to the mile, with 5~foot
contour interval.
(9) The 110.6-foot contour of Lower Carson rcservwir site was. surveyed with level and transit.
a First Ann. Rept. Reclamation Service, pp. 226-2.!!3.
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(10) Preliminary survey and plotting was made of Lovelock branch
from Lower Truckee canal, on scale of 100 feet to the inch, with 5-foot
contours, for 25 feet above. and below grade line. This branch will
command 854,180 acres of land in Carson Sink and Lovelock valleys.
Seventy miles of this line were completed.
(11) Little Truckee reservoir site No. 1 and Henness Pass reservoir
site were surveyed with plane table.
(12) There were located 21 miles of distributing ditches from
Lower Truckee canal to deliver water to lands immediately east of ‘
“’adsworth.
(13) There were located 9 miles of main canal for delivery of water
to lands in Carson Sink Valley, from point on north bank of Carson
River about 3 miles below Lower Carson reservoir.
(14) In retracing township and section lines and restoring lost and
obliterated corners 331 miles were run.
The Truckee—Carson project“ contemplates the utilization of the
waters of Truckee and Carson rivers for irrigation purposes. Each of
these rivers has its collecting basin on the eastern slope of the high
Sierra Nevada, mostly in the State of California, in a forest-clad
region, which ranges in elevation from 5,00?) to over 11,000 feet above
sea level, and in which the precipitation, mainly in the form of snow,
is heavy.
Upper Truckee River has a general northerly course and _ows
into Lake Tahoe, which has an elevation of 6,225 feet above sea level,
and an area of 133 square miles. From the lake the‘river continues in
a northerly direction for a short distance, receiving a number of tributaries, after which it turns eastward. After passing Verdi the river,
entering what has been called the lower portion of the Truckee River
Basin, continues eastward for a distance of 45 miles, passing through
Reno Valley and Lower Truckee Canyon to W'adsworth, whence it
turns northward, flowing about 20 miles farther and discharging into
Pyramid and Winnamucea lakes.
The east and west branches of Carson River have a general northerly course, and after debouching from the main Sierra Nevada, cross
the California-Nevada lmundary, and unite in Upper Carson Valley
near (vienoa, forming Carson River. This stream then _ows northeasterly, traversing Upper Carson, Dayton, and Churchill valleys,
and three intervening canyons, a distance of about 80 miles, to a point
in Carson Sink Valley between Leetville and Fallon, where it divides
into three branches, one of which discharges into Carson Lake; one,
Old River, continues northeast a distance of about 18 miles to Carson
Sink; and the third, New River, _ows easterly into Stillwater Slough
and thence northeasterly into Carson Sink.
aSee also First Ann. Rept. Reclamation Service, pp. 228-258.
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WATER SUPPLY.
For a number of years systematic measurements of the discharge
of both Truckee and Carson rivers have been carried on at several
di_'erent points for the purpose of determining the character and
quantity of their water supply. The results of thee-e investigations
are brie_y summarized in the following tables:
Estimated monthly discharge 0f Truckee Hirer at Tahoe, ('01.
[Drainage area, 519 square 1nilcu.]
Discharge in second-feet. I Run-off.
.- , ., -. _____. e ._
' . 1
“mm 1395. 1396. 1900. 1901. 1902. Menu. “a_ig‘li- Egg‘" : 2:13:14"
mile. i
January ............. 262 ..... 102 125 163 10, 023 0. 314 i 0. 362
February ............ 290 ..... 31 T3 148 - 8, 220 . 285 I . 297
March ......................... 30 52 41 2, 521 . 079 . 091
April .......................... 9 48 28 1,666 .054 .060
May .......................... 0 97 49 3, 013 .094 . 108
June ..................... 52 30 95 59 3,511 . 11-1 . 123
July ........... 91-1 ..... 214 225 204 390 23, 981 . 751 . 366
August ......... 425 ..... 232 419 406 370 22, 751 . 713 . 322
September ...... 3T4 ..... 196 326 350 312 ' 18, 564 . 599 . 669'
October ........ 415 ..... 159 232 324 . 295 7 18, 139 . 569 . 655
November ...... 437 ..... 135 2-17 3-16 1 291 i 17, 315 . 563 . 628
December ..... 250 ..... 31 111 326 l 192 1 11,306 i .370 .426
The year- . ............... 155. 3 204. 3 i195. 5 I 141, 510 ‘ .377 5.107
Estimated monthly discharge of Truckee River 11178201311113 Mills. 716717- 141507230711, Cal.
[Drainage area. 965 equare miles-1.]
Discharge in second-feet. Run-off.
i Total in i SecondMomh' 1399. i 1900. 1901. 1902. Mean. “on"“_'t‘ . is‘ifgm' 133133;“
1 mile.
January .................. 376 i 314 322 337 20, 722 0.353 0.403
February ................. 267 11’082 506 613 34, 332 1 . 656 . 606
March .................... i 310 {1,230 , 402 331 1 51,097 .370 1.003
April ..................... i 927 1,476 I1,656 1,3531 30,510 1.417 1.539
May ................. l1,529 2,473 1,327 1,973l 121,624 2.071 2. 400
June ..................... 1 966 1,595 i1,357 1,3063 77,714 1.363 1.533
July ..................... i 441 636 ‘ 501 543 i 33, 333 .563 .659
August .................... 373 436. 506 455. 27,977 .476 .552
September .......... 276] 344i 472' 432 393 23, 335 .411 .461
October ............ ‘ 330 ' 462 470 450 423 I 26,317 .443 .519
November .......... 570 463 1 469 416 430 1 23,560 .503 . .563
December .......... 267 330 445 432 393 ' 24,135 .411 E .477
The year ..... 1 ______ 1611.5 933 550.1 759. 9 , 549, 793 .713 ! 10.355
TX700084368
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Estimated monthly discharge of M-kec River m’ur I'M", N197.
[Drainage area. 1.5!!) square miles-1.]
: Discharge in m‘t-ond-fect. 1 Run-oft.
| 1 1 1 ' h : Total in Serond- _
month' 11990. 1591.1-.99 1199911900 11901 11912-115511. “"9"?” ‘99th ”(pm
1 . 1 1 1 1 mil cl ln(- he'd.
January ............. ! ...... 1.1700 5911 ‘ ...... 479 1 551 1 399 564 31. 690 1 0.372 1 0. 4-29
Febmary ............ ' ______ 1:11-50 5051 ...... 1 421111.195 599 733 40, 709 .492 .502
March......’ ............... H1550 m 1 ...... 5571328 539 929 50.9711 .540 -029
April ................ ' 1.523 954 1 ...... 1 755 11.390 11.922 1.522 109.419 1.213 1.353
May ................. 5.99012 705 937 1 ...... 11,257 '2.145 1.510 2.451 150,705 1.614 1.860
June ................ 4.152 1 905 ...... 1 ...... 1 709 11.253 1.056 1,919 109.2401 1.197 1.336
July ................. . 915 ...... 1 ...... 1 110 1 425 (1292 794 43,922 .529 .603
August .............. 1 952 495 ...... 114 122 915 311 393 . 21.550 .252 .991
September ........... 1 592 :59 I ...... 1 152 1 192 1 929 443 39.1 1 23.395 .259 .2199
October ............. 1 712 501 ...... 1 373 .130 477 455 511 1 31,421 .337 .389
November ........... 765 503 ...... 516 :' 1 557 773 614 36.536 .404 .451
December ........... l 7501 503 _'1"‘“1 455 5541 510 1.1050 5711 95.110 .3761 .435
The our ...... ' ...... 1990.16 1 ...... 1 ..... 1533.1115316 1.9 1758.4 956.5 1 592.553 .531 9.555
I I
«Estimated.
Edimated monthly disrharge of West
[Drainage urea. 70 square miles.]
Fork of 01le River (11 Woml_mlx, (‘01.
Discharge in second—fuel.
Run-off.
1 1 1 1“ m1 1 Total in Second
mum 1 1890. 1991. 11992. 1900. 1901.1 191111 Mm. 190191.291. 11:53:3- D?!“
1 1 1 1 1 mile. _nches.
January ............... 1 ...... 52 1 45 ...... .11 107 11 (H 1 3.935 0.91 1 1.05.1
February .............. 1 ...... 1 45 .19 ...... 111 2.91 111 1 6.165 ‘ 1.59 1 1.551
March ....................... 1 111 65 ...... 170 1:911 109 . 5.511 1 1.54 1.779
April ................... 291 127 1 ............ 231 175 1 205 12.195 1 2.93 1 3.957
May .................... 057 5:11 1 ............ 17-2 1 297 1 41-91 90,005 5.97 1 5.0193
June ................... 61-1 :994 1 ............ 299 .119 390 23.207 ‘ 5.57 ' 5. 217
July ................... :910 1 130 1 ............ 1:9; 1 120 1 191 11.741 1 2.73 3.145
August .................. 135 55 1 ............ 77 1 10 1 90 4.919 1.11 1 1.3115
September ..... . ....... ' 75 11 ............ 4:1 ' 3-2 1 111 2.955 .59 1 .705
0ctober..............,. 571 15' ...... 11 '19 '1 :91 '15 2,9511 .59 .790
November ............. 1 19 1 13 ; ..... .19 51; ‘ :15 19 2.550 1 .755
Decambor .............. 1 5-1 47 ’ ...... 5:1 112 1 :91 59 3.625 1 .34 1 .972
1111 year ......... 1 ...... 129. :19 1 ............ 1 117. 20 1 1:11.91 1 153.47 111.155 1 2.2971 29.702
TX700084369
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Estimated monthly discharge of East Fork Carson [firm at Rudemluth’a numb, umr (fordnrrrillr, Nor.
[Drainage nreu. 381 square miles.]
lli\.l“l|:11’:_'1'lllM’Villlllrl‘l'l‘l. HIM] lull.
'Ihtul in .‘L'i‘IJlHl'
“Hm“- Wm. 15:11 her. law, lam]. 1114113. Mum. “"r‘h'iwl‘ “"1 1'“ Miniim
“Him". inl'lws
Hillau ‘
January :‘m :29” ...... :".I -I ‘:J.: 1:1.le Him u an”.
Febnmr} in: 51%: ...... mu TH 2:52: 21.51 HM 11m
Mare]..,.._., H1 1:: 1M 1m 11:: 27.173 1.111: 1:17
April ........ . 1.041”. 13': ‘ 17a ______ .352 mu 11:5 117,2“; ‘ 1m» 1_::;1|
May ............. ,, 2.1;»: I, 113 ‘ 133:1; ,,,,,, 1, «:3 19:11:» 1.11:“ 1117143511 1 3‘41: . u 1::
Juno-.. ,_ ., 9.11m 1.3-5 1.1» 1.3mm am 1.17! ~11 :‘ _: mu 1:11;
July ....... ,, 1,7w nix rm ,, ,, 71:: IT\ :1: 17.1131 , 3.111;: 1:11
Augun... .. , $.97 ms 11;: ______ 231' [:11 :99: 22.1." I WM 1.11.1”:
Septemhrr ,,,,,, HT. 2:“ Ill 1:9 .1 b: 111.791 I Tm .ml
0010bw........ .. :Nl :hz" H". 2.x 12;? '11 :53. 11.111 ’ .6111 .711
Novem lu-r ,,,,,,, . 11H! :33 H I .1] 1:". ~11 :51] 1 I. 919' 0719 .11”:
Mend-MU“ . .2721 Lb 1.1m :11 LIT'.‘ :11 um ‘_':"..£‘.'ZI1 ‘ .1111: 1.17.1.1
’l‘lu- 5-1112 i ,,,,,, 1'.st Ml .... 3:17 21-5. ;; (1.1:. 1 ‘ 139. SM | I m :1. I111
Estimated monthly dixcharge of Carson River at Empire, Nev.
[Drainage area. 1890. 894 square miles; afterwards 988 square miles.)
Discharge in second-feet. Run-011'.
Total SecondMonth. in acre- feet Depth
1890. 1895. 1900. 1901. 1902. Mean. feet. per In
square inches.
mile.
January .......................................... 115 225 170 10, 453 0.172 0. 198
February ........................................ 615 280 46'}. 25, 659 . 468 . 487
March ........................................... 684 410 522 32. 097 . 528 . 009
April ..................... 1, 565 ................ 700 618 901 56, 184 .973 1.066
May ...................... 3,475 ................ l.995 1,011 2,171) 132,433 2.178 ' 2.511
June ..................... 3, 1-13 ............... 1,421 1.002 1.855 110,203 1.877 ‘ 2.091
July ..................... 2,159 802 1 ........ 463 170 900 55,340 .911 1.050
August ................... 756 H9 é ........ 126 19 202 16,110 .265 .306
September ............... 14-1 192 1 ........ 39 15 98 5.831 .099 .111
October .......................... 151 1 7 113 54 98 6.02.") .099 .111
November ....................... 301 J 109 197 160 193 11,4115 .195 i .213
December ....................... 211 l 93 311 214 I 207 12.7% .209 ' .241
The year ................................... 562.7 | 951.3 1 ms.» 474.513 .665 i 9.002
RESERVOIR SURVEYS.
Since 1900 numerous surveys of reservoir sites have been made at
points where it appeared practicable to impound _ood waters to aid in
regulating the stream _ow.
RESERVOIR .‘ilTRVEYH IN TRUCKEE BASIN.
In the basin of the Truckee '7 of these reservoirs surveyed were
recommended for construction. and estimates of their cost were
prepared. These estimates were published in W ater-Supply and IrriTX700084370
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gation Paper, No. 68; also in the First Annual Report of the Reclamation Service.“ The following are the names of the sites surveyed:
Lake Tahoe, Donner Lake, Independence Lake, Little Truckee reservoir No. 1, Henness Pass reservoir, Twin Valley reservoir, and Dog
Valley reservoir. Of these Little Truckee No. 1 and Henness Pass
reservoirs have been resurveyed more in detail during the current,
year, and revised estimates of their capacity and cost prepared.
Arms and mqmm'ty uf Little Truck-cc rcm’rrm'r Nu. 1.
(Ymitour. A rcas. (‘11 parity.
Fed. Acres. A m-r—fn‘l.
10 21 105
20 66 540
30 156 1, 1150
40 270 3, 780
50 371 6, 9%
60 450 11, 090
70 53:; 16, 005
so 610 21, 720
90 717 28, 355
Eslinwlc of cos! of Lillie Trucker Mien-air, No. 1.
Dam:
Hydraulic _ll, top length 515 feet,'top width 25 feet, maximum
height 100 feet, slopes 2—1 and 3—1; embankment of earth,
241, 850 cubic, yards, at 10 cents ........................... $24, 185
2} miles of ditch to supply water fur hydraulic. _ll, capacity
7 second-feet ............................................. l, 500
Preparation of foundation ................................... 2, 000
10,600 square yards riprap revetment, at 75 cents ............. 7,950
tea, e35
Outlet works:
Two 36-inch mist-iron pipes laid in concrete—1.000 feet 36-inch
cast-iron pipe laid, at $0.50 ................................ $9,.“
800 cubic yards concrete. incasing pipes and in gate tuwcr, ctc.,
at $9.50 .................................................. 7, 600
Valves, gate and hoist in place .............................. 1,600
Gatehouse and suslu-nsiun funthridge ........................ 850
—— 19, 550
\Vaeteway timber Hume ................................... . ............. 4, 000
Right of way and damages .................................... ‘ ......... 10, 000
Engineering ........................................................... 5, 000
Contingencies, 10 per cent .............................................. 7, 419
Total ............................................................ 81, “04
Capacity of reservoir, 28,355 acre-feet.
Cost per acre-foot, $2.83.
a l‘p. 231-2313, 235—215.
TX700084371
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Arm and capacity of ”mums Pass resen'oir site.
Pontour. :1 runs. Capacity.
Fret. A cm. A ore-feet.
5 88 a O
10 164 630
20 271 2, 305
30 369 6, 005
40 469 10, 195
"Lt-Vol of outlet.
Estimate of cost of firmness Paw reservoir.
Supply canal (capacity. 150 second-feet):
Repairing and enlarging 2; miles old canal .................... $2, 500
Constructing 2} miles new canal .............................. 11, 000
$13, 500
Main dam:
Top length, 545 feet; top width, 20 feet; maximum height, 46
feet; slopes, 2—1 and 3—1; hydraulic _ll, 69,240 cubic. yards, at
10 cents ................................................... 6, 924
Secondary dam “A:”
Top length, 412 feet; top width, 15 feet; maximum height, 20
feet; slopes, 2-1 and 3—1; earth embankment, 12,000 cubic
yards, at 20 cents .......................................... 2, 400
Secondary dam “ B:”
T0p length, 700 feet; top width, 15 feet; maximum height, 10
feet; slopes, 2—1 and 3~l; earth embankment, 6,500 cubic
yards, at 20 cents ...... '. ................................... l, 300
Riprap revetment, 9,300 square yards, at 55 cents .................. 5, 115 ‘
Preparing foundation ............................................ l, 250
16, 989
Outlet works:
TWo 30-inch cast-iron pipes incased in concrete;- 470 feet. cast-iron
pipe, laid, at $8 ............................................ 3, 760
220' cubic yards concrete, imaging pipe, at $9.50 ................ 2,090
Gates and hoist in place ...................................... 1,000
— 6, 850
Right of way ........................................................... 4, 000
Engineering ........................................................... 4, 000
Contingencies, 10 per cent .............................................. 4, 534
Total ............................................................ 49, 973
Capacity of reservoir, 10,195 acre-feet.
Cost per acre-foot, $4.90.
Other reservoir sites in the basin of the Truckce River examined
but condemned either on account of their small capacity, relatively
high cost, lack of suf_cient catchment. area, or other suf_cient reason,
are Webbcr Lake, Little Truckee No. 2, St:11n1,>cdc Valley, Sardine
Valley, Martis Creek, Squaw Valley, Monument Peak, and Grass
Lake.
TX700084372
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RESERVOIR SURVEYS IN CARSON RIVER BASIN.
In the basin of ('T-arson River 21 storage sites were exmnined, of
which 4 only are reconnnended for construction, as follows: Lower
Carson, Alkali F lat, Diamond Valley, and Silver King reservoirs.
The other sites are Soda Springs, Silver Queen, Berry or Wolf Creek,
Heenan Lake, Pleasant Valley, Mud Lake, Long Valley, Prairie,
Harveys Meadows, Hope Valley, Charity Valley, Middle Carson, and
_ve smaller ones unnamed. These are condemned as being too small,
MAXIMUM CROSS SECTlON OF PROPOSED
LOWER CARSON RIVER DAM
Scale
an
:0 w can feel
Flo. BIL—Cross rcctlon oi proposed Lower Carson dam, Nevada.
too expensive, or not necessary to the proper control or conservation
of the river _ow.
During the summer of 1903 a further survey of the Lower Carson
reservoir site was made. This work consisted of a traverse of 'a contour 110.6 feet above the datum of the survey of 1902. The results
of this survey have been plotted on the original contour map of the
site, and the capacity computed as shown in the following table:
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Arm and mpaeily of Lowrr (L'armm rrum'nir.
Contour.
l’h‘l.
8883883885o
1
110.6
A real. Comm-it):
Acres. Am-_w.
' 0 (a)
6 30
107 595
300 2, 630
768 7, 070
1, 119 17, 405
1, 678 31, 390
2, 691 53, 235
4, 116 87, 270
5, 309 134, 395
6, 611 193, 995
10, 852 286, 549
n Bed of river at dam site.
363
For this reservoir it is proposed to construct a concrete rubble weir
dam, having a maximum height of 110 feet above river bed, a top
length of 775 feet, and a bottom length of 85 feet.
The outlet will be through a tunnel on the left bank of the river, discharging into the river channel, immediately below.
The water will be admitted to the tunnel through a suitable masonry
tower. The estimated cost of this dam is $450,000. The cost of right
of way over lands to be _ooded will be about $30,000, making the cost
per acre-foot of storage capacity $1.68.
CAPACITY AND FONT OI’ RBERVOIRB.
The following table gives the estimated capacity and cost of the
reservoirs which have been recommended for construction in the
development of the Truckee project:
Capacity mu! mat of roman-airs in Tnu'kre Basin.
Name of reservoir. (‘npacllyz (Io-1t.
Arrr-jt'd.
Lake Tahoe ....................................... ‘1 200, 000 $22, 360
Donner Lake ..................................... 26, 900 86, 7-16
Independence Lake ............................... 1 I, 725 33, 979
Little Truckee No. 1 ............................... 28, 355 81, 60-1
Henness Pass ..................................... 10, 195 49, 873
Twin Valley ................ _. ..................... 7,818 41,195
DogValley..-......-.--...--.--..-..-..- .......... 5,785 32,186
Silver King ....................................... 22,555 128, 040
Diamond Valley .................................. 23, 280 126,500
Alkali Flat ................. . ..................... 141, 560 303,000
Lower Carson ..................................... 286, 549 480, 000
Total ...................................... 1'64, 722 1, 445, 463
aNL-l amount which can he drawu annually.
TX700084376
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IRRIGABLE LANDS.
The irrigable lands within reach of the Truckee and Carson rchr
waters, outside of about 90,000 acres now under cultiVation, comprise
a total area of about 460,000 acres, situated as follows:
Irrigablc lands commanded by Truck-e and Chi-sou rims.
Acres.
In Reno Valley, commanded by existing ditches from Truckee River and
by small mountain tributaries ......................................... 12, 000
Along foothills north of Truckee River, and in Lennnon, Presser. Hungry,
Spanish Springs, and \Varm Springs valleys ............................ 73, 000
On Pyramid Lake Indian Reservation and adjacent. to Wadsworth ......... 35, 000
In Carson Sink Valley .................................................. 200, 000
In Churchill Valley .................................................... 15, 000
In Upper Carson Valley ................................................ 35, 000
In Dayton Valley ...... 15,000
In Lower Humboldt or Lovelock Valley ................................. 75, 000
Of the foregoing lands, all in Reno Valley, as well as the greater
part of those which can be supplied by a high-line canal from Truckee
River, and in Upper Carson, Dayton, Churchill, and Lovelock valleys
are held in private ownership, the Central Paci_c Railroad Company
being the largest proprietor, though there are a number of persons
owning from 1,000 to 25,000 acres each. In Carson Sink Valley
about two-thirds of the land still belongs to the public domain.
The investigations of the water supply have not progressed suf_ciently to warrant a close estimate of the irrigation possibilities, but
it is con_dently believed that the water can be controlled so as to
reclaim at least 375,000 acres.
CANAL SURVEYS AND CONSTRUCTION.
In the development of the Truckee-Carson project the _rst canal
line_urveyed was the Truckee River high-line canal, designed to supply water to 73,000 acres of land in the several valleys north of Reno.
This comprised a main diversion canal, heading in the left bank of the
river at Floriston, Cal., and after traversing a rough,m0untainous
country fora distance of 31 miles, terminating at the divide between
Reno and Lenunon valleys, whence about 100 miles of main branches,
largely through rugged country, are required to deliver the water to
the various valleys.
The estimated cost of the diversion canal is $1,103,457, being $15.12
per acre of land to be irrigated. While the branches surveyed have
not been closely estimated upon, they would cost over half as much
more, and when to this is added a proper proportion of the cost of
necessary storage works the charge upon the land becomes so nearly
prohibitory that it was deemed wise to drop this work for the time
being. Accordingly the project of taking water from Truckee River
TX700084377
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at a point about 10 miles above Wadsworth for the irrigation of lands
in that vicinity and in Carson Sink Valley was investigated. and it was
found that not only could this be done within reasonable limits of cost,
but also that the main diversion canal, extending from Truckee to
Carson rivers, could be employed to convey water from the former
stream to the Lower Carson reservoir site, situated on the latter at the
canal terminus, where it could be impounded, thus permitting the use
of a considerable portion of the Truckee waters for power purposes
during the nonirrigating season, and at the same time conserving them
for irrigation purposes.
This project also permits of the union of the Truckee and Carson
waters in the valley of Carson Sink where, below the Lower Carson
reservoir, are fully 150,000 acres of irrigable sagebrush lands, while
there are fully 125,000 acres more at higher elevations which can be
supplied from the canal directly.
'Accordingly was decided to undertake the construction of the
Lower Truckee canal; and in April its _nal location was begun.
Plans and speci_cations were completed early in June, and proposals
for its construction were opened by the Secretary of the Interior in
“'ashington on July 15, 1003.
Contracts were awarded to Messrs. l. A. “'arren & Co., of San
Francisco, Cal., and E. B. St A. L. Stone Company, of Oakland, (3211.,
the former for the construction of divisions 1 and 2, aggregating about
13 miles in length, and the latter for division 3, about 18 miles in
length, they being the lowest bidders.
Following is an abstract of the bids received:
Abstract of bids on Truckee canal, division I.
Atlantic.
. Paci_c . - ‘ E. B.&
l, Mulroney; “[91:32? (tow ("rthllg‘r'l A. L.
, Bros. Consiruc- strugion Co. stoone
' tiou Co. ' ' l ’ '
Hazinwonxs. I l
|
Excavation in water. 2.000 cubic yards, per cubic 1
yard .................... ....................... 1 31.00 ‘ $3.00 85.00 82.00 ' $3.00
Concrete. 3,000 cubic yards. per cubic yard ........ 13.50 i 0.00 7. 50 ‘ 0.00 8. 50
Sheet iling. 12 ieet long.dnveu in p1ace.‘200 feel, i l f '
per om ........................................ 40. 00 1 40.00 I 45.00 20.0; : 4.2:»
Gates and guides, in place, cast iron. 36.000 pounds. I | i l
per pound ....................................... .03 . .07 I 0.71 07 l .12
Pedestals and screw stems in place. ‘24. each ....... I 15. 00 100.00 I 1'20. 00 100. 00 . 00.00
Flashboards. 3 by 12, complete. 104. each .......... l 2. 00 1 1.00 1.00 1. 00 2.00
Steel channels ior‘pedestals. support, 010.. 10,000 I ‘ l
pounds, per poun ............................... i .00 .00 .06; .07 .12
Lumber 111 temporary channel, computed. 100.000 l l I
ieet B M .per 1.0001091 ........................... 40.00 40.00 _ 42.00 | 50.00 I 50.00
Lumber ior loot planks. 5,000 feet B. .\i .per1.0m 1 - 1
ice! ............................................ :ili ll) 35.“) £0.00 ‘ 40.11] 401m
Railroad iron for millage 1n inundation. 17 tom, ‘
per ton .......................................... 00.00 00.00 00.00 00. 00 ‘1 new
Riprap'. 500 cubic yards, per cubic yard ............ 1.00 2.00 1. 50 l 4.00 l 1.00
Paving. 4.000 feel. per square loot .................. .20 .20 .15 l 15 i .15
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.ibxtrm-t qf bids 0n Thu-lace (mull, divixiun 1—(C‘ontinued.
I J '
Atlantic _- .
Gulf and Paulie U. A. Wnr- L B’&
Mnimne} Paci_c. (3011- run a; A. L
Bros. 0)”th struction Co. biggie
I tiou Co. 0' '
CANAL uxcna‘rmns AND sruccrvnm.
Clam l. excavation. 061,011) cubic yurdn, per cubic
yard .............................................. 00. 22 I). 35 I]. 39 80. 23 so. 20
Class 2. excavation ................................. . i0 .70 . 05 . 30 . 50
Class 3. excavation. 3,800 cubic yards. per cubic
yard .............................................. .40 ! .70 .55 .40 . 75
Class 4. excavation. 120.000 cubic yards. per cubic ! ,
yard ............................................ .90 1.40 1.25 .80 LG)
Concrete. 3.000 cubic yards. per cubic yard ......... 0.60 10.00 9.80 6.00 s. 60
Gates and guides. complete. in place. cast. iron. i
84,000 pounds, per pound ......................... .00 .07 .071 .07 . l2
Pedestal»: and acrcw stems. in place, 21, each ...... 75.00 100.00 120.0) ' 100.00 90.00
Flushboards as above. 63, each ..................... 2.00 1. 00 1. 00 l. 00 2. 00
Steel channels for pedestals, support. in plncc.
9,000 pounds. pcr pound .......................... . 00 . 06 . 001 . 07 . 12
Lumber inr font plunkn. 5.000191% B. 10.. per 1.000 ‘
feet ............................................... 30.00 40.00 30. 00 40.00 40.00
Puddling. 1,000 cubic yards, per cubic yard ........ .50 E 2. 50 3. 00 2. 00 l. 50
Tom fox-division 1 ........................... 730,309 Imam-z 1 510,230 324,967 #0333
A thruct of bids rm. Thwkc'e canal, dim'm'on 2?.
A‘tluntira ,
(Sana! excavation and structurc. “Email: (111133231? C; AJ'Nnr- E11140 A; l“
Cnnstruc— ti on Co. run 6. (.0. Mom: (.0.
lion Cu.
Ex cnvation :
Glam 1. 737.000 cubic yanin. per cubic yard ....... 1135 I). m I) 23 80. 20
(313392 ..................................................................... i ........................
Clam3 .............................................................................................
Glam 4. 101.000 cubic yards. per cubic yard ........ 1. 40 1. 25 .80 l. (I)
Concrete. 10,000 cubic yards. per cubic yard .......... 10.00 9. 80 5.50 8.50
Gates and guidcn. complete. in place. cast imn, 40,000
pounds. per pound .................................. .07 . 0'71 .07 . 12
Pedestals and screw stems. complete. in place. 10.
each ................................................ 100. 00 120. (I) 100. (I) 90. ll)
Flashbom‘tl_. as above. 30. each ....................... 1.00 1.00 1-00 2.00
Stccl channels [or lwdcsmls, support. clc.. in plan-c.
5,000 pounds. per pound ............................ .00 .06} .07 . 12
Lumber for {not planks. 3030 fI-ct. pcr 1.000 [wt ...... 25. Ll) 30.00 40. 00 40. (I)
Puddiing. 1,000 cubic. yards. pcr cubic yard .......... 2.50 3. 00 2.00 1.50
Tunnels. 400 feet. 900 feet. and 1.400 icct. approximately: 1
First method.1.50011ncuricct. pct lincur [mat . . H! 05.00 1 02.50 30. 70 75.0)
Second method. 1.3001incuricct.pcrlincnr 10111.. 5&0!) I 64.00 37.20 55.00
Third tnctboli, pcr linear {out ..................... I 60.00 i 00. 50 40.0] 40. (I)
’l‘nmi fnr division 2 ............................. 'i 073.925 ‘ 530. 2:1. i 415,020 525.31!)
TX700084381
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Abstract of bids on Trucker, canal, division 3.
Atlantic.
(lull and l’acilii-(‘nn- Chan. A. E. B. &A. L.
l Hie-ilk Con- utruction Warren ‘ Stone
| stnu tion Company. & (‘4). Company.
Pompom.
Excavation: :
Class 1, MLOOO cubic yards. pct cubic yard ........ i to. 30 ll). 24 $0. 28 90.20
Class 2, 56.000 cubic yards, per cubic yard ........ , .70 ' .l’_ . 40 .50
Plum 3. 19,000 cubic yards. per cubic yard ........ i .70 ' v .55 .50 .75
Class 4, 38,” cubic yards, per cubic yard ........ i 1.40 ' l. 25 1.0:! 1.00
Highwm bridge, complete with com. rctc pie-n4 ...... 1,509.00 I moo. 00 1,500.0! 2,350.00
Overhaul. 20 000 cubic yards 5001?“. per cubic )anl ‘ i
pcrlw ice! ......................................... ‘ .05 .031r .0] .02
Total fol-division 3 ..... . ...... . ................. \ 375,511: i 290, 490 305. um i 330, 700
l
These contracts were executed by E. 1i. & A. L. Stone Company on
August 28, 1903, and by C. A. Warren & Co. on September 3, 1903.
Actual construction was; begun on division 3 on September 11, and on
division 1 on October ,1903 and is now licing prosecuted v1 gorously.
The entire canal is required to he complet ted not Intel than November
3, 19m.
l
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The work in Nevada is under the direct charge of L. ll. Taylor, dis
trict engineer, with of_ce at Reno. In this of_ce Mr. William Sarge-ant
is general assistant and looks after details in the absence of Mr. Taylor.
The drafting, designing, and computation are under the charge of
A. V. Saph.
The construction work is under the immediate direction and oversight of “'illiam E. Swift, with of_ce at Wadsworth. He is assisted by
R. R. McGregor, Burt E. Forbes, and Fred A. Temple, each in charge,
respectively, of divisions 1, 2, and 3. Each of these assistant engineers has a small corps of instrument men and inspectors, who measure
the work and report daily upon the men employed, material used, and
progress made. In the \Vadsworth of_ce these daily reports are
embodied in the form of tables showing the estimated cost per cubic
yard or other unit of work, and the rate of progress. The diagrams
make possible a comprehensive View of the. location of the work and
percentage of the whole accomplished, and show the rate of progress
which should be made under the terms of the contract and that which
has actually taken place.
Other _eld parties are locating, in advance of letting contracts for
construction, the canal and distributing system below the principal
reservoir, this work being in .chargc of W. S. Russell, assisted by
D. W. Hays and C. V. Taylor.
The topography of the irrigable area is also being mapped by \V. A.
Keddie and various assistants. A topographic survey of the lands
irrigated and irrigable on Carson River above the reservoir site is
being made by B. B. Smith, in cooperation with the. State engineer.
This work has particular reference to the determination of the existing water rights and consideration of these in connection with future
development.
' EXISTING WATER RIGHTS.
There are under irrigation and cultivation in the basins of Truckee
and Carson rivers about 90,000 acres of land. Of this about 2,000
acres are supplied from the Truckee below the head of the canal now
under construction, including lands cultivated by Indians on the
Pyramid Lake Indian Iteservatitm, while about 15,000 acres are irrigated in Carson Sink Valley below the Lower Carson reserVOir, making
a total of approximately 17,004) acres of land for which water rights
have been acquired within the district designed to be supplied by the
irrigation works now projected and under construction.
To obviate possible future complications agreements have been
secured from all but fouror tire of the owners of these lands, exclusive
_ of the Indians, whereby the United States Government agrees to supply
from the canals to be constructed by it, free of cost, water for the
TX700084385

U. B. GEOLOGICAL SURVEV SECOND ANNUAL REPORT RECLAMATION SERVICE PL. XLIV
._»-p
B. LOWER CARSON RESERVOIR SITE, FROM DAM SITE.
Digitized by GOOSIQ
TX400084386

Digitized by (300813
,_ _ a ,. _._-J
TX700084387

NEVADA: MUDDY CREEK RECONNAISSANCE. 369
irrigation of all land now under cultivation and irrigation, and in consideration therefor the landowners agree to convey all the. water rights
owned or claimed by them, U_)g(‘-l'.l]01‘ with all dams and ditches for the
diversion of water, to the United States.
Following is a copy of the form of agreement employed:
This agreement, made the day of , 1903, between , of the
county of , State of Nevada, of the _rst part, and , thereunto
duly authorized by the Secretary of the Interior for and on behalf of the United
States of America, of the second part, witnesseth:
In consideration of the delivery, without charge by the second party to the _rst
party, of water for the proper irrigation of acres, more or less,
described as follows: ,sec. —-, T. —, R. —, Mount Diablo meridian. which
the _rst party owns and now has under irrigation and cultivation, and of the promise
of the second party to sell to the _rst party the use of suf_cient water for the proper
irrigation of land now owned by the _rst party not. exceeding 160 acres, situated in
, sec. —, '1‘. —, R. —, Mount Diablo meridian, at such price and under
such conditions as may be hereafter _xed by the second party, in accordance with
an act of Congress approved June 17, 190:2, for the delivery of water t 11' irrigating
similar lands in like location within the irrigation system in which said land is situated, the said waters to be furnished from canals to be constructed by the second
party within convenient distance of said lands, the _rst party hereby agrees to convey to the second party all right, title, interest, or claim which he may have to the
use of any of the water of the River and its tributaries, together with ali right,
title, interest, or claim he may have to any canal or reservoir for the conveyance or
storage of such waters, by good and sufficient deed, conveying good, suf_cient, and
satisfactory title, free of incumbrance, by proper description, in conformity with all
the terms of this agreement, within thirty days after notice that the second party is
ready to accept such deed on the terms of this agreement.
Witness the hand and seal of the _rst party.
————- [sEAL],
— [SEAL],
First party.
[ssAL],
For the UM 51ml thtm of ,rllracricu, of the second party.
Witness:
of [sEAL].
of [sun].
RECONNAISSANCE 0F MUDDY CREEK."
it reconnaissance was made of the valley of Muddy Creek, in Lincoln County, Nev., to examine those townships withdrawn from settlement under the provisions of the reclamation act.
The townships in question are heated along the valley of Muddy
Creek north and northwest from St. Thomas, as indicated upon the
accompanying mp (_g. 38). They are in Lincoln County, the southernmost. county of Nevada, and lie between latitude 36‘? 30' and 360
45’ and longitude 114 " 15’ and 1H.-0 45’.
u Extract from report by E. T. Perkins.
H. Doc. 44, 53—2—24
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The townships are as follows: T. 1-1 8., R. ('5 E.; T. 1-1 5., R. 66 E.;
T. 15 8., R. 65 143.; T. 15 8., R. 66 E.; T. 155.,13 671).; T. 16 S.
R. 67 E.;'l..1US.,R. (5816.; T. 17 S. R. 68 E.
The valley of Mudd} Creek extends from Virgin River, in sec. 13,
9
T. 17 S., R. 68 E., to the “Narrows,” in see. 16, T. 15 S... R. 67 14).. a
distance of about 16 miles, and has an average width of 1 mile. The
“ Narrows” are about 215» miles long, and above them, in sec. 7, T. 15
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Fm. 38.——Geneml map showing Muddy Creek project. Nevada.
5., R. 66 E., the valley opens out again and extends on to Muddy
Spring, in '1‘. 1-1 6., R. 65 14)., several miles above the Moapa Indian
Reservation.
ACCESSIBILITY .
This country is at present. remote from any railroad and can only be
reached by a long and tedious stage journey. Four stage lines center
here—from Chloride, Ariz.; from Mam Ll Cal.; from Pioche, Non, 1
TX400084389
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and from St. George. Utah. In the next year or so the San Pedro,
Los Angeles and Salt Lake Railroad will probably be built through
this country, surVeys having been completed and right of way already
acquired.
WATER SUPPLY.
A rough estimate, from the best obtainable sources, indicates that
the drainage area of Muddy Creek and its tributaries, notably the
Meadow Valley “rash, is 7,000 square miles, but the major portion of
this area is a desert country and the precipitation and run—off are
small. The area under discussion is at an elevation from 1,200 to
1,800 feet above sea and the higher mountain ranges of the drainage
area reach up to 7,000 or 8,0( M) feet, but are essentially desert mountains with no foliage and but small run-off.
RAINFALL, TEMPERATURES, AND EVAPORATION.
The following _gures are taken from the records of the United
States \Veather Bureau:
The normal precipitation from 1871 to 1896 over this area has not
exceeded 5 inches for the year. In Newell’s “Irrigation” the run-off
for this area is estimated from 0 to 2 inches per annum. The greatest .
precipitation is during the _rst quarter of the year, averaging 2.9
inches. ‘
The mean temperature from 1871 to 1896 has been as follows:
xlfmn u'nqurmfure of .lftuldy ('reek rcyivm from 187 I to 1.896.
. Mean Mean
Month. Normal. maximum. minimum.
0 0 0 O O 0
January ........................................ 30—43 45—60 25
July ........................................... 73—85 90—95 65-70
The mean annual temperature from 1871 to 1896 was 550 to 65°;
the highest observed was 105"“ and the lowest observed — 18".
There have been no evaporation records kept, nor have any evaporation investigations been made. So the possible amount of evaporation
is only obtained by a comparison with similar areas. In Glassford’s
reports the evaporation for neighboring areas is given as being
between 80 and 90 inches per annum.
CHARACTER OF STREA M.
Muddy Creek has its principal source in Muddy Spring, in the northwestern portion of T. 14 8., R. 65 FL, and is of steady _ow throughout
the year. The surface run-off of its large area is so small as to have
no appreciable effect, and there are no signs of high water or _oods
TX700084390
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along the river bank. Such information as could be obtained from
the settlers was that there was throughout the year a permanent _ow
of the same amount as at the time of the present examination, when the
discharge was 36.7 second-feet. The river channel is narrow and deep,
with sharp-cut banks. In the valleys the slope is estimated as being
18 feet'to the mile, in the canyons about 25 feet to the mile.
DAM SITES.
There are several dam sites in Various portions of “The Narrows.”
At dam site No. 1, farthest downstream, the hills rise on either side
of the stream to a height of about 100 feet, the distance between abutments being about 300 feet. The average slope of the hills is about
2 to 1, there being an adequate spillway to west of stream. A dam
75 feet high at this point would back the water 3 miles upstream and
would probably provide a reservoir of suf_cient capacity to hold the
Winter water from Muddy Spring from November to March, inclusive.
Dam site No. 2 is one—half mile farther upstream. Here the distance between abutments is about 500 feet, but there is no spillway.
A dam here could be built to any height, and would _ood more valuable land than would dam No. 1.
A third dam site exists at the upper end of “The Narrows.” but
the reservoir Would include the agricultural lands of the upper valley
and present more surface for evaporation.
The rock is a good limestone, and appears in suitable quantity and
quality for construction. A rock-_ll dam would probably be cheapest and best.
The lower dam site, or dam site No. 1, seems upon super_cial
examination to be best, as there is less distance between abutments,
there is a natural waste weir, less valuable lands would be _ooded, and
it is nearer tl e lands to which the water would be applied. The reservoir, while of suf_cient capacity to store the waters, would be
narrower nd present less surface for evaporation.
RESERVOIR SITES.
Any of the three dam sites would impound water over much the
same area, and any of these reservoirs would probably be of suf_cient
size to impound all the waste waters of Muddy Spring and any
ordinary _ood waters that might occur. Most of the lands that would
be _ooded are in private ownership, and would have to be acquired
by purchase or condemnation.
As stated in connection with the (lam sites, the lower reservoir
seems to be preferable, but in all cases the limestone abutments would
require careful investigation before construction.
TX700084391
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IRRIGABLE LANDS. ‘
The valley of Muddy Creek is divided into two parts by “The
Narrows.” It is estimated that in the two parts of the valley there
are 12,000 acres of agricultural lands, 8,000 acres lying below "The
Narrows” and 4,000 acres above. Of the lands below "The Narrows,” 1,512 acres are under cultivation, and even with that small
acreage there is a de_ciency of water from the middle of June to the
middle of August.
All the agricultural lands of the valley passed into the possession of
the State of Nevada some years since by a grant from the United
States of selected school lands in lieu of sections 16 and 36. These
lands have since been sold by the State to individuals at $1.25 an acre,
25 cents being paid down at time of purchase, the balance payable in
twenty-_ve years, 6 per cent yearly int-crest. Lands revert to State
upon failure to pay interest, but in no case revert to the United States.
The map, _g. 38, shows present condition of ownership, as certi_ed
to by State registrar, Carson, Nev.
The remaining lands, which are withdrawn from settlement, are the
property of the United States, but have no value aside from possible
minerals. They are too steep and too much eroded for irrigation and
are of little value as pasture land.
The 8,000 acres in the lower valley (land all in private ownership)
are fertile and productive, and are advantageously located for purpose
of irrigation. The main body of soil is heavy black loam, and where
the side washes come in there are sandy areas and but few patches of
alkali.
‘ VALUE OF errors.
The principal crops are alfalfa, which is out _ve or six times a year,
about a ton to the crop; barley, oats, and wheat, averaging 25 or 30
bushels to the acre, though instances have been known of 75 bushels
to the acre.
Grapes especially thrive and produce good crops of excellent _avor,
3 acres having produced 5,000 pounds. Pomegranates, peaches, and
apricots do well, as do vegetables and small fruits.
At present improved lands sell at $25 per acre and unimproved
lands at $1.25 to $5 per acre.
There are but few other interests save agriculture. There are no
grazing lands, and cattle must be pastured or fed hay throughout the
year. There are numerous mineral deposits and many mines are
located, but they are not of much value on account of lack of means
of transportation.
The markets are few and far between, being only the various small
and struggling mining camps within a radius of 150 miles.
TX700084392
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The remoteness of this region and the low values of produce, due
to lack of markets, makes it inadvisable to pursue further investigations at present. But should the San Pedro, Los Angeles, and Salt
Lake Railroad be built across this valley as it is at present surveyed,
crossing Muddy Creek just above “ The Narrows,” it might be well
to bear in mind the following facts, and possibly consider the storage
of the waters of Muddy Creek, which waste during the winter months.
This valley was settled in 1863 by younger members of various Mormon families of Salt Lake City. Tradition says that nearly 4,000
acres were under cultivation, and evidences of old ditches and checks
still apparent, in land now waste, con_rm this. Good crops were
raised, and in 1871 27,000 bushels of grain were thrashed at St. Thomas
alone. Since then the largest crop has not exceeded 7,000 bushels.
At present there are only 1,512 acres under cultivation, and at times
the water supply runs short during the months of July and August,
and there is much mismanagement and waste in the application of the
water to the land. It is estimated that 3 acre-feet should be suf_cient,
but more is used and much wasted, some of the settlers believing that
by diverting water from the main stream and then wasting it they are
making clear their title to the water taken. At present there are
7 small ditches taking water out above “ The Narrows ” and 8 ditches
below “ The Narrows ” on the east side of the creek, and 3 on the west
side, 18 ditches in all, doing the work, with according waste of water,
which should be done by 3 main ditches.
Construction of a dam at “ The Narrows ” would probably conserve
enough water to irrigate an additional 1,000 acres of land, and proper
ditches and proper use of water would enable 500 more acres to be
irrigated, making a total of 3,000 acres; which is 1,000 less than was
supposedly irrigated in 1863-1870 without storage.
If construction of the railroad would make this additional acreage
worth $100 an acre, it might be well to investigate further to see if
the costs of dams and ditches would be offset by the value of added
lands reclaimed.
SUMMARY .
1. In the townships withdrawn there are no Government lands of
value which can be reclaimed.
2. There are, however, certain reservoir sites and dam sites which
should be reserved.
3. The waters of Muddy Creek are not economically used, and
proper use and storage may possibly reclaim 1,500 acres more.
4. In case the railroad is built and better markets afforded, further
investigation may show that the value of additional acres reclaimed
may justify construction. ,
TX700084393

INVESTIGATIONS IN NEW MEXICO.
By ARTHUR P. Duns.
WATER STORAGE 0N RIO GRANDE.
The total drainage basin of the Rio Grande covers an area of about
160,423 square miles, of which the major portion is included in the
basin of Pecos River and other tributaries which enter the river in
Texas. The area drained by the Rio Grande above the tOWn of
El Paso is about 30,000 square miles.
, This was one of the _rst streams to be investigated by the Geological
Survey, a station having been established at Embudo, N. Mex., in
December, 1888. Since that time observations have been taken at
Del Norte, Embudo, Rio Grande, San Marcia}, and El Paso. No
stream in the west has a more complete record of discharge than the
upper Rio Grande.
The problem of water storage on the Rio Grande is very complicated. All of the ordinary _ow of the river has long since been appropriated for irrigation purposes in Colorado, New Mexico, Texas, and
Mexico. It is claimed by the inhabitants of Texas and Mexico that
their water rights have been-infringed by the later diversions above
their lands, and these facts must be considered in connection with any
contemplation of the storage project.
Flood waters of the Rio Grande carry a very large quantity of sediment, especially in the lower course. In Colorado and northern New
Mexico the low-water _ow is comparatively clear, but in southern
New Mexico this is seldom or never the case. Large quantities of
light sediment are brought into the river in its course through New
Mexico, especially by the Rio Puerco, and the river usually resembles
a stream cf thin mud. Some observations on the amount of sediment,
under the direction of W. W. Follett, for the International (Water)
Boundary Commission, show the sediment problem to be one of extreme
gravity.
PREVIOUS SURVEYS.
Various projects have from time to time been investigated and
reported upon for the storage and utilization of the _ood waters of
this river. The most completely worked out of these projects is that of
the so-called International dam and reservoir, a short distance above
El Paso. This project was _rst investigated by the United States Geo—
logical Survey, under the direction of Gen. Anson Mills, in 1899.
375
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The project involves the construction of a masonry dam to reach
about 60 feet above low water in the Rio (irande. Such a dam would
form a reservoir about 15 miles in length and 4 miles in greatest width,
covering 26,000 acres, and having a capacity of about 540,01“) acre-feet.
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It would submerge over 16 miles of railway line, the removal of which
would greatly increase the cost. of the project. This enterprise has
heen reported upon by W. W. Follett chief engineer of the International (W ater) Boundary Commission.
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The estimated cost of the entire project is $2,300,000, of which a
large proportion is the estimated cost of moving the railways above
the reach of high waters in the reservoir.
Other projects have been examined in a preliminary way under
the authority of the IIydrographic. Branch of the Geological Survey,
the most promising of which is the reservoir site at Whiterock Canyon,“
which has been reported on by 1’. E. Harroun. A masonry (lam 80
feet in height should store about 3004'“) acre-feet of water. The estimated cost of such a dam. according to Mr. Ilarroun, is $1,200,000.
This site, which was surveyed in 1889, is at Rio Grande, a water-tank
station of the narrow-gage railway below Espanola. The dam here
would be 90 feet high. The dam site would be in volcanic rock, and
the reservoir site would be of fair capacity, but would submerge
about 6 miles of railway and the Indian village of San I ldefonso. This
would be expensive and otherwise objectionable.
A reservoir site was selected by “l. W. Follett, and surveyed by
Joseph Jacobs in 1890, in the canyon below the town of San Marcia].
This site was numbered 38. The proposed height was 80 feet, and
the capacity of reservoir estimated at 175,0I'N’) acre-feet.
Another site was surveyed by Mr. Jacobs and numbered 39. The
dam was located in sec. 20, T. 16 8., R. :l W., Sierra County, N. Mex.,
and was about 4&0 feet high. The reservoir was estimated to hold
100,000 acre-feet.
ELEPHANT BUTTE RESERVOIR SITE.
Between the two reservoir sites mentioned above, on the. left bank
of the Rio Grande, is an eruptive mass, locally known as “Elephant
Butte,” from its striking resemblance to an clephant‘s head. Just
below this butte the river enters a narrow canyon of sandstone, at the
entrance of which the Rio Grande Dam and Irrigation Company proposed to construct a dam. This dam was to have a height of 85) feet
and to store 230,000 acre-feet of water. Only meager surveys for
this project were ever made and, so far as known, there were no
investigations of foundation.
The Reclamation Service of the United States Geological Survey
began investigations on the Rio Grande on March 1, 1903, the _eld
work being inaugurated by C. H. Fitch, and its execution placed in
charge of James A. French.
A small party was kept at work during the summer making a topographic map of the canyon lying between the dam sites of reservoirs
Nos. 38 and 39 of the irrigation survey.
A more detailed survey was made of a dam site a short distance
below the one selected for the Elephant Butte project in order to
"Twenty-_rst Ann. Kept. U. S. Geo]. Surrey, pt. 4, 1900. pp. 265—269.
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investigate the feasibility of a higher dam than that project contemplated. It has been found that a dam can he built about one-half mile
below Elephant Butte to a height of 170 feet, which would throw the
water through a divide to the west, forming a natural spillway. The
surveys show that such a dam would form a reservoir nearly 40 miles
in length and with large storage capacity.
' The following table shows the area and storage capacity for each
10-foot contour up to 160 feet, the river bed being approximately
4,210 feet above sea level:
Capacity of Elephant Bum: rrsewoir site.
Contour. twgtidaggdgl_i‘s. Total capacity.
Fret. A creer. A err-fer‘l.
4,210 00 00
4,220 260 260
4,230 700 960
4,240 3,775 4,735
4,250 11,735 16,470
£2_) 233m: «new
4,270 33,335 1 79,165
4,230 54,165 a 133,339
4,290 69,375 3 202,705
t3m11 anem‘ 2&tn_
4,310 1 97,400 1 333,565
4,320 : 115,330 493,945
4,330 ‘ 135,920 _ 634,365
4,340 1 159,690 , 794,555
4,350 1 190,525 935,030
4,360 ‘ 234,125 1 1,219,205
4,370 l 275,570 ‘ 1,494,775 '
l 1
By a moderate amount of excavation a spillway, remote from the
dam, can be provided which will have an ample capacity.
Borings at the proposed dam site were begun on the 26th of October to determine the depth and character of the bed rock. This work
was in immediate charge of \V. E. Jones, foreman, under the general
direction of James A. French. In August, 1903, a contour survey
was begun in order to map and classify the lands which would be
involved in the construction of a diversion canal, and which would be
covered by such a canal for irrigation. This survey has proceeded
satisfactorily, an area of about 100 square miles having been completed to date.
It is possible that considerable power can be developed by the conTX700084397
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A; VIEW OF ELEPHANT BUTTE, NEW MEXICO. SHOWING COMPANY'S DAM SITE,
LOOKING UPSTREAM.
B. VIEW OF GORGE BELOW ELEPHANT BUTTE, NEW MEXICO SHOWING 0AM
SITE, LOOKING DOWNSTREAM.
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struction of an irrigating canal in such a manner as to concentrate the
surplus fall at points where it may be utilized for this purpose, and
the power developed might be used in pumping water from beneath
the valley to extend the irrigated area.
-Until the borings for foundations have been completed the feasibility of this project can not be determined. The reservoir, however,
has a much larger capacity than any other on the river, and is ample
to store the _oods of wet years, and to hold them to reinforce the supply in times of extreme drought. It is the only proposed reservoir
é\\\\\_\l::: I, . I a
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FIG. 40.—Contour map of proposed dam site below Elephant Butte, New Mexico.
with a capacity large enough to utilize the entire _ow of the drainage
basin. It is situated su_iciently low in the basin to intercept, practically, all the waters, and yet is suf_ciently high to command enough
land to consume all the available water supply.
I .The extremely large capacity here proposed is intended largely for
the solution of the sediment problem. which is the most dif_cult and
serious obstacle to the- utilization of the _ood waters of the Rio
Grande Basin. The proposed reservoir will not cover any large area
of valley land, but depends for its great capacity upon the high dam
TX700084400
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and a river canyon of very moderate declivity, the form of the reservoir being long and relatively narrow.
When such a reservoir is partly _lled with sediment, as it. will be
soon after construction, large sluiceways may be opened to provide for
the out_ow of water at the bottom of the dam by emptying the reservoir. The stream will be made to cut a channel for itself through the
impounded sediment which according to the best authority, will
assume side slopes of about 8 to 1. ,
It is estimated that by this method the river can be made to sluice
out the reservoir, and thus maintain the storage capacity of more
than one-half of the original capacity of the reservoir.
To obtain this result without injury to the irrigation interests below
it will be necessary to construct an auxiliary reservoir farther upstream
in the same drainage basin which will provide the water supply during
the sluicing process. The cost of constructing such an auxiliary
reservoir and the operation of the gates of both reservoirs would be
the only expense attached to the solution of the sediment problem by
this method.
The 1ese1voi1 being relativclv deep 111 proportion to its surface area
there will not be excessive evaporation.
WATER STORAGE ON HONDO RIVER, NEW MEXICO.“
Hondo River has its source in the White Mountains in Lincoln
County, N. Mex., and _ows in an easterly direction into Pecos River
at a point 5 miles east of Roswell, N. Mex., in T. 11 S., R'. 25 111., New
Mexico principal meridian. ,
Previous to the year 156:) this stream had a perennial _ow; irrigation was carried on to a considerable extent on the fertile lands lying
to the southwest and almost adjacent to the site of the present town
of Roswell. For many years before some irrigation had been practiced
upon the upper waters of the Hondo, but about this time many more
people moved into this section and occupied all the available land on
the Ruidoso and Bonito rivers (the two streams that join and form the
Hondo proper). The use of water became so great that the perennial
_ow ceased and the lower part of the river received no water, except
in the nonirrigating season and during the _oods of spring and summer.
T hose living on the lower portion of the stream became dissatis_ed
with the results obtained from the use of the irregular _ood _ow and abandoned their lands—some going farther up the river and getting land
where the _ow was constant and some leaving the region altogether.
There are still visible many traces of the former cultivation in the
section adjacent to Roswell, and some of the old ditch lines have been
utilized by farmers in later days in attempts to use the _ood waters
for irrigation.
«Extract from report by W. .\-l. Reed.
TX700084401
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A part of the _ood waters is used at the present time, and with
some success. There are several hundred acres in alfalfa and a few
acres in apple orchards which depend entirely on the _oods for irri-,
gation. From two to three crops are cut each year, and the results
might be called fairly successful; but lying just to the east is the Roswell district, irrigated by its springs, rivers, and numerous artesian
wells, and so wonderful are the results obtained there that the _oodwater farmers are not content, and for several years have been seeking
means of impounding the large _oods that now mostly go to waste.
Parties holding rights to the _ood waters are so anxious to have
a reservoir constructed that when the Geological Survey signi_ed
its intention of making an investigation all except two signed an
agreement to surrender their rights for such consideration as the ~
Government might deem just. _
Hondo River is formed by the junction of the Bonito and Ruidoso.
These two streams, with their tributaries, drain all of the west slope
of the White Mountains and the south slope of El Capitan Mountains.
The \Vhitc Mountains have an extreme altitude of 12,000 feet above
sea level, and are well covered with timber. They have a much greater
rainfall in the summer than the surrounding lower country, and always
have considerable snowfall in the winter. No regular measurements
of the rainfall upon the mountains proper have been kept, but the
Weather Bureau gives an estimated rainfall of 15.5 inches on the slope
to the east of these incuntains.
The Capitans are not so high and not so well timbered, but even
there the rainfall is greater than on the lower slopes. The canyons
are steep, the sides of the mountains are precipitous, and the percentage of run-off is very high. '
Nearly the entire area drained by this system is rough and broken
and the run-off is greater than on more level ground.
The area drained by this system, as calculated from the maps in the
United States Land Of_ce, is 1,037 square miles.
1 [ONDO RESERVOIR SITE.
The reserVoir site now under consideration lies in a large natural
depression commonly called a dry lake, in sees. 13, 14, :33, 21, 25, and
26, T. 11 5., R. 22 Pl, and sees. 18 and 19, T. 11 8., R. 23 E. This
depression is nearly on the dividing line of the watersheds of Hondo
River and Blackwater Arroyo and has only a Small drainage area;
taerefore, except innnediatel y after a heavy rain over the depression
itself, no water accumulates in it. The depression has an area of 1,072
acres, and with no embankment would hold 11,180 acre-feet of water.
The present project contemplates the enlargement of this natural
basin by means of six cmbankments across the low places in its perimeter. These embankments are to be made of earth with 12-foot
TX700084404
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crown, inside slope (water side) 3 to 1, and outside slope 2 to 1, and
are to have the inside slope covered with broken rock 1 foot in thickness, well sledged into place.
11.21 a. Ball.
4 a 2 1 6 5 4 a '2
I
Flu. 41.—Map of Houdo reservoir and canals.
The assumed elevation of the top or crown is 610 feet, and the bottom of the reservoir is 570 feet from same. datum point. The sub
merged area would be 1,910 acres, and the capacity would be 40,000
acre-feet.
TX700084405
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The bottom of the lake is a heavy alluvial deposit, and horings of
the First New Mexico Reservoir and Irrigation Company were satisfactory as to its water-holding properties.
The perimeter is nearly all rock, limestone formation, and has the
appearance of being as solid and free from cavities as any limestone
formation. Except at the places indicated as _lls, the sides are much
higher than the proposed water line and have rock on or near the‘
surface.
INLET CANAL.
In divertng the water from the river it is proposed to make the
canal of suf_cient size to carry all the _ow of the river and to provide
a spillway on the canal at a rock point 4,000 feet from the river. The
river at the point of diversion is in earth, and to provide for a spillway here would be expensive and would ever be a source of annoyance, if not danger.
Two spillways, or _ushing gates, are placed on the canal, each in
solid rock, with their grade 2 feet below the grade of the canal at that
point. These spillways are provided with gates, not automatic, for
these gates are to be used only when the reservoir is full or when it is
desired to _ush the silting basins. However. the top of the gates will
be below the embankment grade, and will act as a safety spillway in
case of unexpected and unusual _oods.
The canal will have a 70-foot roadbed, with bank slopes It to 1, and
an embankment will be placed on the lower side with the same slopes,
except at the places where the canal grade comes to surface of the
ground; at such places the slopes will be 2% to 1. The canal will enter
the reservoir through a rock cut, thus preventing any erosion:
OU'I'LI‘YI‘ (‘ANA L.
This canal connects the lowest point in the reservoir site with the
original bed of the river. The elevation of these points being practically the same, the canal is level.
The canal will be in earth for its entire length and will pass under
_ll No. 5, at which point will be placed a gate. This will consist of
cast-iron water pipes 36 inches in diameter, placed upon a concrete
bed for their entire length, with retaining walls at each end and concrete collars at intervals of 12 feet for cutting off creeping water.
The valves will be operated by a screw from a top platform.
DISTRIBUTING (.‘ANAIH.
The bed of the Hondo will be used for carrying the irrigating water
for a distance of about 1 mile. At this point it will be turned, by a
small concrete diversion dam, into distributing canals, one on each side
of the river. This point of diversion is not the most suitable from an
TX700084406
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engineering standpoint, but up to the present time one of the ownens
of the _ood-water rights having a ditch just below the proposed point
of diversion has refused to make any satisfactory proposition toward
a settlement with the Government in case the reservoir should be constructed, and it was deemed best to locate the canals from the above
point to determine what lands would come under irrigation and to
ascertain the cost of the works. Diversion from a point lower down
the river would lessen the cost and would bring the same lands under
cultivation.
SILT.
During _oods the Hondo carries a large amount of silt, and this has
been the objection to investment in the enterprise, investors fearing
that the reservoir would be _lled to such an extent that it would
become useless for storage.
To _nd a method of taking care of this silt has been one of the most
dif_cult problems in connection with the scheme. In solving this
problem the silt was assumed to be of two classes, vegetable and
mineral.
The vegetable matter in the Water is not considered to be of suf_cient
importance to require much consideration, as it quickly decomlwses'
and disappears.
Sand is the element that requires the most thought and ingenuity to
overcome. The plan to overcome this silt dif_culty in this particular
case is as follows:
The canal has been lo1ated with its bottom grade line at or near the
earth surface, and but one bank is to be used. The alignment of the
canal 1v: 1s purposelv made to cross three arroyos near their mouth and
W hen: the suifnee _attens out, thus leaving a considerable basin within
their borde1s and below the water line of the canal. Two of these
arroyos have a length of :"1 or (1' 111iles and drain considerable territory.
The other one is short, has small area within the water line, and is not
considered of trrcat importance in the disposition of the silt.
At ezwh of the basins fol med bv the larger army 03 at the downstream side a spillwav will be placed 111 the bank of the canal with a
bottom grade 2 feet below that of the canal.
It is proposed to govern the velocity in the canal to such an extent
that the heavier silt will be deposited in these basins, and at times of
heavy rainfall, when water rushes down the arroyos, the spill or _ush
gates will be opened and the silt removed from the basins. The water
passing throuuh these _ush «ates would sp1cad out over smooth bottom land and ultimately much the. old bed of the 1i1er and can be
sluiccd down the river in the same manner that. nature has used for
ages.
Exeepting during _ood time the llondo water carries very little silt,
and therefore during the nonirrigating season, when there is a conTX700084407
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stant _ow in the river, it is advisable to pass the water through the
canal and into the reservoir with as little exposure to seepage and
evaporation as possible. To be able to do this at one time, and also at
other-times pass a larger body of water through as a slow current, it
is proposed to place a removable bull-{heading or gates below the
sluiceways and thus be able to deaden or check the current, causing the
silt to settle in the basins. By these means it is believed that
the larger part of the silt will never reach the reservoir and can be
disposed of in a much more econmnical way than by any mechanical
means.
Should the discharge through the arroyos from the rainfall prove
insuf_cient for _ushing purposes, the Hondo itself can be tapped at a
point farther up the river by a canal leading around the upper side of
these basins, and this water used for _ushing.
QUANTITIES IN HONDO PROJECT.
lshtimutrd quantities for 11011110 reservoir, New ilfm'ico.
‘— 1
Earth Rock Earth 1
‘ excavation. excavation. embankment. Rlprap.
; (hibic yards. Cubic yards. Cubic ya rds. Cubic yards.
Inlet (anal ............. i 60, 069. 53 18, 756. 15 114, 924. 11 ............
Outlet canal ............ . 76, 474. 82 ........................................
Perimeter _lls ........ _._ ............................ 331,120. 28 , 21, 619. 36
Hondo dam ........................................ 3, 427. 87 1 ............
SpillwayNo.l ......... l 602.11 2,000.75,....._...__.__‘, ............
Spillway No. 2 ......... ; .............. s, 869. 08 t ..........................
North side canal ________ ' 95, 347. 20 5, 576. 20 .............. . ............
South side canal ........ ' 101, 144 13, 544 ..........................
BLACKVVATER RESERVOIR.
From the _rst inspection by the Reclamation Service this project was
not considered feasible as an independent scheme, but it was thought
to be worthy of consideration as an auxiliary to the Iiondo project,
and later, should a better condition of affairs as to water supply be
found to exist, it is possible that the reservoir at this site could be
used as an auxiliary to supply water to lands under the Hondo
reservoir. .
This site is situated in Chaves County, N. Mex., about 12 miles
directly west of ROSWell and upon an arroyo connnonly called Blackwater.
“'ATER Sl'l'l'l:\'.
The water supply for this reservoir is simply the run-off from
storms. No streams _ow into the site. Various estimates as to the
quantities of water to be obtained from the contributing arroyos can
H. Doc. 44, 58—2—25
TX700084408
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he had from old settlers and others, but it is not thought probable
that estimates so obtained would be reliable. This year, after the
survey was made, steps were taken to ascertain the actual amount of
_ow at Roswell.
The amount of water at this point during the last summer has been
so small that it is not worthy of consideration. It is undoubtedly
true that the region is now experiencing the greatest drought that has
occurred here in many years, and that during ordinar)r years much
more water would be available, but the proposition can not be pronounced feasible or otherwise until a record of the _ow covering a
considerable period shall have been obtained.
A REA A NI) CAPACITY.
Not knowing the amount of water available, the heightof the dam
was assumed; and, although it may be far from what the case demands,
it is more than probable that no larger dam would ever be needed.
, A dam 50 feet in height and 2,000 feet in length would submerge
an area of 994.95 acres and would have a capacity of 17 ,7 2-} acre-feet.
The location and elevation are such that it would be possible to take
water from this reservoir and put it into the Hondo reservoir. A
ditch connecting the two would have to be constructed for a large
portion of its length through rock; otherwise it might be pessible to
construct a large ditch for the diversion of the _oods directly from this
arrovo into the llondo reservoir.
l‘he question of di_elcnce in the cost between a ditch suf_cientlv
laige to dive1t the flood waters directly into the Hondo reservoir and
the cost of a dam for impounding and a smaller ditch for conveying
was not taken up 111inutely, as other conditions made it unnecessary to
go into this until some other questions were settled.
DUTY OF WATER.
The study of the duty of water in this vicinity has been made to some
extent by the United States Department of Agriculture (see reports of
1900 and 1901), and the most varving results obtained.
[Indei some p1ivate ditches the1e is often a gloat waste and the
duty of water is \ e1 v low; but in othcl instances the duty is found to
be 83 aues pci second- foot.
The records of the Felix: Irrigation Company are perhal‘is the best
to use in forming an opinion of the duty of water under such a system
as the Hondo reservoir would furnish. The Felix company owns a
canal and sells water to users. To those who have. purchased a water
right at $10 per acre it sells water at 50 cents per acre-foot, 2% acrefeet being the minimum to he charged; to these not holding a water
right it sells water at 7 cents per acre-incl]: no minimum amount is
speci_ed. Under these methods it is found that the man who has a
TX700084409
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water right and is entitled to 21} acre-feet per acre always demands
and gets this amount, while the man who pays a higher price for
just what he gets raises just as good crops on a smaller quantity. The
average amount used per acre by those paying for just what they
received under this system during 1902 was 2.03 acre-feet. This water
was used on various crops, such as would be an average in any community about here.
The reservoir would contain when full 40,000 acre-feet, and allowing
20 per cent for loss in evaporation, seepage, distribution, etc., there
would be water for 16,000 acres (allowing the same duty as under the
Felix Company‘s canal) for each _lling of the reservoir.
Up to this time no record has been kept of the annual discharge of
the Hondo at this point. Gaging stations have now been established
for that purpose, and therefore no attempt will be made to estimate
the _ow. It is well knOWn, however, that the Houdo discharges
annually at large amount of water.
FEASIBILITY.
The engineering features of this project are not dif_cult, but there
are some _ood-water rights held by private parties that must be
adjusted before construction is undertaken. The committee of consulting engineers, consisting of Arthur P. Davis, George Y. “’isner,
and John H. Quinton, after an examination of the Hondo project, in
a report dated October 22, 1903, state that the project is considered
feasible and make the following recommendations:
1. We recommend that the right of way be secured and the necessary arrangements made with the landowners as soon as possible, and that this project he
pushed to completion. '
2. That an examination of the lands in the neiglllmrlmml of Roswell, N. Mex.,
be made by an expert, to determine the nature and extent of the artesian water
supply.
U RTON LAKE PROJECT. I!
CAPACITY.
A contour map of the entire reservoir has been made, and the
capacity, without any embankments, is found to be 189,000 acre-feet.
By placing embankments at two points on the perimeter the capacity
could be increased at small expense to probably 250,000 or 300,000
acre-feet.
WATER SUPPLY.
The water supply is usually, it is thought, suf_cient for all purposes
needed, but this year the _ow of Pecos River, like that of other
streams in eastern New Mexico. has been very small, the river not
“Extract from report. by W. M. Reed.
TX700084412
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having carried beyond perhaps 100,000 acre-feet. The drainage area
is about 5,000 square miles.
No record of the _ow prior to the present year is in existence, and
information as to the usual amount of water passing down the Pecos
could only be obtained from the general knowledge possessed by the
inhabitants.
Three gaging stations have been in operation during the past summer, and the gage heights have been recorded daily; but, owing to
the lack of the necessary meters, su_icient gagings have not been
taken to enable a computation to be made of the amount of water that
has passed since these stations were established. However, the gage
readings will be of service, whenever ratings can be established.
CANALS.
In the preliminary work for the location of the inlet canal a grade
of 1 foot per mile was used, and the center line indicated on the topographic sheets is run to that grade. When the amount of water which
it is desired to run through the canal has been determined and the
form of cross-section to be used settled upon, it is possible that some
of this grade may be saved, and by that means the dam made of a less
height or the capacity of the reservoir increased.
On the inlet canal line three obstacles of greater than ordinary
import will be met with. These are indicated on the map as Buffalo
Creek, Taiban, and Sunnyside. While these will be somewhat expensive, especially the Taiban, it is con_dently believed that the crossings
can be made suf_ciently strong, and perhaps also used to some extent
as a settling basin. Excluding the question of expense, they will pubably be a bene_t to the system.
LOCATION OF DAM.
The dam will be constructed at a point where sandstone outcrops on
both sides of the river, and probably underlies the river bed. However, before making _nal plans and estimates, borings will be made
along the river bed, not only at the point provisionally selected as the
dam site, but at points both above and below.
' The entire section through which the inlet and outlet canals pass,
and where the reservoir itself is located, is of a sandstone formation
overlain with good alluvial soil. These conditions make the project
appear to be a _rst-class one, for the reason that very little loss will
take place from seepage.
OUTLET.
The outlet. from the reservoir will be by means of a tunnel through
apparently solid sandstone. The length of this tunnel, if the water is
to be drawn from the extreme bottom of the reservoir, will be about
TX700084413
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17 000 feet, but if a portion of the bottom of the 1ese1voil is to be
given up for silt, etc., the tunnel would be shortened, as will readily
be seen by consulting the pro_le.
LANDS TO BE IRRIGATED.
The distributing canals will pass through a country naturally easy
for construction, and will be located with a grade suf_cient to carry
on to the lands embraced within the scheme the amount of water
required for irrigating them. The grade of this canal will be somewhat governed by the form of cross section adopted for this kind of . '
construction.
The lands under this canal system are rich, in most instances comparatively level, and can be easily prepared for irrigation.
FEASIBILITY.
The committee of consulting engineers, consisting of Arthur P.
Davis, George Y. Wisner, and John H. Quinton, after an examination
of the [Yrton Lake project, in their report of October 22, 1903, state
that the project is feasible, and make the following recommendations:
1. That borings be made at site of diversion dam, on Pecos River, as soon as possible.
2. That the corners on all of the lands under this project be reestablished.
3. That the _nal location of the canal to carry 1,500 second-feet and the necessary
surveys for making of plans for structures, as well as those for estimates of cost and
classi_cation of lands be made as soon as powible.
4. That the district engineer be furnished with the necessary assistants to push
this work to a point where a more accurate detennination can be made as to the cost
and feasibility of this project.
SURVEYS ON EAGLE DRAW AND PENASCO RIVER.“
One of the principal tributaries of Pecos River is Penasco River,
which enters above the reservoir known as Lake McMillan, or about
25 miles north of the town of Carlsbad. The water supply is derived
from the Sacramento Mountains and the area lying to the east of these.
Along this stream are considerable bodies of arid land which might be
irrigated if the water 'supply were suf_cient. The _ow of the river
is, however, not large, and during 1903 the discharge was below the
normal, this condition being similar to that on other streams of northeastern New Mexico; water storage is essential but di_icult. The
people residing in this portion of New Mexico have asked that examinations be made and have pointed out the bene_ts to be derived from
reclamation of arid lands in this locality.
A gage was established on this river in the spring of 1903. The
results fxom the measurements have been unsatisfactoxv, the river
having been in _ood so little that no water could be 1elied upon for
a}: xtrau- I. from report by Vt. M. Reed.
TX700084416

390 SECOND ANNUAL REPORT OF RECLAMATION SERVICE.
storage purposes. It is known, however, that during ordinary years
the _ow is considerable and would undoubtedly supply some water
for storage purposes were the. natural conditions for such storage
favorable.
Most of the area is underlain by a great body of gravel. which
would make the construction of storage reservoirs an expensive and
probably a dangerousnndertaking.
It will be seen, from the map showing the locations of the various
projects, called Antelope Lake, Eagle Draw reservoirs Nos. 1 and 2,
and Penasco reservoir No. 1, that three of these projects are situated
outside of the river bed proper and would require in every instance
an inlet canal to supply them with water.
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FIG. 42.—chcrnl map of Penaseo project, New Mexico.
The Antelope Lake project is the only one that seems to have any
merit when the matter of cost is taken into consideration. and even
this is of doubtful feasibility, for the reason that a portion of the
basin itself is of limestone, apparently very rotten, making it questionable Whether water, if stored therein, would remain. The capacity
of this basin (Antelope Lake) is so small that very little land could be
irrigated from it, and further Work on surveys is not advisable.
Considerable attention has been drawn to Eagle Draw reservoirs
Nos. 1and2. The general fall of the country is so great that large
TX700084417
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dams would be required to impound even a small amount of water.
In each of these reservoirs the soil is of such a character that it will
not hold water. Coarse gravel extends apparently to a considerable
depth, and probably would be the cause of a great deal of leakage.
Furthermore, the expense of turning the water of Peuasco River into
either of these reservoirs would be great, as most of the line of the
inlet canal would be either through solid rock or coarse rocks and
gravel.
In the ease of reservoir No. 2 some attention was given to carrying
the water by means of a tunnel, which apparently would have to be
cut through solid limestone. The expense of such a tunnel would be
so great, considering the small amount of water that the reservoir
could hold, that the project merits little consideration.
With regard to Penasco reservoir No. 1, its capacity is so small,
the expense of construction so great, and the land to he bene_ted so
far away that it is not thought advisable to give further consideration
to it.
“’hile all the work done is of a very preliminary nature, the conditions are such that it is not thought necessary to make further surveys, and it is not believed that the project as a whole is worthy of
further consideration.
Below are tabulated the data relating to the various projects:
Eagle Draw reservoir No. I, Eddy (bu-Mtg], N. rllm‘.
Capacity ................................................... acre-feet. . 19, 000
Area .......................................................... acres. . 892
Greatest. depth of dam .......................................... feet. . 67. 2
Length of dam .................................. . .............. do. . - . 4, 400
Yardage of dam (using crown of 20 feet, 3 II. to 1 V. slope on the back,
and 2 H. to I V. slope on the face) ...................... cubic yards- . I, 068, 620
Character of surface, coarse gravel.
Inlet amul for conducting lumter from Precast-o Rirer lo rcsm‘noirs Nos. 1 and 2.
Length of inlet canal, 8.9 miles .................................... feet- - 46, 900
Yardage of inlet canal (using 60-foot base, 1; II. to 1 V. side slope). .yards. . 720, 000
This canal runs for 2 miles through solid rock and the remainder of the distance
through coarse gravel.
Eagle Draw reservoir No. '2, (flaw-s (,hunty, N. Mar.
Capacity ......... ’ .......................................... at ire-feet- - 5, 500
Area .......................................................... acres. . 334
Greatest depth of dam .......................................... feet.-. 51. 2
Length of dam ................................................. do- - - - 1, 860
Yardage of dam (using crown of 20 feet, 3 H. to 1 V. slope on the upper
side and 2 H. to l V. on the. lower side) ................ cubic yards. . 251,900
Character of surface, coarse gravel.
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Tunnel lu‘hreru I’museo River and Eagle Drum.
[.;n,;th ......................................................... fee-t.- 12,0“)
Yardage (using 20-foot base, 10-foot height) .......... ~ ..... cubic yards- . 88, 900
Estimates: were made on different sized tunnels and discharges at different. gradesl
‘ (mule to the ' Discharge per
mile. second.
l
i Fr‘t‘f. ('ubirfcrl.
1 ......... 480 l
l 2 ......... 780 ' l
l 3 _________ s20 ‘
‘ 4 ......... 7 960 ‘
l
Yardage (using 10-foot base, 5—foot height) .............. cubic yards- - 22, 300
Grade to the Discharge per
l mile. 3 second.
i Fer! : ("ubirferf.
1 ......... I 76.5 i
2 ......... l 110 i
3 ......... f 130 l
4 ......... l 154 l
Character of surface, loose rock and coarse gravel.
"he beds of Eagle Draw and Penasco River are solid rock. This
survey for tunnel was made, along small draw draining to main channel of Eagle Draw and over lowest point of divide between the draw
and Penaseo River.
Antelope Luke, Eddy (Family.
From this survey estimates were made as to the greatest possible capacity at two
different heights.
Elevation assumed ............................................. Jeet. - 3, 800
Capacity ..................................................... acre-feet. - 5, 219
Area ............................................................ acres- . 443
Yardage of _ll to this height ............................... cubic yards- . 1,6!!!
Yardage of outlet canal.-.....-....-.-........ ..........--...----.do.---176,450
Length of inlet canal .............................................. feet. - 5, 130
Yardage of inlet canal ...................................... rubie yards. . 78, 690
The same inlet canal would answer for both elevations.
The _gures in the above table are obtained by Using 60-foot base,
1Q H. to 1 V. side slope for inlet canal, and 10-foot base, 11} H. to l V.
side slope. for outlet canal.
Character of soil, earth on bottom, gravel on side, hills.
The, inlet canal is to be cut through lowest point of ridge.
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I ’emm-n reservoir No. I, Chum ( hardy.
Capacity ..................................................... acre-feet- . 15, 500
Area ............................................................ acres. . 395
Greatest depth of dam ....... . ..................................... feet. . 102
Length of dam .................................................... do-_ _- l, 370
Yardage of dam (using 2(Hoot crown, 3 H. to l V. slope on the back, and 2
H. to l V. slope. on the face) .............................. cubic yards. . 646, 500
Character of surface, earth in bottom lands and gravel on side hills, with occasional
rock bluffs.
RECONNAISSANCE SURVEYS.“
NORTHWESTERN N FEW MEXICO.
1n the spring of 1903 a reconnaissance was made by W. M. Reed in
the northwestern part of New Mexico, the greater part of the time
being given to an examination of La Plata River.
The San Juan has its source in the high mountains of Colorado, and
has a large mean _ow, estimated by P. E. Harroun in 1898 to be
nearly 1,000 second-feet. The high water results from the melting
snow during the months of March, April, and May, and again from
the rains that fall in August and September. The time of extreme
low water is in June and July. At the present time (1903) there are
about 3,500 acres under cultivation near this river, and except for
the year 1902, when there was but little snow in the mountains and
scarcely any rain during the entire year, there has always been ample
water for the land in cultivation, and it seems probable that a large
increase in cultivation can be had with direct appropriation and without storage. The valley is comparatively narrow, and only the _rst
bottoms have been utilized. To cover the higher ground will be more
expensive, and private capital has not yet seen fit to undertake the
work. '
The river and its tributaries on the north side have a very heavy
fall. On the south side there is evidently little water supplied, but
it is possible that an accurate geographic survey might show that
some of the arroyos can be used in connection with storage.
There is a large amount of water going to waste, and also considerable very fertile land that is now without water and of little value.
Animas River possibly has a greater mean _ow than the San Juan
above the point of their junction. It has an estimated fall of 40 feet
to the mile. Diversion upon the _rst bottom lands has been simple,
and there are now about 5,000 acres under cultivation. The valley is
narrow, ranging from a few hundred yards to 2 miles in width.
There is yet water for direct appropriation, and it is probable that
private capital will ultimately do some development on this river.
The ridges on the sides of the river are high, and it is impossible witha, u Exlnu-l from report by W. M. Reed.
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out surveys to tell whether the water can he carried upon the higher
lands without too great expense.
If it is possible to get the water from this river into La Plata Val—
ley a very fertile tract can be opened up and great prosperity brought
to the community. If the water can be carried across it is possible
that several small reservoirs could be constructed along the line for
the purpose of storing the surplus waters of spring and fall and using
them in irrigating lands that could not be. supplied from the perennial
_ow.
La Plata River has less water and more land than either of the others previously mentioned. The general surface is less precipitous,
and there are three distinct benches of smooth, cultivated land.
Many thousands of acres lie along this river that can never be broughtunder cultivation unless the _ood waters of La Plata or the Animas
rivers are stored. Several proposed sites were seen and the country
examined in a general way.
There are about 3,000 acres in cultivation, and their productiveness
is equal to any in New Mexico. There is considerable water wasted
in the spring and fall, but during the summer even the lands now in
cultivation sometimes suffer for lack of water.
The general slope of the country is somewhat steep, and it is probable that reservoirs of large capacity can not be constructed, but it
may be possible to construct a system of smaller ones that would be
comparatively cheap and answer the purpose of storing the waters.
If the large quantities of water that now go to waste can be applied
to the land a wonderful transformation can be made. Every crop
adapted to the climate seems to thrive, and taking into consideration
the deposits of coal in this region there is a possibility of making it
one of the most prosperous sections in the entire “lest.
NORTHEASTERN NEW MEXICO.
In June, 1903, W. ‘1. Reed made a reconnaissance in the vicinity of
Las Vegas in northeastern New Mexico, examining a possible reservoir site lying about 5 miles north of this place and 2 miles east of
Hot Springs. A survey of this locality was made by Meredith Jones,
locating engineer of the Santa Fe Railroad. P. E. Harroun also mentioned the site in his report to the Territorial irrigation commission
in 1808. A determining point is the question of water supply, and to
ascertain this a river station has been established on Gallinas River at
Hot Springs. Mr. Jones in his report estimates on a drainage area
of 305 square miles above the reservoir site, and a capacity of
1,535,000,000 cubic feet, or 35,238 acre-feet. with a maximum heightof dam of 75 feet and a length of 1.300 feet. He estimates the cost
of dam at about $162,000, cost of inlet canal from the (iallinas about
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$28,000, and of inlet canal from h'apello at $31,000, or a total, without
distributing canals, of $221,000.
It is proposed to _ll the reservoir by a division canal 2 miles long
from Gallinas River, reenforcing the _ow by another canal, 8 miles
long, from Sapello River, and' taking out the water to irrigate lands
below the mouth of Las Vegas River. Gallinas and Sapello Rivers
are perennial, and in addition to the unappropriated waters of these
streams, it is proposed to store the torrential _oods of the arroyos
Pecos and Sanguilla. The natural basin is in the watershed of this
latter arroyo.
The irrigable area is upon the Las Vegas grant, the title and administration of which has been determined by the courts to be in the general
public of Las Vegas, controlled by the court and by a board of trustees.
The majority of the trustees indicate a desire to transfer the irrigable
lands to the United States to be reclaimed under the terms of the
reclamation law. The lands are fertile, relatively smooth,with a gentle
slope, and well adapted for irrigation. Steps have been taken to
ascertain the available water supply by the establishment of river
stations on the Gallinas at Hot Springs; on the Sapello and Manuelitas
above their junction, near the town of Sapello, and about 7 miles below
the mouth of Manuelitas Creek, near the town of Los Alamos.
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INVESTIGATIONS IN NORTH DAKOTA.
By F. E. WEYMOUTII.
RECONNAISSANCE IN WESTERN NORTH DAKOTA.
As little was known regarding the possibilities of irrigation in North
Dakota, a very thorough reconnaissance of the arid half of the State
was made by F rank E. \Veymouth, assisted by John N. Kerr, t0 ascertain if there are any feasible projects in this region.
TOPOGRAPHY OF THE REGION.
This region is an open prairie, generally rolling, and along the
streams rough and broken. Most of the land level enough for irrigation lies in terraces along the streams and is in small tracts of 100 to
300 acres, and in a few cases as large as 500 or 1,000 acres, so that to
cover any large areas by means of a single canal is almost impossible. Little Missouri River _ows through the famous North Dakota
badlands, and a portion of Heart River through a country almost as
ditlieult from an irrigation standpoint.
“HATER SUPPLY.
The arid portion. lying in the western half of the State, is drained
by Missouri River and its tributaries. Only a few small creeks enter
the Missouri from the north side, While from the south side come
Knife, lleart, Cannon Ball, and Little Missouri rivers.
All of the tributaries of Missouri River in this State, with the («31:3
ception of the Little Missouri, rise in and _ow through a broken but
open prairie, and have little to feed them besides the melting snows in
the spring and an occasional rain, so that they run nearly dry during
a portion of each summer. I
Gaging stations have been established on each stream in order to _nd
its annual discharge, but the results obtained have not yet been
worked up. It is believed, hmvever, that this season’s discharge will
be much above the normal, as there has been more than an average
rainfall since the stations were established, in May and June.
MIHHOI'RI RIVER AND 'I‘RIHI'TARIES.
Missouri River itself has some large benches along either side, but
the river has cut a deep channel and lies well below the valley through
which it _ows. This, together with the fact that it has only the fall
of an ordinary irrigation canal, prevents the use of its waters for irri396
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gating purposes by means of gravity canals. It may be possible to
economically irrigate some of these benches by pumping.
I_iéfe Rivera-Knife River Valley has a small amount of good
bottom land—4,000 or 5,000 acres—which could be covered by gravity
canals. Besides this it has several small detached fragments along its
bottom and on the benches. The average discharge of the river is
not suf_cient for that amount of land even, the stream being almost
dry during a portion of each season.
if anything is done here by gravityxanals it, will be necessary to
dam and store the waters. This may cost more than the land is worth,
as there is not a suitable dam or reservoir site on its entire course, the
valley being very uniform in width for the whole length of the
stream.
There is an abundance of [ignite along this stream, and several
small tracts can be irrigated by pumping. The amount is limited,
however, on account of the water supply, as storage and pumping
together will without doubt be too expensive.
Heart Rivera—Heart River meanders back and forth across a valley
and has an average width of half a mile and an average fall of 5 or 6
feet per mile. At each bend of the river are high cut banks, some as
high as 150 feet. These occur on a greater portion of its course. The
country from 2 to 5 miles back of the stream is nmch broken by deep
ravines, coulees, long draws, and irregular hills. Farther back the
country is more rolling, but is still rough and much broken.
A few good but small benches of 2,000 or 3,000 acres lie along the
stream and from 200 to 300 feet above it, but they are in detached
areas and many miles apart. The bottom land is broken into very
small tracts by the meandering of the stream, so they can not be
covered by a canal, but many of them can be irrigated by pumping,
the supply of [ignite being very abundant all along the river.
The only reservoir site on this river is south of Glen Ellen. An
earth dam at this point about 1.200 feet in length would probably
store all of the _ood waters of Heart River.
("cannon Ball River. Cannon Ball River _ows through a broken
and rolling country not well adapted to irrigation. Along its upper
course occur small detached benches of 100 to 300 acres, which contain
very good land. Along the lower portion the country is rougher, but
detached bottoms of 200 to 300 acres, caused by the meandering of the
stream, occur.
The South Fork of the Cannon Ball, locally known as the Cedar,
enters it about 35 miles from its mouth, and contributes about two_fths of the water in the stream. The country through which this
stream _ows is very similar to that. along the Cannon Ball. The width
of the valley of each stream is very constant, so that no good site for
8- dam or reservoir occurs.
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Very little lignite has been found on or near this stream as yet, so
that little can be done here in the way of irrigation.
Little Missouri Rive-r. The Little Missouri rises in Wyoming and
enters North Dakota near the southwest corner of the State. It _ows
in a northerly direction for about 100 miles, then makes an abruptturn to the east, forming almost a right angle. Its eastward course is
then maintained until it empties into Missouri River.
For the first 10 or 15 miles in North Dakota this stream _ows through
a rolling country and then enters the badlands, which become worse
and worse until the mouth of the river is reached. These badlands
extend back from 10 to 15 miles on each side of the river.
The Northern Paci_c Railroad crosses these badlands and Little
Missouri River at Medora. At this place a good idea may be had of
the general conditions in this valley. South of Medora, however, the
country is not quite so rough, while to the north it is much more broken.
At each bend of the river there are banks from 50 to 150 feet high.
In nearly every bank lignite outcrops, and some banks show ‘1- or 5 different layers.
Between these bends are low sagebrush _ats containing from 100 to
300 acres of land, and in a few places as much as 500 acres. These
_ats are very fertile, except on the lower portion of the river, where
they are sandy and covered with cottonwood trees.
It is believed that many of these _ats can be successfully irrigated
by pumping, so that. feed may be raised for stock, but it is not prohahle that the raising of crops for market can ever be made profitable,
as the section must always be dif_cult of access.
Y ELLOVVEITON E RIV ER.
Yellowstone River _ows through Montana, meandering back and
forth across its valley, forming large bottoms, _rst on one side, and then
on the other, with long high-cut banks on the opposite side in every case
until a few miles below Glendive, Where the river goes to the east side
of the valley, and remains so for the rest of its course. The river
_ows in a northeasterly direction from Glendive until it crosses the
State line into North Dakota, then in a northerly direction until it
enters Missouri River.
frrigab/c Zelda—Between Fallon and Glendive, on the north side,
there is a large bench of fertile land, well adapted for irrigation.
From Glendive to Burns Creek, on the west side, the country is somewhat rough, but contains considerable bottom land. From Burns
Creek to Missouri River is a valley from 2 to 5 miles in width Where
the soil is excellent; this valley is well situated for irrigation purposes.
During years of suf_cient rainfall, abundant crops are raised in this
valley. proving the productiveness of the soil. As a rule, however,
there is not suf_cient rain for crops; consequently the people in this
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valley depend on stock raising for a livelihood, as extensive grazing
lands lie just back of the valley on each side of the river.
Sammy. A preliminary survey was made, beginning on the north
side of the river, opposite Terry, the object being to take out a diversion canal, without damming the river, to cover the bench lands
between Fallon and Glendive as well as the lands below Glendive.
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FIG. 43.—Geneml map of Yellowstone project. North Dakota.
This was found to be impossible, the fall of the river between Terry
and Glendive being only 2.7 feet per mile. As this bench above Glendive was not reached. it was thought that nearly all the land below
Glendive could be covered by taking out a canal just above (ilendiVe,
so another preliminary :anal line was started here and continued to
Missouri River. This line covers all the irrigable [and in the valley,
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except a small amount just below Glendive. This line was run on a
grade of 1 foot fall in 5,000 feet to just below Fox Creek, where it
was changed to 2 feet fall in 5,000 feet, and at the lower end of the
valley this grade was changed to 3 feet fall in 5,000 feet, which grade
was continued until Missouri River was reached, about 80 miles below
Glendive. There is a. drop of 18 feet at Hay Creek, and it is thought
that when the line is projected on the topographic sheets this can be.
changed to 25 feet with advantage.
In addition to the level and transit line run, a strip ranging from
1,2”0 feet to 3,000 feet in width was mapped in detail.
Summary. —The results of this survey have. not yet been worked up,
but it is believed that an estimate of cost of a canal for this valley can
be made from this survey to within lo per cent of the cost, and of the
amount of land to within 5 per cent. .
This line covers about 70,000 acres of land, of which 22,0(H) acres
lie in North Dakota.
RECOMMENDATIONS.
The first 35 miles of the canal line just referred to traverses a rough
country and has some dif_cult places to get by, so that it is impoésible
to state, before an estimate is worked up, whether or not the project
is feasible. The land in the valley is all excellent and is well situated
for irrigation. The expense of irrigating the land will be Very small
after the main canal is constructed.
In the other localities mentioned in this report, irrigation by gravity
canals is not feasible except possibly in a few cases where 204) or 300
acres can be covered.
LIGNITE OF NORTH DAKOTA AND ITS RELATION TO IRRIGATIONJ!
Opportunities to irrigate in North Dakota are con_ned to the broad
terraces along the Missouri and its tributaries. These streams are
deeply intrenched, and it does not seem possible by any means now
available to raise water from them over the bluffs that rather sharply
bound the broad valleys—a vertical distance of from 150 to 400 feet-—
and irrigate the upland.
Missmlri River has a fall of about ‘2. feet. per mile and its tributaries
have gradients somewhat higl’ier, but the _ats along them are cut up
by the meandering of the streams and conditions are not favorable for
long lateral ditches or extensive reservoirs.
In View of the fact that the fertile terraces in the valleys of the
streams themselves embrace an area of 250,,(‘N‘l0 acres, ranging in elevation above water level from 15 to 100 feet, and in view of the abundance of lignite along them it seemed desirable to consider the possibility of irrigating the area included in the stream terraces by pumping
«Extract from report by Frank A. Wilder.
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directly from the rivers and using the lignite as fuel. The lignite
area, therefore, has been studied, and the nature of the Iignite beds
has been investigated. Practical tests have been made to determine
the value of the lignite as fuel for generating steam, and, with data
of this sort as a basis, computations have been made to determine, at
least in a rough way, the cost of irrigating river _ats whose elevation
is below 101) feet. The Missouri and its tributaries in North Dakota
have been followed and the extent and elevation of the river _ats and
the amount and quality of the lignite near them have been noted.
The lignite area in North Dakota is equal in extent to one-half of
Ohio. It is highly probable that lignite does not exist in beds of
workable thickness in every part of this region, but it is equally
probable that the fraction of the area lacking lignite in beds 3 feet- or
more thick is small, not more. than one~_fth of the whole. In the southeastern portion of the area, about the lower part of Cannon Ball River,
thick beds seem to be lacking.
NUMBER AN!) THICKNESS OI" BEDS.
Five well-developed beds outcrop in the bluffs of the Little Missouri
at Medora, and may be traced for miles both north and south of this
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FIG. 44.—Area in which lignite occurs in North Dakota.
point. Along the Missouri, south of Williston, live and six beds show
in a single section and can be traced for long distances, while on the
Fort Berthold Reservation nine well-developed beds occur in a single
exposure.
The lignite beds in North Dakota vary in thickness from an inch to
«10 feet. 'lhree beds which re 11 l1 :1. thickness of .3.) feet are known,
While bed-1115 feet thick are not unconnnon. In the western part of
the State beds 2 and 3 feet thick are so common that 111 this leport it
is not- practical to note them minutely
H. Doc. 44, 58—2—26
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FUEL VALUE.
A majority of the beds examined and tested show no great difference
in fuel value from top to bottom. In some instances, however, the
ditferenccs in the composition of the [ignite in a given bed are considerable. N ot infrequently the upper foot or two are inferior and are
left for roof in mining. The loss in this case is not so great as might
be expected, for it is often more economical to leave coal for a roof
than to timber.
T he, results of chemical analyses of 70 samples from as many beds,
given later, throw light on the fuel value of lignites. Samples were
not taken from beds that were obviously too thin or too impure to be
of economic value, but, on the other hand, the results of all analyses
made are given, whether favorable to the [ignite or not. The [ignites
taken as a whole will probably average better than the results indicate, for in many cases fresh material could not be obtained, and the
weathering on the surface of a natural exposure is sufficient to lessen
the carbon values for some feet from the surface.
The fuel value of a given [ignite will vary considerably with the
conditions under which, and the purpose for which, it is used. In one
connection it may be esteemed highly and in another not at all. Out
of this fact grows the diversity of opinion in regard to a number of
well-known lignites of the State. A [ignite whose value as a steam
coal is very high may not prove suitable for certain kinds of StOVES.
An actual case will serve well for illustration. In two localities [ignite
from seams that are high in ash due to admixture of clay are highly
valued for heating purposes, because. the clay enables them to stand up
well and prevents slacking. Judged by ordinary standards these lignites are very inferior. These recognized standards are: The amount
of _xed carbon and the percentage of ash that the [ignite contains, the
result given by the calorimeter, and the amount of water that a given
amount of [ignite will evaporate. Of the three tests the last is the
most satisfactory. The [ignites have been tested in accordance with
these, as well as in a variety of practical ways, and a brief statement
of results is appended.
Fired (tili‘b_nu-“Tllc average amount of fixed carbon in twenty-six
samples of North Dakota [ignite analyzed in 1900, when thoroughly
dried, was 52 per cent. Sixty samples, after thorough drying, gave
51.21 per cent of _xed carbon. Compilations of analyses show for
forty—one samples of West Virginia bituminous coal 67.16 per cent of
_xed carbon: for twenty-two samples of the better grades of semibituminous dry coals of Maryland 75.99 per cent, and for twenty-six
samples of dry bituminous coal from Pennsylvania 67.97 per cent.
Judged by the _xed carbon alone, the heating power of one ton of
North Dakota [ignite is worth '76 per cent of a ton of West Virginia
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bituminous, 65.9 per cent of Maryland semi-bituminous, and 74.4: per
cent of Pennsylvania bituminous“ These _gures show that the North
Dakota [ignites rank far above the coals that are the average representatives of this class.
By comparing the [ignite of North Dakota with the product of the
W'estern Interior coal field (which includes Iowa, Missouri, and Kansas) with respect to fixed carbon, the [ignite appears to be its equal.
On a dry basis, the average amount of _xed carbon for twelve samples
of coal from the \‘Vestenn Interior _eld“ is about 50 per cent. These
coals, however, give a somewhat higher evaporative test than do the
[ignites.
Volatile matter.—~The average amount of volatile matter—«exclmive
of water—computed from sixty analyses of different [ignite coals is
35.63 per cent. When the _xed carbon alone is considered as determining the fuel value of a coal, the worth of the volati [e matter is overlooked. Under the proper conditions these gases may be made to
develop a great deal of heat, and no appliances which aim at an
economical combustion of [ignite can afford to disregard them.
Asia—The percentage of ash in the sixty samples is generally low,
the average amounting to 8.5 per cent. By deducting four inferior
samples, the average will be lowered to 7.5 per cent. Compared with
the coals of Iowa, Missouri, and Kansas, the [ignites are notably purer.
In the ash from some North Dakota coals there is a tendency to form
clinker, due to the presence of clay, but generally the [ignite burns
like wood, leaving a gray powdery residue.
Snip/mn—The percentage of sulphur in the [ignites is usually low—
much lower than in most bituminous coals. The following samples
are fairly representative:
Percentage of sulphur in North Dakota ligmites.
Percent.
Lehigh mine ....................... _ ..................................... 0. 88
Washburn mine .......................................................... . 91
Forty-Foot Vein, Billings County .......................................... 1. 10
Electric mine, Keumare .................................................. . 68,
Davis mine (Mouse River Lignite Company) .............................. . 35
The sulphur in these analyses was determined in dry coal, which
brings the percentage one-fourth higher than for [ignite fresh from
the mines. A yellow powder, composed of calcium sulphate and iron
OXide, often occurs in the upper part of [ignite seams, and in color and
texture resembles sulphur.
The average of sixty tests of the [ignite shows that it contains 35.63
per cent of volatile matter and about 30 per cent of moisture. Several service tests of [ignite show it to have an evaporative power per
aBatu. H. Foster. Western Interior coal _eld, Twenty-second Ann. Kept. U. s. Geo]. Survey, pt. 3,
1902. p. 347.
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pound of fuel of 4.2 pounds of water from and at 2120 F. This amount
is below the average test, but it is the amount used in computations
for fuel value, and shoWs a value of 7 5 per cent of Iowa coal, and To
per cent of the Missouri product.
Deductionsji'ma mu_gmw. —The method of analysis employed di_'ers
from that commonly used for lignites, for the percentage of moisture
is _rst computed, and then, after the moisture has been expelled, the
amount of the other constituents is determined. The percentage of
_xed carbon, volatile matter, and ash is made somewhat higher than
when the undried coal is analyzed. The practical dif_culty in bring
ing the lignite to the laboratory without partial drying, however,
makes it much more desirable to compute its composition on a dry
basis.
Even when allowance is made for this method of computation the
percentage of _xed carbon is high enough, if this alone is considered,
to remove these coals from the lignites and place them with the semi—
bituminous or steam coals. The content of water, however about 30
per cent—keeps them in the former class.
limpet-alive: taste—More satisfactory than either chemical or calorimetric tests are practical evaporative tats carried on with boilers of
standard patterns. A number of such tests have been made, and in
some cases Eastern coal also has been tested in the same boilers and
under practically the same conditions; so that, knowing the price of
each coal at the point given, it is possible to determine definitely the
economy resulting from the use of lignite.
PUMPING WATER FOR. IRRIGATION WITH LIGNITE AS FUEL.
The computations here presented to indicate the amount of [ignite
that will be required to raise water to the level of the various _ats
have been made by Charles S. Magowan, professor of municipal and
sanitary engineering at the State University of Iowa. With the computations Professor Magowan presents the following statements:
The fuel that will be used in the locality under consideration is
lignite that in service tests has been proved to have an evaporative
power per pound of fuel of 4.2 pounds of water from and at 1.1120 F.
This value will be used in the computations.
It is contemplated that engines will be used which will deliver at
least 1 horsepower for every 35 pounds of steam furnished. This is
a low engine ef_ciency, and should be realized under even extremely
adverse circumstances. By using engines of higher grade—and these
should be employed with the larger pumps where compound, condensing, or triple-expansion, or even quadruple-expansion engines
might ,be economically used—the ef_ciency would be more than
doubled the fuel consumption being correspondingly reduced.
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The accompanying table shOWs the capacities and ef_ciencies of
centrifugal pumps of several Isizes, all helt driven, together with the
amounts of lignite that will probably be required to lift water to
various heights:
Cruncitiea and efficiencies of cmtrifugal pumps and amounts of lignitr. required to lift
crater In specified heights.
l l .
Size of I Amount of llgnite ln tonne
' pump Horse WE'I' dullvcrcd L» ‘ requinsdtol'umlshpower
' (diam. 3.000011“ sha tot pump necessary . _ l to operate engine and
eter in real (33' to e_ect cmnomieal dis- 1-.lh- ‘ pump 24 hours when ele- Price 01'
inches P39“) 1" charge at elevations (0— PM“? vating the economical pum (31"
of dis- gallons of disehnrge— prox male)
-h . per min- pump. 1.0.1).
( arse ute. I 1, ,
open- . .
. ing). 20fect. 10 feet. 00feet. 801114.! IzzlJfL-et.l-10fect.lt‘)0 feetlmfeet.
__'__ ,, ,. l ,
‘ l Per 0!. l
l 0 1,050 11.8 23.0 35.4‘ 47.2 45: 1.2 2.4 3.5: 4.7 01204280
8 2,000 22.0 44.0 66.0 88.0 46 l 2.2 4.4 0.6 i 8.3 190- 390
10 3,000 32.0 6-1.0 90.0 128.0 47 1 3.2 | 6.4 9.6 l 12.8 240- 570
l 15 I 7,000 70.0 140.0 210.0 280.0 51 ‘ 7.0 14.0 . 21.0 g 28.0 400- 810
l 18 10,000 100.0 200.0 300.0 400. 0 52 10.0 . 20.0 1 30.0 l 40.0 700— 900
‘ 20 12,“ 120.0 ‘ 240.0 360.0 430.0 : 53 12.0 24.0 ‘ 30.0 ‘ 48.0 000
24 15,000 130.0 200.0 390.0 520.0 58 13.0 26.0 i 39.0 i 52.0 7'1, 7(1)
36 32,000 200.0 520.0 7:100 1,010.0 02 1 20.0 52.0 I 7s.0 : 101.0 .............
. I |
H Price of coal in this region varies from 50 cents to $2 per ton. b Volute.
It will be noted that the sizes considered are those that give capacities of about 1,000 gallons per minute or multiples thereof. It is also
well to note that the capacity of any of these pumps can he very
materially increased by slightly increasing the number of revolutions,
but the ef_ciency will thereby be diminished.
The percentage of pump ef_ciency noted in the table may be obtained
by comparing the amount of work realized with the amount of power
applied to the. shaft of the pump, and it is well to note that the ef_ciency
increases as the capacity of the pump is increased, this fact favoring
the installation of large plants.
Engines for operating centrifugal pumps must be capable of running
at high speeds, especially if the pump is operated against a high head.
For example, a No. 6 pump operating against an 80—foot head must he
revolved at the rate of 857 revolutions per minute; a No. 24 pump
operating against a 20-foot head must be revolved at 100 revolutions
per minute, and the engine, if. directly connected, must work at the
same rate. Builders of centrifugal pumps also build engines to meet
these requirements, and connect them directly to the pumps, especially
for the lower lifts.
A No. 6 steam centrifugal pump capable of working against a 30foot head can be bought, for $520 or less, while a No. 8 pump that will
work against the same head will cost $690.
TX700084438
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One _rm quotes a price of $500 on a 30-horsepower automatic. highspced engine and $1,675 on a 2(MJ-horscpowcr engine. These prices
are for engines only. The companies will furnish, on request, prices
on the larger sizes of steam centrifugal pumps.
Some large plants of this kind have been installed and are reported as
working successfully. At Albany, N. Y., two 18-inch pumps, operated
by direct connected, vertical, cress compound engines, lift 10,000 gal—
lons each per minute, with a reported ef_ciency of pump and engine of
66.3 per cent, and with a net ef_ciency of the pump alone of 77 per
cent. the lift being 21 feet.
IRRIGABLE LANDS.
Y ELLOWRTQNE FLAT.
This _at lies between Yellowstone River and the State line. Above
the _ood plain, which is covered with a dense growth of willows, is
a wooded bench, from 10 to 15 feet above high water, where large
cottonwoods _ourish. Its area may be 4,000 or 5,000 acres. Ten
feet abOVt‘. this, and 20 feet above the river at high water, is the edge
of a beautiful and extensive grassed terrace, which rises gradually for
2 miles to the foot of the bluffs, and which will include about 15,000
acres below the contour line that might be drawn 80 feet above the
river. .It is not cut up by ravines or gullies, and a trench carried
along the 80-foot contour would require but few Homes, and would
convey water to almost any point on the _at.
The soil is a good loam, and the upper terrace is already well grassed,
though at present it yields hay regularly only where naturally irrigated by water that comes down in Fourmile and Eightmile creeks and
other coulees and spreads out over its surface. Much of the woodland
lies high enough above the river to be free from ordinary river _oods
and is inundated only at rare intervals, and then on account of the
gorging of the ice.
THE BUFORD—TRENTON FLAT.
Arm. mid mil.—Extending along the north side of the Missouri from
the State. line to the eastern edge of the old Fort Buford Ikmervation,
a distance of 16 miles, is an extensive flat, which needs only water to
become highly productive. At Trenton station, in the middle of this
tract, the river swings in abruptly till it is close to the bluff, and the
_at is narrow here for half a mile. Enough remains,-however, to provide space for a waterway or a pumping plant, so that if water were
available and irrigation seemed desirable, the level bench both east. and
west of Trenton could'be irrigated from a single station.
The _at includes about 12,000 acres, divided between an upper
grassed terrace and a lower wooded bench, the former exceeding the
latter by about two to one. The wooded bench is from £20 to 25 feet
TX700084439
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above ordinary high water, and is said to have been _ooded but twice
n 28 years, the last time in the spring of 1801. In places it is being
icleared and cultivated. Although sandy in places, it has for the most
part a good soil. The second, or grassed terrace, rises gradually from
the edge of the wooded terrace, where it is about 30 feet above high
water, to the bluffs, at whose base it is 80 feet above the river. It has
a strong gumbo soil, and grows blue joint or wheat grass, with cactus
and sage when unirrigated, while with irrigation it is abundantly productive, both in grass and grain. (See fig. 44.)
Coal amu- tlw Bigfnrd- Trenton _at—()nl y limited quantities of lignite
are known in the bluffs just back of this tract, though large beds may
some time be discovered. Two miles from Buford, in sec. 31, T. 153,
R. 103, aé-foot bed of good lignite is mined to seine extent by stripping.
About 75 tons were taken out in the winter of 1002.
On Eightmile Creek, above Ed J aek’s ranch, a 3_—foot seam furnishes
some lignite, while fuel from Buford is in part brought from the
Yellowstone, and from the seams in Glass Bluffs, across the river, and
if a pumping station were established at Trenton, where the river cuts
back nearly to the bluffs and divides the tract into two parts, it might
be practicable to ship coal from the mines already opened near Williston, a distance of only 25 miles. In this case good lignite f. o. b.
at Trenton will cost $2.50.
The lift at this point, to cover the entire tract of 12,000 acres, will
be about 70 feet, though a large part of it could be watered with a lift
considerably less.
THE LITTLE MUDDY AND MISSOURI RIVER FLATS AT WILLISTON.
The Little Muddy is the main tributary of the Missouri from the
east and north in North Dakota. Its drainage area includes nearly
one-half of “Tilliams County, or 700 square miles. In addition to a
water supply from direct rainfall it is fed by a number of perennial
springs. On June 27, 1903, it had a _ow of 18 second-feet, and this
amount of water was said to be normal for that season of the year.
Its valley is broad and in the main fertile. The bottom lands often
are a mile wide, and a strip half a mile wide that is fit for irrigation
extends for 20 miles or more from its month. There may be 10,000
acres along the stream that could be irrigated if it can be shown that
water can be found for so large an area.
Tobe taken with the Little Muddy River _ats are 3,000 or 4,000
acres on the Missouri at \Villiston. The valley for 15 miles is broad
and seems to offer no point where a short wall can retain any considerable amount of water. If a dam were erected above this point, the
water from some of the principal tributaries which empty below would
be lost. '
There is an abundance of lignite on the Big Muddy and its tribu—
taries, and along the Missouri below Williston.
TX700084440
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.On account of the location of the _ats about “ illiston. their nearness to the railroad and to the town, and bec- ausc most of the settlers
in the Big Muddy Valley are desirous of leasing water from some.
responsible party. a careful study of the valley is recommended.
N ESSON- Ht )FFLUNI) FLATS.
The post-of_ces of Nesson and I-lo_iund are' situated on Missouri
River, about 30 miles east of \Villiston and 14 miles south of the
Great \mthei 11 Railroad, the nearest station being the town of Ray.
Ho_iund IS 6 miles east of Nesson. In this vicinity the Missouri receives a number of tributaries.
South Tobacco Garden and Clark creeks _ow into it from the south,
and North Tobacco Garden, Beaver, and White Earth creeks. from
the north. '
Two extensive _ats or terraces are developed here, one from :30 to
40 feet above high water, extending about 0 miles along the river,
from Nesson to IIo_iund, and the other from 80 to 100 feet high,
located back of Nesson. The upper terrace. includes 7,500 acres, held
by more than 30 homesteaders and settlers. The lower _at includes
about 6,000 acres. The soil of the upper bench, except in a narrow
gravelly strip along the lower edge, is sandy loam with clay subsoil.
The lower bench has from 1 to «,1- feet of fertile sandy loam on its surface with sand for subsoil. A portion of the lower _at is wooded,
but the woodland at this point is confined principally to the _ood
plain, which is not here considered a part of the lower terrace. A
portion of the lower terrace is being carried away by inroads of the
river, but the loss due to this cause. is not serious enough to interfere
with any scheme for the development of the _at as a whole. The
slope of the surface of both terraces is favorable to irrigation.
For many reasons the'region invites study with reference to the
possibility of irrigation. The area, especial] y when both terraces are
taken together. is considerable, the. soil is inviting, and the distance
from a railroad shipping point is only 14 miles. Heavy seams of lignitc of good quality outcrop in the immediate vicinity, and a pumping
station that would furnish water for the lower _at (6,000 acres) may,
it is thought, he placed close to one of these outcrops and the expense
of hauling fuel thus greatly reduced or wholly obviated. On account
of the lift it. will hardly be practicable to irrigate the upper _at with
water draWn from the river.
FORT BERTHOLI) AGENCY FLATS.
The _ats near the present agency on the Fort Bert-hold Reservation,
which are low enough to justify study with reference to irrigation by
pumping from the Missouri. include 5.000 acres. Of this, perhaps
1,200 acres which were formerly woodland were. recently burned over,
leaving them practically clear. while 800 acres are still covered with
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large trees. This woodland area is but 21) feet above high water, has
a sandy loam soil, and is very rarely covered by water during ice
gorges. Twenty feet above this lies a well~grassed _at of 1,200 acres,
and still higher, perhaps 80 feet above the river, is a terrace containing about 2,000 acres.
Lignite outcrops frequently in the vicinity. Directly across the
river, at high-water level, 31} feet of lignite were exposed on July 8,
1903, and the bed was reported by the superintendent of the agency
to be 10 feet thick. It has supplied coal for the agency during the
winter, when the river is low and crossing on the ice is possible.
Several other large outcrops occur in this vicinity.
0L1) FORT BERTHOLI) AGENCY FLAT.
This _at is about 12 miles below the present agency and contains
about. £000 acres. Its elevation is froml20 to 80 feet above Missouri
River, which bounds it on the south. It is well grassed.
In the bluffs just east of the _at a 5-foot bed of good lignite is exposed
about 50 feet above the river. 0n the opposite side of the river a
5-foot bed is mined by stripping. A 4-foot and a 3-foot seam outcrop
in the blutl‘s a mile south of this mine.
FORT STEVENSON FLATS.
These beautiful_ats, which include about 7,000 acres, lie on the north
side of the river, a few miles northeast of Coal Harbor. Their elevation is from 30 to 71') feet above the Missouri, and the slope from the
bluffs to the river is gradual and uniform.
Coal occurs abundantly in the bluffs just back of the _ats. For many
years lignite was mined here for use at the fort' and Indian school
formerly located here. The exact location of the mine was in the
S‘V. & sec. 35, T. 148, R. 85. A seam, said to be 14 feet thick, was
mined by stripping. On the opposite side of the river seams 3 and 4
feet thick are nearly continuous in outcrop for 10 miles.
APPLE RIVER FLATS.
Just south of Bismarck are extensive _ats, which have the form of
a triangle, Missouri River lying on the west, while Apple. River and
the bluffs back of Bismarck form the sides on the east and north.
These _ats include about 5,000 acres, 12,000 acres being only from 20
to 30 feet above the stream and partly wooded, while the remainder is
from 80 to 100 feet above river level. No coal outcrops in the immediate vicinity, but the expense involved in bringing lignite. from the
thick beds outcropping directly on the river 60 miles above, at Mannhaven and Coal Harbor, should not be, great. It may he more practicable to control the water of Apple River and use it for irrigation
purposes, for the stream drains a considerable area and could doubtless
furnish all the water needed if it could be properly stored.
On account of their situation on the outskirts of a city of considerTX700084442
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able size. and on the Northern Paci_c Railroad, gardening should
prove remunerative, and a rather high cost per acre to secure irriga—
tion may be justi_ed.
SMALLER MISSOURI RIVER FLATS.
The following table gives information with regard to the smaller
_ats on Missouri River, showing the acreage of each, the elevation
above water surface, the general location of the _at, and the location
and quantity of lignite that may be available:
Smaller-_ats on Mixsouri Rirr’r in North Dakota. and (he [ignites in (he m‘cinity.
Elevation l
Area. wartzggiir— Location and quantity of limiite. ! General location of _at.
10.00. 1
r. A .
Acres. 1 Fwd. '
1,200 I 40 No coal ahowingin immediate ‘ South side of Missouri River,
l vicinity. ‘ at edge of old Fort Berthold
1 ‘1 Reservation.
700 ! 20 to 40 6 feet thick in bluff 1 mile ‘ On Little Muddy Cut-off, 10
I below. miles below Willistnn.
600 l (‘3) i2feetthickin“Slidingliluff” 1 At Bakers Bend.
l just below. i
1, 200 ‘ 25 to 50 Heavy beds in Spanish Point, ‘ Opposite Nesson Flats.
} l 3 miles distant. ‘
600 5 (?) ' Three lignite beds in bluffjust ‘ Opposite mouth of White Earth
| behind. * Creek.
2, 000 40 to 80 4-foot vein in bluffs. just be- Opposite mouth of Little Knife
hind. River.
1, 000 80 4-foot vein just across river. . _ . Indian village of Independence.
500 (1’) 45-foot vein just opposite ..... Five miles below mouth of Little. Missouri, east side.
2,000 15 to 25 4-foot vein in bluffs .......... Just. below Fort Berthold
Agency, on opposite. side of
river.
1,500 40 in_ll H-foot vein on the river at Just abovetown of Mannhaven.
Mannhavcn.
1, 500 15 to 2;”) 4-foot vein in bluffs behind - _ -1 At Hancock.
1, 000 15 to 25 7-foot vein at edge of _at ...... 2 miles above Stanton.
3, 000 (‘3) Three T-loot veins in bluffs just (iplmsite vWax-ahburn.
back of flats.
3, 000 (?) 53-foot vein on opposite side of Painted Woods Lake, near
river. Sanger court-house.
LITTLE MISSOURI FLATS.
Terraces are well developed along the Little Missouri at nearly
every point in its course.
5 or 6, while few localities have less than 3.
from 20 to 200 feet. above the river.
In a given locality their number may be
Their elevation varies
No Single tract is large, on
account of the meandering of the river, but the total area at an elevation moderate enough to make pumping from the river practicable is
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considerable. A rather careful estimate of the area lying not higher
than 30 feet. above the river places it at more than 30,000 acres, cut up
into tracts ranging in size from 50 to 1,000 acres.
The topography of the country is diversi_ed, consisting of the Little
Missouri Valley and its terraces, the “breaks ” in the vicinity of the
river, and the rolling country back from the river which furnishes an
unequaled summer range for cattle. Lignite outcrops almost continuously even in the shallowest of coulees, as well as along the creeks,
and on the main stream itself, these outcrops being from 6 inches to
40 feet in thickness. Ranchmen seldom _nd it necessary to go far for
fuel. Some mine it, but many consider it easier to go to the river in
winter and break up great blocks of coal that the stream has washed
out.
There are a number of small _ats on this stream south of Medora,
which lie well for irrigation by pumping.
Between Medora and the mouth of the Little Missouri there are
several small _ats, ranging in area from 50 to 500 acres, which lie
from 15 to 30 feet above the water surface. Lignite is abundant all
along this portion of the river, and is of good quality.
KNIFE RIVER FLATS.
The Knife River Flats are very like those along the Little Missouri,
just described, differing mainly in not being so much shut in by high
bluffs, for the slope to the upland is here comparatively gradual.
For 15 miles from the mouth of the river the _ats are extensive,
often reaching a width of a mile, and including in all about 4,000
acres, which lie from 15 to 25 feet above the river. Lignite is found
all along the blu_'s at the mouth, and outcrops in nearly every coulee.
HEART RIV ER FLATS.
Attractive _ats, each containing a few hundred acres, may be found
all along Heart River and its tributary—Green River. Lignite outcrops along both streams, and some of the largest mines in the State are
located near them.
CANNON BALL AND CEDAR RIVER FLATS.
Terraces of different elevations that include considerable areas occur
along the course, of the Cannon Ball below its union with the Cedar
and along both streams for 60 miles above their junction. On account
of the meandering of the rivers, and the rather limited Width of the
terraces, more than 600 acres are rarely found in a single tract. With
the data now at hand it does not seem practicable to irrigate areas
larger than this by pumping from a single _xed station. However,
detailed study may show that two or more of these tracts may be
connected by ditches and treated as one.
The elevation of the Cannon Ball Flats varies from 10 to 80 feet.
The soil is generally fertile, and many of the terraces are well grassed.
TX700084444
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Some appear to be gumbo, while others are too sandy to be desimble
for agriculture. 'l'aken together they present a considerable area.
perhaps 30,000 acres or more, with soil and topography favorable for
irrigation.
Lignite is not abundant on the Cannon Ball below Wade post-of_ce,
where the Cedar unites with it. A careful search made along the
bluffs where good exposures occur brought to light only beds a few
indies thick, till the upper Cannon Ball was reached.
Forty miles east of New England post-of_ce heavy lignite beds outcrop and appear continually from this point for 50 miles up the stream.
0n upper Cedar River lignite is said to be abundant, and, to judge
.from observations on the adjacent tributaries of the Cannon Ball, the
reports are probably correct. The same statement can be made for
upper Grrand River in South Dakota.
RECOMMENDATIONS.
Opportunities to reclaim arid lands appear to exist in the larger
_ats on Missouri River. Much of the land in these _ats is, however,
already in private on‘nership. The _ats that lie within the Fort
Berthold Reservation form the only exception to this statement.
In choosing among the Missouri River _ats for one where reclamation by pumping may be tried under most favorable conditions, a
number of factors must be kept in mind. Nearness to a railroad and
a market are as essential as an abundance of cheap fuel and good land.
An active interest on the part of the resident owners is necessary
where the land is already in part or wholly private property.
_With these conditions in mind, the _ats at Buford and Trenton and
the Nesson-Ho_iund tract deserve _rst consideration. The former
lies directly on the railroad. Lignite is not abundant here, however,
and will cost about $2 a ton, whether mined in the vicinity or hauled
from Williston. The Nesson-Ho_iund Flats are 1-1 miles from the
railroad, and are wholly in private ownership. Lignite is very
abundant, and should be laid down at the pumping plant for $1 a ton.
It may be possible to locate a pumping plant within a few hundred
yards of an extensive outcrop. From an engineering point of view,
the Buford-Trenton tract appears to offer simpler conditions.
The Yellowstone Flats in North Dakota form the most attractive
single area for irrigation in the State. Since the fall of the Yellowstone is somewhat greater than that of the Missouri, it may be practicable to divert water from the river by starting well up in Montana.
If this should prove too expensive, water may be moderately elevated
by pumping at Sidney, Mont, where heavy beds of lignite are
reported to exist. From this point the water would be of constant
service, both in Montana and North Dakota.
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'INVESTIGATmNs IN OKLAHOMA.
This Territory for the most part is within the humid or subhumid
region, and irrigation is practiced only to a limited extent. The western prolongation of the 'llerritory, known as Beaver County, extends
from the one hundredth to the one hundred and third meridian, and .
includes country which is arid, but which has a very limited water
supply.
The bene_ts to be derived from an arti_cial application of water to
the soil have been discussed in a general way in Oklahoma, but popular
interest has not been aroused, and, in fact, the statement that irrigation is needed in Oklahoma is frequently resented as an imputation
against the climate of the country. The fact, however, that money is
available for the reclamation of arid land has awakened a new interest
in the subject, especially on the western margin of the Territory.
In order to carry out the objects of the reclamation law careful and
thorough investigations have been made of all possible projects, under
the general charge of Gerard H. Matthes and under the immediate
direction of Ferdinand Boustedt. Particular attention was given
at the outset to the localities described in the First Annual Reclamation Report, page 267 et seq. In general, the conditions were found,
after careful survey; to be not so favorable as they were at _rst
assumed to be, and the cost was found to be practically prohibitory.
The most serious feature, however, of any such proposed development
is the improbability of making constant and pro_table use of the water
in irrigation, as much of the country to be bene_ted is capable of raising a crop by dependence solely upon rainfall and careful cultivation.
in considering the irrigation question in western Oklahoma proper
discrimination should be made between the opinions of the landowners Whose interests center chie_y in speculative enterprises and
those constituting the farming contingent. The former are unquestionably adverse to irrigation, for the reason that the advertising of a lack
of suf_cient water for the maturing of crops, which the word irrigation would seem to imply, would of necessity be injurious to their business. 0n the other hand, the average farmer who desires water for
irrigation is not familiar with irrigation practice, and in nine cases out
0i ten has never been in an irrigated region.
Next to planning a practicable and rational irrigation scheme, the
question as to whether those who are to be bene_ted are competent to
413
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handle such an enterprise judiciously and intelligently is worthy of
more thana super_cial consideration. In this respect the irrigation
question is far di_'erent in Oklahoma from whatit is in the arid regions,
where every farmer is an irrigator and is compelled by circumstances
to devote his entire attention to the irrigation problem if he is to
expect any returns. The larger part of the area under discussion in
Mr. Bonstedt’s report is in the semiarid region, where it is possible,
at times, to raise crop after crop Without the arti_cial application of
water. Irrigation here ceases to be an indispensable adjunct and
should be considered rather as a pro_table convenience at times of
severe drought.
The report of Mr. Bonstedt of the surveys made during the spring
and summer of 1903 relates particularly to reservoir sites on Otter
Creek and the North Fork of Red River, near the \Vichita Mountains,
Oklahoma, and also pertains to the irrigation possibilities in Greer,
Roger Mills, Day, Woodward, and Beaver counties, these constituting
the western, or semiarid, portion of Oklahoma.
OTTER CREEK AND NORTH FORK 0F RED RIVER RESERVOIR
SITES.
By FERDINAND BUNSTEDT.
During the spring and summer of 1903 surveys were made of two
of the most promising reservoir sites in the Wichita Mountains of
Oklahoma. .These sites are known as the Otter Creek reservoir site
and the North Fork of Red River reservoir site. The lands that can
be irrigated by the water stored in these reservoirs are situated in the
south-central portion of the semiarid region. The precipitation, 30
inches per annum, as observed at Fort Sill, 40 miles east of the locality, is ample when properly distributed through the season to mature
all crops raised. It may safely be said that irrigation is not a necessity. This is demonstrated by the fair yields obtained during the
season just passed, on lands that have been under cultivation only two
years. It is the consensus of opinion of the farmers that wheat is an
assured crop each year, but that crops maturing later in the season
would be greatly bene_ted and assured by the application of water.
~ The corn crop this season was almost a total failure, only a fair yield
having been raised on the low benches adjacent to the streams.
OTTER CREEK RESERVOIR SITE.
The dam site of this basin is situated in sec. 9, T. 3 N., R. 17 “K, on
Otter Creek, 3;» miles northwest of the town of Mountain Park, Okla.
At this point Otter Creek _ows through a portion of the W’ichita hills
in a canyon. The dam site is situated at a gorge, a little south of the
entrance to the canyon. This gorge has steep side slopes and a width
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of 150 feet at the surface. The reservoir lies north of the gorge.
During April and May surveys were made of this basin, of the dam
site, and of a canal line from the reservoir to irrigable land lying south
of Mountain Park along Otter Creek and Red River.
The Otter Creek Irrigation Company, of Mountain Park, Kiowa
County, was organized to develop this project for the purpose of furnishing water for irrigation and to supply cities and towns with water
for domestic use. The company claims the _rst water right on Otter
Creek; they have done no construction work, however, only a trench
having been excavated at the dam site to ascertain the depth to granite
foundations. 4
The survey of the reservoir was made by the plane-table method,
and was mapped on a scale of 1,000 feet to 1 inch, with a contour
interval of 5 feet. The land within the site is in private ownership,
and is situated in the territory that was opened to settlement by the
Federal Government August 6, 1901, prior to which time it was knownas the Comanche, Apache, and Kiowa Indian Reservation. Twenty
per cent of the territory within the reservoir site is cultivated; each
quarter section or claim has a number of improvements, including one
or more buildings, which have been erected by the homesteaders. The
Blackwell, Enid and Southwestern Railroad (Frisco system) crosses
the site in a diagonal direction. Should the reservoir be constructed
it would be necessary to relocate this railroad. This could best be
done by moving it to the east, beyond the _ooded area, skirting the
east and north edges of the basin.
The area and capacity of the reservoir above the proposed outlet at
the 1,370-foot contour, as obtained from the map, is shown in the following table:
Arm and (mint-_y of Otter (hick rraerv'oir, Oklahoma.
Contour. Area. Capacity. l
Fm. ' Jen's. ‘ Acre-fact.
l 1,370 l 80 ..........
1,375 130 600
1,380 I 430 2,075
1,395 ' 1,250 , 6,275
1,390 1,884 1 14,110
1,395 2,800 1 25,820
J 1,400. 4,275 43,507l
The size of this reservoir is limited bya low saddle at the 1,4UO-foot
contour in the divide on the southeast side of the basin. To prevent
wave action from spilling over this low saddle into the drainage area
on the east, it will be necessary to construct a dike across the low
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portion of the divide. This would require an embankment 7 feet in
height at its maximum section, and with a top length of 3,100 feet.
. O'l'I‘ER CREEK DAM RITE.
The dam site was mapped on a scale of 51) feet to 1 inch and a contour interval of 5 feet. The canyon at the site is narrow and has very
steep walls of granite, which in places is cut by a large number of
crevices and cracks, but is not unsuitable for a dam. The creek _ows
over a bed of gravel. The depth to rock was not ascertained at the
time of survey, but it was stated by Mark Roberts, the originator
of the Otter Creek irrigation project, that it was found 4 feet below
the surface of the gravel in the bed of the creek. The conditions at
the site are such that a dam of low cost or of the rock-_lled type could
be adopted to advantage, there being an unlimited quantity of rock
available in the immediate vicinity for the construction of a dam of
this character.
CANAL LINE FROM REHEIH'OIR T0 IRRIGAHLE LANDH.
The line of the canal, as surveyed, begins on the creek 1} miles
below the dam site, or at the south side. of the canyon, and is :37 miles
in length. The present channel of the creek, through the canyon, can
be utilized as a canal, as the _ood waters will not _ow over the dam, a
spillway having been provided for at the southwest side of the basin
at a ravine which empties in the North Fork of Red River, in sec. 36.
T. 3 N., R. 18 W. By utilizing the creek channel through the canyon as a canal, the construction of about 7,000 feet of very expensive
canal line will be eliminated. From the canyon to a point 1 mile
east of the town of Snyder the canal line has a general southeast direction; it then swings around to the southwest and continues in that
direction to see. 7, T. 1 6., R. 18 W. The line traverses clay soils
and presents no dif_culties in construction. All the land lying between
the canal line and Otter Creek, about 12,001) acres, is susceptible of
irrigation. South and east of sec. 7, or near the end of the canal line
survey, is a vast body of fertile land, and the two reservoirs do not.
have suf_cient capacity to serve it.
. During the survey of the Otter Creek reservoir site measurements
were made of the _ow of Otter Creek, and a gaging station was established on April 20, 2 miles below the dam site. The records of this
station, from the date of its establishment to November 21, shown
run-off from the drainage area of 6,764 acre-feet. Comparing this
with the capacity of the Otter Creek reservoir given in the table, it is
obvious that the drainage area is not suf_cient to _ll the reservoir.
To utilize its total storage capacity it will be necessary to supplement
the _ow of Otter Creek with a supply from other sources. \Vhile
examining the reservoir site on North Fork of Red River, a survey of
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a canal line was made from the dam site on North Fork of Red River
into the valley of Otter Creek for the purpose of determining the
practicability of supplementing the inadequate supply of Otter Creek,
by drawing on the storage in the reservoir on North Fork.
NORTH FORK OF RED RIVER RESERVOIR.
The dam site of this reservoir is situated in the NE. i see. 22, T. 5
N., R. 20 W. one-half mile northwest of the Lugert post-o_icc, Okla.
A plane-table map of this site was made on a scale of 1,000 feet
to 1 inch, with a contour interval of 10 feet. All the land within
this site is in private ownership, and therefore, if utilized, would have
to be purchased. The following table, derived from the map, shows
the area and capacity of the basin above the 1,490-foot contour, which
is the elevation of the outlet of the proposed canal:
Area and camcity of North Fork of Red Rirer reservoir, Oklahonm.
Contour. . Area. Capacity.
Feet. Acres. Acre—fed.
1, 490 13 ..........
1, 500 210 1, 115
1, 510 730 5, 315
1,520 1, 750 18, 215
1, 530 2, 420 39, 065
1, 540 3, 010 66, 215
1, 546 3, 310 86,675
DAM BITE 0N NORTH FORK 01" RED RIVER.
This site was mapped on a scale of 50 feet to 1 inch, with a contour
interval of 5 feet. The conditions are similar to those on Otter Creek,
except that the channel of the river is much wider, the distance between
the side walls being 480 feet.
The river _ows on sand overlying limestone, which was found to be
8 feet below the bed of the river. The thickness of this stratum was
not determined at the time, for the reason that drilling apparatus was
not to be had in the vicinity. It is believed it has suf_cient thickness
to serve as a foundation for a rock-_ll dam.
It has been suggested that the water in the North Fork of Red River
reservoir could be utilized in irrigating lands on the west side of the
river, or in Greer County. A reconnaissance was made on the west
side of the river, and it was found that this scheme would be impracticable, owing to the altitude of the land and the porous character of
the soil through which a canal would have to be constructed. The
H. Doc. 44, 58-2—27
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lands adjacent to the river and south of the dam site are undulating
sand hills, which extend fora distance of about 11 miles. South of
this is a large body of fertile land, which would be greatly bene_ted
by the application of water. To reach this tract it would be necessary
to construct a canal through the sand hills, and it is believed by so doing
all the water would be lost through seepage.
The only other means of utilizing the water of this reservoir would
be to divert it into the valley of Otter Creek for irrigating the land
south of Mountain Park. A survey was made in order to ascertain
whether this would be feasible. The line begins at the dam site on
the east side of the river, following the river, which has a southeasterly
direction, along the west and south side of one of the hills of the
Wichita Mountains, known as Devils Canyon. After passing the most
southern point of this hill the line takes a northwesterly direction,
follows the base of Tepee Mountain into the valley of Tepee Creek,
and crosses the creek at a point 3 miles directly east of the dam site.
A large portion of this part of the line was over solid granite slopes
and bowlders, and was abandoned for the reason that a tunnel from
the dam site to Tepee Creek would be much cheaper construction.
After crossing Tepee Creek the line takes a southeasterl y direction to
the valley of Elk Creek; it then‘ runs north about 4 miles and crosses
Elk Creek in sec. 9, T. 5 N., R. 18 W. After leaving the creek it
runs south 3 miles on the east slopes of the valley and thence takes an
easterly direction, cutting through a low point in the divide between
Elk and Otter creeks. The maximum cut at this divide will be but 7
feet. After leaving the divide its course is southeasterl y into one of
the small tributaries of Otter Creek. From this point to the Otter
Creek reservoir the channels of the tributary and the main channel of
Otter Creek could be utilized as a canal.
WATER. SUPPLY.
PreviOUs to the surveys of the reservoir-sites and canal lines there
were no data concerning _ow of the streams supplying these basins,
but investigations have been carried on to obtain such information.
All possible sources have been considered; these include the North
Fork of Red River, and Otter and Elk creeks. Gaging stations have
been established on North Fork of Red River, at Granite, Okla, and
on Otter Creek, near Mountain Park, Okla. Daily rod readings have
been kept at these stations, while monthly discharge measurements
have been made at both these stations and on Elk Creek. The measurements of North Fork of Red River and Otter Creek give the following
results:
The run-o_' from Otter Creek drainage area since the establishment
of the gaging station on April 20 to November 21, 1903, was 6,764
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acre-feet. The run-off from North Fork of Red River drainage area
since the establishment of the gaging station on June 23, 1903, to
November 21, 1903, was 3,526 acre-feet. Assuming that the flow from
the two drainage areas would continue at the same rate for the
remaining portion of the year, the yearly run-o_'s would be as follows:
Otter Creek drainage area, 11,500 acre-feet; North Fork of Red
River drainage area, 7 , 100 acre-feet, or a total of 18,600 acre-feet for
the two areas. To this should be added the supply from Elk Creek
in order to obtain the total available supply.
Elk Creek is one of the very few streams of western Oklahoma that
has a perennial _ow, and is known to carry at times large volumes of
storm water. No attempt has been made to ascertain the storm-water
_ow, as there is no storage site in the creek, and therefore no method
of controlling it. The average of the gagings made is found to be 18
seeond~feet, or a run-o_' of 13,000 acre-feet per year.
The capacity of Otter Creek reservoir is 43,500 acre-feet, and that
of North Fork of Red River reservoir at the 1,540-foot contour, or at
the crest of the proposed dam, is 66,200 acre-feet, making the combined capacity of the two basins 109,700 acre-feet. To this amount
should be added the loss by evaporation from the surface of the reservoirs, and the loss by seepage in transporting the water from reservoirs
to the point of application, to obtain the total supply required to _ll
the two reservoirs once a year. The loss by evaporation is estimated
at 15,000 acre-feet, and is based upon experiments made at Fort Sill
some years ago. The loss by seepage is assumed to be 10 per cent of
the capacities of the basins, or 11,000 acre-feet; as all canal lines would
be constructed through clay soils, it is believed the loss by seepage
could be kept at a minimum. The aggregate of these last sums mentioned is 135,700 acre-feet, and is the total estimated yearly supply
required to utilize the reservoirs to their full capacities.
From the available data at hand it has been shOWn that the estimated
run-off from all sources of supply is but 31,600 acre-feet, or only 23
per cent of the amount required. Comparing the run-off of these
streams with streams having similar regimen it is believed that the
assumed run-off of Otter and Elk creeks is nearly correct; but that
the assumed run-o_' of North Fork of Red River is greatly in error,
for the reason that the gaging station on that river was not established
until late in June, after the large freshets had passed, which occur in
April, May, and June.
Deducting 24,500 acre-feet, the estimated run-o_' of Otter and Elk
creeks, from 135,7 00 acre-feet, the supply required, leaves a remainder
of 111,200 acre-feet to be supplied by the river. The river above the
proposed dam has a drainage area of 2,210 square miles. For this
area to supply 112,000 acre-feet would require a yield of 0.07 secondfeet per square mile per annum. A few streams of the West, of
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similar regimen, show a smaller run-o_ yield, and it is, therefore,
presumable that the yield from this drainage area is likely to be less.
The feasibility of the project depends upon the water supply available. The above conclusions appear to condemn the scheme, but
these results are based upon assumptions that are very inde_nite,
and, therefore, _nal conclusions can not be made at this time. The
run-off of a stream can only de_nitely be estimated from measurements or gagings, and, therefore, before rejecting or condemning
the project as infeasible, ample data for estimating this supply should
be obtained.
No investigations were made in regard to the silt carried by the
waters of the streams, but while making the surveys it was observed
that the waters of Otter Creek at normal _ow carried no silt, and at
high stages very little, and not in suf_cient quantities to affect or injure
the capacity of a reservoir constructed on this creek. The same condition was observed of the waters of North Fork of Red River, except
that at high stages the water carries much larger quantities of silt and
sand. The depositing of silt by this stream presents a very dif_cult
problem, and if no provisions are provided whereby it can be removed
or prevented from entering the basin, the life of the latter would be
short. Should further investigations of the stream show the water
supply to be more than su_icient to _ll the reservoir, any surplus could
be utilized in sluicing the silt from the basin, or possibly silt could be
prevented from entering the reservoir by the construction of settling
basins in the valley of the stream above the reservoir.
The project, as surveyed, involves the construction on the river, in
sec. 22, T. 5 N ., R. 20 W. , of a dam of the rock-_lled type, with a height
of 65 feet at maximum section, with a spillway; of a canal line 25 miles
in length, including 3 miles of tunnel, from the reservoir on the river
to the Otter Creek reservoir; of a dam of the rock-_lled type, with a
height of 75 feet at a maximum section, on Otter Creek, in see. 9, T.
3 N., R. 17 W., and a spillway in sees. 17 and 18, T. 3 N., R. 17 “C,
and of a canal 27 miles in length from the Otter Creek reservoir to
the irrigable lands.
The estimated cost of the project is as follows:
Estimate. of cost of North Fork of Red River dam and reservoir, Oklahoma.
Excavation, 30,000 cubic yards, at 40 cents ............................. $12, 000
Rock _ll, 90,500 cubic yards, at 90 cents ............................... 99, 550
Rubble, dry laid, 11,700 cubic yards, at $2 .............................. 23, 400
Steel plates and I-beams, 450,000 pounds, at 5 cents ..................... ‘22, 500
Concrete, 1,250 cubic yards, at $10 ..................................... 12, 500
Outlet gates and tower ................................................ R, 000
Excavation, 40,000 cubic yards in spillway, at 20 cents .................. 8, 000
Land damages and right of way for spillway, 4,000 acres, at $15 .......... 60, (1)0
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Estimate of cost of canal from North Fork of Red River reservoir to Otter
Creek reservoir.
Tunnel, 16,000 lineal feet, at $26 ....................................... $416, 000
Excavation, 720,000 cubic yards, at 15 cents ............................ 108, 000
Flumes, steel, on concrete piers, 2,000 lineal feet, at $36 ................. 72, 000
Right of way, 300 acres, at $15 ........................................ 4, 500
Estimate of cost of Otter Creek dam and reservoir.
Excavation, 13,000 cubic yards, at 50 cents ............................. 6, 500
Rock _ll, 36,000 cubic yards, at 90 cents ............................... 32, 400
Rubble, dry laid, 2,900 cubic yards, at $2 ............................... 5, 800
Concrete, 500 cubic yards, at $10 ....................................... 5, 000
Steel plates and I-beams, 164,000 pounds, at 5 cents ..................... 8, 200
Outlet gate and tower ....................... .. ......................... 1,000
Earth dike:
29,000 cubic yards embankment, at 20 cents ........................ 5, 800
3,000 cubic yards riprap, at $1.50 .................................. 4, 500
Spillway: Excavation, 90,000 cubic yards, at 15 cents ................... 13, 500
Changing location of railroad:
Rebuilding'4. 75 miles of railroad, at $5,000 ........................ 23, 750
Constructing 1 mile of new track .................................. 9, 000
Estimate of cost of canal to irrigablc lands.
Excavation, 1,280,000 cubic yards, at 15 cents ......................... 192, 000
Flames, steel, on concrete piers, 2, 000 lineal feet, at $36 per foot ....... 72, 000
Lands, damage, and right of way, 6,500 acres, at $15 ................... 97, 500
Engineering and contingencies, 10 per cent ........................... 131, 340
Total estimated cost.. .9 ....................................... 1,444, 740
Cost. per acre-foot stored, $13.17.
The depth of water required during the irrigation season is estimated at 12 inches. The combined storage capacities of the two reservoirs is 109,700 acre-feet, or suf_cient to irrigate a like number of acres.
As all lands to be irrigated should bear their pro rats. of the cost of
the project, the cost per acre of land bene_ted would be $13.10.
IRRIGATION RECONNAISSANCES.
After the completion of the surveys of the canal lines and reservoirs
sites on Otter Creek and North Fork of Red River, observations were
made of the irrigation possibilities in the western counties of Oklahoma, which included the counties of Greer, Roger Mills, Day, Woodward, and Beaver. The work was done with the intention of ultimately
following the _rst examination with a party for surveys, and further
investigations should the preliminary examination or the merits of any
scheme or project warrant. To obtain a general knowledge of the
streams and possible irrigation projects in the counties Visited, an
interview was _rst had with the county surveyors and other local
of_cials.
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The information obtained from the local authorities expedited the
work very much, by eliminating trips, which otherwise would have
been made to ravines and washes, which possess no merit or irrigation
possibilities, but which appear on the maps as streams of magnitude
possessing some promising requisites.
The trip was made by, wagon. It extended from Lawton, Okla,
through all the counties mentioned, to Clayton, N. Mex., and return.
All sites and streams knoWn and learned of were visited that had any
claims or merits of irrigation development.
The points examined and the order in which they were visited are
as follows:
Points _sited in western Oklahoma.
GREER COUNTY.
Salt Fork of Red River, west of Mangum, in sec. 5, T. 4 N., R. 22 W.
North Fork of Red River, in sec. 33, T. 3 N., R. 18 W'.
Turkey Creek, NW. 1 sec. 26, T. 2 N., R. 22 W.
ROGER M I LIB COUNTY.
Timber Creek, 5 miles southeast of Sayer.
Washita River, 3 miles west of Cheyenne.
Washita River, 1 mile east of Cheyenne.
DAY COUNTY.
Canadian River, 4 miles west of Grand.
Red Bluff Creek, 5 miles northwest of Grand.
WOODWARD COUNTY. 0
Wolf Creek, 1 mile west of Gage.
North Canadian, north of Woodward.
Clear Creek, in see. 18, T. 25 N., R. 24 W.
Near Kiowa Creek, in see. 19, T. 26 N., R. 25 W. .
woon COUNTY.
Canadian River at Hernan.
BEAVER COUNTY.
Beaver Creek at Cline post-of_ce.
Cimarron River, north of Gate post—of_ce.
Cimarron River at Coin post-of_ce.
, Beaver Creek at Riverside post-of_ce.
Beaver Creek at Beaver City.
Paladora Creek at Grand Valley post-of_ce.
Coldwater Creek at Hardesty post-of_ce.
Beaver Creek, north of Guymon.
Cimarron River at M ctcalf.
Cimarron River in sec. 3, T. 5 N., R. 6 E.
Cimarron River in sec. 4, T. 5 N., R. 4 E.
Cimarron River in sec. 8, T1 5 N ., R. 1 E.
Cimarron River, 2 miles northeast of Kenton.
Cimarron River in New Mexico, 18 miles west of Kenton.
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It was learned that all streams of western Oklahoma, except Turkey
Creek, in Greer County, and W'olf Creek, at some period during each
year have no _ow. Their _ow ceases during the growing period for
crops or when water for irrigation is most required. Therefore, any
scheme for irrigation in that territory depends upon a storage of their
waters. All the locations examined, except the one on Turkey and
W'olf creeks, were considered in the examination as storage projects.
Turkey Creek, at the time visited, had a _ow of 10 second-feet, and
it was stated that it was never known to have a less amount. A portion of the _ow of the stream is being utilized by \Villiam L. F ullerton in irrigating vegetables or garden truck, with considerable success.
The land adjacent to the creek, or the portion irrigated, lies 25 feet
above the bed of the cleek, the water being elevated upon the land by
means of a pump operated by a water wheel.
It was thought at the preliminary examination of the site that considerable water could be stored by Incleasiug the height of the dam
which has been constructed in the channel of the stream for operating
the wheel, thereby increasing the irrigating area considerably. Therefore a survey was made of the territory above and below the dam.
The storage capacity would be small, owing to the narrow channel and
shallow banks of the stream above the dam. The survey revealed the
fact, however, that by raising the dam slightly it is possible to irrigate the land lying one-half mile below the dam without relying upon
pumping. Wolf Creek is a perennial stream, and on July 16, the
day visited, had a _ow of .16 second-feet. The valley of the creek is
narrow, but contains much more land susceptible of irrigation than
the creek can serve. The stream _ows in a shallow channel on a sandy
bed and could be diverted upon suitable land for irrigation at small
cost.
The valley bottoms along the streams visited do not offer favorable
storage sites. They possess very few necessary requisites for dam
construction. The valleys are broad, the streams _ow in beds of'sand,
which are said to be of great depth, and any construction works in
them would involve dif_cult and expensive engineering features which
would render the bene_ts to be derived incommensurate with the costs
of such projects.
Of all the sites visited and examined, a few have some of the requisites for reservoirs, but none possess all of the essential requirements.
RECONNAISSANCE IN WESTERN OKLAHOMA AND ADJACENT
AREAS.a
The broad reconnaissance of the physical conditions of the Territory
has been carried on by Charles N. Gould. The principal results from
this examination are given in the following pages.
a From report by Charles N. Gould.
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ROUTE FOLLOWED.
On June 10, 1903, a party consisting of Charles N. Gould and four
assistants, viz, Pierce Larkin, Charles A. Long, Chester A. Reeds, and
Charles T. Kirk, out_tted at Woodward, Okla., and proceeded westward up Beaver Creek and Cimarron River.
The plan was to divide the party as often as possible, sending the
heavy wagon with the tents and camp out_t over the shortest practicable route, making camp at some accessible point, and permitting two
men with a light wagon to make a side trip in one direction and a
man on horseback to traverse another route. In this way practically
three lines of reconnaissance were carried on.
From \Voodward the party passed westward to Whitehead, on “’olf
Creek, then northward past Fort Supply to May, on Beaver Creek.
Here the party was divided and two men went northward across Beaver
Creek as far as the head of Buffalo Creek, a tributary to the Cimarron,
and thence westward to Englewood, Kane. The rest of the party
went up Beaver Creek as far as Laverne, and from there passed northwcstward into the eastern edge of Beaver County, and northward to
Englewood. '
Leaving Englewood two lines of reconnaissance were carried westward as far as Liberal, Kans.; one party working along the Cimarron
and southward to Beaver and the other working southward to Beaver
Creek and along the south side of this creek as far west as Boyd and
thence northward to Liberal, which was the second point of rendezvous.
From Liberal two men made a reconnaissance to the north, following the big bend of Cimarron River as far as Morton County, Kans.,
joining the main camp at Guymon, Okla. The other members of the
party worked along Beaver, l’alodora, and Coldwater creeks, meeting
at Guymon.
From Guymon the trip extended up Beaver Creek to within 15 miles
of the New Mexico line; thence across the high prairies to Kenton,
Okla, on the Cimarron. A party also traversed the Cimarron from
Metcalf to Kenton, from which point several short trips were made.
From Kenton a man on horseback worked southwestward along
Currumpaw and Cieneguilla creeks, the headwaters of the Beaver,
to Clayton, and across the head of these creeks to Folsom, N. Mex.
The main party went up Cimarron Canyon from Kenton to Folsom,
near the headwaters of that stream.
Leaving Folsom one party passed northwest into the edge of Colorado, past Trinchera Pass, and across the Johnson Mesa to Baton,
N. Mex. The other members of the party went west past Mount Cap—
uline and south of the Johnson Mesa to the same point. Raton, the
most northwestern point reached during the summer, is a city of 4,000
people, located near the extreme headwaters of the South Canadian,
or, as it is known in this region, Red River.
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While camped at Baton the party made several short trips to the
north and west, in order to study geologic features and water conditions along the heads of various small streams that make up Canadian River, and one trip into the volcanic region in the vicinity of
Kiowa, southeast of Raton. A trip was also made up Vermejo Creek,
and across the head of Ponil Creek through Ponil Pass as far west as
Elizabethtown, the most western point reached on the trip, and down
Cimarron Creek (which must not be confused with Cimarron River)
to Springer, N. Mex. .
Side trips were made for 30 miles or more both east and west of
Springer for the purpose of studying the water supply along various
streams, and one member of the party made a trip dOWn the Santa Fe
road as far as VVatrous, N. Mex., to study geologic structure. From
Springer a trip was also made 90 miles eastward, across Chico and
Ute creeks, along the north side of Don Carlos Hills, and across Carriso and Perico creeks to Clayton, N. Mex., and thence southwestward, across the same creeks farther down, to join the main party at
Roy, N. Mex.
Investigations were conducted along the canyon of the South Canaldian from Springer to Bell ranch, side trips being made up Mora
River and Canyon Largo and along the Cuervo, Conchas, La Cinta,
and Trementina creeks. One party passed westward from Bell ranch
around Mesa Rica and joined the main camp at Tncumcari, N. Mcx.,
where the party remained several days, a trip being made as far south
as the Staked Plains.
At Tucumcari the party was divided, the main camp traveling on
the south side of South Canadian River into the Panhandle of Texas
as far as Charming, Tex. Two men in a light wagon made a reconnaissance for 6.0 miles up Ute Creek and then eastward acress the
plains to Channing. Crossing the Panhandle one party worked along
the north side of the South Canadian, passing through Tascosa and
Plemens, and another party on the south side of the river, via Amarillo, Panhandle, and Miami, both parties joining at Canadian, Tex.
F mm the Canadian the party worked southward, carrying two lines
of reconnaissance, crossed the North Fork of Red River and wentas far
as Shaerck on the Choctaw Railroad, then passed eastward through
Texola and Sayre as far as Elk City, Okla., where the party broke
camp and returned to Norman.
In all, it is estimated that 4,000 miles of reconnaissance were accomplished by the various members of the party.
THE RIVERS.
The three rivers which, with their tributaries, are considered in this
report are the Cimarron, North Canadian, and South Canadian. 'It
Will be remembered that the region traversed included only the headTX700084458
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waters of these streams, the exploration extending as far eastward as
Woodward and Day counties, Okla. All of these streams rise in
New Mexico, the two former in the northeastern part, and the latter
in the north-central part of the Territory. The South Canadian rises
among the snow-covered peaks of the main range of the Rocky Mountains; the North Canadian and Cimarron rise 50 or more miles out on
the plains, among volcanic peaks and mesas. The general direction
of all of these streams is eastward, but the South Canadian (in its
upper course known as Red River) _ows for nearly 150 miles in a
southeasterly course before it turns, in the vicinity of Tucumeari, and
_ows a little north of east through New Mexico and across the Panhandle of Texas. The elevations of the headwaters of the streams are
approximately as follows: Cimarron, 7,000 feet; North Canadian,
6,500 feet; South Canadian, 7,500 feet. The gradient for the three
streams in this region will average perhaps 5 to 8 feet per mile, being
greater near the heads of the streams.
The rainfall throughout this region will average from 10 to 18 inches
per amnnn, the greater part of which occurs during one ‘or two
months of the year and as a general rule falls in a few violent storms.
These storms are very often local, extending across the country in
belts only a few miles wide. The amount of water poured into the
streams after one of these storms is often considerable and the stream
rises rapidly, a wall of water several feet high rushing down the
channel. After a few hours, however, 01', at most, a few days, the
water again subsides, leaving but a feeble current.
ClMARRON RIVER.
The Cimarron is a typical stream of the plains. Rising in the volcanic region of northeastern New Mexico it _ows for more than 100
miles through a canyon in the Dakota Cretaceous sandstone rocks;
then, issuing on a sandy plain, it _ows _rst northeast as far as
southern Grant County, Kans., then swings to the south, and through
the remainder of its course flows in a general southeastern direction.
East of the Oklahoma—New Mexico line the bed of the stream is,in
most places sandchoked. The sand is derived either from the Dakota
- Cretaceous, which forms the walls of the canyon just mentioned, or
from rocks of Tertiary age, which cover the high plains of Kansas
and ()klahoma. ‘
The tributaries of the Cimarron are usually small and unimportant.
Throughout the canyon region there are a few creeks, the largest
being Oak Canyon, Long Canyon, Travesier, Carrisoso, Carriso, and
Tequexquite. All of these streams head either in volcanic rocks or in
the Dakota sandstone, and, cutting deep canyons through these rocks,
_nally join the Cimarron. Below the canyon no streams of importance enter the river for more than 125 miles. Afew small creeks and
TX700084459
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the North Fork of the Cimarron, a dry stream which joins the main
river in Grant County, Kans., are the only tributaries. Throughout
this part of its course the Cimarron is often dry fora good part of
the year. Crooked Creek, which empties into the Cimarron in the
extreme northeastern part of Beaver County, is a spring-fed stream,
and below its mouth water _ows in the channel for a number of miles.
NORTH CANADIAN RIVER.
The North Canadian is formed by the junction of Wolf Creek and
Beaver Creek, which unite near the central part of W'oodwaril County,
Okla. Wolf Creek _ows from the Panhandle of Texas into Woodward
County, Okla, and thence northeastward to Fort Supply, where it is
joined by Beaver Creek, _owing from the northwest. Wolf Creek
has cut a broad and shallow canyon across the high plains, the rocks
throughout almost the entire course being Tertiary sands, gravels, and
marls. A number of small spring-fed streams entering from both
north and south pour their waters into its sandy channel, and during
the greater part of the year the creek _ows for a considerable distance.
Beaver Creek, the northern tributary of the North Canadian, is
formed by the junction of two tributaries, the Currumpaw and the
Cieneguilla. Both creeks rise near the Sierra Grande and _ow eastward over volcanic rocks and for part of their course through a shallow
canyon cut into the Dakota Cretaceous sandstone. The divide between
the creeks, as well as the plains both north and south, is composed of
sands and clays of Tertiary ago.
From the junction of these two creeks in southwestern Beaver
County Beaver Creek _ows eastward for nearly 100 miles. Th roughout its entire course the stream _ows in abroad and rather shallow
valley, from 1 to 3 miles wide and from 100 to 200 feet deep, which it
has carved in Tertiary rocks.
The principal tributaries are from the south, Goldwater, Palodora,
Kiowa, Duck Pond, and Clear creeks, which rise in the high plains of
the northern part of the Panhandle, are all spring-fed and _ow
during all the year. Throughout nearly its entire course the Beaver
_ows over Tertiary rocks, but from Redpoint eastward there areoccasional exposures of Red Beds along the south side of the creek, while
in many places the north slope is covered with sand bills.
SOUTH CA NADIAN RIVER.
South Canadian River rises in north-central New Mexico. Most of
the streams that supply the upper course of the river rise among the
high ranges of the Rocky Mountains and _ow southeastward to join
the river. Of these the most important are Crow, Vermejo, Ponil,
Cimarron, Oeate, and Mora, all of which are fed by mountain springs
and _ow all the year.
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Below the mouth of Cimarron Creek the South Canadian enters a
canyon in the Dakota sandstone, and from this point _ows southward for nearly 75 miles. The canyon deepens downstream and in
places is 500 to 800 feet deep, varying in width from less than 100
yards to a mile or more. Throughout the lower course of the canyon
the stream has cut through the Dakota into the Red Beds beneath.
Several small streams, the chief of which is the Mora, cut deep and
narrow canyons through Dakota rocks to enter this canyon from the
west. '
Below the mouth of the canyon the river _ows out on a Red Beds
plain, turns eastward and so _ows across New Mexico and as far as
the Panhandle. Throughout this course, a distance of 60 miles, three
creeks, Parjarito, Plaza Largo, and Trujillo, which rise in the bluffs
along the northern escarpment of the Llano Estacado and _ow northeastward across the Red Beds plain, enter the river from the south.
The only tributary of importance from the north is Ute Creek, a
stream that rises not far from the headwaters of Beaver Creek and
Cimarron River, in northeastern New Mexico, and _ows for a distance
of 90 miles or more in a general southeastern direction.
The course of the Canadian across the Panhandle, a distance of
nearly 200 miles, is northeastward and in this distance it receives but
few tributaries. Mustang, Blue, Spring, Buffalo, Boggy, and a. few
other small streams enter the river, but do not contribute a large
amount of water to it.
On entering Oklahoma the river swings from north to south in a
series of ox-bow bends through Day and Dewey counties and then
turns southeastward and _ows in a general southeastward and casts
ward course until it joins the Arkansas in the eastern part of the
Indian Territory. ‘
The South Canadian, throughout the greater part of its course, is a
sand-choked stream. The smaller tributaries that feed the upper
source of the river carry considerable quantities of sand from the
mountains, but a much larger amount is obtained from the Dakota
rocks in the canyon and the Tertiary deposits of the Plains. Even at
Springer, where the stream is not over 50 yards wide, the water _ows
' over a bed of sand. In the canyon the river in several places _ows on
bed rock, but even here the channel is _lled with sand, and from the
time it leaves the canyon until it reaches Arkansas River bed rock
lies from 10 to 100 feet below the surface.
IRRIGATION.
Irrigation is now being carried on along each of the three rivers
mentioned in this report. In most instances the work is only local, as
in the case where a farmer takes water from a stream to irrigate an
orchard or an alfalfa _eld. As far as known there are but three irrigation systems of any considerable magnitude in successful operation.
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IRRIGATION ON THE CIMARBON.
The largest irrigation plant on the Cimarron is the one controlled
by Col. C. D. Perry at Englewood, Kans. The ditch, which is over
8 miles long, takes water from the river in Beaver County, Okla.,
and carries it into Kansas, where 800 acres are under cultivation, the
chief crops being alfalfa and wheat. This system has been in operation for more than ten years and has been _nancially successful. 'It
is stated that the greater part of the water used at this place comes
from Crooked Creek, which enters the Cimarron from the north a
few miles above the darn. '
Between Englewood and Kenton, Okla., there are several small
plants, while from Kenton to the head of the river above Folsom,
N. Mex., practically all the water is taken from the Cimarron, and
from its tributary creeks as well, and used for irrigation purposes.
Throughout the greater part of the distance for 60 miles west of Kenton a dam has been put in on an average of every 2 or 3 miles. Often
one ditch may be seen down near the river and another one farther upstream back near the hills. Most of these ditches are arranged to take
out _ood waters only, and the water is used to irrigate alfalfa, gardens, and orchards.
IRRIGATION 0N BEAVER. CREEK.
Beaver Creek, which is fed by streams carrying water from Tertiary springs, has perhaps the most constant _ow of any stream in
this part of the Plains, but even in this stream the amount of water
varies greatly from time to time and from place to place. Along the
stream in eastern and central Beaver County there are a number of
small irrigation plants. Dams of rock or earth have been thrown
across the creek and water has been diverted from the channel to irrigate small _elds and gardens. There is probably one such dam every
5 miles along Beaver Creek from Beaver to Redpoint, as well as along
the lower course of Palodora, Goldwater, and other creeks.
IRRIGATION ON THE SOUTH CANADIAN.
The region drained by the headwaters of the South Canadian is
included in an old Spanish land grant, now owned by a Holland syndicate. In this grant two extensive irrigation systems have been constructed. The Maxwell ditch takes water from Vermejo Creek, where
it _ows from the foothills and extends as far as the town of Maxwell,
3 distance of more than 25 miles. The Springer ditch system takes
the water from Cimarron Creek below the mouth of Ponil and leads
across the plains to Springer and beyond. A number of farms,
aggregating several thousand acres, are supplied by each ditch.
At Bell ranch, 15 miles northwest of Tucumcari, a ditch was constructed several years ago. The water was taken from the Canadian,
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but the dam that supplied the ditch was washed out soon after it was
built and the system has not been used since that time.
Along the various smaller streams tributary to the South Canadian
small irrigation plants have been installed by Mexican farmers and
sheep borders, and occasionally by ranchmen. In many places a-small
garden patch or orchard is irrigated, thus making homes possible in a
region that is otherwise uninhabited. From Tucumcari eastward
through New Mexico and the Panhandle there is little irrigation
carried on, except along small streams and spring branches.
POSSIBLE RESERVOIR SITES.
As stated above, a considerable portion of the running water along
the upper course of the Cimarron, North Canadian, and South Canadian is now utilized for irrigation. '
The chief dif_culties to be encountered in constructing reservoirs in
this region are the scarcity of suitable dam sites, the occurrence of
sand-choked streams, the small amount of stone, and the depth to bed
rock.
From the point where these rivers leave the Dakota sandstone and
_ow out on the plains, the streams run in broad and shallow valleys,
usually with low sandy banks. It is rare that a point is found where
bed rock comes near enough to the surface to warrant the construction of a dam. Not infrequently there are suitable reservoir sites
along the canyons, but with no tillable land below. As stated above,
the sites that appear to be most available are already utilized, viz,
Colonel Perry’s system at Englewood, Kans, and the Maxwell and
Springer ditch systems in New Mexico.
From this it follows that the problem to be solved is the utilization
of storm waters. Many of the creeks furnish suf_cient water to supply evaporation and seepage, but in most cases Where it might be
possible to construct reservoirs very little water is found in the
streamsa-rarely enough to ever _ll a reservoir.
In the following description of possible reservoirs only those located
on streams that _ow practically all the year are included. There are
hundreds of localities in the region visited where dams might be
thrown across canyons 0r arroyos and storm water collected.
POSSIBLE REERVOIR SITE ON THE CIMARRON’.
Garret-t, (Mica—Near Garrett post—o_ice, 20 miles east of Kenton,
a dam and ditch would carry water over several hundred acres of good
land. Drainage area, more than 1,000 square miles. Building material, sandstone. Objections, sand—choked stream and depth to bed
rock. '
Citrrc'su Creek—A dam across Carriso Creek north of the east end
of the Black Mesa near Kenton would collect storm water to irrigate
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a considerable area near the mouth of the creek. Drainage area, lOO
square miles. Building material, sandstone. Objection, bed rock too
deep.
Iferz.t0n.—A dam might be built across the Cimarron below the
mouth of Carriso Creek, near Kenton. The drainage area is over
1,000 square miles. Sandstone is plentiful. The objection is the
depth to bed rock. .
Fmolcr ranch—A reservoir might be installed a mile above the
Fowler (Cross L) ranch, 20 miles east of Folsom, N. Mex. Rock and
sandstone are found in the valley. The drainage area is more than
400 square miles.
Odd? Canymrr-In Oak Canyon, 8 miles northeast of Folsom, N. Mean,
a dam 200 feet long and 50 feet high would retain the water from 50
or more strong springs. Sandstone is plentiful. Drainage area, 40
square miles. About 60 acres near at hand and 800 acres on the
Cimarron bottom, 4% miles distant, could be irrigated.
_blsom.——A reservoir site is reported a few miles above Folsom,
N. Mex. It was not seen by any member of the party. Building
material should be plentiful.
Trina-56m Pass—Three miles south of Trinchera, 0010., a basalt
dike has been cut across by a creek, and a dam 100 yards long and 50
feet high would inclose a reservoir of several hundred acres. Building
stone plentiful. Drainage area, 25 square miles. Several thousand
acres might be brought under the ditch.
POBSIBLE RHEBVOIB Him ON THE NORTH CANADIAN.
Clear Creek—About 5 miles west of May, Woodward County, Okla,
Clear Creek is fed by springs and carries a considerable amount of
water the year round. A dam would divert water to a ditch which
would irrigate several hundred acres. Drainage area, 100 square miles.
Objections, too much sand, great depth to bed rock, no good building
stone.
At various points along Beaver Creek and its southern tributaries,
Kiowa, Palodora, and Goldwater, dams might be constructed that
would divert water from the channel. There is plenty of land that
might be brought under ditches. The objections are, too much sand,
no building stone, depth to bed rock.
POSSIBLE RESERVOIR SITES ON THE SOUTH CANADIAN.
Irrigation plants are in operation along Vermajo and Cimarron
creeks. It might be possible by means of cooperation with the owners
of the land grant to utilize a larger amount of water than is now
being done.
Rayad0.—On Rayado Creek, near the post-o_ice of the same name,
small reservoirs might be constructed. The drainage area is about 30
TX700084466
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square miles. Building material, sandstone. Objections, small reser—
voir, rather poor soil below dam.
()cate Efrain—Ten miles southwest of Colmor, N. Mex, Oeate
River _ows through a gorge. A dam 100 yards long and 50 feet high
would receive the drainage of 50 01' more square miles. Building
stone is plentiful. A good location.
Watrmrs.—Reservoir sites are reported on Sapillo River west of
Watrous.
Bell ranch—Between Bell ranch and La Cinta, on a branch of La
Cinta Creek, a dam 7 5 yards long and 20 feet high would irrigate 200
acres. The drainage area is not more than 10 square miles. Building
stone, sandstone. Objections, small reservoirs and small drainage area.
_fesa Rica—On the south side of Mesa Rice on Pajarito Creek, a
dam 150 yards long and 25 feet high would receive the drainage of 10
square miles. Building stone, sandstone. Objection, small drainage area.
Ute Greek—About 6 miles above Bacea, N. Mex, in sec. 16, T. 21
' N., R. 30 E., a dam 400 yards long and 60 feet high across Ute Creek
would form a reservoir 2 miles long. The drainage area is more than
400 square miles. Building stone is sandstone. Base of the dam is a
sti_' red clay shale. Objections, length of dam and amount of sand.
Plenty of good land below.
Oarrz'so Oracle—Near Albert, N. Mex., probably on see. 18, T. 20
N., R. 29 E., a dam might be constructed that would have a drainage
area of 200 square miles. Length of dam, 300 yards. Building material, sandstone. Bed rock, clay. Objections, sandy stream, length of
dam. Plenty of land below.
Tranwers Arroga—On (probably) see. 25, T. 22 N., R. 31 E., near
Miera, N. Mere, a dam might be built across Trampers Arroyo. The
drainage area is approximately 100 square miles. Building stone,
sandstone. Length of dam, 300 yards. Objections, length of dam
and too much sand.
CONCLUSION.
In general, the region visited is not well adapted to irrigation, the
chief objections being meager precipitation, sand-choked streams, and
scarcity of reservoir sites. The most available localities are now being
utilized. Of the 16 possible reservoir sites mentioned in this report,
these best adapt-ed to this purpose are the following: Ocate River,
Trinchera Pass, Ute Creek, Clear Creek, Fowler ranch.
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INVESTIGATIONS IN OREGON,
By JOHN T. Wms'ann.
A general reconnaissance of central Oregon was made previous to
1903 by F. H. Newell, chief engineer of the Reclamation Service.
Later, following the request of citizens of the State, presented by Hon.
Malcolm A. Moody, an examination of the possibilities of diverting
Snake and Columbia rivers was begun by James G. Camp. The
results of this work are given on a later page, showing that it is
impracticable to divert the water by gravity from Snake and Columbia
rivers to cover arid land in Oregon. It was pointed out by Mr. Camp
that the reclamation of some of the arid lands on the south side of
Columbia River might be effected by storage and diversion of the
waters of Umatilla River. Accordingly, survey parties were organized
early in 1903 to ascertain the practicability and cost of such work.
A further preliminary examination of projects in Baker, Malheur,
Harney, and Greek counties, as proposed by citizens of these counties,
was made in March and April, and as a result, in'additicn to the Umatilla
project, surveys have been begun on Malheur River, in the eastern
part of the State, and on Silvies River, in the central portion of the
State. All three of these projects involve the reclamation of consider- '
able areas of vacant public land. The water supply is, however, limited,
and storage of spring _oods is necessary. Many reservoir sites have
been examined and the conditions studied in order to reach a determination as to the relative cost and merits of various alternatives.
The State, under the operation of the Carey law, has already begun
the reclamation of certain areas, particularly those along and near
Deschutes River. The opportunities here are among the best in the
country, owing to the large and constant supply from Deschutes River
and the relative simplicity of the engineering problems. In comparison with these the projects considered under the reclamation law
are very dif_cult and involved, necessitating long and careful examination of the facts as to water supply, storage capacity, present title to
land and water, and a multitude of other details of engineering and
local matters.
UMATILLA PROJECT.
The Umatilla project contemplates diverting water from Umatilla
River below the city of Pendleton and taking it westerly to the region
of Butter Creek, where are a number of shallow depressions which
H. Doc. 44, 53—2—23 433
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can be converted into storage reservoirs. From the reservoirs thus
made, the water can he conducted upon the arid land by building long,
low, earthen banks. The surveys made during 1903 have been for
the purpose of ascertaining the most feasible method of diverting the
_ood waters of Umatilla River and the most favorable of the various
localities in which this water may be held. It is possible that water
may be stored on one or another of the branches of Umatilla River,
in place of the shallow reservoirs in the Butter Creek region. The
lands to he irrigated are undulating in character, are still largely
public, and are accessible to markets.
The reclaimable tract consists of from 100,000 to 200,000 acres of
uncultivated, rolling bench lands, at an elevation of from 400 to 800
feet above sea level. The greater part of the land is unpatented and
has been withdrawn from all except homestead entry pending surveys,
under the provisions of the reclamation act. Of the patented land, the
larger portion is unimproved Northern Paci_c Railroad grant land.
Surveys were begun in March, and an investigation was made of the
practicability of storing _ood waters of Umatilla River. The summer
_ow of this stream is now utilized on'the bottom lands along the river.
The _ood and winter _ow is not utilized. Five river gaging stations
are now maintained on this river and its tributaries, and systematic
measurements are being carried on to determine the amount of available watcr. From May until August a reconnaissance party made
search for reservoir sites in the upper waters of Umatilla River.
Five sites were found and surveys made on a scale of 1,000 feet to
the inch. From September to December a party was engaged in
making a survey of a reservoir site a few - miles west of Butter Creek
and near the boundary line between Umatilla and Morrow counties,
of the canal line to supply this reservoir, and of site for a diversion
dam a few miles above Echo. The survey of the reservoir site is on
a scale of 1,000 feet to the inch. A canal to this reservoir from Umatilla River would be about 25 miles long. The topography along the
location of such a canal has been surveyed and mapped on a scale of
400 feet to an inch. In addition about 20 miles of main distributing
system has been surveyed and mapped on the same scale.
The lands under this project have the advantage of a long growing
season with mild winters, and are accessible to markets.
The rainfall in this region is from 7 to 12 inches per annum.
MALI-I EUR PROJECT.
Malheur River rises in the mountainous area of the eastern part of
Oregon and _ows in a general northeasterly or easterly direction and
enters Snake River at about the middle of the eastern side of the State
near the point where the latter river begins to form the boundary of
Idaho.
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In the lower part of its course Malheur River passes through broad
valleys already partly developed, the summer _ow of the stream being
utilized for irrigation. In order to reclaim additional lands, it will be
necessary to store the _ood _ow in some of the valleys traversed by
the river and its tributaries. A number of these valleys have been
examined and during 1903 maps have been made of the principal res—
ervoir sites on Malheur River, Bully Creek, and W illow Creek.
The project contemplates the reclamation of lands lying on both
sides of Malheur River, in the vicinity of Vale and Ontario. The
irrigable tracts contain about 40,000 acres of good bench [and lying on
the north and south sides of Malheur River. It consists largely of
vacant public land, with some sections of The Dalles military road
and the \Villamctte and Cascade Mountain military road grants, and
is entirely unimproved. There are in addition about 10,000 to 15,000
acres of unimproved bottom lands which are very productive when not
damaged by excess of salts or alkali. The summer _ow of Malheur
River and its tributaries in this region is now appropriated for lands
under irrigation. Measurements of the _ow of the river extending
over a. number of years indicate that there is probably suf_cient water
to irrigate the lands above noted, if it can be held in suitable reservoirs until needed.
Surveys have been made of two reservoir sites on Malheur River; in
the vicinity of Harper ranch, of suf_cient capacity to impound all the
_ood waters of Malheur River. Two others have been examined on
Bully Creek, and one on \Villow Creek. These latter have been considered in connection with the reclamation of land lying at a higher
altitude than that which could be covered by water from the reservoirs
mentioned on Malheur River. These sites have been mapped on a
scale of 1,000 feet to the inch. Over 70 miles of canal line have been
surveyed, and the topography shown on a scale of 400 feet to the inch,
in addition to 30 miles of preliminary line without topography. Rivergaging stations are being maintained on Malheur River at Ontario,
Vale, and Harper ranch, and on Bully Creek at \Varm Springs.
The lands under this project are known to be very productive, but
the long canal necessary to get water to the largest body of land,
together with the costly dam which would have to be constructed,
make it doubtful in the present state of investigation if the project
could be made to repay cost of construction.
The altitude of this region is 2,200 to 2,400 feet above sea level, and
the climate is mild.
HARNEY PROJECT.
The Harney project contemplates the irrigation of arid land in
Harney Valley, near the town of Burns, by means of water stored on Silvies River or its tributaries. This stream _ows from the mounTX700084470
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tains of central Oregon, and has a general southerly course, _nally
emptying its waters into the broad marshes north of Malheur Lake.
During the spring these marshes are _ooded, and later in the season
great quantities of hay are cut. This natural spring _ooding is guided
and extended by inexpensive levees and ditches. The spring _oods are
of short duration, and during the summer very little water is found in
the stream. It is proposed to hold some of this _ood water in the upper
valleys along this stream so that the arid land surrounding the marshes
may be reclaimed and utilized for the production of alfalfa and various
other forage crops. The land is very nearly level, and considerable
areas bordering on the lake are swamps. The ownership of these
swamp lands has been transferred by the State to large cattle companies. Hay is cut from a portion of the swamps and the remainder is
used for grazing. ,
An excellent reservoir site has been found in Silvies Valle r 20 miles
north of Harney Valley. This-reservoir, about 12 miles in length,
has been surveyed and mapped on a scale of 1,000 feet to the inch.
- Most of the irrigable land in Harney Valley—about 350 square miles—
has been mapped on a scale of 2,000 feet to the inch, with a contour
interval of 2% feet. '
No information as to water supply at the sources of Silvies River
is available, either from stream measurements or rainfall records.
Gaging stations were established at the beginning of survey in Silvies
Valley and on Silvies River below the mouth of Emigrant Creek, and
are being maintained throughout the year, but it will not be possible
to make a close estimate of what can be done under this project with
less than two or three years of stream measurement.
The locality is remote from railroads, and the principal industry is
stock grazing. At present there is little demand for products other
than those which can be used for stock feeding.
INVESTIGATIONS IN UNION, WALLOWA, LAKE, AND KLAMATH
COUNTIES.
Other preliminary investigations have been made in Union and
Wallowa counties, and a reconnaissance in Lake and Klamath counties.
The Wallowa Valley is a beautiful strip of country at an elevation
of from 3,500 to 5,000 feet above sea level. The valley is already
fairly well developed and irrigation is extensively carried on. \ValIowa River, whOse source is in the higher portions of the Powder
River Mountains, carried in August, when the investigation was made,
and probably at the period of lowest water, about 125 second-feet.
This, together with the smaller streams which come into the valley
farther down, might, if economically handled, be su_icient to irrigate
the entire valley, with the exception of a few thousand acres at the
extreme upper end, about the town of Joseph.
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Gaging stations have been established at the mouth Of Wallowa
Lake and at the lower end of the valley. If further investigation
should develop a necessity for any considerable amount of additional
water supply, it would be comparatively inexpensive to add materially
to the summer _ow by controlling works at the mouth of Wallowa
Lake.
In Union County by far the largest and most fertile tract of land
is the Grande Ronde Valley. It lies at an elevation Of about 2,800
feet above sea level. Comparatively little irrigation is carried on,
other than by natural subirrigation, to which the soil seems peculiarly
adapted. This valley is considered one of the best fruit-growing
regions in the State. A successful beet-sugar factory is in operation,
and a considerable part of the valley which seems to be best adapted
to sugar-beet culture by subirrigation can not be purchased, it is said,
for less $200 an acre.
It has begun to be felt that if the winter _oods of the Grande Ronde
River could he held back and diverted onto portions of the valley that
do not subirrigate so well, they could be made equally valuable. .SO
far, good reservoir sites of any capacity have not been Observed. The
topographic sheet of this region, now in preparation, may show some
reservoir sites to which attention has not been called.
Practically no land in either the Grande Ronde Valley or Wallowa
Valley is unpatented land. For this reason it has not appeared desirable to pursue investigations further at present. Gaging stations
have been established, however, on Grande Ronde River above the
Valley and at Elgin below.
A reconnaissance in the south-central portion Of the State was made
in October, 1904, with John Biggs, of Burns, as guide. There are no
public conveyances between Narrows, Harney County, and Plush,
Lake County. From Lakeview west to Pokegama, Klamath County,
except for a three days" trip with J. “1'. Hamaker, of Klamath Falls,
to Lower Klamath Lake, Clear Lake, California, Langells Valley, and
return through Lost River Valley, the travel was by stage.
A branch railroad has recently been constructed from Pokegama,
Oreg., to Laird, Cal., a _ag station on the Southern Paci_c Railroad.
A small gasoline launch makes regular trips from Klamath Falls to
Keno, and connects with the stage at Pokegama, leaving only about
30 miles to be traversed by stage from the railroad to, Klamath Falls.
At Lawen and Narrows it was observed that the area of Lake Malheur is at the present time not more than one-third that shown on
Land Of_ce maps. The larger portion Of the area shown on those
maps as being within the lake is occupied by squatters, who cut hay
from the land, and who have fenced much of it. This land is fre—
quently covered, for a short time in the spring, by _ood water from
Silvies River.
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011 October 6 the dredge operated by the French-Glenn Company
, in the works being constructed to reclaim the very extensive swamp
lands lying along Donner and Blitzen rivers, was visited. If the work
results successfully, which appears probable, the project will reclaim
about 30,000 acres of tule swamp land, now worthless.
On October 8 Warner Valley was entered at about the center of
T. 3-1» 8., R. 25 E. The only information obtainable as to irrigation
possibilities in the vicinity of Warner Valley was with regard to a
vague project of storing the waters of part of \Varncr Mountains, and
diverting them onto lands in the vicinity of lVarner Creek. Time did
not permit of a visit to this region.
Lakeview was reached at noon, October 10. Here it was learned
that nearly all the lands in the vicinity susceptible of irrigation by any
large project are now patented and in the hands of large holders.
Deep Creek (shown as \Varner Creek on land o_ice maps) empties
into lVarner Valley swamps at Adel, and is said to carry considerable
water and to control a large body of irrigable land. No information
as to reservoir sites was obtainable.
It is said that good reservoir sites exist on Cottonwood and Drews
creeks, _owing into Goose Lake, the former lying in the western part
of T. 38 8., R. 19 E.. and the latter in the northwest corner of T. 40 3.,
R. 18 E. The lands to be covered lie at an altitude of 5,000 feet. or
more. This land is practically all patented. The projects are not
attractive and time did not permit examination of the sites.
On October 11 the stage was taken at Lakeview for Klamath Falls,
the stop over night being made at Bly. It was observed that the lands
north of Goose Lake lie well for irrigation, and would probably be
productive. A project is said to have been planned by private parties
for the draining of Goose Lake; but the lake being declared navigable—a small boat having been put on it for that purposeuthey were
enjoined from carrying out the scheme. It is thought that the people
of Lake County would not object to such a project if the lands were
to be irrigated by waters from Cottonwood and Drews creeks.
No examination of Sprague River was made farther down than at
Bly, but an examination in the valley might develop a good project.
It is learned that the river carries a great deal of water the year
round, and the valley widens out rapidly from the mouth of the canyon, 8 miles above Bly. From 'Bly the stage road runs south through
Royston, and enters Lost River Valley at Bonanza. A fair reservoir
site was observed a few miles above Bonanza and an excellent one at
Olene.
‘ Klamath Falls was reached in the evening of October 12. The next
morning examination was made of Link River (Klamath River) Falls,
between Upper Klamath Lake and the town of Klamath Falls. In
the afternoon, in company with J. \l’. Hamaker, the lands lying
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south of Klamath Falls and below the lake level were visited. In the
evening various projects were discussed with prominent citizens of
Klamath Falls, and it was agreed that the project which appeared
most feasible was one in which Clear Lake, about ‘7 miles south of the
border line (in California), should be used as a reservoir and the
waters carried down Lost Liver to Langells Valley and below.
On the 11th, in company with Mr. Hamaker, Clear Lake and Langells Valley were visited, returning to Klamath Falls on the 16th by
way of Bonanza, Poe Valley, and Olene. Practically all of the land
bordering on Clear Lake is in private ownership. Willow Creek
seems to be the only available source of water supply 'for this lake as
a reservoir, and the adequacy of the supply is questionable. It is
understood that no water whatever _ows through Langells Valley
during the dry season, and it is not believed that a very large amount
comes down Willow Creek. The waters of Willow Creek also are
controlled by private interests, a darn diverting the _ood waters
directly into Lost River and thus partially reclaiming swamp lands
lying northeast of Clear Lake.
At Bonanza Lost River appears again in some very large springs,
the discharge increasing until at Olene it is estimated to be not less
than 7 5 second-feet. Some of the springs are hot. From the amount
of water appearing at these springs it is deemed possible that the supply in W'illow Creek has been underestimated.
In Link River, between Upper Klamath Lake and the town of
Klamath Falls, there is a fall of about 65 feet in a little over a mile.
The river at the outlet Of the lake is from 300 to 500 feet wide, and
its bed is of hard basalt. The river is similar to the Deschutes in
many respects. Its discharge is probably between 2,500 and 3,500
second-feet throughout the year. At this time at the‘bridge in Klamath Falls, it was carrying, as determined by _oats and from the best
information as to depth, 2,500 second—feet. This is said to.be about
the time of lowest water. High water is not over 2 feet above this.
Upper Klamath Lake covers about 70,000 acres. From these data
it is estimated that a controlling dam 30 feet high would hold back the
entire _ow for a year. A dam 20 feet high would retain it for all
except 135 days of the irrigating season, when 8,000 second-feet would
be available. Assuming that 100,000 acres could be watered by a
gravity canal, 50,000 by a 100-foot lift, and 50,000 by a 200-foot lift,
and that one-third of this _ow would be required for irrigation, there
would remain available 40,000 horsepower for 135 days.
Inasmuch as there would be no long lines for the transmission of
power, it is thought that at least 25,000 effective horsepower could be
estimated upon. About 8,000 effective horsepower would be required
to raise the water for the 50,000 acres on the 200-foot level, making
nearly the 25,000 horsepower available.
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I
1 At Keno, Klamath River begins to drop very rapidly, probably not
less than 40 feet to the mile, and it is possible to lower the bed of the
river by blasting at that point, so that not only all the swamp land
lying north of Lower Klamath Lake can be reclaimed, but a large
portion and perhaps all of the lake itself.
A slough now connects Lost River naturally with Klamath River.
and at very small expense, comparatively, Lost River could be diverted
into Klamath River, and thus more or less of Tule (Rhett) Lake could
be reclaimed.
This project would a_’ect the swamp lands north of Upper Klamath
Lake, but their value is small compared to that of the area which
would be reclaimed.
The altitude of the lands referred to is about 4,200 feet, the same as
that of Harney Valley. The climate is similar, though probably
slightly warmer. Two full crops of alfalfa are grown, besides using
the land for pasture for a short period each year. Irrigated and
improved land is selling for $40 and $50 per acre.
INVESTIGATIONS ALONG SNAKE AND COLUMBIA RIVERSJI
UMATILLA AREA.
An investigation was made in January, 1903, to ascertain the feasibility of irrigating the large body of land lying on both sides of Columbia River for 20 miles above the town of Umatilla.
Levels were run back up the Columbia Canyon to Wallula, then up
Wallawalla River along the line that would be followed by a canal and
back to a point east of \Vallula. Here the elevations were checked
from a United States Geological Survey bench mark in front of the
station, which is at an elevation of 322 feet. The line that had been
run was 2-H feet higher, or at an elevation of 563 feet. The elevation
of low water at Riparia, Wash, 50 miles up the canyon of Snake River
and 75 miles from \Vallula, is 510 feet. By making allowances for
grade from commanding point 24 miles below VVallula to Riparia, the
ditch line opposite Riparia would be at an elevation of 663 feet, or 153
feet above the river.
In view of these facts, the scheme of irrigating the Umatilla lands
' from Snake River was deemed impracticable.
PALOUSE-PASCO AREA.
The practicability of irrigating the lands near Pasco, \Vash., north
and cast from the junction of Snake and Columbia rivers, was also
investigated. There is a _ne body of land lying between the wheat
belt on the highest benches and these rivers, but as all but a narrow
strip of perhaps 2,000 acres would require a ditch fully as high as for
the Umatilla lands, it is equally impracticable.
«Extract from report by James G. Camp.
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The possibility of obtaining water from Columbia. River at Priest
Rapids, 40 miles above l’asco, was next investigated. In the 10 miles
of rapids there is a fall of 75 feet, and in the 30 miles from the foot of i
the rapids to Pasco the fall is about 32 feet, making a total of 107 feet.
The lowest practicable grade for the canal, 1 foot to the mile, would
give for the ditch line at Pasco an elevation of 67 feet above the river.
From this height only a narrow strip along the river under the bench
could be irrigated, and even that is rendered impracticable owing to
what are known as the White Blu_’s. These are almost perpendicular
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FIG. 45.-1nvestigations along Snake and Columbia rivem' in Washington and Oregon.
blu_'s of clay and sand over 100 feet high, and they are constantly
caving into the river, making a ditch or _ume along their face out of
the question.
These conditions lead to the belief that the irrigation of these lands
by a. gravity ditch from Columbia or Snake River is not feasible.
What might be done with pumps using steam, gasoline, or electricity
generated at a big power plant located at Priest Rapids, and transmit—
ting power by wire to different pumping stations, was outside the
Boom of these investigations.
sJ JJg teed :ng ” .Eweagl if“
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It is entirely practicable to turn Palouse River westward into the
\Vashtucna and Sulphur Lake region, and thence to the lands around
Pasco. A small ditch of about 50 second-feet capacity was taken out
ten or twelve years ago about 10 miles above the larger falls of Palouse
River. It follows the east side of Palouse River for 7 miles, then
crosses the valley by a pipe line, continuing doWn the west side to the
W ashtucna gap, which it crosses with-a long cut 20 feet deep in the
center. From this point it follows a natural channel. Owing to
poor construction and loss of water in loose gravel and pipe line, this
ditch has never been operated successfully.
The point of diversion is a loose rock dam about 30 feet high
between basalt outcrOps. This could be raised 20 feet higher and a
fair storage basin created. By starting at the same point of diversion
as this old ditch and running on a reasonable grade, with about 2%
miles of rock work, a ditch line could be carried down the west side
of the river, avoiding the pipe line, and cross the divide with less out
than the old ditch. This line would be between 9 and 10 miles long.
Any scheme to utilize to.wat.ers of Palouse River would have to
depend largely upon reservoirs, as the maximum _ow of the river
occurs before the irrigating season begins.
' There was no opportunity to investigate the possibilities of the reservoirs. It is said that Sulphur and \Vashtuena lakes, across the divide.
are available sites, and that the many broad gulches toward Pasco and
Rock Lake and other lakes near the headwaters might also be available.
RIPARIA‘UMATILLA AREA.
SNAKE RIvRR Nam RIPARIA, WASH.
A trial level line for a ditch was run along the south side of Snake
River and east side of Columbia River from a point near Riparia to
lands situated on both sides of Umatilla River, in order to investigate the feasibility of constructing a canal along that portion of Snake
River.
As the line almost paralleled the Oregon Railroad and Navigation
Cornpany’s railroad track, and as that company’s bench marks giving
the necessary data were located at frequent intervals, the line was run
with a hand level to obtain comparative elevations at different points,
and the topography on both sides of the railroad track was sketched in.
A point of diversion was selected 1 mile above the railroad bridge
at Riparia, where there is a small rapids. Low water at this point has
an elevation of 510 feet.
The line was run on a grade of 0.2 footto 1,000 feet for ditch and 0.8
foot to 1,000 feet for home. At the end of 61.7 5 miles, about 11
miles above the mouth of Snake River, this ditch line had an elevation
of 402.25 feet, and was only 53.25 feet above low water of Snake
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River. From this point the ditch line would be approximately 18 miles
long to W'allula, 10 miles long up the Wallawalla Valley and back to
the head of the Columbia River Canyon below VVallula, and 24 miles
long from that point to the Cold Spring Basin, a total of 52 miles.
Allowing 65 feet of grade would give an elevation of 337.25 feet opposite the commanding point of the land, only about 40 feet above the
water edge of the Columbia River at low water, and 230 feet below
the elevation necessary to cover the land. Owing to these facts the
project was deemed impracticable and the survey abandoned.
Even if this line had been at suf_cient elevation, it is doubtful if the
scheme would have been practicable, owing to the excessive expense
of construction.
With a total length of 120 miles there would be about 25 miles of
_uming on basalt rock bluffs from 50 to 300 feet high, often perpendicular. Twelve miles of this _uming would be at the foot of bluffs
Where the roadbed of the railroad has been made by blasting down
the blu_'s to obtain a shelf; or by using the broken rock to fill in the
river. The additional bed for the _ume could be made only by blasting out more material to make room on one side or the other of the
railroad grade. Most of this would be on the side next to the river
and would necessitate expensive riprapping on the lower edge of the
slopes.
The blasting out of these cli_'s would compel the stopping of the
tra_ic on the milroad while construction was going on.
1 The difference between high and low water mark above and below
Riparia is from 25 to 35 feet. The average fall of the river is 2.8 feet
to the'mile, and that of the ditch 1.2 feet. This would place the _rst
20 miles of the ditch within reach of high water. As the line would
be along either low sand bars or on the lower slopes of the railroad
grade, this would have to be eithel _ume or pipe line to avoid being
washed away or _lled with sand by high water.
Anothex dif_culty would be the drifting sand. Over 20 miles of
this canal 11. ould be through sand that often drifts a foot 1n depth 111 a
few hours. By means of drift boards the railroad company keeps
most of its tracks clear, but the principle of the drift boards is that
the wind is guided so as to sweep the sand Off the track. This could
not be done on a ditch, for the instant the sand would strike the water
it would sink.
The soil being very sandy, any velocity of water that would cut out.
these drifts would cut the ditch itself. Probably the only safe way
would be to _oor over the ditch where it crosses these drift sections.
As a result of these investigations it is believed to be impossible to
cover any amount of the Umatilla lands with a ditch taken out at
Riparia, Wash. and owing to the expense it would be impracticable
to take out a ditch farther up Snake River.
TX700084480
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UMATILLA RIVER BELOW PENDLEI'ON, OREG.
An investigation was made of the possibilities of utilizing the waters
of Umatilla River for the irrigation of lands on both sides of that
stream below Pendleton.
On the north side of the Umatilla the high bench land extends from
Pendleton to within 15 miles of the Columbia. It rises abruptly from
the river, the bluff being often almost perpendicular solid basalt.
The deep side canyons make a very dif_cult slepe on which to construct a ditch. A survey made by a private corporation followed this
bluff for 22 miles before the line came to the level of the top of the
bluff. This line would cover a large area but would be very expensive
and the greater part of the land is wheat land that produces fair crops
without irrigation.
Below this bench near Columbia River are Twelvemile Flat and
Cold Spring basin. These are arid lands with a _ne sandy soil and
would be valuable if irrigated. Several private ditch lines have
been surveyed from Umatilla River for these lands, but the large
amount of rock work makes them impracticable. There are 20,000
acres of level land on this side of the river, but it would be far more
expensive to place water on this land than on the land on the south
side.
On the south side, 2 miles above Echo, the blu_‘ ends and the level
country extends back for 10 miles with but little rise in elevation.
This being such a feasible point of diversion, and there being such a
large body of land—far more than the waters of Umatilla River can
irrigate—it was deemed advisable to make further investigations, and
preliminary surveys of canals and reservoirs, for the reclamation of
the lands lying west of Umatilla River between Echo and the mouth
of the river, were begun. These surveys were completed during the
month of April.“
uSee report on this project by John T. Whistler, pp. 433—434.
TX700084481

INVESTIGATIONS IN SOUTH DAKOTA.
By C. H. FITCH.
BELLE FOURCHE PROJECT.
Belle Fourche River, or North Fork of Cheyenne River, heads in the
east-central part of Wyoming, and _ows in a northeast direction,
approximately 120 miles, to the extreme northeast corner of the State. It then turns abruptly to the southeast and enters South Dakota, its
general trend for another 120 miles being east-southeast, joining the
South Fork of Cheyenne River about 70 miles east of the city of
Deadwood. The two streams which form Cheyenne River, a tributary of Missouri River, head within a short distance of each other,“ i
and completely encircle the Black Hills of South Dakota, which are
well known for their rich mineral deposits. The Belle Fourche does
not head in high mountains, but _ows through rough, broken, rolling
land from its source. It has a large _ood discharge, but very little
regular _ow for about 150 miles of its length. At the town of Belle
Fourche, Red Water Creek empties into Belle F ourche River. The.
_ow of Red Water Creek is generally irregular, as it is a _ood-water
stream, but it receives a considerable amount of water regularly from
Spear_sh Creek, which heads in the northern part of the Black Hills,
and is not subject to much change during the low-water period of the
year. Water from Spear_sh Creek is utilized for irrigation near the
town of Spear_sh. Red Water Creek is diverted by the Red W'ater
canal, which has a capacity of from 7 5 to 100 second-feet and irrigates
a body of _ne farming [and on the south, or right bank of Belle
Fourche River.
After a reconnaissance had been made of the western portion of
South Dakota, particularly of the streams which _ow from the Black
Hills, it was decided to make a survey of this project, in order to
determine the possibilities of irrigation from Belle Fourche River.
Raymond F. Walter, engineer, was placed directly in charge of the
survey, under the supervision of Charles H. Fitch, district engineer.
This project contemplates the diversion of Belle F ourche River by
a large canal immediately below the mouth of Red Water Creek
and but a short distance from the town of Belle F ourche, which
is a terminal of a branch line of the Chicago and Northwestern Railway. The line of survey crosses Crow Creek and follows the river
' 445
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closely for a distance of about 8 miles, where, by a cut 38 feet in depth,
it turns abruptly to the north and then northwest, crossing Dry, Owl,
Indian, Horse, and other smaller creeks as far as “’illow Creek. As
this project contemplates the diversion of the _ood_ow of the stream.
reservoirs for storage of water are necessary. A reservoir site was
found just where the canal line emerges from the cut through the
divide between Belle Fourche River and Dry Creek. This is known
as the Dry Creek reservoir. Here it was determined that it would be
necessary to run two distinct canal lines, one of them keeping above
the reservoir, in order to serve all available land, and the other starting
from the proposed dam site, at the lower end of the reservoir. The
survey was commenced July 22, 1903, and after a preliminary location
had been made, a careful traverse survey of the line was staked upon
the ground at each 100-foot station, the distances being chained and
the stakes numbered consecutively, beginning with zero at the head.
Topography was taken along the line and temporary bench marks were
established every 2,000 feet and the levels checked. Slope levels were
,taken 25 feet each side of the line at each station. In all 138 miles of
levels and transit lines were run.
The second reservoir is located in Ts. 8 and 9 N ., R. 6 E., Black Hills
meridian, and has been designated as the \Vilson reservoir. It is a
natural depression 01' lake bed, and is not located on a stream, as is the
case in the Dry Creek reservoir. Both of the reservoirs located will
hold water well, as the soil is what is locally known as “Gumbo."
During the surveying season just completed the canal survey was completed and located as far as Willow Creek, and from the data obtained
it is expected that an estimate of the cost of construction for both the
upper and lower canal lines can be made, as well as an estimate of the
area of irrigable land. The survey of the reservoirs is still in progress, and therefore no estimate can be given at this time of their
capacity, but the survey is being executed on such a scale and with
such accuracy that a careful estimate can be secured. It is impossible
at this time to make any estimate even approximately of the amount
of land which may be irrigated from the canals as surveyed, but a large
proportion of the lands which fall under these canals is favorably situ. ated for irrigation and the soil is considered of good quality.
' Future investigation may develop possible storage on Owl. Indian,
and other of the larger creeks which _ow through the irrigable land,
and there are undoubtedly other reservoirs which may be _lled by the
_ood _ow of Belle Fourche River, but owing to the shortness of the
season a complete examination could not be made.
It is also apparent that the Belle Fourche may be crossed without
encountering engineering dif_culties by the canal line 20 miles below
its head, in order to water lands upon the south side of the river, which
are not reached by the Red Water canal. It is probable that 18,000 to
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20,000 acres of good land can thus be reached. On the north side of
the river only a rough estimate of the amount of irrigable land under
the canal line can be given, but assuming that 60 per cent will be irrigable, abOut 80,000 acres will be reclaimed, which, together with that
on the south side, will aggregate 100,000 acres approximately. A
continuation of the survey on the north side will undoubtedly develop
much additional available land, and it is perhaps more a question of
water (_ood flow and storage) than of land which will restrict the size
of this project.
A gaging station was established on the Belle Fourche just above
the town of Belle Fourche, and one on the Red \Vater at its mouth,
and measurements of these streams at these stations and also of the
amount of water _owing in the Red “rater canal were made at frequent
intervals. During the summer season of 1003 there were frequent
_oods in Belle Fourche 'River, which occurred, no doubt, more often
than is usual 'in ordinary years, but at no time was the high-water
mark as high as it has apparently reached in times past.
IRRIGATION POSSIBILITIES IN WESTERN SOUTH DAKOTA.
South Fork of Cheyenne River heads in east-centml Wyoming and
_ows eastwardly, passing the southern end of the Black Hills, then
turning northeastwardly joins the Belle Fourche or North Fork of
the Cheyenne, together forming Cheyenne River. South Fork of the
Cheyenne River has considerable _ood discharge and is subject to
sudden rises caused by rains during the summer season. If these
_oods from the melting snow and summer rains could be impounded
all of the agricultural land along its course could be reclaimed, but
there appears to be little opportunity for storage. Only one ditch,
diverts water from it. This ditch heads about 15 miles above Edgemont, S. Dak., on the south or right bank of the river and would
watc1 about 10, 000 acres of good lands, but the dam in the rivel
having failed little or no use is made of the ditch and it has been
practically abandoned. Possibly 20,000 acres in all could be 1eclaimed
on both sides of the river if reservoirs of suf_cient capacity could be
found. In this section only one reservoir was found. This is located
on Pass Creek above the Burlington and Missburi River Railroad, in
secs. 3, 4-, 9, and 10, T. 7 S., R. 1 E., Black Hills meridian. The
source of supply would be from Pass Creek and Stockade Beaver and
Beaver Creeks by canal from Beaver Creek. It is doubtful if Pass
Creek alone would afford a certain supply. There is a small site on
Dry Creek and also one on Moss Agate Creek, but these are of very
small capacity. Lower, on the South Fork of the Cheyenne, there is
located some bench land aggregating 18,000 to 20,000 acres of good
farming [and which possibly may be reclaimed by storage of water
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in the South Fork of the Cheyenne. A reservoir might be formed by
damming the river at the narrows with a dam 70 feet high, covering
2,000 or more acres and backing up the river 7 or 8 miles, cover~
ing lands in secs. 5, 6, 7, 8, 9, and 10, T. 9 S., R. 5 E., and sees.
31 and 32, T. 8 S., R. 5 E., and sees. 34, 35, and 36, T. 8 S., R. 4 E., and
secs. 1, 2, 3, and 4, T. 9 8., R. 4 E., Black Hills meridian. The site for
the dam is a good one, and probably ample provision for _ood water
can be made by a wasteway 400 to 600 feet long on the north end of
the dam. There is plenty of sandstone at each end and above the.
dam, which would be easy to handle. The length of the dam would be
about 800 feet on top, and apparently bed rock is near the surface.
Most of the land in the reservoir is in private ownership. The irrigable land under this reservoir would fall in T. 8 8., R. 6 E.; T. S 8.,
R. 7 E.; T. 7 8., R. 7 E.; and T. 7 S., R. 8 E., Black Hills meridian.
It is probable that the cost of this project will be considered excessive.
BUFFALO GAP ON BEAVER CREEK.
Buffalo Gap lies above the town of Buffalo Gap on the line of the
Chicago and Northwestern Railway. By damming the gap with a
120-foot dam, 800 feet in length on top, a fair reservoir might be
formed to be _lled by Beaver Creek during the _ood _ow, as the regular supply is all appropriated by three existing ditches. It is not
certain, however, that sufficient _ood _ow could be obtained to _ll the
reservoir, and further investigation and measurement of the stream
would be necessary before selecting this site, as the dam would
undoubtedly be expensive. Other reservoirs can be built on Dry
Creek and Lame Johnny Creek to hold _ood waters if the supply can
_be depended upon.
FRENCH CREEK.
There are two possible sites on this creek, the _rst being located in
the foothills, in sec. 21, T. 4 6., R. 7 E. A dam about 100 feet high
and approximately 1,400 feet long would form a reservoir in sees.
17, 20, and 21, probably covering about 600 acres. There are about
15,000 acres of irrigable land along French Creek. The sources of
supply are French Greek and tributaries, but no water was _owing at
the time of the examination in June, and the supply therefore depends
entirely upon the _ood _ow, of which no accurate information has
been obtained. The second site on French Creek is located in sec. 13,
T. 4 S., R. 8 E. A dam 70 high at the highest point, and 1,500 to
1,600 feet long, would form a reservoir in secs. 9, 10, 11, 12, 13, 14,
15, 16, and 23, covering about 3,000 acres. There are only about
6,000 acres of good land under this site, and, as heretofore stated, the
water supply is, as far as known, uncertain.
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BATTLE cases.
This creek carries considerable water at times, but on the date of
examination, June :39, 1903, 12 second-feet was the measurement
obtained. There is a possible reservoir site in the foothills, about 3
miles west of Hermosa, in Battle Creek Canyon. This dam would be
about 1,600 feet long and 10:) feet high at the highest point. The
reservoir would cover from 1,200 to 1.400 acres. The land in the reservoir is largely private land and cultivated. The reservoir would be
located on parts of sees. :37, :28, 25!, 33, 34, and 35, T. 2 S., R. T E.,
Black Hills meridian. There are about 20,000 acres of land under
this site, mostly private lands.
SPRING CREEK.
This creek has a comparatively large drainage area, and the _ow in
spring and during _ood seemsoto be considerable. It is nearly dry
during the summer months, and all of the regular _ow is appropriated
by small ditches along the bottom of the stream below the foothills.
There is a. good site for a reservoir in Spring Canyon Pass, in sec. 12,
T. 1 5., R. 7 E. A dam 130 feet high at the highest point Would form
a reservoir covering 1AM) to 1,600 acres. This would water lands on
both sides of Spring Creek, and would irrigate 60,000 acres of good
land, if the water supply should be suf_cient. Most of the land in the
reservoir is private, but little of it is cultivated, being used mostly for
pasturage. There is a fair wasteway from the head of the draw on
the north side-0f the dam site.
RAPID CREEK.
This is the largest stream _owing from the east slope of the hills
and has a regular _ow. A part of this water has been appropriated by
a number of ditches, which, however, only water the bottom lands
below the foothills. A part of it is also used by a power plant at
Rapid. A good reservoir site exists in the gap above Rapid City,
but as all of the land is cultivated and occupied by the United States
Indian school and two railroads it is unavailable. The water of Rapid
Creek Canyon can probably be diverted by a canal 10 miles in length
to a reservoir on Boxeldcr Creek, next described.
noanvau GREEK.
Boxelder Creek _ows out of the Black Hills near the town of Black
Hawk, and is next in size to Rapid Creek, on the east slope of the hills.
The only site for a reservoir which would be large enough to cover
lands without a long canal is just below the town of Black Hawk. If
H. Doc. 44. 58—2 29
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a dam was constructed 8” feet high at the highest point, a reservoir of
1,400 to 1,600 acres could he formed in secs. 4, 9, 10, 15, and 16, T. 2 N.,
R. 7 E., Black Hills meridian. Water would be backed up to the
grade of the Chicago and Northwestern Railway, and nearly to the
town of Black Hawk. An ample wasteway exists to the southeast of
the dam site in a draw. The supply of water would be from Box—
elder Creek and Black Hawk Creek, Norman Springs, and Rapid
Creek, if the latter could he diverted by a canal into the reservoir.
The land in the reservoir is generally cultivated. and is owned by private individuals. There is a large amount of land under this reservoir
on both sides of Boxelder Creek, and as the top of the divide could
be reached lands located on Elk Creek to the north could be watered
if the supply were suf_cient. It is possible also that a part of this
land could he irrigated from Elk Creek. It is recommended that a
further investigation of this site and the water supply should he made.
ELK CREEK.
Elk Creek _ows from the Black Hills, at the town of Piedmont, in an
easterly direction. It is generally dry in the late summer and very
little irrigation has been practiced. There is a possible reservoir about
3 miles below the town of Piedmont. This reservoir would cover 51)!)
or more acres to a depth of about *0 feet. Most of the land to he
irrigated from this reservoir would be private land.
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INVESTIGATIONS IN UTAH.
By G. L. Swaxnsas.
UTAH LAKE PROJECT. 1‘
On May 9, 1903, a letter Was addressed to the Secretary of the Interior by F. S. Richards, counsel for the Utah Arid Land Reclamation
Fund Commission, setting forth the present uses of the waters of Utah
Lake, and making recommendations with a view to extension of the
same. This commission was appointed by the governor of Utah under
authority of an act of the State legislature. The letter is made a part
of this report, and will be found on pages 470-475.
The location of Utah Lake, in the center of the oldest and most populous section of Utah, and the fact that it has long been recognized as
the principal source for the water supply to irrigate the Salt Lake
Valley lands, has given the subject of the full utilization and control of
the watershed and waters of the lake considerable prominence for a
number of years.
As a result some of the best engineers of the State have been employed on the project by both the city of Salt Lake and the canal
companies of Jordan River. The results of these investigations have
been cbmpiled and preserved in the of_ces of the city of Salt Lake, and
through the courtesy of L. C. Kelsey, city engineer, these excellent
records have been freely used. In May, 1901, as a result of a suit
involving. the water rights of Jordan River, the court appointed
J. Fewson Smith, jr., water commissioner to distribute the water
among the different canals according to the court decree, and he has
since had entire control of that matter. The records of his of_ce have
also afforded valuable information. From these and other public. and
private sources of information and from the work in the _eld during
the past season, the following brief report has been compiled.
\VATER S U P PLY .
Utah Lake is approximately in the center of a watershed having
an area of a little more than 3,000 square miles. From this area the
main streams _owing into the lake are the Provo and the Spanish
Fork, both coming from the mountains to the east. “'est of the lake
there is a large portion of the watershed, but no streams _ow from it.
In the irrigation season the entire supply of the streams tributary
to the lake' is used for irrigation, but a considerable amount of the
Water so used reaches the lake as seepage throughout the whole year.
HSee also First Ann. Rept. Reclamation Service. pp. 279-232.
451
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Records of discharge of the tributaries to the lake have. been kept
by the hydrographic branch of the 1' nited States Geological Survey
for a number of years, and these have been published each year in the
survey reports.
Examinations of Utah Lake were also made. at various times by the
Geological Survey, particularly in the spring of 1889, when F. H.
Newell. hydrographer, established river stations for measuring the
in_ow to the lake, and ran a meander around the entire lake for the
purpose of ascertaining the effect of raising the surface of the lake.
The results of this work are discussed in the annual reports of the
Geological Survey. It was recommended at that time that the lake
be drawn down as much as possible in order to bring about the largest
reclamation of land in Utah County and the. most complete use of the
water in Salt Lake County.
Preliminary to the investigations of the past summer, a special
effort was directed toward the determination of the _ood discharge
affecting the lake basin in May and June, and a series of measurements
was carefully made on all streams that might in any way enter into
the considerations. These investigations included the _ood measurement of Strawberry Creek, prominently mentioned as one of the
streams for possible diversion from the Green River drainage into the
Great Basin. The volume that has reached the lake in the past three
years is shown in the following table: '
In_ow to Utah Lake from From Hirer and Spanish Fork.
Month. 1901. 1903. 1), 1903 l AVenuze
armrest. i Acrrfcd. Sean-fut. ‘i .-lcrt'-jt:tl.i Sen-fed. ; Acrr—fat. 1 Sca—_wt. I lore-_rst.
January 210 1 13,020 100 I 11,730 1 213 ; 13,330 1 207 1 12, 334
February.. .1 260 | 14,560 ‘ 2:30 ‘ 12,320 , 262 ‘ 14,672 247 l 13, 832
March _____ ’ 300 I 13,000 310 1 10, 220 1 31.5 ‘1 10,530 1 307 1 19, 031
April ....... 350 1 21,000 320 1 19,200 . 360 1 21,000 } 343 1 20, 330
May ....... 1 440 l 27, 230 1 430 1 20,000 f 500 l 34, 720 i 477 I 29, as.
June ....... 1 540 1 32,400 ' 530 i 33,000 , 500 1 33,600 } 550 1 33,000
September".1 10 f 000 3 , 430 C 10 j 000 1 9 l 340
October ....‘ 120 *- 7,440 i 103 1 6,696 1 120 1 7,440 1 110 1 7,192
November“: 200 ‘ 12,000 200 1| 2,000 f 200 ‘ 12,000 i 200 " 12,000
December .. 200 12,400 1 200 ; 12, 400 1 200 1 12,400 1 200 ‘ 12,400
Average for. : i . ‘ i
3years ........ 1 ................ l1 ........ ; ........ ‘ ........ i 2‘20 160,974
a No information for July and Aiigiist.
A complete record of the out_ow from the lake since July, 1901.
was obtained from Mr. Smith, water commissioner for the Jordan
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River canal companies. These results for the past three years are
given in the following table:
11011' of Jordan River at Narrows. a
Month. J 1901. J 1902. 1903. Average.
' Sea-fret. Acre—feet: Sen-fed. JIcrr-jecl.J Sanfg‘l’l. Acre-fed. Sea-fret. ANT-fed.
April- ...................... g 117 7.011 1 ................ 117 7,011
May - ...... J ........ J ........ J 197 12,211 316 J 19,621 257 15,916
June - ...... ........ J ........ J 173 10,379 : 372 , 22,302 272 J 16,335
July ....... ‘ 173 J 10,725 113 6,994 1 333 J 22,637 206 J 13,452
August ..... 1 130 J 8, 058 150 9,303 J 310 J 19,191 200 1 12,184
September..J 94 5,652 237 14,209 J 154 9,043 162 J 9,968
October 69 4,270 , 291 18,029 J ................ 187 ' 11,149
November.. 15 921' ..... ................ 15 f 921
Total ........ J 29,626 J ________ 78,136 ......... 9.,794 J ........ 86,936
J 1
a From records of Water Cnmmlssioner J. Fewaon Smith, of Salt Lake.
The _uctuations of the lake surface have been recorded since 1889,
and these records are carefully preserved in the of_ce of the city
engineer. Tabulated results are shown in the following table:
Rise and fall of Utah Lake, 1901—1903.
1901. J 1901!. 1903. J
Month. ‘ , J Average.
Increase. Decrease. Increase. Decrease. , Increase. J Decrease.
Ari-eject. (lore-feet. Acre-fwd. J Arm-fwd. J Acre-_d. J Acrr-fect. J Acre-fret.
January ...... 17, 494 ......... 23,250 ......... J 39,990j ......... J 26,908
February ..... J 29,016J _________ J 23, 250J ......... ' 38,130J ......... 30,132
March ........ 11,625 ......... 23,250 ......... J 80,910 ......... 3 38,595
April ........................... |Constant. .................. J 9,300 J 3,100
May .......... J 5,766 J ......... J ......... 1 12,175 J ......... J 12,090 J 6,166
June .................. 46, 500 J ......... J 34,875 ' _________ J 27,390 ‘ 36,255
July .................. 62, 775 ......... 53,125 J ......... 78, 260 66, 387
August ................ 34, 775 ......... J 69, 750 _ ......... + 47,430 50,652
September.-.. ......... 46,500 ......... 23.250 J ......... J _________ _- 34, 875
October ...... JConstant. .................. J 19,06?) 1 ......... J ......... 9,537
November.-.. 23,250 ' ......... 6,975 ......... J ......... J ......... J 15,112
December-... 23,250 ......... 23,250 23,250
Total... 110,391 3 190, 550 J 99,975 217, 240 J ,,,,,,,,, J _________ J ________
Decrease. ............... 30,159 ......... J 117, 265 J ......... ‘ ......... J 72,975
._ J
Evaporation records have been kept near the outlet of the lakesince
April, 1901. The tank used is 3 feet in diameter and is set in the
ground, the top being about even with the surface. 'The readings are
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made daily and the tank is _lled once a week. The following table
shows the results of these observations:
Evaporation from Utah Lake.
Evaporation in teem l Volume:
Month. . _ _ _
1901. _ 19¢: '1‘ 1903. Mean. Acre-feet!) Second-feet. ~
January .................. _ 0. 082 ‘ .......... 0. 032 7,020 123
February ....... ‘ .......... ‘ .015 .......... .015 7 1,395 25
March .......... , .......... ' .152 l .......... l .152 ' 14,130 , 220
April .......... l 0.417 .320 f 0.395 .379 35,247 507
May ............ 1' .043 1 .523 l .413 g .520 49,104 792
June ........... f .732 I .703 l .035 ' .733 00,109 1 1,130
July ........... I 035 1 .747 . .909 .734 72,912 ' 1,170
August ......... ' .430 t .795,‘ .000 I .037 59,241 ~ 955
September ...... I .545 i .750 I .......... 1 .052 00,030 1 1,011
October ........ It .301 ‘ .300 i .......... i .334 31,002 i 501
November ...... '1 . 134 ' .......... € .......... . 13-1 12,462 ‘ 208
December ...... ! .092 . .......... l .......... i .092 s, 550 I 133
Total ..... 1 3.929 4. 554 t 3.140 ' 4.522 420, 540 . 570
! 1 i
a From Salt Lake engineers' records.
bBaSt-d on art-u of 93.000 acres.
0 0n basis 1 second-foot equivalent to '2 acre-feet per day.
-.
The only other elements that can enter into the question of water
supply are the subterranean and seepage supplies, but no attempt will
be. made to discuss these at this point. However, the results given in
the following table indicate the probable volume from these source»:
Summary of data relating to lt'att'r supply of Hall- Lake.
. In_ow. l Evaporation. .' Rise.
Month. Fr ' **+- —*
tSeeondoieet.life-feet. feconifiet.‘l Acre—feet. .Seeond-feet. 35::
, ————.————
January ......... 207 ‘1 12, 334 l 123 i 7,020 i 434 20, 909
February ........ 3 247 i 13, 332 ; , 25 | 1,395 i 533 ' 30,132
Mareh .......... ' 307 : 19,034 220 1 14,130 I 022 f 33,595
April ............ l 343 ‘ 20, 530 3 537 i 35,247 . .......... ..........
May ............ 1 477 | 29,502 1 792 i 49,104 1 ....................
June ............ 550 l 33, 000 , 1,130 1 03,109 j ....................
July ............ ‘ .......... i .......... 1 1,170 1 72, 912 T .......... ’ ..........
August .......... l .......... .......--.; 955‘ 59,2411 ....................
September ....... l 9 ‘ 540 1 1,011 1 00, 030 ....................
October ......... t 110 ‘ 7,192 ‘ 501 I 31,002 I ....................
November ....... i 200 ‘ 12,000 ; 203 1 12,402 . 252 15,112
December ....... : 200 . 12,400 130 . 9,550 I 375 25, 250
The year ..: 266 . 160, 974 ‘ 576 l 420,546 Difference
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Summary of data relating to water supply of Utah Luke—Continued.
Fall. Utilized. Combined. (I
Month. —
.Second-feet.| Acre-feet. Second-feet. Acre-feet. Second-feet.‘ Acrefeet.
January ....................................... , .......... 350 i 21, 700
February ...................................... i .......... 316 17, 695
March .................................................. 543 , 33, 697
April ............ 51 3,100 117 7,011 309 ' 18,578
May ............ 99 . 6,166 257 ; 15, 916 472 29,292
June ............ 604 36, 255 272 16,333 254 I 15, 247
July ............ 1,071 , 66,387 206 13, 4'2 322 ', 19,977
August .......... I 817 1 50,652 200 12,184 351 i 21,773
September ....... 1 581 ‘ 34, 875 162 b9,968 586 , b35, 187
October ......... 151 E 9,537 187 . 11,149 ‘ 411 25, 482
November ...... T .......... E .......... , 15 921 276 i 16,565
December ....... ‘ .......... ‘ .............................. 329 . 20,406
‘ 72,975 .......... ‘ 86, 93-1 377 ' 275, 599
a This column is the result of combining the inflow, rise or fall. and utilized volume with evapora—
tion, so as‘ to determine the subsurface supply that must he provided to account for the conditions.
bThe utilized result is probably given too low, thus increasing the last column.
The present volume of water in the lake, after a series of low-water
years, is about 500,000 acre-feet. If the average water supply indicated in the table on page 454 can be relied upon, which seems to be a
safe conclusion, a _ow of 1,000 second-feet for a period of _ve months
each year or a storage of 306,000 acre-feet can be depended upon from
the lake supply under any and all conditions. The total supply to
the lake from Provo River alone, from 1890 to 1903, inclusive, was
1,775,000 acre-feet, and judging from the available records of the
Spanish Fork, that stream has supplied not less than 350,000 acre-feet
in the same period, a total of 2,125,000 acre-feet, or an average per
year of 266,000 acre-feet; that the supply 275,509 acre-feet, indicated
in the last column of the above table, as the average underground and
seepage supply for the past three years would increase the amount to
541,599 acre-feet, which if compared with 300,000 acre-feet, gives a
surplus factor of 77 per cent to take care of evaporation and other
losses. Furthermore, this basis requires a run-off factor of but 16
per cent, with a 10-inch rainfall basis.
CHARACTER OF LAKE BASIN.
The efforts of a part of the _eld force during the last season have
been directed almost em'tlusively to a study of the lake shore and basin.
A very complete and systematic set of soundings was made over the
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entire lake, and the contours of the bed shown on the accompanying
map (Pl. LIV) have been prepared from the information so obtained.
In this connection it is interesting to note the extreme shallowness
of this large body of water. While it was generally understood that
the lake was not deep, yet, from the statements of old citizens and
men who have been connected with the project for a number of years.
it was expected that depths of from 25 to 30 feet would be found over
the main body of the lake.
The map shows the slope of the lands bordering the east shore to
an elevation of about :30 feet above the present lake level. No interest
or importance is attached to the remaining shore line. It. is more or
less precipitous, is comparatively of little value, and will probably
need but little consideration in connection with the project.
The eastern shore, however, has always figured prominently in projects affecting Utah Lake. The lines of the two highest canals from
' the Jordan are at such elevations as to be materially affected in the
volume of water received if the lake level drops to any great extent,
and it. was the custom to control the out_ow from the lake by means
of a _ashboard dam near the head of these canals. The resultant rise
in the level of the lake _ooded the lowland farms on the eastern
border, and the dif_culties resulting therefrom culminated in a lawsuit
in 1884. This suit ended in a compromise in 1885, by which the level
to which the lake may be raised was agreed upon. This elevation is
known as the “compromise level “‘ and is at an elevation of 4,486.?
feet above sea level and a little more than 4 feet above the present
level of the lake (fall of 1903). Any attempt to raise the lake above
compromise point would renew these dif_culties, but, on the other hand,
any material lowering of the possible lake level will result in the
reclamation of valuable land, and there could be no objection to such
a plan, so far as the landowners on the shores of Utah Lake are
concerned.
The contours of the eastern shore show conclusively that it would
‘ be possible to divert the waters of Provo River and Spanish Fork
directly into the Jordan, thus cutting off the great effect of evaporation
on these supplies; but the normal _ow of these streams is entirely appropriated for the valuable agricultural lands in the Utah Lake Basin, and
unless storage for the _ood waters of these two streams were provided
for in the mountains the only advantage that could be attained by
such a plan would be a direct supply to the Jordan canals during the
_ood season, probably from May 10 to June ‘20 of each year.
I’RI‘ZSEXT USE OF “'ATER.
011 P1. LV is shown the distributing system of Jordan River, with
its present utilization. and in the tables below is given a detailed statement of the :uljudicatcd claims prepared from the court records.
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01
Vested rights to irrigation from the Jordan Hirer.
'k'l
. Discharge."
Canal or approprlatora. giggi_ii‘g; 1 Total acreage. Decree. i_— (V, ‘ , ._ i 1901. t 1902.
J Srmndjrr‘t. Sm_-et. i Src. 1m.
Benion & Benion ............ . 1850 1- 250 5 ........ i ........
Gardner will race ............ 1850 293. 25 5. 30 .................
Galena canal ................. 1855-77 . 322 5. 06 ................
Beckstcad Irrigation Comtmny. 1859 - 30 12 g ................
Mousley canal ................ ‘ 1864 87. 50 2 i ................
Cooper mill race .............. 1878 145 2. 90 9 ................
North Jordan Irrigation Com- i i E
panyb-.. ........ . 1853 . 8,000 120 i 80.40 44.45
South Jordan Canal Company 0 - 1870 . 9, 000 142 69 85. 81
Utah and Salt LakeCanal Com- !
pany " ..................... . 1882 _ l6, 000 246 i 191. 30 82. 92
East J ordan Irrigation Com- 1 1 '
panyb; .................... 1 1883 = '16,000 170 1 49.10 67.99
Salt Lake City 5 .............. ‘ 1882 i ( c‘) 1-50 i 27. 6: 44. 5O
1 __A , ‘ -,
Total ............................ ‘ 50, 627. 75 860. 26 3 ................
a From records of water commissioner. Maximum average monthly _ow in 1902 and maximum
_ow recordL-d in 1901 records.
'"the volume given in the last column is specified in the court decree as the capacity of these canals,
and not necesmrliy the actual amount used.
CAcrcagc not given in the decree. as part of the water is exchanged for water from mountain
streams, and only a portion is for Irrigation, Salt Lake City using a portion for municipal purposes.
.-idjmiicatcd water-pouw claims on Jordan River.
Name. St__gd' i Channel.
. . F " .
West Jordan Milling and Mercantile Com- 30 Gardner null race.
pany. ‘ .
Utah Mattress and Manufacturing Com- i 11 1 Do.
pany. l
Benion & Benton mill ................... ' 40 ; Benion & Bcnion.
United States Mining Company .......... ‘ 17 . Galena canal.
William Cooper, jr ...................... 23 Cooper mill race.
South Jordan Milling (Imnpany .......... 23 Bockstead Irrigation Company
Salt Lake City Water and Electric Power . (r!) ‘ Power company channel.
Company.
0 Ali water diverted below tlu- location of this plant. also the water decreed to South Jordan Canal
C‘Jmimny and to the Suit Lukn- City 0mm], after im- in he delivered into the canals uudiminishcd in
quantity and contingent on tho sort-m of the Ixnvercompnny in securing certain privileges from the
canal companies.
This adjudicatimi is thq- result of the use tried by Judge Morse in
the third district court of ['tali in 19111 and appcnlt-tl to and af_rmed
TX700084498
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by the supreme court of the State in October of the same year.
Among other facts determined by the trial court are the following:
In the year 1889 the North Jordan Irrigation Company, the South
Jordan Canal Company, the Utah and Salt Lake Canal Company. the
East Jordan Irrigation Company, and Salt Lake Citv entered into an
arrangement by which they jointly dredged the bed of Jordan River
and removed natural obstructions. After this dredging water could
be drawn from Utah Lake. through the channel of the river, at a
level 20 inches lower than before. During 1889 and 1890 the canal
and irrigation companies and the city constructed a new dam in the
river at a point about three-fourths of a mile nearer the lake than the
old dam, in Older to hold back and store the water in the lake, for
the use of the canals and city.
The expense of this undertaking was shared alike by all parties eoncerned. Thus since 1885 the canal companies mentioned above and
Salt Lake City have really used Utah Lake as a reservoir in which to
retain the surplus water, in order to supply their'needs in seasons of
scarcity, each contributing an equal share of all costs and expenses of
the joint enterprise. Since this improvement was made it has been
conceded by the canal companies and the city that all were entitled to
an equal amount of water in their several canals, and it has been the
practice in the subdivision of the water to approach this condition as
nearly as possible.
This agreement included all the large canals, and practically eliminated the question of priority irrigation claims to the water of the Jordan, the canals not included forming only a small part of the system,
and being so located as to receive a considerable supply from seepage,
measurements of 1901 by Water Commissioner Smith showing that
the seepage supply averaged about 48 second~feet during May, June.
July, and August.
The suit also involved the right of the _ve canal companies to the
use of Utah Lake as a reservoir. It had been the custom for many
years to hold back the waters of Utah Lake in the _ood season by
means of a dam in Jordan River, anti the decision of the court secured
to these canals this privilege and right.
In order that the decree may be carried into effect the court
appointed an engineer to superintend and direct all measurements and
division of water in accordance with the decree, his compensation,
$10021 month, to be paid by the live large canal companies and the
power company at the Jordan Narrows, the engineer to report from
time to time to the court any violations of the provisions of the decree.
After a series of extremely dry seasons, resulting in a lowering of
the lake to such an extent as to cause a failure of the natural _ow of
the Jordan, in 1902 three of the principal canal companies determined
to secure a portion of the lake supply by pumping it out. thus maink—_=___-_ _,__7 s _ ___...______—7 __—— __.—. _, _
' ' , )___’—‘4
_-_
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taining the _ow of the river. Accordingly plans were prepared and
contracts let for the installation of a complete pumping plant, to be
operated by electric power. The contract requirements were for 400
second-feet with a 2i-foot lift, 30 per cent ef_ciency, and 400 secondfeet with {afoot lift, 40 per cent ef_ciency.
The plant consists of four centrifugal pumps on horizontal shafts,
each connected by a belt with a loo-horsepower electric motor. The
pumps are double suction, 30—inch intake and 40—inch discharge.
Electric current for the motors is furnished from the Jordan Narrows plant, which is supplied with power by the water so pumped. It
is readily seen that under extreme conditions this may result in serious
dit_culties, but the great amount of electric power in the immediate
vicinity will enable the promoters to secure a more substantial source
of power supply.
The plant is located on the river immediately adjacent to the outlet
to the lake. A set of nine regulating gates, each with 8 feet clear
opening and a lift of 6 feet, is provided to prevent the pumped water
from returning to the lake or to control any natural out_ow from the
lake.
The plant was put in operation early in August, 1902, and since then
has been the means of securing to the canals a supply of water when
there was a shortage from the lake supply.
Though the project was deveIOped by three of the large canal companies, one other has since secured an interest in the plant and negotiations are on foot by which the other one of the _ve large canals will
also secure an interest. so that all will share alike in its bene_ts.
PLANS FOR I.“ PROV EMENT.
In view of the facts and _gures stated in the foregoing pages, the
following general conclusions can be readily drawn:
1. Should the outlet channel from the lake be cut down to a level
that would drain the entire area of the lake basin, the evaporation
element would be eliminated, and the volume of water given in the
last column in the table on page 454 could he added to the present
available supply for Jordan River.
2. The same results as are suggested in the above plan can be attained
by pumping the water from the lake to the present river level instead
of cutting down the Jordan channel.
3. The results shown in the table on page 452 indicate that a channel
diverting the flood waters of Provo River and Spanish Fork directly
into the Jordan would result in great saving, provided a plan can be
developed for the regulation of the _ow from that source so as to make
it available for bene_cial use. In other words, such a plan would
probably involve the question of storage on these two streams. and
TX700084500
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the volume that would be available for such a plan. should it prove
feasible, is indicated in the table on page 452.
The _rst of these plans will doubtless involve a reconstruction of the
high-line canals from the Jordan. The present plan, by which a large
volume of water is pumped far above the level necessary for its use,
is certainly not based on economic lines; but if the present high-line
canals could be reconstructed so as to make the plan feasible, or a new
channel provided for each side of the river within the limits of the
gravity possibilities of the plan, the lands above this line to be supplied
by pumping, the situation would be in complete control and the regulation of the lake supply well in hand.
The second plan has the advantage of avoiding the necessity for the
canal reconstruction mentioned above, but the economic features are
of vital importance in such a scheme. _
The third plan involves the question of storage and is concerned
with but a small portion of the entire project, leaving out of consideration the large seepage supply to the lake.
It is apparent that the waters in question are extremely valuable,
probably more so than in case of the ordinary irrigation project, and
it is also apparent that the project thus far has been more directly
concerned with the problem of increasing the present available supply
for the lands already in use than with the supply for vacant public
lands or for arid lands in private ownership.
However, if the development is carried to a point where the water
supply indicated in the table on page 454 may be made available, the
possibilities of extension to arid lands will be material, and such a
complete control of the water would possibly enable a supply to be f urnished for the large area of vacant and arid lands in a part of Tooele
County, the elevation of which is such as to come within the possibilities of gravity lines from the Jordan.
It has been concluded that the lake should be treated as any other
reservoir, and, if possible, all the water in the basin utilized. This can
be accomplished in either of two ways: First, by lowering the bed of
the outlet channel to a level below the bed of the lake and controlling
the out_ow by a series of gates similar to the present arrangement.
Second, by installing a pumping plant of such capacity as will secure
the result by pumping.
GRAVITY I'LA N.
There are two methods of putting the plan into execution. One
method, which will involve a great amount of construction work at
the north end of the lake. is to utilize the present outlet channel from
the north end of the lake. cutting it to the required level, and giving
it such a section as will enable it to carry 1,000 second-feet.
This method needs but little discussion as to feasibility, though
TX700084501
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experience indicates that some careful planning of the lake channel
will be necessary to prevent it from filling up.
The other method considered is to cut a channel along the lake shore,
beginning near the center of sec. 29, T. 6 8., R. :2 E., thence follow the
lake shore northwesterl y to the Jordan. By this method the lake work
would he reduced to a minimum, though the channel would be lengthened and the amount of materials to be moved would be increased.
This plan has the disadvantages mentioned above and the following
advantages: A very large seepage volume which is supplied to the
lake from the east shore would be intercepted and loss by evaporation
prevented. A small channel would intercept the Provo, and would
accomplish the double purpose of cutting otf drainage in to Provo Bay
and of diverting a considerable seepage supply directly into the river.
Incidentally it is thought that Provo Bay could be entirely _lled by
the material excavated from the channels, thus making a large area
of valuable land. The channels would all be through materials very
readily moved, though water would be encountered after the _rst 3 to
5 feet of excavation, and dredging would have to be resorted to.
Right of way would be expensive over portions of the line.
In order that these plans may be compared the estimate of the cost
of lowering the river bed, which would be necessary to both, is given
separately in the following tables.
In considering the best section to adopt and the best location for
the proposed river channel a number of important factors have to be
taken into account. In the _rst place, the lowering of the river bed
will necessitate the pumping of the water to supply two of the large
canals at the Jordan Narrovvs, and it is important therefore to use as
little grade in the proposed channel as is consistent with economy.
In the second place, as the present river channel is very crooked and
narrow, and the _ow sluggish, the amount of straightening consistent
with economy becomes an important question. Then. of course, the
economic features of the best form of channel have to be considered.
These necessary improvements on the river will extend for a distance
of about 10 miles.
After careful consideration of the cross section of the river it was
decided to adopt a 90-foot bed width with 7-foot depth, carrying 1.000
second-feet of water, as a basis for estimates. An estimate of the
volume of materials to be excavated was made and tests of the
materials made to determine classi_cations.
The grade of the proposed new channel will be 6 feet below the
lowest contour of the lake bed, which, with the grade of the channel
in the lake portion, will afford at least 4 feet of water in the channel
below the bed of the reservoir, which is thought to be ample for all
probable conditions.
TX700084502
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The volume of material to be removed is tabulated in the table on
page 46-}, which clearly indicates the location that is mast economical.
With the grade and section chosen the bed of the reconstructed channel would be 16.87 feet below the bottom of the two high-line canals.
and if there is 5 feet of water in the two canals and 7 feet in the
river the supply for these canals would have to be raised 14.87 feet.
This plan contemplates two sets of control gates-one at the lake, to
keep the water in the lake at “compromise" level, and the other at
the head of the two high-line canals, in order to control the water in the
river to a depth of 20 feet. This would allow a minimum pump lift
in all stages of the lake level up to compromise point. For example,
should the lake rise to compromise point in any season, the high-line
canals would be supplied with about 3—foot depth of water by gravity.
Should the natural outlet of the lake be utilized in this plan, it. is readily
apparent that a channel through the shallow northern portion of the lake
will be necessary. Examination of materials to be moved in this section
indicates that only the simplest kind of dredging will be necessary,
though the estimates are based on a channel with a bed width of 110
feet on account of the probable dif_culties of securing stability in the
uniformity of banks. A liberal allowance is also made for such retaining walls and the other incidental requirements as may be neceSsary.
The material in this section was examined by means of a long steel bar
and was found to consist of sand and clay in the _rst. one-half of the
mile from the shore. The clay, in a layer from 2 to 8 feet thick, is
underlain by a layer of sand. From the half-mile point the sand disappears, the clay apparently extending to an inde_nite depth. In his
report on the examinations Mr. Tanner says: “The bar used was of
steel _ve-eighths of an inch in diameter, well pointed, and uniformly
when sand was struck considerable pressure was necessary to penetrate,
but driving was not necessary in any case. In the clay the penetration
was extremely easy, and after the half—mile point was passed the bar
was forced into the bed of the lake 16 feet with but slight pressure."
In view of these facts it seems that with a modern plant the materiaLs
should be moved at a very low cost, especially as the localitv is so near
railroad facilities and elect1ic pow e1.
In the case of the channel following the eastern shore of the lake
the v oluine of materials to be moved is more than two and one- -half
times as great as by the lake route, though the materials can readily be.
handled throughout by steam shovels and dredges. The power for the
pumping required by this plan of improvements has not received
detailed consideration. However, the Jordan NarrOWs power plant,
now idle for lack of water supply, has been used as a basis for estimates. This plant is modern in every particular and very substantially
built. It has been used during the last two seasons to furnish the
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power for the necessary pumping from the lake. The plant is now
offered for sale and should it be secured in connection with the project
would afford the necessary power for such pumping as is contemplated.
The location of this plant is such that the total supply of water for the
North Jordan, Salt Lake, and South Jordan canals, aggregating 412
second-feet, can be used to supply the power, with an available head
for 292 second-feet, of 35 feet, tailing as now arranged directly into
the Salt Lake City and South Jordan canals, and the remainder of the
water supply, 120 second-feet, under a head of 52 feet, tailing into the
river, to be diverted by the North Jordan, a_ording 1,877 gross horsepower. With a 40 per cent basis of ef_ciency for pumping, the supply
to the Utah and Salt Lake and the East Jordan canals would require
1,750 horsepower maximum, thus leaving a safe margin for further
use. The water supply for the plant now comes from the Utah and
Salt Lake Canal, one of the canals involved in the pumping, and it
seems advisable to include in the plan and estimates a separate gravity
channel at a lower level to supply the plant. Should detailed and
exhaustive investigations be made of all the power possibilities in the
vicinity, it is barely peas-ibis), though hardly probable, that a cheaper
source for power needed could be secured.
PU.“ Pl NH PLA X.
This plan would involve an extension and improvement of the pres—
ent plan of pumping for the canal system and would involve practically
the same amount of lake work as required in the gravity plan if the
entire reservoir supply were to be made available. The maximum water
lift would be 17 feet to supply a 7sfoot depth in the river, requiring a
theoretic horsepower of 2,000 to furnish 1,000 second-feet. In the
estimate which follows are also included the improvements necessary
in the river channel to carry the supply, 1,000 second-feet. Should
this plan be followed probably the present method of supplying power
W0uld he the most feasible, though it involves the dif_culty of a
water supply to start the pumps in each case. By such an arrangement the Jordan Narrows electric plant can be utilized without change
in the water-supp] y arrangement, the total volume of water, 412
second-feet, being available, 292 second-feet under a 50-foot head,
giving 1,659 theoretic horsepower, and 120 second—feet under a (57-foot
head, 91—1 theoretic. horsepower, or a total of 2,57 3, requiring an ef_ciency over all of 77 per cent to furnish the power necessary for the
required pumping—probably not a safe basis for estimates in extreme
‘cases of low lake level.
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('omparixrn‘a of material to be removed on different lines.
f
Line. Mi1e.‘ Sg‘t‘g‘_f“ ‘ Yardx. Line. 1 53:33:." 1‘ Yards. ‘Di_‘erem-e.’
‘ l
1.0., 1 0 to so ..... $12,010 1w... —4 toO ..... l, 15,000 [
Lu. 2.‘ 5:; 10100 ..... 3913300 1th..-. } l
Lu, 2-; 100 [0163...” 311.700 f RM... 1
_ Lu. -1 ; 1.550.211 ..... 350,50) 1 BIL... l
' Ln. .5 . 21110201 ..... ‘ 3-10.00) R'n... ‘
' La; 0 ' 20101317 ..... , 301,400 ' 1th.-.. -.
. ‘C '
- Lu. 7 I 3170.370 ..... ‘ 342.700 ; 1th....
1,-1.1 5 _ 370 towns-0. 170.100 , Rt... 00) 513.... 3,103.700i
Tomi ................. 2,590. 100 1, .................... -..| 3,121,700 E 531,600
, R2" ....... 0:047 ...... ; 302.5001 1th.... 101036 ..... 401.300l 48.800
1 R14 ....... 0:040 ...... _ 309.400; 1th.... 78 to 150+50| 450,500 I 61.100
Lu Proposed location. R26 Trial line.
Rb Traverse of river. Rld Trial line.
MIMATFB OF COST.
Estimate of cottt of gravity plan.
IMPROVEMENTS ON JORDAN RIVER.
Excavation, 2,590,100 yards, at 8 cents ............................... $L 7, 208.00
Right of way for improvements, 40 acres, at $60 ..................... . :3, 400. 00
Ctmtrolling gates at river ............... . ............................ 27, 500. 00
Controlling gates at lake _ . - . ........................................ 22, 000. 00
Two 60-inch Byron-Jackmm pumps installed, complete ................ 24, 000.00
8,000 feet aqueduct for power plant .................................. 56, 000. 00
3 miles transmission line ........................................... 3, 000.00
Power plant ....................................................... 65, 000. (ll
Repairs ............................................................ 15, 000. 00
Engineering and contingencies ...................................... 45, 000. 00
Total ........................................................ 467, 108. 00
EEtilll_tEtl cost per acre-0mt ......................................... l. 53
LA K E ROUTE.
Excavation, 1,800,000 yards, at. 11 cents ................ . ............. $198, 000.00
Sea walls and other protection ...................................... 75, 000.00
Engmeering and contingencies ..................................... . 27, 300. (I)
Improvements on Jordan River ..................................... 467, 108. 00
Total ........................................................ 76?, +08. 00
Per acre-foot ....................................................... 2. 51
Per acre on ”ill-acre duty basis ....................................... 10. .7
EAST HIIORE ROUTE.
Excavation, 5,200,000 yards, at 8 cents: .............................. $416, 000.00
Right of way, 70 acres, at $100 ..................................... . 7, 000. (I)
Engineering and contingencies .............................. . ....... 43, 000. 00
llllprox-‘elnents on Jordan River .............................. . . ..... 467, 108. 00
Total ........................................................ 933. 103. 03
Per acre-foot ....................................................... 3. 05
Per acre 0n '70-er duty basis ...................................... . 13. 33
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Estimate of cost, pumping plan.
0 1,800,000 yards excavation in lake, at 11 cents ........................ $198, 000.00
Sea walls and other protections ..................................... 75, 000. 00
Controlling gates at lake ............................................ 22, 000. (0
Power plant and repairs ............................................ 85, 000. (70
Improvements in Jordan Channel ................................... 100,000. 00
Pumping plant, complete ........................................... 165, 000. 00
Engineering and contingencies ...................................... 65, 500. 00
New control gates in river .......................................... 10, 000. 00
Total ........................................................ 720, 500. 00
Peracre-foot.....-.-.............-....- ............................. 2.36
70 acre-duty basis, per acre ......................................... 10. 29
Summary of estimates.
Total cost lake route ................................................ . $767, 408. 00
306,000 acre-feet, per acre-foot ...................................... 2. 51
Per acre, TO-acre duty, 4.37 feet depth ................................ 10. 97
Total cost east shore route .......................................... 933, 108. 00
306,000 acre-feet, per acre-foot. . . _. ................................... 3.05
Per acre, 70 acre duty, 4.37 feet depth ........................... ‘ ..... 13. 33
Total cost pumping plan - . . ............... _ ....................... 720, 500.00
306,000 acre-feet, per acre-foot ...................................... 2. 36
Per acre, 70-acre duty, 4.37 feet depth ............................... 10. 31
By a comparison of the above estimates it would appear that the
pumping plan for the entire supply would he cheapest by a small
margin. But it is readily apparent that this difference is more than
offset by the increased maintenance expense necessary by such a plan;
furthermore, the objectionable feature connected with the water supply for the electric-power development is of such importance as to
detract considerably from the merits of the plan.
RECLAMATION 0F PORTIONS OF LAKE BED.
In all discussions relating to the Utah Lake improvements, the possibilities of cutting off certain portions of the lake by dikes or other
means are invariably brought to attention. Most important among
these possibilities is the reclamation of Provo Bay. Land in that
vicinity is now rated at $100 per acre. The bay has an area of 5,0(il0
acres. If a. _ll be made one-half mile in length from Snail Island
across the narrow neck, this area can be separated from the main
lake, but it would still remain a marsh, and it would be necessary to
constructa channel along the north and east shore to intercept the
drainage to the bay and carry it to the main lake. With both of these
. undertakings accomplished it is probable that alarge amount of _lling
Would be necessary to bring the level of the bay to a point where it
Would have much value, from the fact that the bed is 5.5 feet below
compromise level.
H. Doc. 44, 53-2—30
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In the estimates which follow only the cost of the cut-off wall and
the drainage channel is given. The plan which seems most feasible
for securing e_icient out_ow from the lake will involve a channel
through the lake from the Jordan southward, a distance of 9 miles.
through the shallow north arm. From the south end of this channel
it would be possible to build cut-off walls east and west to the shore of
the lake, a total length of 5 miles. This involves an area of 20.000
acres, nearly one-fourth of the entire lake surface, and may afford a
chance for land reclamation.
The southern arm, involving practically the same area, could be
cutoff in the same way, and by all three together the lake area would be
reduced more than one-half. In all these cases one important consideration must not be lost sight of; this is the subsurface drainage that it
may be necessary to take care of in such an undertaking. The volume
of such drainage can scarcely be estimated under the peculiar conditions prevailing. The estimates given below are only for such construction as would successfully cut off the areas from the other parts
of the lake, and are based entirely on the use of the most modern and
complete construction facilities.
Estimate for cutting o_" Provo Buy.
300,000 yards, at 20 cents ............................................ $60, 000. (I)
Drainage canal, 7 miles, 120,000 yards, at 12 cents .................... 1-1, 400. 00
Right of way, 51 acres .............................................. 5, 100. 00
Engineering and contingencies ...................................... 8, 000. 00
Total ........................ 87,500.00
Curling q_' northern arm of lake.
1,173,300 yards in dike, at 30 cents .................................. $351, 990. 00
Engineering and contingencies, 10 per cent ........................... 35, mo. 00
Total ........................................................ 337', 190. (I!)
..
Cutting] Igli'.~¢ucrfiurrn arm of lake.
1,285,000 yards in (like, at 30 cents .................................. $365, 500. (I)
Engineering and contingem'_'ies, 10 per cent .......................... 38, 550. 00
Total ........................................................ 424, 050. (ll
AR] 1) LAN DS AV AILABLE.
The greater part of the water supply to be developed under this
project can be utilized to supply the needs of the present canals. though
it is not absolutely necessary to depend on these to use the increased
supply. However, it is not probable that there will be any material
reduction of volume needed on the present irrigated areas, and the
plans thus far have only contemplated the use of the surplus.
Southwest from Salt Lake City, west of Jordan River, and above
all present canal lines, is a long and comparatively narrow bench of
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very desirable lands, over which a reconnaissance has been extended
under the direction of W. P. Hardesty, assistant engineer. The whole
area is now entirely without water, though the greater portion of it is
in private ownership. F urthermore, the water will have to be pumped,
as no gravity supply is available.
Nearly 70 per cent of the total area lies in Ts. 2 and 3 8., R. 1 \V.
The width of the reclaimable tract is comparatively small at the south
end for 2 miles, and at the west end for 3 or 4 miles. The soil varies
a greal deal in different parts of the tract. For 2 or 3 miles at the
south end most of the ground is largely composed of gravel, with many
bowlders and large cobblestones strewn over it. There is a good
growth of sagebrush over nearly all the land not yet broken, from
the south end to a well-de_ned line running nearly one-half mile north
of the south line of T. 3 8., R. 1 w. Only a scanty growth is found
north of this line. From here to the south side of the big “Sand
Ridge,” in T. 2 8., R. 1 'W., the soil is mostly clay, in which the sage
does not _ourish. I
South of Bingham Creek, in T. 3 8., R. 1 W., there is a large sand
ridge, the surface of a portion of which is much broken by the action
of the wind in drifting the sands. Depressions and sand dunes exist
here, and much grading will have to be done. Grading has already
been done on the same ridge below the existing canals, to prepare for
irrigation.
The sand ridge in T. 2 8., R. 1 “'1, is composed of a heavier sand
with a large percentage of gravel, and very little drifting has occurred.
Going westerly in T. 2 8., R. 2 \V., many large cobblestones are
found strewn over the reclaimable land, increasing in size and numbers,
until we _nd that in the west half of the township nearly all the
ground to below the IOU-foot level is well covered with large bowlders
and a large percentage of cobblestones is found in the gravelly soil.
These do not seem to render the soil untillable, as most of this district
has already been placed under cultivation. The. stones in the _elds
have been placed in convenient piles, and they do not seem to seriously
interfere with cultivation. The higher levels have a much larger proportion of bowlders, cobblestones, and heavy gravel than the lower
ones. At the west end these reach down almost to the Utah and Salt
Lake canal.
The soil in which clay predominates is con_ned to the district that
lies between the sagebrush section and the _rst sand ridge (the one
in South Jordan precinct), and to the one between the two sand ridges.
As regards the proportion of the reclaimable lands that have. already
been cultivated in dry farming, it increases to the north toward Salt
Lake City, and to some extent decreases back from the Utah and
Salt Lake canal. Only a comparatively small part above the 7 5 or
IOU-foot level in T. 4 8., and the south third of T. 3 8., has been
TX700084508
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cultivated. North of the Bing-ham Branch of the Rio Grande \Vestem
Railway much the greater portion of the land has been under cultivation at the higher as well as the lower levels. Much land far above
the proposed canals, reaching back to the foothills, has been farmed
in all the different townships. Probably the most valuable body of
land is that in T. 2 S. R. 1 W. Nearly all of this below the 200-wa
level has been farmed. The big “ Sand Ridge ” in North Jordan precinct seems to have been a particular favorite with the “ dry farmers.”
A small part of this has cemented gravel etc., outcropping, and is too
hard and banen for tilling. The remainder seems to be very good
land.
Areas betwem the Utah and Salt Lake mnal and the different levels.
i Elevation above canal.
Township. l . , Remarks.
, 50 feet. 1 100 teet.‘ l 150 feet. 200teet.
l
E Acres. Acres. 7 4crcs. l Acres.
T.4 s., R. 1 w ...... g 725 1,630 ‘ 2, 505 l 3,215
T.3S.,R.1 w ...... i 1,960 3,910,! 5, 715 1 7,535
T.2S.,I-;.1W ...... I 2,065 3,7101 5, 650i 6,820
T. 2 s., R. 2 w ...... 1 440 915 l 1,540 I 2,330
T. 1 s. R. 2 w ...... | 635 930 1 1,055 1 1,090 Onlyareabelow 75.
' , , foot level is conl i sidered 1n section
‘ 31.
Total ......... 5, 825 ll, 095 1 16, 465 21, 040
‘7 1
Estimate for canal at 50-foot lent].
5,000 cubic yards gravel and cobblestones, at 25 cents ........ $1, 250. 00
157,000 cubic yards earth, at 10 cents ....................... 15, 700. 00
250 linear feet. flume ....................................... l, 000. 00
Bridges ................................................... 500. 00
Engineering and contingencies ........... ‘ .................. 2, 000. 00
. $20, 450. 00
Pumping installment complete, including motors, pipe line, etc ......... 32, 000. 00
Proportion of power installment ...................................... 10, 000. 00
Engineering and contingencies ....................................... 4, 200. 00
Total._.-_.-.___.--_-.....-......-............--, ............. 66,650JX)
Per acre ............................................................ 11. 44
Estimate for canal at Ina-foot [ere].
4,500 yards loose rock, at 30 cents .......................... $1, 350. 00
12, 000 3ards cement gravel, at 25 cents ...................... 3, 000. 00
19, 400 vards earth, at 12 cents .............................. 2, 328 00
273, 000 yards earth, at 10 cents ............................. 27, 300. 00
600 feet _ume ............................................ 3,000.00
3,000 feet _ume ........................................... 12, 000. 00
TX700084509
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Estimate for canal at loo-foot lard—Continued.
Bridges ................................................... $2, 050. 00
Engineering and contingencies ............................. 4, 500. 00
— $55, 528. 00
Pumping installment complete, including motors, pipe line, etc ......... 53, 000. 00
Proportion of power installment ...................................... 21, 000. 00
Engineering and contingencies ....................................... 7, 000. 00
Total ......................................................... 136, 528. 00
Per acre ............................................................ 12. 4]
Estimate for canal at 150-fuot Ierel.
3,000 yards loose rock excavation. at 30 cents ................ $900. 00
7,000 yards cement gravel, st 25 cents ....................... 1, 750. 00
21,360 yards earth, at 12} cents ............................. 2, 670. 00
380,000 yards earth, at 11 cents ............................. 41, 800. 00
Flames, 400 linear feet .......................... ’ ........... 2 . 000. 00
Bridges.............---._..--.............; ............... 1,000.00
Engineering and contingencies ............................. 5, 100. 00
$55, 220. 00
Pumping installment complete, including motors and pipe line ......... 90, 000. 00
Proportion power installment ........................................ 3‘2, 000. 00
Engineering and contingencies ....................................... 12, 200. 00
Total ......................................................... 189, 420. 00
Per acre ............................................................ 11. 50
Sunmmry of estimates for canal lines.
Per acre.
50-foot level ............................................................. $11. 44
River improvements ..................................................... 10. 97
Total ......................... - . . _ ................................ 22. 41
loo-foot level ............................................................ _ 1-2. 41
River improvements ..................................................... 10. 97
Total..-.-. ....................................................... 23.38
150-foot level ............................................................ l 1. 50
River improvements ..................................................... 10. 97
Total ............................................................. 22. 47
In the above table are summarized the estimates of cost for the
channels at different levels, also the cost per acre and total acreage
under different levels. All these estimates are based on a duty of 70
acres per second-foot, measured at the head of the canal. 1n the same
table is also given an estimate of the cost of installing the necessary
pumps to supply the volume of water required at the different levels
up to 150 feet.
Land in these localities is valued at $80 to $10” per acre with a water
supply, and as part of the Utah Lake project, there is not a doubt of
the feasibility of supplying water to the lands at the prices given in
the estimate, with safe margin of pro_t. However, should the supply
be made available for the 150-foot level. additional power must be
TX700084510
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supplied, and the cost of such additional supply is included in the
estimates.
Another considerable area of very valuable land lying north of Salt
Lake City is probably next in value to the Jordan River area. This
land is now partially supplied with water in the early spring, and may
be classed as semiarid and of rather inde_nite extent, though probably
not more than 3,000 acres. An extension of the Salt Lake City canal
at a comparatively small cost would supply this area at a cost not
exceeding $25 per acre, including the proportion on river improvements. Details over this section have not been determined.
By far the largest area, though of less value per acre, which may be
reached by extensions of present canal systems is situated beyond the
Lake Point Mountains in Tooele County. The county is very scantily
watered, and the area entirely Without water supply is great enough
to utilize the supply contemplated in the Utah Lake project. Much
of the land is claimed, though undeveloped, and a large quantity has
not been entered. The estimates have not been extended to cover this
area, but general information is such as to give assurance that a gravity
line can be built to cover a very large area at a comparatively small
cost, and a reconnaissance over the section is now in progress.
STATEMENT FROM ARID LAND RECLAMATION FUND COMMISSION.
Statement dated May 9, 1903, from F. S. Richards, counsel for the
Utah Arid Land Reclamation Fund Commission, to the Secretary of
the Interior.
The Arid Land Reclamation Fund Commission, appointed by the governor of the
State of Utah, pursuant to the provisions of an act of the legislature of said State (a
copy of which is herewith submitted), respectfully represents that the Utah lake
project is one which should receive the bene_ts of the national reclamation fund.
It is the natural and only source of water supply for the irrigation of a large area of
semiarid land situated near Salt. Lake City, that with suf_cient water will become
the most valuable and fertile land in the State. Salt Lake City itself is also depend—
ent upon Utah Lake for the increase of its water supply, which is already entirely
inadequate to meet the wants of the present inhabitants of the city.
As certain questions have arisen concerning the interpretation and construction of
the national irrigation law which should be answered before the commission can
intelligently proceed with the work of formulating plans to carry forward this
important project, I am instructed to submit the following statement, and respectfully request your early and favorable consideration of the same.
The present owners of the right to store water in Utah Lake are Salt Lake City, a
municipal corporation, the North Jordan Irrigation Company, the South Jordan
Canal Company, the East Jordan Irrigation Company, and the Utah and Salt Lake
Car-a] Company. The stockholders of these canal and irrigation companies are the
owners of the land which is irrigated by the water _owing through their canals, the
legal title to the water being in the name of the corporation, but the stockholders
themselves being the water users and the owners of the land irrigated.
The _rst dam was built at the Narrows in Jordan River, a distance of about 10
miles north of the outlet of Utah Lake in 1872. The fall in the river between the
TX70008451 1
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Like and the dam is so slight that by placing obstructions in the dam to the height
of 2 or3 feet water can be stored in the lake. Some of the canal companies mentioned had previously communal and were operating their canals, taking water from
the river below the dam, and others had commenced the construction of their canals
prior to the building of the dam.
The city and the four canal companies had all their canals completed and were
using the water in 189:2, and from that time to the present the lake has been used
by them as a reservoir, and the water has been diverted through their canals and
need during the irrigating season of each and every year.
The capacity of the North Jordan canal is 120 cubic feet of water per second, and
has been used t 3 irrigate about 8,000 acres of land.
The capacity of the South Jordan canal is 1-12 cubic feet per second, and has been
used to irrigate about 9,000 acres of land.
The capacity of the Salt Lake City canal is 150 cubic feet per second. The water
has been used for irrigation, for sprinkling the streets and for other municipal purposes, and a portion of it has been exchanged for mountain streams which are now
being used in the waterworks system of the city.
The East Jordan canal has a capacity of 170 cubic feet per second, and the water
has been used for the irrigation of about 16,000 acres of land. The Utah and Salt
Lake canal has a capacity of 246 cubic feet per second and has been used to irrigate
about 16,000 acres of land.
The foregoing facts were found by the court in a suit to quiet title to the waters
of Jordan River, decided in 1901, at which time the court decreed that the city and
anal and irrigation companies had the right to shut off, impound, and store the
entire _ow of the Jordan River (with certain limitations, which are not material
here), and hold and save the same for future use to the extent which in their judgment their interests might require, and that as between themselves the city and the
canal and irrigation companies should have an equal right to the use of all such
waters to the extent of the capacity of their several canals, and while there was suf_cient water forrthat purpose, might each take the full quantity of water their
respective canals would carry, and when water was insufficient to _ll all the canals
to their maximum capacity, then the city and canal and irrigation companies should
be entitled to an equal division thereof, provided that if by such division one-_fth
of the water should exceed the capacity of any of the canals suuh excess might be
used by the remaining canals as had the capacity to take the same in equal
proportions.
Most of the time since 1882 the city and the canal and irrigation companies have
had suf_cient water to _ll their canals during the irrigation seasons of each year.
In 1888, 1889, and 1390, and in 1899, 1900. 1901, and 1902, however, there was a
scarcity of water, and all of the parties suffered in consequence of the insuf_ciency
thereof.
On the 18th of January, 1900, a notice of water ag'npropriation was posted for the
use and bene_t of the city and its inhabitants, by which it appropriated all of the
unappropriated and surplus waters _owing into, arising from, and _owing out of
Utah Lake and the Jordan River with their natural sources of supply for the purpose of storing said water in Utah Lake to the extent of _lling said lake as a reservoir and maintaining the same to a height of 5 feet above the present compromise
level, which is 39} inches above low-water mark, and claimed a _ow of 300 cubic
feet per second; and on the 30th day of January, 1900, a second notice was posted
on behalf of said city, by which it acquired the right to straighten and dredge the
channel of Jordan River, so that its bed would have a uniform grade, as near as
may be, between the lake and the head of the East Jordan canal, the dredging to be
of such depth as would enable the city to utilize and draw off through the canal 1§
TX700084512
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feet of water from said lake below the present low-water level, being an approximate
_ow of 400 feet per second.
In aid of these appropriations, on the 18th day of January, 1900, Salt Lake City
made application for a reservoir site in Utah Lake under the act of (loam of
March 3, 1891 (26 Stats, 1095), by _ling a map, _eld notes, and other data with the
register of the United States land of_ce at Salt Lake City, as required by said act and
the rules of the Department of the Interior concerning the location of reservoirs.
It was found by the Department that some further data were required before the
map could be approved, and as the question of national aid in the establishment of
reservoirs was then being discussed the matter was left in abeyance to see what
action, if any, would be taken by the Government.
Those appropriations were made by the city for its own use and for the bene_t of
its associates, the said canal and irrigation companies, and several thousand dollars
have been expended toward perfecting the appropriations. At the time the original
appropriations were made the laws of Utah did not require any notice to be _led or
recorded, the construction of the canals and use of the water being recognized by
the courts as sufficient to give title to the water used. This was so prior to 1898, but
since that time notice has been required in order to have the title to the use of the
water, when completed, relate back to the time of _ling the notice.
On the 28th day of July, 1902, George C. Lambert, jr., _led a notice of appropriation, claiming 1,000 feet of water per second to be pumped from the lake and used
. for the irrigation of lands lying under the aforesaid canals and such extension thereof
as might be made; also for furnishing electrical power and other bene_cial purposes.
Since said notice was filed and recorded over $50,000 have been expended in the
erection of a pumping plant and other works for perfecting the appropriation, and
the rights of the appropriator have been transferred to Salt Lake City and the said
irrigation and canal companies, who are now the only parties interested in the appropriations and entitled to whatever rights and bene_ts accrue therefrom.
So far as the canal and irrigation companies are concerned, the important question
affecting them is how the Government will recognize and respect their claims as
vested rights. The aggregate capacity of all the canals is 828 cubic feet per second,
and when the water is at compromise level in the lake the flow of the Jordan River
is approximately 500 cubic feet per second. While there has been suf_cient water
to _ll all the canals during most of the irrigation seasons since 1882, during the exceptional years above mentioned the flow of the river has not exceeded 500 cubic feet
per second, and during the last two years it has been considerably less than that,
which necessitated the establishment of the pumping plant.
Inasmuch as the city and the canal and irrigation companies have acquired the
right, under the laws of Utah, to increase their water supply by enlarging the storage
V capacity of the lake, and thereby secure a constant supply of water suf_cient to keep
their canals full during each and every irrigation season, the question is whether the
Government will do this work for the companies, and so perfect their additional
water rights and have the companies pay them for so doing. While the city and
A canal and irrigation companies have the right, under the local laws and existing conditions, to do the work themselves which is necessary to perfect their water rights
and secure a constant supply su_icient to _ll their canals every year, it would be
better and more ctmvenicnt— for all parties concerned if the Government takes hold
of the. project, to have it do all the work and let. the city and canal companies pay it
for the bene_ts they derive. In order to keep all the canals full during the i": igation
season of each year it would probably require the raising of the lake to an elevation
about 18 inches above compromise level.
It would seem that, inasmuch as the irrigation law expressly protects and recognizes vested rights which have accrued under the laws of the State, with a broad and
liberal interpretation of that statute, the canal and irrigation companies might perTX700084513
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f.. c. their additional water rights in the manner suggested. This would simplify the
matter in every particular, as all the water would then go to the companies for distribution among their stockholders and the payments would be made by the companies directly to the Government.
The position of Salt Lake City is a little different from that of the (anal and irri—
gation companies. It requires, in'addition to the quantity of water necessary to _ll
its present canal. about 150 cubic feet per second, which would represent a depth of
about 7 inches on the surface of the lake. One of the principal uses which the city
has for this water is to exchange it with the owners of the water of mountain streams
_owing into the Jordan River south of the city, so that the water from those streams
might be taken to the city and used in its waterworks system for municipal purposes, while the water from the lake would be used for the irrigation of the lands
heretofore irrigated by the mountain streams. It is exceedingly desirable that the
city should have an opportunity to perfect its rights to this additional water by having the Government perform the work and let the city pay its charges for the same.
Of course, if it should be determined that the city and the canal and irrigation
companies may perfect their additional water rights in the manner suggested, by
having the Government do the work and letting the companies pay its charges for
the water, it should be known what security would he required for the payment of
the charges. The companies being all solvent and their property unincumbened,
there can be no question as to their liability to give any reasonable security that may
be required.
It is also desirable to know whether it would be necessary for the canal and irrigation companies desiring to perfect their additional water rights as aforesaid to effect
a consolidation or merger of their interests into one company, or whether the Government would deal directly with each company for the water taken by it. Of
course the city, being a public corporation, could not effect a merger with the canal
and irrigation companies, as they are private corporations.
When these vested rights are disposed of there would still remain a vast quantity of
water in the reservoir (depending, of course, upon its size and capacity) to be used in
the reclamation of large areas of land which have never yet been irrigated and which
are dependent upon the water of Utah Lake for irrigation. It would then be a simple matter to organize a water users’ association, bringing in all the landowners and
making the water appurtenant to the land. Under the laws of Utah the water
which is owned by the canal and irrigation companies and by the city is not appurtenant to any particular land.
With such an interpretation of the law as is here suggested, the water in the reservoir would consist of three classes:
First. The water representing the quantities that have heretofore been used by
the city and the canal and irrigation companies, and for which the Government
would not be entitled to receive pay.
Second. The additional water acquired by the city and the canal and irrigation companies under their several appropriations, for which the Government would receive
pay; and .
Third. The remainder of the water in the reservoir which would go to the membem of the water users’ association and become appurtenant to the lands upon which
they are used and for which the Government would be paid.
In conclusion, I respectfully request, on behalf of the commission, that the
honorable Secretary of the Interior consider the matters contained in the foregoing
statement and determine the following:
First. That this commission receive of_cial recognition and such arrangements be
made that the of_cers of the Department in immediate charge of the work will consult the commission, whenever practicable. concerning details of interest to Utah.
Second. That the recommendation of the commission regarding the primary
TX700084514
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importance of water storage in Utah Lake be given due weight, and that work upon
this important matter be taken up at the earliest practicable date.
Third. That if, in the judgment of those in charge of the matter, the work connected with Utah Lake is of such magnitude, or involves such complications that
rapid progress can not be made, then attention he also given to some other or more
simple project, but without prejudice or delay to the work on Utah Lake.
Fourth. That physical facts as regards the amount of water now available and
utilized, and as to the amount. of water which might be available under the best
possible conditions, be ascertained.
Fifth. That the extent be estimated to which lands now arid and without water
may in future be irrigated.
Sixth. That the claims and rights of the city of Salt Lake to waters not. now
available, in years of drought, and to increase its water supply as hereinbefore
stated, he recognized, and plans made by which lake water may be exchanged for
the water of mountain streams, to be used for municipal purposes and the domestic
use of the inhabitants of the city, while the lake water is utilized to the largest
possible degree in the extension of irrigation.
Seventh. That it may be determined, under the law of June 17, 1902, that existing
canal and irrigation companies can be dealt with as representatives of individual irrigators and resident landowners, and whether, in so doing, a merger of the companies
is necessary.
Eighth. That the waters now claimed by these canals and irrigation companies,
but not available in years of drought, may be secured to the companies through the
payment of the cost of the works necessary for this purpose.
Ninth. That if this can be done, it should be determined what kind of security will
be required by the Government to insure such payments.
Tenth. That the. amdunt of water which may be utilized for the reclamation of
lands now without such water supply, and the conditions under which an association
of water users may be formed to reclaim these lands, may be determined.
A copy of the sections of the Revised Laws of Utah, 1898, which seem to be pertinent to this inquiry, is hereto appended.
Any further information that may he desired concerning either the law or the
facts will he gladly furnished upon application, as the commission desires to do
everything in its power to facilitate this important matter.
EXTRACT FROM THE REVISED STATUTE-El OF UTAH, i898, RELATING TO IRRIGATION AND
WATER RIGHTS.
1261. Water right acquired by tippmprialion.—The rights to the uw of any of the
unappropriated waters of the State. may be acquired by appropriation.
1262. Id.—.’l{ust be for useful 1mrpoxe—nlmndonmml.—The appropriation must be
for some useful or bene_cial purpose, and when the appropriator, or his summer
in interest, abandons or ceases to use the water for a period of seven years the right
ceases, but questions of abandonment shall be questions of fact, and shall be. determined as are other questions of fact.
1266. Secondary rights—lum- acquired—A secondary right to the use of water for
any uwful or bene_cial purpose may be appropriated, subject to the perfect and
complete use of all prior rights. to the extent of and reasonable necesslty tor such
use thereof, in the manner hereinafter prescribed, under any of the following
circumstam-es:
l. Whenever the whole of the waters of any natural stream, watercourse, lake,
spring, or other natural source of supply has been taken, diverted, and um by prior
_ppruprlalm‘s for a part or parts of each year only, and other persons shall subsequently appropriate any part, or the whole, of such water during any other part of
smell year, such persons shall be deemed to haVc acquired a secomlary right.
TX700084515
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2. \Vhenever, at the time of an nunsual increase of water exceeding seven years’
average _ow of such water, at the same season of each year, all the water of such
average _ow then being used by prior appropriators, and other persons shall appropriate and use such increase of water, such persons shall be. deemed to have acquired
a secondary right.
1268. -iIJpI‘Ol/I’t‘alor to post twice—contents.-—-Any person hereafter desiring to appropriate water must post a notice in writing in two conspicuous places—one copy at the
nearest post-of_ce to the point of intended diversion and one copy at the point of
intended diversionéstatiug therein:
1. The number of cubic feet per second claimed.
2. The purpose for which it is claimed and the place of intendel use, and, if for
irrigation, the number of acres to be irrigated.
3. The means of diversion, with size of Hume, ditch, pipe. or aqueduct by which
he intends to divert it.
4. The date of the appropriation.
5. The name of the appropriator.
1269. Jet—Notice to be reri_ed and recorded—furtherfarm—Within twenty days after
the date of appropriation the appropriator shall _le for record with the county recorder
of the county in which such appropriation is made a notice of appropriation, which,
in addition to the facts required to be stated in the posted notice, as hereinbefore prescribed, shall contain the name of the stream from which the diversion is made, if
such stream have a name, and, if it have not. such a description of the stream as will
identify it, and an accurate description of the point of diversion on such streams,
with reference to some natural object or permanent monument. The notice shall
be veri_ed by the af_davit of the appropriator, or some one in his behalf, which
af_davit must state that the matters and facts contained in the notice are true.
1270. Cummmcement and prosemlion of work—Within forty days after posting such
notice the appropriator must proceed to prosecute the excavation or construction of
the work by which the water appropriated is to be diverted, and must prosecute
the same with reasonable diligence to completion. 1f the ditch or _ume, when constructed, is inadequate to convey the amount of water claimed in the notice aforesaid the excess claimed above the capacity of the ditch or Hume shall be subject to
appropriation by any other person, in accordance with the provisions of this title.
1271. Effect of failure to comply.—A failure to comply with the provisions of this.
title deprives the ap-propriator of the right to the use of water as against a subsequent
claimant. who complies therewith, but by complying with the provisions of this title
the right to the use of the water shall relate back to the date of posting the notice.
1275. Counly record of declaration, run—The county recorder must keep a wellbound book, in which he must record the notices and declarations provided for in
this title.
BEAR LAKE PROJECT.
On March 16, 1903, a letter was addressed to the Secretary of the»
Interior by the Bear Lake and Bear River Irrigation Commission,
Logan, Utah, inviting attention to the possibility of the use of Bear
Lake as a reservoir for the storage of the _ood and unappropriated
waters of Bear River for the irrigation of the following areas:
1. An area of more than 100,000 acres lying northwest of Bear River
in the vicinity of Bancroft, Idaho. .
2. An area of about 150,01'10 acres in the vicinity of Downey, Idaho,
and extending southward into northern I'tah.
3- About 30,000 acres between Cuh and Bear rivers, in northern;
Utah and southern Idaho.
TX700084516
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The investigations of 1902, reviewed in the First Annual Report. of
the Reclamation Service, pages 282—287, cover the general conditions
in the vicinity of Bear Lake, the work being con_ned entirely to that
section. Early in June of 1903 the _eld work was taken up on a
.broader basis and the work extended to land provisionally withdrawn
in connection with the project.
The maps accompanying this report indicate the extent of progress
and fairly represent the prevailing conditions.
\VATER SUPPLY.
Early in the spring of 1903 attention was directed to the determination of the _ood discharge of Bear River above Bear Lake Valley,
as the information relative thereto obtained prior to that time was
largely speculative, being gathered almost entirely from residents of
the district.
A substantial and well-equipped gaging station was established
above Bear Lake Valley, and a careful record has been kept since
,May 9, 1903. The results of the measurements thus far indicate a
.smaller _ood discharge than was deduced from the information men.tioned above. The maximum measured discharge was 1,333 secondfeet, but the gage readings indicate a maximum in June, 1903, of
1,420 second-feet and an average during that month of 1,350 feet.
The total _ow for April, May, June, and July was very close to
220,000 acre-feet.
The contention of residents of the valley that this year was not an
.average high-water year is supported by the records at the Battle
Creek and Collinston stations, lower down on Bear River. The records
-of the late fall and winter _ow will be of interest, as records of the
river at other stations indicate a heavy winter discharge. However,
it is probable that the average volume available for storage will not
be as large as local reports indicate.
The very large springs in the body of the lake, so often mentioned
in speculations relative to its possibilities, do not appear to be safe
sources upon which to base plans. However, a record of the lake _uctuations, kept since July 1, 1903, shows a total reduction of only 0. 85
foot in the lake elevation to the end of December. The evaporation for
the same period would not be less than 1.50 feet, indicating a supply of
:about 0.65 foot in six months, which over the lake area of 64,000 acres
would mean an annual supply at that rate of 83,000 acre-feet from
sources directly supplying the lake. To this should be added a _ood
discharge from the spring season supply, and the possible diversion
of that portion which now evaporates in the north lake, so that the
volume from these sources should be safely 100,000 acre-feet, which, if
added to the supply available for diversion from the Bear River at the
Dingle station. would make a safe estimate of the available water supTX700084517
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ply 361,000 acre-feet per year. However, in the estimates which follow, the available supply has been placed at 350,000 acre-feet, and in
view of the conditions prevailing in the localities where its use is contemplated, it is estimated that it will safely supply 11,10,000 acres of
land. In estimating the size of the diversion channel from Bear River
to the lake a factor has been allowed which will enable the _ood of
high-water years to replenish any possible shortage that should occur.
' Discharge of Hair River.
At Dingle, Idaho. i At Battle Creek. j At Collinatou.
Mcnth. — _
Mean. Total. Mean. Total. Mean. Total.
Semml- 1 1 Secondfz’cl. Aer-eject. Sramdofeet. ; Acre-_’e‘t. feet. Acre-feet.
January ............ - 250 14, 800 503 l 30, 900 1, 239 76, 183
February ........... 200 11,900 663 i 36, 800 i 1, 555 86, 35-1
March .............. 250 14, 800 1,217 I 74, 800 | 2, 033 124, 943:
April ............... 500 29, 700 l, 619 96, 300 1 2, 399 142, 750
May ................ 672 41, 600 2, 726 167, 600 l 4, 469 274, 788:
June ............... ], 061 , 63,100 1, 425 84, 300 l 2, 029 120, 734»
July ............... 466 l 29, 600 497 29, 900 ‘ 686 42, 190
August ............. 205 , 12, 7 418 25, 700 l 574 35, 291
September .......... 149 . 9, 900 436 25, 900 1 724 l 43, 091
October ............ 169 9, 900 505 :11, 109 1, 006 81, 857
November .......... 217 12, 500 56] 1 33, 400 1, 114 68, 073
December .......... 227 l 12, 700 614 I 37, 900 1,197 73, 600
Total ........... 1 ........ ‘ 26], 100 1 .......... (175, 000 ......... 1, 149, 837
Average ........ 361 .......... i 921 .......... I 1, 599 ...........
RESERVOIR SURV EYS.
The entire project is naturally divided, geographically and otherwise, into four sections: (1) Storage and control, including Bear Lake
and the channel for diverting Bear River into the lake and the canal
for drawing 011‘ the waters of the lake; (2) the lands temporarily
withdrawn in connection with the project in the vicinity of Bancroft,
Idaho; (3) Withdrawn areas in the Marsh Valley; (4) the section of
northern Utah that maybe included in the project, together with
the streams of the Cache Valley, the _ood supply of which forms an
important factor in this part of the project.
STORAGE AND CONTROL.
The investigations of the present season have veri_ed the preliminary work of 1902, so far as the channels to and from the lake are
concerned. Further examination of the barrier forming the north
TX700084520
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shore of the main lake shows that the slope on the lake side is very
gradual, the depth of water at a distance of 700 feet from the shore
only reaching 4 feet, with indications of the same gradual slope for a
great distance into the lake. With the plan to draw down the lake
2% to 3 feet below the present level, this condition will materially
reduce the chances for seepage losses in that section and thus simplify the construction compared with that _rst anticipated.
By a careful examination of the shore line of the lake it has been
found that the meander line of the public surveys is considerably
above any level to which the lake would he raised if the tentative
plans upon which the present investigations are based should he
carried out. thus eliminating questions relating to the right of way for
the proposed storage, in so far as it relates to patented claims.
Two private projects are in course of development to utilize portions of the Bear Lake section. The Telluride Power Company is
constructing a 35-foot channel from Bear River to North or Mud Lake.
Their plan, as outlined in their recorded notices of appropriation, contemplates the raising of the surface of the lake, including the North
Lake section, 5 feet above the level of the lake at the time of the _eld
examination in 1901. The company proposes to divert Bear River
into the lake basin, and have begun the construction of the channel
mentioned above. The alignment of this channel is shown on the
accompanying map. Little progress has been made. on the work,
though it is not entirely abandoned. The recorded plan of utilization
is inde_nite, covering in one general statement all possibilities of
power and irrigation development from the Bear Lake Basin to Great
Salt Lake. No work of any kind has been done toward the utilization
of the water that may be stored.
The Utah Sugar Company is constructing a channel, also shown on
the maps herewith, from North or Mud Lake to Bear River. Little
progress is being made on this project, as the channel is large, having
a bed width of 100 feet and a grade of 1.25 feet to the mile, the grade
of the bed being 4 feet below the present level of Mud Lake. If the
channel were extended on the same grade to intercept the main lake
it would be 4.5 feet. above the present lake surface; therefore, such an
extension is probably not contemplated, and while the plan will
undoubtedly furnish some additional water to Bear River, it is by no
means such a one as will develop the possibilities of Bear Lake in a
satisfactory manner.
The contemplated utilization of the water by the sugar company is
in the northern part of Utah, mainly in Boxelder County. In this
section a large electric-power plant has recently been completed, which
will utilize Bear River water and discharge it at a point so low as to
preclude all possible use for irrigation under a'gravity system. It is
generally recognized that the sugar company‘s development of Bear
TX700084522
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Lake is intended to supply water for this power plant, as well as to
make possible an extension of the irrigated area owned by the sugar
company in Boxelder County, Utah.
The extent of proposed irrigation development under the project is
not apparent, though the possibilities are great, and in the district of
the proposed operation water is valuable.
The following outline and estimate for the project is given. The
river bed is largely of gravel and clay, and the estimate is based on a
grillage foundation -for the dam, the latter to be entirely of concrete
The upper section of the canal is entirely an earthen excavation, and
the lower varies from rock to gravel and earth, admitting of highvelocity design.
' Estimated cost of diversion of Bear River.
DIVERSION DAM.
‘ 1,008 yards concrete, at $8.50 ......................................... $8, 568. 00
Grillage foundation - ................................................. 3, 300. 00
Gauges and waste weir ............................................... 6, 000. 00
INVERSION CHANNEL, UPPER SECTION.
Earth excavation, 207,902 yards, at 10 cents. -. . . . . . . . . . . . . .. - .' ........ 20, 790. (1)
Right of way, 60 acres, at $50 ........................................ 3, 000. 00
Drop at station 124 .................................................. 12, 000. 00
Incidental damages. . .' ............................................... 5, 000. 00
INVERSION CHANNEL, LOWER SECTION.
Earth excavation, 400,000 yards, at 11 cents ........................... 44, 000.00
Earth and gravel, 270,000 yards, at 20 cents ........................... 54, 000. (l)
Solid rock, 40,000 yards, at 90 cents ............... '. .................. 36, 000. 00
Retaining walls, 10,000 yards, at $4 ................................... 40, 000.00
Right of way ........................................................ 5, 000.00
Engineering and contingencies ....................................... 25, 000. (I)
Total ......................................................... 202, 658. 00
The channel for conveying the water from Bear Lake to Bear River
otters but few problems beyond the ordinary earthen excavation, but
in order to carry the necessary volume and utilize the lake to the
required depth this channel will be deep and of large capacity, with
but slight grade. The estimated cost of this channel is as follows:
Estimate of cost of outlet channel.
Earth excavation, 2,178,400 yards, at 9 cents ......................... $196,056,00
Controlling gates at lake ....... , .................................... 10, 000.00
Right of way ..... . ................................................. 5, 000. 00
Engineering and contingencies ...................................... 21, 000.00
Total ........................................................ 232, 056. 00
To intercept the drainage and _ood _ow “011] the western mountain
streams of the valley a channel is proposed above the outlet channel.
This channel will accomplish the double purpose of adding to the storTX700084523
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age volume and overcoming channel crossings on the outlet line. Such
a channel is estimated as follows:
Earth excavation, 190,000 yards. at 10 cents .......................... $19. 000. 00
Right of way ..................................................... - . 3, 000. 00
Engineering and contingencies ...................................... 2, 500. 00
Total ........................................................ ‘24, 500. 00
S'mmnary of enlimntm 'if cost of storage 'uml mnlrol.
Diversion channel ........... ' ........................ . .............. $ 262, 658. 00
Outlet channel .................................................... 232, 0:36. 00
Supplementary diversion ........................................... 24, 500. 00
Total ........................................................ 519, 214. 00
350,000 acre-feet, cost per acre-foot .................................. 1. 49
BANCROP‘T AREA.
The valley of Bear River is narrow immediately above Bancroft Valley, and has a fall of more than 60 feet in the _rst 5 miles below Soda
Springs. In Bancroft Valley a large area of uncultivated and largely
unclaimed land has been withdrawn from entry in connection with the
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FIG. 47.—Map of area near Bancroft. Idaho, showing line 01 proposed diversion canal.
Bear Lake project. The river at this point follows near the rim of
the Great Basin, and the lands of Bancroft Valley are partially within
the drainage basin of Snake River. However, this offers no serious
dif_culty, the boundary of the basin being Scarcely perceptible at this
point. The diversion of the water from the Great Basin to Snake
River can be readily accomplished.
The results of the _eld work of the past summer show that a diversion from Bear River at a point a short distance above Soda Springs
H. Doc. 44, 58—2 31
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will readily cover this entire area, and, though it will involve some
dif_cult construction, the area is so large that the cost may be within
a reasonable limit. The _eld examination for the main line of the
diversion canal has received careful consideration, and a reconnaissance
survey of the entire area has been made.
Two plans for diversion for the Bancroft area have been considered,
and the estimates given below cover both plans. In each case a
rock—_lled dam is proposed, the conditions relating to materials and
other details indicating that such structures are most feasible. In each
case the river is in lava formation, and an abundance of lava rock is
available.
Estimate of cost of rock-_ll dirersion dam at upper diversion point.
Loose rock, 43,579 yards, at $1.25 .................................... $54, 473. 00
Concrete, 1,660 yards, at $8 .......................................... 13,280. 00
Excavation, 5,660 yards, at $1 ........................................ 5, 660. 00
Rock, hand laid, 4,000 yards, at $2 ................................... 8, 000. 00
Earth and gravel back _lling .......... 10,000.00
Excavation for spillway. 3,000 yards, at $1 ............................ 3, 000. 00
Control waste gates .................................................. 4, 000. 00
Canal gates ......................................................... 3, 000. 00
Right of way due to backwater ....................................... 1, 000. 00
Engineering and contingencies ....................................... 11, 000. 00
Total .................................. _ ...................... 113,413.00
Estimalc of cost of dimrsion channel.
Earth, 663,273 yards, at 11 cents ......................... $72, 960.00
Gravel, 75,772 yards. at 20 cents ......................... 15, 154. 00
Bowlders, 250 yards, at 60 cents .......................... 150. 00
Rock, 60,000 yards, at $1 ................................. 60,000. 00
Formation rock, 88,349 yards. at 75 cents .................. 66, 262. 00
Crossing Spring Creek ................................... 20, 000. 00
Crossing Soda Creek ..................................... 30, 000. 00
Right of way ........................................... 6, 000. 00
Engineering and contingciicit-s ........................... 26, 500. 00—— $297, 026. 00
Upper diversion dam ............................................... 113, 413. 00
Grand total, upper site ....................................... 410, 439. 00
Estimnlp of cost If ruck-fill dam a! Iolre'r dirrrsion point.
Loose rock, 140,000 yards, at $1.25 ................................... $175, 000. 00
Back _lling, 30,000 yards, at 40 cents ................................ 12, 000.00
Concrete, 500 yards, at $6 ........................................... 4, 000. 00
Excavation, 24,000 yards, at 40 cents ..... . ........................... 9, 600. 00
Over_ow and gates ................................................. 12, 000. 00
Right of way ....................................................... 10,000.00
Excavation, canal to station 075‘. 0,500 feet:
Rock, 40,000 yards. at $1 ...................................... 40, 000.00
Earth, 145,000 yards, at 12 cents ................................. 17, 400. 00
Engineering and contingencies . . - . . ................................. 28, 000. 00
Total ........................................................ 303, 000. 00
TX700084527

UTAH: BEAR LAKE PROJECT. 483
These results indicate that the lower location for diversion would
e_'cct a saving of $102,439, and it is therefore adopted in the subsequent estimates.
In order to supply the lands in the Bancroft area two subdivision
canals will be necessary, one to follow near the line of the south branch
of the Soda canal and the other to follow the foothills northeast of the
valley. The southern branch would supply water for about 15,000
acres and the northern for about 20,000 acres.
Estimates of cost of wbdirisioa canals.
SOUTH BRA SCH.
Earth excavation. 366,700 yards, at 12 cents ........................... $44, 004. 00
Rock, 38, 600 yards, at $1 ............................................ 38, 600.00
xoarn BRANCH.
Earth excavation, 600, 000 yards, at 12 cents .......................... 72, 000.00
Rock, 51,000 yards, at 81 ............................................ 51, 000. 00
Flames and acqueducts .................... . ......................... 25, 000. 00
Engineering and contingencies ...... . ................................ 23, 000.00
Total ......................................................... 253, 604. 00
35, 000 acres, per acre ................................................ l 7. 25
Proportion of storage and diversion ................................... 8. 27
Total cost per acre ............................................. 15. 52
It is possible to reach the greater and better portion of the Bancroft
area by a diversion at the diversion point of the Last Chance Canal
Company, near the southwest corner of T. 9 5., R. 41 E., thence the
water can be carried to the line proposed from the Soda Point dam.
The present Last Chance diversion dam is a wooden crib, rock-_ll dam
18 feet high, of recent construction, serving to divert water for the
lands south of the Bancroft Valley. In order to supply the Bancroft
area from that point it would be necessary to raise the Last Chance
dam about 5 feet and construct 0 miles of canal with about 500 secondfoot capacity, thence joining with the Soda Point proposed line.
An estimate for the irrigation of the Bancroft area by that means is
given below:
Estinmle of cost of irrigating Bancroft arm by diversion near Last Chance rmml.
Raising Last (‘hance dam ................................ $20, 000. 00
Tunnel 700 feet ......................................... 12,000.00
Gates ................................................... 4, 000. 00
9 miles channel ......................................... 110, 000.00
24 miles channel ........................................ 148, 000. 00
Engineering and contingencies ........................... 3], 000. 00
$325, 000. 00
Storage and control proportion ...................................... 18:2, 000. 00
Total ................................................... . . . . . 507, 000. 00
35,000 acres, per acre - .............................................. 14. 50
TX700084528
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MARSH VALLEY AREA.
A number of years ago a preliminary survey was extended over the
large area of _ne lands in the Marsh Valley district, the object being
to determine the possibilities of an irrigation system supplying water
to that section from Bear River. Though the results are reputed to
have shown an entirely feasible project, the work was never undertaken, but the project has recently attracted much attention. If the
land in that section is to be irrigated its water supply must come
from Bear River, and for this reason it is important that the project
should be considered by the Reclamation Service.
A preliminary reconnaissance has been made over the area with
the idea of determining the general possibilities. There is but one
general plan that can be followed if that area is developed. The
water must be diverted above Bancroft Valley and carried over to
Portneuf Creek, from which it can be diverted to the area in question.
The upper section of the canal from the Portneuf, for a distance of
18 miles would be very expensive on account of steep side hills and
numerous ravines which would be encountered. However, the following is given by W. E. Young,who made the reconnaissance, as a liberal
estimate for the cost to cover the entire area aggregating 70,000 acres
extending from McCammon on the north border to the town of Clifton
on the south, and bordered on the west by the Marsh Creek gorge.
Exh’ male for Marsh Valley area.
Earth excavation, 3,639,300 yards, at ll cents ........................ $400,325. 00
Rock excavation, 178,500 yards, at $1 . . . - . . . . . . . . . . - . - - .' ............ 178, 500. 00
Siphon, 2,500 feet, at $12 .......................................... 30,000.00
Fluming, 8,000 feet, at $4 .......................................... 32,000 00
Tunnel, 10,000 feet, at $20 ....................... . ................. 200,000.00
Diversion works ................................................... 20, 000. 00
Engineering and contingemries ...................................... 86, 000. 00
Total ........................................................ 916, 823. 00
70, 000 acres, per acre- ............................................... 13. 50
To this estimate must be added the cost for the storage and diversion
of the water. $8.27 per acre, and an additional cost for increased size
of the northern branch of the Bancroft system, estimated at $2 per
acre. This makes the total cost on the lands in the Marsh Valley
section 5523.77 per acre.
After the line of the reconnaissance leaves Portneuf Creek it turns
southward, skirting the eastern foothills of the Marsh Valley. This
valley commences at Portneuf Creek on the north and extends to
Bedrock Pass on the south, and Marsh Creek on the west, comprising
a large body, not less than 50,000 acres, of good agricultural lands.
Sections of the area have been entered under the homestead law, and
with a scant supply of water from the low mountains to the cast for
ll
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domestic purposes, dry farming is undertaken, but with little measure
of suCcess. The small town of Downey is the center of this division,
and there is much interest showa in any plan that will supply the
lands with water. The climate is mild, and best suited to the raising
of hay and grain. .
At Redrock Pass, the southern extremity of the Marsh Valley section, the valley opens up to the south into the Oxford, or northern
Cache Valley, with drainage into Bear River. At this point the
reconnaissance indicated that one channel to the east side of the valley
and another to the west would he necessary, although excepting one
inverted siphon the entire construction would he in earth.
The area of very fine agricultural lands that can be reached by such
plans in this section would aggregate 20,000 acres, bringing the total
up to 70,000 for the entire Marsh Valley area. Should this area and
that of the Bancroft Valley be reclaimed, the entire available supply
of the reservoir would be utilized without further extensions. The
lands in this area were also withdrawn from entry in connection with
the Bear Lake project.
NORTHERN I'TAII AREA.
As Bear River leaves southern Idaho it enters the broad and fertile
Cache Valley, one of the oldest irrigated sections of theWest, thence
it Winds through the narrow Bear River Canyon and enters Salt Lake
Valley. Cache Valley is generally considered one of the most liberally
watered sections in the Great Basin. While this is generally true of
the area east of Bear River, some large tracts west of the stream are
as yet not supplied with water.
One project intended to irrigate a portion of this area is now partially completed, and another scheme, involving some storage on the
smaller streams, has recently been projected under the Idaho State
irrigation district law; but after the completion of these works there
will still remain a considerable area to be reclaimed. North of the junction of Bear and Cub rivers, and between these two streams, is a considerable area that is only partially irrigated, and will necessarily he
considered as a part of the Bear River irrigation system, from the fact
that the land is of the best quality and in great demand in that section.
The present canal systems of these sections are indicative of the
possibilities, and extensive preliminary work seems unnecessary over
the greater part of that area.
Below Cache Valley irrigation questions on Bear River become quite
complicated. The Bear River canal, originally the Bothwell, diverts
water on both sides of the river at the upper end of the lower Bear
River Canyon. One of these diversions (that on the west side of the
river) irrigates an extensive area on the mesa north of Great Salt Lake;
TX700084530
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while the East Branch, intended to extend to Ogden, Utah, was abandoned for a number of years; but has lately been cempleted, to add to
the supply of water for the power plant recently constructed in the
canyon, and incidentally to sustain the supply of the other canal in
case of breaks. This was to be accomplished by means of an S—foot
inverted siphon, connecting the two canals. Thus it seems that, so far
as the irrigation problems are concerned, the company has abandoned
the original idea to extend the irrigation system to Ogden.
However, there has recently developed a renewed effort on the part
of the land owners in the district so abandoned to bring about the
completion of the original plan. The details are not yet made public,
but large prices are offered for water supply in the region concerned.
This e_'ort will doubtless direct. the attention of the residents of that
section to the fact that the water for such an extension must be supplied by storage somewhere in the Bear River district. In other
words, such an extension of the irrigation from Bear River in that district must be taken into account in the full development of the Bear
Lake project. Fertile and valuable fruit lands are to be found in
this section, and there will be strong _nancial support to any movement for increased water supply on the lower Bear River.
In case the project should be developed to the full extent of its possibilities, the storage of the _ood waters of Logan River, and probably
of those of some of the other large streamsrof Cache Valley, would
form an important adjunct to the general scheme. None of the _ood
waters of the Cache Valley streams are appropriated, and from Logan
River alone this discharge reaches 1,200 to 2,000 second-feet during
May and June of each year._
J_'_u‘ trj_ _ _ __ _ .—
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INVESTIGATIONS IN WASHINGTON.
By T. A. Noam.
After a preliminary examination of the various projects proposed
in the State of Washington it was decided to concentrate the _eld
force during the season of 191 '3 upon two projects, viz, the thorough
investigation of the hydrographic and topographic features of the
Okanogan project, and a plane-table reconnaissance down the valley
of Spokane and Columbia rivers and through the Grand Cqulee from
below Spokane Falls. . I
To fully complete the work of investigation in connection with the
Okanogan project will require a portion of the _eld season of 1904.
No de_nite conclusion as to the water supply, capacity of the proposed
reservoirs, amount of land that can be irrigated, and cost of construction can be obtained until the records of discharge measurements and
other data have been kept for a complete year.
The survey of Green Lake and Brown Lake reservoirs, the canal
line from Brown Lake to the irrigable lands, and a survey of a portion
of the irrigable lands have been completed.
Gaging stations have been established on Salmon, Sinlahekin, and
Johnson creeks. On Salmon Creek the rating curve has been completed. 0n Johnson Creek the discharge is measured over a weir.
The station on Sinlahekin Creek was established too late to complete
the rating curve this season. Thirty-six discharge measurements were
taken on various private irrigation ditches and at the regular stations
on Salmon and Sinlahckin creeks.
The _eld work on the reconnaissance survey down the valley of
Spokane and Columbia rivers through the Grand Coulee has been
completed. The excessive cost makes the plan impracticable.
A thorough reconnaissance survey has been made of two other possible plans for diverting the waters of Spokane River onto the arid
lands under the Big Bend project. By one plan the water will be
carried through one long tunnel and by the other through a series of
canals and short tunnels. The preliminary report submitted giving
the. details of these plans indicates that the cost of this work, though
i very great, would probably not be excessive when the very great area
of land that can be. irrigated is considered.
In connection with the Big Bend project the following river gaging
stations have been maintained: 0n I’riest River, near Priest River,
487
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Idaho; on Pend Oreille River, near Priest River, Idaho: on Little Spokane River, near Spokane, \\'ash.; on Palouse River. near Hooper,
“rash; on Spokane River, at Spokane, “’ash. Discharge measurements of Hangmans Creek and Little Spokane River were made at
Spokane by George H. Bliss.
OKANOGAN PROJECT.
AREA TO BE IRRIGATED.
This project contemplates the irrigation of the bench lands in the
valley of Okanogan River, in Ts. 3:2, 33, and 34 N., Rs. :25. :26, and :27 E..
of “iillamette meridian, in Okanogan County
The land lies in a series of benches, the highest being at an elevation of 1,301.) feet, and the lowest, along the river, at 751] to 800 feet.
Owing to-the very irregular shape of the lands and their varied nature
it. is impossible to give any accura'te estimate of the amount that can
be irrigated until a complete map of the area has been made. This
map will probably be completed during this _eld season. All of this
land, with the exception of. a narrow strip lying along Okanogan
River, is too high to be irrigated from the river.
It is believed that, including the unsurveyed townships and the land
in Colville Indian Reservation. 40 per cent is public land. Eleven
townships have been temporarily withdrawn from entry pending
investigation. After the topographic maps of the irrigable area have
been completed and the boundaries of the area de_ned, a large part
of the land withdrawn can be restored to entry
“'ATER SUPPLY.
The streams which have suf_cient elevation to irrigate the highest
portion of the bench lands are Salmon, Johnson, and Sinlahekin creeks.
Salmon Creek _ows through the southern portion of the irrigable area
and Johnson Creek through the northern portion. Salmon Creek rises
in the mountains north and west of. (Tom-onully, forming the divide
between Methow and Okanogan rivers. The two main branches come
together 1 mile south of the town of Conconully. The headwaters are
well timbered, mountainous, and covered with a luxurious growth of
bunch and pine grass.
Johnson Creek rises from a spring 1n sec. 26, T. 35 N., R. :25 E.
This spring is fed from two small creeks, one _owing from Fish Lake
and the other heading at the foot of the hill southeast of Conconully.
During most of the year this stream is very constant in volume. being
fed almost entirely from springs.
Sinlahekin Creek rises in the mountains north and west of Fish Lake.
_ows west into the coulee, extending north from Conconully in T. 37 3X.
R. 24 E, and _ows north through this coulee to Similkameen River
near the international boundary.
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If Salmon and Johnson creeks do not furnish suf_cient water it is
proposed to divert the unappropriatcd waters of Sinlahekin Creek into
Fish Lake. where they would _ow by natural channel into Johnson
Creek. The headwaters of Sinlahekin Creek are well'timbered and
covered with a. luxuriant growth of grasses.
It is very essential that the headwaters of these streams be protected
from overgrazing. At the present time plactically all of the drainage
area is untouched. and there is an abundant growth of grass and young
trees which protects the water supply. As the country becomes more.
settled there will be a growing temptation to overstock the more
accessible localities. which, if permitted, will kill out the undergrowth
and grass and diminish the already meager water supply. By a judicious
distribution of the stock on the range there. would be ample feeding
ground for all and no damage done from overgrazing. The country is
at present so remote from transportation lines that until there are
better transportation facilities diversified farming will not be pro_table
except for local consumption.
There are three months in the year that stock will have to be fed.
The amount of stock in the country has in the past been dependent
upon the amount of winter feed that is raised on the few irrigated
farms in the vicinity. It is believed that if the stock were properly
distributed there would be suf_cient summer range for all the winter
feed that can be raised on the land it is proposed to irrigate. It is
therefore to the interest of the stOckmen as well as the irrigator that. the
grass and undergrowth on the drainage area of these streams be not
destroyed as it has been in other parts of the State.
Through the mountains between the international boundary and
Columbia River, in Okanogan County, is a network of ancient glacial
channels. These channels are mostly _lled in with debris. A number of these coulees, as they are called in this State. are without watercourses, and in others the watercourses have a direction opposite to
the natural drainage of the cmintry. Within these coulees are a
number of lakes and basins which can be used for storage reservoirs.
The outlet to these reservoir sites is composed of glacial material tilling the bottom of the coulecs, and the chances of _nding bed rock are
not encouraging. To obtain suf_cient storage capacity it will probably be necessary to construct low earth or rock—till dams and utilize
a number of the reservoir sites.
BIG BEND PROJECT.
AREA TO BE IRRIGATEI).
This project contemplates the irrigation of a large tract. of land in
the central part of the State lying south and east of Columbia River
and north of Snake River. in what is known as the Big Bend country.
The lowest portion of this area is at the junction of Snake and
TX700084540
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Columbia rivers and is 380 feet above sea level. From this point
toward the north and east the land rises in a series of benches to an
elevation of 2,400 to 2,700 feet. The upper portion is a rolling
prairie now wholly taken up and cultivated for raising wheat.
The whole of this portion of the State from the foot of the Rocky
Mountains on the east to the foot of the Cascade Mountains on the
west, and from Columbia and Spokane rivers on the north down
into Oregon is underlain by basaltic rock and mostly covered with
light soil Iwhich is readily cultivated. Through this formation Columbia. and Spokane rivers have cut a canyon from 400 to 1,500 feet deep.
From the point where Spokane River joins Columbia River, in the
northern portion of the Big Bend country, the Columbia makes a big
bend toward the west and south for a distance of 270 miles, leaving,
with the exception of the Grand Coulee, an unbroken ridge from 300
to 600 feet above any adequate source of water supply. This ridge is
from 30 to 50 miles Wide.
Through the western extremity, running north and south, Is the
Grand Coulee, whiehis 2 miles wide, 1,000 feet deep, and 20 miles
long. The bottom or _oor of this coulee is 1,530 feet above sea level,
and is practically _at. At the point where it joins the canyon of
Columbia River it is 700 feet above the water in the Columbia. That
portion of the irrigable area which is below 1,700 feet, and which
is not pro_table for cultivation without irrigation, covers about
3,400,000 acres. A large portion of this area is either rocky or so
isolated that it is not _t for cultivation. It is believed that two-thirds
of the land can be irrigated if suf_cient water (an be brought into the
. district at an elevation of over 1,700 feet. The rainfall varies, according to elevation, from 6 inches to 15 inches per annum.
\VATER SUPPLY.
Two main streams, Crab Creek and Palouse River, _ow through
the area in a general southwesterly direction, rising in the wheatgrowing districts.
Crab Creek is a small stream, having a drainage area of 4,250 square
miles. During ordinary stages, through a large portion of its course,
the main stream _ows underground and _nally emerges and empties
into Columbia River ‘70 miles above the mouth of Yakima River. No
measurements have as yet. been taken of this stream. The low water
_ow is probably not over 10 second-feet. As the entire run-o_' from
this stream either _ows underground or evaporates from the surface
of Moses Lake, it is of no importance for irrigation purposes, except
for a small portion of the lands lying along its course and to make up
losses from evaporation in the lakes which could be used for storage
purposes.
l’alotise River rises near the boundary between “Htshington and
Idaho and _ows through the southeastern portion of the land. The
TX700084541
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drainage area is mostly in the wheat-growing districts of eastern “’ashington: it is bare of vegetation, with the exception of occasional pine
trees, and the stream is subject to very radical differences in _ow.
It is believed that there will be no serious dif_culty in diverting the
waters of Palouse River so as to irrigate those portions of the Big Bend
lands lying below 800 feet elevation. The feasibility of using this
stream for the reclamation of lands near Big Bend will depend upon
whether storage capacity can be found suf_cient to retain all of the
_ood waters. .
A station was established on Palouse River September 9, 1897.
Following is a list of discharge measurements for the years 1897, 1898,
1900, 1902, and 1903:
Discharge measurements of Palouse River at Hooper, H'ash.
Date. 1 Hydrographer. :Gage height. Discharge.
1 397. Feet. Second-_at.
September 9 ........ Cyrus C. Babb ...................... _ 2.10 73
October 1 ........... Sidney Arnold ....................... i 1. 90 50
1893. 1
March 10 ........... l ..... do .............................. 7 50 2, 779
June 21 ............. i ..... do .............................. 1 3. 00 22:
1900. ~ l
June 6 ................... do .............................. i 2. 95 233
1902. 1 .
Julle ....... ' ........... do 3.901 532
November 6 ............. do .............................. 5 .83 ' 71
1903. .
April 21 ................. do .............................. . 5. 2s 1, .346
August 26 .......... G. H. Bliss .......................... .95 1 21')
November 18 ............ do .............................. I. 87 I 133
Ikcember 18 ........ ‘ Chas. 8. Cox ........................ 2. 73 l 339
Do ............. " (1. H. Bliss .......................... 2.75 318
December 19 ........ i Chas. B. Cox ......................... 2.51 1 ‘74
Do .................. do .............................. 2. .31 l 268
December 20 ........ i ..... do .............................. :2. 51 i 256'
D0 ............. ' ..... do .............................. 2.51 ’ 249
2.41 243
December 21 ........ l ..... do ..............................
Columbia River on the north and west and Snake River on the south
of the irrigable area _ow through steep and rocky gorges too low to
be feasible for irrigation purposes except by pumping.
Spokane River _owing from Lake Coeur d‘Alene, whose elevation is
2,124 feet, is separated from the irrigable area by the basaltic ridge
above mentioned. It _ows in a general easterly direction and enters
TX700084544
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001umbia River at the point where the Columbia changes its course
from south to west.
A gaging station was established on this river at Spokane, August
27 , 1896. The principal branches of Spokane River _owing into Lake
Coeur d’Alene, St. Joseph and Coeur d’Alene rivers, rise in the Bitterroot Mountains.
The drainage area is Wholly mountainous, the lower portions being,r
covered with a dense growth of timber.
Following is a list of discharge measurements for the years 1896—
1901):
Discharge measurements qf Spokmw Rircr at Spokane", Wash.
Date. ‘ Hydrographer. Gage height. Discharge.
, . _ _
1396. ‘ lid. 1 Strand-fed.
August 27 .......... i Cyrus C. Babb. . . ... .................. 2. 00 2, 937
October 17 .......... 1 ..... Ilo .............................. I. 46 } , 722
1897. i ‘
May 20 ............. Cyrus C. Babb ....................... 10. 80 29, 084
June 29 ................. do .............................. 5. 16 . 9, 026
J uly 21 ............ J 110. Wetzel ......................... 4. 0:") i 7, 893
September 11 ....... Cyrus C. Babb ....................... 1. 92 5 2,575
October 20 .......... Sidney Arnold ....................... 1. 50 2, 01]
1898. ‘
September 6 ........ i Sidney Amold ....................... 1. so 2, 715
October 8 ....... . . . .‘ Cyrus C. Babb ............ . .......... l. 75 2, 202
1899. l ‘
June 23 ............ ‘ Sidney Arnold . ...................... 9. 3 23. 258
1900. , 1
May 17 ............. Sidney Arnold ...................... 1 6. 50 13, 613
June 14 ............ ‘ ..... tln .............................. 4. 1 7, 493
1
The estimated run-01f and discharge for the years 1898—1902 are
shown in the following table:
Discharge of Spokane. Rircr u! S’poianc, ll'ush.
[Estimated drainage area, 4.005 square miles.]
_g _ . . l
Minimum I
Year. L £25233}? discharge. I Mean. Acre-feet. iRiirc_gsin
Second—fut. ‘ Swarm-fir: Sun-fat. . E
1999 .............. _ ............ ' 27,510l 2,136; 9, 455 6, 329, 339 31.99
1999 .......................... l 29. 921 1 2,692 9,949 7,199,662 33.64
1900 ....... . .................. i 17,4931 2,122 8,097 5, 866, 940 27.46
1991 .......................... , 22.711 ‘ 2279‘ 9,225 5,966,145 27.98
1902 .......................... 25,299 1 2,046 7, 799 5,151,991 26.47
Average for _ve years ..... 24,401 2, 313 ' s. 792 6, 992,81? 2575—1
___.—___._..—_— — ’— ..__,._’ -7 __—.— i _
_____;:————— —
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Feud Oreille River _owing from Lake Pend Oreille, elevation 2,051
feet, and Priest River _owing from Priest Lake, elevation 2,439 feet,
can be diverted into Spokane River to increase the _ow of the Spokane in case there should not be in that river suf_cient water to irrigate all the land under the Big Bend project.
Gaging stations were established on Pend Oreillc and Priest rivers,
near Priest River, Idaho, June 26 and 28, 1903.
The following tables show the results of discharge measurements
taken on these streams during 1903:
~ Discharge measurements of Priest Hirer at Priest River, Idaho.
Date. . Hydrographer. Gage height.l Discharge.
1903. ' Feet. Scedeeet.
June28 ............. l T. A. Nobie..._._.-.' ................. 9.68‘ 5,002
July 14 ............. I Geo. H. Bliss ........................ . 5.90 ‘ 2,671
August7 ............ ‘ ..... do .............................. 4.43 ' 1,539
September 2 ............. do ............... ; .............. 3. 65 ' 933
Discharge measurenwnts of Pend Oreille River at Priest River, Idaho.
Date. ' Hydrographer. Page height. Discharge.
1903. ‘ Feet. ‘ Second-feet.
June 26 ............. l T. A. Noble .......................... 59.40 L 126, 267
July 15 ............. Geo. H. Bliss ........................ 53.85 61, 422
August 6 ............ . . . . .do .............................. 48. 48 1 38, 862
September 3 ............. do .............................. 45.15 E a 17, 805
u Soundings taken with rod.
The work of investigation, begun July 1, to determine the feasibility of utilizing these sources of water supply, has not progressed far
enough to give any tangible results.
FEASIBILITY OF THE PROJECT.
A through barometric reconnaissance has been made in order to
ascertain the possible means of diverting the water.
The chief dif_culty in connection with this project is the fact that
between the only adequate source of water supply and the land to be
irrigated is the high basaltic ridge before mentioned. Two lines of
investigation have been followed—one to determine the feasibility of
conducting the water from Spokane River down the valley of Spokane
and Columbia rivers and through the Grand Coulee, and the other to
_nd some location in the basaltic ridge Where a tunnel of reasonable
length would divert the water to the irrigable lands.
TX700084548
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The area of land to be irrigated, lyi; .t does in one compact
body of exceptionally large area, insure , a _nancial basis for a very
large expenditure. The scheme under the most favorable conditions
will be one of great magnitude, as the quantity of water to be handled
will be exceptionally large; but the topographic dif_culties to be overcome in diverting this water throw more or less doubt on the ultimate
feasibility of the project. The irrigation of this large body of land is
of such great importance to the State that every possible means to a
successful result should be thoroughly investigated.
For utilizing the _ood waters of Spokane River, Lake Coeur d’Alene
could probably be used as a storage reservoir. Its area is 23,000 acres.
It is probably not feasible to raise the waters of this lake more than
5 feet without damaging a great deal of private property and making
it necessary to relocate a great many miles of railway. It is possible,
however, that the lake may be drawn below its normal level to increase
its storage capacity.
Within the irr'igable area are a number of large lakes and basins
that could be utilized to impound the seepage waters from the higher
irrigated lands and retain the _ow of the main canal or tunnel during
that portion of the year when irrigation was not in progress.
As the result of the more recent reconnaissance cf the territory
between the Spokane River and the arid lands in the Big Bend area,
two routes have been found for carrying the waters of this stream on
to the Big Bend area. The estimated cost of the diversion and storage
works, not including the works necessary for the distribution of the
water on the various irrigable areas, is $26,000,000. This would bring
the water to a point where it would be possible to distribute it to any
portion of the area to be irrigated lying below an elevation of 2,000
feet. Until the surveys are completed no statement can be made as
to the feasibility or the cost per acre of the irrigated land.
YAKIMA VALLEY PROJECTS.
Irrigation in Washington has been developed most largely along
Yakima River, and a number of large canals have been taken out at
di_'erent points along its course. At the headwaters of the river and
'of its principal tributaries are several large lakes that might be used
for storage purposes. Attempts have been made by several persons
and corporations to obtain possession of these lakes, but so far as can
be ascertained the title is still in the Government. Temporary structures have been built or projected in the hope of getting possession of
the lake in the interest of one or another of the canal companies
operating along the lower part of the stream.
Requests have been received to have investigations made along Yakima
River, and various projects have been looked into. The present conTX700084549

.ZOFUZ_Im<>> .m._._m m_0>mmmmm mx<4 zwumw
2
.ZOFOZ_Im<>> .mmwzm <_m_23i_OU 02¢ >>OI._.mS_ “.0 207—023...
:33 in
wo_>zum zO_P<l<40uc PICA“: J<Dzz<
czCuma
>w>23w J<EOOJONQ.m.D
Digitized by GOOSIE'
TX 00084550

Digitized by GOOSIQ
._ .q"
TX700084551

WASHINGTON: YAKIMA VALLEY PROJECTS. 495
dition of land ownership and of title to water, however, make the
interposition of the Government a delicate matter. On the one hand
are people asking that no interference be had with private development; on the other are citizens demanding that the Government should
supplement the existing systems.
The lands that might be reclaimed may he considered in four sections
and classi_ed as follows:
First, lands in the Atannm Basin, lying between Cowiche Creek and
Atanum River. These lands are of three different characters: (1) A
higher portion, which is composed largely of what is called “scab
land,” on which no vegetation at all will grow without water, and as
its value is more or less questionable, it has not been taken into consideration; (2) the bench lands that lie between the scab land and the
present irrigating canals, all situated favorably for irrigation and of
the best quality; (3) irrigated lands that lie below the present irrigation canal. The scab lands are composed partly of lands suitable for
irrigation, and it is claimed by the farmers in this district that the scab
lands are as productive as other lands except that, being very stony,
they are more di_icult to cultivate.
Second, lands in the Cowiche Basin, lying between the North and
South forks of Cowiche Creek. This body of land is of excellent
character, is easily irrigated, and the slope is suitable for drainage.
A small portion is used in dry farming, raising barley. A very small
part of this land is scab land. About half of this area is now more or
less under cultivation. A short distance below the point where the
North and South forks of Cowiche Creek come together the river enters
a precipitous canyon, in which the lands are too steep and rocky to be
of any value for cultivation.
Third, land lying on the ridge between Cowiche Creek and Naches
River. This land, with the exception of numerous rocky points of
small area that rise above the level of the soil, is of excellent quality
and lies well for both irrigation and drainage. In the upper portion
of this area is a natural reservoir site, which is now partially utilized.
This reservoir would probably be of considerable economic advantage
in distributing water upon the lands lying along the ridge.
Fourth, lands in the Wenas Basin. The lands lying in this basin
could be irrigated by conducting water taken from Tieton River across
the valley of the Naches, just below the mouth of the Tieton, through
pressure pipes, which would be about 3,000 feet long. Thence the
water could be conducted by a _ame, or ditch, around the side of
Cleman Mountain toward the cast, a distance of about 7 miles, to a
point where the _ame would cross over a low divide between Naches
River and chas Creek. From this point the land would be irrigated
by laterals surrounding the basin. The lands in this basin are already
partially irrigated from “’enas Creek by small irrigating ditches,
TX700084552
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though these supply but little water during the lowest stage, which
occurs in July, August, and September.
The irrigable lands lie on sloping hillsides, and are already partially
irrigated by the Selah Valley canal, which takes water from Naches
River just above the mouth of Tieton River. These irrigated lands
are of excellent quality, and are now in a high state of cultivation.
PROPOSED FLUME LINE.
By this project it is proposed to take water from Tieton River at
about 2,200 feet elevation and conduct it by _ame or other conduit
around the south side of the canyon to a point about 2 miles above
the mouth of Tieton River, where it is proposed to excavate a tunnel
to bring the water into the valley of the North Fork of Cowiche
Creek. Thence it is proposed to build distributary canals covering
all land lying below the 2,000-foot level. This _ame line will be the
most dif_cult part of the work, yet it is perfectly feasible to construct
it. The serious dif_culty will be at two or three places where there
are perpendicular cli_'s which would involve either short tunnels or
heavy rock cutting, and a tunnel which would be about 3,000 feet long.
The length of this _ume line would be between 4 and 7 miles. For
most of its course this _ume line follows a steep slope, averaging
about 11} to 1, composed mostly of rock slides. The rock is all of a
basaltic nature except at the south end of the tunnel, where a ledge
of sandstone outcrops, dipping northwest. The canals leading from
the mouth of the tunnel to the bodies of land above mentioned would be
excavated mostly in loose rock and earth. The side slopes are comparatively _at, and very little _uming will be required. Following
is a summary giving approximately the amount of good land that
could be irrigated by this project, and the approximate length of
main and lateral ditches:
Length of _ume line, between 4 and 7 miles.
Atanum Basin:
Area ......................................................... acres. - 19, 900
Length of canals ............................................. miles. - 36
Cowiche Basin: .
Area ......................................................... acres. - 3, 600
Length of canals ............................................. miles- - 12
Ridge bet-ween Cowiche and Naches rivers:
Area ......................................................... acres- . 7, 800
Length of _ame .............................................. miles. - 7
\Venas Basin:
Area ......................................................... acres.- 21,600
Length of pipe line ............................................ feet. . 3, 600
Length of flame line .......................................... miles. - 7
Length of ditch ............................................... do.... 42
Total area ........................................................ acres- - 52, 900
Total length, _ame and ditch ..................................... miles. . 122
Area per mile of ditch ............................................ acres. . 433
TX700084553
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“’ATE‘R SUPPLY.
A gaging station has been established on Tieton River about 11}
miles above its mouth, and just below the mouth of Oak Creek. The
minimum discharge of the river at this point since April, 1902, 'was
236 cubic feet per second in October, 1903. It is probable that
during the irrigating season not more than 200 cubic feet per second
could be obtained at the intake at the lowest stage of the river. This
would be applied to such crops as required irrigation during the
months of August and September, such as alfalfa, fruits, root vegetables, etc. Grains, such as oats and barley, which require water not
later than July, would enable the water to cover a much larger area,
and probably at least 400 cubic feet per second could be counted on.
Taking 400 cubic feet per second as the greatest probable supply that
could be obtained from the direct _ow of the river, not more than
40,000 acres could be irrigated.
There would probably be some legal dif_culty in taking practically
all the water from Tieton River during its lowest stage, as at the
'present time the companies that are .now taking water from
Yakima and Nachos rivers below the mouth of Tieton River are
having more or less dif_culty in obtaining the water they want. They
would doubtless object to having much water diverted. This being
the case it would be necessary to construct somewhere on the Tieton
or one of its branches above the proposed intake, a storage reservoir
of suf_cient capacity to deliver the amount of water required and
leave the natural _ow of the river at low stage undisturbed. A reservoir of suf_cient capacity to irrigate all the land mentioned would have
to contain 105,800 acre-feet. To irrigate all of the lands with the
exception of the Wenas Basin,_ would require a reservoir of 62,600
acre-feet capacity. It is possible that such a reservoir can be constructed, but the data are not at hand to determine this fact. A reservoir of 60,000 acre-feet capacity would involve an area of 1,000 acres,
and an average depth of 60 feet. Unless some large lake exists in
the drainage area of Tieton River it is doubtful if a reservoir of
this capacity can be obtained without constructing a very high and
very expensive dam.
In addition to the lands above described there is a considerable body
of land farther down the river near Mabton, below the Yakima Indian
Reservation. These lands lie between the southeastern boundary of
the reservation and Simcoe Ridge, which is a basaltic dike crossing the
valley of Yakima River. The area is a portion of a large tract of
level land lying mostly within the Yakima Indian Reservation. The
portion outside of the reservation that could probably be irrigated
from Yakima River contains about 12,000 acres, and it is all land of
H. Doc. 44, 53—2—32
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498 SECOND ANNUAL REPORT OF RECLAMATION SERVICE.
the best quality, exactly the same as that now irrigated by the Sunny:
side canal on the opposite side of the river.
This basin. which is bordered on the east and north by Yakima River,
on the north by the Atanum Mountains, on the south by the Simcoe
Mountains, and on the west by spurs of the Cascade Mountains,
embraces between 50,000 and 100,000 acres of practically level land
that is easily irrigable from Yakima River. It also contains a large
amount of bench lands that could be irrigated from Satus and Toppenish rivers, if there is suf_cient water in these streams. This
basin contains by far the largest and best body of irrigable land in the
Yakima Valley. All but the lands lying about Mabton are Within the
reservation.
J The land about Mabton might be irrigated from Satus River if
su_icient water could be obtained when it is most wanted. During
the spring and early summer, suf_cient water could probably be
obtained from the Satus to irrigate this land for such crops as require
irrigation during the months of June and July only. On these lands
are several small reservoir sites, which could be used to good advantage in regulating the _ow from the main ditches. It is not possible
to irrigate this land without taking water through the reservation, and
any scheme for its irrigation would involve also the irrigation of the
whole or a portion of the reservation. The land is practically all
taken up by homestead claims, and very little new remains in the
hands of the Northern Paci_c Railway.
TX700084555

INVESTIGATIONS IN WYOMING.
DIVERSION OF NORTH PLATTE RIVER.
By Jonx E. FIELD.
PRESENT USE OF THE “'ATERS.
North Platte River receives its water supply largely from the high
mountains in northern Colorado. During the summer season very
little water is received from other sources. Numerous tributaries
_ow into the river in \Vyoming, but the supply contributed by them
during the irrigation season is almost entirely used on the lands along
their borders. Little water is used in Wyoming from the main
stream, the cost of diversion having so far prevent-ed private or corporate enterprise from undertaking the work. Considerable water is
taken from the river in Nebraska, and here a shortage is felt by the
farmers in a dry season. Some of the ditch companies in Nebraska
are now seriously considering the advisability of building storage
reservoirs. Any large undertaking on the North Platte, therefore,
will require the storage of at least enough water to supply the neces—
sary amount during the early spring and late summer.
The fact that. the water originates in Colorado, is stored and diverted
in W'yoming, and possibly _nds its ultimate use in Nebraska, may
raise some interesting interstate questions. The present appropriations from the river are not such as to lead to dif_culty in distribution or administration when the reservoir capacity is suf_cient to
supply the needs during the months of small _ow. The records of
the discharge of North Platte River indicate that the _ood supply is
ample for storage purposes.
GOSHEN HOLE SURVEYS.
At Guernsey a line of levels was run on the south side of the river
Some years ago by Clarence Johnston. His survey showed it was
possible to carry water by means of a canal into the Goshen Hole, but
it also showed that construction would be very dif_cult, and the great
cost possibly prohibit the reclamation of the land. Nevertheless, it
appeared the most promising of any project examined and operations
were at once begun.
The Goshen Hole lies partly in Wyoming and partly in Nebraska
499
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at an elevation of little more than 4,000 feet. The land is rolling,
fertile, and comparatively free from alkali, and in almost every respect
is well adapted for irrigation farming. The area, as its name indicates, is surrounded by higher lands (hill and mesa) from 100 to 500
feet or more in height. This surrounding land lies higher than the
river valleys, and the water supply is limited practically to that which
falls within its own area, as it is dif_cult to divert the water from
outside streams and conduct it into the Hole.
Preliminary surveys on North Platte River were begun on April 1,
1903. A camp was established at Guernsey, in Laramie County, on
April 18. Operations were begun here, as it appeared from prelimi—
nary examination that the question most necessary and most dif_cult
of solution was the location of irrigable lands.
The _rst. line to be run on the Goshen Hole survey was on the south
side of the river from Fairbanks. At this point the river _ows
through What is known locally as The Narrows, solid cliffs of crystallized limestone or marble, slightly stained with iron—a closegrained, heavy, and comparatively hard material. At The Narrows
the river is 125 feet wide and the walls rise perpendicularly 30 feet
and then fall back at a slope of about 203 on one side and 100 on the
other.
DIVERSION DAM AND ('AXALS.
The. diversion dam, if constructed, will probably be placed at F airbanks. The lake formed by a dam 100 feet above low water will
extend to “Yendover, about :25 miles, and attain a depth of 10 feet.
at that place. A greater height of dam is prevented by the presence
of the Colorado and Southern Railroad tracks at Wendover where,
under the. present plans, high water will reach to within 10 feet of the
rails. The Colorado and Wyoming Railroad tracks near Guernsey will
be _ooded for a distance of 5,750 feet. This track will probably have
to take an entirely new course into Guernsey, necessitating the building of about 3 miles of road.
At a point 1,000 feet above the dam a tunnel 500 feet long through
the hills to the west- would constitute the head of the canal, and following the line of hills on grade would in 33 miles reach a point 2
miles below Fort Laramie, a distance of 1.5 miles by the river, having,
however, passed through an aggregate of 4 miles of tunnel or very
heavy cut and as lunch more of sidehill work in rock. From this
point the canal line runs stmtheasterly through not very dif_cult
country, entering the Goshen Hole. by means of a tunnel one—half mile
long. From here the canal swings in a circle around the Hole, crossing
Cherry, Boxeldcr, and Horse creeks on grade, and extending about. 10
miles into Nebraska, a total length of canal of 1-10 miles.
The topographic survey of the land under the canal has not been
made, but a conservative estimate of the irrigable land places it at
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150,000 acres. It is proposed to make use of the reservoir sites in the
Hole for the storage of water during the nonirrigating season for use
on the lower-lying lands, and by means of pumps, described later, to
irrigate some of the land lying above the canal. The canal in many
places runs through a _at prairie country, where a difference of 10 or
20 feet in elevation would reclaim a strip of land one-half to 1 mile
wide. ,
When the great cost of the _rst 33 miles of canal was learned, it
was determined to ascertain whether it would not be cheaper to construct the canal on the north side, crossing the river at a point 2
miles below Fort Laramie by means of an inverted siphon, continuing
from the point of junction 0n the line previously surveyed. It was
found that such a siphon would be at least 2% miles long from grade
to grade, and that the di_erence of elevation from the grade line to
the lowest point of the siphon (the low-water level of Platte River)
would be 190 feet. The matter of the advisability of sinking the
siphon to a point below any possible disturbance from _oods, or of
crossing the river by means of a steel bridge was left for future consideration, as was also its size, character, and cost. It will be necessary, however, that the capacity of the conduit be at least 1,000 cubic
feet per second. i
The survey of the north side ditch is now in progress, and the indications are that the length of the canal will be reduced about 2 miles,
with 3 miles of tunnel and heavy cut, as against 4 miles on the south
side. From the head—gate to the siphon it is proposed to build the
canal of a size suf_cient to carry practically the entire _ow of the
river—the amount necessary for the Goshen Hole canal, for prior
appropriators below, and for an extension of the north side canal
easterly, covering all available lands on that side of the river. The
amount needed for the use of prior appropriators can be used under its
190-foot head for the generation of power, which may be distributed ‘
along the main canal and used to pump water upon the adjacent lands
above the canal.
During the season 140 miles of main canal line were run, and at this
point slope and traverse angles were taken with the transit suf_cient to
Show the topography along the line. Accurate levels have been run
from the Geological Survey’s monuments, and bench posts or tablets
placed wherever thought advisable. The survey party consisted of
one engineer in charge, transit man and level man, with two assistants
each, cook, and teamster. Nearly 100 miles of canal trial lines were
run in addition to the above.
In the survey of the North Side canal line the plane table was used,
and 20 miles of canal mapped on a scale of 500 feet per inch, with a
5-foot interval, and the land under the canal mapped on a scale of 1,000
feet- per inch, with an interval of 5 feet; in all, 10 square miles,
TX700084560
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The survey of the canal line to the siphon was completed November
1. 1903, when'a plane-table survey‘of the irri ible lands in the Goshen
Hole was begun and continued to the end 0 the season; at the same
time possible reservoir sites in the hole were examined, and two
selected which appear to be satisfactory. The capacity of the larger
is estimated to be 50,000 acre-feet. _
A reconnaissance survey of the lands lying on the north side of the
river was made in November, 55 miles of level lines being run. This
work showed that a large tract of land in Nebraska could be reclaimed.
With this information su_icient data are now at hand to determine the
relative merits of the several projects on lower North Platte River in
“’yoming and to a considerable extent of those in western Nebraska.
DEVILS GATE SURVEYS.
On May 18 a party was started from Orin Junction. on the Chicago
and Northwestern Railway, to run control levels tip the river to the
Devils Gate, a distance of nearly 150 miles. This line was completed
about August 1. The party consisted of a level man. two rodmen, and
a cook. About June 1 a third party was started, this time at Devils
Gate, and a survey of the lands lying under canals heading at that
point begun. This work was done in conjunction with the survey of
the canal lines by means of the plane table, the scale being 1,000 feet.
to the inch. contour interval 5 feet. The work was completed September 1. The party consisted of two topographers, four rodmcn,
two station assistants, and a cook. Under the plans proposed for this
work a dam 50 feet high will be built at the Devils Gate, and two
canals, one on the north and one on the south side of the river, constructed. The capacity of the reservoir formed by the dam will be
suf_cient to insure an ample supply for both canals at all times.
The result of the land survey shows that there are nearly 4,000
' acres of land under the south side canal, of which 3.000 are designated
as _rst class and 600 as second class, the remainder being nonirrigable.
On the north side there are about 20,000 acres under the canal, of
which 2,900 are _rst. class, 2,200 are second class, 1,600 already cultivated and with su_icient water, and 2,500 under other ditches. but
without suf_cient water at present; making in all 8,100 acres on the
north side which might be reclaimed. Of the balance the greater part
is alkali and soda beds and lakes. In the classification of these lands
the greatest care is necessary, for many areas not now showing alkali
may become worthless or so wet as to be useless.
SWEETWATER AND PATHFINDER REBERVOIRS.“
At the Devils Gate was located the proposed dam for the Sweetwater reservoir; and borings were begun in the fall of 1902 to ascer—
tain the character of the bed rock. but were not completed that year.
TX700084561
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An investigation of the water supply at this point, however, showed
conclusively that it was not adequate to justify the construction of the
dam for storage purposes on any large scale, and the investigation of
the project was to that extent abandoned. The reported _ow of the
Sweetwater was 315 cubic feet, while the measurements taken showed
its maximum for 1903 to be little above 100, its flow August 1 almost
nil, and an average _ow of probably not more than 75 second-feet, or
enough only to supply the lands under the two canals mentioned.
On July 1 drilling was begun at Devils Gate. to complete the work
of the previous season. Four holes were sunk in the upper line,
representing the line of the upper face of the dam, and these, like the
holes in the lower line, showed a solid formation and excellent foundation for any height of dam possible to build at this point.
Eight. holes in all were drilled—4 in 1902 and 4 in 1903. Those
drilled in 1903 were as follows:
Borings at .S'ureéhmler revermi r site in 1902 and 190.3.
No. 10, line 3, 12. 5 feet in granite, 25 feet in bowlders and gravel.
No. 9, line 3, 10 feet in granite, 25. 5 feet in bowlders and gravel.
No. 8, line 3, 1‘2. 2 feet in granite, 16. 8 feet in bowlders and gravel.
No. 5, line 2 ................... 6 feet in bowlders and gravel.
Total . . 32. 7 feet. 73. 3 feet.
The cost of drilling was as follows:
Cost of drilling at Su'e'rtumh’r rcsrrroi r site.
Pay roll .............................................................. $615
Subsistence ........................................................... 1 20
Equipment and repairs ................................................ 5O
Supervision ........................................................... 50
Total ........................................................... 835
Cost per foot for 106 feet, $7.88.
To offset the discouragement encountered at Devils Gate, an excellent
reservoir site was found at the mouth of the Sweetwater, on North
Platte River, and has been named the Path_nder. Here the river enters
the Grand Canyon, which cuts through the Rattlesnake Range. and at
a point about 3 miles below the mouth of the Sweetwater the best
place in the canyon for the dam was found. Here the gorge is but 80
feet wide at low-water mark, and but 180 feet wide at a point 160 feet
above low water. The walls are of solid granite; the borings show
bed rock to be about 10 feet below low water and almost without seam
or crack for 20 feet into the rock, to which depth the holes were drilled.
The gorge widens rapidly after 160 feet is reached, but a dam 200 feet
in height can be easily and cheaply built. Such a dam, it is estimated,
«See also First Ann. Kept. Reclamation Servlee. pp. ans-ms.
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will require about 100,000 yards of masonry. at a cost of probably $10
per yard. The plane-table sheet of the dam site is on a scale of 50
feet to the inch, with 53-foot contour interval.
To the north of the dam is a natural spillway, where little work
would give it a capacity ample to carry all possible _oods. It is in
granite, and would discharge the _oods into the river 200 yards below
the dam. The capacity of the reservoir has not yet been accurately
determined, but with a 200-foot dam it should reach nearly 1,000,000
acre-feet. The reservoir proper has been mapped, and shows a sur_cial area of 21,000 acres; the plane-table sheets of the reservoir were
drawn on a scale of 1,000 feet to the inch, with a 10-foot contour.
The distance of the dam site from the nearest railroad (at Casper) is 50
miles by the present wagon road; from Rawlins about 7 5 miles.
Neither road is _rst-class, being in the one case hilly and in the other
sandy.
Fuel in the form of lignite coal may be obtained within 25 miles,
timber within 5 miles; sand is convenient, and ro'ck for the dam unlimited, the quarries being immediately adjacent to the work. i I
On August 1 a drill camp was established at the site on North Platte
River. Almost the entire month of August was consumed in moving,
building roads to get the drilling machinery to the dam site, and in
setting up the machinery. It was necessary to take the machinery to
the bank of the river, a quarter of a mile below the dam site, build
barges, load the machinery on them, and tow it to the desired point.
Diamond—drill borings for bed rock were begun at the dam site September 1 and completed October 20, 1903. - The foundations were
found to be solid granite and at a depth of only about 10 feet below
low-water mark.
There were two rows of four holes each drilled as follows:
Diamond-drill borinys on North Platte Rirer.
Sn (1 (1
Bed w“- boa-labia.
Fed. Feet.
Line 1, hole 1 ............................................. 22 5
Line 1, hole 2 ............................................. 17 6
Line 1, hole 3 ............................................. 17. 8 5
Line 1, hole 4 ...................... . ...................... 18. 9 5
Line 2, hole 5 ............................................. 16. 8 3
Line 2, hole. 0 ............................................. 17. 3 3
Line 2, hole 7 .............................................. 18. 3 5
Line 2, hole 8 ............................................. 19. 9 5
Total ............................................... 1'48 37
37
185
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For the 185 feet drilled the costs were divided as follows:
Cost of diamond-drill boring on North Platte River.
Equipment .............................................................. $675
Moving camp twice ....................................................... Cl452
Setting machinery-............ ........................................... u900
Pay-roll, two months ..................................................... 1, 105
Subsistence, 2 months .................................................... 169
Supervision, twomonths ................... 170
Total ............................................................. I 3, 471
Cost per foot, $18. 78.
In the above statement of cost the items have been subdivided in
order to show the actual cost of drilling as separated from the cost of
machinery and the cost of moving camp and machinery. Under the
item of equipment, for instance, is $500 worth of diamonds still
available for use on other work. The moving of the camp and setting
up of machinery was more than ordinarily expensive. Leaving out
these three items, that is, equipment, moving, and setting up machinery, it will be noticed that the cost per foot, as shown by the rest of
the items, is almost identical with the cost per foot of the work at
Devils Gate. In these two pieces of work the depth of hole drilled
was not great, with the consequent increase in the cost per foot. It
was not possible at the Path_nder site to run the drill to its full capacity,
as the rising and falling of the barges would probably have resulted
in the loss of diamonds and the breaking of machinery. It is probable
that no more expensive Or dif_cult place will be met with in testing
foundations in the reclamation work, and the above shows the probable maximum ecst per foot.
DOUGLAS CANA L.
A reconnaissance survey was made near Douglas, Wye, to ascer—
tain whether it was possible to take a canal from the river in the
vicinity of old Fort F etterman and carry it on the north side of the
river to a point near Orin Junction. It appears from this reconnaissance that about 25,000 acres of land will be covered and that the cost
would be about $15 per acre. A further examination of this project
will be made during the coming season.
ALCOVA SURVEY.
On October 1 a level party was sent to Alcova to ascertain the possibility of taking water from the North Platte River at that point for
the purpose of covering lands along Poison Spider Creek known as
Bessemer Flats and lands north and west of Casper. A canal line in
this vicinity could be extended to cover land north and east of Casper,
aComprising nearly one month's labor.
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and possibly cross the divide between North Platte and Cheyenne
rivers almost due north of Douglas and cover lands in the Cheyenne
River drainage.
A dam 50 feet high in the canyon at Alcova was proposed and the
canal started at that elevation. This dam would be about 400 feet
long. It was not considered advisable to build it higher on account of
the great cost and the questionable foundations. At this point hot
springs pour a considerable volume of water (probably 10 cubic feet
per second) into the river, many springs being in the bed of the river
itself. These hot waters have honeycombed and channelled the rock
foundation to a very serious degree.
Two lines of levels were run to the entrance of Bessemer Canyon,
one on the eastern and one on the western side of the river. The eastern line was found to bemuch less expensive, making it necessary to
construct a _ame or siphon across the river at the upper end of Bessemer Canyon. This siphon would be about 1,500 feet long, and the
difference in elevation between low-water level of the river and the
canal is about 180 feet. From this point the canal line passes through
Bessemer Canyon, crosses Poison Spider Creek 4 miles above its
mouth, continues thence northeasterly crossing South Casper and Casper creeks 12 miles north of the town of Casper, thence it runs in a
southeasterly direction to a point 8 miles due north of Casper.
The cost of this canal, the dam, and _ume will be very great, while
the land covered is shown to be but 35,000 acres. A canal 50 feet higher
would involve much greater expense both in the cost of the dam and
in the canal, and would cover but 15,000 additional acres. It appears
that it is not practicable to construct this canal on account of its great
cost. I
To continue farther. east necessitates running through considerable
areas of shifting sand and through very rough country. A reconnaissance indicates that the land reclaimed by such an extension would not
more than support the cost of the canal from Casper easterly, while
the necessity of enlarging the canal from Alcova to Casper would
involve still greater expense. It is proposed, during the coming
season, to ascertain whether it is practicable to construct a number of
smaller ditches between Bessemer and Guernsey, and to reclaim the
bottom lands and lower lying mesas by smaller and more inexpensive
canals. '
The dif_culty in conducting the water to the land lies in the fact that
the average fall of the river is but little over 5 feet per mile: that there
is little bottom land bordering it, and that the first mesa lands lie from
100 to 200 feet above the stream, while the zone between them and the
river is extremely rough—deeply cut by many channels.
At many points this zone is composed of a very soft sand rock,
standing almost perpendicular, but the elements have cut deep chanTX700084571
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nels, leaving long, narrow _ngers of rock- extending from the mesa
toward the river. To traverse such a country with a canal requires
many short _umes and tunnels, which, from the nature of the rock,
must be lined. At other points the valuable mesa lands are separated
by considerable reaches of sand hills or dunes, where both cost of
maintenance and loss of water would be great. To ascertain, therefore, the best and most practicable route for the canal and the lands to
be irrigated, the most complete surveys must be made along the entire
length of the river.
INVESTIGATIONS IN NORTHERN WYOMING.
By JEREMIAH Auras.
Shoshone Project.
North Fork of Shoshone River rises near the eastern boundar 7 of
Yellowstone National Park, a few of its tributaries having their sources
within the limits of the park.
For the _rst few miles of its course it _ows southerly, thence easterly for about 45 miles to its junction with the South Fork, which
comes from the southwest, and is of about the same length, but discharges a smaller quantity of water.
Just below the junction of its two forks Shoshone River enters a
canyon 3 miles in length, 1 mile of which is cut in solid granite, and is
about 65 feet wide in its narrowest place, and with nearly vertical walls
several hundred feet high in many places. After leaving the canyon
it _ows northeasterly, through a generally rolling country, to its junction with Bighorn River near the northern boundary of Wyoming.
The quantity of water _owing through the canyon varies from a.
minimum of 250 second-feet to a maximum of 10,000.
On both sides of the river, from the mouth of the canyon to a point
about 4-5 miles below, is bench land, about 125,000 acres being on the
north side.
Investigations on Shoshone River were taken up in accordance with
the request of various citizens and of_cials of Wyoming, and in particular in accordance with correspondence had with the late Hon.
De Forest Richards, governor of Wyoming and president of the State
board of land commissioners.
On January 26, 1903, he addressed a letter to the Director of the
Geological Survey, as follows:
I am authorized by the State board of land commissioners, who have in charge all
lands segregated for irrigation purposes under the Carey act, to say that if the General Government will take over and accept for the purpose of reclamation a tract of
land in Bighorn County, lying on the north side of the Shoshone River, commonly
known as the “Cody and Salisbury tract,” that the commissioners will be glad to
relinquish this land to the United States.
There are comprised in this tract something over 60,000 acres of land of the very
TX700084572
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_nest character; and the water permit has been granted by the State engineer for the
entire tract, the supply coming from the Shoshone River, which, as perhaps you
know, carries more water than probably will ever be used to irrigate the lands along
its banks.
This tract of land is now segregated and withdrawn from entry, and should your
department decide to take up this proposition under the provisions of the late irrigation act the board would respectfully suggest that no relinquishment had best be
made by the State to the Government until you are ready to _le your papers for a
withdrawal of all of these lands from entry, as this plan would keep all the lands
under consideration free from any entanglements.
We consider this one of the most desirable propositions that we know anything
about, and it would be one that your Department would undoubtedly make a great
success of in demonstrating the practicability of the new national irrigation act.
I am assured that the Burlington Railroad will enter into an agreement also, to
bring abundant settlers upon these lands so soon as they are ready for settlement.
Correspondence and informal conversation was had with the governor
and various State of_cials, and on February 24, 1903, the governor
wrote as follows:
Replying to your letter of the 19th instant, I beg to say that you understand the
proposition of the board, that they desire to turn over to you all of the lands segregated under the Carey act lying on the north side of the Shoshone River. You am
easily make the area larger by raising your darn, or going up a little higher on the
river.
Under the original appropriation it was planned to water the small strip of land
' under that segregation which lies on the south side of the Shoshone River by means
of a _ume crossing the Shoshone River at a height of about 250 feet, which is entirely
impracticable. We have an arrangement with some other parties who will takea
ditch out themselves, and who will irrigate this small strip of country on the south
side, and it could not be pro_tablv attached to the bodv of land lying on the north
side of the Shoshone Rix er.
I will obtain from the State engineer, and inclose herewith, the data in relation to
the appropriation for water for this tract of land. This appropriation applies directly
and is made for the lands embraced in the blue print sent you on the 9th instant.
This is in pursuance of an act of our legislature to put in force the provisions of the
national act commonly known as the Carey act.
The certi_cate of the State engineer is given below.
This is to certify that I have examined the foregoing application and do hereby
grant the same subject to the following limitations and conditions:
Construction of proposed work shall begin within one year from date of approval.
The time for completing the work shall terminate on December 31, 1905.
The time for completing the appropriation of water for bene_cial use shall terminate on December 31, 1910.
The amount of the appropriation shall be limited to 1 cubic foot per second of time
for each 70 acres of land reclaimed on or before December 31, 1910, and the additional
volume used for purposes on or before said date.
Witness my hand this 22d day of May, 1899.
ELwoon MEAD, State Engineer.
Field investigations of the feasibility of utilizihg the water of Shoshone River for reclaiming the land north of the river, in the vicinity
of Cody, were begun in May, 1903.
TX700084573
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These investigations consist mainly in making topographic surveys——
on a scale of 1,000 feet to an inch and with a contour interval of 10
feet—of all of the irrigable land lying between the highest feasible
canal line and Shoshone River and—on a scale of 100 feet to the inch
and a contour interval of 5 feet—of an area which includes all practicable conduit lines in Shoshone Canyon. By a study of the resulting
maps all alternate locations of canals, tunnels, _ames. etc., may be considered, and the most feasible one determined.
Surveys were also made to determine the feasibility of storing water
above Shoshone Canyon, where there is a good reservoir site. At the
head of the canyon is a good dam site, the bottom of the canyon at this
point being about 65 feet wide, with nearly vertical walls of solid granite.
All of- the irrigable land under the project, with the exception of
four or _ve small ranches, has been segregated by the State of Wyoming under the provisions of the Carey law, but owing to the magnitude
of the project private capital has not undertaken construction. It is
understood that if the United States were to undertake construction
the land would be assigned by the State to the Government.
There are no legal complications involved with the right to use the
water of Shoshone River for the reclamation of this land. Therefore
the only questions necessary for consideration preliminary to construction are those of engineering.
It is proposed to construct a dam at the head of Shoshone Canyon for
the purpose of storing a portion of the _ood water of Shoshone River.
The stored water will be used for irrigating lands on the north side of
Shoshone River. The water will be conveyed from the reservoir by a
conduit leaving the reservoir at an elevation 60 feet above low water,
so as to keep the conduit above the steep walls of the canyon. The
conduit will be constructed along the north side of the canyon and will
consist of a series of tunnels and canals, its total length being 33% miles.
At the mouth of the canyon the irrigable land under the proposed canal
begins, but does not attain a very great width until a distance of 4 or
5 miles below the mouth of the canyon is reached.
DAM SITE.
The dam site is about 65 feet wide on the bottom and at an elevation
of 170 feet (the height of the proposed dam) 150 feet wide. The sides
are of solid granite, and it is probable that bed rock is not far below,
if it does not form the bottom of the channel. On this site it is proposed to construct an over_ow dam of rubble masonry 170 feet high.
A dam of this height will _ood 3,363 acres, giving a storage capacity
of 159,500 acre-feet above the proposed outlet.
The projected canals will cover 103,21 H) acres of land, of which 10,200
acres are nonirrigable, leaving 93,000 acres of irrigable land. In
addition to the above, the water may be carried across the divide
TX700084574
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between Shoshone River and Clark Fork and be used on a tract of land
there.
All of the irrigable land is bench land, some of it being gently rolling, but the greater part is comparatively _at and smooth.
P0“'ER.
Five thousand horsepower may be developed at the drop on the
main canal, and about ~t,000 at Eagle Nest Creek. This power may
be utilized for pumping water on land above the canal line.
Grey Bull Reservoir Sites.
Grey Bull River is the next tributary of Bighorn River south of the
Shoshone. It rises in the mountains southeast of Yellowstone National
Park; its general course is northeast, parallel to Shoshone River.
The normal _ow of this stream is not suf_cient to irrigate all of the
land under existing ditches, so that the storage of its _ood waters is
needed to supplement the present supply.
There are two reservoir sites on the Grey Bull, one about 8 miles
above the point where it leaves the mountains, the other about 4 miles
farther up. Surveys are now being made to determine whether the
construction of dams at these sites is feasible.
No public land would be reclaimed by this project; as stated above,
the storage of water would be for the purpose of increasing the supply
for land now in private ownership.
Projects East of the Bighorn Mountains.
The Bighorn Mountains lie in Wyoming just south of its northern
boundary and about the center of the State from east to west. The
highest point in the range is Cloud Peak, rising to an elevation of
13,165 feet above sea level; at this peak the trend of the range changes
its direction. North of the peak it is northwest and southeast, while
to the south it is north and south. The principal streams that. have
their sources on the northeastern and eastern slopes of these mountains
are Tongue River, rising north of Cloud Peak and _owing in a northeasterly direction to Yellowstone River in Montana; Little and Big
Goose creeks, tributaries of Tongue River, rising north of Cloud
Peak; Piney. Clear, and Crazy “'oman creeks, tributaries of Powder
River; and the main branches of Powder River draining the eastern
slope of the mountains south of Cloud Peak. After leaving the
mountains the general direction of Powder River through “'yoming
is northerly. and through Montana northeastcrly to its junction with
the Yellowstone. All of these streams after leaving the mountains
_ow through a rolling country. the valleys along the streams being
narrow as a rule; there are no large areas of bench lands.
TX700084575
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During the _eld season of 1902 a general examination, looking to
the utilization of the surplus waters of these streams for the purposes
of irrigation, was made.
TONGUE RIVER AND TRIBL'TARIES.
There are no reservoir sites on this stream nor on any of its tributaries, with the exception of some small lakes on Big (loose Creek,
each of a ‘few acres in area, which might be utilized for storage purposes in a small way. Owing to their small capacities and the fact that
nearly all of the water in Big Goose Creek is appropriated, it is not
deemed advisable for the Reclamation Service to construct dams at the
outlets of these lakes.
A reputed reservoir site on \Volf Creek, a tributary of Tongue River,
was examined and the bottom width of the ravine at the dam site found
to be about 100 feet, and at a height of 75 feet above the bottom the
Width is about 300 feet. Owing to the narrowness of the reservoir
site and its steep grade a dam 75 feet high would impound only about
700 acre-feet.
DIVERSION OF TONGUE RIVER.
It is feasible to divert the water of Tongue River at a point in sec. 4,
T. 55 N., R. 89 W. (_g. ~18). Thence the water could be taken by a
ditch 3 miles in length to the summit of the divide between Tongue
River and a tributary of Fool Creek; thence down the channel of this
tributary and a ditch 1 mile in length to Fool Creek; thence by a ditch
9% miles in length to the head of West Pass Creek; thence down the
channel of this creek to distributing ditches in the vicinity of Parkman.
The total length of ditch required for this diversion would be about
145» miles, the _rst 3 or 4 miles of which would be cheap construction;
the remaining 10 or 11 miles, owing to the steeper slopes, would be
more expensive. The area of the drainage basin of Tongue River
above the proposed point of diversion is ~16 square miles. and its elevation from 8,100 to 9,150 feet above sea level.
The Granger Ditch Company, composed of farmers owning land in
the vicinity of Parkman, has made a survey of the proposed ditch and
claims to have expended 33,00” in construction. A representative of
the company has stated that it is desirous of entering into an agreement with the United States for the construction of this ditch under
the provisions of the reclamation law.
Owing to the small area of the drainage basin above the proposed
point of diversion, the lack of all data relative to the quantity of water
_owing in Tongue River at the proposed point of diversion, together
with the absence of complete data relative to the amount of water
appropriated lower down on Tongue River, no estimates for the
probable cost of the project have been made.
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POWDER RIVER AND TRIBUTARIES.
Crazy Woman Creek and the main branches of Powder River were
not visited, but from information obtained from persons living along
these streams it is probable that there are no reservoir sites of reasonably large capacities on any of the streams. The main branches of
Powder River head in comparatively low mountains, and therefore
the quantity of water _owing in those streams must be considerably
less than that _owing in the streams to the north that have their
sources at greater elevations, so that it is very doubtful, even if there
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were a reservoir site of fairly large dimensions, whether it would be
_lled annually.
A large number of small lakes formed by glacial drift are located
in the mountains on the. headwaters of Clear Creek (see fig. 49). The
storage of water in these lakes is not considered feasible.
I’lNEY CREEK RESERVOIRS. (l
Piney Creek affords better opportunities for the storage of its surplus water than any stream having its source on the eastern slope of
“See also F1 rs: Ann. Kept. Reclamation Service. pp. 307-308.
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the Bighorn Mountains; in fact the quantity of water that could be
economically stored is far greater than the available supply.
Cloud 1’ e'ul Idle and Fairy ( ray/c J'g’Rdl'I'OH'. On the South Fork
of South Piney Creek is Cloud Peak Lake, at an elevation of 9,700
feet, and on the same stream, 6 miles below this lake, at an elevation
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FIG. 49. —Lake De Smez Clear Creek and Pmey Creek drainage basins Wyoming.
of 9,500 feet, Is a site known as Piney reservoir site (see _g. 49).
Both of these sites were examined and reported on by Capt. Hiram
M. Chittenden, Lug . .Armv. (House Doc. No. 141, 55th Cong., 2d
sess.) He makes the following estimates, page 23:
Site. - ‘ Ai're-lm-l. t‘mt. l 3:31:33
k ‘ l '
Cloud Peak----.‘ .............. i ............... 0,300 $31,043.75 l $4.56
Piney ............................ . ............ 11,020 70, 226. 25 l 6.37
H. Doc. 44, 58-22—33
Digitized by 600813
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The area of the drainage basin of Cloud Peak Lake is 11.3 square
miles, and of Piney site, including that of Cloud Peak Lake, is 33.1
square miles. Rights of way for these reservoir sites have been
granted by the United States to the Rock Creek and Pine)? Reservoir
and Ditch Company, of Buffalo, Wyo. This company has constructed
21} miles of ditch from PineyC‘reek across the divide to the head of
Rock Creek, down which creek it is proposed to run the stored water,
and at the present time it is constructing a dam at the outlet of Cloud
Peak Lake. Thus far nothing in the way of construction has been
undertaken on the Piney site.
Kearney Lake. —On the North Fork of South Piney Creek, at an elevation of 9,150 feet, is Kearney Lake, which has a very good dam site at its
outlet. During the summer of 1901 a company of farmers constructed
an earthen dam across the outlet of the lake, about 100 feet of which
was washed out in June, 1902. This dam was 370 feet in length on top
and curved upstream. A spillway, 40 feet wide on the bottom and 30
feet above the surface of the water in the lake, was constructed around
the north end of the dam, this end of the dam forming about one-half
of the south bank of the spillway at its inlet. The part of the dam standing is made up of earth, loose rock, and small stones heterogeneous-1y
mixed, no attempt evidently having been made to use selected material.
The top of the part of the dam standing is 5 feet wide and the inclinations of both the down and up stream slopes are about equal to the angle
of repose of the material. The upstream slope is covered with loose
rock. The material of the dam was dumped on top of the loose bowlders forming the bottom of the outlet of the lake, no core wall being
put in. The outlet was through three 12-inch cast-iron pipes, each
one having a valve at its lower end. These pipes were laid in loose
rock and earth, no attempt having been made to prevent the water
traveling along the outside of the pipes.
The dam failed because there was no water-tight connection between
the bottom of the dam and its foundation. As the hydrostatic head
in the lake increased the water was forced out through the spaces between the bowlders under the dam, the portion passing through immediately under the dam carrying with it—in increasing quantities as the
head and passages increased—the _ner materials of the dam. This
went on until the quantity and velocity of the water passing under the
dam became great enough to carry out in a few minutes a section of it
100 feet in length.
The escaping water out down the original channel of the outlet about
6 feet at the dam site, and the new channel slopes upward to its original
level at the lake, the water in the lake not having been lowered. The
TX700084579
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_ood caused by the sudden escape of the stored water cut down the
original channel of Piney Creek in many places as deep as 30 feet.
From surveys made by F. C. W’illiams, a civil engineer of Sheridan,
W'yo., it was determined that a dam with a spillway 40 feet above the
present level of the lake would impound 3,800 acre-feet. The area of
the drainage basin tributary to Kearney Lake is 16.7 square miles.
Lake de Smet.—This lake is formed by a natural basin in the comparatively low, rolling country east of the Bighorn Mountains. The
lake is 8 miles east of the base of the mountains and 2 miles south of
Piney Creek. It is 3 miles in length with an average width of a little
more than three-fourths of a mile, contains 1,503 acres, and the surface of the water is at an elevation of 4,530 feet above sea level. The
lowest point of the rim of its basin is 30 feet above the present surface
of the water, so that a natural reservoir site is formed by the basin of
the lake. The area of the drainage basin of the lake is 36 square
miles, the largest stream _owing into it being Shell Creek, a small
stream draining the country immediately west of the lake, the principal
source of its water supply being seepage water from irrigation ditches.
The lake has no visible outlet.
At the head of Box Elder Creek 2 or 3 miles southeast of Lake De
Smet are a number of springs. It may be that these springs are fed by
seepage water from Lake De Smet. If this be the case its value as a
storage reservoir would be seriously impaired, and before construction
is begun on the project it would be advisable, if not essential, to deter—
mine if the water _owing from these springs is seepage water from
the lake. Since the water in the lake is only slightly alkaline it would
seem that there must be an underground outlet to it.
This reservoir site not being on a large stream it would be necessary,
if it were used for storage purposes, to divert the surplus water of
some stream into it. The surplus water of Piney Creek could be
diverted into Lake De Smet by a canal 4 miles in length; if. the surface of the lake were raised 30 feet there would be a storage capacity
of 54,950 acre-feet.
These four reservoir sites. Cloud Peak Lake, Piney site, Kearney
Lake, and Lake De Smet, with a total drainage area of 141.? square
miles tributary to them (not including 36 square miles of local drainage tributary to Lake De Smet), and with a total storage capacity of
76,570 acre-feet, constitute what may be called the Piney Creek project.
TITLE AND WATER RIGHTS.
On July 16, 1897, upon application of the Rock Creek and Piney
Reservoir and Ditch Company, Cloud Peak Lake reservoir site was
approved by the General Land Of_ce, and at the present time, FebTX700084580
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ruary, 1903, a second application for approval is pending. As before
stated, this company is now constructing a dam at the outlet of the
lake, with the intention of using the lake for storage purposes.
Upon application of the same company and upon the same date Piney
Creek reservoir site was approved, and application for second
approval is pending. Upon application of Kearney Lake Reservoir
Company the Kearney Lake reservoir site was approved on May 21,
1901.
No application has been made for the right to use Lake De Smet for
the storage of water. Since the right of using the three mountain
reservoir sites of the Piney Creek project is in the hands of private
individuals, and since they have completed their canal and are constructing a dam at Cloud Peak Lake site, and since the Kearney Lake
Reservoir Company will probably reconstruct the dam at Kearney
Lake, it is not deemed advisable to interfere with these people in the
prosecution of this work. Previous to the year 1897, 335 second-feet
of water were appropriated from Piney Creek.“ This water is taken
out by several ditches and distributed among more than 200 farmers.
It is probable that were these dams constructed by the United States
complications would arise between the United States and these prior
appropriators that would interfere with the proper distribution of the
stored water. Therefore, for this reason also it seems unwise to
undertake the construction of these mountain reservoirs until some
de_nite agreement in regard to existing water rights is made between
these prior appropriators and the United States. Assuming that these
mountain reservoirs are constructed by private parties and utilized to
their full capacity—21,620 acre-feet—it would reduce the drainage
area of the project by 50 square miles, leaving 92 square miles tributary to Lake De Smet. '
IRRIGABLE LAND.
Practically all of the land that would he irrigated by water from the
mountain reservoirs is in private ownership, and most of it is now
under ditch. The greater part is located in the rolling country along
the base of the mountains north of I’iney Creek, extending nearly to
thetown of Sheridan. Irrigation could be extended to the immediate
vicinity of that team provided the supply of water held out.
When the two 15-minute quadranglcs adjoining the Fort McKinney
quadrangle on the north are surveyed, an examination of the resulting maps may Show that it will be more economical to convey the
stored water from Lake De Smet through the pass at Ulm, or perhaps
through a tunnel west of Ulm, and utilize it upon land east of Sheridan (Pl. LXVIII) than on land along the lower stretches of Clear Creek.
u Biennial Report State Engineer of Wyoming, 189.545.
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LAKE D1“. SMET PROJECT.“
“'ATER Sl' PPLY.
Measurements of the discharges of Piney and Clear creeks were
made during 1903 under the direction of A. J. Parshall. Following
are the preliminary results:
Dimhrrrgr, in oar-_at, of Plum and Fleur creeks, ll'ymning, in 1.90.3.
1 » I '
Jan. Feb. I Mar. ' Apr. 1 May. I June. July. Aug. Sept..| Oct. Nov. Dec. lTotal.
l l . ii i l l 7
l I | l
PineyCreek.....l...... .... '2,438l 13,197 29,805, 9,605 4.352.9701'. ..... I ...... ‘ ...... l 62.520
CleIrCreek ...... I 3,336 3.920 2,713 2.992, 7,139, 25,395 8.386 5.231 4336‘ ...... ' ...... l ...... 164.347
I I I .
1 April 1940.
The capacity of Lake De Smet reservoir, without embankments, is
54,950 acre-feet. Therefore, from April 19 to September 30, 1903,
7,570 acre-feet more than necessary to _ll it were _owing in Piney
Creek at the proposed point of diversion.
There is no record of the discharge of Piney Creek prior to April
19, and the record for October, November, and December is not yetavailable. Assuming that the discharge of Piney Creek during these
months is one-half the discharge during the month of September—say
1,500 acre-feet, which, compared to the discharge of Clear Creek duringJanuary, February, and March, seems to be well within the limit—the total discharge for the portion of the year missing from the record
would be approximately 9,900 acre feet, and the total discharge of
Piney Creek for the entire year 72,420 acre-feet. Assuming that the
mountain reservoirs on I’incy Creek had been constructed and _lled
to their maximum capacity, 21,620 acre-feet, there would be left
50,800 acre-feet for diversion into Lake De Smet. Therefore it would
take only 4,150 acre-feet more to _ll it. '
The above considerations do not take into account the amount. of
water appropriated on Pinc_v Creek below the proposed point of
diversion. This would reduce somewhat the quantity of water available for diversion. The quantity of water appropriated, however,
is not great.
Above the proposed point of diversion is a canal diverting water
into Prairie Dog Creek. It is stated that. this canal, especially during
high water, diverts more water than it is entitled to. Measurements
of the quantity of water passing through its head-gates were made
during the last season, but the results are. not at hand. These results
may SllOW that if this canal were restricted to the quantity of water to
which it is entitled, there would probably be water enough in Piney
Creek to _ll Lake De Smet. 'l‘herefore it may be stated with a reasonable degree of certainty that if the mountain reservoirs were
«1 See also First Ann. cht. [h-elnmation Service, pp. 307—399.
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utilized to their full capacities there still would be water enough left
to almost, if not entirely, _ll Lake De Smet in a year, with run-off
conditions similar to the present.
It, however, is doubtful, particularly in the eases of Cloud Peak
Lake and the Piney site, if the water supply of these mountain reservoirs is great enough to _ll them; also, it is somewhat doubtful if all
of them will be constructed and utilized to their full capacity for many
years. Of course this latter doubt should not be given much weight,
but at least it adds an element to the feasibility of the Lake De Smet
project.
Flu. Flt—Topography along prnrwcd supply canal. Piney Creek to Lake De Smet.
STORAGE OF WATER.
As before stated, the right to use Lake De Smet for storage pur~
poses has not as yet been acquired by private individuals; neither are
there as many existing water rights to deal with in the distribution of
its stored water. For these reasons it seems to offer greater inducements for construction than the mountain reservoirs.
Pz'ney Creek diversion.—For the utilization of this reservoir site it
is proposed to construct an earthen dam across Piney Creek, at apoint
900 feet above where the Sheridan-Bu_alo stage road crosses Piney
Creek (_g. 50). This dam will have a Width of 10 feet on top, an
TX700084583
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upstream slope 3 to 1, downstream slope 2 to 1, a length of 950 feet on
top, and a maximum
height of 16 feet.
The surplus water of
Piney Creek would be
diverted into a canal 16
feet wide on the bottom, with maximum
depth of water of 11
feet, grade of 1.056 feet
to the mile, maximum
velocity of 3 feet, and
maximum capacity of
950 second-feet. At a
point on the canal 200
feet from its head, a
spillway 40 feet on the
bottom controlled by
suitable gates will be
constructed for the
purpose of returning
surplus water to the
creek below the dam,
so that water will never
_ow over the dam (_gs.
51 and 52).
At the point where
this canal crosses Little
Piney Creek an earthen
dam 350 feet long on
top, with a maximum
height of 17 feet and
with slopes of 3 to 1
and 2 to 1 on the up
and down faces, respectively, will be constructed for the purpose of diverting the
water of Little Piney
Creek into the canal.
Through the bottom of
the dam there will be a
36-inch concrete conduit.’ At a distance of
2% miles from the head
of the canal the _rst section of it will end, and the water will then
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run down a ravine for a distance of 2,800 feet, dropping 90 feet vertically in that distance.
From this point the water will be diverted
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faces respectively, with a conduit similar to the one in the Little Piney'
dam, into a canal having a Width of 14 feet on the bottom, a maximum
depth of water of 12 feet, a'fall of 1.056 feet to the mile, and a capacity
of 960 second- feet, which may be safely increased to 1, 000 second- feet
if necessar3.
The length of this section of the canal Will be 4, 500 feet, and it will
bring then water to the northern rim of the lake basin (_g. 53). As
it is desirable, for reasons given below, to place the outlet at the
north end of the lake, the supply canal would have to be extended
4, 000 feet farther so as to pr'e1ent the outlet from being _lled with
sediment, b1011ght by wate1 from the north slope of the basin. This
additional 4 000 feet of canal would be In neally level land, and would
have a width of 32 feet on the bottom, a cut of 4. 6 feet, and a maximum depth of water of 8 feet. In general, in all sections of the supply canal the side slopes will be 1 to 1 in cut, lé to 1 on embankments,
and Li to 1 011 cuts under embankments.
Clmr (71-11% dire/aim-—Preliminar3' surveys were made of two
possible conduit lines from. Clear Creek to Lake De Smet (_gs. 49
and 55), one of these leaving Clear Creek at Buffalo, the other 11}
miles above Buffalo.
The one leaving the creek at Bulfalo, where there is a good diversion site, is considered the more feasible. Four 01' 5 miles of this
conduit would be along steep slopes, about 1 mile in deep cutting and
about 1,500 feet in tunnel, all of which would be expensive. Owing
to the absence of reliable data relative to the discharge of Clear Creek
and the expensive construction of the conduit, it is not thought advisable to consider the project until after some measurements of the
quantity of water _owing in Clear Creek, at the proposed point of
di1ersion, me made. The meat of the drainage basin of Cleal Cleek
above the proposed conduit, including F 1ench and Rock 1- 1eeks, is 284
squale miles (_g. 49), just t11i1e that of Pine3 Cleek, above the proposed suppl3- canal to Lake De Smet. The general clev ation of the
basin, ho11 e1 el ,is 111u1h lowel, and fo1 that 1eason it is doubtful if it
discharges as 11inch enter as Pinc3 Deck
The biennial report of the State engineer of Wyoming, 1894, gives
the following discharges:
Discharge nmmurt'mmts 11f tributaries of Fleur, and Rock creeks m 1393.
Second-feet.
(‘LEAR CREEK.
June10 ............................................................ 304
June12.. .................................... . ...... - ............. 652
Junel_ ........................... - ....... _ ............. @.......... 178
June22 ............................................................. 134
July 17 ............................................................. 37
ROCK canes. l
July 14 ............................................................. 81
TX700084590
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The same report for 1895-96 gives the following appropriation of
water:
Second-feeL
Clear Creek ................................................................ 529
Rock Creek ................................................................ 187
This would seem to indicate that there is not very much surplus
water in these creeks.
13th Standard Parallel North
FIG. 53.—Lake De Smet reservoir site.
UI'TLEI' CANAL-'4.
The stored water may be taken out at the north end of the lake
through a canal 9,700 feet in length, with a maximum cut of 30 feet,
TX700084591
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and discharged into Piney Greek, or it may be taken out at the south
end by a canal 10,500 feet in length (_gs. 54 and 55), with a maximum cut of 41 feet, and discharged into Boxelder Creek, a tributary
of Piney Creek, or it may be discharged into Clear Creek through a.
canal 31,400 feet in length, with a maximum cut of 63 feet. Owing
to the great length and depth of cut of the outlet to Clear Creek
compared to the two other possible outlets, its construction is not
deemed advisable. By discharging the water into Boxelder Creek,
a strip of land about 6 miles in length, with an average width of one-r
fourth mile, now without a su_icient water supply, could be irrigated.
However, this land could be more economically irrigated by water
from Cloud Peak Lake, since. there is a ditch already constructed
from Rock Creek to the head of Boxelder Creek.
. ‘I/\\£®;g7_fh _._ _._—
zi‘h '
I
Fro. 5L—South end of Lake De Smet, showing possible outlet to Boxelder and Clear creeks.
The advantages of placing the outlet. at. the north end of the lake.
are low cost of construction and the fact that the water may be discharged into Piney Creek at a point high enough to convey it by a.
canal to the pass at Ulm, between Piney and Prairie Dog creeks,
which is an important factor should it be decided to irrigate land east.
of Sheridan (Pl. LXVIIl).
The stored water will be discharged through a concrete conduit having a width of 4 feet, height of 6 feet, walls 2 feet thick, length of 135feet, and a level grade. (Pl. LXlX.) The quantity of water passing
through this, conduit will be controlled by two circular sluice gates,
each 48'inches in diameter, and manipulated from the top of a steel
TX700084592
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tower erected over the gates. The water will be conveyed to the concrete conduit in an open out having a width of 8 feet on the bottom.
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FIG. .33.—Topomphy ulnng pn_slhlc conduit linen. (‘lear Creek to Lake De Smet.
side slopes 1 to 1, a length of 6,201) feet. and a level grade. From the
end of the concrete conduit the water will he conveyed to Piney Creek
.. '
a.Digitized by GOOSIE‘
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by a ditch having a width of 8 feet on the bottom, side slopes 1 to 1,
a fall of 2.64 feet to the mile, and a length of 3,500 feet.
After the water is discharged into Piney Creek it is proposed to let.
it run down the channel of that creek to Clear Creek, thence down
Clear Creek to a point known as Double Crossing, about 5 miles above
the town of Clearmont (_g. 56). At this point an. overflow dam of.
v
I
l
. R ,_ :21: la: jj'Ir‘
113w. §*i¥@~§-;¢« >_ 1.5.531“:
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FIG. 56.—Irrlgable land along Clear Creek and line of proposed ditch.
either rubble masonry or concrete, 4 feet high and 1-10 feet long on
top, will be constructed to divert the water into a ditch on the left
bank of the creek. This ditch will have a width of 5 feet on the bottom, a depth of water of 4 feet, a fall of 5.28 feet to the mile, and a
capacity of 115 second-feet. At a distance of 15 miles from its head
the cross section of the ditch will be changed to a bottom width of 4
feet and a depth of water of 3 feet, giving a capacity of 52 secondTX700084594
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feet. The total length of the ditch will be 27 miles, and it will carry
enough water to irrigate all of the irrigable land on the left bank of
Clear Creek from Double Crossing to where the blu_s close in on the
left bank of the creek, 3:} miles below the bridge of the Burlington and
Missouri River Railroad, across Clear Creek. This land will amount
1507,000 acres, of which 3,764 acres are in private ownership, 2,816
acres are public land, and 420 acres are school land. This land covers
an area 16 miles in length, with an average Width of about threefourths of a mile, and is at an elevation of from 3,700 to 4,000 feet
above sea level. The Burlington and Missouri River Railroad enters
the area 2+ miles below its upper end and leaves it 3; miles above its
lower end, thereby passing through it for a distance of 10 miles. The
town of Clearmont, containing a population of about 100 people, is in
the area and at a distance of 5 miles from its upper end.
The water not diverted into the above ditch will continue down '
Clear Creek to a point about one-half mile below the bridge of the
Burlington and Missouri River Railroad across Clear Creek. At this
point it will be diverted into a canal on the left bank of the creek in
which it will be carried a distance of 2:} miles. From the end of this
canal the water will be carried across Clear Creek in a suitable conduit
to the upper end of the irrigable land on the right bank of Clear Creek.
Taking the water out on the left bank and conveying it across the
creek to the right bank is considered more. ecOnomical than taking it.
out on the right bank and constructing a conduit on the faces of the
steep blu_'s along the right bank of the creek.
Pl. LXVIII shows State lands and those in private ownership under
the Piney Creek project.
as'rmxras or com.
Preliminary estimates of cost—diversimt of Pim’y Creek to Lake Dr Start.
EARTHEN DIVERSIDN DAM AT HEAD OF SUPPLY CANAL.
17,950 cubic yards, at $0.30 .............................................. $5, 385
210 cubic yards concrete, at $10 ......................................... 2, 100
4 steel gates, at $500 .................................................... 2, 000
3,845 pounds steel I beams, at $0.10 ...... , ............................... 385
Weir across canal, 5,800 feet lumber, at $25 per M ........................ 145
Bolts and nails, at $1.50 per M. feet lumber .............................. 9
Labor, at $8 per M. feet lumber ......................................... 46
SPILLWAY.
Excavation, 16,437 cubic yards, at $0.15 .................................. 2, 466
Earthen dam across Little Piney Creek, 5,327 cubic yards, at $0.15 ........ 799
Concrete conduit through dam, 140 cubic yards concrete, at $10 ........... 1, 400
One 36-inch circular sluice gate .......................................... 600
One steel tower, 5,300 pounds, at $0.10 ................................... 530
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SUPPLY CA NA L.
First section Piney Creek to ravine:
Excavation and embankment, 96,783 cubic yards earth, at $0.15 ....... $14, 517
Out through pass, excavation, 17,100 cubic yards earth, at $0. 20 ....... 3, 420
10 drops in ravine, at $500 ......................................... 5, 000
Earthen dam across ravine, 15,100 cubic yards, at $0.15 ............ ,. - 2, 265
Concrete conduit through dam, 210 cubic yards concrete, at $10 ....... 2, 100
One 36-inch circular sluice gate ...................................... 600
One steel tower, 7,000 pounds, at $0.10 ............................... 700
Second section ravine to lake divide:
Excavation and embankment— 15,000 cubic yards rock, at $0.60 ................................. 9, 000
50,000 cubic yards earth, at $0.15 ................................ 7, 500
Third section lake divide to lake:
Excavation and embankment, 26,660 cubic yards earth, at $0.12 ....... 3, 200
oera'r ('nxncrr 'ro Pisa-r cases.
Excavation:
158,790 cubic yards earth, at $0.20 ........... . ....................... 31, 758
320 cubic yards concrete, at $10 ..................................... 3, 200
Two 48-inch circular sluice gates, at $600 ............................. 1, 200
One steel tower. 8,050 pounds, at $0.10 ............................... 805
Three highway bridges, at $175 .......................................... 525
RIGHT or WAY.
50 acres, at $20 ......................................................... 1, 000
15 acres at $15 .......................................................... 225
180 acres, at $10 ........................................................ 1, 800
104, 680
Contingencies, 10 per cent .............................................. 10, 468
Total for complete Lake De Smet project ................... i ....... 115, 148
Estimate of cost of dirersion of stored water from Clear Creek.
Concrete diversion dam, 100 cubic yards concrete, at $10 .................. $1, 000
Excavating ditch along Clear Creek, 263,609 cubic yards earth, at $0.10 . . . . 26, 360
Contingencies, 10 per cent .............................................. 2, 736
Total ............................................................ 30, 096
As stated on page 526, surveys show that the proposed ditch along
ClearCreek will irrigate 7,000 acres. Taking this area as equal to onethird of the total area that could be irrigated by the water stored in
Lake De Smet, and adding one-third of the cost of storage to the cost
of the above ditch, gives $68,479, or $9. 78 per acre irrigated. This estimate is based on a duty of 21} acre-feet of stored water to 1 acre of
irrigated land. Owing to the great distance the stored water would
have to be conveyed before reaching the irrigable land, the above duty
is not considered too small.
TX700084596
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ALTERNATE PROJECTS.
1. All of the water stored in Lake De Smet could be utilized on
land along Clear Creek extending from a point 5 miles above Clearmont to the mouth ofJClear Creek, and if any water were left over it
could be used on land along Powder River below the mouth of Clear
Creek.
2. If the topographic surveys that will be made show that it will be .
feasible to convey the stored water from Lake De Smet through the
pass at Ulm (Pl. LXVIII) all of it could be used on irrigable land along
Prairie Dog Creek in the vicinity of Sheridan; or one-third of the
water could be used to irrigate 7,000 acres along Clear Creek (_g. 56),
and the remaining two-thirds used on lands along Prairie Dog Creek.
The irrigable land along Prairie Dog Creek lies in a more compact
body than that along Clear Creek, the latter being in a long and com- ‘
paratively narrow strip. Therefore, the loss of water by seepage and
evaporation would be considerably greater in conveying it to the land
along Clear Creek than to that on Prairie Dog Creek.
RECONNAISSANCE 0N GREEN RIVER.a
In order to determine the feasibility of diverting Green River or its
tributaries, New Fork and East Fork, to irrigate lands in the vicinity
of Big and Little Sandy creeks, as well as the possibility for storage in
the mountain lakes in this section, a rapid examination was made during
the season of 1903. Several lines of flying levels were run, which
determined that Boulder, Fremont, Half Moon, and Burnt Lakes
could be used as reservoirs, and the water carried into Boulder Lake
or Boulder Creek below the lake. It was found that it would not be
possible to divert water thus conserved to the lands near Big and Little
Sandy creeks, but that along Boulder Creek, East Fork, and along
New Fork, continuing down to the junction of the latter stream with
Green River, a large amount of irrigahle land could be reached.
There is considerable irrigation of lands along Green River and New
Fork along the bottom, but a much larger area could be cultivated
With suf_cient water stored in the lakes above mentioned.
a Extract from report by C. H. Fitch.
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The Rio Grande rises in the State of Colorado, and flows
south through the entire length of the TerrItory of New Mexico
to the north boundary of Texas, near the town of Anthony.
Prom
this point to tThe Pase, about four miles above El Paso, Texas,
it forms the boundary between New Mexico and Texas. At "The Paes"
it becomes the boundary line between the United States and Mexico,
and continues as such for about 1,300 mIles to the Gulf o
Mexico.
So far as its history Is known It has always been a torrenUaa or torm-water stream, subject at times to
reat floods, and
at other times to periods of minimum flow when its bed was dry,
or carried an insignificant amount of water along certain part8
of it• ourse
Above El Paso it has a length of about 900 miles, and a
drainage area of about 38,000 square miles. In this section
•
its ordinary f low, or what is known as its permanent water,
conies almost entirely from a comparatively small area in Colorado and upper New Mexico where there is a heavy snow fall in
the mountaina.
The country through which it flows is very fertile, but
the vafnfall is so meager, and so erratic that it Is
an and
A353939..
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desert, and no crops can be raised without artificial irrigation.
"Defore the middle of the sixteenth century the Spaniards
entered the valley of the Rio Grande in New Mexico, and there
found the Pueblo Indians living in towns, cultivating the land,
and bringing water onto it by irrigating ditches, many of which
are still in use to this day". A Spanish colony was eetabliøhod
at Chamita, New Mexico, in 1598, and at Santa Fe in 16.9 5 . The
latter colony existed until 1680, when they were driven out by
the Pueblo Indians. Spanish supremacy was again established
in 1692.
From that time to near the middle of the mineteerith
century the Rio Grande Valley in New Mexico was under the do
minion of Spain and Mexico, and was settled up by Spaniards
and ..Meiôàn3
h.O '.iri • t • d nd uitivatè
the las.
in the
excellent report made by Mr. W. W. Follett in 1896 to the itnational Boundary Commission, he says:
'Wh1le quite.a.1arge
'nat1•;o population has come into the Rio Grands drainage In Na
MexIco since the construction of railroads in 1880, it is oon
fined prfncipally to the towns, and today fully 90 per cent of
the irrigating in this section is done by Mexicans and Indians!'
In the same report Mr. Follett says: "The El Pas,o Valley was
occupied by Spaniards over three hundred years agO,
in the
year 1600 El Paso del Norte (now called Juaréz) was animportaut town, and records are in existence over two hundred and

•
.•.
/
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del Norte as being in use.
In speaking of his investigations
in El Paso Valley, Mr. Follett says: 'Prom all I could learn,
I should judge that in former years some 40,000 acres of land
were tilled in this valley, more than half of which was on the
Mexican side of the river. 0
During recent yeas there has been a great scarcity of water
in the Rio Grands, in New Mexico and In the El Paso Valley of
Nxas and Mexico.
The deficiency of flow at El Paso brought
about a complaint from the Republic of Mexico. The question
by a protocal, dated May 6 1 1896, was referred to the International Boundary Commission fora full investigation and a
report upon the following points:
1- The amonj,Q±' water of the. Ri.o Gr.aride takGn: by u-ri4. ,
gation canals in the United States of America.
2 The average smount of water in said river, year by yr,
before the
nstruotion of said irrigation oaais, and since
said construstion.
3- The best and most feasible mode of so regulating the
use of the waters of said rIar as to secure to each country
concerned, and to its inhabitants, their legal and equitable
rights and interests in naid waters.
On November 25, 1896, this Commission, composed of Col.
Anson Mills for the United States, and Senor Don F. Javier
Osorno for the Republic of Mexico
having before them the
full and complete report of Mr. W. W. Follett, United States
A353941
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Engineer for the Commission, reported as follows:
l' The increase in the acreage irrigated from the Rio
Grande in the State of Colorado from the year 1880 to the year
1896 was 197,000 acres. The increase of acreage irrigated in
New Mexico during the same years was 3,000 acres, making a total of 200,000 acres.
The flow of the river at El Paso has been deoreased
about 200,000 acre-feet of water per annum by the taking of
water for irrigation by canals obnetruoted in the United States
of America; the great mass of these waters consisting of flood
waters utterly unavailable for irrigation without large reservoirs.
As "the best and most feasible mode of regulating the
use of water, and securing to each country and Its inhabitants
their legal and equitable rights in said waters", the Commission recommended that the United States Government should buy
• all necessary land, pay all d.arnage3, and oonètruot at its own
expense an international dam at "The Pass", about four miles
u b r,- e r-,g e_above El Paso; •
25,565 acres of good land in the United
States with water; extend the Mexican boundary upstream to the
dam site, giving Mexico 98 acres additional territory in order
that one end of the dam may be on Mexican soil; deed one half
of the dam, the reservoir and the water supply to the Republic
of Mexico; and in some way prevent the constructiOn of any

•
/
•
The Cnission estimated the cost of this project at
02 2 317,113.36.
As above mentioned, Mr. Follett estimates that about
40,000 acres of land had prior rights under the old canals
in El Paso Valley, and wan deprived of irrigation by the act
•
of American citizens on the head waters; and that something
more than one half of this 40 2 000 acres lay on the Mexican
side of the River. As the retorIng of these ancient water
rights is the pra.mary object of the proposed expenditure of
42,3l?',1l3.36, the cost of the project wozld be $57.92 per
acre. However, It will be shoWn further along in this paper
that the proposed reservoir could be made to irrigate 55,000
acres In El Paso Valley, which would put the cost per acre
at2.12, provided the eztate of the 6ission Is a
reot one. There Is every reason for believing this eStimate
too low, but aside from the monetary cost per acre for the
land to be irrigated, there is anìother Item 'Of cost o be eonaidered.. The reservoir would cover 25,565 acres of good valley land, with mud and water, and would cause marshes to form
in ihe low flat valley at the head, of the lake amounting to
perhaps 15,000 acres additional, making a total destruction
of'about 40,000 acres of land inMesilla Valley, which is 'ust
as near to El Paso, and just as valuable as any of the land
that would be irrigated.

I
/
While the published report of the Commission and its engineers plainly sets forth the fact that increased irrigation
in Colorado caused shortage of water in Mexico, Texas and New
Mexico, their recommendations not only leave New Mexico out
of all the benefits to be derived from a project inaugurated
for the purpose of making up this shortage, but give part of
her territory to Mexico; cover up another part of it by the
proposed reservoir; and distinctly ask that the Government
shall prevent the construction of any other large reservoir
on the Rio Grande in the territory of New Mexico. The only
reasonable explanation of these extraordinary recommendations
lies in the probable fact that the Commiasion had no alternative plan for consideration, and thought that the p].an recoinmended was the only possible plan that could be adopted for
restoring the water to which Mexico laid claim by virtue of
ancient prior use. Inde4 they weie ..:c.0fr itdLa.t. the time
with the prospect of an Elephant Butte darn in New Mexico, not
under Government management, but to be constructed, owned and
operated by a stock company of private capitalists; whose
plank contemplated the construction of a comparatively low
darn, without sufficient storage capacity for irrigating a
large area above and having a surplus for Mexico.
At that
time the United States Government had no Reclamation Service.
Now that conditions have completely changed, and there is an
alternative plan which claims to be able to accomplish just
A 353944
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as much for Mexico, and a great deal more for the United
States, it becomes necessary to compare these two plans, and
choose betweon them,
The alternative plan, suggested by the U. S. Reølainatlon
Service, is to build a storage dam *pposito Engle, New Mexico,
across the Rio Grande at a point about a quarter of a mile/
below the site selected by the old. Elephant Butte Company, and
a third of a mile below the Elephant Butte, which Is a conical
mountain peak rising abruptly from the river bank to a height
of about 500 feet. At this site it Is proposed to build a dam
that will foirm a reservoIt 175 feet deep at Its lower end, and
40 miles long, with a storage capacity of two million acre feet,
that will impound enough water to furnish 600,000 acre feet per
S
annand Irrigate one hundred and eighty thond ftcres of
land, distributed as follows:
110 3,000 aores in New Mexico
201000
Texas ave El Paso,
50,000
"
El Paso Valley below El Paso.
With the above brief statement of *he U. Be Reclamation
ServIce Projedt we will proceed to cpare it with the InternatIonal Boundary Comnission Project, in a spirit of fairness,
and with the object of arriving at the best solution of the question before us.,
in considering these projects, or any other plan of water
storage on the Rio Grande, it is well to keep in mind the fol-.
OSE/LF-00015517
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lst While the floods on the river are enormous j they
do not come with any regularity, and the total flow in some
years is less than one tenth of the total flow in other years.
2nd- Any reservoir constructed on the river will stop
all the silt that comes down the river in suspension. Hence
a small reservoir will accumulate as many acre feet of mud
per year as a large one until it is filled with mud.
3rd-. All of the wate.r that comes down the river is
needed for irrigation. We cannot afford to waste any of it.
These three conditions make it imperative that the reservoir should be as large as possible, and as deep as possible;
having capacity for carrying a supply of water over from year,
to year to equal1.e the yearly inequalities, a surplus capacity
for mud accumulations, and a surface for evaporation that is
as small as possible in comparison with the quaxU.ty of water in storage.
.3.
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A STDDY OP YLOOD STOR&GE ON THE RIO GBANDE
The following is a study pf the service that could have
been performed by the proposed ulnternational ]m at El Paso,
Texas, and by the proposed "Elephant Butte Darn" near Bugle,
New MexIco, from January 1897 to June 1904, inclusive, in the
storage of the flood waters of the Rio Grande, and the diatribution thereof for irrlgation.
This study necessarily requires a irnowledge. of the following conditions:
let- The quantity of water flowing in the river during
each month of the period specified.
2nd- The percentage of mud, or silt, carried in suepen2iOn by the water to be deposited in the reservoir.
3rd- The depth of evaporation from the surf'aoeofthàre".
servoir for each month in the year.
.4th'-! The storage OaJ)aOity.afl& : area. .9 : p)ter
.faoe. 9f
reservoir at different levelu from bottom tottOp.
Prom these we may arrive at a fair estimate of the amount
of - water that will be available for irrigation, the quantity of
mud, that will accumulate in the reservoir, and the total number
of years that the reservoir can be used for the service required
without oleaning out the aooumulate.4 mud. In this item we have
assumed that either reservoir will give good service until the
mud in it fins 60 percent of its capacity.
A353947
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Percentage of Silt in Water
The following silt measurements of Rio Grante water at El.
Paso, TeEas, are from samples taken under the supervision of ,
the U4 S. Consulting Engineer of the International Boundary
ComlaaiGn between the United States and Mexico; the peroentage of alit contained therein being determined by Professor
J. C. Nagle of The Agricultural & Mechanical College of Texas.
The percentage of silt by volume for 7 days settlement was ObM
tainea by filling a tube with 100 cubic centimettea of muddy,
water, allowing it to stand for a week, and reading the height
of mud in the bottom of the tube.
The percentage by weight
was obtained by drying and weighing the mud deposit, and comparing its weight with that of the 100 cubic centimetres of.
water.
The measurements niade in Septher 1900 are published on
page 382, BulletIn No.19, OffIce of Experiment StationS, U. S.
.:
.
.
.
.
are
..
.
.........
Dèatént öAglcitè.
rti
Those for 1901 and 1902
published on page 206, Bulletin No.113 of same Deparent. Those
for 1891,1898
and 1903 and for Tune 1900, I have obtained from
a 1tter to Mr. T. V. Pollett, U. S. Consulting Engineer, International Boundary Commission, by Prof. 3. C. Nagle. The
whple data is given here, but only the percentage by weight will
be used In our calculation, and this will be converted into.per
centage by volume by a method hereinafter described.

ASVIW[fl S OP PERCENTAGE OP SILT
IN THE WATERS OP THE RIO GPAMA AT EL PASO, T:BrxAs.
P°roent of slit
2etont of
Date,
by voiwrie after
slit by
standing 7 dayø.
we:Ight,.dry.
1897 - May
:7.
3.39.
U
II.
5.04
"
---U
Sept.23.
15.94
-550
1898 - May 21.
2.76
Nov. .8.
1900.- June
0.74
'
29.
0.64
---U
Sept...9.
8.49
U
".. 9.
22.20
U
15.
15.74
3.70
U
U
13,
17.67
U
15.
18.40
5.15
-'
18.
17.74
206
33.22
8.66
U
24.
12.81
1901 - Feb. 14.
6.05
U
"
15.
5.86
U
"
16,
6.02
U
May
2.
12.42
U
4.
10.29
'I
5
6.07
1.92
U
6.
6.01
U
..b..83
. .
..,
..
U
U
6: ..........
°°
84°°
.
U
9
5.86
1902 - Apr. 26
8.22
U
U
28,
13055
U
U
3
545
1.35
May
6.81
2.06
U
7,
0.40
Tune
8.23
2.46
1903 . Feb. 27.
8088
U
Moh. ia.
16.51
U
U . 24.
2.91
Apr. 10.
8.04
2.69
U
F
24.
1.53
4.35
1180
U
"
16.
2.45
U
"
1.12
U
31.
2.20
0.64
U
June
6.
1029
0.40
U
U
18.
4.66
0.89
U
U
1158
U.
U
29.
0.6
0.22
U
Ju11
2.
1.06
U
U
71.
0.94
0.28
U
12.
147
0.
U
U
O9
U
U
24°.
1.39
°
OSE/LF-0001 5521

(11)
Dlsoha•rge of river
In second feet when
sample was taken.
5 2 960

----

7 2 240
------

1 2 700

---

.

95
45

3.91
5.52

80
830
1 9 690

4.29

1 1 690
.740
4.90

680

°°
3.37
1.36
1.47
1.47
3.98
2.96

160
45
90
110
180
1 1 020
1 1 520
1 1 880

2.03
1.95

2 9 380
050
3 2 i0OU

.
1.64
1.56
3.61

2 1 340
.465
425'
145
60

0.06

5
135

1.69
4.04
1.82
.
1.41
2 1 452
0.64
O•,s2

25
1 1 360
.405
1,020
660
5,060
4,430
2,340
2 1 590
16 1 000

0.53

16 0 660
12 1 430

0.15 .

10 1 030
3 0 540
1, 74

1135349
O.7O• .

.

.970
1°,0.00
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Data for Converting Percentage of Silt by Weight
into Percentage of Compacted Mad by Volume.
On Zune 29, 1904, Mr. Poliett and the writer cut a 3'-inoh
cube of wet silt.mud from the bed of the Rio Grande, and had
Mr. Arthur W. buck, Assayer, to dry it at a low temperature
and weigh the dried content. It weighed 5,789 graIns, and
•
shows that a ci.thic foot of silt-mud, dried out, will weigh 53
ibSo,
which Is 85 percent of the weight of a cubIc foot of water.
In the following table, Column A shows the percentage of
silt in Rio Grande water, by weight in different months and
- years, as estimated and tabulated by Mr. Follett from the foregoing silt measurements, and from hits observed changes in turd
bidity for different seasons and stagesof the river. Column
B shows the percentage of silt-mud in a compacted state by
VGIume., based on the dry weight of a cubic foot of euch mud., found
as above described to be 85% of the weight oe a cub2.o foot of
water.
The figures of Column B are therefore obtained by dlvi..
ding the figures of Column A by 0.85, and are the figures used
for eStImating the mud accumulations by volume from month to
month.
A353S50.
OSE/LF-0001 5522
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Table No. 1.
By W. W. Follett and B. M. Hail.
Showing peroentagà A" by weight, and 02 0 by compacted voltme
of the àilt in the waters of.. the Rio Grande for each
month from January 1897 to June 1904, inclusive.
19
1898
A
lB
Date.
A
Jan'.
2.40
2.82
.Tan.
2.40
•eb.
•0.90
2.40
2.82.
Mch.
0.90
Apr.
2.06
2.42
Apr.
0.81
0.95.
May.
..00
May
June.
0.52
0.61
June,
July.
C'.52
0.81
July.
Aug.
4.00
4.71
Aug.
Sept.
.5.45
6.41
Sept.
Oct.
3.75
4.11
Oct.
Nov.
2.06
2.42
Nov.
Dec.
0.90
146
Dec.
•
':.
:.iji89,9,;s.:..'.::' :..i..;
Date.
A
B
Date.
Jan.
0.90
1.06
Jan.
eb.
0.90
1,06
Feb.
Mcii'.
L40
1.65
Moh.
Apr.
2.00
2.35
Apr,
May.
1.40
1.88
May.
June.
-June,
July •
4.90
July.
Aug.
01 0
0.59
Aug.
Sept.
-•Sept.
0 ot.
--Oct.
Nov .
Nov .
--- - Dec.
0.90
1.06
Dec.
A353951
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B
0.90
1.Q6
1.06
12638
1.18
1.00
1.00
1.00
1.00
--1100

1.06
2.80
1.18
1.18
1.18
1.18
1.18

A
0.90
0.90
0.50
Q30
1.62
1.00
0.30
-- -4.94

1.06
1.06
0.59
0.35
1091
1.18
0.35
5.81

B

-a
1.00

1.18
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Table No. 1. (ContInued)
F
1902
F
Date.
Jan.
l'.00
Peb'.
1.43
Moh.
1.40
Apr' .
May
1.62
J'u-nt.
1.00
Ju]4r.
4.94
Aug.'
4.94
Sept.
4.94
Oct.
4.94
Nov.
1.43
Dec.
0.50
. .-.
•
1903
Date.
A
an'."-.
Feb.
1.69
MOh'.
2.38
__
-Apr.
2.06
•.
0,90
1.06
May.
June'.
0'.52
S
-Sa.•
Ju1.
0.29
Aug.'
1.40
01
40
•
Oct.
14 40
No'r. ,
0.50
•
Dec.
1.00

A
1.18
1.68
1.65
1.91
1018
5.81
5.81
5081
5 9 81
1.68
0.59

B
Tan'.
Feb.
Moh.
Apr.
May.'
June.
Aug.
Sept.
Oct.
NOv.
Dec.

.... .2, 0
L99
2.80

.;

Ar'
June.

1.6-5
1.18

4,94
4.94
0.50
0.50
0.50

Date.
A
-.-.fl'.:k'
Feb.
0.50
Moh.
-

0' 61

34
I'.65

Date.
0.50
0.50
0.30
2.17
2.06
2.46

.•.•

2'.4

0.59

.

as

A

B
065.9
0.59
01352.55
2.422.89
5.81
5.81
.0.59
0'. 59
0159

B
y..
0159
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- Evaporation From Surface of Reservoir In the following investigations we use figures for evaporation published in 12th Annual Report, Part 2, U. S. Geological Survey, page 235, and in 13th Arinial Report, Part 3, page
411; Evaporation at Port Bliss, near El Paso, Texas, 1889 and
189o.
Table No. 2.
•
.
EVAPORATION.
Decimals
•
Month.
In Inches.
of a
S
Poot.
January.
2.'.O
C.].?
Pebruary.
2.0
0 1 17
March'.
7'.O
0.58
April.
3
00 61
May.
10'.8
70
0,90
..,
.
Tunq*
11.2
094
.•'
••
•
•
u1y.
.
•
966
080.
•
August.
11.4
0195
September.
9.2
04
October.
6.8.
0.56
November.
4.6
0.38
December.
2.9
0.24
Annual.
8418
7.07
In the following discussion it is assumed that Tables i9. 1
and No. 2 are applicable alike to the El Paso Reservoir and to the
Elephant Butte Reservoir, and they will be used in both cases for
fInding the volume of mud deposited and the loss of water by evap'- oration.
The other data entering into these calculations will be
the "Inflow of water for each month" and the oapaoity and surface
: evident that'
area of the reservoir at all levels of
these items will be diftrent for different resery i and. local'ities.
Ye wilj therefore consider each reservoir , separateLy.
OSE/LF000 15525
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Proposed Internatio]'al Reservoir at El Paso
This prOposed darn would be constructed at "The Pass", four
miles above El Paso, and' would be of a height sufficient to give
a depth of 63.5 feet of water just above the darn, Mien fufl,tho
area of water surface would be. 25,565 acres. With the water
standing 43.5 feet deep just above the darn, its surface would
cover only 12,428 acres, and its contents would be
only one third
of the •oapaoity of the full reservoir. 13,000 acres of land ooy
erd by 'the fü1
bLàóè'd'tó'''dépth of lesi
than 20 feet. The following table of capacities and areas is
made by Mr. W. W. Follett, U. S. Consulting Engineer of the
mM
ternational Boundary Commission, from his own surveys "and contour
maps Of the basin.
'
.
,Tab].';No..
capacities and Surface Areas of Proposed
El Paso .,Reservoir at D'ferent Elevations of Water.
.
c4
..............................
V.
1"iett
Ba ove1..
Depth
'
Area of '
Capaoit3
Elevation
of
Waieir 8urface
in acre
(S.P.r.'dat1.)
.watØ't.
'
in acres..
feOt...
3710
'0
0
0
315
'5
'
180
0
3716
&
333
256
3717
7
'
486
666
3118
8
639
1228
3719
'
9
182
1944
3720
10
946
2813
3721
11
1128
3850
3722
12
'
1311
5069
3723
13
1494
6472
14.
16'7?
8031
372
IS,
18353954
825
3726
16
2032
11770
17
2205
13889
(Conm*et)
• ,'•' ','. '
"
"•'.•
.OSE/LF00015526,.

Table No. 3. (Continued)
ea Level
Mevation.
(S.P.By.dturn.)
3728
3129
3730
3731
3732
3733
.
3734
3735
3736
3737
4,
378
3739
3740
3141
31.42
3743
3744
31745
3746
3147
.."
3748
749
.
5750
3151
3752
3753
.
:........ 354'.
.
.
.
3755.
756
3
37:5'?
14265
3759
3760
3761
3762
3763
3764
3165
.
56
1824
3766
3767
3768
3769
3770
3771
3772
3773
.53.5
.2391
1.
4-00015527 ....,... .. -
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Depth
of
water.
18
19
20
21
22
23
24
25
26
27

-

Area or
water eurface
in acrsø.

Caaety
in acre
Thet.

2378
2551
2725
2968
3211
3455
3699
3943
4264
4585

-

29
30
31
32
33
34
35
36
3'?
38
39
40
41
42
43.
,.

490&

522?
548
6099
6650
7201
7752
8304
8794
9285
.
IC
10758
11235
11712
12189

44..

45
46
217044
47
244827
49

.

56290
61677
67501
73876
80801
88278
96306
104855
113694123425
143959
154955
166429].783?9
:

•

-..

13145:
13518

203713.

13891

230749

14639
15013
18675
16337
16999
11.661

50
51
52
53
.54
55

5122à

9776

. '.
.

25.9979:
274105
289449
305455
322123
339.453

357445
19125
19926
2072'?
21528
22328
23253
24178
25103

57
58
59
60
61
62
63
-.

-

16180
18645
21283
.24129
27219
30552
34129
37950
42053
46418

28

,
A353953o22

376170
395695
416022
431149
459077
481868
505,583
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Table 1o, 4.
Monthly Discharge of the Rio Grande
at the gagtng station in charge of
Mr. V. V. POiIett, U. S. Consulting
international Boundary Commission.
(tsc1arge in Acre Peet)
.
;
Xonth.
1897
•...
.
,.
Tan.
3100
Peb.
10080
Moh,
9920
:
Apr.
128400
mi
511101
0
...:,
.
..
362697
111570
July.
81739
Aug.
8132
-Sept.
.41950
Oct.
1089
NOT*
:
69322
110
Deo.
40205:
.
-8
2828
Year.
174746

at El Paso, Texaee
]ngineer,

,.
.
30129
33655
20044

1898
..

...

1809
...

.

.
8110
5680
460

12912
11330
7071

97944
146192

8807

1900
......

1901
.......... .
278
4503
3669

...

'00

10330

0

44810

..

1902
...,..
.

.
8291
5772

193

1904.
.

.

615

0

93100
480
0
123:

119
5.71
738
669298

77038
70
0

19553

0.
7993
73503:

16483
0

307
12576
60655
21005
53.36

22602
49.46.8
203623

12813
1775
1.69751

298
.440
363968

566909
20

0
0
....

0
18202 ....
4334
1031
2033

14499
9313.
1428
298
50768 1032844

.
972
38

1289
635
526

7904

158102

..
196269
31236
2262
160

Water Used Per irrgati.on
We find by our calculations that 180,000 acre feet jer year
will be the largest amount of Irrigation water that can be rea1ft
ized at El PasO, from this rea:erv.oir. A proper distrIbution Of
this amount of water for this region will be as fo'llow2:
Tb1e No. 5.
Water Ued For Irrigation In Each Month.
.
January
0 Acre Feet.
•
.•:
.....................
.
.
S
600 •'
March------16200
"
.April------36,000
May--------36,000
"
June36,000
"
Ju-----.
252O0
"
Auguut-----12 2 600
'
September's-9,000
P
)1
:••
.
0coher-'600
p
p
November_.._ui.
14600
'
1)eoember-.o
The Year'.180 2 000
A353957
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Servioe of Reservoir
Raving eetablisbed.our premises in Tab•lós No. 1, 22 3 9 4 9
and 5 1 we can fOrm proper ooncluaions as to the service that
can be performed by the proposed reservoir, and estimate the
•
length of time required for it to fill with imid to the point
where its capacity will be lees than is necessary for storage;
unless some means of oleaningout this mud is resorted to, or
the mud is prevezted from. entering the reservoir by meaflaof
settling basins above.
To will consider such ecpediente later
• in this paper, but for the purposes of discussion and onparieon of the two reservoirs, it will be assuine4 that the mud whiOh
settles in the reservoir remains there; . at least untilt the re.
ser'vof.r beocne:ø lneffi;cierit.hy
(I
its aocp.
fZ
I
Method of Caloula tion Used in the . Following Service TablOT :
2 The "Silt Depos1ted in Month" is found by multiplying
the "intiow" by the percentage in Column B of Table No. 1, ant
pointng oft four dec inial plaOes.
"Water AVrailable" equals ta Inflow" minus the "Silt
Depositód", plus the "Water In Reservoir" at end, of preceding month.
"SIlt in Reservoir" is the total accumulation at end of
eaoh month.
!O8$ by Bvaporati.on"
1,8
figured by first adding tOgether
the "Water Aailable" and "Silt in Reservoir" to get the total oon'
tentø of reservoir. !hen find thiS amount ri last column of Thb.e
A353958
.•
•.,
.: ...... .
. . .•. • . .....; ..
..'
:..:

-

. .. . .
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0
•0•
0
0
:::.:;::I..
...
,
..
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NO. 3; taking the corresponding water surface In aorea, in same
table, and mltiplyi.ng by evaporation in "decimaas of a foot"
in last oolun of Table No. 2 for the given month.
"Water Used for Irrigation" is from Table NO. 5.
"Water in Reservoir at end of MOnth" equals "Water
Available" minus "Loss by Evaporation" minus "Use for Irrigatiai"
in month.
"Deficiency" is the deficiency in amount necesuary for
9'.. To find the "Overflow", subtract "Silt in Ro8ervoir"
from total capacity of roser#oir. This gives the water capacity
of the reservoir at end of given month. If the water left over
after 8ubtracting "Evaporation" and "Irrigation" from "Water
.00
;..0.
.
. .,
:W.
ek
ow
±
Nole:- It is to be remembered:
r
Yi:rst; that the "Loss by Evaporati.onu cannot exceed the
I,
"Water Avi iiabIe*.
(See 0ctober and No -vnber, 1902.) It in
also 111ted by the surface area of the rese'voir durg month8
•
in whioh'here is an overflow.
Beoond,; that water "teed. for Irrigation" is limited by quan•
tity availabló.
This quantity subtracted from the water r equi re4
for irrigtlon gives the "Deficiency'. (Bee October and November,
1902, and Pobruary 1903.
0
Third; that the water capacIty of reservoir limlta the amount
of "Water in Reservoir at and of Month".
(Bee months having an
•
•.
:
•.
.
0
.
'
A353959
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ESTIMATE
ov
SERVICE THAT COUD HAVE
BIK1
PEBPOB]fl)
1 flTEBNATi0NAL RESERVOIR ON TI[B RIO GRLNDE AT FZ PASO,
BY THE PROPOS30
PROM TAbTUARY 1897 TO JVNE 1904 1 INCLUSIVE.
U8iN( 180000 ACRE PXT PEB 1ThAR 3OR IRRIGATION e
(All quantitieø being in acre feet)
ate.
in-'
3Ut
'Water
9111
Evot Used
Water
flow.
deavailin
by
for
in re.
fii flow.
poeable.
reevap- irrieeroionora-:ga
..veir
.07.
.
in
voir.
tion. tien,
a e!td
1897.
mOnth.
..
of, month. ..
•
Tan.
3100
87
3013
87
110
0
Peb.
10080
284
12699
371
357
300
•
Mcli.
9920
280
18382
651
1856
16200
Apr.
128400 3107
•
125:619
3758
6100
36000
8519
0
0
51i1,0'I •à
.
8965
66
:
,'
:.::
•.
•
.. Jwe.
362697
2212
890850
10825.
24440
36000
July.
81739
500
613305
11325
2080
25290
t
cl
S
t1.
1'
v•.
'
y
Aug.
8132
$83
539315
11708
24700
12800
'Sept.
41950
2689
541276.
1439?'
20020
9000
Oct.
108099
4767
615588
19164
14560
3600
Nov.
6322
178
591371
20842
9880
1800
Dec.
40205
426
56L828
21268
6240
0
Total
for
1374745 21268
152463
180000
•
Year.
.
..'..
'.
..•.

2903
8742

0

0
0

326

502016
512256
523727
522049
621623

0
0

'532066
531566

0

0
0
0
0
0
0

298344
3579
0
0
73701
33965

499391
.

•
.
:
.'
.
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ESTIMATE OP SWPIIOE THAT COUTD HAVE BLT PERPOR)L)
BY THE PROPOSED INTER!ATIOAL RESERVOIR ON THE RIO GRAKM AT EL PASO,
PROM JANUARY 1897 TO J1J1E 1904, INCLUSIVE.
- USING 180000 ACRE FEET PER NEAR FOR IRRIGATION
(All quantities being in acre feet)
Date.
Slit
Wa'ter
Slit
Iost
Usea
Water
pe-6Uireris
flow#
diea-i1in
by
for.
in re
fi.'u' flow.
posable.,
re8
evap
irriser'o'iens
ited
ae'0-ta" .,
g.-•
VOlt. .
811
in
v-dr.
tion.
tion.'
'at ent
•
Jan.
30129
319
551433
21587
4420
0
521304
0
25709
.b.
33655
357 :554602
21944
4420
3.600
520947
0
25635
Mcii.
20044
212
540779
22156
15080
16200
509499
0
0
9-7944
274
607169
22430
14860
36000
520461
34848
)ay.
14O192164
6.589-99
24084... 23400
Z60001188t'
June.
13.17'
1317
629060
25401
24440
36000
517490
0
51130
July.
196269
2316
711443
27717
20800
25200
515174
0
l069
.t,•
-'c
•
'•
••
••
I
a --•
8
Aug. '
31236
369
4641
28086
2410
12600
'508741
a
•
sept.
2262
-27
1-0976
28113
19558
9000
482418'
C,
.
Oct.
... 160
0
482578
28113
.13664
3600
4.88314
0
0.
Moe.
119
0
4- 66433
28113 '9206
1800
4.54427
0
0
Do.
5718
-.41 460078
28180.
5640
..
0
454438.. 0 .
0
TOtal
fOr
669298. 6912 1
181188 180000
- 363,83.
•.
81

6

ESTIMATE OP SERVICE THAT COULD HAVE BEEN PEROR?E1)
BY TRE PROPOSE]) INT R1ATI0}ZAL RESERVOIR ON THE RIO GRAN])E AT EL PASO,
PROM JANUARY 1897 TO TUIE 1904, flCLUSIfl.
USI}TG 180000 ACRE YXET PER YEAR POR IRRIGATION
(AU quantities being in acre feet)
.te.
In
Silt
Water
Silt
LOSt
Used
flow.
d
aya11
in
by
for
In reM
pos
able*
reevap
irrisercien•
ited
Verms,
ora
ga
'
ycir
in
voir.
tion.
tion.
at end
óntli.'
S
.
.
•
f month,
Jan.
12912
137
467213
28317
4046
Yeb.
11330
120
474377
2843,7
091
3600
7071
117
413634
28554.
13920
16200
443514
Apr,
8807
207
452114.
28761
14152
36000
May.
1O3O
l'tO 4121
28931
l953O
36000
Juxie.
.
.0
0
356592
26931
18330
36000
July.
19555
1126
320689
30057
14400
25200
.
1
.
.
.
4:30.
3
815'16
0.O
'
158!&'
12600
253241
Sept.
.0
0253241
300611. 1
11858
'9000
Oct.
125
0
232506
30060
8232
3600
Nov.
119
0
220793
30060
5472'
1800
Dec.. .. 288.. 30 216319
30090
'3432
-.
w w.a
•..
..
.for
. 738-03. 1910
133144
180000
Yearj.
•'..
..
.
.
•.•
'

Water
fj.

De

Qver

07.

0

463187
466680
0
401962
358592
302*62
281089
0
232383
220674
21 521

0
0

'

0
0

0
0

0

0
.

0
0
0

0
0
0
0
0
0

'

0...
0
0

-0

0
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ESTIMATE OP SERVICE TEAT COULD HAVE BXT PERFO1itED
BY M PBOPOS) INTERNATIONAL RESERVOIR ON TIM RIO GRANDE AT EL PASO,
PROM TANUAH( 1897 TO 3IXNE 1904 ; INCLUSII1E.
- USING 180000 ACRE 13T PER YEAR POR IRRIGATION
(All quantities being In acre feet)
ie.
ii&
water
LLt
Lost
Used
Water
D0é
flow.
de
aai1in
by,
for.
in retiv flow.
poe-.
b1e.
re- evaplrrisercieni- ..
r,
'"
V V. 1
¶Jy
I
voir.
t.Ion.
tici
at end.
6.
.
of month.
Tan.
8110
86
220911
30176
2465
0
218446
0
Peb.
5680
60
224066
30236
2473
3600
217993
0
Mch.
460
3
218450
30239
8323
16200
193927
0
Apr.
300
1
194226
30240
857
36000
149869
0
44810
856
193823
31096
12330
36000
145493
June.
93100
1099
237494
32195
14006
36000
187488
0
July.
70
0
187558
32195
10880
25200
151418
0
fYW,1 t 9VStAug.
t
15l478
32195
11688
12600
12'?i3
Sept.
16483
958
142718
33153
9240
9000
124478
0
•
Oct..
0
0
124478
33153
6356
3600
114522
Nov.
Q
0
114522
33153
4142
1800
108580
0
2568
0106741
925 180000
0
OSE/LF00015535

0
0
0
0
0
0
0
0
0

0.

2 6
ESTIMATE OP SEflYICE TRAT COULD HAVE BMH PEBPOflED
BY THE PROPOSE INTER1ATIONAL BE$ERVOIR ON THE RIO GBA1WE
PROM JANU.&RY1897 TO JiThiE 1904, iNCLUSIVE.
USING 180000 ACRE PT PER YEAR POR IRRIGATION
(Ai1 quantitlea being in acre feet)
•Date.In
Silt
Water
•iit
Loet
Used
flow.
de
availin
by
for
in reposabip,
re'
evapirriu.
8:er
oienited
ser,s
ora
gavoir
cy.
-,
•
..
. ..
voi.. '
:
.................................
Jan.
278
3:
107016
33165
1802
0
Peb.
4503
76
109641
33241
1819
3600
Moh.
3669
60
107831
33301
6177
16200
Apr,
0
0
85454
.33301
5795
36000
1 a7.
158]
302O98741
36321
12600
3500d
77038
9
32,
13818
36000
176452
Jt4y,
12578
731
18829?
37961
10960
25200
tilt
l
hr
'I
4
&655
3524 20928
'
"414
•Ø
Sent,
21005
1220
2027'3
42705
11011
9000
Oct.
5336
310
18778
4.3015
7784
3.600
Nqv.
12813
218
18902
43230
6301
1800

AT EL PAO,

Water
ti..
flow,

e

105214
104222
85454
43659
*.5O4t
152137

0
0
0
0
0.
0
0

182762
176404
181901

0
•0
0

0

.0ver

0
0
'
0

0
0
0
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1 14 1
'ROM JANIJAR! 1897 TO J1ThIE 1904 9 . INCLUSIVE,
USING 180000 ACRE PRET PFIR YEAR POR IRRIGATION
(ill quantities being in acre feet)
te.
In
Silt
later
S11t
Lost
Used later
De
flow*
deavail'in
by
for
in retiflow.
pos'able,
re
evsirri- ser
cienited.
aerOM06
ga., '
voir
cy..
in
voir
tion,
tion.
at end
1902
.
month.
. .
of moth.
Jan.
82:91
49
194741
43326
2397
0
192344
0
Peb.
5772
34
198082
43360
2414
3600
192068
'0
Moh.
635
2
192.701
43362
8149
16200
168352
0
Apr.
'7904
202
176054
43564
8296
'36000
131758
0
13
13227'
'
435??
10890
36000
85381''O'"'
June.
3()7
9
- 8579
435
9400
3000
4079
'0
20
0
40299
43586:
520
25200
979''
'
0
Aug.
14499
842
22836
44428
5785
12600
4451
0
Sept.
9313
541
.13223
44969'
4158
9000
65
0.
0at.
':1428
.8
14.85
44977
'-:0
1485'
0- 2.11-5 0
Nov.
'298
2
296
44979
:
0
'296
'0
1504
•

Over-

0
.0
0
0
0.
0
'0
0
0
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ESTIMATE OP SERVICE THAT COULD HAVE BEEN PERFORMED
BY THE PROPOSED INTERNATIONAl RESERVOIR ON THE RIO GRANDE AT RL PASO,
PROM JAUARY 1397 TO JUU 1904, INCLUSIVE.
USING 180000 ACRE FEET PER ITAR FOR IRRIGATION
(All quantitieB
being
acre feet)
]te.
in
Slit
Water
Silt
Lost
U8621
Water
De.'
verw
fl *
de
availin
by
for
in refi
flow.
poeable.
reevapirriaercienied
ora
..
1 .
c.
in
v0 ir.
tion.
tion. at end
1903
month.
.
Yan.
615
12
1264
45001
777
0
487
0
Feb..
1289
26
1750
45027
0
1750
0
1850 •
Mch,
22602
633
21969
45660
3550
16200
2219
0
Apr.
49468
1191
50490
46857
5100
36000
9390
O.
O362
'
2158
2'1O855
4'*ô1
13185
36000
116'/O
o
June.
586909
3580
744999
52595
24440
36000
490296
0.2.94263
July.
158202
538
647960
53133
20800
25200..4:89758
".L
Aug.
4334
72
494020
53205
24700
12600
456720
0
Sept.
1031
17
457734
53222
18788
9000
429946
0
'
.'
•
Oct.
2033
34
431945,
53256
13104
3600
415241
0
Nov.
298
2
415537
53258
8722
1800
405015
0
Dero.
'2440
29
407426
53287
5369
0
402057
0
Total
'
for
1032844
8298
138535
178150
1850
306465
Year.
.
' Deficiency equals amount required for irrigation less amount used
for irrigation.
A353964
ii
0 9/ F- 0001g
I

0
0
0
0

0
0
0
0'
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ESTIMATE OP SERVICE THAT COULD HAVE BERN POR1tD
BY THE PR0POS)D nrTERx&TI0NAL RESERVOIR Oit TRE RIO GRADE AT EL PASO,
PROM JANUARY 1897 TO JITNE 1904, INCLUSIVE.
USING 180000 ACRE ]ET PER TEAR FOR IRRIGATION
(All quantities being in acre feet)
te.
In
S1It
Wter
Silt'Lost
Used.
Water
Over
flow.'
deavailin
by
for
in refi
flow.
poeable.
•re
.'evpirri-. sex'alen'
.
ited
serora
ga
voir
cya.
in
voir.
tion,
tion,
at end
19
month.
of iuonth.
Jan.
972
11
403018
53298
3774
0
399244
0
'
Feb*
387
2
399629
53300
3740
3600
392289
0
Moh.
0
0
392289
53300
12.644
16200
3.63445
0
Apr.
".:Q.
"(:363445
'533
'12657
56000
314788'
0
May.
0
0
314788
53300
16920
36000
261868
0.
June.
0
0
.261868
53300,
15.698
3:6000
210170
0
4
A 353965

-.
0
0
0
0
0
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YEARLY StThDIARY OP SERVICE *THAT C6UL. HAVE BXEN PERPORMD
BY THE PROPOSED INTERNATI ORAl RESERVOIR ON RIO GBA2WE AT EL PASO,
PROM JANTJARY 1897 TO JIJINE 1904, INCLUSIVE, 7 1/2 YEkRS.
(All quantitlee being in acre feet)
Year.
Inflow
Silt
Lost Use&
from
dom
by
for
by
river.
poeevapirriover•
'ited.
oraga
flow'.
•
tian.,
"
ti on.:
.a t. en4
Of 'year
189?
•
1374745
21268
152463
180000
1898.
669298
6912
181188
180000
1899.
73503
1910
133144
180000
19001
169'751
3073
93825
180000
1901.0
.:r:
363968
.10115
;94O.9'5'.-'18O0o0
1902.
50768
1712
'58513
176381
04t.& Nov.
193.
1032844
8298
138535
178150
.
:... ,.,....
........
1904
1359
13
65433
127800
au year.'.
Zotal rot
7 1/2
3736236
5, 3300
917196
.1382331.
years.
Lerage
per .
498165
7107
122293
180000
Yóar.
.
.
eroentag
.
.•
•
of
.
1.43%
24.55%
370c%
Inflow.

Lost

Water

Remako

in 'toservolt.

499391
368383

521623
454438
212887
106741

186499
661 apy in
306465

402057 ]npty in
2101170 June

1174239
.

156565

.

32%

5.rO2%

I

1
The above taie for proposed fl Paso Reservoir shows:
1st:- That the accumulated mud in the reservoir at the er
of seven and a half years would be 53,300 acre feet, which is
at the rate of 7,107 acre feet per year.
At the end of 46 years
this would amount to 325,735 acre feet, or 60 per cent of the
entire capacity of the reservoir; leaving only 217,000 acre feet
water capacity in the reservoir, Inlesa some nanaof getting
rid, of this mud is devised.
The mud In the reservoir would have
a maxi,mum. depth of 46 feet, and Its surface void covr an
of valley land about miles wide, and 13 1/3 miles long* he
entire water space above this mud would have a nximum depth Of
I'? 1/2 feet, covering an area of 25,000 acres.
2nd:- The tabulated statement shows. that a very large a.
mGunt of water, its wasted thr'ongh the overflow, because the
darn
cannot be inde high enough to hold It. Even if the matet1 -of
the hills on either side is of such a nature thata safe dam
can be built with a spiliway 63.5 feet above the river b&, the
reasonably
height of these hills is such that the spiliway oannot,be at a
greater elevation.
3rd:- We have estimated on a supply of 180,000 acre feet
per year for Irrigation, but although it is shown that only
176,381 acre feet will be available in 1902, and 178,10 acre
feet in 1903, the waste by overflow amounts to 36 per cent Of
the inflow in 1897; 55 per cent of the inflow in 1899; and nearly 30 per cent of the inflow In 1903,
A353967
0SE/LF0O01541

32
During the seven and a
half years the water that flowa
into the reservoir is&ispeaed of as follows:
Loss by sediment-- -- - -------------1.43 per cent.
Lose by evaporation--------- ----- ----24.55
'
Loss by overflow ------------------------2.00
U
Total loss-- 57.98
U
It
U
Water used for irrigation------------- --- 37.00
•
atr' In 'reservoir at: . end ó
?
/2 'years-.
.Ô2
100.00
"
It
•
•',:',.
.

U
It

PROPOSED XrJXPH41T BUTTE RESERVOIR IEAR ENGLE, UW 1EXIC0 This darn would be constructed in a narrow gorge of the river,
below the site that was proposed for the darn of the old Elapiiant
Butte Company. According to surveys of the Reclamation Service,
it is projected to give a depth of 160 feet just above the darn,
and a storage capacity of 1 1 500,000 acre feet.
Recent additional surveys made by Mr. J. L. Rhead, under the direction of the
writer, show that it will be practicable to build a darn at this
point 230 feet high above the river bed, but there is a natural
gap in the hill to the west, several miles above the darn, that
has an elevaton of only 4383 feet above sea level.
A spi11wy
can be ..:.
.
4385, limiting the water
175 feet deep, we estimate
a storage capacity of 2,000,000 acre feet, as shown in the I 011cwing 1b1e, No. 6. This table of p.ras and oonteta iu.baeed
an
topographi.o surveys of the Reclamation Service up to a water
depth of, 160 feet, (Elevation 4370). Areas andcapaeitiea from.
160: to 175 feet of depth are calculated by percentage: of Increase.
This reservoir will be deep
and narrow,. and sediment could be
cleaned out of it more easily than If It were wide and shallow.
The methods of calculation for service in this reservoir are
the same as those for the El Paso Reservoir, Tables 6 1 7, and 8
being used instead of 3 9 4 and 5, respectively. Tables 1 and 2
are used alike for both reservoirs.
OSE/LF-00015543
A353969
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Table No.6.
Area of Burface and capacity of Elephant Mutte Rcervo1r
at dtfferent'water elevations,
('U. S. 11ec1aat ion Service)
Sea tevel
UePIR of
Surface
e1evtio.
water in
of water
,8anta Pe
...datum)
feet's
in acres,
4210
0
0010
4215
5
41.5..
4220
10
130.5
4225
.
15
219.5:
4230
20
365110
4235
25
511
4240
30
843
4245
3. 5
1175
4250
40
1781
4255
4.5
238.8
4260
5'O
3145
45
5.5
3908
4664
.
....
',.
42
4280
70
61
4285.,
75.
6924
40
80
7630
4?95
85
... 8335.
Li
I-il
4o0
90
9P1 "'
tips
9620
335730
4310
100
10550
4315
105
11480
40
110
12553
4325
115
13.6'26
430
120
14811
4335
125
15996
4340
130
1761.3
'4345
135
19241
•
435Q
140
21370
•
4355
15
23499
460
150
25516
4365
155
27534
4370
16
29553 .
437-5
165
30447
4380
170
3600
485
175
38406
.,
'..
.
.
•
'.:'
A135390.
.
'
'
.

Capacity to
contour in
acre feet.
0
110
415
1290
2610
4825
7720
12765
19470
2989 ,0
43350
513470

136635
1393:85
205880
45795
282 35
385435
440510
50040
568,6.85
65&500
713515
796465
888615
988815
1101045
1223065
1355690
1500000
1650000 E3*t1nate
1815000
2000000

3:5
Table No. 7.
Monthly Discharge of Rick Grande in Acre Feet
at San Marcial (above E1ethant Butte) from Records of
U. S. Geological Survey
and
U. S. International Boundary Coiimiission
189?
1698
18
1900
1901
... .12..
193: ..;.
Jan.
19553
57675
27:854
40582
20967
22731
17:19?
Feb.
24325
59425
24603
35099
25468
17435
2192?
Moh.
40767
62164
27546
33203.
15114
7954
46790
Apr.
212548
271458
54089
6248
23683
40106
10007
May.
7551
165832
35048
1239Q. 25616
267B'P
June.
366426
126268
952
159888
96178
6407
660416
July.
65977
167062
2840?
0
59286
0
77841
554:
..
'S
:1:
'..Aug.
149
13635
6395
.
.
49iO"
3064
:
Sept.
114188
4641
2916
73190
3760?
13349
1438
Oct.
28i677
.23O
66
0
17018
823
545
Nov.
175715
11722
9521
2440
20053.
4641
5534
Dec.
152736
23365
21828
10084
19240
11286
18883
The
,.
,
.-..
Year.
221525?
96467?
239835
484324
656274
200729 1272069

8490
9530
3055
.
'0
0
0

' '

'

--
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Table No. S.
Water Used For I:rrigation In Each Month,
January ----0 Acre Feet,
February
13,000
U
U
March
54,000 "
April------119 1 000
U
May--------' 1191000
U
June-------'
1191000
U
U
U
July -------83;000
Auguat------! 42,000
Opp
October----- 13,000
U
U
November---7,000
j
_ ____
'_
The Year---600,000 Acre Feet.
.
.
..
.....
OSE/LF-00015546

... L;-...

.........
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-_
NEW NEUCO, PROM A1tTARY 1897 TO JMM 1904, I1CIUSIVE.
- USING 00,000 ACRE TXff PER YAR POR IRRIGATION -•
(All quantitie8 being in aore feet)
Inflow.
TSlit IWter
4e
.
ava1'
Silt
Ioa•t
Uaed
Thr
Water
in re'
Do- Overf- flow.
•.
..
1
poo"
ited
able.
.
re'
aer
evapoMri.
irri"
ga.
eer'
yoi. r
den's
.cy.
•
•1
in
month.
voir.
.
tion.
lIon,
at end
of month.
Jan.
19553
551
19002
Pebo
24525
686
4253?
lLoh.
4076?
1150
68417
••Ø.
...
..
.
82011900
May
755196
7114
83703
Je.
L
Juli.
.r
.366426
•....
65;977
402
(
2235... 1072244 .16940 21800 119000*
997017
17342 11360 65000 896659 16
32444 0
0
0
Aug.
6149
290
902518
Sept..
134188
7319
948587
Oct.
28167.?
12422
1171142
Nov.
175715
4252
1315411
Dec.
152756
1619
1449071
Total
for
Year.
2215257
....
.••
43244
130022
600000
A353973
OSE/LF-00015547
'1

551
1231
238'?
105

304
537
2320

130
54000

16650

119000

0

17632 18800 42000 841718 i 0
24951
15.70
31000
3?513
14164
13000
41625
10487
7000
45244
7080

.

0

0

0

0
0
0

0
0
0

708053

18698
28800
1209?

0

0

90188,
114398
1297954
1441991

0
0
0
0

0
0
0
0
0
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EST1MkT39 OP SERVICE
THAT COUaI. HALVE SXEN PERPOD
BY THE PROPOS) La'EANT BUTTE RESERVOIR ON THE RIO GRA]
NEW MBXICO, PROM JANtJARY 1897 TO J1JU 1904, INCLU&IVL
USING 600,000 ACRE
PERR POR IRRIGA!FION (All quantitiea being in acre feet)
ma.
Slit
Water
Slit
Iot
Uøed
later
:.a.
flow&
tieavailin
by
br
i re-s
fjM
aB..
able
re-s
evapirrieer'
ited
aerora
ga-s
u-oir
oyo
in
yoir.
tioi.
tion.
at end
1898
month.
.
...
.
of month.
Tan.
57675
611
1499055
43855
065
0
1493990
00
Peb.
59428
630
1552785
44485
510
113000
1534685
M0lt.
62164
659
1596190
45144
17285
54000
1524905
0
5:45
'• ...:.'
7àOi
7
i9O ñóóö i:64?82
May.
165832
1957
1811677
54702
32160
119000
1659911
June.
126266
1490
1764695.
56192.
3 $4•
1].9QO
16?062
Il
1796946
68163
83000
1-8856'
0
.Aug*
13835
163
1698698
58326
31490
420
1425208
•
Sept.
4641
55
1629794
5'8381
24100
31000
1574694
•
Oot.
1230
0
1575924
58381
16970
13000
1545954
Novo
11722
0
1557676
58381
11470.
7000
1539206
23365
278.
1562295
5.8657.
.725C.
.
0
155.5045;
Total
S
.
for
964677
15413
236210
600000
•
Year.
.
.
.
.
.

00
0
0

0

0,:..

0
0
0

0

.

0

0

0

•0
0

0
0

.
0

0

Fl
~
I
III
;
0
BY T1t PROPOSED
HAET BUTTE RESERVOIR. ON THE RIO GR&MA MAR ENGLE,
W Mi[CO, PIM JkN1JARY . 1897 TO J1JIE 1904 9 INCLUSrVE.
USIEG 600 9 000 ACRE PERT PER YEAR POR IRRIGATION
(All quantities being in aore feet)
•
Date.
In'
Silt
Water
Silt
Lost
flow.
de'
availin
by
for
pea-' able.
re-.
evap-'
irrius
itod
ser-'
Q•ra.
ga's
•
voir
in
voir,
tion,
tion,
at end
IM
month.
•.:,..
.J'an.
27854
295
158264
5:8952
5168
7eb.
24603
261
1601778
.59213
5233
Moh.
2?546
455
1610636
59668
18021
489
•
1271
6093.9 *8611
I19CO
May.
35048
578
14882.92 .
61517
26865
June.
952
0
1343379
61511?
26517
••••••••
:•
284G7
1.:
1224633
63153
21096
83000
Aug.
6395
.38
1126894
63191
23731
Sept.
•
2916
0
1064079
63191
18428
Oat.
.676
0 1015327 63191 12914
NOT
9521
0 998934 65191
.8645
Dec*
21828
231
1004886
63422 6486
XOtS.L
.
...
.
for
239835 4765
.190715
OSE1LF.00015549
A3539 '5
.
.
.....•.
.
.
.......
...
..:..,
.
......
.
....
... .....

Used

eater
in re-

De

Over-

fi-' 110w.
oiefl's

cye.
-

0
130OG
54000

of month.
1577436
158345
1538615

0
0
0

i4sr
119000
119000

134242'?
1197862
112537

42000
31000
13000 989413..
7000 983289
0

0
0

0

0
0'
0
0

0
.0
0
0

0

0

0

O
1061163
1014651
999400
•

600000

0
0
0

r

.

.
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ESTIM&TE 0
SERVICE THAT COULD HAVE B= PER3OI&BD
BY THE P1)P0SEi) ELEPUANT BUTTE RESERVOIR ON THE RIO GRAI1DE LEAR ENGLE,
NEW YJEXICO I FROM TANtJARY 1897 TO J1Th]B 1904, INCLUSIVE.
USING 600,000 ACRE PEET PER YEAR POR IRRI GATION (All quantitie5 being in acre feet)
Date.
InSilt
'Water
Sift
Lost
Used
later
De- Overflow,
doava*1'..
in
by
for
in refi- flow.
p05able.
ré,. evap
aer
,oIen.
V
yoir
eye
in
voire
tion.
tion.
at and
•
1900
month.
••
of month.
Jan.
40582
430
1039552
63652
4002
0
1035550
0
Feb*
35099
372
1070277
64224
4090
13000
1053187
0
•
Mch.
33203.
196
1086194
64420
14106
54000
1018088
SV
Apr.
•
6248
22:..1O!434
64442
i4i82
119000
V
.
891132.
O
0
1y,
123590
2261
1012461
66703.
20763
11900
872698
0
June.
159888
188.7
1030699
68590
22043
119000
889656
0
V
Tuly.
0
0
89656 '68590
1656
'83&$b
190080
Aug.
0
0
790080
68590
17774
42000
730306.
0
Sept.
73190
4252
799244
72:842
14107
31000
7513537
0
Oct.
0
0
753537
72642
10150
13000
730379
0
Nov *
2440
0
732819
72842
6768
7000
719051
0
Dec.
10084
119
729016
72961V
4250
0
724766
0
0
•
Totl
V
for
464324
9539
149419
600000
.
.
.0
Year.
.
.
V

0
0
•0'
0
0
0
0.
0
0
0

0

0
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ESTIMATE OP SERVICE THAT COULD HAVE BMW P HMro=
•
BY TILE P.ROPOSRD ___P11T BUTTE RESERVOIR OW THE RIO GRANM NEAR ERGLE,
NEW MEXICO, PROM TANUARY 1897 TO 3UNE 19044 flICLUSIVE.
USING 600 1 000 ACRE PXET PER YEAR FOR IIUGATION
(All quantities being in acre feet)
te.
1n
Silt
Water
Silt
1st
Used
Tater
Dc'
Ové
flc*
de
avail
in.
fl, T..
.
poe
ablev
reoap
frr
oiei.'
ited
s.
oraga- .
voir
07.0
•
in..
voire
tion,
tion,
at end
1901
.
mOnth,
of month.
Yan.
209617
247
745486
73208
3062
0
742424
.0
Feb.
25458
424
767468
73632
3128
13000
751340
0
•
Mcii.
15114
249
766205
73881
10660
54000
701545.
•
....
.•
-•
.•,
•
:
'0
725228
73881
1077
1000
5954,
1y.
256126
4892
846689
78773
18018
119000
7096171
.0
lP
34t-j
A
.... 799
.
O.'
S•0••
•
YU1, .
59286
3445
723545
83353
14240
83000
626305
0
Aug.
65534
3808
688031
87161
16340
42000
62961
0
.
Sept.
37607
2185
665113
89346
12936
31000
621177
0
Oct.
17018
989
637206
90335
9111
10Oo
6150951.
fl
Nov.
20053
337 634811 90672 6167
7000 621644
0
Dec.
19240
114 640770 90788 3924
0 636846
0
Ota1
-..
..
..
•
for
656274 17825
126369
600000
01.
Year.
• .. .. ••
• .
.
AZ3 53977
. ..-...,.
.
••;
.
OSE/LF-0001 5551

0
0
0

0

0
0
0
.9
A
0
0
•
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ESTIMATE OP SERVICE THAT COUlD HAVE BM PERB)RED
BY THE PROP0SZD ELP}LAT BUTTE BESERVO IR ON TILE RIO GRA1DB AR
IEW MEX1CO 3 PROM JANtJARY 1697 TO YUNE 1904 ; LNCLUSIVE.
- USING 600,000 ACRE FMT PER YEAR FOR IRRIGATION
(All quantities being in acre feet)
Date.
InSilt
'Water
Si-it
Lost Uced
flow.
aeavailn
by
for.
in re'
PBO
able.
re"
eva '
irri'.
eer'
eien'
•
.
it:ed
.
ee'
oral!!
gain
vo2r.
tion.
TIOn.
at end
I902
.
month.
..
Tan.
22731
134
659443
90920
2842
0
Feb.
17435
103
673933
91023
2890
13000
Moh.
7954
28
665969
91051
9773.
54000
•
119O0
537
May.
2787'
64,8
538426
92722.
13248
1190
Tune.
407
185
412400
'929.07'
11882
119000.
'•"'
.Q
81518
907"
2, 8G
00
190238
0,:
0
Aug.
49210
2859
236589
95766
9101
42000
Sept.
13344
778
196061
96542
.6988'
31000
Oct.
823
5
160911
96547
4766
13000
Nov.
4641
'27
147759
,
96574
3154
7000
Dec.
11286
67
148824 --96641
2000
0
for '.
200729
5855
84896
600000
Year.
..
.

De'.

Over-

fi-. flow.

voir
of month.
656601
658043
602196
406178
23.
185488
160093
145145
137'60
146624

cy.
0
0
:0

0
0
0

0

0
'0
0
0
0
0

0'

0.
0
0
0
0
0

•0
..,
31STIYM O SERVICE TH&T COUID HW'
IRW'
PSM
By THE PROPOW)
.. BUTTE RESERVCIR ON TIlE RIO GRA!E NZAN 'ENGLF,
NEW MIC0,
B0M JANLJAPY 1897 TO LLwE 1904, DICLUSIVE,
USiNG 600 1 000 ACRE YE' PER YEAR 70R IRRIG TION '
(All quantiti.eø being in acre teet)
flOw.
d6M
vai1
.'ifl
•.b7:
.. in.. re"
ti' flow.
•
poe'.
able.
red'
eiapfrriw
ser'.
oten'.
i•ted
'
er
oa
gaso
yoir
cy.
in
ycir.
tion,
tiono
at end
•
1903
.
rnont}i•
..
.
.
..
•.
of month...
Ja
17197
344
163671
96985
1453
0
162224
Feb*
2192?
436
183715
97421
1504
13000
169211
.
.
...
.,
.
itch.
.4790
1310
214691
98.731
5400
54000
158291
I .100007:
.
May.
318367
3315
442794
104826
11988
119000
311806
June.
660476
4029
968253
108558
21648
119000
827605
'.
84
265
9051-ei
103820
1'74
'03000
8
0
Aug.
3054
51
807722
108811
18848
42000
746814
Sept.
•• 3.38
24
74888
108895
14384
31000
702904
Oct.
.45
,
.9
70340
108904
10024
13000
68416
NOV,
5534
33'
685917'
108937
"Be
7000
672229

0

0
0

0
0

0
0

0
0
0
0

0
0
0

ES:TIMATE 07 SEIWIIJE TEAT COULD H&YE B1 PXMMOD
BY THE PROPOSEI)
PHANT BUTTE RESERVOIR ON TRE RIO GRA1
NEW MXIC0, PROM JANUARY 1897 TO J1JE 1904, INCtUSIVE.
USING 600 1 000 ACRE PEET PER NEAR WR IRRIGATION"
(AU quantities being in acre feet)
Date.
In'
Silt
Water
SiW Most
Used
flow.
deso
availsi
in
by
for
in rem.
po'
able.
re'
e?ap.
irri.'
eer'
den..
Lted
ser'
ora
gas.
'v-air
oy.
vóir.
tion.
•tion.
at end
]. .u4
month.
.
.
•
Tan.
*490
100
695036
109260
3017
Feb.
9530
56
701493
109316
3038
13000
21ch.
3055
18
688492
109334
10231
54000
Apr;,
0
0
624261
1Q34'
1odo
u000
May.
0
0
495257
109334
12843
119000
June.
0
0
363414
109334
11327
119000
.;•-_._.•
:....
,

NEAR ENGLE,

Water
tis flay.b

of month..
0
692019
685455
624261
O52
363414
23308?

0V-ei

0
0.
0
0
0

0
0
.0
0
0

45:
YARLY SWMkHY 0' SERVICE THAT COUld) HAVE B
.
POBD
BY TKE PROPOSED XLEPHAJT BUTTE RESERVOIR ON THE BlO GBA1JIE MAR EIG,
IJ
CO, FRO1 ANUARY 1897. TO J1J)JE 1904 1 INCLUSIVE, 7 1/2 Aj5 •
(All quantitiee being In acre feet)
trom.:
deM
for
by
in reriver.
Poe•evp'irrii
overss
se rvoir
ited,
gaflow.
at end;
1897.
2k6267,
43244
130022
600000
0
1898,
964677
15413.
236210
600000
0
1899.
239835
4765
190715
600000
0
1900.
484324
9539
149419.
600000
0
1901.
656274
17825
12636*
600000
0. ..
1902.
20(Y729
5855
8896
600000
0
1903.
1272069
32519
119728
600000
0
19040
21075
- 1'74
5046
40
0
±
.7 '/2
6054240
109334
1087819
4624000
0
-: yesre.
. ..•.
..
..
.....
.
Average
.per, ..
80732
145.78
145043
.600000
0
Year..
eroentage
Of
108%
18.0%
76.2%
0
•
Iflt1Ø.
00_•
1
00

1441991
155.5045
99940()
724766
636846
146824
686646
233087

4.
0••

+

-

-

0
46
Putting the last line, of the Bunnnary in a different form,
we find, that during this seven and a half years the water th*t
flowed into the reservoir would have been disposed of as follows;
Loss by sediment -------- --------------1.8 per cent.
Los' s by evaporation------- ----- -----------18.0 U
0
L085 by overflow ---------------------0.0
Total lose-------19.8
water used for irrigat1on-----.--.--.......- 76.2.
"
I
J
Vb~ ter in reservoir at end, of 7 :1/2 years4.0
"
*
1OQ.0
The foregoing tables for the proposed ephant Butte Beser
-.
' voi r near Migle, New Mexico, how:
lat
'
accu1'at1on of mud ithe reservoIr at
''•
•
the
.........
0
0
end of seven and a half years would be 1, 09 1 34 acre ftert,, which
is at the rate of 14,580' acre feet per year. it .iii. teretie
0 require 82 1years to aobt1ate i,t2,O*e1Ofot
fill up. 60 per cent of the reservoir capacity,
havIng a water
capacity at that time of only 800,000 acre feet,.urilosa some
•
meanqL of getting rid of the mud in devised. This mud in the
reservoir would have a depth of 150 feet., and iti sur ace', as
est'iia'ted. from Table' No. 6, would cover 25,116res, i't*eurs
faáe dimensionø being approximately one and onethIrd.miIes..
•
in width, and thirty miles in length. The entire water apace
0
0
'
above this mud would have a mazimum depth of .25 ±eot, and its
surface when full would cover 38,000 sores.
14
I
A35398
OSE/LF00015556
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I'
U

0 0'
it
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2nd. The tabulated statement shows that the reserve it will
furnish continuously 600,000 acre feet for irrigation, .withut
any deficiency, and without any overflow.
3rd- The largest amount of water in the reservoir at any
time was in July 189.8 9 when there was. 1,685,026 aore.feet of
water; 168 feet being the m ax lynim d.wthof water, inclu4ing the
mud. Hence, no water would have been lost by overflow with a
or 'rathr . .
170
:
feet depth of water, vh.ioh spiliway would be at elevation 480 1
or 3. feet below the level of the lowest point of the gap s:elected for a spiliway.
4th... The lowest quantity of water in the reservoir was
127802 acre feet, which was at the end of April 1903:; and:the
depth iéiérrOir at the time wa
feet. The amount of 'àâr
in the reervoir June 1904, at end of estimate, is 233,087- acre feet
• .....
.
co4I
-,
Storage Capacity: El Paso------- 542,891 Acre feet.
•
Elepant Butte .2,
000 "
2- Yearly øupply for Irrigation, (Ordinary Years)
El Paso --------- 180,000 Acre feet. .
Elephant Butte-- 600,000 "
A353982
.4...
1
OS/Lo0O155S
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3i. Supply for irrigation Ln Dryest Year.
El Paso
116,181 Acre feet.
Elephant Butte"- 600,000 "
4Average Annual Loss by Overflow.
ElPaso -------- 156,56 Acre feet.
Elephant Butte- No Overflow.
5-. Average Annual Loss by Evaporation.
..............!
•
.
Elephant Butte- 145 1 043 "
6"- Agiven quantity of water stored in El Paso Reservoir
will have nearly twice the evaporation surface as the
'sane , quantity stored in Blephant Butte Reservoir.
7- Combined Annual Loss from Evaporation and Overflow.
O
1'ó.is. :858."à
8'
1.80,000 more feet and less for iri.igati.on
:. .''•
.
plying 600,.00 aère teet for irtigatto..
8--. Time Require4 to Fill 60 'Per Cent' Of Capacity With Silt.
El Paso-----'- 46 years.
Elephant BUt te- 82 y.arB.
9.m Riai.ning Storage 'Capacity after. Filling 60 Per cent

-:249
lO.. The efficiency of the two reservoirs can be seen at
a glance, from the following table, showing the peroentage..in.
each of the water supply that is lost by evaporation and over
flow, and the percentage that is made available for irrigation:'
Percentage of Infiow'
Reàord for 7 1/2 Years.
•
.
w'
•.A,j,,4La'u
Reservoir
:
Reservoir
:
: Lose by
:
Lose by Evaporation---------:
24.5%
•
I
:
Lena by Overflow ------------ 32.00%.
o..o%
,
Total Loss--:
57.98%
•
.
:
'
:
:
Water used for irrigation---:
37.00%
Vator.in.,-Xaoit at
n&.f.:.
•.••
••
.•
;.
ioo.00%
3.0000%
:
lit
Bffeot of Sluicing Out Part of the Mud.
We wl1 'now consider the possibilities of sluicing out part
of the: mud that accumulates, and, the. corresponding effect. upon
each of the recerv-oire in question:
.
In order to be able to sluice mud from a reservoir the reservoir must be ei'ty, and the sluioe water muat come fiomi . øcme
source other than the reservoir itself. Hence, advantage mus ic
be taken of a naturel flood in the river', or there mist be an
OSE/LF-00015559

.

:

•
auxiUary atorago dam above on the river or one of its tr.ibuta's
rles for supplying sluice water. Without going into the ques..
ticn of the quantity of water nees S5ary for this work., we WIll
assume that it can be done: by the method of ground siiuioing
used in hydraulic mining; a large tunnel being constructed at
the bottcm of the darn to provi4o the neoe:ssary outlet. A high'
levol canal along the hillside aboTe the reservoir, and a num
•
.'
ber of hydraulic giants under-cutting the banks would mBterially
':'
'tha can,
•i
but we will consider for the present the chanóe of ground-sluicing
with a large flow of water without resorting to preseure nozZles
for wider cutting the banks., and we Will assume for. the :purpOo*
Of comparison that a single channel can thus be maintaned throigh
;
0
the "ioi'. :
•
having a width of fifty feet at the bottom and 'havng side 'opes.
Of f'otu- horizontal to one vertical (4 to 1). Referring to the
..............................................èOi"
s't6tt. the , '"1:.Oi'I
:a•coát'
fi,:eien t mud in 46 years to fill 60% of its entire capacity, and
the mud will have a depth of 4.6 feet in the FlYer channel Just
above the dam, and will extend upstream with a decreasing depth
•
for a distance of about 13 1/3. miles. Sluicing a channel through
this mud along the center of the valley, with a width of 50 'eet
at the bottom, and with side slope's 4 to 1, will remove' 280,000,000
cubic feet of mud which amounts, to 6 1 428 acre feet. But the rate
of mud accumulation In this rezerv -olr is 7,107 acre feet per year.
N
Eenoe, the proposed sluicing would take out less than one
r'
-.
accumulations.
A353985
'
0SE/LF000
. .:! ''
,." •'
": " :'
::
•:
":
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It has also been shown that the Blephant Butte Reservoir
.1.
will accumulate sufficient mud in 82 years to fill 60% of its
entire capacity, and that the mud depth fust aboe the dam will
be 150 feet, and will extend upstream with a decreaaiig depth
for a distance of at least 30 miles. Sluicing through this de
posit a' channel with a bottom width of 50 feet and side slopes
4 to 1 will remove 5,353,920,000 cubic feet of mud, which Is
:equilt to
0- ,.613. acre
'..':.::.
iervoir is at the rate of 1400 acre feet per, year, the prO
posed sluicing would remove the
.coumulatione of eight and a
fourth years.
The mud-sluioing discussion is not given to
ehw the practical iimit.ø to which cleaning out by sluicing can
be carried, nor is it he re claimed that even the 8uppoaed chan"
the seine hypothetical eonditi:Ona to both reservoirs
that the same proee'aa applied to .1)0th Will
.
rO4ue.e very. differø
:
I
•ç..
1
'
1
'eñt results. It t&kea out less than One year,Ts ao.cuniul'ation#
of mud from the 21 Paao Reservoir, while it renoves more than
sit yearsl' acoinrnila.tionø from the Elephant Butte Reservoir.
This difference is due .to the fact that the mud in the fanner is
a wide shallow deposit, 'and in the latter i-s a deep narrow, déus
•posit. The same advantage will hold good for the latter, no
matter what proo'e:B,s of sluicing may be applied, or what the difticulties of sluicIng the mater±al maq be, provided the material
is the same In both rese.rvoiru;.
The same process will take out
...
,
:
'
.
...
..
:-..
OSE/LF-00015561
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nine tenths of a year's accumulations in the El Paso Reservoir,
and eight and one fourth years' accumulations in the Elephant
Butte Reservoir.
Sluicing is therefore nine times as efficient
in the
latter as the former.
As the depth of mud in the latter
is practically three times as great as in the former, the
ciency of sluicing appears to vary directly as the squares of
the depths.
This conforms to general principles, and is a
tural reeult of
,i a
investigations.
..
.
V. .
coiwuioT
The foregoing study has been confined to a oomparieon of
the service that can be performed by the two proposed reser
croix's.
We hayo xiot gone into the question of cost.
...Ti:. later.,
Ut it is safe to as
that , the El Paso RëuoriOir
would cost a great deal more in proportion to its efficiency
2.LeElehañt ...vtte' ll.er voi-rF4 The hIh Aw,of'thea.!tO
Would be largely Offset by the following conditions
mar:
:
1st:
The greater depth of bed-rock, and the same
bO
a broken limestone f*flnatlon dipping dOnutrearno
2nd:
The my thousand acres of rich, high-priced., Msilla Valley lands to be coverød by water and mud by the
croir, or converted into marsh lands above the head of the re
aervoir.
V
' ...........................................
.
V..
Os/L000X5S

etfii-

Thiswi11
.
in

the fOru'

eseriw

-
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3rd.:
The railroad traok8 occupying the land to be flooded
and to be roved, at great expense.
4th: The quarrying and thafl•aoturing plants in the basin
to be paid for and remoied.
The El Paso Reservoir would waste more water by evapora
tion and overflow each year than it would furnish for irriga
tion. It would produce in the -nedia.te vicinity of El Paso
aQre
*.dma1ø. on land. .thai
would otherwise be exceedingly valuable for agriculture and other
purpoae.
It would furnish no water ror irrigating the great
Mesilla Valley in New Mexico, a region that is as truly tributary to El Paso as El Paso Valley itself; although it would
io
,,.,;. .. .'.• _'.'::
,
.
.
••
ac're.•
Oi the other hand, the Elephant Butte Reservoir will
wa ptle..................................
and at the same time willfurnish enough water for irrigation
to supply the Me:ailla Valley, give a flow to the old Mexican canal equal to that which was used from it years ago for irrigati- on, and have enough left over to allow Texas to participate
in the benefits.
The Elephant Butte Dam has the final advantage of being - In
New Mexico, and subject to the operations of the U.
nation Service. The project can be so planned that legislation
by Congress can allow Mexico and Texas. to partiôipate.
.
.
.
.•- ...-..
.
..
-.
.
.
....
.
.
..
.
.
.,
.
0S/L0001556
...
..
.
.
.
..
.
.--..
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S. Recla'
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.:.

.............
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extent and manner of this partjcipation is a matter that uist
be arranged and decided on by Congress and the Department of.
State. All that the Reclamation Serio, can do at preu:ent is
to make plans and estimates for work in the Territory of Now
Mexico that will not conflict with any action that may be taken
by Congress and by the Secretary of State for restoring water
to which the El Paso Valley in Texas and Mexico has laid claim
by virtue of ancient prior appropriat±,on and contirnious uae:
'.
.
•.
,,
..
,:
'
:
.;..
I

I
I
t
S
.55.
- 'RIO GRAM PROJBCT O' THE U. S. RECWLkTION SXRYiCE
The foregoing tiøoussiona have brought out certain facts
concerning the Rio Grande that cannot be neglected in making
a general plan for storing its. flood waters and irrigating its
rich valleys.
We have found:
That the Rio Grande is esentia1ly a torrential or atorm
water,: stre,, .ubj,.e:o.t to gret floodS s
irregu]ar i
..
..
........................
..
.......
.....
.
..
.
.
eurrence that the totaiflow in acme years is less than one
tenth of the total flow in other y-eara, and that the whole of
this water is badly needed for IrrigatIon. A reservoir that
will waste any large aniount of It by overflow, or unneoeaoarfly
expo.8e it to evaporation is not to be considered. So far aS
Al
'•:'1:J•'
:'
e;5:.
.
.
.
•.
S.
'
'ied pi toi:'er stOre is c.onCèed it mit
be sed 1' a serfee of reservoirs along the river, having . .
a co]nbInd capacity pufficienttor i
i al 1e lo&wter, brt the coøt per acre Of' laM irrigated would be jQ gre.
The depth from the present river bed down to d rook is tr
65 to 90 feet at nearly all of the available reservoir øiteø.
As all the daris,whether large
small, must be tti.ded on bed
rook, it reu1res no argtmBnt• to prove that a series Of small.
daris
will cost more than one large dam fenni.ng a reservoir with
a storage capacity equal to that of all the' otherew but asIde
from the increased cost of storage by means 'of a number of small
reservoirs, there is another condition that absolutely prohibits
OSE/LF0 0015565
V.

.

.

•I
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their use. The Rio Grande is a vóry muddy river, it carrt'es a
large percentage of silt in suspension that variea in its amount
from year to year, and from month to month,
sufficient to have
made a mud deposit in the last seven and a half years equivalent
to 1.8. per cent of the total volume of water that has come down
the river.
Any reservoir constructe4 on the river will stop all the
siltthat,.00rnea down the river in suspension.. A small reaer
voir will accumulate as many acre feet of mud per year as a
large one until it is filled with mud. With a series of small
reservoirs the upper one woul4 fill with mud in a short tiinó,
and any mud that might be sluiced out of it would simply be
tranuferred to the next one below, and so on. We ha'e also
.
L
1o
I• • •••.
.
.
uIci
Vesortid
j.8
much. more efficient in a iare deep resørvoir , than In a.
.........
smaller shallow....one..
1
...
...
11
r
It therefore appears that the best solution for, the...mu&
question, as well as the. storage question, is the constructiOn
•
of ine big reservoir 4 of great depth, with capacity to store
all the water and equalize the irrgular flow over a number of
years., and withuiplus oapaoity for mud storage, until posterity
can take advantage of its great depth to sluice it out econOnLi.'
cally.
go far as the writer knows, the only site for such a dam
and reservoir on the river is the site selected by the U. S.
Reolatkon
ir
igineers at E1ethant
Butte, near ngle, 1ev
6
A353991
oSEIL°°°56

Meioø.
If the plans are carried out uucoessfully at this site.,
the reservoir, will not only meet all of the dends for irri
gation below it, but will. protect the, valley below from the dis
aetrous floods to which it is now subject.
The following is: a statement of the irrigable lands of the
Rio Grande Valley in the United States lying limnediately below
the ppoposed darn:
-:.;
.
:..
BELOW THE PROPOSED XLEPHANT BLYME DAM
Below Elephant Butte Dam to U. 8. Dam site #3 9
East side of river, survey by U. S. R. S.......
2949
Vest side of river, survey by U. S. R. 3.......
6913
S
Miow Dam site #39 to Rino:o.n.
.;
.
. .
.
•-• . .
df
6400
'Vest side of river, Land Office maps......
si...
15240.
.•
Below Rinon to. Penasco Rook'...
East side of river, Land
Office map............
5230
West side of river, Land. Office map............
360
BeloW Penasoc Rock to TexaB State Line.'
East side of river, U. S. R.
...........
52879
Vest side of river, U. S. R. S.................
25152
Bel
Texas State Line to El Paso in Texas.'
But in Mesilla Valley, U. S. R. 8...............
22227
Below El Paso, Texas, on east side of
.
Rio Grande to town of Rio Grande.....•..4..,....7 ,1800
A 3539
208400
... ..........
.
,oSE/L00015 567

Acres

--'

,1
•
•
. •
: •.
5.8
The Elephant Butte )m, as projected by this Survey, will
be arched upstream, and on a six degree (,o) curve, the upstream
edge of crest, 1v±ng, a tadiu8 of 955 feet.
The 4mensions are
as follows:
Height from bedMrook foundation to top of parape. walls on
crest, 255 feet..
Heit from river bed (sand) to top of parapet wails on
.ö feet.
.
.
..•..
Thickness at bottom, 180 feet.
Thickness at crest from outside to outside of parapet wails,
20 feet.
Length of crest., 1,150 feet
wall of crest
. ••
........prom
tion ..
fown
7 1/2 inches to the foot.
.... .
Dostream. edge of Gre.st .5' 6" vartipAl ..an4
1
.
.1
r.
.
•
...
meet the downstream batter with a 100etQOt rlus.
Roadway 5 feet below crest between parapet wails on each
side, and 14 feet wide.
The height of splilway, 10 fei. below roadway of o.ree.t,.
and 15 feet below top of parapet wail.
Depth of water from river bed to spiliway, 175 feet.
Strains calculated for possible high water at crest 265

r.
Spiliway to be at a gap on west aide of valley several
above the dam. This spiliway will be 175 feet above the level
of the present river bed at dam site, and will have a length
of 800 feet.
The reservoir will be about 40 miles in length, and will
have a storage. capacity of 2,000,000 acrefeet to level of
spiflway. It will furnish about 600,000 acre-feet per annum for
irrigation, and will irrigate: 180,000 acres of lan4.
Ii no means of keeping the mud. oleared ótLt l.a provided, it
in estimated that the silt deposits in the reservoir will fill
up 60 per cent of its capacity in 82 years, but a proper sluice
tunnel and gates will make it possible to take advantage of Comm
ditlons and opportui1ties for getting r:id of mud by sluicing $
be necessary conditiona are an emprireservoii, aiiaaf!Low oV
water through the reservoir bed, either from a natural flood in
the riyer, or from an auxilIary reservoIr above,provided for
O•
.
..
.
All that is neoesary at present is to costruct an ample
opening it the river level with
gates that can be operated when
the'reervoir is empty. The mud sluicing can be safely 1et to
the i.nenuity, of posterity.
Te openings for every-day, use will consist of a su!fioient
number lof cast Iron pipes with proper gates on them,
Some of the large cast Iron service pipes will have their
inlets 'in the vIcinity of the large sluice gate, so that this
ia g e gatf . il :
ovore
. wi'. ;'Jlds'. ....
.•.
.
..•";
A353994
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Another set of pipes will come through the rook bluff at
the Opposite .end of the dam, and will iea4 to water •whae1s, jf:
is -• itAfOUfld to be profitable to produce power in this way.
As bed'-rook is about 65 feet below the
present rivCr
bed,
It will be necessary to
excavate
about 65 felt of sand and graw
vel to get the dam on bed-roo1c.'
th- e
Al though the river was piaotically dry for
months in
1900, and for five mouths in 1904 1 itwi1lbenec.essaryto pi.
ài àther water-way that will carry the whole river,
•
.
.
and keep it out of this excavation; also strong coffer-dams and
a large ptmpIng plant.
The sand must be excavated either by
pumping, orby an elev*tor dredge, or by cable".way excavators.
By a system of driven wells allaround the inside of the eotter..
bab1..that..the
of '-the, : , excaat
dxy enough to maintiin a slope of 3 to 1, ij
open out, but
in this estimate a slope of. 4 to I is assumed.
•
•
1
.
ESI(&E OP COST IOR DAM.
\\
•
.
44,460 ou.yd$..soft rock and earth excavation a1og
hIll slopes S
$
2,200.
335,4000 cu.yda..sand ezcavati - on 0
284,750.
Coffer.'4anie above and below, 400 ft. each.e--.-.---..-3,OOO.
Plume or water-way for river, 800 ft. long---..---4),000.
5 1 000 oLyds.bed.'rock excavation for dam anchor.'
ages 6 $2,00 per ou.yd.
10,000.

•
.
.
.
.
•
.
.
1
Amount brought forward
3.86,9500
114,000 cu.'yd.a. of CyclOpean 0:onoreto below river
bed, including pumping, 0 1)9 .5Q-----..----296,000 cu.yds.Oyolopean Concrete above river bed.
*' o•-.-..----•-- -Tunnel and 8luice gates and
Paving for spi11ay ------ ------ -------Earth excavation for spiuway 120,000 eu.y ca.1 15.
..'''.:;''.
..
"' ..
•
...''.':
..
..•
Yotrndation for .ap'iliway-----------Soft rock exoavatiom for.apil1way-------------Concrete masonry for apillway 2,00 cu.yd.s. 1)9:.00,.447., 950.
is% for engeerirtg and contingenci.e----------____________
.
.
We have made detailwd plans and specif'ioa.tion• for a 41verniok darn at Penasco Rock, near Selden Station or the Santa
le Railroad about 18 mi1e. above Las Cruces., New Mei.c.O; and for
seven miieø of canal from that point to the head of the present.
Las Cruoea canal s this work' being Intended as a part of a general
• ..
'project, kown' a
thà Rio 'Grande Project, for
Grande Valley-. by the proposed Elephant Butte Storage Dam, and by
diversion
dR
and canals bel. The most important system of
this project will eonsis.t of head works. near
..
'''
'
.•
•
,
.
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i? 1 0000
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. 8 1 000.
6,a,000.
•. 'l0000

..* 5,]15,142.
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ing the' Rio

the' uper and of Me.

•
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il1a Valley, and a large canal about 50 miles in 1eigth for irrigating the Mesilla Valley, and conveying water for use at
a
Paso and below.
It has. been generally considered that Penasoo Bock, near
Selden, is the proper point for this diversion darn,
as the large
solid rock protruding from the left bank and extending some 50
feet into the river offers a safe abuent for a darn, and anohors.
ge for canal gates. otwithstan4ing the faet that borings in
the river-bed opposite this point of rock show a depth of 70 feet
to bed-rock, the site is still a desirable one. But the Survey
plans and estimatea above referred to, show that its 4ios
are more than counterbalanced by its Tmfavorable location. Sane
of the unfavorable conditlonø are as follows:
•
4
let: The Santa Fe Baul:road occupies the only ground that
would be available for a canal in the first 2 2 600 feet be1ow --tbe
rook. J.t will therere be
to move the rai12oad
farther back into the hill a a great eenee, or to built t h6i
S canal In the rive•r'bed, by constructing a htgh embatLknient, and proteoing the emban1ient agains.t the scour of the river. The es• titmates are made on the latter plan.
2nd.: The elevation gined by starting the canal at Penseo
Rook cannot be maintained except at great ezpense; and it it
could be kept up at a regular grade the water would be on a high- er level than is necessary to cover the agricultural lands.
OSE/LF-O05572
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3rd: The high soft river bluff for a half a mile above the
mouth of Las Crucee Canal is undermining and encroaching on the
railrOad to such an extent that there is not room for a canal between the river and the railroad, and the ground is entirely too
high for a canal ab ve the raThoad.
It *111 therefore be ne-s
oessary to drop nearly to the river level, and use the present
riverbed for a canal at this po±nt. In order to do this the
river can be turned across the big bend by a cuts-off along the
I
west side of the valley. This will put the ri+er channel at
least a mile west of its present location, and get It out of the
way.
The above practical considerations have developed
the fact
that Penasco Rook is four or five iiilles farther up the river than
i
f$r. or five miles of canal, It will be cheaper to makó a diverM
sion: darn lower down the river whete there is no rock bluff, as
4
'1
ih&diffieUltiee eitountere4 in hi t1&iI the 4 fIrat' 26r feet
of canal more thAn counterbalance the £4vane of th
abutrneni..
•
NEW D RSION PINT
The abovO considerations have led to the selectiofl of a new
•
.
diversion point on the river opposite the residence of Mr. . Sum.
merford, which is at Leaeburg Station on the Santa Fe Railroad
about 5 mi-lee below Pena8co Rook. At this new site the rivet
•
is on the west side of the valley against the oot-'hil1, a
99
;:
•-. .
:. •:
•.• •.•••
•.•
.
..
;••
.
..••:. . ..
.
0sEILF

roàk

shown on map herewith. The site is about twO miles above the
proposed cut-off across the big bOflde The out-off will cause
the river channel to lower at ieat five feet at the site, and
will make the banks o.cnparatively high.
Here a diversion dam can be constructed similar in every
way to the proposed Penasco Ro:àk Diversion Dam, except that a
concrete pier will take the place of the natural rook. The
canal will also have a similar head, viler and head gates.. Prt
the Leabürg Diversion•Dn (as this site will be àalled for distinction) two miles of canal will reach the point where it is
proposed to use half a mile of thepresent narrow river bed above
the mouth of the Las Cruce.8 Canal.
Ref errIng to estimates of P.nsoo Diversion for dtalls, ,
•
V
the fofl1ñ'
i estimate o 'ot 'fO' the Leasburk
Dam, sluice gates, canal inlet and two and a half (2
/z) mleu
of canal leading to hea4 of Laa Cruoes Canal:
COST OP LEASDRG. DIVSION AND COIIDUIT TO LAS CRUCES CANAL
500-ft.. concrete wier dai, with pier, embanent
and. sluice gate
0OO.
P1e r at left bank----------------'-"
34 OOO.
In.]. et to c anai.-- - -------------- ---- -4 If
He ad. gates in canal-- -------------------- ------3, 75.
(oncrete in head gates., wing walls and floor--7,00:.
Two miles ot full sine canal 146,000 ou.ydn, of
earth excavation @ 12 1/2________._....._....
1.8,2504
V
V
.
•
.V
•
,.
Amount
orwa
?.Q i: P75i:
OsE/Ll5
0

V..

Amount brought forward---$
70, 7'5.
River cut-off at Big Bend, 24,000 cu.yds. earth
excava t i on @ 12 l/2'---- -—
—
———
nbann •t across river above cut-off, 10,000
cu • yd s • © 3.--------- - ------------Wire fencing for river control -----------------B_i gut of way -----------------------------------Sluice gateu in emban1nent above mouth of Las
Cruces Canalanea
an
2,600..
control, drop., 1.çwr
!t0,
:
Va..tcbina,ri
8
J.iouøe-SC
SS.s
a__a
CCflaefl
i:ic..
* 83 ; 000.
15% for engineering and cont1ngencies
--------Tota]------$ 10.7 ,OC'.
Maintainance and operation for 10 years --------- ___________
Lb
$ 150,000..
1d.es
...
uecond feet. If the canal is made at present -only large enough
for 500 second feet thi s will effect a saving of $7,0009, and
make the total cost for diversion project $100 1 000. The caao'.
ity of 500 second feet will be sufficient for furniahtg water.
from the river to existing canals in the valley while the E1e
Butte Storage Dam is in constriction.
A354Ø00
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COMPLETION OP RIO GRAEDE PROJECT
After building the storage dam, the diversio
2 miles of canal as above set forth, all that will be necessary
in order to irrigate the lands below will he to extend the main
canal along the valley on the east side of the river and to take
out such lateral canals as may be necessary. Water may be taken across the river in pipes to the west side, or electric power
generated by drops in the canal can be used to run pumps to ir'
rigate the west side; or a separate canal can convey the water
for irrigating the west side. Estimates will be made on the
last mentioned plan. The east side canaiwill be built. with
capacity to convey water for 50,000 acres in New Mexico; 20,000
acres in Tee above El Paso; and 50,000 acres below El Paso.
..........................................!:.;.'
.
..
...
.
'
..
.-',
•.;
.
,
.
.
..•
20 miles of canal with 1,000 second feet capacity:
20 miles of canal with 700 second feet capacity:
wi:tJ
0O:aecOfldfe e ióaacity:
..
.;
•
The. west side canal will be constructed with capacity to
convey watr for 20,000 acres in New Mexico.
;mIs will require:
20 miles of canal with capacity for 200 second feet, and
10 miles of canal with capacity for 50 second feet.
As most of the land has been under cultivation, exlsting
laterals can he used in many oases f or distribution, but an
allowance for laterals will be made In the estimates. These

dam, and

......
•-:'

....

.

..

/
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ESTIMAE OFAMST IVR EAST SIDE CANALS
20 miles of 1,000 sec1ft.oapacity canal @ $7 0 700-20 arroyo crossings @ $450 each---------------- 9;
20
.
$600
It
4
f800
---..—.--..—
- - —
3
a*10000
aWM,.n...
3
I'
It
@ $1600
----------'--5
4-foot drops © $900
5 outlet gatea © $200 ---a-----..aa- -------------20 miles of 700 sec.ft.capacity canal 0 $6,000---20 arroyo crossings 0
20
$540 ----------- -----------,4
-"
W
!jUU___..
a---............ :•
—
a
........
:- .........
—
. .....,.,• ,.... ..
I,
it
3
0
4
4-foot drope
0
•
';5 outlet gates
10 miles of 500 aec.ft.1,.oapaoity canal 0 $4 1 000---.'10 aroyo oroBsings?
350"---_---- ,-'--------.-10
.
... .S
$t7o-----2
!
•.
3
"
0
$7 30.
saaanes.u.nea
190
1
@ .$
240n_n a annaaa
2 out ie.t gates
0
$200-----Lateral canals on east side --------- ----.--.----.---.::'....
15% for engineering and oontingenoiesA 254Q(3.a_

12,
1.

30..
4. 0,806
4,500.

.--

1209000.
8,C.00..
10 1 800 0

2,?O.
4,200.
-

00,
401,000,
4,700..

400.
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EST1MkTE OP COST FOR WEST SUR CA::S
Diversion dam near head of San Miguel Ditoh----------- $
50,600.
20 miles. of 200 sec.ft.oapaoity canal @ $1 1 200-u..24 1 000.
20 arroyo crossings. @ $100- ------- --------...---2 1,0006
20
© $200.s
--------------4 9 0000
10
"
U
$400-- -- --- ----------4, 000.
10 mib- -.a of 50 seo.ft.oapaci-ty oaia1 @
00----------.6,OOC.
10 arroyo crossings @ $ 50------ ---------------500.
10
l
U
•
1 ,00.
5
a
$300- ------ ----- - 1 2100.
Lateral canalø. On west a ide - - - - - -- --- - - -is%
for engineering and contlngenciea----------------.•;.
•
•
•...
•....,4• ,.._
•.j
.•
.....,_
•.--:
ZLep13knt Eutte Storage Dam and Sp-iiiway
-$5
:
000•
Leasburg Diversion Dam, head gates and canal ooinplete
I East Side'(laiial and'
61d
Vest Side Canal and Latera1---------------.--------153 000
DiversionB and Canals for 40,000 aoru above Penasco Roc]& 3OOO.
Maintainance for 10 years- ---------- ------------------- -?5O,00O
R1gh of way— - -- ----s-- - - --------].75 .000
Total
14d irrigated,
- - .180,000 acres-.; ooet per acre, $40.
wtiter's
- The above isthe,estimate of oost for the Rio Grandó, Pio..ect,
as revised by A. P. Davis-, W..H. Sanders.and B. M. Rail, the Board
of Engineers appointed by. the Chief Engineer to Inspect and report
-upon the same in OCtober 1904. The foUowing is-ttheir report to
.4 the Chief Engineer; which is given as an appendix to thispaper:

,1•
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Las Vegas, N. L Oct. 22 1. 1904.
Mr, P. H. Newell.,
.Qhief Engineer,
U. S. Reoi:amation Service.
The undersigned Board of Bigine era have visited the
locality of the proposed Int$n,flona. and Elep•t Buitte,.* ;
I
on the Rio Grande, and, the proposed d1verion works at the head
of the Mesilla Valley, and have studied the designs and estimates
prepared under the direction of Mr.. 'B. M. Hall, Superviaing Engineer.
The considerations which prompted the investigati-onsi for a
high darn near Elephant Butte as superior to the International Darn
project have'been signally justified by the results, which maybe
aunmarized as follows:
l The proposed. Elephant Butte reseror has canac& 't
two million acre feet, as against about five hundred and forty
thousand acre feet that can be provided by the proposed Interna-.
tional. reservoir at. El Paso.
•
The former will furnish for irrigation six hundred thousand
acre feet of water per annum. while the latter will furnish only.
one .hundre,d eighty thousand aere feet.
The former will lose no water by overflow, while the 1st-.
ter will waste a 'very large percentage by overflow.
.
With a given amount of water the Elephant Butte reser-,
voir will prent only one half the surface for evaporation that
will be presente4 by the International roe 54094
-.
.
.
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5.
We eetlEate that it will require eighty two years to
till sixty per cent of the for'fler reservoir with mud,, while the
latter reservoir will be filled to sixty per cent of it-s .oapa
olty with mud in forty six years.
6' The Elephant Butte Reservoir is deep and narrow., while:
the International Reservoir is wide and shallow, and in c.oris:e
quance it is found that any process of sluicing out mud .win be
nine times as efficient in the former as in the latter..
? The . Elephant Butte Rservoi'r will store the et1re 'lw:
of the river without waste and with a nin1m
evapation, and
will prevent disastrous floods along the valley occupied by the
Santa Ps Railroad, and by several important towns, while the.
International Reservoir will waste the water by overflow, pres
.•
t.,•
dit
i
-otevaporation, re 1
floodø above El Paso, cover twenty five thOusand acres of good
zar El Paso ane.ke mr1and of pObay.
0:.9reI.:................
1ax
acres above it and produce unsanitary condtionø at El Paso.
/7
8. The international dam. proposes to destroy about 40,000
acres of good land inmied.iate'Iy north of El Paso, in order, to
rig$e about 55 9 000 acres be1W El Paso;. while the Eleh: t Butte
aeservoir propo8ea to irrigate the forty thousand acres of
that the other would destroy, also to irria.te 50,000 acres below
El Paso, and in addition to irrigate .o,00q acres above In New
Mexico., a total of 180,000 acres, all of w1iich is tributary to El
Paso.
1
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A study of the water supply of the Rio Grande as measured
at San Marcial., regulated by the proposed dam below Elephant Butte,
shows that 600,000 acre feet of water could have been drawn, from
the reservoir each year without ever emptying the reservoir
we ooneider thil a basis for estimating the future duty. At the rate of three and one third feet in depth for irri
gation, the water would serve 180,000 acres; the surveys show
r!1.g.abe -lan4. abot . a4 f!o: .
Above Penaleco Rock--"--- 40,000 acres.
Penasco Rook to Texas lin&70,000
11
in Texas above El Paso--- 20,000
in Texas below El Paso--- 50,000 !
OL
Acóording to the above figures the Elephant Butte dam
would furnish water to 110,000 acres of land in Tew Lexico,
and 20,000 acres in Texas, or a total of 130,000 acres of land.
lI
U
above E]. Pao, a&a eur$ua f wte sufficient for 50,000,
acres which could be emptied into the river for use below El Paso.
The coat of the proec-t,. including the reservoir and
diversiop works and oaaJ• a above El Paso, to estimated at
$7,200, 00, or. $40 per acre on 180,000 ,acree.
the value of irrigated lend in this valley, and those best informed pronounce the project desirable at this price.
item of cost is the iam, and this will require about 300,000
barre1e of cement, a large amount of machinery, gates, etç; en'tailing a very heavy outlay. for freight. The lrri-gable,land..is
T2
.
:..
,
••
........
-'S
....':
--:".,

and

an
This- is, below
The - main

i.i
-.
all tributary to the Santa Pe Railroad system, and the reservoir,
by regulating the floods of the Rio arande, will greatly cheapen
the maintainano:e of the railway be:tweon R1.naon and El Paso.. In
view of these facts, and the very high cost of the dam, we recommend that the Santa Fe Railway Compaxiy be requested to. grant
half traffic rate8 on the material used in the projeot, as was'
done by the Denver & Rio Grande Railroad for the Unoompag.re
l's
In making our etimates we have assumed that reasonable.
•
.
conceasione of this nature can be secured.
We have informed the people in a public meeting in Las
Crucea of the res'ult of our investigations, and at the same
meeting a. resolution was uiaziiinously adopted, declaring in fa.
:
,,
•
islati.:on by Congreas' to enable lan4a in Texas to benefIt by the
contrIbute
•0
is',
O:02t40
..
••••
.
reservoir and
. i gte& is roarly all prite.
We are .assured by prominsnt citiT'énø of the valley that
there is little . •ou'b.t that practically all the owners of land.
in t1e valley will readily comply with the provisions f the
law by whIch they may receIve the benefits of the Reclamation
Act, and we concur in this opinioi.
We UsTe reonded an
organization to take in hand the subject of securing pledges of
..land to the cost of the project, and it is not feasible to begin
construction until those are securO.d, but the prospects are suf
'354OO7
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fioiently good ao that we feel, justified In reoending that
leg iiat'i on be asked that will authorize the irrigation of 1aflI
in Texaa,. in connection-- ith the proj:eot.
We also recommend that the surreye and preparation of '•pith
be continued under the direction of Mr • B. M. Hall.
(Signed)
A.. P. D%vis.
W. H. aander;a.
B. M. Hall.
Board of &igineera.
:4-:;:
:-•-•- ' .'
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--February 5 1 l9O3
Mr.
i.It
i. French,
Assistant Engineer,
U. S. Geologloal Survey.
Dear gir:
You are hereby direot.d to proceed t,o the Territory of
NOy? Mexico for the purpose of rL!Jng an invctigation and survey
for water storage on the Rio Grande hetv;oon San Marcia]. and. R1noon.
You will first make a reor1noissince survey between the
ioints named, using the hand level and aneroid and ta]dng full
notes concerning your obervatioiis.
On the corpietion of the preliminary reconnoissance
you vii1l,unless otherwise instrue ted, prooed to ra1.e a topogaphiàt
survey along the Rio Grande, including both sides, to ane
át1n:
of 250 feet above high water 4 - the horizontal 8cale to be 2,000
feet to an inch, and the contour interval 10 feet. The suyey
f
will oxtena. from Rinoon to San )Aarcial unless otherwise ordered,
It will be necessary to establish a bso line of xfot
less than 2000 fee, and expand triangulation by means of
transit from it, extending same over the entire length-.oØë.
suivey. The general methods presoribtd for to.ograph10 field
work, including instructions for leveling will be used inrtht- J•
this survey.
Careful connection with the lines of sui€r
io
lands should he rnade,wherever crossed.
Before leaving for the field, you will maRe requisit4on:
'•
6SE/LF-000 15584
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,

:
French2•
or the neOessary inotrurnenti,
planetable sheets, bench mark
Doi,s arid: tablets, stationery: and such other material as necessary,
but is you vAll nt need more than the hand level and unerold
until after your prelirn.tnary work lias been completed, the shipment
need not he made until you wire the office your express address.
Mr. C. H. Fitch, Enineer, will meet you in the fleld
about the time you are ready to tahe up fini survey, and. will
change or modify these inet,ruotions a3 may be necessary to meet
eorlditiofli3.
Mr. Clarence K. Hosford, EngineerinE Aid, has h :en inetructed to report to you and you wll:L please notify 1:i. when
and where to iuieet you 0
Very respectfully,
CDM
Chief nineer.

:ii;'.
i,
'
•'•
:
:'
Lawt
March 28, 1903.
Mr. F. H. Newell,
Chief ngineer, U. 5. Geological Survey,
Vashington. D. C.
Dear Sir:
Having visited theparty of Assistant lIngineer, James
A. French in camp on the 1 io Grando, 12 miles west of Engle,
New 1 exico, I submt the following report.
I reached Englc early the morning of the 21st inst.,
and proceeded by hired conveyance to the camp. I left there
on the 23rd inst., but should have preferred to remain two or
three days longer in order to sec more of th-e proposed reservoir sites. The only dam site that I was able to see is the
on known as the Elephant Butte. It is located about 4 miles
down the Rio Grande from the ford where the Black, Range and
Engle State Line crosses the river. The impression I had of
the reservoir is that when surveyed it will fall short of the •.
etimate of capacity made by the Elephant Butte Company, which
lam told aggregated some 256,000 acre-feet. I did not see
the upper part which conthns quite a valley but that portion
:$
which I did see is not only narrow but contains much brokn
•
topography, the river havi - g no valley to speak of.
If the
original survey was not cross sectioned or was not carefully
mapped it would be impossible to arrive any where near.an appro•
imation of the capacity of the reservoir.
I understafld that a
A353817
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dam of 81 feat was contemplated, and while it may be possible
to construct a dam of that height it has not that appearance
and it is nearly certain that no higher dam could ho constructed.
I saw Mr. Fol.lett at El Paso in passirr through and in talking
with him found thai he as of the same opinion regarding the
capacity and height of dam. He regards the upper site of the
two origrnslly surveyed by the Geological survey as the bost one.
After viöwing the intricate topography I verbally instructed Mr.
French to adopt the scale of 1,000 feet to an inch, without changing the 10 foot-contour interval. I also told him that he need
not adopt a top contour 250 feet above the elevation of the river
at each dam site, as provided for in his instructions, but to
OL
tak a top contour a little above the height of any possible
dam. I did this in order to save much work for I clearly see
that in any event he has a long task before him and no work should
be thrown away.
In this connection I desire to suggest the advisability
of providing another plane-table, Johnson tripod and telescopic
U
aldde for the party, in order that Mr. C. K. Hosford, engineering
aid, may take up the topographic work to assist Mr. French, after
the vertical control has beeii accomplished and he has become
• f.
sufficiently instructed in the methods.
Additional written instructions should he given Mr. French
in rerd to scale etc. if you approve of my verbal instructions

.:
'
•
:.'.
.•
0 •
longer in order to see all of the reservoirs which are to be
surveyed, but receiving a telegram on the 22nd inst., from
r. Hollister stating that you and Mr. Davis were leaving the
21st inst. for Lawton, Ok. Ter., and desired to most me in
Oklahoma, I left by the next. days stage.
Mr. French had not started on plane-table work, but
t 1 e methods to be pursued were fully discussed, and consider.i.ng that he has had considerable experience in the past
on Coast and Geodetic 5urvey topographic mapping, I en inclined to think that ho will succeed.
Very respectfully,
Engineer.
I'
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UNITED STATES GEOLOGICAL SURVEY
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RECLAMATION SERVICE
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JUL13 1904
322-$23.Trust Building,
. El Paso, Tex.July 9 1 1904.
•
Chief Engineer,
U. S. fleological Survo,
Washington, D. C.
Dear Sir:• I send you herewith a petition from the Mesi.1].a Valley
Chamber of Commerce, asking that the Reclamation Service shall construct.
a diversion dam across the Rio Grande at Penasco Rock, 18 miles above
--Las Cruces, and construct permanent headworks for diverting the water
and separating the heavy silt theretromtogether with 6 ; 'mi1es o
canal for deiiver1ng the water Into the head of their preset system
from which their fats are now irrigated 1whenever they can get any
water out, of the river into their ditches, I will say that the re- .
quest. appears to be a very reasonabl g,
the granting ofwhich could
not be. properly objected to by any one,Aas it does not conte1ate
the dive sionLf any more water than has been used for many years,
when they had.a heading in better ground than any that Is now available, •shor.t of Penaso Rack'.., It Is a small project Involving the
expenditure of not more than $140,000, probably a great deal less,
and' promising a greater measure of relief than the expenditure of any
similar amount can give elsewhere. It X= also has the advantage of
forming a part of the complete project, but of being permanently useful and worth the money whether the complete project Is ever carrié -d',
out or not.
OSE/LF-000155
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If it is possible tnder the condit ions to grant this request,
.1 earnestly recommend that it be granted and that you Instruct me
-•
_I___I_Ii--.J__-___-LT--to have accurate plans, specifications and estimates made for the
headworks and short canal asked for • The surveys at Penascà Rock
are already made and I have already made preliminary plans and estimates which I would wish to revise and Improve.
the great object of my wwrk here Is, 1st; to arrive at a general plan
for the storage aid equitable division of the flood waters of the
Rio Grande, arid, 2nd; to ascertain' the underground supply of water
and devise means for Its econorüical. use,
proposed diversion dam and heaciworks can be planned and constructed
without Interfering with, or delaying the general investigations
mentioned.
Very truly yours,

I recognize that

It '1.3 my 'Idea that the
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Mr. B. M. Hall,
Consulting Engineer, Reclamation Serrice,
El Paso, Texas.
Dear Sir:A suggeoted by you to this Chamber at the meeting thereof
held at hi place on the 30th ult., we have the honor to herewith
submit to you in writing the earnest wishes of this cor:uMunity,afld
the reasons in support thereof, in the matter of the construction.
by the gational Government, under the terms of the Reclamation Act,
of a diverting dam and headgate at the Penasco Rock, a point on the
Rio Grande, about 18 miles north of thi7, town, and of about six
miles of canal to connect such point with our present canasl systenf
the system by means f which the lands in this vicinity ae now irrigated.
Wlth±n the immediate vicinity of this town and of the towns of
La Mesilla and. Mei1la Park , each within a mile or two of the other, and at the last mentioned of which is located the Agr±cultursl
•
College:-and
periment Station, are come 15,000 or 210000
land no planted in alfalfa, orchar4 v Iney a
oduc ing under
favorable conditions as to water for irrigatlon thouganls of bushels
of wheat, corn and other grain, all entirely dependant upn the canal system above mentioned. The ditches composing this system have
a oomlrAon head , which Is located upon a low and sandy bank of the.
river, at a point where nothing in the nature of the grond te?'d
to hold th head in place, while the only provision which the means of the community has :uermitted it to me for the purpose of either
.
OSE/LF00
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raising the water in the river or of confining the current to it
.channel has been, and i, . rnck-afld-- wlllow darn of that
le character which has prevailed from time immenoria.l among the
inhabitant' of the
io Gmde Valley and with which you are doubtless familiar. Vith a location for a ditch head so uns..tisfactory
and with a structure for controlling the cur:ent of the stream
O
crude it has frequently happened , as you may well imagine, that the
riverby a slight change of its channel has at times left the entrance
to the canal high and dry i
at other times the
been fiiled,hy reason of a Uddefl flood,with sand, gravel and sediment for a distance of many hundreds of 1±tB yar(js below the head,
and at still other times the crude dam under the iressure of water
has given way and the material composlng it carried down strea1
leaving the stream on the return of low water below the canal
with the further result that, while the repairs were rnaiflg to
pefl
up the canal and to again connect the Same with the river, the whole
irrigated area waq deprived of all water , and th1, too, usually.
at the time of the year when water for irrigation was imperative!';
- necessary. Th1 community has had sO many exieflces of this character during the past ten or fifteen years that we feel safe in assuning their recurrence at each material rise in the river,
that ls,
annually and perhaps two or more 'times in a season of high water,
and from experience we Rnow that the moy value of the losses which
have accrued in consequence thereof to the community aggregates
many hundreds of thousands of dollars, while the growth and settlemerit of th
otherwise beautiful and attractive valley has been retarded for a score of years. For instance, early in the Spring of
the preceding year,as a result of high water in the river, the darn
above mentione.1 was partially washed out a
away , the d1t'h
or canal for a mile or more was f±lled with gravel, sand and sedl-

:::
•;.:
#3.
.it an the community was wholly deprived of water for Irrigation
for nearly three YrIonths and at a tine when thire was a perahundanee in the river fo
irpoges and rhen it was urgently required,
with a resulting losc to the commun:tty of some4O,OOO or 50 0 00O
ifl the
Oel(1
and orchard, besidec the 4,OOO or
5,000 expended in inalcing the nece'ar:r repairs.
To remedy this deplorable state of afairrj,
it has long been
the concensus of opinion in the conunity that the existing canal
system shoulri he extendet to the Penasco Rock, where Nature hac
made provision for a durable and constant head , and where the current of the stream has flowed in an unvarying channel from time immemorial; but inasmuch as,ipon investigation, It was found that the
cost of such extension and of making tho necessary headgate anct dxri
wou1&ea -tly tax the resources of the community no action to that
end has been as yet taken. With the enactment, h'vrever, of the provisIons of the Reclamation Act the hope wag indulged by the whole
community , and still exists, that thIs project at least of the several under investigation in this Territory might receIve
'ne
from the reclamation fund. From the auhllc presg 'e are advised that
the Geological Survey is disposed to hold, that the construction of
the lephant J3tte Dam at this time woild he premature, on account
in part
01:'
the cost and of the engineering diffMculties invived
and in part of the claims of El Paso county, Texas, and of Mexico
to share in the waters impounded . e are not disposed
that the claims of either of these parties ±x are l'rell-foundéd; hu,
rea111ng that the mere assertion of such claims is apt to he a source
of embarrassment and lead to some delay In the matter of the con
A35380r'
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ruction of the larger work, we urge that fact in ipport of our
claim for assistance in the matter of the small and inigri:Lfir:,ant
enterprise which we urge upon your attention • Here, at least, there
can be no question of infringement upon the rights of others , or of
re1stene tough the processes of the courts to the aetlon of the
officers of the Reclamation service; or we are not ask±ng the Govern
inent to impound th waters Of the 7io Grande for our benefit, exclusive or otherwise, but out of the abundant inds of the Gor:ent
available for the Durpose to appropriate and., in effect, lend us ,
upon adequate security, a sufficient sum to construct the da:ri and
headgate and the short line of canal we have mentioned , and to
thereby in.ire to iis that proportion , an that proortion only,
of the waters of the river which is measured by the capacity of our
pres:nt ditches , and the right to which has been, and is, determined
beyond controversy by fifty years of contInuous and undisputed adverse
User.
We are advised that the Reclamation Field 'horDs, under 'ng1neer
French, during the past six months has caref:illy reviewed the feasihility of this project , and that the body of which you hPv
'e
honor to be a memberX is now ii possession of information sufflcle:it
to enableit tc p ass inteigently
ll
upon tie same • so beIng advised,
it is the urpose of t:riis coniiiunication , not only to secure fvor
able action in the matter of this project, hut to call your attention to .the facts whoh at this time argue for immediate action;
first, the work, if undertaken now, can be completed. in
171 to
efl_
Cn
able thi s community to escape the anticipated disastrous effects
Of the high water during the corning and succeeding years,
e revailing drouth in th1 section, which i
of such severity that it
has resulted in the almost total
of a1A3594auc1ng r.rich destotution among a worthJ class of people, rosidnts of th1 valley,

rz

itution which would be in a measure relieved were the constructing corps to avail itself of the labor which is now idle and seeking employment;
and, third, the total absence of water at this tirile
in the bed of the Rio Grande, a condition which will greatly fad!itate the work of construction.
In conclusion we would impress upon you that thlg coDznity
stands :r'eady to furnih the required guaranty in the matter of securing the repayment to the Government of the su of !aoney to be cxpeided in the matter of the wrlc we urge upon your attention; all
that is asked is that we be advised as to the sum to be thus gwiranteed and as to what form this guaranty 3hx.ild take in order to
meet the approval of the service.
We w1legreatir pleased to haie you transmit this communication
to the heal of the ROciarnation Ser'ice, with such favorable endorsement thereon -is its lr;lportance merits and you can consistently make.
Respectfully, &c.,
THE ME-54 LLA VALLEY CHAMBER OF COMMERCI],.
By
Secretary.
OSE/LF05 595
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il Paso, Texas.
jear sir:
L'OLlr
luttor Of uLf 9 ha3 been received v,ith petition
fron. the
VOS1llO
Valley Chamber of Uommorce.
I appreci to the condi. tions one wish that you would
/1
push forv.?ord the prparatioe :1 uetail plans, specifications,
oric estimates Icr ti -ia i'ecworks ona short canl. .is soon as
this material is nearly complcto,Dlease notify me of the
fact arid ask t.hat a board of eniinoers be convened to study
anci report upon the advisability cf the roject.. This hoard
will probL-l7 consist of hessrs. sanders, Davis, and Hall. In addition to the details it is essential for
you to discuss fully in :Tour report the ffcct of the Construct on of this hoedworks urcn the 7holc- scheme of developnnt as we now know it, so that in presenting this matter
to the Department we can sho to vhot otcrLt future plans
may be affected.
Very truly yours,
(JlicI
ir,inoer.
EDV1
A353895
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DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY
RECLAMATION SERVICE
322-3'26 Trust Building,
El Paso,Tex.July 14,1904.
I, ..
Mr. F. H. Newell,.
Chief Engineer,
Washington, D. C.
Dear Sir:I am hard at work on estimates for storage, mud
accumulation and irrigation water from the International reberllolr and the Elephant Butte reservoir. I enclose a copy
of a letter from Mr. Follett that explains itself. We worked
together on these Investigations until he arrived at a conc1usion
that the International Dam is not practical, and should not be
built. Then, against my remonstrance, he wrote General Mills
his opinion1 and hao a telegram stopping him from further co-operation. I have all the data, however,and am getting it in
proper form. Follett. is my friend and will open every avenue of
information to me. I did not want him to write to General Mills,
but he thought It was his duty to let tne old man know his real
mind immediately. The tabulated statement on the two reservoirs
is taking considerable work, and I wish to get it up in good form
and send it to you before doing anything else.
Hastily and truly yoursip
A5389; S
Consulting Engineer.
. .5.
.•
:.
..
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El Paso, Texas, July 1, 1904.
•itr.
B. M. Hall,
Consulting Fngirieer,
U. S. Geological :urvey,
City.
Dear Sir:Referring to the investigation which you
are now making for water storage on the Rio trande,
and to the fact that I had instructions from the
Comrnissfcner-enera1 Mills to collaborate with you
on that work, so far as it related to the El Paso
•
Reservoir - I beg to say I recently expressed, in a letter to ren1. Mills,
an cpinion that, owing to silt deposition azd cost of
moving railroads, I thought it unlikely that it was
••
feasible to build the dam. In reply to that letter,
general Mills wires me today to
take
rio further action
•
on the instructions sent me.
Yours very truly,
(Signed) VI.W.Follett.
Cons.Eng.
.1/
2:
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Iasc, Texas.
JJear
ir:
eu
10 tt•.: r cf •:::
T-' ho.
o--in
. ecood with cony
of 1.ter from
.
ClLCtt
3j.10
I
0
iirtI
11s w'.I)_ not
permit hi
t.c cooporato furthcr'
.
I hone, however,
that you will put .ycur d.et.
Ie
:c&
foru
;1ut
confer
rI th
hen • Vim. h.mith, the heithr of
onL
O03
frc
thc ]J3th
istr1ct of rjao, which inc1ucos
i Paso (ounty.
.L, I C
1 O.S Cul herewith is iuttcr frora hr •
mith cand copy
of prr re1y.
rIecoso road and return to the fi1e.
Very truly yours,
Chief Enineor.
Inciosures.
A 35 3898
,
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UNITED STATES GEOLOGICAL SURVEY
RECLAMATION SERVICE
322-323 Trust Building,
•
IPaso, Tex. Nov. 19, 1904.
Mr. A. P. Davis,
Assistant Chief Engineer,
Washington, D. Co
My dear Mr. Davis,
The delegates from Mexico, Texas and New Mexico have all agreed to abandon the International Dam, and accept
our Elephant Butte Project. Their full agreement and endorsement of the Reclamation Service plan was the crowning glory of
the Irrigation Congress. On November 17, at 10 A.M., Mr. Newell
and I addressed the Congress, and laid the Rio Grande situation
before them. Hundreds of local people were in the audience,
and all listened to our statennts with intense interest. The
results were more than satisfactory. They were nothing short -of
miraculous. It would have done your heart good to see those old
sinners flocking to the mournefs bench. I had been doing mission-s
ary work 4qiong them for some time, butl had not expected such a
land slide. Even old Rodey got religion, and said he was willing
to let Mexico have some water. Old Max Weber died hard, but he
came in all right on the round up. I fear that General Mills
will not survive the issue. So far as I know, he has not a single
adherent left. The city and the whole valley are enthusiastically
In favor of our plan. They have nailed the Congressman also, and
will keep the ball rolling.
OSE/LF-000 15600
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I an sending some El Paso papers of :November 17, 18 and 19,
that will give you some idea of the situation.
I am also sending you my full report for publication in the
Third Annual Report of the Reclamation Service. Mr. Newell directed me to do this, as he was leaving for the west last night.
He told me to cut out the cost estimates, and I have drawn a red
pencil line across them. The newspapers give you what action
has been taken by the
paD
pie. \at do you think ofgetting the
report out as a Water Supply & Irrigation Paper? There appears to
be a considerable demand for it. I wish you would read over the
whole paper, and let me know what you think of it. You will note
that I have recalculated the Elephant Butte tables for a supply
of 600,000 acre feet per annum for irrigation instead of 590,000,
as I originally had it. I have also added summary tables, an
brought out general averages and percentages that I think will
Interest you.
Congratulating you, and the rest of us on the happy outcome
lam,
Very truly yours,
67dJ&L,
44tJ'
A41
,
Supervising Engineer.

Special appropriation Rio Grande project,
APD-CDM
1ovorber 25 1,1904,
Mr. B. h[. Hall,
22 Trust Building, El Paso, Texas.
/
Dea Sir
&/
Your ±'avoi of 3ov ibi 1.2 has :jut been received
and
Tj.th
:tnt,erst.
1 have al o read the narked
articles in the :.ewspapoi iou
13
eit, and
-1
ly pleased
with the result;- It certainly indicates your tact and
JudL,mnt, and. places this r;atter in shape :ihers there will
dot.btleus be recoitv.cnded a strong appeal for an appropriation
to build the Rio Grands project,
This Is absolutely necessay, a the ñind. leja11y ;ot s1de for New Mexico is all
absorbed in the Hondo project which is now forging rapidly
aflead.
The general fund is also all absorbed by projects
in other States which have the approval of the
Secretary
arid. are eJ.thr under oonstiuctIon or will be so next
sumner.
If the Rio Grande project is built within the rext
five or six years, it will have to be done by special
appropriation outside of the reclamation fund, but should
of eourse he done parallel with the provisiOns of the
'eciamatioi
aCt'.
Very truly rours,

of darn.
ç)
I)
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DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY
RECLAMATION SERVICE
322-323 Trust Building,
El Paso, Tex. Nov. 21, 1904.
Mr. A. P. Davis,
/1
Assistant Chief Engineer,
Washington, D. C.
My dear Mr. Davis,
I sent you my Rio Grande report
on Saturday, and it has occurred to me that it might
NI
be a good idea to call our proposed darn the Engle Dam,
instead of the "Elephant Butte Darn".
If you agree
with me, please make all hecessary changes in the manuscript. I hope you will also write an introduction
to the report. I look upon the results obtained as
a vindication of your judgment in inaugurating the
project, and I believe it will be a complete success.
Very truly yours,
~
ILA
J
Supervising Engineer.
A353927
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darn.
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Con:ress wore bein - trarscribo1 by a stenoraphor in El Paso
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li.............(
.1.
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Coal' 0 :OS
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possible both Pc r
1C\u5i.C. 150
and to
USC
in printink the pro-c
Tt
is very desirable that this be expedited and hr.
A 3 53928
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nor

itcholl roçuostoci me to do what I could to have this done. I
asario that ti-, --'- s i within your charge and if so desire to su';gost
t1ai you use all roosoiab1c :.ians to expedite its corpletiQfl.
Very truly yours,
ctirig GhiE
Lnp4noer,
A35j29
OSE/L-00015605
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DEPARTMENT OF THE INTERIOR
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UNITED STATES GEOLOGICAL SURVEY
RECLAMATION SERV1C
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V
'
322-323Trust Building,
El Paso, cDe c • 2, 1904,
Mr. A. P. Davis,
Acting Chief Ingineer,
Washington, D. Co
Dear Sir:..
There is to be a big mass meeting at Las C ruces,
N. M. on December 22, •to be attended by all the people of New Mexico who 3.ive in the Rio Grande Valley below Elephant Butte.
They wish to organize their Water Users Association on that date,
and have asked me to be
present and address them.
I have consented to do so, and will be there.
I recognize, however, that
many questions will be ás1ed me, about organization, etc. that
I will not be able to answer, as I have never organized a water
users association.
Please come and help me out, or send some
one ese who has been through one of these organizing affairs,
and is familiar with it.
It is very important that I should
have some help.
Would Mr. Powler be available at that time?
The Las Cruces people are also expecting us to take up the
Lea.shurg Diversion Dam Project, and arrange to begin construction
very soon. They are wi.1ing and anxious to give all the security
required. I have the plans all ready for work. Rhead has made
them, and has. also made the Rio Grande map that you directed me to'
have.made. It is a neat and comprehensive
çs.ed it at th&
Congress.
Hastily and truly yours,
OSE/LFO0015606

APD-CDM
DeoeheT 7,1904 1
J.
ceolor;icl survey
322 Trut I.ui1ding, Al
1 Paso, Texa8.
Dear Sir:
I havo just roe1ved your favor of December 2, regardlngthe organization of the Water User' Assoiiation at Las
Crucca,
It will be imo,ss1bie for ne to he there at the
time, and itJoe!1O to me hardly neessry.
I am provid1ng that there he 'sent you co.p1s of papers
whioh will give information in regard to methods of organization, and these contain practically all of the lnforination I would be able to g1e at pre;iont.
I think most
of our wOrk should he done,- not at mae naotings of this
kind, but be'ore the Board of D±rec'tors rhich they may soleot.
I think it would be unwise at the 9rO8ent time to
encuTage- theSe 'people In the hope that te can take' u thoir
diVersipp project before means are provided for the main
project 1
The reason for this Is that in view of the work
already authorized by the Secretary of the Treasury there
is nothing available from the reclamation fund for this
purpose.
I am enclosing a number of circulars for you to hand
to the leading men, and for your Information, showing the

t.
—2includes estimated increment for two years from the time
on which we have official information. The projects and
their etimr.ter3. cor3t, tmder the head of"Cost of ProjeotN, have
all been at.)-ior1ed by the Secretary of the Interior. About
one hUf of them are either under construction, or bids
have been advertised for, and the other half are ready
to take u next surirner. Undoubtedly nearly all of the
will be ;akn up.
It will he seen that the cost of the Honclo 'roject
exceeds the fund in New Mexico, and that the general fund
is absorbed in projects authorized.
You will see alec that the estirnted requirements
from the general fund of Juxie 30,1906, are in excess of the'
probable amount of the fund at that time.
This means
that not an of the contracts authorized can he let until
after that date. It scorns to me it would not be wise to
recorrtend additional construction in New Mexico at the present
time, and if it were recoirnnended it could not be carried out,
exoeptat the expense of other States, and these other
S-gates are just as importunate for their projects as is New
Mexico, a5nd each thinks it has an eseoia11y strong case.
The organization ought to be made, however, for the purpose
of promoting the main project.
I will try to get Mr. Fowler to go to Las Cruces, at
OSE/LF000I5608
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the date you mention, for the purpose stated.
..,._I
Acting Chief Engineer.
Very truly yours,»
A8’8933
OSE/LF—00015609
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DEPARTMENT OF THE INTERIOR
NITED STATES GEOLOGICAL SURVEY
Jfi-\ a
RECLAMATION SERVICE
WASHINGTON 1 0. C.,
Jan. 30, 19
~- Memorandum for Mr. Walcott:
The situation on the Rio Grande is described at lengt
in the Third Annual Report of the Reclamation Service which is
now in type as 58th Congress; 3rd Session, House of Representatives, Document No. 28.
The matter was fully discussed at the El Paso Irrigatiori Congress and has been noted frequently in the newspapers
so that it is presumable that the Department of State has had
full information concerning the surveys and the attitude of
the people in the vicinity of El Paso.
The proposed Engle dam is near the site of the old Elephant Butte project and if built will submerge the latter. 'A
dam built at this point will furnish water for about 185,000
acres of land in New Mexico and Texas or if desired for lands
in Mexicp. The bill (H.R. 17939) with its preamble gives the'
essential facts.
This bill proposes to give the Secretary of the Interior
authority to ascertain the conditions upon which to determ±rre-----FM
definitely the feasibility of the Whole project. Unt11.
1, DI'VN
TIO
legislation of this kiiid is passed the project can not
sented to the Department for definite action>_
Very truly y
I
r3•,
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DEPARTMENT OF THE INTERIOR
/
UNITED STATES GEOLOGICAL SURVEY
1'
RECLAMATION SERVICE
/•
F
Crls1.ad, N. M. Feb. 21, 1905.
Mr. A. P. Davis,
Acting Chief Engineer,
Washington, D. C.
Dear Sir:I am very anxious to know what Congress is doing
wia the Rio Grande Bill, and what. the chances for it are.
I am rat1i er out of the world here and would like to keep
posted in some way. If the Smith Bill passes the Senate
and becomes a law, I suppose we wili'ce starting some new
surveys, topographic and otherwise, and will have to make
investigations in Texas and Mexico. Please take these matters under consideration and arrange a schedule of work for
the Rio Grande.
The people of Las Cruces are very fond. of French, and
have asked me to bring him 'nack on the wcrk as soon as an
opportunit:r offers. You are better accjuaintod with his ability
than I am, and I ask you to send him hack to me if you think
he is the proper man for the work that will be necessary. We
will have to I iish the topography on the Engle Reservoir
Site, and on tiie valley between the Engle Dam and Penasco Rock
(Fort Selden).] Will also have to classify lands and determine
A354051
OSE/LF000I5611
S

/

I'
APD-2.
water right priorities in New Mexico, Texas and Mexico.
I mean we. will have to do all this if Congress approves the
project. I like French ve r
much and I tl'iink he is a good
manager; but you can decide Toetter as to his fitness for
the work that will be needed.
Hoping to hear from you, I an,
V ry truly yours,
J
X
1
Supervising Engineer.
A35O52
oSE/LF 0 l 56l2

SUBJECT:.
Rio rande work.
S
BMH-JPW
DEPARTMENT OF THE INTERIOR
UNITED STATES RECLAMATION SERVICE
El Taso, Texas, January 29, 1907.
The Chief Engineer,
U. S. Reclamation Service,
Washington, D. C.
UY
Dear Sir:
.Tall! Sk
M r. Creel, the new Ambassador to the U nited. States from
Mexico past thru El Easo a few days ago on his way to Washington,
and I had a very pleasant talk with him. I think it would be well
for you to confer with him concerning the Rio Crande matters as
he is a very earnest friend of the I.roject and would like very much
to see at least the 1,000,000.00 appropriated to make good th
treaty with Mexico. I think that he will urge the matter in the
State Department and he may need some data to work on.
Theway I arrive at the 1,000,000.00 is as follows:
We expect to use 600,000 acre-feet per annum for irrigation.
It will require one-seventh of that amount turned loose from the
reservoir o make 60,000 acre-feet after losing 30% in transit
from the Engle Dam to the head of the Mexican Ditch. One-seventh
of 600,000 is 85,7\14, 30% loss from which is 25,714. After making the subtraction we have left oniy 60,000 acre-feet, the amount
that we expect to deliver to Mexico. As the entire project will
cost 7,000,000 and the TAexican treaty will require one-seventh of

H'
Chief Engineer 2.
of the water t/ned loose from the reservoir, at least
should be appropriated for that purpose.
Very truly yours,
B. M. JIall21,
,,
Supervisi
ngineer.
Dictated:.
lj
0.
W.

5l 1 000,000

..
APD-EDW
Feb. 28, 1905.
Mr. B. . Hall,
Supervising &lgineer,
Cr1s'oad, N. Uex.
ijoar Sir:
I have .ust received your favor of iobruary 21 inquiring
about the Rio arande bill.
The status of thia matter is that
ceLprcrrisO bill
similar to the Stevens ii1l has passed both Fousez; and is
waiting executive sanction. The bill proviies for the oxten.....
sion of the Drovisions of the Reclamation Act to that portion
of the State of Texas that can be irriated fror the Rio C;rande.
Noing is a.aid about prior rights and it is the undorstanding
with both the 'Iexas
ad New L.ex1co
leat.ocs tt 3J i.nds
receiving Wa.ter from the Engle reservoir will stand on the same
S
basis . Thore will be no priority and no difference in chargos.
TMs is a broad-minded, generous view f these landowners that
hold water rights and it seems to me augurs well for the future
of the project. I have t±'ied, bowever, to make it c1e' to lix.
later, representing the El Paso interests that there is riot
sufficient money now and can not be for several years to carry
S
out this project. The diversIon dam for the relief of iiesI11a

•
.
:
.:
2.
Valley may be constructed at an early day if found advisable,
but this is relatively cheap.
The funds in hand and in pbspcct for reclamation purposes are all allotted for about three,
years to come for ProjectS to
h±ch the service is now coninittod,
.Cter that date the return of mone,rs from irrigated lands as well
as from the sale of other lands trill be available for allotment
but the
n:le project is cc
ler,e that it is not lIkely that
contracts can be
:iscI'r iet fOr the darn Inside of
or 5
ars.
It is, of Course,
ufli5o
to arouse expectations that
must necessarily be disappointia.
i
am convinced, that the
ing±e project eust eventually
o throuvh, but you will
efrcm
the above that tiioro is no sue caa± hurry about making eaditLonal
surveys.
It is my ides that investi,ations at Carlsbad, thè
cotu'tion
...
and such sImilar matters
as you.''
d e s i r e. to clear up on the Rio Grands will keep your frce busy
.
during the suiruner without undertaking any extensive aditQal
work on the
&rand.
This is an excellent place: fOr winter
work and as we have plenty of time I suggest that the ,topraphic.
U
work you have mentionee be postponea until lall.
vo will then
have men available from the North who can take up this work
to advantage and you will ,flave the Carlsbad and koswe11 m'ttrs
out of the way and have time to supervise the Rio Grands
investi
tiOflS.
It is probablo that you will be rouired on 'consulting
work at some other points during the summer if you.r engagmonts

V
i...
k
-.
..v,.... ..
3e
If this program meets your approval I think it may he
considrod as adopted and if in view thereof you can spa.e
r. ihead or any other good man you have during the summer,
ind1y let rae know at once and I will ma arrangements for
his assignmont.
Vary truly yours,
Acting Chief Engineer.
I
I
p
.
/
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%opropriatn. Tt
irticabie for :n tc take th
matter up 3 but i.t skiou1
be
pu,hd, by the pop13 of Txt tru tleir enator
and Represe.vitat.lvei8. Unless they tako
A nIttativ e -,
It ø 1mposible to do anyth1n.
/
Very truly yours,
/.
Chief Bngineer..
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:'.
(opy-TEB
•
Rio Grande kroject.
February 8, 1907.
lion. Chas. Denby,
Chief Clerk,
Department of state.
Dear bir:
The estimated cost of furnishing water for lands in Mexico
under the Rio Grande project, in accordance with treaty, is as
follows:
tt1
Cost of Rio Grande project, as estimated March 1, 1905,
7,200,000 for the irrigation of 180,000 acres, or a cost of
40 per acre. This estimate was based upon the cost of materials and labor at that time, but there has since been a considerable advance.
.
.
Theà1Iowfl 'Øf• 60,000 acre-feet of water at the head of
the jIexiean Canal to be equivalent to furnishing water for
25 1,000 acres. At a .eo.ei of 440 pe : a9.,q . thi, :would amount to
.ji,000,000.
. . .
It is necessary that Congress in providing for carrying. out
tie treaty with L!exico shc1d appropriate $1,000 9 000 to be used
in.the construction of the Rio Grande project for the purpose o.f
furnishing water required under the treaty, and also such additicnal amounts as may be required from yearo year for maintenance.

APD- JOW

-2The appropriation of $1,000,000 will be used for construction and such additional amount as may be necessary from year to
year for maintenance will be estimated for the Mexican lands in
the same manner as for lands within the United states and it
will be necessary to call on Congress to furnish such sums
in the annual appropriation bill.
Very truly yours,
-.

ion ±or Rio rande Project.
B1'tIH- JPW
DEPARTMENT OF THE INTERIOR
UNITED STATES RECLAMATION SERVICE
El Paso, Texas, February 13, 1907.
r
i,
irli
C
r I'
I.-'
I- I
.
:
Service,
.L11J ngt on, D. C.
S
1
ear
Transfe,
I have received your letter of February 4 regarding
c
i,000,00c appropriation for the Rio Grande Project.
nlease(I to state that the rieoole of El Paso and Las Cruces have
not been idle in the matter.
The Secretary of the El Paso Valley Uater Users' Association received a telegram this morning from Congressman Smith,
stating that the Sub-Committee has reported favorably on the bill
and that the full committee has not ye.t acted. ir. Smith also
states that he feels confident of success.
Under my advice several telegrams have been sent to Congressman Smith from other parties yesterday and to-day.
Very truly yours,
Supervising Engineer.
A354j4
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I am

Ff1.
1,000,000 appropriation for Rio Grande Project.
Sui?jjcr:
DEPARTMENT OF THE INTERIOR
(
UNITED STATES RECLAMATION SERVICE
•1
El Paso, Texas, February 27, 1907
TheOhé
AWe
U.eS.
ion Service,
- wa hn11 on B. C.
Gash
Dear sir:
Mr. ifiartinez of the El Taso Valley Water UsersT Association
has received a telegram stating that the Sundry Civil bill has
I Li
been passed by both Houses of Congress, and that our appropriation
of 1,000,000 is included therin.
I assume that you will wish to begin work in the way of surveys, plans, and estimates in detail in order to get ready for letting contracts as soon as the rest of the money becomes available.
I also assume that you will wish to purchase all the private lands
in the Engle Reservoir site upon the best terms possible and dosuch other preparatory work as will be necessary.
I have been approacht by several parties who desire that the
Government shall construct other diversion dams at different points
•
along the river similar to the one we are now building at Selden,
but I have, replied in every case that no such work will be done with
the l,000,000, but that all the work we will.do will be in prepara•
tion for the construction of the big. dam and the laying out of the
distributing system in a large way. Aside from the general preparations for the big work the only construction work that I can think
of which could be undertaken soon would be the outlet tunnel at the

Chief Engineer 2.
Engle Darn.
Hoping to have information an1 instructions from you, I am,
Very truly yours,
Supervising Engineer.

Cases
A?D-T3
Dec. 17, 1907.
Mr. t. C. Hill,
J. S. Reclamation Service,
Phoenix, Arizona.
Dear 51r
The Texas representatives are very insistent that the Reclamation Service show more activity in the matter of the
Engle Reservoir.
I have taken the position that we must hav3
surveys of this in order to intelligently negotiate for necessary rights of way, and that it would be unbusinessl.ike to
begin active construction before rihte of way are
secured. To this they reply that there are numerous small ownerships
in the reservoir site and if these were purchast it would show
that the money is being used and that there is need for further appropriation.
That they want to do is to get addit ional appropriation to enable the Reclamation Service to build the
reservoir, immediately.
We can stand theia off as long as 'we are pursuing a business
likecourse and not wasting time, but I think it desirable
that you should know the exact situation.
Very truly yours,
t
Pr :L;:z7I$
Acting Director.
'

SjBJwr
.
DEPARTMENT OF THE INTERIOR
UNITED STATES RECLAMATION SERVICE
LCH/J
Phoenix, Ariv.ona, Dec. 19 1 1907.
Referrea to
DIRECTOR, U. S. Reclamation Service,
Washington, D.C.
Sir:I am just in receipt of;your letter of Dec
clipping from the El Paso Herald:
Mr. French is now at Engle and will soon have his party at
work in the field completing the surveys. I had understood--and
ypur letter confirms the understanding--that your policy was to
do no construction work on this reservoir until after titles
and contracts had been obtained covering the entire land under
private ownership which would be flooded by the reservoir.
I have directed Mr. Stoutemeyer to keep in touchwith
Mr. French, and to obtain options on all land which is now certainly within the reservoir site, and to endeavor to obtain
options on the rest as soon as Mr. French's surveys make certain
the boundaries of the reservoir. I sha1) probably personally
see the owner of the grant to see what terms can be made with
him.
After Mr. French is in on the ground and well estabflshed,
I contemplate doing a certain amount of development work at the

IL

DireótOr
--2-picting surveys and getting ready to start the work will encour
age the people on the river.
I hope it will encourage them
sufficiently so that they can get a bill through congress appropriatirig more money.
Very truly yours,
Supervisirtg Engineer.
/

h
1
.!
StEcT.
Eng,.1.e....nesc.rV.Oi.r..
DEPARTMENT OF THE INTERIOR
UNITED STATES RECLAMATION SERVICE
LCH-WEC
Phoenix, Arizona., Deccmbcr 24, 1907.
The Director,
U. S. Rec1ama.ion Service,
Wairgton, D.C.
Dear Sir.:
Your letter of December 171 -1h, signed by the Acting Director, in regard to the matter of the Engle Reservoir,
has just been received.
J,ir. French has a party now in the field and Mr. • Stoutemeyer has directions to get options on the 1d within the
Reservoir as soon as Mr. French has determined the boundaries.
I have also suggested to Mr. Stoutemeye' that h.e obtain
options on property known to be within the limits of the Rese.rvoir without waiting for the cpletion of this survey. This
will satisfy the poole1n . aso and i that part of
couitry.'
I have also requested MT. French to put a small crew at work
on the site of the darn digging some trenches at intervals
in.
order o show up the character of the bedrock above the bottorn. On the surface this appears to be soinevthat shaley and
/
seamed and I would like to know before doing very much work
toward laying outl a plt what, this condition is likely to
develop and whether we are. going to have a very large amount
,
of extra excavation on the
side walls of the canyon,
There

i
The Director
page 2
we finally get to work, and that is the condition of the rock
at the spiliway.
This I understand, has not been thoroughly
inves ;igated.
If everything turns out all right I hope by next fall
we ':'.'ill be
;-Mblel
to start in ori the actual construction by
getting our cz.n and nhin.ery in shape and installed.
Very
Sup ervi sing ingineer.

APD.- .XM3
.DcriTher 30 1907,
r. L. C. Hill,
8uperviing inineer,
Phoenix, Ariz. Dear Sir:
I i in receipt of your letter of Deceiber 24 out1inth plan of 'procedure for the ünle Dam. This aeeme to me
exactly correct. Ty viewe are, that we should carfu1ly ecure all needed righte and make wnpie invetiations regarding
physioal oonditions and work out complete plans before any large
inveiment is made in construction work.
On the other hand, it 3hould be remurnhred that the
Irrigation Cqngress meets in A1.buqarque next tall and the
•
eyes of the country will bs upon that quarter. It is therefore
•
exremp,ly advisable that we should have something going on in
the way of conatruoticri at, f or instance, the outlet tunnel,
or anything that can be wiely undertaken by that time. To
this end the preliminaries of obtaining options on the land
•
I
should be pushed to the limit.
This, I take to be the
policy you are &ruing, which
16
hereby approcd.

La8 Crucea,: LI' until au. 24th.
Crlsbd,N.L
:
After
1)PA71
O' Tff ITT1RIOB
tThTITi) STAT -:S RECLAAT !rJN SRVI C
Tas Cruces, if. M. 'Ten.lO, 1908.
Louis 0
1.
11111 1
moor
Ari&ont.
Dear ir
The Watci t.T*30r3 in tha -o11' a Valley are urinç us to
turn t1he water into our LosbUg Ca1, as early an, poeible thi
season. In this cliriate the i.rrition seaeon begins very early.
Thry would use the water in Pebruary, but say that unless it can
be furnished by the fiist of !arcb or at latest by the raiddle of
roh, it woud be recesary for th to repair their old ditch
headinge or to make new, ones. It is probable that the Plo Grendo
will go dry for one or two or three months next siiter, whieb
rnkes it, oe ortt tt water
toldd U , furnished in the
spri if possible.
I
iflf?
at,
of chmWes.in the
Ofl8CCOUflt
river the
•:
presenWt joint
headMg of the Laa CrUCOS and Me3iI1a Ditcbe is
out of
4esion and tht it will be nW.
to extend thoo
ditchOs vp the river a nuiber of =Ues or to enlarge the upper
and of the Done. Aa Ditch sufficiently to carry water for all
three, uless the water can be d;eiiiered froi th.e government
canal..
jr. Gwlt thinks that water can: be turnet into the canal,

.,;.
.:.
- .'
Y-.
•..
This brings up a niber of matters for consideration.
let • Will the Leaeburg Proj eot be opcned this season or shail
we nake some form of ton,orary arrangcmut?
2nd0 In eithr event, for bow much an&.
that lands shall
water be supplied?
3rd. Will the xnap., prcpare
from
r, Trumplirey"s survey laet
surtvier, answer the purposa. of a farm unit Map
The off ioer
o ;ho
tter tTocrs Association tell me that
they are unable b estiznato tht
acreage in the various tracts £ro
this rp Possibly an emrrinear can get more out of it. I have
never had a copy of this map s but believe there are some in the
Washington office.
4th The dc-rn will not be tinishd at the time when water
can be fret tutned into the can., also there is a tail ditch
..,-.-.
e on •t th *iver,
uad insluicing s.nd. out of the canal.
This tail ditch is not finished
to its full depth. It will be neccsary to arrange some plan by
-'
vftichthe canal can be aoeopto4or at 1Mst used *ithout acceptin
•
the whole work e4A without releasing the bond..
I have advised
•Tzr. (u3.t that to te poseesion of the Canal. andturn water
into i tL might be oonatrued as an azOeptance , and that 1 think
it would be is
to: &coept t
,canal without a written sgree
montsign
Cd
by the. bcndsmim and the contractor, tiat the accept
ence of the ctnl should not be oonetrued as an accoptnce of ,
any - other part of the
z1c and should not release the bond. I
understand that ir. Nelson would be glad. to nit such an agree.
• .
'hC would 1j.:to gØt. -the. , caL off..bis
:; sbe.re .•
A354189
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•
of further reaponibiUty in regu-d to it 1 If i
e thouht
to be advisable to turn the water Into the canal ?zithout waiting
for the oo1etion of the othir work, the r!attor Suld be takcn
i with the houdumon through the Director a
soon as pozcible. Mr.
Teleon has bet money nd is rwining behind, ao we will hre to be
careful about the
bOn
Until furth. adiriaed. by yeurelf or th iroctOr Mr.. aault
will. not clbow the water to be turn8d into th can]L
K
K
K
K
it K
K
K
K
K
Very trily yurz,
(S1(cd ) B. E. StoutmVer
Ae't
1ziinr.

SUBJECT:
DEPARTMENT OF THE INTERIOR
L1'IVfl
UNITED STATES RECLAMATION SERVICE
Pbocnix, Arioru,
3flh1Ty
14,1908.
flr. W. U. Reed.,
D4tr1ot gincer, U.
r1'bad, L U.
Dor Fir.:
- Mr.
toute7lyCr ha iritte
a rcport
'rOi
Lc& Cruce in long hand s
requetz rio to send you, UI'. Gault an
himoolf caplee. I lvme a1c h1 me one at hin roquest to
go to the Directorn ho1din; it until we
sitic-n to recoend. €Lizl.
I
y-u o111d t.ko th ratter up p'ronally
nd
ee iat 1t boat to b; dOne under the ciromi-ettincee. I
think that one of the principal things we sheo.zad %on;sider
is to get water into the canal in tine to uppiy thce pcO
pie with Z without putting then to ac-tona1 oxpenne in
carrying the, irrigation over for another full year1 if
in
ible to o thin vithcmt gettinr- into 1o1 dif1iot1t1t' 1 Peaee vmltr, at
your earliest eonvoniioe your
opinton in the Ynatter aw toward it with. ltr. Stoutmycrfu .
latter, or soie othcr 1Oter of his, to the Director so as
'T
Bkeil s opinion as to thr, Proprmnt to
-e
toT into w.ithW.. 141r3On 4
Very tri1y yours
,
•
V
.,..
Copy to Lr,LfloutyerP"
OSE/LF-00015633
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dT-OFFICE ADDEESS IS
.
- TTELEOBAIH
Mxi'ss
DDBES IS
ADDBESS
Opening Leasburg Proj ect.
Ti
Case,
is ------------------------------------------------------------------------------------------------------------------------------------(Keep the Chief Engineer informed of addresses by means of the special card.)
DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY
RECLAMATION SERVICE
•
Roswell -Rferred to
The Director,
U.5.Reclamatioti Service.
ahigcii,
L.C.
•
I
L.L']
incic
1.
corr•cnc1.n- ce
h . On
Jr. Lods C.Hill
Suerrjaejrp
a
co: of a letter from Mr. Stoute-.
rnyer to Mr. Hill, all concerning the acceptance of a portion
of the work included in the contract between the t.Tnitéd. States
•
and John - P Eelson; Leasburg Feature, Rio Grande Project.L
My letter to you of the 17th. inst. subj.ect,. 1!Adp3 tanc6,J-.P.Nelsons contract" treats with the subject along the
lines requested in Mr. Hills letter, and perhaps needs no
further remarks from me until I again hear from you. upon
the subjeot.
There Is another feature of the same subject,thatI did. not
-mint-ion in my letter, as I had not then fully determ±ned in
•
my owii mind,, what I wou1d. recommend,but which calls.for.early
•
•..
T.
consideration and action;Ie. The opening of the Project. --"'''•
•
There seems to be some misunderstanding, or perhaps better,
a lack of Information upon which to base an understanding of
the situation. The situation upon this project is d'Ifféz '
ent from that of any other, of which
41e8ntirnate knowedge.
The contract between the United S
2308
•
•
-:
-S
.
'
..
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%IY POST-OFYICE ADDRESS IS
(2)
MY TELEGEAPE ADDRESS IS
-MY EXPRESS ADDRESS IS
(Keep the Chief Engineer Itiformed of addresses by means of the special card.)
DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY
RECLAMATION SERVICE
,190
and the water users association, is, in the first place
different from other contracts.
The United States
furnishes no water from the storage or from a new approprition; it simply puts in a diversion dam and between
five and six miles of canal and proposes to deliver to
threeditche, water, to which said ditches have had a right
A
for perhaDs 50 years. The ditches, under this agreement,,
acquire no new water right, but do hope and expect to have
better use of their water right, oweing to a ermanent heading
something they have never had since they began atteppts at
irrigation.
The United States is not to apportion or
distribute the water; this iãto be done, not by the water
usera, btt by the• dltdh
ani tions and along: the lines
of management that have been in vogue for many years.
..The tAited:.States, is to.d.eliver..the water thru its canal
and there its responsib11iy ceases.
The Unit.ed States
does not know how much w,ater it is to turn over to these
ditches and so far as I can see, willy have to determine this point for its self, from data which it is now trying to
secure, and without much material aid from the water usr

Mi
POST-OiSXCE ADDRESS IS
- Mi,
TELEGRAPH ADDRESS IS
-(3)
Mi
EXPRESS ADDRESS IS
(Keep the Chief Engineer informed of addresses by means of the special card.)
DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY
RECLAMATION SERVICE
-,
190
to and dont seem to be able to make a good Yankee'guess.
I think the United 'States can determine this point fairly
accurately, and can secure an agreement
from the association
and ditch owners to abide by this determination.
The contract calls for the adjudication of water rights
to be done by the association. This has not been done and
cannot be accopplished for a long time; perhaps several years
This condition can be easily imderstood, when the size 'of
the territory involved is considered and when'It is known
that, until the very present,ther.e has been no.'records of
appropriation or use,, officially made.
This matter would
have to be , adjudicated upon the testimony of the "Oldest
Inhabitant" and other equally as reliable information, -1and,
certainly would be .a puzzle for Judge and Jury for, some time'
to come.
A farm unit p'lat such as has been' prepared for
other projects, is ot of the question for the present..
The map prepared by Mr. Humphreys is as good as can be pro-.
pared from a survey alone; It shows the physical features

--

: AfY
POST-OPPiCE ADDRESS IS
MT TELEGRAPR ADDRESS IS
(4) MY RXPRESS ADDRESS j5
(Xeop the Chier )ng1neor informed of addresses by means of the special card.)
DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY
RECLAMATION SERVICE
1190
the best information possible, to aid him in delineating the
property lines, but it is not surpriseing thatthere are many
inaccuraces in the map, when lawyers, who have studied these
conditions for years, still admit their inabilit to master th
situation.
It was%rant' land and there was no permanent monuments or corners to which to tie; the deeds usually
tie to each other.
Posts, ditches, bake ovens and pepper
pOds are used for corners, with occasionally a tie to a
mountain peak, 30 miles away.; said tie having been made with
an, did crippled slot compass. Such is the condition we find
from. which to construct a farm unit map.
At present the old native population, who were content with
the above condition,are quite rapidly selling out and the
purchasers are men who desire better things and better ôøñ4tion, andthere seems to be a healthy desire to. unravel the
these mysteries and establish a system, whereby.titles will
be. definite.an.d secure; iAt the best this will require consid.erable time
After condidering the above, I dont see how the

1 MY
POST-OYPICE ADDRESS IS
MY TELEGRAI'U ADDRESS IS
Mr
EXPuSS ADDRESS IS
(Keop th e Chief Engineer informed of addresses by means of the special card.)
DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY
RECLAMATION SERVICE
1190
as soon as possible.
I believe a special contract can
be made with the water users association, whereby the
association will guarantee to pay to the United States
7
one tenth of the cost of construction , togather with the
neccessary operating ecpenses fOr the yeay; The. United SStates to furnish water thru its canal as contemplated in
the original contract.
Payment to be made at the end of
the present year.
This would not be formally opening the
project, but would secure the money returns to the United
States; Would secure to the farmers the benefit ot the
pesent construction and would be a benefit to the stxcture,
as it will be more easilyrnaiitained in ope±át10 that idle.
It would. give....addit-ion.l---t-imfr--to-inraveJH thepuz1eabove
mentioned and I think would aid the whole..proposlt.i.o.n.
had a talk with the President and Secretary and eeve.
several members of the board of the water users association
....................................
and they signified thei(belief that some such agreement
could be made.
If this meets with your aprovál, *ill y61i please have a eet
contract form drawn in your office
or furnish such in-.
stuction or suggestions that we can prepare one here and

-

-,
Opening . 1eneburg Pro.iect.
January
,
r. U
.
Y.. Re.d
Carisba, N.HLJ
J)er dr.
I am In receilDt of yours of' the 20th instant in the
attr of open i
-'c7
the )caihur Pro lect.
*
Tn
vlov of the clifficultiec lnvo3ved in vettlinF the
vmrioua quotions arising in thIs crtse which is so different
from othr 'ro!ects It snems aivicahle to arrange sore m onn o
on the basle of
F
water rental contract during the coming,
irrirat ion
ortr'n.
The basis of theco water rental contracts should not
bo the cost of construction., but such an amount a. ehall hesuffIcIent to cover the cost of operation and 7,laintenance,
From your letters It is unieretood that there would be
rort difficulty in rta1 - Inr individual contracts with the water
us o rG and thre prob n bly would be no ohection if such contracts
wore
with each ditch F, -~retem or behalf of the indivIdual
.
wr-trr u.sc- rs. The basin of such water rental contracts may be
eith.r tho Irrfrhlrz
to ho served ot the volume of watrr
furnhoc. The forn - r would doubtleoe he the riorn aat.ifactory
if it con bn fo2Jowed. Payent.s auDon th e se water rental contracts
made
shld h5 ,t 2ea5t partially n at'!vance if nracticable.
ever, t 1 e cond t iie maie such t.exs
.
rtioula'ly. onerous
54-1-91
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If how-

-2suitable terms should be adopted. It is suggested, that a 'raft
of the water, rental contract be forwarded to this office for
examination before it is adopted.
I enclose herewith form of contract which has been used for
the Yuma 'Pro.lect. This will serve as a guide in preparIng cors_
tracts for this project.
In regard to the recovery of construct ion charges under
this prolect it will be neceseary, of course, under the terrs of
the Reclamation Act to deal with the individual watnr users h!aiflg
•
the qualifications of residence and land ownership as specified in
the ict and in the form of watr right applIcatIon which will be
found printed in the back of the pamphlet concornng the orcranlzation of water users associations.
It is assumed that all or nearly all the land to be irrigated
Is private land.
In the case of private land the farm unit
plate need not distinguish ownership whenever the entire area of a
public land subdivision is Irrigable.
It is only In those canes
.
where portions of a subdlvlsi.on are ncn-IrrIable and there Is
more than one owner that such a distinctIon will be necessary.
For Instance if a 40 acre tract
contains in acres of irrigable
land and there are two or more owners It is evident that each will
be inclined to iake a water..right application for a eth.11or 1rrig.ahle
acreage than i
actually contained in his tract and the land off Ice
will have no 7uide concerning the acceptance of such applications
un'ess the information is shown on the farm unit plat or Is obtained
fro
the Peclariation Service.
A
5640

-.3If it is practicable to show on the farm unit plate the irrigale
acreage in separate ownership on the legal subdivisions which are
not entirely irrigable, much difficulty and delay in handling water
right applications will be obviated. This is the most direct and
satisfactory method of handling this feature. Possibly the plate
can be irepared in such form in time for the issuance of public
notice , which should be tlurin.rr the summer if practicable. The
farm unit plate and other data required for the issuance of the
F
public notce should. he recelvea In this of'ce not lter than
the first of October.
The rractice in rerard to nayments recently adopted and which
seemr most satisfactory has been to make the first payment due
}iarch 1 of the year subsequent to the Issuance of Public NOtIce
in this case March 1, 1909, If payment e:be not made at that date
the entry would not be subject to cancellation until after March
I t 1910 in case no payments be made by that time.
The effect of this Is to give the land owner a weter supply
for one season before he is requlrec3 to make payments and will
make it psible to cancel the entry at the beginning of the irrigaton zeason of 1910 if he has not prior to March 1 paid the charges
due for 1909.
The apportionment of water under the rental contracts may be
left to the existincr ditch systems. After the irrigation season
•
subsequent to the issuance of public notice the United States will
be under contract with the Individuals by which it is bound to see
OSE/LF00015641

-4that the water supply agreed upon is furnished to him and therefore while the aimInietratIon could continue under the present
local organIatIo.ns yet the Government will be required to exercise a more direct supervision over the distribution.
In deterr inincr the amount of wn.ter which is to he supplied
~
under water right applicatons we are of course limited to the
actual flow of the river as trovided in article 12 of the contract between the Secretary of the InterIor and the Water Users
Associations dated June 27, 1906. It will, of course, he Imposible to guarantee to any Individual a specIfic number ef acre-fee
and some arrangement must he made prior to the issuance of public
notice by which we can state In ad ance the share of each water
user. ThIswill undoubtedly be difficult and the followinR is
suggested for consideration.
It is understood that there are three ditch systems to be
considered. It will first be necessary to dtermIne the percentage
of the available supply which Is to be delivered to each system.
This may be complicated by the fact that the claims under each system
that
may be of vq.rying prIorities soAthe regular order of priority will
be found to take users under the various ditches indiscriminately.
In any event the percentages to be delivered to each district must
be determined by some form of mutual agreement in the absence of a
judIIal determ!nation.
This being done a further adluetment of percentages under each
ditch will be necessary. This will undoubtedly be - ôpIidated if

seeme probable, howevor, that the pract icc vfhic hae obtained for
nany years in the distribution, d1l furnish a uffic1ont baie
for
this purpose and aholci by all neana bo followel, the Service
taJ:'1ng no ree:oneii)!lit:r for a new wiuetment..
The matter.
F'.
undoubtedly on e that wiU require careful
inve;t1;at1on and ehould he undertaken at once so that it will
be practh'ablo to et e.it tie :ub2ic notice eo:o i-.onths before the
end of this rear.
_ho adjudication by - L-Ilne courtB Bho 16. be obtaioe at the
earlie:t ro;.ble date and active 6teps should o taken te 1nururate tho. procing.
n the orth ia.kioa nrol ect an auoiuien of water ri 'hts
•
made by mutual agroenent of a 1 the ditch ovmers on the bas.s of
80
a water unly, of 1 acre-foot pacresof 1rr!able ind, the
acre
under irri - aton be1nj estioated. Pro the inforatcn
available in this office it does not, however. oe probthlo that
- a mutual agrc - rnent of this kind can he worked out.
It i b dugested that farm unit plate he prepared at an
oar1ydate showing all available infornation corcernir the irrigable
acroge iu the varIous 40 -acre tracts or lots, together with such
data us r ay
available concerninp., landownershi.p. Theco farm
unit plate wo1d ho used as a haIs of criticisr, and further

‘6;
' plats;
V91" V truly Y0ure ,Director.
Copy t0 Er. Kill.
'4 C? 341 96 \_ If;
’ OSE/LF-0001‘5644 ‘ . \
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.
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Si .
Dam Site, Engle, N. Mex.
April 14,
TranseL'19tase.
My dear Mr. Davis:
I arrived at El Paso on the morning of April 13 ) and
met Felix Martinez and several members of the board of the water
users association. Mr. L. C. Hill caine in at noon, and We rode
down the. valley, saw the Franklin canal, etc. Detailed topographic
mapping is being done by Mr. H. S. Stanton, Junior Engineer, with
a view to getting land lines and location of Franklin canal, etc.
more in detail than was done by Mr. J. A. French in 1904. The work
is about half done.
Mr. Hill and I drove out to camp today and have gone
Over the railroadline, etc. He has just received a letter from
Jatro setting his dethand at 00,00O for flooded right of way.
This is the first figures we have been able to obtain.
Hill is
S
disgusted and says that Ja2tro has been playing off, and has been
at times fair in his statements- again has intimated that he will
spend $10000 to fight us unless we come to his terms. The next
move is to get some good men to appraise the land- experienced
cattle men if possible- and then make a definite offer and follow
by condemnation as soon as pos3ible.
I regret that we did not take up condemnation proceedings
earlier but possibly we could not have done better. Will cut down
the force here as much
.s possible pending results of condemnation .'.

•
4
-2or until proceedings are well under way. I am glad to have come on
the work just as negotiations are really getting on a definite
basis.
I am discussing with Mr. Hill the course to be followed
in construction. It is plain vremut organize ultimately for
force account. The history of the O'Rourke and other contracts
shows that vie cannot economioall3r let the work nor can we accumulate enough money to let one big contract. iIo'.ever we will have
ample time to disoua this, when we have arrangedfor the purchase
of the land.
Very truly yours,
F. H. Newell,
Direc tar.
d.

•
Copy
]ng1e, N. Mex. April 15, 1909.
My dear Mr. Davis:
TrZ1L!,'Z-&U
Case.
q
Mr. Hill will cut
down work here pending the further
negotiationfi with Jstro. To have our office record cornplete I uest that you write Hill to the effect that the
Victc'ro L.nd nd Cattle Co. Mr. H. A. Jastro ma.naer, are
atçarcntly not willing
to
carry out the intent expres3ed
to Mr. (arficld rd r;je1f to deal in a fair
and
cooperative spirit and that pending the filing of condemnation papors etc. ho should bring to a miniamim all further work on
examination of dani zite, road construction etc. Also that
rr
ohtain the opinion of two or three competent cattle men
or real estate dealers on the true value of the property•iic . ...
and make an offer as soon as practicable
-. with. view to bei'inning suit.
Please Btart in motion any preliminaries - by Mr.
Bien - that may be necessary and practicable at present
while Hill is negotiating with Jastro. We
have a good
oraniation here - camp well started and ground being
opened up for rilrod line, buildingB for offices, shops etc*
planned, wagon roads partly built and it is quite aloes to
3hut down completely so that It seems necessary tocontinue a small force until we
can get title. There is no quesReod. Apr.. 19 1 09 28239
V
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-2tion in my mind but that vic must do a great deal more work
by force account and probably all. The tunnel should. be
started as
oofl as title in obtained or suit bezn.
11111 is testing a grab bucket for excavtinr
in the
rim - either in rater or in the dry. There are a number of
irnportznt details of this kind yet to be made known.
J&tro'
tCtiC3
similar tc those on L..ke
pq
Tahoe, talk liberallYbUt do ncthin. Hill has finally got
hir to the point of =I - inF. an offer which ii ,-3iip?y prepoeterous
600,0OC -! ahcut
or 10 tim' vthat the land iq worth.
Yotirs etc.
F. F. Nerel1.

I
T
I
APD-HAB
April 20, 1909.
Mr. L. C. Hill,
Bupervising Engineer, U.S.R.S.,
Phoenix, Arizona.
rialnis
,
C
9200
aa
Dear Sir:
i
It has been learned that the Victoria Land and Cattle,
Co., Mr. H. A. Jastro, Manager, are apparently not willing
to carry out their portion of the intent expressed by the
Department to deal in a fair and co-operative spirit in the
transfer of their lands in the proposed Engle reservoir
site 0
Pending further adjustment and probable condemnation
proceedings you are hereby instructed to bring to a minimum
all furt1ier work on examination of the dam site, road construction, etc., carrying on only such preliminary examinations as are necessary for proper information and plans,
without making any permanent structures or otherwise committing ourselves to the construction of the reservoir, except
in the matter of acquisition of right of way.
'..
Isuggest that you obtain the services of two or three
cmpetent cattlemen or real estate dealers on the true value
of the property owned by the said company and required for
.the En.gle reservoir, in order that a definite offer may be
made as soon as practicable with a view to bringing suit.

•
-2Also please suggest any preliminaries which this office can
take to expecl.ite the acquisition of the right of way.
The restoration, of the south half T. 14 S., R. 2 W.,
south of Cutter, New I1exico, was recommended to the Departmerit some time ago.
It has probaJy been ordered before
this.
Yours truly,.
A. P. Davis
Acting Director.
I.
1

1Tiine 2 40.
1909 .
The HOflO1'.b1Ot
The Seoratury of the
Interioz',
In accord.,%non with your requet of Xime 21, for a full
report of the sttua et the Erle Dam In New 7e100 I deaire to.
state the tollowing faotn..
An Pebruazy 25* 19050 ammat was approved
rO1ftiflt
to the
ocrw truction. of a 4 .
nd reervo,tr on the Rio Grn4o River 433
Gtat. L:814)
On Ytae 12 4 1$6. an act wao approve4 to o*t end the
irrton Adt tq
_Otatv *f..
(34 Ztit. L259.)
In the aot nig appropriatioiu for the mntdy 1v:i1
ozpencee Of I the government for the fiscal year .en&iyzg
tt#kW
.ioa, 'aprralv%4 U,=.a'h 4 6 z907.1 (.34 Stat. L 131) Is an .oppx'oi6
priation: o4t One rni1UO dollars..
.
eOordncc3 with those acts and npeoifio authority
rcnted from tize to time work has been carried ah an described
in the .Sevrnth Annual Rport of the Roc1ation 8eziieep page
150.
A
tOO1z'.T)hj.Q. Id 1Q14 GW1OThhth
tiux7ev
. has been coma

j.•
)
the Santa Ift Rallroad eouth of
nle to the d1te,
bu1]41ne have been erated, wator epply provided and arrange.
monte eornpleto4 for active operatone.
In the me*time nootitone hare been oried on with
the owners of lan4e noedet for
rihtB of way for reservoir and
other wo*, not.biy the Victoria Land and Cattle CO, the
oncr of the Araim&%rio g5ronta and of the aoaue del Apache
This has tkn rnzoh time and the ezoroee of patience
40
the prinoipl off l oara of the oompan.r reside in California
and they have from time to time requested oonforenees and
field o*aninatiorna and dernm da4 addittonal information on
fota requiring eoneat exaiye surveys,
ithou•t ent.ertn
into a descript1on of thene nefotitti0na) it may be said
that finally the
anarer of the victorLt Land and
cat tie
Co.
made an offer on April
I909, to sell the roceeatry rihta
at way. for
600 0'000, 0110 lZolu4inq right of ia' for r1road
line: 1a-aa needed for wor3a, ac well as the a to be floodod
by the reaervoir.
VOIJOWLing this offer .th
a-pperrizing onineev, Er,X1oui
Co Hill., 4o has been ooftftoting the work, secured
1nfowal
estimrte of the valito of the property from various Umartlax.
and eperienced men and as a xveault names
6 00OO an a reasofle
able price.
3fo #ttentim having apparently been given to:
thi8 'auggestion # a request wie ma4..o on Ytne 21 that the Attorney
GanraI institute oon4ernnctjon proceens

-

boet of *3.,
ow
Title of one halt of the liu*d Mn beefl
'tnntrrred to thO tMitecl ttate3 and abstract3
for the rat
are In aoupse of oorreotion.
rn 'tho meantirie the SGortar1 of tho Tntavlor btø aprroved
8 OOflt:VtLCt
*1th the 04nft a11ro4 for the
onttuotion of s
brtzicb line railroad tor eonnt'uction purpoeea,
in the quarterly eatitte approod 3\zne 19 the Oxiiating,
oondition in dczorlbed and authorityien to procoed
with the
work an indioated by the nttirt on pgo 2
• "%t4hifler3t fOr gonaral wOrk and raterial for viirod
aontr;otton will be rrhaned, an.Y a tunnel for the outlet
Of E?1G: Zeoroir will be ooreond.
Znvet1tion of the trin.1 in the river in the vielnity
of the d4m. site aM tlon the line of the t"nnel will be under
taken,
Surveys belo* . Paso will be ont ed .'
In Order to prooed rapidly in the connt:irntioz of thin
ønterriaó it to now AO'can uary to hre the oondnnation proo
oeedthe or purohze of tht r thtn of way eoneuzat4 d at the
earlient ossibln date.
Before the contr*ot oan be let for the buldii of a da
it will bQ. neoenary to deteine ttpon a joUcy of futurO
Very rootfaUy,
;t 2T
DA reCtor..
Coiyr.. to L., C. Hill.

0
Swqzcr•
DEPARTMENT OF THE INTERIOR
UNITED STATES RECLAMATION SERVICE
Phoenix, Arizona, June 24, 1909.
The Director,
U. S. Reclamation Service,
.1a&iington, D.C.
Sir:
Transfer Case,
I am just in receipi of your letter of the 1th concerning
the delay in acquiring title from the Victoria Land & Cattle Co.
Immediately after the matter of purchasing these lands was turned
over to rae I arranged an interview with ir. Jastro ,- net him
at Albuquerque and requested him to name us a price. After a
two days conference he concluded that he was not in a position
to do so until he went back to California and looked over the '
map showing what we required. He claimed that he was witho
knowledge. I called his attention to the fact that the map had
been in his possession for five months; that his engineer had
been to Elephant 'Butte and gone over the country and must have
made a report to him. However, he considered it necessary to
return to aliforn•ia before making any offer. After several
weeksI receivCd. an offer from him, as you know, of 4600,000.
Copy of his letter was sent to you. In accordance with our,..
/
agreement a coniiittée, .. consisting of three men, one from Al-.
buäue.Tque, one- from El Paso, and one from the Pecos Valley,
were brought to Elephant Butte on separate days; taken over the.

'S
to Mr. Jastro of $65,000 for the tract. This letter was writIi
ten May 13th and no answer or acknowlednent has been received
to date. After waiting a suitable length of time copy of the
letter was sent to Er. Jastro by registered mall, and we have
received registerreceipt, showing he received it. No other
acknowlednent has been received so
far.
I telegraphed you the
other day that on Saturday last Er. French was fonally notifled by Mr. Warren, Sup.erintenden' a f the Victoria Land & Cattie Company, that he must not trespass upon the company's property. Inediately upon my retuen to Phoenix, so that I might
have available any other information which may have come to the
office during my avsence, I wired you this information and have
received your reply stating that you have reqi.sted that conderination proceedings be started at once. We have already had
Mr. ioughton go over the records at Santa Fe and in the two
counties involved, so that we knOw practically what ld is
owned by the Victoria Land & Cattle Company andby private
parties.
The cortract with the railrod has already been eigrd
and reeived and we, of course, would have been at 1iork upon
that had it not been for the fact that the title was in it
present condition and that ;ve had been warned by Mr. Jastro
irIfonnally not to do further work there.
Some time since I received a letter from Mr. Davis
stating that the Secretary was opposed to force account work

It..
3.
ticularly desirous of doin; this woilc by force account. I replied to this and had intended to forward a letter later which
I prepared, giving the reasons more in detail, but the conditions
were such, apparently,. in VJashington, as to make it seem rather
undesirable to bring up t1 ouestion at the time.
If it would seem probable that the work will be done by
force account it wuld be well for us to get out plans and
specifications for equipment. I have been studying the method of
handling this material for a long time, but if it seems reasonably certain that it will be a contract job there is no use of
spending the necessary money in order to get,a plant lay out
which vuld handle the work. If you will kindly let me know
whether it would be advisable to bring up the question now or
wait until after the meeting in July,. I will govern myself
accordingly..
Very
E3upervi sing Engineer.
LCH-VJEC
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11W0D?ORAT,XON.
Moll All 7on
Th000
A ttoloo of Inoorparatlon. That ito. tho
•
undorRigflOtt,. have aocooutod onrsolvoé together under the l'un3 of the
•
Torritury of how Loxico, iea body orporLito.
L.
•
The nomo of thia. oorpa ation ahuli be and ie
iIlAT.DUTTE
A'rn
02013' A 'OCW?lO! OF TT LIOO.
.RTICL3 II.
Thenouoo of the. Irourio-atorOare3
Occur C.zbw, Henry
. Bow'.
XDfl, 1idoT9/,flUij6, Jwnea H, ]3:ntlo'j, hooter Arnijo, Horbort B. felt,
•
'olic 1ar14noz, Lonie Goodin, wme Palmer,.Jr., •J. I. Thomllson, G
7,
1ocarn6n, C. P1. 11lor, U. ?i. Mundy, 0. if. Uooro, Don Koily, Thoodoro
•
3ouault, Gore,Icl He otton,. r. 3. StunpeOn. H. i.Burko, Be Be $oogivL,
•
1indroe GonzaleB. B. C. Prongor, B. I. rorr.o, 3, L, Cunningh,. L.
•
••
Olaep. Char19 V. Gerber, Sinjoroga Garcia. R. 7erthein. We Ba Sweet.
illi -n Dooeauor, H.?, flolotoin, John t . }o?io, Gee. B.Proct, Jr.,
l. . Icozor, B. Biwood. i?ronco. Lopez, John .. h!oCluro, 3ohn D. Brcn,
3. D. Ieuaoka, 3. B. Pz-)nch, Pddro PlorErn, Joce hodriGucE, J. H. ?ur..
coil, John . Yaplo, Gutlloio Lopez, Jopo A].btller, Thoauz H. Brc'en,
•
Robert llwood, G. , l'reomen. Guta&iIupe Al3oarnte, 7.11ohard L. Young,
•
Riaporto Garcia, ITonri 5uorrord, 11]. !:oCc.l1, Jozo Gonaloo, P.
Lacoaino. Jto, P. !1tch6ll, 3. (. Iohbine, 1)cn flhlton Endo, Yeiqnio
Trovic, but othco may hocomo iiien-a-bors of said aoo.ociut-ion by cub•
eo1.bing to these oxticlen of incorporation or by the transfer of
otock to them in the regular courco of the atii1niutration of the dfuirs of the a2LJOOiitiOn.
•
•
•
•
•
'
ARTICL! III. •
•
•• -The prircipal J)laOO of trenoacting the businoes of tho asocoiction oholl bejt the town of Las CrUCOt3s in the county of Dona Ana, in
:tho Torritorr of Ikw l!oxico.
.
.
•
.
. •
•
.••
ARtfl0L
IV.
.
See. .l,Tho pirp000 for which thie anociation in a genizod anG
tho general nature of'tho buaiñeato.be trnrieaeted aréx To ucc1uiro
furnish, provide for, and distribute to the landoof the shureholdere. .
of the aaeoôiatiofl,.ae herein providoç,an adequate aupply of torfor
the irriat1on thoroof; to divert, etoro, developq
pukP,
carry and • •
• dietribute water for irriation and all oor beneficial ubes. drl.y
:
: lug the arjno from all available suurcon of cupply; to oct. urc)intho, •
••
lo ac, condoin, or acquire in cinj man or whtooevor, and to own. uco,
£3011, transfer, obnvey, control, IiflifltFLifls tnd oporuto eny Irrigation
orka, atrIJOtllL'eO, telephone oytoio, olectrie or other por p].artc
end trztnztnioion lines, and proporty both roU
1
*
p
b
::. •.
.
:. •
•
• •
:
•
•
•
•
.
•:
• •, • • .

:

•
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kina whatooayera ooeaar to or appropxIate or tho
It
wISP 0t the purpoQt of tht5 oxganiatiDfl to generate. ooate,
'
t
1180. aud. ooU powor nnd oLeotrion3. onrgy; U. aot tt truutoe, agent;oz'
. atoY i'or tliá
ae, dici,c1, im•d trnafer of 14ndn, tn ordórto
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:
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.
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Xaotliate tho iLloponal of such 1anB1 or any part thereof, to porrnn,.a
.
.
quoiiO •to •peroo.t ; righto to:the use of
the-iawø oftbe. :
.•.•:
•
Unitod BtalMa pp1tob10 tterto, and the"rcaee and re61stion9 etab.
.:
•
1tcho& thoTeuuden to tuour tnobtodnOes, floating orne. •nto
'
Boolre the
ae by mortgage, deed: of •trunt, p1etge, or otheiae; to •
:•
oquire, :hoI, 'aijd &irpoao of stock In othor oorpbrat'ona.oetO
:or foreigri$. toliavo and exorotaeall theDoweraand to porrora pay and
eu:
flG.O03B&T7
to
.01. : apprppriato
.or the. aocoinpllahment of an' .ono
:
.E
or nwzo or the said purpoBoø or. anything inciaont thoreto.
.
.
..
:
8004
2, This AtM3ootatiDnOhBll haVe the pçwer to ontor into an.
:
oontraot or .oter arxangement with tho • proper reprosontative of the
..
Un1t6 StteB. or any tndtvlilualo aseootttton of lndivldnaiz3 oroorpor,
. .. attou,.for the s000mp1t&ient of any of.tho aforesaid pnrpooB, by
I.
moa3 of the oonstruotion. acqutattlon, or control of appropririto
•?
.
wor)EB or 8truoturoD, or in anyotherR1azinor whatsoever.
.
.•
.
. It shall.have the power to enter Into any tigroonent with thó
proper ropr000ntative of. the UnitedSttce with reference to the coi••':•
leation and paymont of any and all chargee iie iindor the Fodoral
•.
.
.tatutoe QZ thO worka prov&dlng water for the 1ane of its eharo.
. .
.
.
.
bo11Or8. •.
.
.
.
.
.
.
..
.:
:
. . It . ehSU:.••bve the pO;r to oop1y with the provisions of nny
•
odora1 stntutoE3 applioBble to the work clono by the UnttoL Btato in
•
.
.
•• .
..
. . . .
.
.
oonnøotion with ouch eyntom of water eupply. and any ruleE3 and regU2atione eatabliehod therouner.
Bob* 30 The Torxitory within which are the lazite to be irrigated
as aforeeai.d Bh83.1 be kxiown as the Elephont Butto Reservoir Districts
and shall inolude 3.anda wtthin the boundaries doecribed as follows,
4
that ie to
a'z. .
•.
•
• :
•:•
•
:. :.. .•
,
Boginning at a point on the Rio G. rtndo. in the County of Sierra.
Al
Territory of low ox1oo, uolootcd by the Feolmation Serv.oe ,tthk
r
OW
Uni t
tatoo Govornient ,for -the -aito of whtt Ia known
t1e )ha
RUN
31
Oo
____--.
3.
3

.
.:
••
•

•

•
.

..

•
.
.

:.

:•

14

f
r
along and with the uatd. Rio Grando and oibraoin all iriteb10 lanaa
. thin the vafloy of naid rivor soUmard fron 8u1d point of begin
fling to the bunary lino..betwoefl tho ¶orritoz7 Of . IO? itiQO.
the }itato of ToRaet ea ohon by €ho uurveye andc by arid uxidor the
trootiou of the flootnatton Service of the United StatelDe
•
'
RICL V.
Gee. •1 !he capital, stock oftho.Aaeocintton thrtll bo.4.4UO,CO0, - .'
nd .bo dod inte 110,000 eharoo 'of the par value of O.00 per ahar.,,
ceo. Be C1y thoae who are owners of landa, or qomapante of. 3:nab1i
lands, hav2ng ixii.titod a right to acquire the same.5 vith1n the area
doaoribed in Article IV, or nithin ouch exthnaion thereof as may be
duly made, shall be qualified to cwn the shares Of this aococtatto,
One share and no more shE11 be elotOd for each acro of ld, or fraction thereof.
803,
3. As a condition of oonti.nuod ownership of said '13harea of
otok and parttoiiat1on in any of tho banof itio thereof, each subscriber
thorefor, or his trnforreo 'in pursuance of those articles, shan
rotly ma10 application to the pra,or authorIties of the United
&tst for a vatei right for the 1a.to roprecontod by his shares, and
thall duly procood to the perfection thereof in full cop1lanoo with
the la applicable thereto and tho rules and regulations established.
in pureunnee tho.00t, as soon as official anr ounoexiont shall be made
that water for such lands is available from tho works constructed,
onod, or controlled by the Unitod Stntea.
Upon the failure of any shareholder to. mako prompt aplloation
for suchator right for any lcid owned by him,, or to comply prornpt].y
and in ood faith with the law and the rules said regulations appit-.
cable thereto, he shall forfoitto the asaoolatjon the ebar6e of
Btook appurtenant . imoh - lands and fl rtghto
thereto ø:
thct could by any rcene be claimed thero'indor;' and. mach poraun, bii.
:•
.
ho1j end DaMiUrm, shall theroaf tar have no right vhateoover an a
znobor or obsroZioldcr of this ant3ooi'tlon, as to EluOh shares,
Soc.
40
Any, oht..ros of utook ro forfeited shall at orios be oanc olod,'
a
and shall not ag'in, under any circi
rnoo. be rtjowed. rovivod,
.
..
'
.1. ...
..
.
*
........................................
.• ...
I
'
.- ••.
S.I.j'
'

:.

nuubor of charos ttuthoriod by th000 articleD,ay be oubroribod for4
nd iDfluott, subject to all conditions of thoco 4irtidlorat anO to the
approval of tho.3óoretary of the Intorior.
..
.
.
Sea. 5o The ownorsJdp of. tioh On rok Of StOCk of thiS AB000latlon
&iri.l oarr7, 35 ineidont thereto, a right to have aelivored to tho
OunOr thOOOf. LtO1'
by. this Accoointions for the
irrigation of. the lmids to which such thtro is
anpurtenot.
•Saot 6,
so to be: dollyored to iuoh owner shell.
be I
.proporti:onato parj of. all etorodantt devolopod water, t.thO'
BtoragoQrAdvolorment.. Of VihlOh.1& or m.sy be :0ff00td by this MDooicL
tion. or by matins of works under Ito control, management or direotion 4
or which may become available for distribution by this Asrociation frcm
storag. works built by the National Govornent, during any Irrigation
eo-oon as the number of shares omod by him shall boar to tb' whole
nuiuber of valid. and subsisting charea of the Association icauod
then otataiidingo to be delivered to arid upon said lands at such timos
and during such seasons se he may nood for the proper irrigation thereofd
See, 71 By subscribing to the stock of this
Ai3000iattOfl, each
signor agrees that tho right to any,wator theretofore appropriated by
him, or by his prodooesor in Interest9 for the irrigation of lands
dosOribod in said subooriptiori, or customarily used tbez'eon, ohall beoomo appurtonant to suohiando and bo and remnrin Incident to. the ownerI
I
ship of the shares appurtenant to such lands. ThQro ohall further be
I
inoident to the oworahip Of each shares the right to Inve such water
dolivored to the: owner thereof by the arisociatton for the Ixrtgatlon of
•
.
1
said 2nda, as the anooiattofl o),ail from ti:.o to timo acquire or oo•..
I
trol means for that purpose Provided., That the wholo amount of water
actually- delivered. to such lands from all srcoe ohall not exocod the
I
tnount necessary for the proper cultivation thereof.
e
I
1
coo, 09 The records of the Am:inooIrtIon and each end ovary oertic
ficato or other evidence of ornerohip of shares of stock In the Assoclation, whoa i.cuoci, shall contain a docrIption of the laudo to be
Irrigatod,. and to which the aorocaid rights and shares, shall be per-!
'
r
/
potually appurtenant, and thoreaftoy all rights, whatever their satire'
-4/7,4
W.
r

S
or vhatovor thoir $iwz'r manner of aoptA'iofl, to the uae of tee
• the
.. .. . .
• . . •.... •.
for4 trrigattofl of cattt landa, ohell forever be tneoIa?ahl
Zp appurtenant
t0 said lande, tgothor. with - tJo attd chorco of etóok, r%nd all righte
and.Interonia roprevontoa
thoroby or o1e.ting.or accruing by'roao.
thereof, unleco such flghte eell .bocooZorfoitad under the proinione ..
of these Artiolee of naorporation, or by-lowe adopted in pnrrnumoo
thoroof, or by óporat ion of law.
or
by nón-ueor for the torm
by law.; but
no
ouch abandonont ehall be for the benefit
oS any pereon
deotgnatod by such ehorelto4er, cliroatlyor in odtly, or to his uoo,
nor confer any right whatcoovor upon the holder of any grant1 re].ecieo,
viaivOx', or deelaration of obondonmont of any kind; Provided.
That if :for any
r000n
it ehou:Ld at any time b000cotmprsctLoablo to
beneficially use watox for the irrigation of the land to which the
right to the use Of the water to apurtennt o the onid right may be
oovored from said land an& ottaultaneously tranoferro& and attached to
other. lends to which shcroa of otookin this aaaooiatiou are or chall
thereby be made apurtenant o if
a
request for loavo,
to
trr.nsfer showing te n000soity thorofor, chali have firet
boon allowea by a twothirds voto of the Council at a regular meeting and aprove& by the
eoretarofthe interior. AU the prOvieonoond.ogroocnte ottbtc.
nootion abafl be oat forth in the aforeiid certificate or other evtdenco of the omiership of oharee of
tack In the aceoclation, togather with any
provia ions nd agreorents made necessary by:
these ortioJea and. , such certificate or other instrument aball be signed.,
executed and acknowledged by the president and secretary of. be
ft58OO'.
•
• . lotion e and the Couicil shall pass by-lawn -prdiBaribing the fore of.
:e1oh cartifioate or other instrument, not Inoontetent with thoaB.art- •
• lobs.
•
.
.
••
•
•
:
•
uo. 9. Every tranofor of the title to any lnn&a to 'rhioh the said
lights and utook are so cppurtom'nt, whether by grant or by operation of
law 142ioept whore tho land ciad be
subj000d.
by groat or. involuntarily
Nil41rsny 1c7 to
oso at, • th. oxercloo .of.:whiob doo
:
not. itf
à: :
:.
• .
..
:•....
.
.......
.
cultivation of tho aoll by ;the-eeviea
,tonior) thal1oo
7other it be so o,proaned in the grant or other reaae of trthfo'r
•..
;. ...
:
:
'
k . '.
US
a tranofor of an rights to the uo of water.
fn
+h
4_44
..

I
.
_ .,l
_.a
t
..i
..t.a
CI
...
.
.LVUI VI.
(....
4
•,
914J&1j V VV
44.... V&IIU UV.WAW1
• OX
t .mh ot5o1c, an(I.
(LO
well the øtock
itolf1
to the grantee or ouooecor ,
•jz title of said l.nde añd.tqofl prosentitlon to this
.csooiatton of
• proof of any such tranofor of laid. to which ooh rito are apputonant,
4
the proper Officer shell .tranufer ouch otook upon ito booko to the
cenoor:in.tttleto-eaialande.
••
.•.
•• .
aeop IN Any - trenofor, or attoipted tranef or o of rey of the
DhroB
of øtook of thia asnootation,mado or ou.fforod by tho onor thoroof, unu
ibee aimultanoouL3ly a tranefor of the lvzid to which it Is appurtenant
is rne or aufforód, ohall be of no force or offoct whatnoovor for any
purpose,- and &iall oonfcr no righta of any kind whatsoever on the pereon orporaono to whom such tranofer may have boon attOmpt'd to be made.
Sea. 11. Do pusenta for the olu roe of oalta1 stock of this
.ac000lation ahall be reqnlroti,. except in the tiaznor following: The Bhnreholder
shall. as preooribod in sootion 3 of this article, mtke app].Ioatlon to the
pr8por roprosontativea of the United 8tu.tee for a water right at tho 'ratô.
of one acre for each share. Upon proper proof to the association that
such application has boon
a000pted,
and that he has compliod with all
the roquiromonta in relation thoreto, such subscriber eholl be deeiaed to
have paid on his utook subscription the aiunt then paid to or for tho
use of the United Ctatos for such right. Ctll end assessments shell be
made and levied from time to time for -tho ctlleotiori of the. ameuntü duo.
on the shares of etook of this tLsrocIation, in pursuance of the roquiromoats of the Unitod 3tatea in cormeotion with such water right app3ication;. and when all the pamonta required for such right thafl have •
boon niad.e, au& when proper ovldótioo Of the porreotion of such water
rights has:ben ifaued, th. etook shall. bó doom4nd hold to have: boon
k Qj
fully paid-up.
Seo424: If it ohoultibe determined by the tIiIted States tha.the. amount of water available from the ontiro irigatton. system as Owned or
con trollod. by it and by the aasooiátion shall :bo InsuffiolOnt to. proporl
irrigate one core of land for oaoh eh're of the onpltnl atook, then-no
in oxcoos thereof ehU be inened, anti the number of haren haU
roduddd, br appz'opriato amendment of those articles, as not to ox13b0 of acios dtoiminod by the uniteti tatoa as irrigablo
•
--•-..•-.
.

::..'..
..
.
.
- r:-•--•.
.
•
•
.
.
. •
- .
. .
:
.5'
fi'om the •nti ayuUablo 3upp1' oZvator.
800.
13, U. when such determination
it
tho nwnbor
0f
aha,
trnbeor1bO ehall be in exooøo of the numbor of aoiao so dotorinjne,,
n
i11otmont of Bhare ahi11 be wade to tho aubnor1bor oquci to the numbo
£
of
TO irtbe, gv1ng preteTonao to oultivatea 1ind. Tho B11'P1UD
o
DhfO3 80
uubtrnribe Uhell thoroupon be oauoollod rind aiaU not be
3)1aW3 LbZ11 be adopted to gotora uuc2i eillotment.
. .i•
. . Zoo. 14e It
sa.
Ofaoresofirrlgabiolzrndor the coot .o
;
• the 'o'ka or bOth, an doteruod
the United Stato
:
•
. ..; .
zuzmbGr of 8hareø of the ozpltai tooknuthpriøo herëifl, appropriate
..
.
amendinont •of •.tlo artlalea
.8
.t)tornixnber of .ohree,
the
iar vaLuo
.. .
thoroof, and the capttal utook s}iU be made in compliance with the 1aw
. ..:
. pp1ioab10 the•eto.
S
•
•
•
i!xoL1 .vI. • . .
. .
•..
:
•
Boo. . On dncl after the. first Monday of May . D•. 1916, the
.5
.
. •exexoise of the ooxporató powers of this *LBociation, and the manace.
..
.
!frnflt o f tt
sffaii. Bhall be veoted. Ins
•.
.
.
.
.
. (1) A GWIR014
(2) One or more local boards of water conni5a1onerD..ezi
4
....
.
. (3) A Iiro8ldent, vice proeidøz3t, troa8uror, soorotary, and nuoh
. .
. .5..
otbor offioorB and agentø as ihall or may be from tlmo. to
.:
•. •. • .
time, orBatod and oøtb1i&ied by the oouxioil,
... . Boo. Be The Council chzi.11 have the ad.miniBtration of the ooiporato
..
.
efair •and bu,;.Uncou o • the A8001at1on, and ehall mnage emt conthiot
•:•• . •• ..•:.
•
tho came uubjoit to all the provtelona of theeo nrttcloi,,
. ...
.
... Spa. 5. It o1eJ.1 have the power to apotht• Bubjeot to remove]. by
.
. t. at any tinlo, a general UuporjnterJónt, nd proeoribo his thitio.arrn,
p
eubjeot to aU rulea and regulations proocribod bj the b-1awø,
and to employ an onginoor or engineere and irnob other emp1oyo* as may
be proper an& neoeeeary to effect the purposee of this Ae000jatjon
eubjoot to such rube and regulations as may be prescribed by the by-lawn.
eo, 4 4' it ohall have the power to proeooute, defend and opromioa
ol]. .anrnite; to make afl contracts in the name of the Assootation,
U000sear7 ard proper for the conduct of tho affaire Etrd the oarrying on
b! the buain
of the z3800iaton, mibjoot to aU limitations arid rogu.. .
.
.
.: . .'...........
.:
N.
lipnø flreaorib$ by tboao articles.
It shall have thqttw,
to make, publish and onforoø ru1ea
.
;. .
..
. .
.

•

•

•

..

..
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00064

tb

t
•

I:

..

.

H
t
__
liL
ók,
of the Interior or other agency of the 1itiona1 Government.
so.
•,
It ehrg3. keep, or cause to be kepte a reo'okl Of iti trezu.
:
otiC*U8,
whieh aiall at all tice ri2atn in the offlee of the An000iatiou,
rv t'U, ô'2
office bourn, be open to tba inepootion of the chnre .
hol(to?vs or their orly Mthric& egent.
•
.7. It. abbil hoar. cd dotormine OOmPlftiUt of
• nonsvorvice or ot iwjropoi' aorioe, Or dietribution of watez' or of .j
proper perfornnoo of duty by any empioyo of the A0aoiation rolativo
• •
to the diotribution of wator.
SOQ.
8. The Council may create an Exeputive CoDunittee., by By-Law,
presoribo its duties, delegato to it such pora as it may coo fit, ama
determine the mannor of appointing the moxabera..theroof; providod that
:the mnernborabt said oomssiitteo shall servo as
such up to, but not in.
eluding the first !ond7 of Mar, f011owing their appOintmont, subject.
IioweYb. to
Th!nOTal
for oause.
•
$eoe
90
For the purpone of electing members of the Council tbC
• torritory deoclrlbo& in Arto IV of the so articles shall be divIded as .....
followsi.
.
.
..
.
•
Pmlomao Dietriot: Bounded. on the 1orth by an onot and west line
extended at the Elophtnt butte Darn; bounded on the E.et by the oaut
line of 1adn to 'mvhich charos of stock of this Association are appurto..
•
nant; bounded on the South by the eatit and west line which runs through
the middle of ceo. 36, Tp. 16 Be R. 5 W.; nd ontho Voct by the west
•
.
•
line of lar4s to.. which oharos of stock
•
•
nanto
•
.
•
•
•
AxTey Ditriot: Bounded on the Xorth by the nouth r'•: limo of the
I
Palomac District; bounded on the enat itui by the Rio Grande river;
• boundOd on the South by the north line of.:Soo. 33, Tp, 18 8. R. 4
.;
J
and boundod on the liNeat by the wont line of lands to which shares of
stock of this Associatton are appurtenant.
I
Oars told Plotriot: Boundod on the North by the south line
l'slomas Distriot. bounded on the i.aet and !4orthe' at by tho outside line
of lande to which ehare of otock of this socoolation areanpurtenant;
bounded on the nuat by the north and a )uth lino'.botwoon Soon. 3 and 4
oX Pp. 19 s He 3 ., nnd.boundoil on tho Couthweet aid Woot by the flio
River.
• •: •
••
: • •. •
•l i
1,
Retch District: Doundod on the North by the south line of the Arroy
Diatr1ot; bounced on the East, florthoat and Faat by the Rio Orando
i iver, bounded on the South by tho cant and wotit line running through
the miöd.1e of coo. lo,ip. 21 8. R. 1 W., and on the eot, 3outhuoat ttfld
'
eat by tho outside line of liridn to
/.
'4ttion are appurtonunt.
tr: ,
, .*
••

shareholdere o

of this Ascooiation are appurto•

of the

which nhare of stock of this AasoO-

'

C
flincon Diotrict Jioundod on the I1orthount i'd 't byth
Uno of 1L.'3d.D to which ahures oX stock of this .ssiation re p
nant, bounded on the south by the etbt tind. west Jn runnn throuj] tho
widdlo of 800, 10, Tp.:21
On thOest.ELfl....8otithweUt1,ytbe
£Uo Grando riven wid bounded on the ,00t by tho north end south jj
between eos. 3 tifld. 4 of ?p.. 19 :3 :. 3
. .... •.. .
•
Piaaoho Di strict: Bonndd on the North by. the line wh1ch. foz'mS...tho
.eouth line of the Hatch and .fltnoon DItriate; bounded on the L8t h1he
ho runde ..iVox'j bounde1 in the :Couth by the north line Of eo. 14,
24 Be B. .1 2,; andboundod on the West by the rout line of..landa to
which nhareô • f stock of this /ococInt1on are appuitonant#
:.
DanAnaDIstriot: Bounded on the North by the lino wldoh forms .1
the south line of . the. jUncon and Hatob Districts; bounded on the rast
• by thb oast lino of lands to-which shtros of stock of this Aseoci at on
arO ippurennnt; bounded on the South by the line for eouoh line of .p,
22 5. R. 1 z.; and bounded on the .ost by the RIO uofliyor.
Las Crooa-esilla DThtrict: Boundod on the Iórth by tho south
line of the Dona,.Isna Datrio.t; on the iat by the cast lino of 1ana . to
•.
shured of.. stock of :thia Ai iutio are a zpurtenant; bounded
the south by a lino do;or1bed as f.o11os: BoInnIng ist a point on the
• ouct honk - of the Rio Grndo rivor on the lino for south line of M.C.
.18, Ti. 245, B. 2 B.. thonor. eact.to point for outheaet corner !
coo. 17 of said Tp.., thenco In a strI-ht line southotatorly to point
for quartz' corner botweon Socs. 26 ana 27 of said p., thence oast
tollowthg line for middle lino of Soonle 26 hnd 25 of saId Pp. 24 So R.
• 2 E. to intersootlozi of oaet line of lands to which shares of stock of.
this LeBociation are a'purtenant.
•
Vest side District I Bounded on the north bY the south line cf tho
i'ioacho District; bounded on the 14tst by the Rio Grande river and Pow.
Uoxioo-17xa3 bou;dary line; b3ur;ded on the South by the low :exiootexioo boundary line; aid bounded on. the ?oot by the west line of lands
to which shares of ntook of this ;ieOcI:tOn are appurtonant.
East side District; Boundod on tho.north by the south line of. the
Lao 0ruoos-eeI1lu District; .bouded on the ttst by the o:8t line of
1?rnds to rihioh shares of stook of thin AnocSatIon are appurtenant;
bounded on the :outh• by the iow !1oxico-Pexc 31.ato boundary lino; and
• bounded on the. ?ot by the Rio OrLnde river.
.
300.
10. The onial election of the ronare of the Council ahaU be
held on the first Ttieeday of tpril ofeaehosr.. .
soc. 11. The members •oXtho COunoil 8it11 be elootod from thocov
oral dietriote as follows:
..
. .•• .
.
•
One (1) Lenberfrom the PiilorLa DintIt.
•
.•
•
Quo (]. mwiiwerfrozntho Arroy Diôtrlct.
..
.
Two (j ebors fron the flar1eld Diotrot,
One (1) Henboi from the Iatoh District.
One (l( 1embor from the Rinoon DietiIot,. :
.
•
One l, robor from thd 71oncho itriàt,
.. •
:ç..
Two 2, Mombera from the Dons
District,
•
. . ?,.(4) Moinboro from the Las
uoe-111a Diztrlát
OVn(7) uobora from he \ost side Distridt.
pbro80, Lombors from the Soot ido District.
500. 12. 'rom and after the first 'onday in the year A. D.1918,
inoluni ye, the Council may. ijnd it shallhays porer, by by..law, to ohne
the bounctarjeo of the districts deeorihod
j3jjul flee. 9 of,
rt1ole, to olorge dintriote, to oroato
raiotjdte, to
1

__._I-_- ----------i_
dctorntho the number of uobors of tho council to be elected from the
eoror 1 diatriots; PIIOVU)TD, there eMil not be elected from any dies
triot in excess of one member of the Council to every fivo thousand
(5000) aezes, ox' fraction thoroof ovor two'thousand fiyo hundred (503)
of lands to which shares of etook of this
4z8oeiAtion••.areappurena13t;
end providod that from and dtor the fist Hohday in Iny a. D. 1919,
inolnoivo, no such b3r-law shall be passed except by a two thirdo vote
of members prenont, the pree1dontnot:vdtthgunleenIe is ameL!lboz of
the council duly olootod frorn one of. the .DiE3triote.
coo. 18. The torm of office of menbora..pf tho .coun.Qil shall be for
one year, beginning
the first llo.nth!.y In My, Inclunivej follosdng
•
their:. oleotion.
•
.
..
.
.
.3doe X4o Revenues neoeieary for the .aocop].Ieh ant of the purposes
•
.:
of this Ass ooiition chr.11 be riieod by call or a8OEtBment fran time to
:
time# its roquirod, upon and ai5.net the
htreholclors,
$00. iti, The Council shall h8ve powor to :.iike utnd ooforoo nocesoary
by-laca for the making, levying, ool1ectizg, and enforcing of all assess:eo. l. Aaaeeemonto for the cost of operation, mz1ntonunco, and
repair of the worke owhed, controlled, or to be maintained by the aasooiation a1aU i.a. aoaoed agathet all the shareholders in proportion to
the number
ti}zriree held by theizirospootivoiy.
&eo, .17. AsaeBemonte for the aonstruoldon, aoquisition, or control
of
property, or rih!s by. the ttesoc . Intiono'or for renewing,
epiaoIng, or in my way improving, adding to, erlargIng, or Inerosing
of its worka,.propoty, or rights, or for tho fu]fIt of any
obligation, udertakon by Its or for. th carrying out of an'.of its
CC
...• .
powors, may h0.sssoBeod agalnot all the shzreholdeia in proportion to..
the nunber of sluires hold by:tho espoot1ve1y.
.
: 5eo:1B. 4eaomsrnorts - for expenditure. fbr. purpoLios thtt tro.of.bonofit to a part only of the shLl.roholclora
may be peiit11y assesied. ugalnot
ouch cha2Qholdola. In proportion to Buc,h benofitu, but no oienditiire
to be piovidod for, or. covored by such pooia1
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the l)hroho1c1ois tho 11tridif of
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of Lan Oru000, Donu sna County', flow. Vexioo, on t o rirat Monj of
the firot 1.1onday. of ugU8t, the frot Vondtly of 140ombor, fn the fj re
Monday of robruay, of each yoar; Provided t)ut tho moetin to be he1
• t)fjx)t !!oflyOf ot eaoh arb'.11 be the. anrnia3. meeting Of the
oounoii; -and :Orovided that Bhoul& an' of. oaid da38 above montLoned: be • e.•
legn3 holtcLy thon urnt in tbit ovont th oaitt inoetng thali be beU on
)ho CLa y fo11oWft3.
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$eo.25e 3ieoia1IotthTfl of theCounoll mtybo 081104 6ndM14tn
/
ouo't rnonnor and at such tthoø tie vuiy be preQoribed by by'-lawe*
ny anft.
/
I(. may
a3l, bus.inesn .thtoh can 'be .trinaaorod at re5ulcLr mootin :° the CQUnOL1
be trannactod at.a o - eci81 mOting.
. . . .
.
8Co 26. J imijority Ct the nembere of the council, including the
?i'oidnt, rhall oonafltute a quorum for the transaction of bueines,
but a lees number may adjourn from time to time to await a quorum.
1
•
Boo. Ve The Courioll shall have power to onai.t and adopt end provide
for tho'oriforoetaont thereof, by-lawu for the government of the members.
•
•.
•
j
of this /u3000iatiofl, aid the managomont of its busineas. and the con. duct of Ito atairs, and to repeals rnodify and annd the same from Use
•
1
•
to time; Provided that eubeecuont to the firat !-onday' In !.ay' A. D. 1919,
•
It shall require a two-thirdo. Vote of ix,mbere presont to repeal any bylaw provided for by 'eo. 32 of this Artiol; and Vroyided thnt the
1
Council ubail not have power toadopt or to enfcioe 8 -iy'.by'-le.WB that
in anywice conflict with any rule or •roulation oet.abltahed by the .
Beoretnry of the interIor or other uenoy of the U taiu L'overrprnnt
J
for the 1 adminie-tratlon of water fr in any rerorvoir or other works
acquired or oonetruoted by the National Qoverimont, or in the eoquiI
sitlon or oonstruotion of which it shall lawe aided; and which may be
used for eupply'iriij rater to the 3.ando of te shareholrs
de of. thIs
I
I
Asaooution,
aec. 26. Ro by-law elm)], be passed or enorcod which shall intofore with or affoot any' present oxisting vested right of ay mber
9j.this aesootation to the use of water for irration.
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Boo, 1.. At all olootioflB the e2ootori alpo3othofo1lo-tng
au"La if foational
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(1) Zhal:L be at the time of tie election the oinor of at 1o'at
ohare of the oattal stook of. this 400ttt1Ofl, end uhu].l have been the
owner thoreOf,
£tfl
ihown by the books of the
68000iat1On,
for
at
least
twenty dao before such election.
'
(2) &haU be of the age of 21 yra or more and of oun6 mind.
Soc.
AS
! afl, eleotiona each shareholder ehall be ontitlod to one
yotofor each Bharoof etook ownédby him, not, howoór, .t&czbeed in
the iiggreato of 160 votes, and no 4adie. .
Sec. 3. The votes. shall be.by written or prtntod..baUot,
and be
voted only by the oloctoro at .thO polis In.poroone
coo. 4. The council may neko rewonablo by-laws for the registrution of votoro and the method of hoi.dirLg oloctions.
13. At all oleotions the person reoeicing the hihost
nnbor
of votee for any office ahall be doomed elooted to such office.
ARTICIE Viii.
.
•
Sec. .1. T4o lands under .oaoh soparatd dictributin3 ounal
rtem
wittho territory described in Article IV of thoøo artiàlss, shafl
on pótition of the owners of twe-thirdo of
4.he sh,iren of the aapital
stook of this Association
ap!:'urtcnnt to the lends in such propoeed
03x1el
d.ivieiozi, be fizod by the council.
On the potition of the
••
bóldor8of a zinjority of the shores in this Aheootatlon owning the
lends affooted thereby, or without such petition, EkøEU Whenever
in the judiont of the oounoil It will. be beneficial, the OOUnOIl.rnay.
•••i• •.::j
change or viod1fy the boundtirios of nyoanal.division.
I
Soc. 2. The board of wtiter cominiesionoro, to conelet of three
I
members, shall be epointed
annually by the Counoil for eoh ona
division. Such appointment shall be ido in the month of Iqr in cach
1
year, 'n& no one shall be eligible for such oUioe unions he be a
rosiont within thedlvisioi for vhioh ho may be appointed., tnd
'
a civalif led elector, as provided in those articles. 'ihe term of office
kI
r'
of the znorbora of tho boards of water cowiloLionorO ohz.li. bo frcn the
d
31
.s
tiire of their apointhont until the first day of Fay in the folloing
oar
u.itil thetZ stceoneora shall have been appoint& and 'haye
yj
I qwilif led, nd they may be rerntvd fxo for ç.v.ioo by 'the Counotlrlor
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I
'
'•. may fill, any veoaroy in any hoL'rd of wter conmioelonors for te untjz-.
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o9natitutIng a iiajoritr oZ ualiftod oloctorr3, roni(1Ln( Sn any cinal
dtvtsSoa, ahall bo proantecl to the flounoil at Ste fix't moetin in
Mar, naming thx'oe rerr one eligible for apjiointont na wtor commieo..
loneret in onS cuinal division, and aeking fox' theix' i'ippointraont to
UOh
oflioe, such persona .shill be nppothtod as such water commiep.. '
Soc. 4..In each canal divinion tbo.boax'd of water eoradeajonero
thereof oliall have the control and iwnagomont of the local affaire of
.
..*
Sec. 5. The BOard of Water Comm1sioners. in each canal division
may appoint a secretary of the board and employ a division •suerintcndent, removable at their pleasure.
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5oo. l £ PreBidLent, ViooPr.3sidSnt, Soorotary,and Troaaurex'
of the Aosootatjon shall be elected by tho. Council, by a hiajority
vote of'mombers present at each annual meeting on the first L!ondny
of
May
fl !acb ier# who sbaU øorvo one year from and after their
elootion and .untU their aucoesnoro aro eleotod and qüalif Led.
Boo. 2. Any sharob1der of this Assoolation ohalibe eligible
to the offlea of President, Vios Presidont, eorotary or Treasurer,
provided he shall be a resident of the territory desoribed in Article
IT 02 these Artlos,
boo, 3. Tb, trownror and secretary eh&ul give bond as may be
prescribed by tho by-laws; px'QVIdOd, that no member 02.tbo Council
•
.
nor the Secretary shall be
treasurer,
Ai
Zoo, 4 9 The Droeident s vice proatdent, trenuuror and secretary,
shall perform such duties as are prescribed by thoso articles end by
the by-].awn, wherein such by-lawe bhlU not bo inoon3istoflt rl.th law
or with J.hoso articles, and ahall rooivo euoh coznoneation as may be
I
fizod by tho by-laws, which compon8pition shall be2etthor thoronood
I1 j
I
nor diminished during their respective a riub of oftioe.
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a000ptd,

. .
as a euroty on o bond of the

•
pTÔUtdOYlt
to aøt from
it
o P3O, the Vice:
I 00
Pt ohall
place and atod of tIle President. In caso of yaértnoy in the oftioo
of President the Vice President
b000me
the Pro&idont9 £tho
event of any Vacancy in the offices øf Vice Precidont, eo otry or
Treasurer ocotring from death, resignation, ceasing to be e share..
• Iloldor of this Association, roiovalirom the teritordesoribodth.
tiolo IV of these .Artcles, or from tfly:OthQr cause, such vaonnoy
• maybe tilledby the Council by.a rnaority
yotO.
Boo. 6. The presidont shall be the chief xocntive of the Assoo..
iatioz, and shall have general supervision over all. other offigere:
• of the AsSOciation in the poxforiwtlloe of their clutià an cuoho and
the conduot of the businoon and Offa3O of the AGI300iRtion.
He
•
hal1 preside at all meetings of the Council and shall be oz-offioio
••
a member thereof, and perform such other duties as may be devolved
upon bth by the by-laws,
•:
Sec. 70 All certificates or othor evidence of the onorship
shares of Utook In the Association issued by the Association, shall
be oined by the president and secretary of the Asoeiatiou and shall
have the seal of the Aaso..iatioñ affiod thoroto,
•
•Se. 0. All contracts and jnstrn!nents in vrittng executed for or
in behalf of the Association, shall be. so eooutod in the nne of the
Aesoctation by the prenident and secretary, and shall have the coal of
• •. •
the Asoociation affixod thereto. •
•
•
•
•
•••
•
•••
o. 9. The treasurer shall r000ivo and be the custodian of all
•
•
monáys cud other funds of. the AssociatIon. No moneys shall be paid
•••
out by te troasuror unions upon
arr:nta drawn on him by the •
president and soorotary*
fib warrants shall bodram on the treasurer
by the president and secretary except upon the order of the Cioiincj3.
•:
rocordod in the minutes
ard in a warrant record to .bó
kept by the secretory.
Sea. 109 The treasurer sIlsU keep a full, complote, and accurato
account of all moneys of the kosoc.iation
r000ivod
and disbursed by him,
in books belonging to the Accoolation, and shall proiont aroport and
J.
account thereof to th council at Qyory regular
seettngtheroof, end
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,. cb11s at the ocp1zatton of o'ioh pnrte, prepro aM publiuh,
in BUGh
xn8nnor BB the by-lawø iaar pre8ortbe, a quarterly
flta1Oofltto Mhare.
holderB Dhowit6 all such reepipt's. tind disbutrubm onte
,
ttring the Aast
preoe4in quartor; and". - tho troaBuror L)18U
perZorm euoh other duties
:as may b dOy014d upon him b the by-lawa,
3oo. U. The aeorotary tha11 aot Fas
the olork of the Councjl
•
•.: • : • •
:
•
and koepaootirato:mjnito of itn prOOodjngø
0 no .th bo..the qua- . •
.:•
todath of thoseal 'Of thoAsooIat1on,
OfPitBbookØ•p1•
e.ii4 Z0001du,
110 uhaU kop any and all bo Oho rind r000rth
flOOesary
. - . :O t10 .00ndp.t ..of the .bU8i)Ot3 of the ASSOciati
. . . .
;
.
rind
ho shall be In oImg
•
•
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.
Of the office of the Assooiction , Ho .rthiu
lmueãlatoly upon tjij
. .
adotiori and aortlfloatjon to him bythe council, r000rd
.
.:
in a book of
••
by-iw8 to be kept by h.tm in his OUio,
all by-lawi aLIotea by the
.'
. oounoll, and thafl keep snob book open to the insPootion of any
.
. . . znmbor•of thoAsa,jatjo *.c11 time anring biiD1noe houra0 Azia
.
.
the seoretarY .ui1 pertorrn euch other clutios as may be dVo1d upon
..
.
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htm. byt) by-lawe..
. .. .
.
.
.: ..:.
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PICLE X.
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Upon PXOPOI'.complaint, duly BUBtaifled,
.
..
the cotmoj. mn7 ?mov
•
t2?OZ11 o:ffXoe th81flOB1dOflt,
••:•
Yoo proaldont, treaere)?, eeoreta,:or
.. .. :
the incumbent of
offico arontod by the
.. .
.. .
.
o6unoji, foz iZrnOmpoto7 .
•nogle•ot :o: duty,miflappro p ri n ti ori of
rflnaf4 of the ARBOojnto1
or
,
£oz. the vio1atjo of any o2• the provioions of those
articles or
by-1iiw0. The oounojl shall preeribe by by-la8 the
pr000thro for
such removal,
llothing_4n thø Artioles of, inoor)orbtion, Of in th fao$ of
becotn8 a rlomboi of this
I
Aosooiatn, s}rill._bco
affeot
ingox intondeej to affoot, or In ny Way
Interfere w1t th prepent
voitod rights of ay vernon to the prior Th30
/
or delivery of t1's
\I
nat4z'LLl appr,prjated flo?v of
th wate.t'e or trio Rid Qrmdø,
4Mt OL XII.
dvju proprt of theuhseh1dra Bia1]. be xmp
t ;,t4
I
W
'
:
*.;• ::. . ..... .
.. .•. ,•....
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.........................

rUe,'
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tWIZCLJ.
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Thi6 uor)oratn
io obL1L enLizre for the term of fifty
'
Trnse btic1e o Xnooxporation
OLLfl
only bo amended by t}i
&iareho1d8 at a, rpffulft.r. annwil olootlon or at a apoj,.ij 6100t10
;. :::
:• •
•
oa1e • ;r • thai . purp. jy .propo6ed anondmen.t nhiU be mibmi tted•
•
•
.
to the l3h6Xe)101dOra until it ehvlj have first reoejvoa tho a
1Wrov11
I
of two-th1de of the raombore of the oo'rnoil at a
'.
ret3niX or thLly
ot11e& eobeton thereof, nor (43r•U any such propozed
F
.:
..
tuoniLiont be
80 Qubmitted until it ehaU h•e been pib11hod
...
in full at løaot
.. . •: ••
•
once hn.oaoh week for four oonrjooutive weokB in a n0wsPaner pub' .
...
.:•
11ahe d and • of 60noxa1 circulation within the torrjtort
dG8Oiib •i :
.
Azttolo IV of thoco Artià1e
•:
.
.
the
. laot o vhjo)i r. .uoh. pnb11oatjo e
.
.
. .;
ha11 be
than ten nor more than twnty daye bofore .\
I1Z1Y\Uoh
:• •
•
election.
. .
.
.
.
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S
RTICLE XV
.
.
.
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.. . . . .
.This
ASBO.Oiatjon
may acoept ad vail
• •iteolf of, or eubjeot • iteit to the provisions'Of nny
iaw or ica •
'
: • . . :•
.
. enacted or that may be onacted by Congre or the logiBlative
aieb],y O•h3 Poritory or State, when i •
t becomes a Stite 0 of .
:
•:
0xb00
i'e1rtivo to COrpOritjonn which izaybo applicable to
•
.
••:
Corporatione organized for.).Jko ptirpoea an this Awociatjon
1 Stich•
•
: •:
aOcOptuioo • or Eftibjootion shfl be v1id whoa rtj
by at •ieaat
trvo-tblrds of the YOt08 cast at an annual oiooticrz, or at an
j
Bpeoial øleOtion oalled Tior th" rattfiontjoi; t3rnr0of0
;:
.
The soa of this AUSOoiatjo h1i be a figure ot two con, I
oentrto clrolqD, the outer being two inc,he and the
one-halt
in 4hes In
'x::4
. . •:
.
•
diameter. Intho e;aoo between the two ehall be
I
tio viorda "ioat Butte 7ator tJser' AeoLiatiofl of row. oxioo,
4 4i
:
and boarig withjn the eenter op,00 an urno1lod oorofl with the
SS liz .
word! and figuren thoreau, Iicorporat, 1905',
i
.• Witnoas our hontie anti aorlo tM
e
.
22nd day of D000ibor A. Dc
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CONSTITUTION
OF
The National Irrigation Congress
/
ARTICLE I.
The Congress shall meet at such time as shall be _xed by the Executive
Committee, and at such place as shall be designated by the previous Congress.
ARTICLE II.
The permanent of_cers of the Congress shall consist of a President, three
Vice Presidents, a Secretary, and such assistants to the Secretary as the
Executive Committee, consisting of one member from each State and Territory, who shall be selected by the delegation of their respective States and
Territories, shall determine. The President shall be ex-of_cio member of the
Executive Committee.
ARTICLE III.
The Executive Committee shall select its own chairman and secretary and
sub-committees.
The Executive Committee shall have charge of the interests of the Congress
between its sessions, arrange the preliminaries for its meetings, and take such
steps as they may deem proper to bring its recommendations to the attention
of the Congress of the United States and urge their adoption.
The Executive Committee shall elect its Treasurer, who shall have charge
of its funds, and no indebtedness shall be incurred unless the funds are on
hand to meet it. _
The Executive Committee shall divide the work of each Congress into
three or more sections, each of which shall have a chairman, who shall be
responsible for the carrying out ‘of the work intrusted to that section, and
through whom all correspondence pertaining to that section shall be carried on.
The necessary funds for defraying the expenses incurred by the Executive
Committee shall be provided for as follows: First, from the local committee
at the location where the succeeding Congress is designated to be held; second,
from such other sources as the Executive Committee may _nd expedient.
ARTICLE IV.
V
The length of each session shall he determined by the Executive Committee, and the election of of_cers shall take place at 11:00 a. m. of the last day
of each session.
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ARTICLE V.
The Executive Committee shall require from the chairman of each section
named in Article III, not less than two weeks previous to the date of meeting
of each Congress, a list of speakers provided for that section, and a copy in
duplicate of the papers to be presented in that section of the Congress, which
correspondence from the chairman of each section shall be directed to the
Secretary of the Executive Committee.
ARTICLE VI.
The membership of the Congress shall be as follows: Fifteen delegates
from each State and Territory, to be appointed by their respective Governors;
_ve delegates from each town and city of the United States having a popula—
tion of less than 25,000, to be appointed by its Mayor or chief executive; ten
delegates from each city, having a population of over 25,000, to be appointed
by its Mayor; _ve delegates from each county, to be appointed by the chairman of the governing board; two delegates each from regularly organized
irrigation, agricultural and horticultural societies, societies of engineers, agricultural colleges, and commercial bodies; each member of any state or territorial irrigation commission; also state commissioners of agriculture or horticulture; the chairman of each section and the permanent of_cers of the Congress; also the Governor of each State and Territory, and all members of the
United States Senate and House of Representatives.
At the opening of each annual session, and from time to time during said
session of the Congress, the Secretary shall report the names on the of_cial
register of delegates accredited to the Congress, and such report when accepted and approved by the Congress, shall constitute the persons so reported
members of said Congress.
ARTICLE VII.
Each member of the Congress shall be entitled to one vote; provided, no
State shall have more than twenty votes; and provided, when a State is represented by less than ten delegates, said delegates, if all present, may cast ten
votes for said State; if some of the delegates of said States are absent, those
. remaining may cast their proportion of ten votes.
ARTICLE VIII.
This Constitution may be amended by a two-thirds _vote of the delegates
of any Congress, under the provisions contained in Article VII.
ARTICLE IX.
The Executive Committee shall have power to _ll vacancies and shall
make its own by-laws and rules of procedure.
_._.. i
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About El Paso, Texas.
El Paso, Texas, is a city of 30,000 inhabitants, situated in the extreme
western part of the State on the Rio Grande, which here separates Texas
from Mexico and New Mexico.
El Paso commercially occupies a quique strategic position: there is no
other city so large, so important, or so well supplied with natural and arti_cial advantages, within a radius of 600 miles in any direction. The nearest
commercial cites of note are: on the east, San Antonio and Fort Worth; on
the north, Denver and Kansas City; on the west, Los Angeles; on the south,
the City of Mexico.
In the order of their importance as wealth producers for the population
of El Paso and tributary territory, the principal occupations, resources, and
assets of this community are: First, mining; second, trade; third, transportation; fourth, live stock; _fth, agriculture; sixth, manufacturing.
Agriculture is at present of comparatively little importance, but the possi—
bilities of development in this industry are greater than in any other, as will
be presently shown.
7‘ MINING.
Mining dominates El Paso's trade development, industry and life. It is
mining that, above all other considerations, makes the basis of El Paso’s
wealth and prosperity permanent and certain to increase in value.
El Paso is at the center of a vast mineral zone, whose development has as
yet barely begun.
The mines in El Paso‘s circle of commercial in_uence produce annually
$150,000,000 in mineral wealth.
The custom smelters in El Paso’s trade territory pay $100,000,000 annually
for the ores brought to them for reduction; much of this money naturally
_ows into El Paso’s trade channels, directly or indirectly, and represents a
constant in_ux of ready cash from the great purchasing and manufacturing
markets of north and east and Europe, into the Great Southwest.
Ores come to'the El Paso Smelter from as“ much as _ve or six hundred miles
distant, and El Paso is the primary distributing point for mining machinery,
hardware and supplies for a district larger than the State of Texas.
The distribution 'of mineral wealth about the city is interesting to note.
North and northeast, the dominant product is coal; east, quicksilver is the
best known product; southeast, iron controls; south, silver; southwest,
gold; west and northwest, copper.
The coal deposits are the greatest west of the Mississippi river; the
quicksilver mines are almost the only ones in the United States operated
commercially; the iron deposits are among the most extensive on the conti-
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nent; the silver district contains some of the world’s greatest producers; the
gold of northern Mexico is famous; the copper region, taken as a whole,
is the greatest in the world.
TRADE.
To the casual visitor in El Paso the most prominent feature of the city's
life is the extraordinary commercial activity. El Paso, the city itself, is a
city of trade. El Paso is always spoken of by visitors as the busiest city of
its size in the United States.
El Paso’s jobbing territory, the country actually covered by her traveling
salesmen and dominated by El Paso commercially, extends over a region
more than 500 miles in diameter.
The jobbing trade of this city is all the time increasing. El Paso has the
advantage of cheap rates in, and fair rates out. This city being an important
terminal point, with a number of competing lines stretching in every direction, we get the bene_t of rates usually accorded only to towns with a much
larger original traffic. Aside from the question of rates, there is the even
more important consideration, in some classes of business, of quick delivery.
This factor is particularly important in the mining industry.
Outside of El Paso’s actual jobbing territory there is a zone where there
are hundreds of mines and prospects dependent on the El Paso smelter to
purchase and reduce their ores. The cash received by these miners from
the El Paso smelter is largely spent in El Paso for supplies. The miners
often visit the city and do their buying in person, thus adding to the city’s
retail trade. The same is true of the live stock interests.
El Paso’s retail stores derive considerable advantage from the fact that
there is no other city within 600 miles that carries such costly and complete
stocks of goods as E1 Paso’s stores carry.
This city, owing to its high altitude and wonderful climate, is gaining
merited recognition as a summer resort as well as a winter resort. The travel
through here is always large, and the retail trade bene_ts from it throughout
the year.
TRANSPORTATION.
The transportation interests of El Paso and the Great Southwest are of
enormous importance, commercially.
Nine railroads have terminals in El Paso, six of which are great trunk
lines. All the roads have numerous branches which are helping to develop
the mining, stock, and agricultural country tributary to ‘the city.
The freight movement on these El Paso lines is steady and perennial,
being made up mainly, of fuel, provisions, machinery and other staples
always in demand, together with ores and other products of mining and
live stock. Through traf_c, both passenger and freight, is heavy all the year,
and El Paso takes toll of it all.
The railroad pay rolls in El Paso form one of the most important sources
of income, amounting to upwards of $1,500,000 annually.
A $280,000 union passenger depot to be used by all the roads is in course
of construction.
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LIVE STOCK.
Large cattle ranches are found in all directions from El Paso, both in the
United States and in Mexico, and the grazing industry is one of the most
extensive and valuable resources of the city. Some of the lands hereabouts
formerly occupied as cattle ranches have been or will be turned into farms,
but stock growing will always be a leading industry in this part of the
Great Southwest.
El Paso has all the necessary advantages for making one of the country’s
greatest cattle markets. Many wealthy stockmen make their homes, as well
as their business headquarters, here. The El Paso union stock yards are
connected with all the railroads, and last year took care of nearly 300,000
head of live stock. Much of the movement was from Mexico to Canada
and the northern United States, but the greater part of the traf_c was made
up of stock moving from Texas and New Mexico ranges to California, Oregon and the feeding grounds of the Missouri valley.
AGRICULTURE.
The Rio Grande valley, both above and below El Paso, has been cultivated since the _rst Spanish explorers entered the country, and no doubt the
ancient Pueblos had prior to that utilized other portions of the valley besides
the northrn part where Coronado discovered them. The earliest Spanish
chroniclers record the presence in the valley of domestic Indians, who
farmed by means of irrigation dams and ditches, and well understood the
extraordinary richness of the alluvial bottom lands.
It was not until the coming of the railroads and the large in_ux of new
settlers some 20 years ago that Americans began to farm the valley on any
considerable scale,.or that modern methods began to be introduced. Now
scores of pumping plants are at work in the valley watering thousands of
acres of land.
The Mesilla and El Paso valleys are famous for their tree fruits, grapes,
melons and early vegetables. Immense quantities of alfalfa are produced,
but still not nearly enough to supply the home demand. This de_ciency in
product is true also of grain, garden truck, and some fruits, as well as
poultry and fresh and canned food products generally.
Outside of El Paso there is a vast territory that would be be naturally
supplied from this valley if the product of food stu_‘s were suf_cient. It is
safe to say that the valley does not now supply over ten per cent of this
natural market. Yet in the valley from a point 50 miles north to a point 50
miles south of El Paso, there are 150,000 acres of cultivable land which ought
to be and will eventually be brought into cultivation by modern methods of
irrigation.
At the recent session of the National Irrigation Congress at El Paso,
action was taken by representatives of New Mexico, Texas and Mexico that
will, it is hoped, make it possible to commence soon the erection, under the
provisions of the National Reclamation Act, of a vast darn or reservoir at
a point 125 miles above El Paso on the Rio Grande, that will store water
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sufficient to irrigate, even in the dryest years, 180,000 acres of valley land,
including some,25,000 in Mexico which possess water rights on the stream.
Water users’ associations have already been formed by the people of the
valley, and all the interests are working hard for the early consummation of
this great project. The plan involves the expenditure of $7,200,000, which
will impose a charge of $40 per acre on the land to be irrigated. But the
farmers welcome the opportunity, because at the end of ten years the payments of $4 per acre per year will cease, and even that amount is much less
than the cost of running a pumping plant, and not much more than has been
paid to private canal companies for a service which failed more often than
it supplied water.
There is no other opening in the United States for the farmer-irrigator
so promising as this.. Climate, soil, market, and all other conditions for
successful farming and pleasant living are here unsurpassed. Under intensive farming 10 to 20 acres will support a family. It is plain that this Rio
Grande valley would easily support 50,000 people engaged in tilling the soil.
Thus, while agriculture is not now among the most important local in—
dustries, its possibilities are greater than those of any other. There is room
for more people in this industry without a chance of overcrowding than in
anyvother branch of activity. There is a steady and increasing home market
for the bulk of the product, and a demand impossible to satisfy, on the part
of the northern and eastern markets, for our early fruits and vegetables.
MANUFACTURING.
El Paso’s manufacturing industries are largely devoted to supplying home
demands. The most conspicuous exception, however, is also E1 Paso’s most
important single industry—smelting.
The principal El Paso smelter has a pay roll of $60,000 a month, and
maintains a community of 3500 people in an El Paso suburb. It reduces a ton
of ore every minute in the year, running 24 hours a day and seven days a
week.
One of the largest industrial enterprises is a dairy which is described by
the world dealing directly with the consumer. This concern milks 350 to
Secretary Wilson, of the Department of Agriculture, as the biggest dairy in
400 cows regularly, and delivers milk and cream to its own customers in
iced sterilized bottles several times a day; it also does an extensive business
in beef and dairy cattle and runs one of the most extensive alfalfa ranches
in the valley. It has an important export and railroad trade.
Among the manufacturing concerns which ship goods out of the city are
factories for the manufacture of office _xtures, blank books, boots and
shoes, candy, carriages and wagons, brick, beer, cigars, clothing, Mexican
curios, engines, boilers and mining machinery, ice. soap, lime, saddles and harness, trunks and valises, vinegar and cider.
As in agriculture, manufacturing in this locality has the vast advantage of
enjoying a steady and always expanding home market, while the distances
from which competing products must be brought mean heavy freight charges
that would amount to a protective tariff for local industries. Steam coal is
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not expensive and other forms of power are readily available. Fine water
for boiler use can be had at no great outlay.
Labor conditions generally in El Paso are satisfactory to an extraordinary
degree. El Paso has never had a strike of any consequence.
ADVANTAGES TO HOMEMAKERS.
El Paso is a city that quickly becomes home to the newcomer. It is supplied with every modern convenience and advantage. The public schools are
kept at the highest standard, and a certi_cate from them admits without examination to many of the great universities. Every important religious denomination is represented among the churches. There are scores of lodges
of all varieties. The social life of the city is cosmopolitan and elevated.
There are all kinds of social and educational clubs for men and women, boys
and girls. El Paso has a free public library, and plenty of facilities for
amusement. There are three daily newspapers with the telegraphic news
service of the Associated Press. Nearly every family possesses its own home.
The climate is unequaled in the world for its invigorating and curative qualities, and for its perpetual sunshine under conditions of altitude, dryness, and
continual breezes that prevent any relaxation of physical energy. The spirit
or‘ the people is intensely progressive, thoroughly western. Altogether there
is no pleasanter place to be found than El Paso, in which to make one’s home
and do one's work. For further information apply to the Secretary of the Chamber of Commence, El Paso, Texas.

Digitized by GOOglC

OFFICIAL PROCEEDINGS
OF THE
Twelfth National Irrigation Congress
FIRST GENERAL SESSION,
Tuesday Morning, November 15, 1904.
The Congress was called to order in the large convention hall at 10:30
a. m. by Senator W. A. Clark, of Montana, President. ,
President Clark—Ladies and Gentlemen: This 12th National Irrigation
Congress will now come to order, and I will take pleasure in introducing to
you the Reverend H. W. Moore, who will pronounce the invocation.
INVOCATION.
Reverend Mr. Moore—Almighty God, our Heavenly Father, the earth and
the fullness thereof, and they that dwell therein are the Lord’s. Thy kingdom
ruleth over all and ruleth forevermore. Conscious of our dependence upon
Thee, our Heavenly Father, for all that makes for wise counsel and for good
conduct, we look up to Thee this morning for Thine almighty aid and
guidance during the deliberations of this great National Congress. We pray
that Thy blessing may rest upon the o_icers and upon the members of this
Congress; that Thou wilt give them sound judgment, and we pray Thee that
unity and wisdom may characterize all the counsels of the di_‘erent departments of this Congress. We pray that everything that shall be done shall
be done for the common welfare of this great land in which we live.
We pray Thee that Thou wilt watch over those who are strangers; bless
those who are yet to come to us. Let Thy blessing rest upon the homes left
behind them and the interests with which they are identi_ed. We pray for
the President and those who are associated with him in authority. We pray,
our Father in Heaven, for all these great commonwealths of ours; for this
great land that we live in, for the economical, agricultural and educational
pursuits, and we pray Thee that government may so be administered in this
country that this land shall be a land _lled with a people, happy, virtuous,
prosperous and free.
“I e pray that peace and good-will may characterize all the governments of
the earth, and Thy name be glori_ed, for Thine own sake—AMEN.
Mr. Clark—We will now hear an address of welcome on behalf of this
State. I take pleasure in introducting to you, Honorable W. R. Smith,
member of Congress from the El Paso District.
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MR. SMITH’S WELCONHNG ADDRESS.
Mr. President, Delegates to the National Irrigation Congress, Ladies and
Gentlemen :
In the name of the people of this great Commonwealth, always distinguished for their generous hospitality, I extend to you the “glad hand,” and
bid you welcome. All Texans to-day feel honored by your gracious presence
here and their sense of pride has been quickened by the fact that you have
come to partake of their hospitality while you labor to advance a cause which
lies close to their hearts.
You have only entered our gates, and while you may be content to behold ‘
this beautiful and fertile valley which was the cradle of irrigation in this
country, and may be satis_ed with the pleasures a_orded by this plucky little
city, unique in the distinction of being the largest city of the largest Congressional district of the largest State of the greatest nation on earth, it is
with pardonable pride that we ask you to look eastward over a distance of
almost a thousand miles and behold the beauty and magni_cence of a vast
empire greater in territorial extent than Illinois, Ohio, New York, Pennsylvania and all the New England states combined and possessing a variety of
soil and climate unsurpassed, if equaled, by any of her sister states.
We invite you to look upon her prosperous and happy population, which
has increased from 820, 000 in 1870 to more than three million in 1900, consisting of people from every state in the Union and from almost every
country on the globe
We invite you to look upon her white cotton _elds, now producing onefourth of the cotton crop of the world.
We invite you to look upon her vast herds of improved cattle as they roam
over our illimitable prairies, adding to the world’s supply of cattle more
than twice as much as any other State in the Union, while at the same time
taking the lead in the production of mules.
We invite you to visit our rice _elds, where we are raising great quantities
of rice, although we have just begun its cultivation.
We want to show you our immense crops of grain, fruits, vegetables, sugar
cane and tobacco, and demonstrate to your satisfaction that the Census Department was not far wrong when it said that the value of our farm products
of the year 1899 was two hundred and forty million dollars. It is more now.
We would like to have an opportunity to convince you that all the fabulous accounts you have read about our oil _elds are true; that we produce
enough oil in one day to run every locomotive in the the United States.
We would like to exhibit our coal, iron, marble, granite, copper, Cinnabar
and silver mines, which are all yet in their infancy, and point out immense
sections rich in mineral resources yet undeveloped.
THE GREATEST RAILROAD STATE.
We have over eleven thousand miles of railway—more than any other
State in the Union—running down to the sea and on which just freight rates
are _xed and maintained by a commission chosen by our own people.
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We want you to know also that Texas is not behind in her educational
advantages. The assets of our permanent school fund amount to something
like a hundred millions of dollars, and annually we are using the interest
from this fund, together with a liberal tax, to educate our children from the
kindergarten through a splendid university.
Our laws are as just and bene_cient as any ever prescribed by a sovereign
power and their strict enforcement is maintaining a security and social order
among our people not surpassed anywhere.
But, my friends, we also take pride in looking to the future. Great as
are our natural resources, great as are the products of our industries, and
great as are our institutions, greater still are the possibilities of this Lone Star
State.
TEXAS AN EMPIRE IN ITSELF.
I would ask you to contemplate the fact that her great area and natural
resources are capable of easily supporting a population of a hundred million.
I would ask you to contemplate the fact that she can produce more cotton
than the whole world is producing to-day', and in addition she can raise enough
feed stuff and beef to supply the world, while the value of the products of
her diversi_ed farms if fully developed would be beyond computation.
These are only a few of the things it is possible for her to do.
NEED OF IRRIGATION.
There is-but one thing lacking, gentlemen, to complete the circle of her
felicities, and that is the solution of her irrigation problem, and the development of her irrigation possibilities. She already has _fty thousand acres
under irrigation, but this is not much more than a drop in the sea compared
to what may be accomplished in this direction. As I said before, the irrigation problem lies close to our hearts. We cannot look to the national
reclamation fund, as can some of our more fortunate sister States, but we
must ourselves work out our own destiny so far as this question is concerned.
We have already entered upon this great work with zeal and energy.
We consider ourselves most fortunate in having this great Congress meet
with us at this time. While we shall enjoy you as guests we shall also greatly
pro_t by your experience and counsel.
Gentlemen, we want you to feel at home, and we want your stay 'here to
be in every way pleasant as well as pro_table. I assure you that our welcome
to-day measures up to the greatness of this great State, and is in full keeping
with the generous character of her people. Whether you come from our
sister States and Territories, or from the great Republic south of us, or from
across the sea, we are happy to have you as our guests.
Mr. Clark—Next in order will be an address on behalf of the University
of Texas by Dr. \Villiam B. Phillips, of Austin. I now have the pleasure
of introducing to you Dr. Phillips.
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DR. PHILLIPS’ WELCOME.
Mr. President, Delegates of the Irrigation Congress, Ladies and Gentlemen:
I have the good fortune to hail from a city which numbers among its
distinguished citizens a man of no mere local reputation. At one time, in a
great National Congress, when acrimonious debate was rising every moment
higher and still more high, it was by virtue of a single phrase that he poured
a _ood of oil upon the troubled sea, and attained more than a national
reputation. So, in the language of John Webster Flannigan, of Austin, I
ask: “What are we here for?” Not for of_ce, not for any personal gain,
but to set forth certain principles in which we believe and which are of economic importance to all of the country, from Oregon to the con_nes of Texas
and from Maine to San Diego. It has been thought proper that a word of
welcome should be spoken on behalf of the University of this State, because
it stands at the pinnacle of the public school system, which system derives
its support almost entirely from the public lands. You will remember, some
few of us whose memory can go back to 1845 (I am not so fortunate myself),
that when Texas came into the Union she reserved her public lands. Some
years afterwards these lands were set aside as a sacred fund for the support
of the common school system of this State. After that enabling act was
passed, a portion of that land was also set apart for the support of the University as distinguished from the common schools, and for the support of
asylums.
GREAT LAND FUND FOR EDUCATION.
That fund is now supposed to be worth somewhere between sixty—_ve and
one hundred million dollars. It is all devoted—every cent of it, interest and
principal—to the support of the common schools of this State.
At a time in its troubled history, when the fate of this State was trembling
in the balance; when it had not yet made good its right to call itself an independent commonwealth; when the hearts of brave men fell fainting from
despair. you will read among the earliest resolutions to this effect: “That
the failure to provide for the education of the people is a just ground for
revolution.” That sentence may be said to be writ in blood upon the Constitution of Texas, and affixed thereto with a Bowie knife. Following along that
general line the State has conserved for many years past this great fund, until
to-day it promises to be the maintenance and support of generations still unborn.
The University is at the summit and pinnacle of this great fund, because
it is at the head of the educational system here. There we are endeavoring
to train men who, in the years to come, shall make two blades of grass grow
where nothing grows now. It is into their hands as engineers and agriculturalists that we propose to devote the land that is now occupied by the
ubiquitious jack-rabbit, by the vivacious but totally useless creature that we
call a “prairie dog,” which is now grown with lechuquilla, ojosen, tesejilla
and palmilla.
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We are endeavoring there to train the men who in after years are to
settle this great problem of irrigation, so that when we meet in Ogden in
1993—as I see on the program—these men will be there. If there is any one
thing that distinguishes a reclamation or mining engineer from the balance
of humanity it is his foresight. He has provided a program for us to live up
to till 1993, when we will then visit the City of Ogden, which by that time will
have more than four hundred million inhabitants.
WATER THE ONE FACTOR MISSING.
In this country we need a good deal of water; we have the good society.
You know there is said to be another place, a good long ways from Texas,
where there is lacking both good society and water. Here we have the good
society, but we would like to have a little more water.
It is easy enough for our friends to come from the great rivers of Oregon
and Washington and California, and who have harnessed Niagara Falls, and
made the Sioux pay tribute to civilization; who are taking out water from the
Mississippi and Missouri and are harnessing the Platte and the Salt River,
to say that irrigation is a simple matter.
You have merely to take out the water that is running in the bed of the
stream and carry it where you will; but what can you do with a stream that
has no water in it? What can you do with a country which has a very little
rainfall, and that often postponed for several years? In this country here we
are shut up to one single consideration when we depart from the Rio Grande
and the Pecos, and that is “the reclamation of our arid lands by system of
storage reservoirs in which rainfall is to be held.”
DEMAND FOR NEW TYPE OF ENGINEER.
Now, we can very easily build a dam and _nd a great many excellent engineers whose business it is to build dams, but I think the man is still to be born
who can _ll that dam with water.
Back in the East there was a good old lady, a very pious old soul, who
was asked to attend a prayer meeting to invoke the divine aid in behalf of a
country which was suffering from drouth. When asked to attend this meeting she said: “No, I won’t go to any meeting; the United States Government
has turned that whole water business over to the weather bureau, and I had
enough trouble with the United States a few years ago to last me the balance
of my life.”
I am greatly pleased, in behalf of the University, to welcome you one and
all to this great State; how large it is all of us know,,what its future is to be
no one can predict; but we do know, now and here, that we have no latch
strings on the outside of the door to offer you; we have taken the door off
its hinges and thrown it away.
Mr. Clark—We will now listen to an address of welcome on behalf of the
City of El Paso, by Captain T. J. Beall. I have the pleasure of introducing
Captain Beall.
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WELCOME ADDRESS ON BEHALF OF CITY.
BY CAPTAIN T. J. BEALL.
\
Mr. President, Delegates to the National Irrigation Congress, Ladies and
Gentlemen:
It affords me very great pleasure, as the representative of the Honorable
Mayor and Aldermen of our city council, to extend to the delegates of the
National Irrigation Congress and the ladies accompanying them, a most cordial welcome to our city. In being honored in the performance of this duty,
I am commissioned to say, that whatever resources we may have for your
entertainment we freely lay them all at your feet, and bid you enjoy our hospitality to the fullest extent during your sojourn in our city. We fully realize
that we have among us gentlemen whose presence we gladly welcome, who possess expert knowledge upon the subject of irrigation, the engineers who represent our government under the Reclamation Act of the 17th of June, 1902, which
has for its bene_cent object the development and extension of the great agricultural interests of the arid and semi—arid sections of our country. It is true
that legislation, however bene_cient it may he, does not embrace within its
scope the imperial commonwealth of Texas, but extends only to the public
lands embraced within the area of thirteen states and three territories of the
United States. But notwithstanding our people are not the direct bene_ciaries
of the great work of reclaiming the public lands in which the national government is now engaged, our people feel an abiding interest in the cause of
irrigation. “No pent up Utica contracts our powers” in respect to the grand
work of carrying out a system of rendering fruitful desert and arid lands v
in a vast area of country, thus multiplying homes for the destitute, and giv—
ing employment to the people. In considering these great subjects, as patriotic
citizens, we embrace within the horizon of our aspirations, the interests of
the whole country, and we accord to our expert engineers who encourage
us here by their presence, though not members of this Congress, a most sincere
welcome. Our people sincerely trust that through the influence of this Congress there may be secured an amendment of the Reclamation Act, extending
its bene_ts at least in part, to all the arid and semi-arid sections of our
country.
EL PASO DEPENDENT UPON IRRIGATION.
The City of El. Paso and the sections of country tributary to it are largely
dependent for future growth and prosperity upon a broad and well-organized
system of irrigation. We learn from the writings of the great Baron Von
Humboldt, who explored this country in the year 1806, that when he saw the
City of El Paso, which is now the city of Ciudad Juarez, the valley below
was in a state of cultivation, producing _elds of grain and wheat, and
especially the wine grape, of _nest quality, and other productions of fruit
nature—apples, peaches, and pears in greatest abundance,—and speaking of
its fertility and productiveness, he said, “this valley that I\now look upon is
as fertile and productive as the soil of Andalusia.” Certainly, the City of
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El Paso and its environs, having derived such bene_t from the irrigable waters
of the Rio Grande in the past, cannot but feel a deep interest in the great
enterprise of irrigation, the primary object for which this Congress was organized. We believe it was largely through the unremitting labors of this
Congress that the National Act of 1902 was passed, and that now in Wyoming,
Colorado, Nevada, and other States, and the Territories of New Mexico and
Arizona, our engineering corps are engaged in making surveys for storage
reservoirs and canals, by which the waste and storm waters that have passed
without use to the sea will be stored and applied to the arid lands of the West,
and make to contribute to the support and development of individual and
national life. It is a fact well taught in history, that in those countries where
fruits ripen and fall into the mouths of the people, the earth yielding forth its
supplies without any human e_ort, you always _nd the lowest types of humanity.
HIGHEST TYPES OF MANHOOD.
It is in those countries where human toil and skill must be exerted to
make a living out of the ground that thorough manhood is developed, and
it is here you will _nd the highest types of mankind, standing upon the
highest plane of enlightenment and civilization. "And all experience teaches
us that water applied by irrigation, when and where it is needed to produce
a crop, is more ef_cient in producing productiveness of soil than when lands
are cultivated and simply dependent on the accidental fall of rain from the
heavens. We have millions of acres of land—sterile and desert soil—in the
Great West, which only lacks the magic touch of water to make it productive
and fruitful in supplying the needs of man. As the poet says:
“So in the still air, the music lies unheard,
In the rough marble beauty lies unseen;
To make the music and the beauty, needs
The master’s touch, the sculptor’s chisel keen.
So when on parched and thirsty soil
The irrigation falls like April showers,
’Twill fructify the virgin earth
And spread it o‘er with fruits and _owers."
In conclusion, I desire again in behalf of the City of El Paso, to tender you
a sincere and heartfelt welcome.
I
Mr. Clark—The Hon. W. W. Turney, a prominent citizen of El Paso, will
now welcome you as chairman of the local committee on arrangements. I
have the honor to introduce to you Senator Turney. '
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SENATOR TURNEY’S ADDRESS.
Mr. President, Delegates, Ladies and Gentlemen:
It is with pardonable pride that we of El Paso have listened to what our
Congressman, Mr. Smith, has said to you about the great State of Texas, all
of which we and he are willing to assure you can be found to be the facts upon
investigation, yet we of El Paso desire to say that, locally, we have not been
able to enjoy all of the prosperity pictured by that eloquent gentleman, You
must bear in mind that he lives four hundred miles to the east of us, that his
district runs almost two hundred miles further east of us and that what might
make him feel prosperous and happy would be very little advantage to the
people of this great section.
While we are proud to be of Texas, many of us natives of Texas, and
proud of her institutions and of her advancements and of her civilization, yet
we feel that we have been called upon to do a work for ourselves whicthexas
can never do for us.
Having been a Republic, having gone into the Union under conditions different from those of any other State, her public lands are her own, and no
Act of Congress can never affect them or bene_t her in their improvements.
We secure our support from much territory not a part of this great State.
That territory is such as you are called upon by your action here this week
to help bene_t and help improve, and just to the extent that you will be successful in your work, to that extent El Paso will be bene_ted.
It was no unsel_sh act on our part which sent a delegation to Ogden to
capture you. We care nothing about the bene_ts which we might secure by
reason of your stopping at our hotels, visiting our places of amusement; that
is of no importance. What we wanted was the result of your brains and
your labor in order that you might tell us how we might bene_t and improve
this great country upon which our prosperity depends, and I want to say that
when we received the news that this great Congress would meet here this
week, it was the happiest moment in the lives of the citizens of El Paso, and
to—day we have realized the fact that you have come and that you are here,
and that we, people struggling for existence, as it were, will receive those
bene_ts, not only for the present, but bene_ts that shall go down through all
time, teaching people how they may _nd homes in these deserts, and teaching
them how they may convert those deserts into villages, towns and cities.
That is what we expect you to do, and what we know you will help us do.
\
A WORK OF LOVE AND PLEASURE.
Now, gentlemen, we want to say to you, that it has been our pleasure to
incur the expense of building this hall; it has been our pleasure to provide
some little entertainment for you; it has been our pleasure to set apart committee rooms in the court house and city halls, etc., for you, all of which we
hope you will _nd convenient and ample. We expect you to use these. We
expect you to call upon the committee whenever you feel that we may do
you service in the promotion of your great work. You will _nd us ready at
all times to comply with all your requests. We are here and you will easily
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_nd us. We want to say in addition to this that you will _nd amusement
easily when you are not at work. We have been charged that we shall not
interfere in any way with the work of this Congress.
Your work must be done unmolested by festivities of any kind, but we
want to say that these festivities, we hope, will take place at a time when it
interferes with no important work of this Congress.
You will _nd over the river some amusements which perhaps very few of
you are going to admit that you have seen, but I want to say to you
they are amusements which all of our people have seen and say little about.
Say nothing about it and go see them.
El Paso, gentlemen of this convention, is proud to be so closely situated
to the great Republic of Mexico—to my mind the richest mineral producing
country on the face of the globe, to my mind ruled over and governed by one
of the greatest statesmen, soldiers and citizens known to this or any other
age. One trouble of the people of the United States is they know so little
about that great country and_its resources and its government. It might be
very interesting to you if we had time to tell you of some of its merits,
some of its laws, and some of the bene_cial conditions which exist there and
nowhere else. You will _nd them out during the time you are here, and especially if you take advantage of the trip to the City of Mexico being arranged
for this occasion. There you will have opportunity to study them and to
know them as we know them.
NATIONAL AND PATRIOTIC.
El Paso, as I said to you, feels interested not only in Texas, but she feels
interested in every part of the country which surrounds her. As you know, it
is just a step to Juarez, which is in old Mexico; just a step to the line of
New Mexico; we are here, as it were, on the very point of the great State of
Texas, therefore when we speak for Texas and refer to Texas, we refer to
New Mexico, Arizona and the north half of old Mexico, all of which you will
_nd are similar in almost every respect. The people, it is true, are governed
by different governors and rulers; at the same time their land conditions.
their necessity for water such as you are trying to give us, are just the same,
and will be bene_ted from your efforts just the same as will we. ‘A great
Governor of Texas once undertook to write a history. He had been a Supreme Judge, had been a District Judge; had been Governor, but he proved
to be not very much of a historian. He went to describe a town, and he said
“A town is the center of the surrounding country.” El Paso, in that respect
is a ‘town. We are the only thing you will _nd for six hundred miles in
any direction, and we expect to keep in the lead just as we are to—day; we
expect that lead to be maintained more from the efforts of this Congress than
anything that has ever happened or ever will happen to us.”
Mr. Clark—In behalf of the Press. that omnipresent and essential factor in
the world’s progress, you will hear words of welcome from Mr. H. D.
Slater, editor of the El Paso Herald, and of the El Paso Committee. I now
have the pleasure of introducing Mr. Slater.
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WHAT MR. SLATER SAID.
Mr.__President, Delegates, Ladies and Gentlemen:
We have a saying in El Paso, “Live in the sun.” It were an unkindness
to detain you here to welcome you in formal fashion when you can see the
welcome and breathe it in the very air, all about you, as you walk these
streets.
El Paso claims commercial dominance over 1,000,000 square miles of territory, and we El Pasoans want you to feel that your welcome is as wide
as the Great Southwest. Men and women of the Irrigation Congress, a
million square miles of welcome come to you to-day from this platform.
Things have been said in few words before, in ways both concise and
effective. It is related of the famous Dean Swift that on one occasion he was
asked to come to a certain parish and make an appeal for funds for church
extension work among the poor. On the day set for the appearance of the
Dean, the church was crowded. Ascending the pulpit, Swift deliberately
opened the big Bible and his sermon portfolio, and adjusted his glasses.
Announcing his text, he read it twice, pausing for emphasis “He that giveth
to the poor, lendeth to the Lord.” Closing the book with a sweep, he
removed his glasses, carefully polished them, and put them in their case.
Then, straightening up, he delivered a sermon that for terseness and effectiveness has never been equaled. “My friends.” said be, “if you like the security,
down with the dust.”
BELIEVES IN THE CONSTITUTION.
I am as much a stickler as anybody for the Constitution that our Joe
Bailey discovered, but there is one serious contradiction in that immortal document. I cannot exercise the freedom of the press this morning by making a
long talk without trespassing on the right of free speech that is guaranteed
to the ninety speakers on your program Being one of your hosts, I cheerfully concede the point.
So, in extending to the delegates to the 12th National Irrigation Congress
the welcome of the press, I have only to say that the press of the United
States is always ready to push a good thing along; and it is probably revealing no secrets if I tell you that; had it not been for the press, there would
not have been any National Irrigation Congress or any national irrigation
act in this generation.
HOPE FOR THE EASTERN PRESS.
Even in poor provincial New York, the editors whose ideas used to be
limited by what they saw in the subway between _at and of_ce door, are begin—
ning to look upon the country west of the Ohio river as actually af_liated in
some way with the American Republic and are giving space to articles about
this El Paso rIrrigation Congress almost as willingly as they describe the latest Paris modes in blankets for terriers. I note this to show how the press
always leads public opinion in every community.
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In the name of the fellows who never sleep, who fear nothing but failure,
who confer fame and smash the wrong, who build cities and rule the nations,
who cogitate before they irrigate, who agitate before you congregate, and
who get it straight while you corusticate—the men of the American press—I
welcome you to the metropolis of the Great Southwest.
Mr. Clark—This closes the addresses of welcome, and we will now have
the pleasure of listening to some other respOnses, and the _rst one who
will address you is a man who has been foremost and one of the ables:
advocates and promoters of irrigation in the United States, the author of the
Newlands’ bill. I introduce to you the Honorable Francis G. Newlands,
Senator from Nevada.
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SENATOR NEWLANDS’ ADDRESS.
Mr. Chairman, and Delegates to the Irrigation Congress:
Suddenly called as I am to respond to the addresses of welcome, I fear
that my remarks will lack the felicity of thought and expression which the
occasion demands. I must, however, express the warmth of feeling With
which the delegates of this Congress, called from almost every State of the
West, respond to the cordial and generous welcome accorded to us by the State
of Texas and by the City of El Paso.
We have been interested in Texas. We have been interested in her history; we have been interested in her development. We recall the fact that
Texas is the only Republic, which, by a single act, became a sovereign State
of the great Union of States. We recall the fact that in the organic act
which admitted her to the Union it was stipulated that if the people of Texas
so demanded in the future, four great sovereign States should be carved
out of this territory. And we also recall the fact that the pride of Texans
in their State, its laws, its progress and its development, is so great that it
would be regarded as an act of treason to-day if a Texan was to propose the
division of this State to secure an increase of political power. During the
recent campaign in the arid region I heard an eloquent Democratic orator
comment upon domestic development as contrasted with foreign exploitations.
He pointed out the vast area of territory within the boundaries of this country,
the richness of its soil, the richness of its resources, the richness of its
apparent and of its latent wealth, and he was urging that this great country
should devote itself rather to internal improvement than to foreign adventure.
And as illustrative of his subject he declared that the entire population of
the United States could be concentrated within the boundaries of Texas and
could there earn support. And then his face lit up with a smile, and he
added, “I tremble to think in that event what the Democratic majority would
be.” I fear from present indications, that the party to which I belong, struck
as it has been by a cyclone coming not from the East, or the West, or the
North, or the South, but from all points of the compass combined, may have
to resort to this method of securing dominance in the councils of the Nation.
We may have to resort to the methods employed by Spain in Cuba; methods
of the reconcentrado, by which we can force the entire population of the
United States within the limits of Texas.
But it is gratifying to know that no process of violence or compulsion is
required to increase the population of Texas. It is- advancing rapidly and
surely, and one of these days there will be a hundred millions of people in Texas,
and in this great country of ours there will be between _ve hundred and a
thousand millions. When we contemplaté this fact, we can form some realiza—
tion of the future greatness and power of this country-a power that will
not have .to be manifested by great standing armies, or by great fleets that
float the sea, but will be evidenced by the energy, the courage and the ad—
vancement on their own soil of a great, a brave and a progressive people.
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TEXAS AND THE IRRIGATION LAW.
One of your speakers has alluded to the fact that thus far Texas has not
been the bene_ciary of the irrigation law, and he went so far as to assert that
Texas would not be in the future. Notwithstanding the fact that Texas is not
at present a bene_ciary of the irrigation law, I wish to bear witness to the
support and the aid and the encouragement given by Texas Representatives and
Senators to this great movement. Their views were as broad as the State
which they represent, and I trust that before long, Texas itself will be a
bene_ciary of this bene_cient act. (Applause)
I am now told that the reclamation service has in contemplation a project
upon the Rio Grande, at Elephant Buttes, about one hundred miles from this
place—the construction of a dam over two hundred feet high at a cost of seven
million dollars embracing the irrigation of over two hundred thousand acres
of land, now only partially productive and possibly not productive at all. The
larger portion of that, it is true, is in New Mexico but it is immediately
tributary to this State and the smaller portion is in the State of Texas itself.
It is true that you have no public lands belonging to the United States in this
State, but under that act it is intended to take care, not only of the lands
that are now a part of the public domain, but also of the lands which have
been actually settled and which lack a suf_cient supply of water, and I don’t
see how, in principle, we can distinguish between the lands which were
originally public lands of the entire Nation but are now in the hands of
private owners who have settled upon them, and the lands of this State
which were originally the property of the State and which now have gone into
the hands of private owners.
It is a great national enterprise, intended to bene_t the entire country,
instituted under the constitution for the general welfare, and I don’t see why
in the future Texas should be excluded from‘its bene_cient operation. In so
far as I am concerned, I wish to say that I will gladly co-operate with Senators and Representatives of Texas in securing legislation in that direction.
A NEW NATIONAL POLICY.
Now my friends, just a few words regarding this act. I think few people
realize how far-reaching and comprehensive it is and how it opens up a new
National policy of development. In the _rst place the Act itself is a most
comprehensive one, as relating to the subject in hand. Instead of requiring
the reclamation survey to come year after year to Congress with estimates
asking authority for certain work and appropriation for its gradual completion, we have, _rst, a fund created from the sales of the public lands throughout thirteen States and three Territories and forever dedicated to the reclama~
tion of the arid lands. That sum now amounts to nearly twenty seven million
dollars. It is a revolving fund, for as the moneys are spent upon the construction of various projects, they are gradually returned by the settlers on
he lands reclaimed in ten annual installments, and thus the moneys return
i0 the fund. Under the operation of this act within the next twenty years
at least one hundred and _fty million dollars worth of work will be accom-
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plished; under this act, without further legislation the entire reclamation of
the arid lands that are capable of reclamation can be accomplished.
The power is given to the Secretary of the Interior to investigate and determine what subjects are feasible and to enter without further authority upon
immediate construction. No delays in construction by Congress, no delays in
appropriation. The investigation can be immediately accomplished, and when
the investigation is completed the work can be actually commenced; the one ,
limitation upon the power of the Secretary of the Interior is that no contract
shall be let unless the moneys for the contract are in the fund.
Thus no debts are contracted—no obligations are incurred. But the great
Department of the Interior is charged with the responsibility of inaugurating
these great enterprises. That work is entrusted to the geological survey—one
of the scienti_c branches of the Interior Department, a survey that has grown
up from a small beginning, composed of trained, educated, experienced men.
who have become familiar with the entire country as to geology, topography.
etc.—a body of men that are familiar with the face of the entire country,
trained engineers, full of love of their profession, having high ideals. lifted
above the prevailing commercialism which looks only to wealth as an ultimate
goal, and thus this great survey has been employed in this work, and I ask
that the sustaining power of the American people should be given to it; that
it should be kept out of politics; that no legislation should be favoredthat
will change its present constitution; that no administration shall be supported
which will subject its appointment to political control.
If we maintain this policy, the reclamation service may be the germ of
great public and governmental activity in the future in enterprises that have
hitherto been regarded as belonging to the domain of private capital. Think
how carefully this act has been guarded against monopoly. In this _rst place,
as to the great public domain now in possession of the Government it guards
against monopoly by providing that, as to lands reclaimed, no grant shall be
made greater than one hundred and sixty acres. Thus the concentration of
the lands reclaimed by the government in single ownership is avoided, and
the great menace of land monopoly averted.
LANDS IN PRIVATE OWNERSHIP.
As to the lands now in private ownership and coming within the bene_cient
operation of this act, it is provided that no water rights can be granted to
any proprietor of land within reach of an irrigation project for more than one
hundred and sixty acers. He may have ten thousand,._fty thousand, a hundred thousand acres, but he can only secure a water right from the government for one hundred and sixty acres. But, you say, that is unjust to him
and injurious to the country’s development, that it condemns this entire area
in single ownership to aridity. Not so. The fact that the waters from the
irrigation project can be brought within the reach of this large holding raises
its value. Purchasers of that holding in tracts of one hundred and sixty acres
can secure water rights under this act. The large landed proprietor is bene_tted by having the water brought within reach. He has the opportunity of
making sales of lands hitherto unsalable and a purchaser can unite the water .
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with the land by buying a water right from the government and thus dedicate
the land to future productiveness. And so this act not only guards against
monopoly in the future, but will gradually destroy existing monopoly and
disintegrate these great holdings in the country without injury to any and
with bene_t to all.
TO PROMOTE THE GENERAL GOOD.
This gives an illustration of what the people can do when through their
government they enter upon a great enterprise, no special privileges, equal
rights to all, no monopoly, no concentration of wealth, the whole act tending
to the distribution rather than to the concentration of wealth; and if this act
can be faithfully and ef_ciently administered by the Interior Department,
through the geological survey, we will have taken a step in the direction of
solving a problem as to whether the people themselves can do things in the
nature of enterprise. If this is successful we may _nd a practice inaugurated
through this survey for the gradual building of government roads, not
necessarily in competition with existing lines, or destructive of their values,
but simply supplementing the present transportation system of the country.
and absorbing the future growth of railroad construction in the interest of
the people and not in the interest of concentrated wealth.
The attention of the American people has been called to a serious menace
of the future of the Republic. During a century and a quarter of national
life, this Republic, dedicated to the interest of democracy, has been developing
into the greatest plutocracy that has existed in the history of the world. This
has been accomplished largely through monopoly of production, and we now
_nd that the men who have been monopolizing the production of the country
are now engaged in securing the monopoly of the transportation of the country. Put these two sources of wealth under one control, and how can you
hope for a fairly distributed wealth? If the great monopolies of the country
are to control the transportation, if, by methods direct or indirect, they are
to secure special privileges for themselves, secure rebates for themselves,
accomplish discrimination against their antagonists, I ask you how long it will
be before the entire wealth of the country will be in their hands? And if
we can add to this the control of the _nances of the country. I ask what
limit there is to their power and their wealth?
I am no socialist; I am no communist; I believe that there will always be
differences between mew—natural differences—that the strong will always acquire more than the weak; that the intellectual will always accomplish more
than the stupid; that the thrifty will always gain more than the thriftless.
With these natural inequalities we must rest content, but we have a right to
protest against arti_cial inequalities, creatd by the law or suffered under the
law. It seems to me we have a new era opening to us of national activity
that will demonstrate the ability of the people, through government, national,
state and municipal. to accomplish great things for the bene_t of all.
HONEST ADMINISTRATION OF PARAMOUNT IMPORTANCE.
To the Reclamation Service of the Geological Survey this great trust is
given. Upon its conception of its high and noble duty. upon its faithful,
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honest and ef_cient execution of its trust much will depend. Let us see to it
that it enters upon and proceeds with its work unembarrassed by faction, by
partizanship or by sectional jealousies.
I am told that the great State of Texas has model legislation upon these
great questions relating to arti_cial inequalities. I am told that there is no
State in the Union that is more free from monopolistic control; no State
in the Union where the people have so much power in enacting their own .
laws, and it seems to me that it is particularly appropriate that, in this State,
which furnishes the model for such legislation, we should meet and deliberate
over these great problems of national legislation which appeal to all wellmeaning men in the country, in behalf of the enactment and the administration
of laws that will promote the welfare, the happiness and the prosperity of all.
Mr. Clark—Gentlemen of the Convention: We have a distinguished gentleman from the State of California, its Governor, the Honorable George C.
Pardee, who will now address you.
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GOVERNOR PARDEE'S ADDRESS.
Mr. President, Ladies and Gentlemen of the Convention:
I shall take but a short time and use but a very few words in expressing
the obligation that the people representing the various States sending dele—
gates to this convention must feel and do feel to the people of the greatest
State in the Union for the hearty welcome which they have to-day extended
to us. Such a welcome could come only from the great hearts of the people
of the greatest State of this great Nation and it reminds us, from California,
0‘ the hearty welcome which the second greatest State of the Nation always
gives to those who honor her with their presence on such occasions as this.
Therefore it is with an especial pleasure that, representing the people of my
State, I stand here to—day to express their grati_cation and the grati_cation
of the Great West, the western part of this great Nation, for the hearty
welcome which we are receiving here at your hands.
I notice that Maine, in the extreme Northeast of this Nation, sends her
delegates here, and California we know is here, and Washington in the great
Northwest, and Florida in the great Southeast also sent their delegates. The
greatest State in all the Union we are meeting in, and Rhode Island—little
Rhody—also has her delegates here. It seems that the people of the country
realize the importance of such a meeting as this, realize the importance of
the things that we are met here to-day to deliberate upon and pass resolutions
concerning. It means that the great State of Texas will _nally receive at the
hands of this government, as has been pledged by the Senator from Nevada,
such aid and such assistance as her greatness and wide extent of arid territory demands. It means that New Mexico and Arizona and Utah and California, and all the States and Territories to the north of us, here will receive
that aid which will turn the vast area of deserts into a paradise.
My friends of Texas, I bring you greeting from California. I assure
you of our hearty co—operation in all that we can do to make you equally
participant with us in the great things which we are here to-day to deliberate
upon, and which in due time will become yours with ours.
Mr. Clark—We have another live Governor here, from Idaho, who is also
much interested in this question, and you will now be addressed by Governor
John T. Morrison.
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GOVERNOR MORRISON’S ADDRESS.
Mr. President, Ladies and Gentlemen of the Convention:
This is an unexpected pleasure upon a very important and happy occasion,
and I wish in the _rst place to return my thanks to the Honorable Chairman
for the courtesies~showri for calling me up. I am not rising for the purpose
of making an address upon this occasion. I stand up for the purpose of
expressing on behalf of the people whom I represent and their delegates who
are here, simply our high appreciation of the gracious words of welcome which
have been spoken on behalf of the good people of El Paso and the State of
Texas.
We feel that we are not entirely strangers to the people of El Paso. I remember, and I thought of it when Mr. Turney was speaking, how we were
captured by the Cohorts of El Paso, and I am here to say to you, ladies and
gentlemen, that the terms of our capitulation have been entirely satisfactory.
I am glad that we are in captivity to-day. The aims and purposes of this
great convention, you will appreciate, I think, are of a great interest to us.
You will appreciate it the more when I say to you that the great State of
Idaho, with its eighty-six thousand square miles, is about 70 per cent arid, '
and of that territory not less than two million acres are susceptible of a high
degree of cultivation, and will, by the bene_cial application of water, produce
a large product for the comforts and necessities of life; hence our interest in
this great convention, and we shall meet with you and take part in your
discussions, hoping to take back with us something that will be of interest
and bene_t to our people.
As I listened to the glowing words of praise uttered on behalf of the State
of Texas, I appreciated more than ever the glory and grandeur of this mag—
ni_cent Lone Star State, and somehow or other my thoughts drifted into
illustration and I_ thought of this: Over there in the heart of that metropolis
of the world, London, stands the great cathedral of St. Paul, renowned for
its architecture, and beauty and symmetry of design, the pride of England,
and the wonder of tourists. As you pass into the rotunda you will _nd upon
a brass tablet in the wall, this legend: “Sacred to the memory of Sir
Christopher Wren. If you would see his works, look around you.” So,
ladies and gentlemen, I thought when these gentlemen on behalf of Texas
were speaking, if you would see their works, and their glory, look around you
here in the beautiful little city of El Paso. Allow me simply to expand the
thought; limit it not only to Texas, but extend it to the whole United States
—what a glorious country we have! And how we, as citizens, are proud of
its magni_cent progress and its wonderful history! When you think of the
fact that the great civilization which is built up here is the greatest and noblest
the world has known, that settlements have spread across this great continent
of ours until more than two hundred million acres of land have been transformed from wilderness and brought into the service of man; that the civilization has reached across the Rocky Mountains to the beautiful valleys and
fertile mountain slopes of the Paci_c drainage, your pride of country, my
fellow-citizens, must leap to the front, and you cry out, “Great are the Ameri-
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can people, magni_cent in peace, triumphant in war." We have assembled
here purely in the interest of irrigation. The civilization of which I have
been speaking has established itself in the humid section of our country, and
in the public the interest is largely centered there; but I stand here to-day
to prophesy to you that the great civilization of the Mississippi valley will
yet learn to irrigate, and that whole great valley will receive added bene_ts
because of the science of irrigation which we are here to study.
THE COMING WEST.
Speak of the glory of Texas, of California and of the other States of our
Union, marvelous as has been the development of the great Mississippi valley, I prophesy to you again that there will be a still more marvelous development of the Western slope of this country. The civilizations of the world
have gathered around the Atlantic ocean, the wisdom of the ages has sat
there. Even in its scenic wrecks may be read the history of the world to-day,
and I say, fellow-citizens, that the great Paci_c to the westward will yet become the great commercial ocean of the world, from which we will receive
wonderful bene_ts. It is being written all over this country to-day that this
progress is going forward. We are proud as American citizens to participate
in it. Railroads will soon thread the passes of our mountains, the neck
which connects the two Americas will be cut, and ships pass to and fro.
Let us then, fellow-citizens, while we glory in our individual sections, look
beyond, and comprehend the whole country with its magni_cent future and
prospects.
Mr. Clark—I take pleasure in introducing to you Mr. C. W. Penrose, of
Salt Lake City, Utah.
(2)
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MR. PENROSE ’S ADDRESS.
Mr. Chairman, Fellow Delegates, Ladies and Gentlemen:
I highly appreciate the honor conferred upon me this morning in adding
a few words to those that have been delivered to you. I regret, however,
very much that our Honorable Governor, Heber M. Wells, who was expected
to be here, is not present to respond to the addresses of welcome extended to
us to-day.
I _nd myself here to-day among prophets, like Saul of old—prophets who
have pictured the future grandeur and glory of this great Republic, and of
the future bene_ts to be derived from the systems of irrigation that have
been introduced ‘under the laws of our country. I believe all they have
prophesied will really take place, and I say “Amen” to all their projects.
Sometimes the prophets of old got a-little mixed in their arithmetic, and I
suppose that is the reason why these _gures do not exactly correspond to-day.
But, ladies and gentlemen, the people of Utah fully appreciate the cordial
welcome extended to them in common with all the delegates from the various
States represented here to-day, and Utah herself, smiling with pride. reachesout her right hand to grasp the glad hand extended to her from the big
State of Texas, big hearted Texas. Utah is a small State, but so far as
matters which affect the future of this country are concerned, she takes an
interest in everything relating thereto. We were told to-day that Texas was
the cradle of irrigation. I thought when that sentiment was uttered that
Utah brought forth the infant of irrigation; it was her _rst o_‘ense.
In the year 1847, when the pioneers _rst entered the valley of the Great
Salt Lake, came down through the mountains, the party consisted of 140 persons; a small band had preceded them two days ahead. They were sent by
that great pioneer of irrigation, as .well as of other works of civilization in
the mountains, Brigham Young. After they entered the valley they went
down and cut the brush that the rest of the company might follow with ease;
they had a plow along in one of the wagons, and, descending down on a
level plain, they commenced to endeavor to plough the ground and plant some
seeds. But they broke their plow because of the aridity of the soil, and they
then looked around for something else with which to accomplish the work,
and one of them remembered that Young told them that they should go to
the northeast, and there they would _nd a stream of water. How he knew
that I cannot say, only he was among the prophets. They found a small
stream of water, as he had told them, and they turned the stream out upon
the land, by which they were enabled to plow the _rst furrows in the soil
of Utah. That was the beginning of the great irrigation system that is now
used not only in Utah, but in other States.
UTAH AN IRRIGATION OBJECT LESSON.
Now, I will not take up your time relating the history of irrigation in
Utah, but _if you want to see an object lesson in irrigation, we invite you to
come and see us. We will show you what has been done by co-operative ef-
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fort, not by means of wealth, or by the organization of corporations taking
up land and selling water to the people, but by the unity of efforts of the
people themselves. The State of Utah is an irrigation State. We have projects on hand which, if carried out, will result in supplying the whole northern
part of the State with water for irrigation under a system of distribution. By
taking out the waters of the river and conducting them to the Utah Lake, a
fresh water lake, by canals, then utilizing the waters of Bear Lake and Bear
River, the two channels meeting together will not only increase the water
supply for lands already occupied, but will bring into cultivation thousands
upon thousands of acres of land not yet utilized. This is one of the projects
we have in View, and we are very glad to know that we have the co-operation of the gentlemen of the government service, who have surveyed our
lands and, I believe, pronounced the project practicable.
We expect much bene_t through the National Irrigation Law, introduced
by our eloquent friend, Mr. Newlands, and signed by the great man who has
been indorsed by the people of the nation to be the head of the administrative
government.
We thoroughly appreciate the favors that we enjoy from every source;
we are grateful for Statehood; we are grateful that the people of the United
States are beginning to understand us for what we are; that we are a part of
this great Nation, though we are shut up in the mountains, and that we are
now understood by our fellow-citizens in the East, and they are beginning
to understand something about us. Some of our Texas friends came to see
us in Ogden a year ago; we extended to them the glad hand, and now we are
grateful for their reciprocal extension of that hand to us, and I say that the
people of Utah are grateful for the words of welcome that have been spoken
here to-day, and we extend an invitation to all our friends whenever they
want to understand more concerning our resources, our capabilities, to come
up and see us. We have no doors to leave open or latch-strings to leave out,
but the way is perfectly clear. Come and see us; if you don’t know much
about us, ask our El Paso friends. I noted their energy and intelligence and
their persistence in securing this Congress to meet in the city of El Paso, and
I determined, if it was possible, that I would~come here and see them again,
and learn something about this great State of Texas, no longer the Lone Star
State, but one of the great galaxy in the, constellation of our country, where
Utah also shines upon the same _eld. We are one with Texas and with all
the States of the Union.
I hope that during the deliberations of this Congress nothing will be done
in any sel_sh spirit. I desire to say that Utah has no particular axe to grind.
If we have any information that will be of service to you, we shall be glad to
impart it. We shall be glad to receive information from all our friends who
are gathered here. We want to be one of them. and we want to learn all we
can from them.
THE NEWLANDS LAW THE BEGINNING.
I indorse the remarks that have been made in regard to the progress of
the nation. I understand that the Newlands Bill, as we call it in our State,
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is not a _nality. It may be added upon. The people of this country can
amend it or add to it as circumstances suggest. We should have a fraternal
spirit in regard to all the people of this country. I know that our friends in
the East are not acquainted with the needs of the arid regions of the country,
but we want to extend the bene_ts of the Irrigation Law as it may be amended
to every State in the Union, whether it be strictly in the limits now de_ned
or not, and I am certain that the predictions that have been uttered this
morning concerning the progress and‘ welfare of this great nation, the greatest
nation that the sun ever shone upon, will be all ful_lled. And I want to say
still further that I foresee the time when not only will bene_cient irrigation
laws be passed by the country for the bene_t of the people in these States of
the Union, not only will this all be ful_lled, but I believe that the destiny of
this great nation is to carry liberty and light and civilization to every part
of this globe.
I believe that thrones will totter and nations fall, but that the principles of
.Democracy and Republicanism will be carried to every nation and every clime,
and the time will come when, through the power and in_uence of this country
all mankind will be free. We have a motto among us in Utah which reads
like this: “Freedom, peace and full salvation are the blessings guaranteed.
Liberty to every nation, every tongue and every grade.” And the day will
come when this will be ful_lled, and you will _nd that Utah, though she may
be smaller than some of her sisters in the States, will come to the front with
all her majesty and power and strength and intelligence, for she possesses
all these things, and render powerful aid in the accomplishment of the establishment of peace, liberty and happiness in all the world. I thank you for
your attention.
Mr. Clark—The program of the morning session will close with an address V
by the Hon. E. L..Smith, of Oregon. It had been expected that the Hon.
Gi_‘ord Pinchot, Chief Forester of the. United States, would be present,
but his train is late. I take pleasure in introducing Mr. Smith.
,
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MR. SMITH ’S ADDRESS.
Mr. President and Gentlemen of the Irrigation Congress:
The morning session has been prolonged so late, and there are so many
subjects of vital importance to come before you, that I shall presume to keep
you only for a brief moment.
For four successive days we traveled from the Columbia to the Rio del
Norte, and many were the object lessons that impressed us in the country
scuth of San Francisco. When we arrived at Southern California, we found a
veritable Paradise. We saw the miracles that water had wrought there, for
on every hand were fertile groves and _elds.
As we continued our journey we came to the desert of the Colorado, and
there was pointed out to us a railway constructed to bear away the harvest
of that section of the country below the level of the ocean. We traversed
the arid plains of Arizona, and there we saw great channels, great drainages,
where the very wealth and life-blood of that section had evidently run of?
into waste. We were surprised at the great extent of the arid lands. The
country seemed strange to us, but since we have been in this broad and beautiful city of El Paso, since we have listened to the addresses of welcome this
morning, and partook of the generous hospitality of the people—a hospitality
that I trust the commonwealth of Oregon will be able to reciprocate at no
distant date—we feel that the hearts of the people of this great land beat
warm and true, and that we are all alike, proud, happy, independent citizens
of the same great and good government.
Mr. President, I thank you for the privilege of standing a moment before
this great assemblage. It is an inspiration to look into the faces of the men
who have come up from the South, and the West, and the East, and the
North—have come to redeem the desert. May education go hand in hand with
this work of reclamation, for it is the intelligence of the people that constitute their greatness in every country.
Gentlemen, in coming here I know that you have cast aside your political
differences and your factional strifes in order that not a single note of discord may disturb the harmony of your labors, and I trust there will come up to
you again and again, as it does to me this very moment, that grand old phrase,
“how pleasant and how good it is for brethren to dwell together in unity."
Mr. Cobb—The Secretary is requested to announce that El Paso feels a
special pride to-day and that this day will go down in her history as her
proudest day. That she is not only proud of this hall erected by general and
unsel_sh contributions; not only proud of the occasion, but she is proud of
other and greater things, that even more than the pride that she takes in
your presence is the pride in the good women of El Paso. Under the leadership of Mrs. Joseph Mago_in, a lady well known for her hospitality, the
ladies of El Paso will entertain visiting ladies at the Sheldon hotel to-day from
3 to 5 o’clock. They will also present to the visitors, as well as to home people, a concert in this hall to—morrow evening. They have spared no pains to
get the best musical talent, and with the melody of Mexican music will be
blended the sweetness of American voices.
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Tuesday Afternoon Session, November 15, 1904.
The Congress was called to order by the President.
PRESIDENT CLARK’S ADDRESS.
Gentlemen of the National Irrigation Congress:
In the presence of this great assemblage, and in the midst of such magni_cent surroundings, the delegates of the 12th Irrigation Congress, gathered here
from every section of the great West, as well as from some of the Eastern
States, can not refrain from expressions of satisfaction, enthusiasm and
delight as they enjoy the unstinted hospitality of the good people of this
beautiful city of El Paso. I am also delighted to learn that we have several
visiting delegations from different States of our sister republic, Mexico; a
government at whose head stands one of the greatest and noblest rulers of
modern times in the person and character of Por_rio Diaz. He has shown
his interest and sympathy in this cause by permitting the attendance of the
National Regimental Band, of world-wide celebrity, and has likewise honored us with an autograph letter, which will be read this afternoon, conveying touching and eloquent expressions of good wishes and regret at his
inability to be present.
Every promise made in the competition for the location of this meeting
by the delegates of the Lone Star State at Ogden has been ful_lled beyond
expectation, and El Paso, in the entertainment of its guests, has set a pace
which may be dif_cult to follow by aspirants for future similar honors. Our
warmest congratulations are due alike to our hospitable hosts and honored
guests for the assured brilliant success of this Congress, which overshadows
all previous conventions. Moreover, when we consider the fact that Texas
is not embraced in the area available to the bene_ts of the Reclamation Act,
all enthusiasts in the great cause in which we are engaged must be sensibly
touched by the deep interest and concern in the subject so ardently manifested
by the people of this city. Irrigation, however, has been widely practiced in
this part of Texas, where its advantages are understood and fully appreciated.
and although there is no public domain in Texas belonging to the government, the law should be so amended that government aid may be extended
in a manner adapted to the di_‘erent conditions existing here, as in the other
States. .
GROWTH OF A MOVEMENT.
The _rst efforts at organization for the advancement of irrigation, at
Salt Lake City thirteen years ago, were eminently successful, and a move—
ment was inaugurated which has produced happy results, beyond the fondest
hopes of its founders. The most important of these is the Reclamation Act
of 1902. I am delighted to see many of the pioneers of this great enterprise
who participated in that meeting present here to-day. They come, no doubt,
with many new ideas and broadened views, derived from study and experience,
but imbued with an increased ardor and enthusiasm heightened by the inspira-
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tion of present success and glowing prospects of the future. The concensus of
opinion resulting from a wide discussion of the best methods for the promotion
of the cause of irrigation in that _rst Congress was favorable to the cession,
by the government, of the arid lands to the respective States and Territories
in which they occur, thus leaving the problem of their reclamation to be
worked out by State legislation. However, this position was subsequently
abandoned as untenable, and the conclusion was reached that only under the
strong arm and auspices of the federal government could a satisfactory solution be assured.
EASTERN OPPOSITION WAS ENCOUNTERED.
Efforts to secure favorable legislation in the National Congress were met
by the most determined opposition from the East and Middle West, where
a strong sentiment prevailed against allowing appropriations of public funds
in the interest and for the exclusive bene_t, as they narrowly claimed, of
the western part of this country. After years of fruitless effort, when the
cause seemed almost hopeless, the happy thought, like a gleam of light in the
darkness, was developed that the proceeds of sales of public lands might be
set apart and used for the purpose, and the result was the present Reclamation
Act, the outcome of which will be a boon of countless blessings to the present
and unborn generations beyond the power of the mind of man to grasp or
conceive.
Detailed reports by the o_icials of the government assigned to this duty,
showing the progress of reclamation work, will be submitted to this Congress,
which will exhibit the information in a comprehensive manner. Likewise
addresses will be delivered by Mr. Maxwell, Mr. Boothe and Mr. Smythe, who
are also active members and of_cials of the National Irrigation Association,
which organization has been a valuable auxiliary to this one, and others will
contribute important information, so that every corelative topic will be ably
covered, and therefore I will only brie_y allude to some great features of
the subject.
A SPLENDID INITIAL FUND.
The aggregate of funds available in the United States treasury under the
.provision of the act amounts to over $23,000,000.
For convenience of administration, the reclamation service was placed
under the supervision of the hydrographic branch of the Geological Survey,
and a large staff of engineers selected on account of ability and experience
in the various States and Territories was appointed, of which Mr. F. H.
Newell was made chief. The present force comprises about 250 engineers.
All reports are made to the Director of the Geological Survey, and through
him to the Secretary of the Interior. The necessary preliminary work in the
way of reconnaissance, measurement of _ow of streams and surveys has been
conducted over a wide range of country with intelligence, zeal, energy and
technical skill that deserve the highest admiration and commendation for the
eminent e_iciency of the chief engineer and those working under his direction.
Active operations for the construction of dams and canals and other im—
provements are now going on in Arizona, Nevada and Idaho. For other
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projects in California, Colorado, Wyoming and Montana available sites have
been selected and adopted, estimates are being made, and contracts will be
let in the near future. In all these cases sums have been set aside by the
Interior Department, ranging from two and one-quarter million to three million dollars each, to carry on the work when the contracts shall have been
completed. '
LAND WITHDRAWALS TO PREVENT SPECULATION.
In order to prevent private appropriation of land and water rights by speculators in the localities which seem to be applicable to the provisions of the
law, the Department of the Interior has withdrawn from entry large areas of
land in the several States and Territories, amounting to forty-three and onehalf million acres, of which some three and one-half million acres have been
found to be inapplicable, and have been restored to the public domain. The
total amount of land available for irrigation has been variously estimated to
be from _fty to sixty million acres, which, when made productive, will sustain a population of from twenty to twenty-_ve million people. '
In undertaking to inaugurate this stupendous work, the engineers in charge
were confronted with many dif_culties. To begin with, all of the easily
diverted waters had been appropriated by small farmers, who, by their own
e_‘orts, unaided by the capitalist or engineer, have brought millions of acres
of land into a high state of cultivation. and by diligence and industry have
established prosperous homes throughout the entire arid and semi-arid districts. These conditions, however, present no serious obstacles, but there are
great numbers of vested rights acquired by individuals and corporations, many
of them being of the intangible and invalid character, such as old unused
rights of way for railroad companies, which lie in the way of proposed canal
and reservoir sites. Seemingly anticipating the passage of the law, unscrupulous persons had made locations with the view to hinder and delay the
progress of the work and extort money from the government. In all of these
cases it is both tedious and expensive to adjust titles, although they may
have no genuine merit. As the government can not proceed until all titles are
properly vested in it, it is evident that rapid progress in every locality can not
be expected. The work is being prosecuted in thirteen States and three Territories, and all possible projects are being examined. Some of them, which
upon the surface seem easy and feasible, are found upon careful examination
to be entirely impracticable, and their abandonment gives rise to disappointment and adverse criticism, which is entirely unjusti_able.
PASSED UPON BY HIGH ENGINEERING AUTHORITY.
Every project is passed upon by boards of consulting engineers before
being submitted to the Secretary of the Interior for his approval. It is estimated that the work now adopted and under contemplation will absorb all of
the funds now available and the probable receipts for several years to come.
Numerous projects of secondary interest thathave been examined can not be
reached for a great many years to come, unless the government will come to
the aid of the work with liberal appropriations. The reclamation fund will be
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reimbursed for every dollar expended in the course of time, by the settler,
who will pay the price of the land to which he acquires title and the cost of
the improvements which will be assessed to him. No returns can be expected
for some years to come, and under the ten-year installment plan the reimbursement will be very slow. After ten years the receipts will be very large, and
they may be re-invested in new improvements. In the meantime the aid of the
government should be invoked.
In connection with the problem of irrigation, and intimately associated
therewith as an adjunct and auxiliary proposition, is the protection which the
great forests afford to the sources of water supply and to the proposed catchment areas. Large tracts of forest lands have been withdrawn as reserves
from entry under the land laws, by the government, and a Forestry Bureau
has been created and placed under the able direction of Mr. Gi_ord Pinchot,
who will favor this Congress with an elaborate report as to the conditions
of that branch of the government service, and which will be replete with interest. In the proper administration of this department, several important questions should be considered.
° NATURE’S STORAGE RESERVOIRS.
Conservation of water supply is the paramount feature. Where the heavy
accumulations of snow on mountain ranges are protected by forests from
exposure to the sun’s rays in summer and gradually melt to feed the streams,
their greatest utility is realized, while denudation of the forests results in torrential waste and consequent drouths.
Protection of timber from unnecessary depredations, having due regard
for the legitimate demands of the domestic consumer, the farmer and the great
mining industries, as well as the protection and encouragement of the young
timber growth, demands the exercise of the greatest wisdom and diplomacy,
in order that the great industrial pursuits of the people may not be unduly
disturbed.
Another question that demands the most vigorous attention is the ravages
of forest _res that destroy annually ten times more timber than is appropriated to meet the requirements of industry and domestic consumption. Large
districts in Montana and Idaho, under my own observation, were swept by—
forest _res during the past summer and autumn, and all efforts to even retard
their destructive work were powerless until the advent of the heavy autumn
rains.
The government should take vigorous action to stop, if possible, this
fearful destruction, which is of annual recurrence.
REPEAL OF BAD LAWS.
During the session of the last Congress a spirited discussion was maintained during an entire afternoon, and at times acrimonious in its character,
on the question of the repeal of some of our land laws, and terminated in no
de_nite conclusions as to the prevailing sentiment of the Congress, as a decision was evaded by the adoption of a meaningless resolution by way of compromise. The question will undoubtedly be revived in this Congress. I
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feel constrained to reiterate my previously expressed opinion, that of our
present land laws, the Desert Land Act and the commutation clause of the
Homestead Act, have outlived their usefulness, and should be repealed in the
interest of the actual settler and the small land owner. Any disinterested
and unprejudiced person who is familiar with the conditions in Montana and
other States, where all the water courses have passed into the control of
large holders, thereby securing control of large tracts of adjacent lands, will,
I believe, coincide with this theory.
The prosperity of a State is largely dependent upon small holdings of
land, which insure its cultivation and consequently increased production and
population. This feature has been wisely considered in the provisions of the
Reclamation Act.
A COUNTRY—WIDE BENEFIT.
Suf_cient has already been accomplished to arouse a national interest in
the importance of irrigation. Whatever bene_ts one section of the Republic
can not fail to bene_t the whole country, and this scheme is not a sectional
one, as the welfare of about one—half its entire area is involved, and the indirect contribution to the material prosperity of the other half is incalculable.
The East must depend upon the West for its food supplies, and likewise for
a market for its manufactured products. This is the kind of reciprocity that
enriches the country, genuine American reciprocity. Why should the farmers
of the Middle Western States fear competition from the far West while they
produced this year little wheat for export, scarcely enough to supply home
requirements, and when it has been found necessary to ship _fteen million
bushels of wheat from the North Paci_c coast to help supply the de_cit. The
area of wheat-producing territory has become inadequate to meet the requirements of our rapidly increasing population, and should there be a surplus, our
Asiatic neighbors will hereafter furnish a market for all we can produce west
of the Mississippi.
THE SOUTH SUPPORTS THE WEST.
The South will stand with us as allies in a common cause. Our _ood
waters withheld and stored, will save it millions of dollars annually in damages caused by over_ow of the banks of the Mississippi river. The appropria—
tions for river and harbor improvements deplete the United States treasury
each year to the extent of many million dollars, and for whose benefit"
Directly, largely the coast lines and commercial ports and cities of the East,
where the money is expended; but we of the West, who contribute our share
to these improvements, do not complain. With commendable pride in the advancement and glory of our entire country, we willingly concur in these
expenditures. Why may we not expect from the East the exercise of equal
generosity and equal patritoism in the building up of the great West? Let
115 point to the Louisiana Purchase Exposition, a magni_cent triumph of the
new century, that eclipses everything the world has ever seen, to emphasize
the claims of the great semi-arid empire of the West, the chief factor and
contributor to its success. There on the banks of the mighty Mississippi may
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be seen “the greatest show on earth,” which has brought into competition the
highest exercise of inventive genius, artistic skill, technical science and intellectual prowess of all the nations of the earth, who are vying with each other
for supremacy in the great march of civilization and empire.
GREAT INTERNAL EXPANSION.
In viewing this marvelous exempli_cation of the world’s progress, we are
constantly reminded that the Louisiana Purchase, a conquest of the Je_‘ersonian idea of expansion, which lies largely in the semi-arid region, is in all
departments everywhere in evidence with the products of its _elds, forests
and mines of such surpassing excellence as to forcibly demonstrate its remarkable, although only partially developed, resources. Under the inspiration
of this impressive display, we are forced to re_ect and wonder what the future
may reveal to the coming generation when the broad areas in the valleys and
on the mountain slopes of this western empire, whose parched and arid soils"
are rich in all of the elements of fertility, now yearning for the magic embrace of water, which they woo but can not win without the guidance of the
hands of man, shall have been reclaimed and transformed into green meadows,
golden _elds, and happy abodes. It is an enchanting picture to contemplate
to all who have a thought of the future and wish to inaugurate a policy that
will insure to their immediate posterity a priceless heritage.
Mr. Clark—Next in order of business will be the report of the Executive
Committee, by Hon. Charles B. Boothe of Los Angeles, California.
Mr. Boothe—Mr. President and Members of the 12th National Irrigation
Congress: Recognizing the value of time to a Congress like this the report
of the Executive Committee has been made brief, but it is none the less
necessary.
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REPORT OF G. B. BOOTHE, CHAIRMAN EXECUTIVE
COMMITTEE.
Mr. President and Members of the Izth National Congress, Gentlemen:
Upon call of the Hon. Fred J. Keisel, Chairman of the Executive Committee
of the 11th National Irrigation Congress, held at Ogden, Utah, September
14 to 18, 1903, the Executive Committee elected at that Congress met at the
municipal chamber in the City Hall in Ogden, on Friday evening directly
following the adjournment of the Congress.
The organization of the newly-elected Executive Committee was made
with C. B. Boothe, of Los Angeles, Cal., as chairman, and H. B. Maxson, of
Reno, Nev., as secretary. The appointment of assistant secretary was referred to the chairman and the secretary of the committee, and Mr. A. W.
Gifford, of El Paso, was selected as assistant secretary.
In conformity with the instructions received from the Executive Committee
at the above stated meeting, vacancies in the list of Honorary Vice Presidents
and members of the Executive Committee have been _lled in all the States
with the exception of New Jersey. which State refused to respond to the
requests for nominations.
The completed of_cial roster will be found on the fore page of the proceedings.
A sub-committee on Constitution was appointed, with G. A. Richardson,
of New Mexico, as chairman.
A communication having been received from Secretary H. B. Maxson,
of Reno, Nev.. that he was ill and unable to attend to the duties of secretary,
Mr. A. W. Gifford, of El Paso, was appointed secretary. and Mr. Z. L. Cobb,
of El Paso, _rst assistant secretary.
The instructions for the Executive Committee to put into effect the provisions contained in the fourth paragraph of Article 3, and Article 5 of the
Constitution, relating to the division of the work of the Congress into sections, has been carried out, and it is to be hoped will prove as successful and
satisfactory to all the delegates as the committee have anticipated.
The sections with their respective chairmen are as follows:
Forestry—Chairman, Mr. Gifford Pinchot, Chief Forester, U. S. A., Washington. D. C.
Production by Irrigation—Chairman Division A, Mr. I. D. O’Donnell,
Billings, Mont. Chairman Division B. Dr. E. BenjaminvAndrews, chancellor
of the University of Nebraska, Lincoln, Neb. Chairman Division C, Mr. Herbert Myrick. of Spring_eld, Mass, editor of the American Agriculturist of
New York, and the Orange Judd Farmer, of Chicago.
Engineering and Mechanics—Chairman, Mr. F. H. Newell, Chief Engineer
of the U. S. Reclamation Service, Washington, D. C.
Climatology—Chairman, Mr. Willis L. Moore, Chief of the Weather Bureau, Washington. D. C. (At Mr. Moore’s request Mr. H. E. Williams,
Assistant Chief of the Weather Bureau, was made chairman.)
Rural Settlement—Chairman. Mr. Wm. E. Smythe. of San Diego.
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Mr. Guy E. Mitchell, of Washington, D. C., was made chairman of the
Press Committee.
Soon after the adjournment of the 11th Congress, advices were received
from El Paso that a Committee of Arrangements had been selected there,
with Hon. W. W. Turney as chairman, and A. W. Gifford as secretary, the
other members being Mr. Alfred Courchesne, Mr. john W. Fisher, Mr. J. R.
Harper, Mr. E. Kohlberg, Mr. Francisco Mallen and Mr. E. C. Pew, Sr. By
agreement with that committee, November 15th to 18th was selected as the
dates for the sessions of the Congress.
Early in September, under the provisions of the Constitution, was sent
out the
OFFICIAL CALL.
The 12th National Irrigation Congress will be held at El Paso, Texas,
November 15 to 18, inclusive, 1904.
All who are interested in conserving the great natural resources of the
country-extending the habitable area—increasing the products of the land—
insuring greater stability of prosperous conditions—making occupations upon
the land attractive—the extension of internal trade and commerce, and a
wider knowledge of a great economic movement which has for its ultimate
object the upbuilding of 'an empire within the borders of a great nation, are
invited to attend this Congress. V
The organization of this Congress will be as follows:
The permanent of_cers of the Congress, including the chairmen of the
sections.
Members of the United States Senate and House of Representatives.
Governors of States and Territories.
Embassadors, Ministers and other representatives of foreign nations and
colonies.
Members of State and Territorial Irrigation Commissions.
Ten delegates, to be appointed by the Governor of each State and Territory.
Four delegates, to be appointed by the Mayor of each city of more than
25,000 population.
Two delegates, to be appointed by the Mayor of each city of less than
25,000 population. Two delegates, each duly accredited by any Chamber of Commerce, Board
of Trade, Commercial Club or other commercial body.
Two delegates, each duly accredited by any regularly organized irrigation,
agricultural or horticultural society.
Two delegates, each duly accredited by any regularly organized Society of
Engineers.
Two delegates, each duly accredited by any agricultural college, or college
or university having a chair of hydraulic engineering, forestry, or other
subject related to the general purpose of the Congress.
It is respectfully suggested that in the appointment of delegates, persons
should be selected who are sincerely interested in and purpose attending the
Congress, and that appointment be made as early as possible.
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Please have full name and posto_ice address of delegates mailed to Execu—
tive Chairman, 12th N. I. Congress, El Paso, Texas, that they may receive
special information which will be mailed to each delegate not later than
October 5, 1904.
The work, of the Congress has been so greatly enlarged through the increased interest in matters pertaining to irrigation, that the Executive Committee have decided to systematize the work of the next Congress according
to the provisions in Articles 3 and 5 of our Constitution; consequently the
work of the 12th Congress has been divided into _ve sections, their titles
and chairmen being shown on this letter-head. '
Each section will be conducted by a chairman who will be recognized as an
eminent authority in his line, which insures a thorough exposition of the
respective subjects through the presentation of papers, addresses and discussion by the most eminent men interested in forestry, irrigation, climatology
and their correlated subjects.
It is con_dently predicted that the coming Congress will be more highly
instructive and entertaining than any Congress which has preceded it.
El Paso, the western metropolis of the Lone Star State, and on the border
line of Old Mexico, is making preparation for the largest Congress, in point
of attendance, which we have ever held.
A general committee of its ablest citizens, supported by the unanimous
sentiment of the city, is arranging a program, for the entertainment of the
delegates, which would require too large a space to print in this call, but is
so unique in character as to be interesting and enjoyable to all.
A comprehensive exhibit of the products of irrigation will be installed
adjoining the great Convention Hall, especially constructed for this Congress.
Irrigation in various phases will be shown, which will include mechanics
and electrical machinery and appliances.
Ample hotel accommodations can be assured to every delegate.
Special railroad rates have been made to apply from all parts of the
United States to this Congress, the rates being the lowest ever made to any
convention. Apply early to your nearest railroad agent, so as to insure the
rates being made applicable from your section.
All newspapers and other publications are earnestly requested to give wide
publicity to this of_cial call, and to impress upon their readers the far—reaching
importance of this Congress.
The Vice President and members of the Executive Committee from each
State are urged to make the provisions of this call as widely known as possible,
and insure the largest possible delegation from their respective States.
Every State in the Union is vitally and directly interested in the subjects
to be discussed in the coming Congress.
In the various sections information will be dispensed regarding the increasing of production by irrigation in the Atlantic States as well as in the
Paci_c section; forestry problems in New England, and along the Appalachian
Chain, as well as along the Rockies and Sierras; engineering applied to protect from the devastation by _oods; drainage of the submerged areas; direct-
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ing and conducting the water to its most bene_cial use; climatology, with
special reference to the service of the Weather Bureau throughout the United
States, and rural settlement, with special reference to the disposition of “the
surplus man.” THE EXECUTIVE COMMITTEE,
By C. B. BoorHE, Chairman.
H. B. MAXSON, Secretary.
GENERAL COMMITTEE AT EL PASO,
By W. W. TURNEY, Chairman.
A. W. GIFFORD, Secretary.
Approved: W. A. CLARK,
President and Ex-Of_cio Member Executive Committee.
Most of the members of the Executive Committee have been active in their
several States and it has resulted in bringing together a Congress, not only
large in numbers, but representative in character, and generally, men of affairs in their respective sections.
The advance program which you have received indicates the excellent
manner in which the chairmen of the various sections have arranged their
work, and, being men of recognized authority in their various lines, of
wide acquaintance with the subjects to be considered in their respective
sections, it may be con_dently anticipated by all that the addresses and papers
which will be presented during the sessions will be of a most interesting and
instructive character.
It is with great pleasure that acknowledgment is made to the Committee
on Arrangements at El Paso for the generous and hearty support which they
have given the National Executive Committee in every way which might concontribute to the success of the Congress. No expense or labor has been
spared for the comfort and entertainment of the delegates, and in making
preparations for the holding of the Congress. Uninterrupted harmony has
prevailed between the Executive Committee and the Committee of Arrangements at El Paso.
At this Congress, for the _rst time, the organization has been formulated upon the full and comprehensive lines laid out by our Constitution.
BROADENING OF THE MOVEMENT.
The growth of the national irrigation movement has brought it into intimate relation with many subjects not heretofore recognized as closely related
with the main purposes and objects of our Congress.
The passage of the National Irrigation Act has revived interest in such
important subjects as forestry and climatology. It has widened and extended our interest in the great _elds of engineering and mechanics. Production by irrigation has received an impulse which, in the near future.
will be felt from the Paci_c to the Atlantic and from the Lakes to the Gulf,
and all this thought, effort and action will be directed to the extension of
settlement in old communities and the building up of new communities in a
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vast desert, which but now, it is realized is _lled with vast possibilities for
the present and future generations of our people.
For many years each Irrigation Congress formulated new and untried
policies, all of which have disappeared under the critical examination of men
skilled in statesmanship and the consideration of great problems.
The 12th Congress convenes with a well-de_ned policy established by the
Congress of the United States, and with its administration well in hand by the
Executive Department of our Nation.
Matters for the consideration of this Congress are more largely that of
the extension of the policy de_ned by the National Irrigation Act, and its
best administration for the bene_t of the people.
Through the information and facts brought together during the sessions
of this Congress, and the conclusions reached after debate and discussion
by the most able men in our country, the conclusions which may be arrived
at will have great weight with the law-makers who represent us at the capital
of the Nation.
The responsibility of each of us is great, that we shall not be swerved by
any sel_sh purpose, nor that the resources which belong to the Nation shall
be diverted from the people to whom they belong.
' The foundations are being laid for, an empire greater than has ever been
known or dreamed of in the history of the world. We are the trustees
for the present and future generations and they shall be the judge whether
we have faithfully administered the trust. May we be guided by a zeal to do
right, act wisely, and thus deserve the blessings of those who come after us.
Mr. Boothe—Mr. President, I have another report from the Executive
Committee which I desire to present at this time, because it seems to be pertinent. The present Constitution provides for _ve members to be appointed
by the Governors and one or two members by various organizations. We _nd,
after two or three years’ experience, it is necessary to appoint, to secure a
satisfactory attendance, a good many more; for that reason the Executive
Committee have decided to recommend the number that may be appointed by
Governors and Mayors be considerably increased:
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A
REPORT OF EXECUTIVE COMMITTEE ON THE SUGGESTED
AMENDMENTS TO THE CONSTITUTION.
To the Izth National Irrigation Congress:
At the close of the 11th National Irrigation Congress, a special committee
on the revision of the Constitution made a report recommending that the
matter be referred to the present Executive Committee and, after careful
consideration, the chairman has been instructed to recommend to this Congress the adoption of the following amendments:
Whereas, No provision has been made in the Constitution for a Committee on Credentials, and the basis of representation being prescribed
by the Constitution, the practice having been at several Congresses to adopt
the of_cial roster made up by the Secretary, it is recommended that an amendment to Article 2 in the Constitution be made as follows:
“The Executive Committee shall be convened by its chairman by 8 p. m.
on the day preceding that on which the Congress convenes, and shall act as
the Committee on Credentials and report at the opening of the Congress, and
from time to time during its sessions, the names of those duly accredited as
delegates.”
Also an amendment to Article 4: “The President, the Chairman of the
Executive Committee and the Secretary of the Congress shall constitute a
Committee on Rules; and when approved by the Committee on Rules, the
program submitted by the Executive Committee shall become the official program of the Congress.”
Also amend Article 6 to read as follows: “The membership of this Congress shall be as follows: Fifteen delegates from each State and Territory
to be appointed by their respective Governors; _ve delegates from each town
and city of the United States having a population of less than 25,000; ten
delegates from each city having a population of over 25,000; also _ve delegates
from any county; two delegates each from any regularly organized irriga—
tion, agricultural or horticultural society, Society of Engineers, agricultural
colleges and commercial bodies; also the duly accredited representative of any
foreign nation or colony; all members of the United States Senate and House
of Representatives, and the Governor of each State and Territory; each member of any State or Territorial irrigation commission, and State Commissioner
of Agriculture or Horticulture; the chairman of each section, and the permanent of_cers of the Congress.”
Also amend Article 8 to read: “This Constitution may be amended by a
two-thirds vote of the delegates of any Congress. under the provisions contained in Article 7.”
Mr. Boothe—I move the adoption of the report of the Executive Committee.
Mr. Prince—Mr. President.
Mr. Clark—The delegate from New Mexico.
Mr. Prince—I suggest that the amendment to the Constitution be made a
special order of some kind on some day after this. It is a very important
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matter, this amendment to the Constitution. The report is a good one with
regard to certain matters—I suppose good as far as it goes; but it is important for us to understand and consider it. I suggest to the chairman of the
committee that this particular thing, as well as other matters of importance,
should be made a special order for a speci_c time, so We can look into it and
understand it when it comes up for action.
Mr. Clark—Does the gentleman from New Mexico make a motion to that
effect?
Mr. Prince—I will make the motion. I have no preference with regard
to time; I will be very glad to confer with Mr. Boothe in regard to that, if
he desires to appoint any particular time. If there is no objection to it, I
move that we take it up at 11 o’clock to-morrow morning.
Mr. Clark—There will not be another general session until Thursday evening. All that time will be takenup by the program.
Mr. Prince—It is no honor to this city that there is no general session
until Thursday evening. I don’t know why there should not be, because
this body is its own master, and can hold a session whenever it chooses. But,
if there is no general session until Thursday evening, I move we make this a
special order fOr Thursday evening. It is certainly as important as anything
can be to come before us.
The motion was seconded by a delegate from Oklahoma.
Mr. Clark—You hear the motion, gentlemen, that the report shall be made
a special order for Thursday afternoon, at what time?
Mr. Prince—Whenever this general session is.
Mr. Boothe—There is no session in the afternoon; it is Thursday evening.
Mr. Clark—No session in the afternoon.
The motion was carried.
Mr. Clark—The portion of the report which relates to amendment to the
Constitution will be made a special order for Thursday evening.
The remainder of the report was adopted.
Mr. Clark—The next order of business is the reading of letters and telegrams from distinguished absentees. The Secretary will now read letters
and telegrams.
FROM THEODORE ROOSEVELT, PRESIDENT OF THE UNITED
STATES OF AMERICA.
WHITE HOUSE, WASHINGTON.
C. B. BoorHE, Executive Chairman:
My Dear Sir—I wish it were possible for me to accept your kind invitation to attend the National Irrigation Congress to be held at El Paso.
I need not state to you the deep interest I feel in the cause of national irrigation. Irrigation is in very fact one of the means for national expansion
which is most effective.
Wishing you all success, I am, Sincerely yours,
THEODORE ROOSEVELT.
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Mr. Boothe—I hold in my hand a personal communication from the President, delivered into the hands of this Congress by Mr. Pinchot, who has just
arrived. If agreeable I will ask Mr. Pinchot to read this letter.
Mr. Pinchot—I was greatly honored by being made the bearer of a communication from the President to this 12th National Irrigation Congress,
which doubtless would have come very much earlier were it not for the fact
‘that we have had an election in the country.
FROM THEODORE ROOSEVELT, PRESIDENT OF THE.UNITED
STATES.
To the National Irrigation Congress:
It is a pleasure to send my greeting to you, both as President of the
United States and as a man who has lived in the West and loves it, and is
eager for its prosperity. Whatever any man or body of men may believe as
to any question in political controversy, we may all unite in the great duty
of internal improvement, the duty of making every foot of soil, every stream
and every other resource of natural or human origin, contribute to the very
utmost to the permanent prosperity of our country.
I congratulate you because you are no longer striving for what once seemed
a distant hope; you are no longer engaged in a campaign of education for
the passage of the Reclamation Act. On the contrary, your _rst great object
is achieved. You have met to consider what has been and what is being done
under that Act by the Reclamation Service, to consider means for giving it
its largest and widest results, and to discuss the broad problems of irrigation
method and practice.
It was through your efforts, and those of men like you, that the people
of the United States as a Nation undertook to attack the desert, and to do
away with it not only so far as there is water now for that purpose, but to
the fullest extent for which water may be developed hereafter. Such an attack
can be successful only when based on accurate knowledge. When the Reclamation Act was passd, the essential facts as to stream-_ow had been ascertained in many parts of the United States, and the scienti_c basis for national
reclamation, which otherwise it would have taken years to accumulate, was
already in large part at hand. The fact that so much progress has already
been made by the Reclamation Service is a striking example of the advantage
of scienti_c investigation by the general government. It may be true that
to the man whose interest is limited by immediate results, the admirable work
of the Reclamation Service at times seems slow, but we are building for a
great future, and it is far more important that the works built should be permanent and successful than that they should be completed in haste. There
will be no unwise hurry, neither will there be any unnecessary delay. Most
of the great problems of organization and methods have now been solved,
and progress in construction and settlement is being made with increasing
rapidity.
The passage of the Reclamation Law was a great step toward realizing the
best use of all the public lands. For many of these lands their best use is to
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produce water for irrigation. But always, and in every place, the best use of
the public lands is their use by the man who has come to stay. There are,
unfortunately, in every part of our country, a few men whose interests are
purely temporary, who are eager to skim the cream and go. Instead of using
the forests conservatively, they would, for example, abuse and destroy the
natural reservoirs upon which national irrigation depends, to the permanent
loss of every agency which makes for the true development and lasting greatness of the irrigable States. Such interests can not be allowed to control.
Now that your _rst great object has been accomplished in the passage of
the Reclamation Law, you should make yourselves the guardians of the future,
and the unrelenting and watchful enemies of every attempt to waste any of the
great resources in forestry, grazing, and mineral wealth, the foundation stones
of a newer and greater West. For irrigation, and every other interest which
you represent, the period of exclusiveness is passed. The stock interest is no
longer independent of the mining interest. nor either of them independent
of the irrigator. A closer interweaving than ever before is at hand, among.
all the great interests of the whole country. One can not prosper without the
others. So the future growth and greatness of the other Western interests
will depend, in the _rst degree, upon the development of irrigation, and the
development of irrigation will depend upon the protection and wise use of
the existing forests and the creation of new ones, and the proper control
of the grazing. Your work for the good of one interest is for the good of all.
The following letters were read:
FROM PRESIDENT DIAZ, OF THE REPUBLIC OF MEXICO.
MEXICO, October 21, 1904.
HON. WILLIAM ANDREWS CLARK, President 12th National Irrigation Congress,
New York:
Dear Sir—I have received the courteous and esteemed invitation which
you were kind enough to extend to me for the interesting meeting of the 12th
National Irrigation Congress, which will be held from the 15th to the 18th of
next November, in the progressive city of El Paso, Texas.
As much for the importance of the transcendental matters which will there
be treated of, as to reciprocate the kind consideration with which you favor
me, I would take sincere pleasure in attending, if my of_cial duties would
permit; but they are absolutely the only ones which deprive me of that great
satisfaction, and I must content myself with being with you in spirit, though
absent from your meeting. with sincere wishes that the most complete success may crown the intelligent and patriotic work of the illustrious Congress
over which you preside, and which will undoubtedly in_uence powerfully
the solution of the many problems relating to irrigation and the forest industry. The government thus understanding. the Department of Fomento and
some of the governments of the States of this Republic will be duly represented in that assembly by their respective delegations.
I am, very truly yours,
(Signed) Poxrnuo DIAZ.
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FROM VICE PRESIDENT CORRAL, OF THE REPUBLIC OF
MEXICO.
HERMOSILLO, November 6, 1904.
MR. A. W. GIFFORD, Secretary of the Committee, National Irrigation Congress,
El Poso: '
Dear Sir—I reply to your esteemed letter, dated the 24th of last month. and
thank you for the invitation which you sent to me to attend the National
Irrigation Congress, which will be held in that city during the present month,
and beg to advise that I am sorry not to be able to attend, notwithstanding
my desire to do so. I am, with all consideration, sincerely yours,
(Signed) RAMON CORRAL.
FROM HON. PAUL MORTON, SECRETARY NAVY DEPARTMENT.
WASHINGTON, D. C.
My Dear Sir—I thank you for your letter of October 5th, inviting me to be
present and address the National Irrigation Congress, to be held at El Paso,
Texas, November 15-18, and regret sincerely that it is impossible for me to
accept the invitation.
I have always been interested in everything that the National Irrigation
Congress is trying to accomplish. I believe in saving the forests. storing the
_ood waters, reclaiming the deserts, and making homes out of the arid lands.
Very truly yours,
PAUL MORTON.
FROM HON. ETHAN ALLEN HITCHCOCK, SECRETARY OF THE
INTERIOR.
WASHINGTON, D. C., Nov. 10. 1904.
Dear Sir—I desire to acknowledge the very courteous invitation extended
to me by you to attend the 12th National Irrigation Congress at El Paso,
November 15th to 18th, and to express my sincere regret that on account of
the public business and the preparation of my annual report, which must be
complete and ready to submit to the President before the preparation of his
annual message, I can not be away from Washington at the time speci_ed.
I am in hearty sympathy with the national irrigation movement and have
taken great personal interest in promoting as rapidly as possible the reclamation of the irrigable lands and the carrying out of the manifest intention of
Congress in this matter. While I can not be present personally, I will detail
a representative of the department to attend the session of your Congress,
which I trust will be of great bene_t to the country.
FROM U. S. SENATOR THOS. R. BARD, OF CALIFORNIA, CHAIRMAN SENATE COMMITTEE ON IRRIGATION.
HUEN’EME, CALIF.
My Dear Sir—I thank you for, and fully appreciate the compliment extended by your letter of October 10th, in which you invite me to address the
Irrigation Congress. to be held at El Paso, November 15-18.

60 Of_cial Proceeding: of the
At this time it is impossible for me to promise to attend the Irrigation
Congress. My time is so wholly taken up with matters of an of_cial nature,
both current and in anticipation of legislation which may be proposed at the
coming important session of Congress, that I fear I can not take the journey to
El Paso. The session of the Irrigation Congress will come just at the time
when I shall be in the midst of preparations for my departure for Washington.
Reciprocating sentiments of regard, I remain, etc.,
THOS. R. BARB.
FROM U. S. SENATOR PARIS GIBSON, OF MONTANA.
GREAT FALLS, Mon-r.
DEAR Mn. BoornE—I have just received your letter of the 21$t, and am
very sorry to tell you that I shall be unable to attend the meeting at El
Paso. I have not been well this summer, and although my condition is somewhat improved since last spring, yet I feel it my duty to avoid such a long
journey as I would have to make from Great Falls to El Paso.
I fully realize the importance of this, the 12th National Irrigation Con—
gress, and you can rest assured I would not fail to be present and lend what
little influence I have for the preservation of our public lands, if I could
do so.
Mr. Maxwell made a very e_ective campaign in this State and did much
good for our cause. I hope he will be able next year to again visit Montana
and talk to the people in all the important towns. It certainly would contribute very much to the enlightenment of the people on the subject of preserving the public domain for homemakers.
With kind regards, I remain, Yours very truly,
PARIS GIBSON.
FROM COL. C. A. CARLISLE, HONORARY VICE PRESIDENT FOR
INDIANA.
SOUTH BEND, IND., Nov. 8, 1904.
MY DEAR MR. BoorHE—Your pleasant note of Nov. 2d reached me just as
I was about leaving for a protracted eastern trip, and yet before I go, it is
my desire that these few words of greeting and cordial good will shall be directed to you, and through you to the distinguished gentlemen who welcome
you and to all the delegates assembled. My deep regret is that I cannot be
with you in person, but it is my pleasure to notify you that we send you instead one of our distinguished associates, the Hon. E. M. Brannick, of Portland, Oregon, the vice president and general manager of the Studebaker’s
Northwest Company, and a gentleman in whose sagacious discernment you
will _nd strength and wisdom.
I am mindful of the importance of such gatherings as you now have before
you, through the like of which a higher and more perfect civilization. a more
satisfying brotherhood of love, has come. It is but a short stretch of time and
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imagination that we look back over the developments that have come through
the hardest experiences of trials and tribulations since Thomas Jefferson (the
great American expansionist), _red by determination to penetrate the mysteries of the unfathomed West, the great territory that now lies gracefully
within the inner realm of the most enlightened civilization.
As we follow (now in history) the trails of those sturdy pioneers inspired
by Jefferson to blaze a pathway across the continent, we see Lieutenant Zebulon Montgomery Pike, the _rst American to explore the upper Mississippi,
the valley of Arkansas and to enter New Mexico, where the Spanish governor
threw him into prison as a _libuster and revolutionist. But “Pike’s Peak"
will forever enchant the generations to come as it has those of to—day, and of
the past, a glorious tribute to a brave man.
JeEerSon 'sent his own private secretary, Merwether Lewis, and his associate and neighbor and boyhood friend, George Rogers Clark, across the
trackless forests, the deserts, and the Rockies, to the Columbia River and
down to the shrine of his determined aspirations, the Paci_c; and the knowledge brought by those great patriots represented much, as the world had
waited more than two hundred years for such a reliable report. Next year, at Portland, the American people will applaud the memory of
these men.
I congratulate the National Irrigation Congress, as I congratulate those in
attendance, the city in which you meet, the State and all in authority, for
men like those before you are the men who, through unsel_shness have
always been found upon the _ring line—such as they are the force through
which our glorious Nation evolved.
May God’s blessing be with you and a most perfect peace prevail. With
personal regards, believe me, g Sincerely,
C. A. CARLISLE.
FROM HON. ALEXANDER O. BRODIE, GOVERNOR OF ARIZONA.
PHOENIX, AkIz.
My DEAR MR. BOOTHE—I have yours of November 3d, extending to me a
most cordial invitation to be present at the coming Congress at El Paso, and
to deliver a short address upon any subject I might choose. It had been my
intention to be present during this session of the Congress, not for the purpose
of delivering an address, but for the purpose of taking part in the discussion
of topics. I _nd, however, that I am to be disappointed, as within the last
few days I have had word from Mrs. Brodie, who is at present ill in the East,
that she is considerably worse, so I feel that the very moment I can be spared
from the Territory, it is my duty to join her.
You understand, of course, that my heart is with you in your work, and
that I am a well-wisher for the success of the National Irrigation Congress.
With kind regards, to yourself personally, and sincere regret over the fact
that I shall be prevented from being with you, I am,
Yours sincerely,
ALEXANDER O. Bnoom.
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OTHER LETTERS.
Letters were also read from Secretary John Hay, Secretary Victor A.
Metcalf, Secretary Wm. H. Taft, Secretary L. M. Shaw, former President
Grover Cleveland, Land Commissioner W. A. Richards, Commander Frederick
Booth-Tucker; Commissioner John J. Terrell, Texas State Land Of_ce;
Richard H. Edmonds, Editor Manufacturers’ Record, Baltimore; Hon. Chas.
Scott, President Inter-State Mississippi River Improvement and Land Association and member Executive Committee for Mississippi; Hon. C. F. Huehlin,
member Executive Committee from Kentucky; Mr. Joe Mitchell Chapple, member Executive Committee from Massachusetts; Hon. W. A. Kelsey, member
Executive Committee from New York; Hon. Samuel Hill, Seattle, Washington, and Hon. James L. Northrup, Mayor of Johnstown, N. Y.
Mr. Clark—These letters are all very gratifying as they indicate a widespread sentiment all over this land in the interest of irrigation. The letters
will be _led and published in the Proceedings of the Congress.
The next in order will be an address by Mr. Gifford Pinchot, Chief
Forester of the United States and Chairman of the Section of Forestry
of this Congress. I have the honor to introduce to you Mr. Pinchot.
Mr. Pinchot—I will detain you but a very few minutes, because what I
will say will be very brie_y said.
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ADDRESS 01" CHAIRMAN PINCHOT.
The National Reclamation Act, whose passage was directly due to the personal interest and effort of the President, is of a broader national character
than many people in the East realized at the time. It will give to those portions
of the country which it does not directly touch, far more than the effect of that
general re_ex action which the prosperity of any part of the United States
must have upon every other. In this case there are speci_c reasons, and of
these the greatest is this: That the development of the arid West through
irrigation will be of unmeasured importance to the East by the creation of
more and greater home markets, for it is by home markets _rst of all that our
people prosper. The Reclamation Act is a national benefaction whose blessing
falls _rst and most plentifully upon the West, but which does not fail to bless
any portion of the Union.
One of the fundamental facts that nearly every man here knows to his
own cost is that there is more irrigable land, in that prosperous country we
used to know as the Great American Desert, than there is water to irrigate it.
Water is the measure of the value of land, and it is water that the West needs.
Every addition to the water supply will extend the irigated area. When all
the water now available has been put to use (and in many regions that time
has either already arrived, or will not be long delayed), every deduction from
the water supply will reduce the possible irrigable area. It is of the highest
importance, therefore, not only to have a water supply but to keep it.
FORESTS CONSERVE WATER SUPPLY.
No argument is needed before this Congress to prove that forests conserve
the water supply and vastly increase its usefulness for the purposes of irrigation. They do so by reducing evaporation, by regulating and sustaining the
_ow of streams, and by helping the snow water to get into the ground by
seepage instead of into the air by evaporation. The forest is the _rst and
most important factor in the water supply of the West except the water itself.
In the West the forest does not now occupy nearly all the area suited for
its growth. Doubtless every man here is familiar with denuded slopes dotted
with the charred remnants of forests which have been destroyed, and with
great stretches of open land as to which there is no apparent reason why they
should not be covered with trees. The fact is, the _re has driven the. forest
from vast areas upon which it should naturally flourish, and to which it may
be restored by natural seeding or by extensive plantation. But it is not only
the area of the forests which is reduced by fire. Very many forests are
traversed by _re year after year and yet are not destroyed. But no forest can
be burned without suffering in what is to you its most important function— -its
capacity to store the fallen rain.
TO CREATE NEW RIVERS.
The protection of the forest then protects the present supply of water. In
many places continued and effective production will largely increase the steady
flow of water in the streams, because many forests are now in poor condition.
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But this is only half the story. If the forests now standing are valuable for
water supply then new forests‘ created on water sheds now denuded will also
be valuable. Here lies the possibility of increasing the irrigable area by increasing the water supply.
we know already that forest plantations on the open plains of the Central West are taking on the character of natural forests, are reproducing them‘
selves from seed, and are even extending their own boundaries. Forest planting in the irrigable mountain States is still too young to afford such examples,
but the efforts of nature to again cover the denuded slopes furnish ample
proof of what can be done.
The importance of all this lies in the fact that the extension of the forest
on denuded water sheds will unquestionably be accompanied by an increase
in the 'available water supply. I might cite case after case from older countries to sustain this contention, cases of springs restored and streams sustained
by the renewal of the forest. We have begun planting too recently to prove
it here, but unquestionably man after man in this audience could furnish proof
of the converse proposition, that the destruction of the forest reduces the
water supply. It stands to reason that if we restore the one we restore the
other. Forest _res then not only restrict the forest area but they restrict the
irrigable area as well.
TO COMBAT FOREST FIRES. ‘
What is the remedy for this age-long attack on the irrigable West by forest
_res? It is a triple one. First, extension of forest reserves over all mountain
watersheds of streams used for irrigation; second, a national forest service
to control the forest _res and destructiVe lumbering, which is often their
cause and nearly always their confederate; and thirdly, tree planting on denuded. areas in the forest reserves.
I hold with emphasis not only that it is the duty of the national government to extend the irrigable area by increasing the low water _ow of streams
through planting on denuded water sheds in the forest reserves, but I also
believe _rmly that we are about to undertake as a Nation more extensive
forest plantations than have ever been made elsewhere. There is a de_nite
need which can be met only with the protection of existing forests and the
planting of new ones, and it is not to-be doubted that we shall meet it.
Mr. Clark—I regret to say that Mr. I. D. O’Donnell, of Montana, one of
the Section chairmen. has not been able to be present, although he has carried
on a large correspondence and succeeded in including the presence of others
here who will present papers under his section. We will now pass to an
address by Mr. E. Benj. Andrews. the Chancellor of the University of
Nebraska, Lincoln, Nebraska. and Chairman of the Section of Production by
Irrigation. I have the pleasure of introducing to you Mr. Andrews.

Twelfth National Irrigation Congress. 65
ADDRESS OF CHAIRMAN ANDREWS.
Mr. President, Ladies and Gentlemen of the Congress:
The Congress meets under more auspicious circumstances than at any
previous time. The cause it represents is better and better understood
throughout the country. Prejudices against its work which were once very
strong have been laid aside. It is matter for peculiar congratulation that the
President of the United States himself appreciates the need of irrigation as a
national policy and is willing to give to this great interest his support by
of_cial word and deed. The people of the East are to a great extent, and
increasingly, relinquishing their attitude of hostility, caused by ignorance and
misunderstanding.
A fact strongly tending to further and strengthen the cause of national
irrigation is that certain technical objections to our scheme appear to have
been surmounted, at least theoretically, to the satisfaction of experts. There
was legitimate fear at first, that comparatively little water could be stored at
suf_ciently high levels to enable it to flow over very vast areas in need of it.
It was found, however, I believe, that the tracts reachable by proper irrigation works are inde_nitely vast, much more so than one would at _rst sup—
pose—suf_ciently vast to make the utmost preparation for irrigating them
well worth while. It is more and more seen that the lifting of water from under the earth
to pour it over _elds can be made to pay in localities too high for cribbed
water to reach, this form of irrigating being certain to supplement in an invaluable manner the river and «reservoir work.
It is further observed that in nearly all localities, alkali, when present, can
be drained away, so that with or without additional treatment the land will be
rendered productive.
NO LONGER A SECTIONAL ISSUE.
The more intelligent newspapers and public no longer consider our work
sectional, but look upon it in its true character as a national affair. I wish
to dwell a little on this conviction and the ground for it. The making of
ditches and reservoirs and the application of the reserved waters to the purpose of growing crops will certainly affect, in the _rst instance, special localities. But the instant these favored areas feel the touce of the living streams,
produce grain and cattle and various other wealth, they will become purchasers
of commodities of every kind produced in the manufacturing districts or for
sale by importers, vastly enlarging the markets for all those engaged in producing or in selling. Not only will the total wealth of the country be swollen,
but the pro_ts of business will increase in every section of the land and in
every department of industry.
Another consideration showing that our project is national and not seetional in its signi_cance, lies in the fact that the vast population destined to be
raised up through irrigation on the now arid and semi-arid portions of our
beloved country, will be in the main perpetually agricultural, having the intelligence, the _rm and vigorous physique and the intense patriotism usually
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characterizing people living upon the land and deriving their support therefrom.
To say that the reclamation project before this Congress is of national importance does by any means express the entire truth. It is of consequence
to all civilized mankind.
TO CREATE A FERTILE EMPIRE.
While all civilized races are increasing in number by leaps and bounds, the
areas of the earth’s surface which are naturally fertile are nearly all occupied,
and a considerable proportion of them tilled to about the limit of their productive capacity. What is proposed is to add a fertile continent to the earth‘s
productive area—not a continent far from the populations to be fed, but one
situated right in the midst of these populations, making its food-products
available without great expense to America, Europe and Asia. It is the greatest forward step now under consideration by civilized mankind.
EDUCATED MAN OVERCOMES NATURE.
What is the distinguishing mark that separates civilized men from savages?
It is this: that, whereas the savage sits down humbly at Nature’s feet and
waits to take with gratitude whatever gifts of life she deigns to bestow,
civilized man, on the contrary, dominates nature. Within large limits he com—mands her. If she does not obey to his liking, he takes her by the throat and
forces her to do his, bidding.
The American Indians made him their chief who could trail far, _nd rich
hunting grounds, or corn and fruit lands. and conduct his people thither.
We create hunting grounds and corn lands. We coerce Nature to grow
cattle and corn to our liking in amount and in quality. If we don’t like the
breeds and varieties at _rst offered, we tell Nature to make better ones and she
complies. g
Hitherto, at one important point, that of moisture, nature has, over vast
areas of our country, mocked at us. We wanted crops and grasses. Nature
said “no, you cannot get them; you shall not have them. I withhold the
moisture necessary to their growth.”
Again, as at so many cries before, civilization is going to have it out with
Nature, and Nature has got to yield. We may still have to yield to Nature
so far the means of supplying the needed moisture is concerned, not compelling
her to furnish it by means of clouds and rains, the usual method; but we
are going to have the moisture all the same. ~
Mr. Clark—I will now introduce to you, Professor Thomas Shaw, of St.
Paul, editor of “The Farmer,” and one of the Chairmen of the Section of
Production by Irrigation.
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ADDRESS OF CHAIRMAN SHAW.
Mr..President and Gentlemen of the Convention:
I had not been very long in El Paso before the Chairman of the Executive
Committee laid hands on me and requested me to take the place of the gentleman from Montana, who had been appointed chairman of this division.
I had not been long in El Paso, as I have said, when the gentleman requested
this of me, but I had been long enough to learn something of the courtesy
that has been shown by the people of El Paso to the visitors at this time, and
I made up my mind that I would try and do all I could to make this Convention a success, and that when I went back to St. Paul, I would take the
opportunity which I am happy to say has been furnished me of telling one
hundred thousand families of the States in the Northwest of the great courtesies shown me at El Paso by the visitors of this Convention. I am requested
to speak in the place of Mr. O’Donnell, who was chairman of this branch of
the work, and Mr. O’Donnell is not here, and as you can understand I did not
know that I was expected to take his place until arriving here at noon to-day,
therefore it will be unquestionably out of place for me to take up any considerable amount of the valuable time of you gentlemen in discussing this
question. I would like to say to you, however, that I have heard former Congresses criticised, not so much because of what they did, but to some extent
because of what they did not do.
PRACTICAL FARM IRRIGATION PAPERS.
They accomplished a great deal of valuable work, but there is one thing I
think I am correct in saying they did not accomplish; they did not give the
ranchmen something practical to take home with reference to his feature of
the work and I have heard ranchmen criticise the Convention because of that
fact. I think, Mr. Chairman, that I had the honor of submitting to the executive committee a year ago that that question would not be overlooked at this
Congress, and the next day in conversation with yourself, I found to my great
delight and satisfaction, that you had been thinking, doubtless before I had, in
the same direction, and then and there it was decided to give the practical
ranchman something that he could take home with him at the 12th Convention
to be held at El Paso, therefore I will simply remind you of the meeting that
is to take place to-morrow morning in connection with this department of the
work. A gentleman from the State of Texas. Dr. Phillips, I believe from
the University of Texas. will talk on the practical irrigation of the public
domain in this State, and I do think, Mr. Chairman, that every citizen of
Texas should be so interested in a'subject of that kind, that every citizen of
Texas who could possibly come to that meeting should be there to-morrow
morning at nine o’clock to hear that address.
GRASSES AND FORAGE.
Then will follow an address by Professor W. J. Spillman, on the growing
of grass and forage crops by irrigation. I do not know of any question that
can interest the ranchman more than that—~the question of growing grasses
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and forage crops by irrigation. I do not know anything that would interest
the man out on these ranches more than the best way in which he can sustain
these grasses and crops, and I feel absolutely safe in saying this to you,-that
the party who is going to handle this subject, has the subject completely at
his _nger ends. How I came to know that so well, is that I have been tantalizing him for two years with all manner of questions on that very subject
and I know from the nature of the answers he gave me, that he is going to
tell you something well worth hearing. Then there will be an address on the
question of irrigation by a gentleman, whose name I will not submit to you
at present, for very good reasons, and there will be other addresses, so that I
hope that all of those who are interested in the discussion of these practical
questions will be on hand at Hall No. 1. I don’t know where Hall No. 1 is,
but you, gentlemen, will undoubtedly _nd it out. Remember, not half past
nine, but nine o’clock to-morrow morning. I am told this is Hall No. 1.
I have just one thing more to say and then I am done. Dr. Andrews of
the University of Nebraska, who spoke to you so eloquently this afternoon, I
understand, has to go home before the meeting of this department, which
will take place on Thursday.. I was requested to preside at the meeting tomorrow morning by the Chairman of.the Executive Committee, but I do think
it would be unfair to you, and unfair to Doctor Andrews, who has to go away,
that you should not have an opportunity to know what an able chairman he
makes, and therefore Doctor Andrews will preside at that meeting and make
it the success it should be.
Mr. Clark—Gentlemen of the Convention: It was intended to have Mr.
George H. Maxwell, the Executive Chairman of the National Irrigation
Association, conduct a section on the legal phases of the irrigation question,
but it was found entirely impossible for him to undertake it. He is, however,
present and is to address the Congress. The next in the order of business
is an address by Mr. Frederick H. Newell, Chief Engineer of the Reclamation
Service and Chairman of the Section on Engineering and Mechanics.
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ADDRESS OF CHAIRMAN NEWELL.
Mr. President, Ladies and Gentlemen of the Convention:
It gives me very great pleasure to meet you, and as the hour is late I will
detain you only for a moment in speaking on the subject of engineering and
mechanics of which section I have the honor to be the chairman: As my
predecessor has said on the platform, each chairman of section will endeavor
to make his particular section as interesting as possible and I will do all in
my power to present to you an interesting program, and to see that the matter
is pushed forward energetically and its most interesting features given.
GREAT IRRIGATION WORKS OF AMERICA.
Engineering and mechanics as applied to irrigation is perhaps not a very
attractive term to use, but in it lies the successful operation of the great irrigation works which exist now or are to exist in the future. Throughout the
United States, or the Western part of it, all the irrigation engineering at present executed has been by individuals largely, and under'directions of corporations, and the works already accomplished and, the wonderful results testify
to the work of engineers and mechanics in building the structures which now
supply water to the needy crops. In our talk in this section it is hOped that
we will be able to discuss the work already executed and more than that to
talk'about and discuss fully with you the large structures built and which are
to be constructed under the terms of the Reclamation Law concerning which
you have all heard about. If time permitted I should be very glad to take up
State by State the work that is going on and which is projected in those States
in the future, but that will be taken up I hope in the sections, and we will discuss from Arizona to Wyoming the work which is being done and which may
be done in the future. '
A GREAT CONSTRUCTION FUND.
The reclamation fund you have all heard about. It amounts now, as has
been said by our President, to twenty seven million dollars. It has been apportioned to the different States and Territories. The Secretary of the Interior has approved the construction of various works in nearly all of them,
and concerning the execution of these we wish to meet with you and discuss
fully what should be done in the future.
At this time I wish to ask particularly that each State delegation would
attempt to make an appointment to meet with this section and to meet with
the engineers of the reclamation service at some de_nite hour so that we may
take up in each State and Territory the work which is desired and which is
contemplated, in order that you may express your wishes and opinion concerning it. The engineers here have already met the delegation from Oklahoma and Oregon, and we have an appointment immediately upon adjourn,ment to-night to meet with the joint Oregon and California delegation to
discuss the Columbia project and other projects in which they are both interested, and I hope that time will permit for us to take this up in a very brief
manner at least, and I wish the chairman of each delegation would arrange
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de_nitely when he can meet that particular delegation and take up the features
which are of interest to it. Now, without going into all the details which
might be of interest, I will merely say that as engineers and as members of
and all of us, and we must work together to put into effect this bene_cent act
ternal manner to get your co-operation and to work with you in the upbuilding
of the West.
As has already been said, we are the guardians of the future, you and I
and all of us, and we must work together to put into effect this bene_cient act
and see that the money is expended in the most economical manner to produce
reclamation of the arid lands.
Mr. Clark—I will now introduce Mr. H. L. Williams, of Washington, D. C.,
Assistant Chief of the United States Weather Bureau, formerly called “Old
Probability,” and who is Chairman of the Section on Climatology. I have the
pleasure of introducing Mr. Williams.
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ADDRESS OF CHAIRMAN WILLIAMS.
Mr. Chairman, Delegates, Ladies and Gentlemen:
The intimate relation that the subject of climatology bears to that of irrigation is self—evident, as the need of irrigation is due principally to aridity,
which is a climatic factor.
The climate of any region is affected by such a variety of causes, both
local and general, which operates so irregularly that a long and continuous
series of observations, taken at short intervals of time and not far apart in
space, is necessary to afford the data from which the true climate of a country
or region may be established.
In the early history of the United States regular climatic observations
were naturally few, being made only by those private individuals who from
love of science were willing to devote the necessary time for this purpose.
Systematic observations under President Jefferson’s government supervision
began to be made in 1817 by the Land O_ice Registers, and in 1818 by the
Surgeon General’s Of_ce of the Army and surgeons of army posts. In 1844
the Hydrographic Of_ce of the Navy began contributions to the work, and in
1847 the Smithsonian Institution entered the _eld by inaugurating a system
of regularly recorded observations of the weather.
CONSOLIDATING THE SERVICE.
Soon after the establishment of the meteorological branch of the Signal
Service, now the Weather Bureau, in 1870, the meteorological work' of the
Smithsonian Institution was turned over to that organization, and by recent
instructions of the President the meteorological duties of the Hydrographic
Of_ce are to be transferred to the Weather Bureau, so that the whole system
of the of_cially recorded observations, with the exception of those conducted
by the Surgeon General’s Of_ce, is or is to be under the Control of that
Bureau.
A GREAT ORGANIZATION.
The Weather Bureau now maintains about 190' regular stations, where ob—
servations of pressure, temperature, precipitation, wind, humidity, clouds, and
sunshine are made and recorded, and about 3500 other stations known as voluntary stations were, through the co-operation of public spirited private citizens, observations of temperature and precipitation are made and recorded,
the instruments for the purpose being furnished by the government. Increasmg interest as shown by requests for new stations constantly. Every State,
and nearly every county in each State, is represented by these stations which
occur in about 90 per cent of the counties at about 25-mile distances and
the method of supervision is such as to insure uniformity and a very high degree of accuracy in the results. The Climate and Crop Service is divided into
45 local sections, each section, as a rule, covering a single State, and having
for its center a regular observing station. These centers collect temperature and rainfall observations from more than 3,000 voluntary stations and
publish these data in the form of monthly reports which are given a wide(3)
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spread distribution. During the crop-growing season (from April to September, inclusive) each section also receives weekly mail reports from numerous correspondents (aggregating, for all sections, about 14,000) concerning
the effects of the weather upon crops and farming operations, these reports
being published in the form of weekly bulletins.
A WEEKLY BULLETIN.
During the same season the Central Of_ce at Washington issues weekly a
“National Climate and Crop Bulletin,” containing a series of charts graphically
illustrating current and normal conditions of temperature and rainfall for the
entire country, a general summary of the weather, and brief reports on the
condition of the crops for each State. There is issued at therCentral Of_ce
every Tuesday during the winter a publication entitled "Snow and Ice Bulletin,” which shows the area covered by snow, the depth of snow, and the thickness of ice in rivers, etc., as indicated by a large number of reports of observations made on the afternoon of the day preceding the issue of the bulletin.
This publication is of especial value to those interested in the winter wheat
crop, to ice dealers. and to the manufacturers of rubber goods and other articles. the sale of which is largely affected by the presence or absence of snow
and ice. Throughout the cotton, corn, wheat, sugar, and rice producing sections designated centers receive telegraphic reports of rainfall and daily extremes of temperature for publication in bulletin form, each local center receiving the reports from all others.
VOLUNTARY OBSERVATIONS.
By the co-operation of several thousand voluntary observers, many of whom
have maintained local records for long periods, the Weather Bureau endeavors
to collect special local data and thus perfect the records that are needed for
the study of the relation between climate and agriculture, forestry, and other
industries. The results of these observations appear in detail in monthly and
annual reports published at the respective section centers, and in the Monthly
Weather Review. '
As this method has been in operation for the past 25 years with a constantly increasing number of stations, it will be seen that with all the series
of observations mentioned we already have a fair basis for the determination
of the climatic conditions for nearly all parts of the country and the value of
the data being accumulated increases with every year. .
UTILIZED BY VARIOUS BUSINESS INTERESTS.
The value of the information acquired and the facts established by these
observations. not only to irrigation interests as represented by this Congress,
but to nearly all business enterprises and the welfare of the people generally,
is manifest. Constructors of waterworks. bridges, culverts and sewers consult the rainfall records to ascertain the maximum water How they will have to
allow for. Architects of iron and steel structures and tall buildings study
the records of maximum and minimum temperatures and wind velocity, in
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order to estimate the contraction and expansion and amount of wind pressure
their buidings must be prepared to withstand.
From the information as to climatic conditions made known through the
reports, invalids and tourists are enabled to select the localities best suited to
their health and pleasure, and manufacturers and agriculturists the regions
best adapted for the carrying on of their particular industries.
TO FORECAST THE IRRIGATION SUPPLY.
By the recent extension of the system of snowfall observations throughout
the mountain regions adjacent to the ,Great Plains, it has been made possible
to forecast the probable flow in the rivers of the arid regions, a factor of
great importance in irrigation. The records of the Bureau are of frequent use
as evidence in courts of law for which purpose they have been decided competent by the Supreme Court of the United States.
It would be neither practicable nor desirable for the section of the Congress
to which this subject is assigned to treat the topic of climatology in any exhaustive manner, and we have, therefore, chosen for the problems to be discussed such as have some special relation to the object of this meeting;
While the topics are not all new the writers have brought out many new facts
and ideas, and have endeavored to present them in such a manner as to make
them of fresh interest. I invite your attention to the program of the section, the meetings of which
you are all cordially invited to attend.
Mr. Clark—We will now _nish the program of the day by an address by
Mr. William E. Smythe, Chairman of the Section on Rural Settlement.
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ADDRESS 01" CHAIRMAN SMYTHE.
Ladies and Gentlemen:
I had a lovely speech—how lovely you will never know, for I shall not
attempt to impose it upon you at this late hour. I know this audience is in
the condition of a worthy young man in California who was waiting on a
charming young lady weighing about two hundred and _fty pounds. This
young couple were engaged, and their parents had impressed upon them principles of economy, so they began economy in their days of courtship by occu—
pying a single chair. John called one night and after Mary had sat in his lap
about four hours, Mary turned to him saying, “John, are you tired P” And
John looked up and smiled and said, “No, not now; I was two hours ago, but
now I am only paralyzed.”
So, in view of the paralysis of this aduience, I shall not attempt to make a
speech. I must, however, tell you a Thanksgiving story I picked up in Colo—
rado the other day. It seems a Colorado boy was visiting a cousin 'in New
England about Thanksgiving time, and the Colorado boy observed the very
elaborate preparations being made for Thanksgiving. They had Thanksgiving
in Colorado, but not on so grand a scale, and so this Colorado boy inquired of
his New England cousin what was the object of it all. “Why,” the New England boy said, “we thank God for the blessings of our crops.” “But you
don’t thank God for your crops, do you ?” asked the Colorado boy, and the
New England boy answered, “Yes, of course we do, don’t you ?” “No,” replied the Colorado boy, “we don’t depend entirely on God for our crops; we
irrigate.” ,
Well, now, the remark was not a trivial one, it was not _ippant, but was a
profound one, for somebody has said, and most beautifully, “that God has
never yet made a world.” He has started several, including the one in which
we dwell, but he depends upon man living in accordance with the laws of the
universe to _nish that world, and that thought applies especially to the condi—
tions here in the arid region. It came to me with great force while I was listening to the address of Mr. Andrews, and by the way. as I listened to his expressions I was glad he had crossed the Missouri 'River, for he is every bit a
Western man and has no business in New England.
THE COLONIZATION PROBLEM.
At this late hour I can only remind you of the section over which I have
been called to preside—Rural Settlement. In other words, the Section of
Colonization. All the efforts of this Congress lead to one great end, which is
to make homes upon the land, and in our section on Rural Settlement we
shall consider the history of colonization, the opportunities open to homemakers under the national works to be built, and we shall consider the methods of
colonization. I don't want to be hoggish; not even piggish. If you want to
hear of forestry or any of the other branches I hope you will hear them. I
have’the honor to preside over a section which excites human interest and I
trust we will have a fair number of human beings to attend. Among the
interesting things that we will discuss will be the history of colonization in
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Utah. I have always been an admirer of the Mormons. The Mormons were
the pioneers in that arid land. They have made fertile many of the valleys
in the West. I sometimes like to shock my friends in the East by dwelling
upon the wonderful success of the Mormons. I say to them, “My friends,
you go forth by distributing tracts in illustration of the scripture; Mormons
distribute tracts of land, not printed tracts.” And then I say to them, “You
offer people, if they will join your church, a halo; my Utah friends offer them
three meals a day in this world and a halo in the next.”
TO GET A HOME.
Now, thanks to our bene_cent irrigation policy, the day is coming when it
is possible for a poor man to get a home upon the land without joining any
particular church, and there are lessons which all can learn and particularly
this Congress by attending our section on Rural Settlement and listening to
the history of American colonization.
I wish I had more time. There is nothing in this world so truly uncomfortable as an undelivered speech. I have a few bad hours of indigéstion
ahead of me, but I want to close as I began by saying that I trust a fair representation of this Congress will spend Wednesday and part of Thursday
with us while we discuss the past and glorious future of the American colonization among the mountains and valleys of the West. We were to meet at the
Presbyterian church, and that fact reminds me of the following quotation
from scripture: “Thus sayeth the Lord: make this valley full of ditches, for ye
shall not see wind nor rain, yet this valley shall be full of water.” That text
once served me in good stead at the beginning of the irrigation movement in
Montana. We had a great drouth that burnt up the State and meetings were
being held at which the people prayed for rain. I began an address by saying
that I thought the time had come to stop praying for rain and begin digging
ditches, whereupon the minister expressed surprise and I crushed him with
that text, and I am glad to say that he came up on the mourner’s bench, a
convert to irrigation.
Mr. Clark—The Chairman of Engineering and Mechanics Section desires
to invite the representatives of the Republic of Mexico to be present at the
meeting of their section and to present such papers as they will. They also
invite these gentlemen to meet representatives of the United States Government at 5 p. m. on Wednesday at the City Hall for the purpose of becoming
mutually acquainted.
Gentleman from Oklahoma—Allow me to make a motion. I move that
when we do adjourn, as I understand this will be the last general meeting
until Thursday, that we meet here in this hall from one o’clock to two to-morrow for a general meeting, so that all resolutions can be read before the Congress and referred to the Committee on Resolutions.
Mr. Clark—I understand the gentleman from Oklahoma that his motion is that we have a general meeting here to-morrow at one o’clock in this
ball so that all resolutions can be read and referred to the Committee on Resolutions.
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Special Session. Wednesday Afternoon. November 16, 1904.
Executive Chairman Boothe—In the absence of the President and Vice
Presidents, I will call the meeting to order. The offering of resolutions is the
special order for this hour. Are there any resolutions to be offered ? (After
several minutes’ pause.) Vice President Hall is now here and will take charge
of the meeting.
Mr. Hall—Gentlemen, I understand that you have met here by previous
arrangement to hear and receive the presentation of resolutions. Resolutions are now in order.
Delegate from California—As there are few members present, I move we
take a recess for ten minutes. Adopted.
Mr. Hall—The time for the recess having expired, please come to order.
Delegates offering resolutions will kindly announce their name and the State
or Territory which they represent.
Executive Chairman Boothe—While this is a meeting, the special order of
which is the offering of resolutions, it might not be out of place for the Com—
mittee on Credentials to offer their report.
Mr. Hall—I do not think it will be out of order—reports of committees
are always in order. If the Committee on Credentials are ready to report,
they may do so.
Delegate from Oklahoma—This being a special meeting and for special
purposes, I doubt whether the committee can report unless by permission.
Delegate from California—I make a motion that the special order be set
aside for the Committee on Credentials to make their report.
Seconded.
Mr. Hall—There being no objections the Committee on Credentials will
make their report.
Delegate Hays made report of Committee on Credentials, and on motion
the report was accepted and the committee given further time.
Various resolutions were offered by Messrs. Pinchot, Florence, Fairweather and Stephens.
Gentleman from Colorado—Point of information: Does this session here
exclude any further presentation of resolutions?
Mr. Hall—I can not say if it does or not.
Executive Chairman Boothe—Replying to that question, I will say that '1
special order will be made to—morrow evening at the beginning of the general
session for the offering of resolutions. '
Adjourned.
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General Session, Thursday Evening, November 17, 1904.
CHAIRMAN: L. W. SHURTLIFF,
First Vice President.
Mr. Shurtliff—Gentlemen of the Congress, the _rst order of business is
the presentation of resolutions.
Various resolutions were offered by Messrs. Holabird, Switzer, Linney,
Pinchard and Palmer.
Mr. Twitchell of New Mexico moved that each State and Territory represented in this Congress name a Vice President and one member of the Executive Committee to be present at the opening of the session to-morrow
morning.
Motion seconded.
The Chairman—Are you ready for the question? All in favor of the
motion signify by saying aye. Carried.
Here a delegate from Idaho read the report of the Committee on Permanent Organization, which named the Vice President and member of the
Executive Committee from various States and Territories.
Mr. Prince of New Mexico—I would like to know by what authority the
Committee on Permanent Organization has taken upon themselves to name
the Vice President and the member for the Executive Committee for each
of the States represented here? It has never been done before. Each State
has named its own choice.
Mr. Twitchell—I rise to point of order.
Mr. Prince of New Mexico—The Constitution requires the members of
the Executive Committee shall be selected by the delegates of the various
States. There is no other way. They are never reported by this Committee.
This has never been done before.
Executive Chairman Boothe—They follow the same as was done by the
11th Irrigation Congress.
Mr. Prince—I have not the slightest objection to any name read, but I
do insist that this is a precedent which should not be established. This Con—
gress has always followed that rule, and that is that every State and Territory should name its own Vice President and one member of the Executive
Committee. It is even put into the Constitution, which says that the Execu—
tive Committee shall be selected by the delegation from the respective States
and Territories. Now it will appear. if this goes, on the minutes in this form
as a report from this Committee, and that they were appointed by that Committee, and not by the speci_c States and Territories. I appeal _rst to the
precedent that it has been enforced in this Congress that each and every
Territory should name its own Vice President and its own member of the
Executive Committee. I appeal to the Constitution which makes this obligaI
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tory, as to the members of the Executive Committee, and I appeal, if there
were no Constitution nor precedent, to that which we all know is the best
rule in this'case, that each State and each Territory should select its own
representatives on the Executive Committee and its Vice Presidents.
Mr. Smythe—We have a magni_cent program to carry out and I think it
would be well for us to defer this discussion and proceed with the program,
and I move that the report of the Committee be accepted, and the election of
the Vice Presidents and members of the Executive Committee be let go until
to-morrow.
Delegate from New Mexico—I move that each State and Territory be represented here to-morrow morning at 9:00 o’clock, and report to this con—
vention its honorary Vice President and member of the Executive Committee. Motion carried.
Mr. Clark—I will ask all of these gentlemen who have addresses to present to the meeting that they come forward and take a seat on the stage, so
that we will know who is expected to deliver'addresses. Next in order of
addresses is a paper “The Progress of Irrigation in Egypt from Its Earliest
Days Until the Present Time,” by Mr. Bakhati. I now have the honor of
presenting Mr. Bakhati of Egypt.*
Mr. Clark—I think, gentlemen, I voice the sentiment of all when I say
that we are under many obligations to Mr. Bakhati for coming here and giving us an account of irrigation on the Nile. I understand that Mr. Bakhati
a few months ago could not be understood in English.
The Secretary read the following telegram:
“The President and Secretary of the National Irrigation Congress, El
Paso, Texas: The National Association of Agricultural Implements and
Vehicle Manufacturers, in convention assembled at Chattanooga, Tenn.,
unanimously and heartily send you greetings and wish you Godspeed in your
progress.”
Also a telegram from Mr. A. Kaplan, Louisiana Commissioner:
“President of the 12th National Irrigation Congress, El Paso, Texas: I
regret my inability to be present at what I hope will be the biggest and most
successful Congress ever held.”
Delegate from Oklahoma—If I remember rightly, the Committee on
Credentials have not made, their _nal report, and before we vote for the
election, that Committee should report so that each delegation will know
how many they are entitled to before they vote. I would like to ask, Mr.
President, then, how many votes each delegation has? As the Committee
on Credentials has not made its _nal report, how are we going to decide who
has a right to vote, and how many votes they are entitled to cast? I thing
it would be the unanimous consent to have the Committee make its _nal
report so that we will know how to proceed.
Delegate from Texas—I would like to know how we are going to get
together to vote. I don’t know that the Texas delegation has had any meeting. There are sixty delegates from Texas in the house, and while our banner
‘ Mr. Bakhati’s address is printed on page 129.
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is over there, most of the delegates from this State have been very busy
about other matters, and have not had time to get together. I think it would
be well to declare a recess of a few moments so that the delegates an get
under their respective banners and determine just how to cast their vote.
In fact, I move a recess of _ve minutes that each delegation (an get
under its banner. Then we will get together and an caucus, and decide
how we shall cast our ballots. ,
Delegate from Oklahoma—I amend that motion, to the effect that the
Texas delegation be permitted to withdraw and decide which way they wish
to vote. Amendment seconded and carried.
The Chairman—Texas delegation will be permitted to withdraw for the
purpose indicated. To make things plain, I might say that if there are ten
votes of any delegatidn present, they may cast ten votes, or a less number
than ten will be allowed to cast their proportion of ten votes.
Delegate from Oregon—With the consent and at the request of the
gentlemen from Idaho and the gentlemen from Oregon, I would ask that
this conference to be held by the Texas delegation be held after the nominations have been made, and that will give them ample time in which to prepare
their ballots.
Delegate from California—I would like to have the Constitution read
as to States having more than ten delegates present. (That portion of the
Constitution was then read by the Secretary.)
The Chairman—If a State has 15 delegates present, they would have 15
votes. The question has been asked by the gentleman, how are you going to
know this evening how many votes each State can cast. The Committee on
Credentials has made a partial report, and they intend to make a _nal report
to—morrow, and I understand that about 70 more delegates came in since the
partial report was made, and there is no one in this room who knows where
the extra delegates are accredited to, that is, to what State. I should think
that the Committee on Credentials should report _rst.
Mr. Smythe—Do I understand that if a State has but one delegate, and
he is present, he can vote ten votes?
'The Chairman—Yes.
Delegate from Oklahoma—I understand that the Chairman of the Committee on Credentials is now ready to report, and can read the report in a few
minutes, and thus settle the matter.
Delegate from Illinois—Suppose that Illinois had two delegates; they
would be entitled to cast ten votes. Supposing one of them was absent, how
many? _
The Chairman—If Illinois had one absent and one here, he could cast his
proportion of ten.
The Chairman—The chair is of the opinion that the Committee on Credentials should report, and while it will amount to a suspension of the rules,
if there is no objection the Committee will report. There being no objection,
the Committee will now report.
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REPORT OF COMMITTEE ON CREDENTIALS.
The Credentials Committee reported that the Secretary’s register showed
the following named duly accredited delegates present.
ARIZONA.
D. M. Green, Solomonville.
Geo. W. Hance, Camp Verde.
Lyman Bridges, Tucson.
Henry Warren, Holbrook.
Frank P. Trott, Phoenix.
Dwight B. Heard. Phoenix.
H. W. Bishop, Solomonville.
J. E. Thompson, Bisbee.
WW. Pace, Thatcher.
W. Y. Price, Florence.
Kendric C. Babcock, Tucson.
Chas. D. Reppy, Florence.
F. C. Dolly, Casa Grande.
Edward N. Buck, Naco.
B. A. Fowler, Phoenix.
W. A. Wilson, Phoenix.
Frank H. Parker, Phoenix.
John P. Orme. Phoenix.
C. R. Hakes. Mesa.
R. A. Kirk, Douglas.
C. F. Joyce, Douglas.
E. R. Pirtle, Douglas.
J. M. Sparks, Douglas.
0. P. Bondeson, Yuma.
J. H. McClintock, Phoenix.
Andrew Kimball, Thatcher.
Phil C. Merrill, Pima.
Geo. Peck, Bryce.
C. S. Steward. Mesa.
J. A. Harrison, Nogales.
A. J. Davidson, Tucson.
H. B. Fletcher, Florence.
Geo. E. P. Smith, Tucson.
T. G. Norris, Prescott.
G. H. Murphy, Tucson.
L. H. Manning, Tucson.
Ed. L. Pomeroy, Mesa.
C. M. Burkhalter, Tucson.
Mose Drachman, Tucson.
W. T. Webb, Pima.
Mrs. W. T. Webb, Pima.
J. L. Waring, Mesa.
W. C. Ferris, Benson.
A. V. Grossetta, Tucson.
E. Randolph, Tucson.
Wm. G. McNulty, Phoenix.
CALIFORNIA
C. B. Boothe, Los Angeles.
John Fairweather, Reedley.
C. W. Oberlein, San Francisco.
Scipio Craig, Redlands.
Mrs. Scipio Craig, Redlands.
Wm. E. Smythe, San Diego.
J. B. Lippincott, Los Angeles.
Ferd K. Rupe. Los Angeles.
Prof. A. G. McAdie, San Francisco.
P. T. Evans, Riverside.
David DeWitt Lawrence, Imperial.
T. P. Lukens, Pasadena.
Mrs. Helen Lukens-Jones, Pasadena.
W. F. Holt, Redlands.
C. S. Chesnut, San Francisco.
Fred C. Finkle, Los Angeles.
W. C. Mendenhall, Los Angeles.
Willis M. Slosson, Nordhoff.
J. R. Braun, Los Angeles.
E. T. Perkins, Los Angeles.
P. G. Lewis, Los Angeles.
E G. Denniston, San Francisco.
A. R. Kanaga, San Francisco.
W. H. Holabird, Los Angeles.
Geo. C. Pardee, Sacramento.
Mrs. Geo. C. Pardee, Sacramento.
Leroy Holt, Imperial.
A. H. Heber, Imperial.
W. J. Doran, Los Angeles.
John Tuohy, Tulare.
Emmet Barber, Tulare.
Mrs. John Tuohy, Tulare.
A. F. Mack, Santa Ana.
W. A. Hawley. Santa Barbara.
N. W. Stowell. Los Angeles.
A. L. Sumption, Los Angeles.
C. M. Maze, Modesto.
Fred M. Smith, Los Angeles.
A. M. Shoemake. Modesto.
C. A. Dickinson. Ceres.
Capt. W. H. Auble. Los Angeles.
J. J. Underhill. Los Angeles.
Mrs. E. H. Underhill. Los Angeles.
COLORADO.
Lute Wilcox, Denver.
J. S. J. Lallie, Denver.
A. J. McCune, Denver.
C. E. Wantland, Denver.
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COLO RADO—CONTIN UED .
Joseph F. Thomas, Manassa.
A. Lincoln Fellows, Denver.
E. B. Coggeshall, Denver.
Arthur F. Francis, Cripple Creek.
DISTRICT OF
Gifford Pinchot, Washington.
F. H. Newell, Washington.
Edward B. Garriott. Washington.
Geo. H. Maxwell, Washington.
Guy E. Mitchell, Washington.
Morris Bien, Washington.
A. F. Potter, Washington.
C. W. Dorsey, Washington.
H. E. Storrs, Denver.
Chas. L. Michod, Colorado Springs.
Burroughs Edsall, Colorado Springs.
COLUMBIA.
J. Garnett Holmes, Washington.
N. H. Darton, Washington.
Mrs. N. H. Darton, Washington.
A. L. Dahl, Washington.
E. A. Sterling, Washington.
W. T. Swingle, Washington.
H. E. Williams, Washington.
GEORGIA.
B. M. Hall, Atlanta.
IDAHO.
Jesse B. Hawley, Boise City.
James H. Hawley, Boise City.
F. A. Sloane. Boise City.
G. A. Latham, Boise City.
J. T. Morrison, Boise City.
0. J. Turley. Boise City.
' G. H. O’Day, Mosco.
ILLINOIS.
Lewis Draper, Chicago.
II-I' Klank, Danville.
J.
A.
S. Watson, Mt. Vernon.
G. L. Hill, Champaign.
Wm. H. Thompson, Chicago.
D. H. Anderson, Chicago.
INDIA N TERRITORY.
Herbert J. Evans, Muscogee.
KANSAS.
C. A. Schneider, Garden City.
Wm. H. Barnes, Topeka.
D. W. Baline, Pratt.
W. A. Harris, Limwood.
LOUISIANA.
W. J. Carter, New Orleans.
David Lemky. New Orleans.
C. J. Fuqua, Baton Rouge.
Henry F. Reymand (formerly of La.)
El Paso. Texas.
MICHIGAN.
Mrs. W. K. Morley, Grand Rapids.
Thos. L. Hackett, Grand Rapids.
MINNESOTA.
Col. V. W. Halstead, St. Paul.
Thos. Shaw, St. Anthony Park.
John McAlpine, Duluth.
Chas. L. Hyde, Duluth.
J. Killoran, Duluth.
A. M. Chisholm, Duluth.
Geo. H. Crosby. Duluth.
MISSOURI.
M. Sehulter, St. Louis.
Frank Anderson, St. Louis.
L. E. Archias, Sedalia.
L. H. Archias, Sedalia.
Geo. E. Bowen, St. Louis.
H. H. Wernse. St. Louis.
'1‘. R. Ballard, St. Louis.
Levi Chubbuck. Skidder.
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MONTANA.
Wm. Roberts, Great Falls.
T. M. Everett, Harlem.
Samuel Dinsmore, Missoula.
J. A. Switzer, Bridger.
Herbert Strain, Great Falls.
J. H. Anderson, Butte.
A. Clark, Butte.
A. B. Everett, Harlem.
C. H. Campbell, Great Falls.
..V Meagley, Lexington.
..L Temple, Lexington.
..C McKibbin, Lexington.
.S. Thomas, Lexington.
.C. Banks, Lexington.
..H Boyles, Lexington.
Chas. Sparks, Reno.
Francis G. Newlands, Reno.
Adin H. Whitmore, Las Vegas.
M. W. Browne, Las Vegas.
Chas. Ilfeld, Las Vegas.
W. S. Gillian, Mesilla Park.
G. W. Mossman, Earlham.
S. G. Kilgore, Berino.
A. H. Pearson, Hillsboto.
Eugene Van Patten, Las Cruces.
H. C. McLallen, Columbus.
M. D. Gaylord, Nogales.
J. A. Mahoney, Deming.
E. H. Bickford, Lake Valley.
W. T. McCreight, Albuquerque.
A. L. Kendall, Cerillos.
L. T. McLaughlin, Albuquerque.
H. D. Bowman, Las Cruces.
Guadalupe Ascarate, Las Cruces.
Martin Lehman, Las Cruces.
B. W. Randall, Lordsburg.
F. G. Tracy, Carsbad.
H. C. Abbott, Springer.
C. E. Linney, Santa Fe.
Pearl Baily, Chamberino.
Oscar C. Snow. Mesilla Park.
Mrs. C. E. Linney, Santa Fe.
W. M. Reed, Roswell.
J. S. Brown, Lordsburg.
A. W. Wilson, Deming.
Jay Turiey, Santa Fe.
Austin North, Billings.
S. R. Strain, Great Falls.
NEBRASKA.
P. Maginnis, Kimball.
T. L. Doherty, Loomis.
J. E. Smith, Beatrice.
W. H. Wright, Scotts Bluff.
F. M. Sands, Scotts Bluff.
L. P. White, Lexington.
NEVADA.
A. E. Chandler, Carson City.
J. M. Jones, Reno.
NEW MEXICO.
S. D. Swope, Deming.
'Geo. W. Prichard, Santa Fe.
Wm. Palmer, Gar_eld.
Herbert B. Holt, Las Cruces.
A. M. Hove, Calsbad.
Edwin A. Chaffee, Las Cruces.
Geo. H. Webster, Carsbad.
R. E. Twitchell, Las Vegas.
J. D. Tinshy, Las Cruces.
B. L. Rodey, Albuquerque.
Theodore Ronault, Las Cruces.
M. T. Brown, Las Cruces.
R. S. Benson, Carlsbad.
Herman Westheim, Dona Ana.
W. N. Hager, Las Cruces.
Henry Stoes, Las Cruces.
W. C. Mead, Victoria.
Jesus Ochoa, Anthony.
Angel Alvarez, Anthony.
R. J. Bolles. Carlsbad.
Samuel 1. Roberts, Carlsbad.
C. H: McLenathan, Carlsbad.
B. L. Sullivan, Carlsbad.
James G. McNarv, Las Cruces.
Jose R. Lucero, Las Cruces.
Prof. Luther Foster, Las Cruces.
W. Rogers, Chamberino.
Nestor Armije. Chamberino.
Prof. J. J. Vernon, Mesilla Park.
NEW YORK.
Truman G. Palmer, New York City.
NORTH DAKOTA.
E. F. Chandler, University.
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OHIO
C. M. Cook, Toledo.
OKLAHOMA.
W. T. Little, Perry.
Joseph B. Thoburn, Guthrie.
F. F. Ferguson, Union City.
E. J. Murphy, Arapaho.
J. M. Hayes, Mountain Park.
J. Campbell, Mountain Park.
W. L. Fullerton, Victory.
Dr. W. Woodward, Snyder.
Joseph McNeal, Guthrie.
J. M. Cassidy, Chandler.
Jared Sater, Sr., Kenton.
J. M. Potter, Kenton.
L. A. WykoFf, Kenton.
H. H. Champlin, Enid.
F. M. Cline, Woodward.
Mark Roberts, Mountain Park.
W. R. Baldwin, Cordell.
Geo. W. Seifert, Berlin.
Frank D. Northup, Oklahoma City.
G. Jones, Oklahoma City.
C. W. Mallet, Ontario.
Miss Clara S. Carlisle, Portland.
Mrs. L. A. Carlisle, Portland.
H. C. Willis. Echo.
Tom Richardson, Portland.
Thos. G. Hailey, Pendleton.
E. L. Smith, Hood River.
A. H. Devers, Portland.
Steven A. Lowell, Pendleton.
A. K. Wilson, Portland.
.Smith El Paso.
.Casey, El Paso.
H. P. Attwater, Houston.
heaux, Houston.
.Holleman, Houston.
W. A. Evans, Bonham.
K.ellogg, Clint.
.Walker, Galveston.
aldo, El Paso.
Brown, El Paso.
ulchery, El Paso.
.Mason, El Paso.
.Stiles, El Paso.
Brown, El Paso.
.Morrison, El Paso.
.Morehead, El Paso.
.,Foster Sweetwater.
Weisiger, El Paso.
dolph Hoffman, El Paso.
FU‘_—I‘~—I
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Sidney Clarke, Oklahoma City.
E. E. Brown, Oklahoma City.
'l‘esse C. Davis, Frederick.
Frank Lugert, Lugert.
Jno. S. Carmack, Snyder.
A. J. Hunter. Snyder.
S. J. Morris. Hooker.
C. W. Wol_ngton, Hooker.
Walter Naylor, Guyman.
G. H. Matthes, Lawton.
Miss Blanche Hinckley, Watonga.
Ewers White, McLoud.
S. B. Launs, Woodward.
E. W. Kinman, Guthrie.
A. R. McLennan, Lawton.
C. S. Meredith, Lawton.
C. B. Bellamy. Lawton.
W. M. Turner, Lawton.
P. H. Haner, Guthrie.
W. W. Wol_ngton, Beaver.
I
OIBGON.
E. M. Bramick, Portland.
J. N. Williamson, Priceville.
Gus Weber, Pendleton.
Frederick C. Harlow. Pendleton.
J. K. Reader, Ashland.
Mrs. A. F. Wood, Cottage Grove.
W. W. Sibrary, Portland.
J. M. Moore, Portland.
Mrs. J. M. Moore, Portland.
TEXAS. ‘
P. F. Edwards, El Paso.
Prof. Monta Beach, Houston.
W. B. Phillips, Austin.
J. A. Gillette, Maria.
J. C. Bird. Alpine.
Morris P. Kirk, El Paso.
A. A. Ward, Beaumont.
W. L. Malcolmson, Maria.
Henry Warren, Dallas.
J. A. Kemp, Wichita Falls.
Clell A. Thorpe. Pecos.
G P. Lessing, El Paso.
J. A. Udden, Austin.
A. P. Coles. El Paso.
Aleck Meerscheidt. San Antonio.
Paul Stieren. San Antonio.
F. M. Edwards, San Antonio.
Jno. C. Beck. San Antonio.
G. Bedell Moore. San Antonio.
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TEXAS. —CONTINUED.
A. C. Wilmuth, Snyder.
Geo. E. Barstow, Barstow.
Daniel J. Rogers, Barstow.
Geo. E. Briggs, Barstow.
N. D. Lane, El Paso.
John Kelley, San Saba.
Joe A. Williams, San Saba.
John Hall, Lampasas Springs.
A. W. Gifford, El Paso.
W. W. Turney, El Paso.
Alfred Courchesne, El Paso.
J. R. Harper, El Paso.
Francisco Mallen, El Paso.
John W. Fisher, El Paso. '
E. Kohlberg, El Paso.
E. C. Pew, El Paso.
W. Trickey, Pearsall.
R. Woodward, Pearsall.
J. J. Mundy, El Paso.
C. O. Cof_n, El Paso.
Prof. T. U. Taylor, Austin.
G. M. Otis, Grand Falls.
J. M. Ingle, Abilene.
P. M. Millspaugh, El Paso.
Thos. H. Bomar, Grand Falls.
T. A. Thompson, Grand Falls.
Leonard Strable, Grand Falls
J. H. Stephens, Vernon.
Z. L. Cobb, El Paso.
J. J. Smith, Ysleta.
J. Stoney Percher, El Paso.
Felix Martinez, El Paso.
E. J. Hadlock, El Paso.
J. R. Cunningham, Abilene.
Frank Johnson, Colorado.
W. T. Lee, El Paso.
J. L. Rhead, El Paso.
B. F. Hammett, El Paso.
W. H. Winn, El Paso.
A. Starr,- Dallas.
C A. Greene, El Paso.
UTAH.
John Henry Smith, Salt Lake City.
John Beck, Salt Lake City.
Miss Margaret Parks, Salt Lake City.
Roger Farrer, Provo City.
Jas. Meldrum, Provo City.
Fred J. Kiesel, Ogden.
Miss W. R. Kiesel, Ogden.
L. W. Shurtli_', Ogden. '
Dr. H. J. Faust, Salt Lake City.
R. W. Young, Salt Lake City.
Andrew Knudson, Provo City.
Oscar B. Young, Provo City.
Alex Brown, Randolph.
Thos. H. Means, Salt Lake City.
C. J. Humphries, Ogden.
O. B. Gilson, Ogden.
Chas. W. Penrose, Salt Lake City.
Thos. Maloney, Ogden.
Rufus Garner, Ogden.
J. F. Pender, Ogden.
Chas. F. Middleton, Ogden.
Jos. Carlson, Ogden.
G. L. Hutchins, Ogden.
John W. Wheelright, Ogden.
WASHINGTON.
C. C. Hewitt, Spokane. .
Jno. F. Greene, Harrington.
A. W. Hadley, Spokane.
C. Eugene Bottle, Spokane.
H. B. Scudder, North Yakima.
WISCONSIN.
Delbert Utter, Lake Beulah.
Thos. Barden, Ashland.
Martin Pattison, Superior.
Howard Thomas, Superior.
C. H. Callender, Black River Falls.
J. B. Stair, Lake Mills.
Chas. L. Slichter, Madison.
Gilbert Kleven, Mt. Horeb.
A. H. Peacock, Lake Beulah.
O. Greeley, Lake Beulah.
Chas. J. Maple, Milwaukee.
WYOMING.
O. Felker. Sheridan.
MEXICO.
Gen. W. D. Snyman, Chihuahua.
Guillermo Robert, Juares, Chih.
Inocente Ochoa, Juares, Chih.
Mariano Saminego, Juares, Chih.
Vicente Cordero, Juares, Chih.
Rodolfo Chavez, Juares, Chih.
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Juan N. Fandoa, Chihuahua.
C. A. Mathewson, Chihuahua.
J. P. Conduit, Tlihualilo, Coah.
B. F. Butler, Lerdo, Dgo.
C. C. Gonzales, Chihuahua.
R. Anderson, Chihuahua.
Dr. W. C. Rowlings, Chihuahua.
Manuel M. Mendiola, Victoria, Tam.
Jose Duvallon, Victoria, Tam.
Carlos Arguelles, Victoria, Tam.
Ignacio R. Montemayor, Jaumane,
Tam.
A. E. Graham, La Cruz Sta., Tam.
Jose Martinez, Santa Engracia, Tam.
Santiago M. Seguin, Monterey, N. L.
Wentworth S. Conduit, Monterey,
A. B. Call, Colonia Dublan.
Henry E. Bowman, Colonia Dublan.
D. ,C. Sutton, Sabinal, Chih.
Heleman Pratt, Colonia Dublan.
Sr. Jacobo Blanco, San Luis Potosi.
Anthony W. Ivins, Colonia Juares.
Wm. C. McCellan, Colonia, Juares.
Chas. Whipple, Colonia Juares.
Wm. G. Sears, Colonia Dublan.
Sam’l J. Robinson, Colonia Dublan.
Lic. J. N. Amador. Ciuda Juares.
Ing. P. Aguilar, Guanajuato.
Raphal de la Mora, Guadalajara, Jal.
Ignacio Carranza, Mexico City.
Alberto Guajardo, Muzquiz, Coah.
Fred Eldridge, Casas Grandes.
J. M. Pryde, Casas Grandes.
Jas. P. Dardon, Colonia Juares.
Benj. Echols, Oaxaca, Sonora.
Espiradion Provencio, Colonia Juares.
Don Romulo Escobar, Ciudad, Juares.
Ambrosio Romo, Zacatecas.
Roberto Gayol, Mexico City.
E. T. Turley, Colonia Juares.
Maxwell A. Kilbert, Mexico City.
Lic. Felipo Seijas, Juares.
O. C. Ellison, Hermosillo, Son.
OTHER FOREIGN GOVERNMENTS.
M. K. H. Bakhati, Cairo, Egypt.
Delegates were appointed under the provisions of the of_cial call by the
following: STATES.
California. Missouri.
Colorado. Montana.
Idaho. Nebraska.
Illinois. Nevada.
Iowa. Oregon.
Kansas. South Dakota.
Kentucky. Texas.
Louisiana. Utah.
Michigan. Washington.
Minnesota. Wisconsin.
TERRITORIES.
Arizona. New Mexico.
District of Columbia.
Indian Territory.
Oklahoma.
FOREIGN COUNTRIES.
Egypt.
Republic of Mexico.
COUNTIES.
Dona Ana County, Arizona.
Grahan- County, Arizona.
Pinal County, Arizona.
Yuma. County, Arizona.
Grant County, New Mexico.
Las Cruces County, New Mexico.
Sierra County, New Mexico.
El Paso County, Texas.
Ward County, Texas.
Rich County. Utah.
Weber County, Utah.
Lincoln County. Washington.
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CITIES.
Birmingham, Alabama.
Bisbee, Arizona.
Phoenix, Arizona.
Pima, Arizona.
Thatcher, Arizona.
Tucson, Arizona.
Fresno, California.
Los Angeles, California.
Pasadena, California.
Santa Barbara, California.
San Francisco, California.
Sacramento, California.
Tulare, California.
Colorado Springs, Colorado.
Cripple Creek, Colorado.
Denver, Colorado.
Pueblo, Colorado.
Atlanta, Georgia.
Boise City, Idaho.
Chicago, Illinois.
East St. Louis, Illinois.
Kansas City, Kansas.
Henderson, Kentucky.
‘ Lexington, Kentucky.
Kansas City, Missouri.
St. Joseph, Missouri.
Lexington, Nebraska.
Scotts Bluff, Nebraska.
Albuquerque, New Mexico.
Deming, New Mexico.
Las Vegas, New Mexico.
Santa Fe, New Mexico.
Spring_eld, Ohio.
Piqua, Ohio.
Portsmouth, Ohio.
Lawton, Oklahoma.
North Bend, Oregon.
Pendleton, Oregon.
Austin, Texas.
Bonham, Texas.
El Paso, Texas.
Marfa, Texas.
Wichita Falls, Texas.
Ogden, Utah.
Provo City, Utah.
Salt Lake City, Utah.
Spokane, Washington.
Walla Walla, Washington.
UNIVERSITIES AND COLLEGES.
University of Arizona, Tucson.
New Mexico College of Agriculture
and_ Mechanical Arts.
Business Men’s League of Demtur,
Alabama.
San Pedro Valley Water Users’ Association, Benson, Arizona.
Chamber of Commerce, Douglas, Arizona.
Douglas Branch of Irrigation Association, Douglas, Arizona.
Casa Grande Water Association,
Florence, Arizona.
Mesa Canal Company, Mesa, Arizona.
Board of Trade, Nogales, Arizona.
Salt River Valley Water Users’ Association, Phoenix, Arizona.
Association Civil Engineers, Tucson,
Arizona.
Chamber of Commerce, Tucson, Arizona.
Casa Grande Water Users’ Associa—
tion, Tucson, Arizona.
Board of Trade, Little Rock, Arkansas.
Chamber of Commerce, Brawley,
California.
Water Consumers’ Association, Ceres,
California.
University of North Dakota.
University of Texas.
COMMERCIAL ORGANIZATIONS, IRRIGATION ASSOCIATIONS, ETC.
Imperial Valley Chamber of Commerce, Imperial, California.
Imperial Water Company, Imperial.
California.
Board of Trade, Los Angeles, California.
E, Whittier Land & Water Co., Los
Angeles, California.
Jobbers’ Association, Los Angeles,
California. '
Chamber of Commerce, Los Angeles.
California.
Modesto Irrigation District, Modesto,
California. .
Board of Trade, Redlands, California.
Chamber of Commerce, Riverside,
California.
Chamber of Commerce, Sacramento.
California.
Merchants’ Association of San Francisco, California.
California State Board of Trade, San
Francisco, California.
Westminster Farmers’ Club, West—
minster, California.
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COMMERCIAL ORGANIZATIONS, IRRIGATION ASSOGATIONS, ETC—CONTINUED.
Chargber of Commerce, Denver, Colora 0.
Grand Rapids Board of Trade,
Bloomin on, Illinois.
National usiness Men’s League,
Chicago, Illinois.
Arkansas Valley Land 81 Irrigation
_ Company, Garden City, Kansas.
Mercantile Club of Kansas City, Kansas.
Mechanics & Lumbermen’ s Exchange,
New Orleans, La.
Board of Trade, Grand Rapids, Mich1gan.
Business Men’s Club, Sedalia, Mis_ souri.
Interstate Merchants’ Association, St.
Louis, Missouri.
Merchants’ Association, St. Louis,
Louis, Missouri.
Commercial Club, Duluth, Minnesota.
Public Affairs Committee, Duluth,
Minnesota.
Rosebud Irrigation Company, Bridger,
Montana.
Business Men’s Association,
Falls, Montana.
Chamber of Commerce, Reno, Nevada.
Refugio Community Ditch Association, Anthony, New Mexico.
Commercial Club, Albuquerque, New
Mexico.
Pecos Irrigation Company, Carlsbad,
New Mexico.
Carlsbad Commercial Club, Carlsbad,
New Mexico.
Pecos Water
Carlsbad, New Mexico. .
Chamberino Community Ditch Association, Chamberino, New Mexico.
Community Ditch Association, Dona
Ana, New Mexico.
Adelphi Club, Deming, New Mexico.
Chamber of Commerce, Earlham,
New Mexico.
Ccmmunity Ditch Association, Hatch,
New Mexico.
Board of Trade, Las Cruces, New
Mexico.
Chamber of Commerce, Las Cruces,
New Mexico.
Mesilla Community Ditch Association,
Mesilla, New Mexico.
Horticultural Society, Mesilla, New
.Mexico.
Community Ditch Association, Mesilla Park, New Mexico.
Great
Users’ Association,
Horticultural Society, Santa Fe,
New Mexico.
Board of Trade, Santa Fe, New
Mexico.
La Mesa Community Ditch Association, Victoria, New Mexico.
Commercial Club, White Oaks, New
Mexico.
San Miguel Community Ditch Association.
American Protective League,
York.
Commercial Club, Beaver, Oklahoma.
Commercial Club, Guthrie, Oklahoma.
Commercial Club of Guymon, Oklahoma.
Hooker Irrigation Society, Hooker,
Oklahoma.
Oregon Development League, Echo,
Oregon.
Commercial
Oregon.
Morrow County Development League,
Heppner, Oregon.
Commercial, Club, Irrigon, Oregon.
McMinnville Development League,
McMinnville, Oregon.
Chamber of Commerce, Ontario, Oregon.
Board of Trade, Portland, Oregon.
Board of Trade, Austin, Texas.
New
Club, Cottage Grove,
Chamber of Commerce, Beaumont,
Texas.
Barstow Irrigation Company, Barstow, Texas.
S. W. Irrigation Association, El Paso,
Texas.
Franklin Irrigation Company, El
Paso, Texas.
Chamber of Commerce, El Paso,
Texas.
International Miners’ Association, El
Paso, Texas.
. Grand Falls Land & Irrigation Company, Grand Falls, Texas.
Galveston Business League, Galveston, Texas.
Houston Business Men’s League,
Houston, Texas.
Texas Miners' Association, Marfa,
l'exas.
Irrigation Company of San Saba,
Texas.
Board of Trade, San Saba, Texas.
Business Men's Club, San Antonio,
Texas.
Huntsville Irrigation
Huntsville, Utah.
Association,
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COMMERCIAL ORGANIZATIONS, IRRIGATION ASSOCIATIONS, ETC—CONTINUED.
Chamber of Commerce, Ogden, Utah.
Ogden Canal and Water Company,
. Ogden, Utah.
\Veber Club of Ogden, Utah.
Lynne Irrigation Company, Ogden,
Utah.
Provo Commercial Club, Provo, Utah.
Randolph & Sage C0,, Irrigation
Company, Randolph, Utah.
Davis & Weber Canal Company,.Utah.
Chamber of Commerce, Spokane,
Washington.
Business Men’s Association, Sheridan,
Vl’yoming.
Department of the Interior of VVashington, D. C.
Department of Agriculture of Wash.—
ington, D. C
FOREIGN.
Dublan Industrial Society.
IrrigationvProjects Of_ce, Egypt.
Board of Trade, Hermosillo, Republic
of Mexico.
Colonization Company, Republic of
Mexico.
Agriculture and Horticultural’ Society, Republic of Mexico.
The Chairman of Committee onCredentials reported that there were
present 468 delegates.
Delegate from Oklahoma—I move that the report of the Committee on
Credentials be received, and that the committee be discharged.
Motion carried.
The Chairman: We will now proceed for the location of the capital
(laughter)—I was going to say this is a capital organization—for the location
of our next meeting place. we will proceed to select the location for the
next Congress. I have now the pleasure of introducing to you Mr. Hawley, of
Idaho.
Mr. Hawley—Mr. President, ladies and gentlemen of the convention: I
have been requested by my brother delegates of the Idaho delegation to present to you in behalf of Idaho a canditate for the honor of the next meeting
of the Irrigation Congress. We, of Idaho, although we realize that we have
not a State that is as great in area as California or as Texas, believe that we
have one of suf_cient importance to entitle our claims for this great honor to
respectful consideration at the hands of this Congress. Idaho extends from
British Columbia on the north to Utah and Nevada on the south; it extends
from Oregon and Washington on the west to Montana and Wyoming on the
east. It embraces within its area many diversi_ed climates; many different
sections which have different lines of business in which the inhabitants are
engaged. We have in the north the greatest wheat-growing section in the
United States, equaled only, but exceeded by none. Again in the central part
of the State we have the mountains—the snow—capped mountains with their
rock-ribbed sides, that seemingly hold promise in the near future to make us
the equal of Colorado and Montana as a mining region. But more important
than all, and comprising two-thirds of the entire State, is the southern
part—the irrigated section. We have here a section that is singularly
favored by nature. We are the only State of the arid region that has a
suf_cient supply of water for the irrigation of lands within our limits. A
great tributary of the Columbia River runs through our borders from east
to west, commencing at the Oregon line, making the most fertile valley in
the universe. And this one valley is from 50 to 150 miles wide, and not only
is the Snake River traversing this great section, but other rivers, not as
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great, but almost so, _ow there. And of all this land, with the exception
of a comparatively small portion, is the richest land on God’s footstool, all
susceptible of irrigation, and all it needs is active aid in the way of reclama:
tion to make it blossom and bloom like the rose. Situated at the head of one
of these valleys—situated where the Boise River commences and where the
great valley stretches, is located the capital city—Boise the Beautiful. Commencing as a mining camp, as a convenient center for the distribution of the
supplies in the days of the ’605, it gradually grew to large proportions, and
the people began to talk of building up the city, in making it a place in
which families could live. And _nally we ascertained that the soil which had
been considered worthless, was, upon the application of water, capable of
growing any vegetables, any fruits that could be grown in the temperate
regions of this country. And borrowing from our neighbors in Utah
to the south, we commenced an irrigation system in the State, which, from a
small beginning, has grown until now it is the greatest in these United
States. First, my fellow delegates, taking the property near the river, and
the lowlands, then ascertaining that the higher lands were better, we commenced a system of canals which cover almost the entire valley in the vicinity
of Boise. We have extended that canal system until 225,000 acres of the
land of that little valley are under our canals and are being cultivated at the
present time. We have a city that for beauty is unequaled in the West. We
have a population of earnest and active men and women. We have endeavored in that far-away country to build up a community thoroughly
American in principle, one that is bound to advance as irrigation advances,
and there is no limit to the capacity of production of the ground upon which
it stands and which is tributary to us. We have a population at the present
time of about 20,000, but we are thoroughly prepared to entertain the next
Irrigation Congress. We have every facility for doing justice to as great an
assemblage as has convened in El Paso at the present time. We have a city
to which we can refer with expressions of pride. We are an active community, a growing community. We have expended there during the last three
months over $300,000 upon our streets and our sidewalks; we do not owe a
dollar of it, because we paid for it as we went. And other improvements are
now in process of construction that will be _nished by next September at
least, costing $700,000 more. We have in the vicinity of Boise the greatest
irrigating enterprises that are now being projected in the United States. At
Twin Falls, but a few hours’ ride, there has been taken from the Snake River
by means of dams and canals, a suf_cient volume of water to irrigate 280,000
acres of land, and during the next season that water will be used upon these
lands. A great community is growing up in that section which a year ago
was given over to the jack 'rabbit and coyote.~
We have at Minidoka, but a few hours’ ride from Boise, a great government enterprise in course of construction. The contracts have been partially
let, and over 180,000 acres of the _nest land will be added to the agricultural
resources of the State. We have a project which is already in process of
survey, and will undoubtedly, during the next year, be carried to completion,
involving the expenditure of $6,000,000, which will conserve the waters of the
great storms for use upon the lands that are not already covered. We have.

90 . Of_cial Proceeding: of the
within a few hours’ ride, in the regions of the Snake River, 500,000 acres of
land irrigated in three months. We have great enterprises there—some in
completion and some in process of construction. And I say to you, my fel—
low-delegates, if this is really an Irrigation Congress—if we want to improve
our knowledge on facts involved therein, we should take this CongreSS to
some place where irrigation is being practically carried on and where its
workings can be studied. '
I have the pleasure to name Boise for your favorable consideration. Although situated in the greatest of the irrigating States of the United States,
never have we as yet been honored with a meeting of this Congress. We
believe that if you will come to us and hold a session there you can learn
much that will be of pro_t to you in the future. We believe if you will meet
in our midst that it will be of bene_t to yourselves.
We have come here from Idaho intending, by fair means if possible, to
bring this convention to our own capital city. We have refused to enter into
any combination. We have absolutely refused to entertain propositions that
would in any way entangle the delegation from Idaho in the future. We
present the name of our city upon its merits. We have not asked reciprocity
from any one. We have not asked that some State shall favor us now because
in the future we will give them our vote. We have not in any way compromised the future of the delegation from our State or from any other State.
And I say to you that the rule that seems to have prevailed heretofore in
this convention in certain States is one that should be absolutely foreign to
the conduct of this convention.
It was only last night that in the lobby of the Sheldon Hotel I heard a
gentleman from one of the greatest States say to a fellow-delegate from that
State, “Take off one of those badges,” and he had on the badge of the State
of Colorado, and a badge reading “Boise, the Beautiful, for the next Session,”
and I spoke to him, and he says “it is understood that our delegation is going
for Portland upon to-morrow’s session.” And I asked him why they were so
doing, and he informed me that the reason was the fact that the Oregon
delegation in the Mining Congress had seen to it that Denver was made the
permanent city of that congress, and they proposed to reciprocate, and they
were pledged to that effect, and I say to you, when delegations to this Congress, or to any congress, who come here for the interests of the arid section,
so far forget their duty to the interest which they are supposed to represent,
as to trade and traffic for the sake or bene_t of their own locality, that they
are traitors to their cause so far as the great interest of irrigation is concerned, and I am glad to say that that gentleman from Colorado retained that
Boise badge upon his breast and refused to discard it because the Chamber
of Commerce of Denver had entered into a trade by means of which the C010—
rado vote was to be cast against us.
I simply refer to this, not in a spirit of criticism towards these gentlemen,
but I believe it is my duty to make these statements. I believe that this practice of swapping votes—that this practice of trading in regard to localities——
is one upon which you should stamp the seal of your condemnation here and
now, because it is unworthy of this great convention. We should meet wherever it is to the interest of the cause of irrigation to have the Congress go.

Twelfth National Irrigation Congress. 91
Now, my friends, what have you in opposition of Boise? As I understand it the only place, now, that is to present its claims against Boise for the
next Congress is the city of Portland, in Oregon. Oregon is a great State,
and Portland isa _ne city. No one appreciates that more than the people of
Idaho. But, my friends, Portland is the last place, in my humble judgment,
to which an Irrigation Congress could go. What they want there is drain—
ing—not irrigation. Why, up in my 'country when we speak of an Oregonian,
or one that lives west of the Cascade Mountains, we generally refer to him
as a “web-foot,” because it is currently reported that a man that has lived in
that section for a few years, on account of the humidity of the atmosphere,
develops some of the characteristics of the duck family. Now, I am not
stating this as a jeer against Portland. I am simply stating that which is a
matter of current rumor. If they desire to disprove it, they can do so to this
Congress.
Now, ladies and gentlemen, there is an eternal _tness in all things, and
while I am not so hidebound as to deny to any State the privilege of meeting
with us in an Irrigation Congress; while I would like to educate the people of
the entire country up to the standard of irrigation, and impress upon them
the need of building up a certain section of their own communities; while
I believe that it is best to give space to every State and every Territory
in this Congress for the sake of educating them up to the true standard,
still I am not one of those who believe in taking this Congress away from
the arid region to some place that does not need it. The papers that are
read before us are for the purpose of instructing us as to the practical working
of irrigation matters, that they may be thoroughly understood. Can you go to
Portland and learn anything about irrigation? Is there anyone there that ever
irrigates, unless they do it under a roof? I tell you, there is not an irrigating
canal within 200 miles of the place, so what could you learn? My friends of
Oregon have promised us a great deal. If they have not promised gum boots
and rubber coats, I would advise you not to forget your own, for you will need
them in Portland. Now, what claim has the State of Oregon, or at
least that portion of the State of Oregon, upon this Congress? I ask
you who are impressed with the importance of this question, and desire
the successof the reclamation of the arid lands, what single, solitary
valid reason you can present for taking this Congress to a location like
that? What can you learn? How can you improve your knowledge in
regard to this great subject? Can you do it by observation? Will you do
it simply by hearing papers read? I tell you that you can only learn by the
observation of actual reclamation and the working of great irrigation projects—not merely by listening to papers being read, for you can later read
them yourself just as well.
Now, my fellow-delegates, it strikes me that if we are in earnest in this
matter—and I believe this is 3 Congress of earnest men and earnest women—
we will conceive that we have a great duty to perform—to assist in building
up this great inland empire. I desire to appeal to you, as honest men and
honest women coming here for this great purpose, whether or not a city
like Boise, situated in the heart of the arid region, situated where you
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can see practical irrigation carried on, where you can see the operation of the
great enterprises that are already complete and those nearing completion,
I ask you if this Congress can be taken from a locality of that kind, here
in the arid region, and brought to the city of Portland, if the delegates that
do that are doing their duty to the people that sent them here, and to the
interests which they represent?
I would ask each and every one of you who are in doubt upon this subject,
who have not absolutely made up your minds as to what way you will vote,
I would ask you to call here upon this stand before this is determined such
men as Professor Newell, the head of the Reclamation Department of the
United States, and who is familiar with this great question in all of its details; I would ask you to bring such men as Mr. Fowler from Arizona, the
father of the great Salt River section, who knows full well what Idaho is
in this regard, and what the other arid States are. I would ask you to call
Senator Newlands, who is versed in everything pertaining to this, and our
retiring President here has a knowledge of the question in every particular.
They might not like to take sides upon this question, but I believe that each and
every one of them will rise in his place here and express his opinion regarding this great question, I believe that each and every one of them would tell
you, ladies and gentlemen of the Congress, that it is your duty as delegates to see to it that this convention goes to Boise, instead of to rainy
Portland.
But we are imformed, as I understand it, by our Portland friends, that
there is another question to be considered. Away back in 1804 the President
of the United States sent Lewis and Clark into that section of the contry,
and they _nally arrived on the Paci_c Coast in 1905, and the city of Portland,
in commemoration of that great undertaking, is about to start a great Exposition, and that the world is invited, and we believe that in taking the
lead on this worthy matter, they are entitled to the commendation of the
people of these United States. We, of Idaho, propose to help them to the
utmost. We propose to assist them in every way in our power. But when
they present as an argument to you that it is your duty to vote for the
city of Portland because they are about to hold an exposition there, they are
presenting a fallacious argument, and one which I believe you should not
consider for one moment. Do you believe that this Irrigation Congress can
be made a side-show to the Lewis and Clark Exposition and do us any good?
Don’t you know that if this Convention is taken to that place where the
Exposition is being held that it will interfere most materially with the labors
of the Convention? Have not these matters been before now attempted, and
have they not always failed? Why here but a short time ago the TransMississippi Congress was held in the city of St. Louis. I sent several delegates by virtue of my of_cial position, and upon their return they informed
me that it was a failure, simply for the reason that it was held in an exposition city, and they could not secure the attention of those who had gone
there for that purpose. And the same way will it be in the city of Portland.
You cannot, if attractions of this kind are going on, secure the attendance
of the delegation. You cannot in Portland, no more than you could in St.
Louis, prevent this exposition from interfering with the business of the
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Congress. It is something that is impossible. But while we are not in favor
of sending this Congress to the city of Portland, we are in favor of assisting that city in every way, and I want you all to remember that Boise is upon
the road to Portland. I want you to remember that if you go to Boise, or
stop at Boise for the Congress, that it will cost you no more than it would
to go to Portland to see the Exposition and the Congress together, because,
sc- far as your transportation is concerned, I am glad to be able to inform
you that it is already provided for. To—day I had a message from Mr.
Burley, the General Passenger Agent of the Oregon Short Line Railway,
and he informs me in this telegram that in the event the Convention is taken
to Boise City, that the privilege will be extended to all who desire to go to
the Exposition and who have bought their tickets, to lie over in Boise as
long as they shall desire, and their tickets will be good. So you will see
that if it is the Exposition that you desire to see, and also if you desire to
attend the Congress, you can see them both, and see that beautiful valley
and inform yourselves regarding its great irrigation projects, and you can
extend your visit to the city of Portland and take in the great show as well.
I understand there has been considerable question regarding this matter.
I understand that it is a question of transportation. This will settle it; the
telegram is as follows:
“Hon. James A. Hawley: Referring to your telegram, stop—over privilege
at Boise will be allowed on all tickets—and this arrangement should be the
means of securing large attendance if the next meeting of the Convention
is held in Boise City."
I assure you that so far as this question of transportation is concerned, it
is one that we have met to the fullest extent.
Ladies and gentlemen, I have endeavored to present our city to you as
fully as possible. I believe it is to the best interests of this Congress that it
should go to Boise. If you choose to come and see us, if you choose to visit
with us, we will meet you with a hearty welcome; we will extend the same
measure of hospitality that the citizens of El Paso have extended to this
Convention. We will ask you to come in force. We will ask you to bring
your wives and children, and you had better, because if you ever come to
Idaho and stay three days, I don’t believe you will ever go back home.
We ask you to come there to study the irrigation problems which we are
solving; we ask you to go home from that Congress and pattern after those
efforts we have been making to build up a great city in Idaho, and I believe
if you do come, I believe if you select Boise as the next meeting place of
this Congress, you will do the interests of reclamation more good, you will
work more bene_t for the irrigation subject, than you could by selecting any
other place. .
The Chairman—I have the pleasure of introducing to you Hon. T. Lovell
of Oregon.
Mr. Lovell—Mr. President, Delegates of the 12th National Irrigation
Congress: I hold in my hand a telegram addressed to the President of this
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Convention, from the Governor of the Commonwealth of Oregon. In language it is as follows:
“Hon. W. A. Clark, President: As executive of Oregon, and on behalf
of her people, I extend a cordial invitation to the Irrigation Congress, a
cordial reception and a pleasant time.
“GEORGE E. CHAMBERLAIN, Governor.”
In the absence of the Governor of the Commonwealth from which I come,
and in the name of her people, I bring to you a message and an invitation
from the City of Roses, the Jewel of the Paci_c Northwest, Portland. From
Oregon, that magni_cent State resting upon the Paci_c, and stretching for
400 miles into the great American Desert. A city of magni_cent possibilities
and great resources; her mountains _lled with mineral wealth, with more.
standing timber than any other State in the Union, situatedin the zone of
power, principal contributor to the reclamation fund of this nation; her agri—
cultural features are great—a giant majestic sleeping—wanting only the in_uences which your organization represents, to spring forth into leadership
in the battle for all that is best in the civilization in which we live—the
happiness to the homes of men.
We present this invitation from various considerations. First, I appeal to
that common justice which characterizes the American people, and appeal to
you to send the next Convention to us, because the chronological history
of this organization as displayed to you upon this banner indicates that as
the standard of the life of man is measured, this Congress has lived almost
a generation, and every important center throughout the great arid region
has been represented, and now we ask you to come to an important section
o.r the great inland empire of the North, the region from which I come.
It was my privilege in 1894' to stand upon the platform in the City of
Denver, and appeal for this honor to come to the City of Spokane; we were
defeated by Albuquerque, and we have waited a decade and now come again
to ask justice for the State of Oregon. We do it now, con_dent of your
response, because there comes at this time in the city of Portland an event
commemorative of the greatest expedition which has ever been attempted,
an expedition which emphasizes and forever will emphasize the grandeur
and the wisdom of the administrative ability of Thomas Jefferson. That
expedition of Lewis and Clark, which gave to this union 300,000 square
miles of territory, out of which there has been carved three great States and
portions of two others—Oregon, Washington, Idaho, Western Montana and
Northwest Wyoming, came into the Union because of the wisdom of Jefferson
and the ability of his engineers. Idaho, we are not engaged in any agreement
or compact in voting—we recognize you as the daughter of Oregon—we are
proud of you, wayward now though you be, we know you will come back
to the arms of your mother, and send to the Convention in 1905 a magni_cent delegation from your great commonwealth.
Not only that, but we appeal to you because we need the in_uence of :1
Convention like this. There is no State in this broad Union so utterly misunderstood as is the Commonwealth of Oregon. The great rainfall in her
mountains and at the mouth of the great river of the North has impressed
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the people of the nation with the idea that we are a humid State, but the
fact is that there is an arid empire within her borders; three-fourths of all
our territory is dependent upon irrigation for its higher development. An
area extending all its breadth and two—thirds of. its length, _lled with valleys
arid; two ranges of mountains cross the State, the Coast range and the
Cascades, and all east of the Cascades and south of the Blue Mountains and
west of the Coast Range are of the same character as Idaho, Utah and
Colorado, and that State needs the in_uence and inspiration of this Congress;
the magni_cent valley at the mouth of which Portland stands, the _nest
valley which could be found in the whole Northwest, has its wet and dry
seasons, and already the people residing there are becoming impressed with
the necessity of irrigation. Bring your Convention there, and there will be
brought to our people the very in_uences which are required to raise the State
to the high standard in which she belongs in the sisterhood of States.
Come to us, and show to us as teachers what we shall do to people the
great arid section of that State, and to make it fertile. Teach us how to
marry the mountain waters to the soil, that the result may be the disappearance of the sand, and in its place fruits, _owers, grains and grasses, and
when that time shall come we will support twenty millions of people, and
in every valley we will plant the standards of civilization—the church, the
school, the farm and the factory.
Portland, beautiful as a dream, queen upon two rivers, with the _nest
fresh water harbor in the Republic, with well appointed hotels, with 150,000
people, with theaters and balls in great abundance, with a lighting system
and trolley system unsurpassed anywhere, at her doorway a stream leading
out to the Columbia and then to the ocean, a city standing ready with the
hospitality which has always characterized her, to give you the advantages
which she at this time is glad to give because of the great fair which has
come to her door. She realizes the purpose of this fair is to be representative of the distinctive industries of the great West, mining and irrigation.
There is no intention to make it of such magnitude as that held at St. Louis.
It will be compact, ideal in its character, well appointed and so comprehensive
in its scope that you can come there with your families, grasp it all in two
or three days and possibly then to devote your whole attention to the Congress. Portland is able at this time to offer advantages which never before
have been offered. The great trans-continental railway companies, not only
because of their interest in the exposition, but because of their desire to
carry homeseekers to see the great plains of the Paci_c Slope, have made
a railway rate which never before has been equaled, and we are sure that
you can come to us from Missouri River points at a very low rate—coming
over one road and returning over another. Portland proposes that you shall
see an object lesson in irrigation as _ne as there is in the whole Republic.
Her proposition to you to-day, through me, as her representative, although
not a citizen of Portland, but of Northeastern Oregon, is to say that in order
that you may have this object lesson and in addition may see some of the
great beauties and resources which surround her, she will charter one of the
river steamers and take the delegates of this Convention, with their wives,
upon a journey over the Rhine of the West. She will show to you the
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beauties of the great river of the North, the Columbia, and she will land you
in a great valley whose fame is as wide as the Republic.
Now, my friends, a part of the purposes of this Congress is education}
you want an object lesson, we are told, and in addition to that we want the
inspiration of your work for the great Northwest. Now, in addition to that,
one of the great educating in_uences of this day is travel, and would you like
to see, as you approach the Paci_c, the great grain _elds, the magni_cent
cities and mining interests of Montana, the wheat _elds of Washington, the
wonderful beauties of Puget Sound? Then come to Portland over the Great
Northern Road. Or would you prefer to gaze on the glories of Colorado;
would you examine the wonderful and impressive civilization which has been
stamped upon the valleys of Utah, a civilization to which I here and now,
as the representative of my people, lay a laurel, because they have come
more nearly than any other to a solution of the great agricultural problems of
the age. In addition to Utah and Colorado would you see the glories of
transformation of Southern Idaho. would you see the mining interests of
Eastern Oregon, then come to us through the central railway lines, which
reach through the Ogden gateway. Or would your preference be to traverse
this commonwealth so grand and so hospitable, go across those wonderful
territories which sustain a magnificent population and under the inspiring
in_uence of irrigation are going to be a paradise; would you go through the
Italy of America, through orange groves of California and look upon the
magni_cent city of San Francisco and feast your~eyes upon their glories; then
come to us over the Southern route.
Delegate from Montana—I wish to second the nomination of Portland for
the next Irrigation Congress. I thought it was fully understood at the
Congress at Ogden last year that Portland was to receive the Congress the
coming year. In fact, I was surprised when I heard to-day that there was
any competition at all. I feel that we should help this great exposition at
Portland. We _nd that they are having a great deal of trouble in getting
attractions to that portion of the country, and I think we should help them in
that exposition.
Delegate from Nevada—I wish to second the motion nominating Idaho. It
was my pleasure in 1900 to go to Idaho. I had with me over $250,000 from
New York, London and Edinburgh, and I visited that section of the beautiful
Boise River. There is no place in all the great West where there is demonstrated such practical irrigation as there is in that beautiful valley. I merely
say this to show you that you will see demonstrated as you go to Boise City
some of the most beautiful farms that this great continent has, and you will
see an irrigation system that you can see in no other State, and all kinds of
fruits and vegetables are there to be seen. I merely second the motion, and
I know that Boise will give you a hearty welcome.
Delegate from Utah—On behalf of a portion of the delegation from Utah
I rise to second the proposition that the next Irrigation Congress shall be
held in the beautiful city of Portland. I don’t intend to take up the ,time of
the Congress this evening in advocating the claims of Portland, as they
have been so well presented by the gentlemen chosen to do so. I merely
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arise to remove, if possible, the impression that has prevailed among a great
many of my friends of Utah, and their relatives and friends and associates
in Other parts of the country, particularly in Arizona and New Mexico, in
regard to a little misunderstanding that occurred at the late Mining Congress
in Portland, when Utah lost what she desired, that is, that the Mining
Congress be permanently located in Salt Lake. We did not quarrel with our
Colorado friends because they got the Congress. We have no fault to _nd
with Portland. A little misunderstanding arose, in which some very unpleasant re_ections were cast upon Utah and its people, and a great many
people were under the impression that this slur came from Oregon, and particularly from Portland. That impression has been removed. The con_ict
that arose was simply between two members of the Congress, and the sentiments expressed were not endorsed by the people of Portland, and certainly
not by the people of Oregon. It is true that the gentleman who made these
remarks was rewarded by some of those splendid roses about which we have
heard, but other persons in the Congress were also favored by roses, and I
wish to say that if the Irrigation Congress shall be held in Portland there
will be no regrets. we have no grudge against Portland nor Oregon gen—
erally on account of that little dispute. I merely make this remark to remove
the impression mentioned.
I understdod at the Irrigation Congress held in Colorado Springs two
years ago that in 1905 Portland should have the Congress.
Mr. Holabird of California: I wish to second the nomination of Port—
land. In connection therewith I might relate the following. Some time ago,
while traveling, I saw sixty cars, with the exception of one car, that were
great big steel cars loaded with coal. In the middle of that train there was
one little car loaded with coal. Some fellow had taken a piece‘ of chalk and
written upon the small car: “Never mind, little car, don’t you cry, you’ll be
a big one by-and-by.” And I might say “Never mind, Boise, don’t you cry,
you’ll get the Convention by-and by.”
I have had the unusual privilege of traveling a great deal through the
West. I have recently visited the State of Oregon. I took a long wagon—
trip of several hundred miles through the most wonderful country I was ever
in—Eastern Oregon. It is capable of holding a larger population than a
great many other States. You could put Idaho in the center of it and not
_nd it. There are millions of acres of vacant government land there with
no strings tied to it, that any human being, under the laws of our Land
Department, can enter and make a home on. And I want to say it will be one
of the most interesting object lessons of your life, and I don’t think any man
is _t to _ll a public place in America unless he visits the commonwealth of
which Portland is the capital. You have no idea of its vastness and its
importance. There are 500,000 acres in the valley there that are most fertile,
and you can irrigate every foot of it, and it will be done by-and-by. There
is a large portion of that 500,000 acres waiting for homesteaders—for the
young man to go there and make a home and bring a wife with him. Few
of the people of the East have never seen the great rivers and the great
steamers leaving Oregon, going to all parts of the earth, and you ought to see
them—you are not. half educated until you do see them. You won’t see
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them at Boise. I don’t believe that many of you spent much time here in
this city looking at irrigation work. I think you spent more time looking
at the bull _ghts. With all the eloquence of our friend from Boise, I'admire his pluck and his nerve, and I want to tell you that we have come to
these conventions to listen to the lectures and learn something from the men,
and I would rather listen to the lectures next year in some comfortable,
magni_cent building like this, and look around to enjoy something after
you get out of the hall. I tell you, you will make no mistake if you go to
Portland—and you will make a serious mistake if you don’t.
The Chairman—If there are no further nominations, I declare the nominations closed, and the Secretary will call the roll of States, and after the
roll is called, the chairman of each delegation will announce the vote which
will be recorded, and the result given. There is no provision as to the unit
rule in the Constitution of this Congress. So that unless each delegation
should settle that question among themselves, the unit rule if not considered
would not prevail. If they desire to adopt it, we will recognize it.
A delegate from Arizona—Before Arizona casts her vote she desires to
explain: we have forty-six in our delegation, and we have thrashed out this
proposition in order that we could reach an understanding. We have invited
gentlemen from each of the delegations from the respective cities that have
been spoken of to explain to us the proposition that we heard 'here to-night,
and we have, in consequence of hearing both sides of the story, reached a ballot, and we now cast ten for each.
Ballot closed. Result: Portland, 203%; Boise City, 105%. The election of
Portland was then made unanimous.
The Chairman—It has been thought proper that the following telegram be
sent in answer to one received:
“National Association of Agricultural and Vehicle Mfrs, in convention
assembled at Chattanooga, Tenn: We reciprocate your friendly greeting and
invite your co-operation in a movement which has become truly national in its
scope and character. W. A. CLARK,
‘ President 12th National Irrigation Congress
Adjournment.
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General Session, Friday Morning, November 18, 1904.
Meeting called to order by Mr. John Hall.
Various resolutions were offered by Mr. Smith, of California, Mr. Taylor,
Mr. Chafey, Mr. Hoffman and Mr. Prince.
Executive Chairman Boothe—I ask consent for the immediate consideration of the resolution just offered by Mr. Prince.
The Chairman—It is desired that the delegates here express our pleasure
and grati_cation to our retiring President by a rising vote unanimously on
this resolution. The resolution was unanimously carried.
Executive Chairman Boothe asked unanimous consent for the consideration of the report of the Executive Committee.
Mr. Prince—I would suggest an amendment regarding the doing away
with the Committee on Credentials and also the Committee on Resolutions,
mentioned in the report. This matter came before this very same Congress a
few days ago when the motion was made in the usual form for the appointment of these committees, and the Congress then determined that it was
desirable to have these Committees on Credentials, Resolutions and Permanent Organization. It seems but a small matter, but at the same time it has
been the practice to have a Committee on Credentials, which has acted and,
as the Chairman of last year stated on the _oor, acted with a good deal of deliberation and a good deal of care as to various matters, and so far as I know
has acted entirely satisfactorily. We have heard their report this year at
the session two or three days ago, and, so far as I know, their plan of procedure, which is the usual plan, has met with no objection. It is, at any rate, ‘
a democratic system that a body, when it meets, shall have its own Committee
on Credentials, who shall act on these matters. I only wish to call the attention of the members of the Congress to the fact that.this would do away
entirely with the Committee on Credentials.
Delegate from Arizona—I cannot see how the remarks from Mr. Prince
apply to this case. Here is a body of men that have been elected by their
own constituents, each State and Territory has named its own Executive
Committee and is posted about the business, and when you come together in
Portland or any other place your organization is complete on the start. I
believe there is only one thing to do, and that is to adopt the resolution.
Mr. Hoffman of Texas—I am opposed to the amendment, for the reason
that a body of this kind ought to be able to pass judgment upon its own
constituents, because we are the judges, through the committee appointed by
each State, to decide who are delegates and who are not. You place this
power of deciding who are delegates into the hands of a few men who shall
meet and they are likely to see that such delegates are recognized. I believe that a body of men like this ought to have the right to decide when it
meets who are its constituted members, therefore I oppose the amendment.
Executive Chairman Boothe—There never has been, during the last few
years that I_ have been at these Congresses, a single man who has come and
put his name in who was not given a seat, and I have 'never seen a person
that has offered the least objection to anybody sitting as a delegate. When
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it comes to voting, the vote is by States, and each State decides for itself what
its vote shall be. The matter of accrediting persons as delegates, putting them
on the roster, has nothing whatever to do with the matter. At a matter of
fact, this is a permanent organization made up of the officers and permanent
members of the organization. So that really it is simply a matter to bring the
names before the Convention at the opening of it. It does not affect the body
or its right to vote. '
Mr. Jones—This Executive Committee is composed of a member from each
State, and they are to look up the credentials from the different States. I
can see no objection to such an amendment as this. We have spent several
days trying to _nd who are the Committee on Credentials.
Mr. Hays—There must always be an incentive for any movement. I fail
to see the incentive in this case. For years all deliberative bodies are controlled by themselves, and why we should depart in this instance in this
Convention I cannot see. The members of the Executive Committee that
meets next year are selected by the delegates this year, and should not have
control of the delegates next year to come. They may not be here. They
may not be in Portland next year. I have talked with several members of
the Executive Committee, and not one of them has assured me that he will
be at the Portland Convention in 1905; no man knows, for no man has a
right to say whether he will be alive one year from to—day, or at the next
meeting, and I insist that it is only proper that every deliberative body
should control the credentials of its own membership, and I am opposed to
this resolution.
Executive Chairman Boothe—How many of the credentials that were _led
in the of_ce of the Secretary were examined by the Committee?
Mr. Hays—We have accepted the report of the Secretary, and looked over
a part of the credentials. I am insisting on this proposition, that we are put. ting this Convention as controlling the next Convention, and that is what I
am opposed to.
Mr. Young of Utah—It occurs to me that there is very little merit in the
objections offered that the adoption of this proposition would deprive the
next Congress of the exercise of its prerogatives. The fact would be' unquestionable that the Executive Committee would merely as a committee
report to the Congress. The fact of deciding as to delegates should be left
to the Congress. In other words, the meeting would be held and perform
its duties expeditiously and there would be no delay in our proceedings at
the failure of the Credentials Committee to make a proper report. Therefore it seems to me that this proposition will tend to make the proceedings
go along much quicker. I don’t see why this Congress should not determine
the proceedings of the next Congress. As a matter of fact, the Executive
Committee will decide several matters.
Delegate from California—I have attended now four sessions of the Con—
gress, and I have yet to see the day when a delegate presented any credentials
and was ever rejected by the Congress, and I don’t expect to ever see the day
when any delegate from any source attends the National IrrigatiOn Congress
will be rejected. Now, in this Committee on Credentials this year there are
twenty-four States represented. When they met there were ten States rep-
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resented out of the twenty-four that were in session, and never at any time
did the number exceed ten States. Now, I believe the amendment would
be bene_cial to the Congress, but a short amendment or a word or two more
added to it, I believe, would _ll the bill. I would suggest, “in case of any
objection to the report of the Executive Committee on membership, it could
be brought before the Convention and threshed out.”
Mr. Hoffman of Texas—I move you as a substitute to this amendment that
the Secretary of this Convention and not the Executive Committee be the
receiver of all credentials, and that he report upon the morning of the meeting
of the Convention.
Motion seconded.
Chairman—We will vote on the amendment. Amendment carried.
Amendment to Article 4, offered by Mr. Boothe.
Mr. Prince—I think that by putting this proposed amendment in the Constitution that the Congress is going to tie itself up entirely. If you will
read it carefully, you will see it organizes a new committee which consists of
a President, Chairman of the Executive Committee and the Secretary of the
Congress, and, approved by the Committee on Rules, the program submitted
by the Executive Committee shall become the of_cial program of the Congress. Now, if that only means that this is a program which can be changed
by action of the Congress from day to day as necessities require, why of
course there is no harm in it. It is proper that somebody should outline
something in advance in order that there may be a proper disposition of
matters, and that they may be considered in due order, but by putting this
in the Constitution it means that this of_cial program of the Congress becomes a constitutional matter. I don’t see any necessity for it at all if the
former is the interpretation that is to be given. If it is to be of any special
constitutional power it cannot be altered at will. It would be putting it
above and beyond the power of the Convention when it chose to change the
program.
Previous question moved. Carried.
Resolution offered as to Committee on Rules lost.
Amendment offered by Mr. Boothe as to number of delegates. Adopted.
Amendment to Article 8 by Mr. Boothe adopted.
Mr. Boothe——A duty tardily performed is better than not performed at all. This bouquet of _owers on the stage was picked from the Capitol grounds in
Phoenix, Arizona, and sent here by the Governor as a compliment, and I was
asked to mention that fact. I wish that some expression might be made by
the delegates of this Congress in appreciation of the attention which has been
given to us by the Governor of Arizona.
Delegate from California—I move that a. vote of thanks be sent to
Governor Brodie for this bouquet, which exempli_es the beauty of Arizona
as well as the results of irrigation.
Bouquet acknowledged by rising vote.
Mr. Prince—I believe it is understood that the delegation from each State
and each Territory name one Vice President and one member of the Executive
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Committee, and that they do so this morning. I suggest that the Secretary
call the roll of the States, in order that a response may be made.
Roll called and the names handed to Secretary.
Mr. Maxwell—'—Those of you who have attended these Congresses formerly
note with a great deal of sympathy the absence at this time of Colonel Maxson,
as Secretary of the Congress. I understand that Secretary Maxson is ill.
I offer a resolution regarding him. Resolution adopted.
Chairman—The hour has arrived for the election of o_icers.
Delegate from Arizona—I would state that that part referring to the
o_'icers of this Congress was formally adopted last night; that part relating
to the Vice Presidents and members of the Executive Committee was delayed
until this morning, and has been completed, therefore inasmuch as the list
of of_cers is undoubtedly in the possession of some one in the hall, it would
seem to me unnecessary for the delay in sending for the report. and it would
appear to me the proper method now would be the formal installation of the
o_icers chosen. I have no doubt they are acceptable.
Executive Chairman Boothe—I move that the nominations sent in by the
States and Territories for the of_ces of Vice Presidents and members of the
Executive Committee be added to the report of the Committee on Permanent
Organization, and that the committee be discharged.
Motion seconded. Carried.
REPORT OF COMMITTEE ON NOMINATIONS.
This committee, to whom is referred the matter of nominations of of_cers
for the ensuing year, beg leave to report as follows:
For President, Hon. Geo. C. Pardee, of California.
For First Vice President, Hon. L. W. Shurtli_, of Utah.
For Second Vice President, Hon. J. H. Stephens, of Texas.
For Third Vice President, Hon. E. L. Smith, of Oregon.
We further recommend that the selection of Secretary be referred to the
incoming Executive Committee. '
We recommend that the Honorary Vice Presidents and members of the
Executive Committee submitted by the delegations from each State in this
Congress be adopted as a part of this report.
[NOTE—The complete list of of_cers will be found on page 435 of these
proceedings]
Chairman Clark—The nomination of Governor Pardee is now before the
Convention. Are you ready for the question? Unanimously- carried.
Mr. Clark—Gentlemen of the Convention, I have the honor to introduce
to you your distinguished next President of the Irrigation Congress, Hon.
G. C. Pardee, of the great State of California.
Mr. Pardee—Gentlemen of the Congress, while I feel the-greatest per—
sonal pleasure, and the greatest personal honor, for the distinction and the
honor which you have to—day conferred on me, I feel, howeverhthat it is
done more as a distinction and an honor to the State which I am here to
represent, than for any personal regard or for any personal distinction which
may be given to me, and when I go back to my State I shall take back with
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me the greetings of this Convention, transferred through me to the State
which I am here to represent—as the Senator has said, the grand State of
California. There is no doubt but that every State and every Territory of
this Union is both grand and great, and with the exception of all the other
States and Territories of this Union, I am here to declare that California
is the greatest of them all.
What more can I say to you, ladies and gentlemen of the Congress? I
am deeply impressed and deeply grateful for the honor which you have to—day
conferred upon me, and I shall do all that lies in my power, with your help,
which I hope you will cordially extend to me, to make the next session of this
Congress approach somewhat at least to the bene_ts which we have derived
from this, and I hope that your retiring President will not forget the duty
which he owes to the Congress, the duty which he owes to the irrigation
propaganda throughout the United States.
Mr. Clark—Gentlemen of the Irrigation Congress, before yielding this
gavel to my very distinguished successor, I desire to express to you gentlemen, members of this Congress, as well as all preceding Congresses, who are
present here to-day, my deep sensibility of obligation to the members of the
several Congresses of which I have been an honored member, and particularly
those of the preceding one and this one, over which I have had the very
great honor to preside, for their co-operation, for their uniform courtesy
and respectful consideration of their Chairman upon each and every occasion.
And I also desire to state to you, my friends, that my work as Chairman of
two Congresses engaged in this great movement has given me great pleasure.
I have realized the honor that attaches to the position to which I was elevated,
and I feel this, that it has been to me a labor of love. There is nothing in
the world in connection with this great work, with which I have been identi_ed for thirteen years from the day on which the _rst Congress was held
in the City of the Saints in the beautiful Salt Lake Valley, that I would not
do to promote its interests. I have felt an abiding and an untiring interest
in every step of its progress, and particularly in the progress of the legislation, which at last has brought some measure of success in working out the
solution of this great problem, which is so dear to all our hearts, and which
means so much to the people of this great Western Empire.
I do not intend, in retiring from the high position which I have occupied,
to relax one iota of the devotion and the love which I feel and enjoy in
connection with this cause. I will try to be with you at Portland, and will
do whatsoever lies in my power to aid you in your Congress there; and besides I want to see the magni_cent exhibitionwhich you will establish there
on the banks of the beautiful Columbia—the grand Columbia River—com—
memorating that great event, the advent of Lewis and Clark at the mouth of that
river in 1804, where they were sent by Thomas Jefferson to explore the
great Northwestern country. And in the meantime, in pursuance of my duty
as representative of my State in the upper branch of Congress, I intend to
secure further legislation in aid of this cause, if it is possible, and if I can
get the co-operation which I believe I will have from all the Western Senators
and members of the House of Representatives.
(4)
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In my address I stated to you the other day that the fund accumulated
now, amounting to about twenty-seven million dollars, will soon be absorbed
in this great work. There have always been laid out projects, which, if
carried to their completion, and which will be carried out by the able corps
of Government engineers under the direction of Mr. Newell, will absorb at
least two-thirds of this fund. I do not know what we are going to get in the
way of additions to this fund, in the way of proceeds of public lands, as it
varies from year to year. It may be more or it may be less; but whatever
it may be,- it mnnot, in all probability exceed _ve or six millions of dollars.
We must demonstrate to the Eastern people that the reclamation of the arid
lands of the West is a national project, and worthy of the support of
all the American people, and we must enlist their aid in its development.
They are spending from _fty to a hundred million dollars every year on the
rivers and harbors of the East and South, and when we make an appeal for
a few million dollars for something in the West, they turn their backs upon
us. Now I do not propose, so far as my in_uence and effort may extend,
that they shall do this any longer, but that they shall come to our rescue
and help build up this Western country, which means so much to them, as
well as to us.
Thanking you, gentlemen, for your kind and courteous consideration, I
now yield to my distinguished successor the gavel which I have attempted
to use with impartiality and discretion, and certainly I have used it with
great pleasure-to myself.
Chairman Pardee—Gentlemen of the Congress, the next order of business
is the election of First Vice President. The Committee recommended the
election of Mr. Shurtli_‘, of Utah.
Delegate from Idaho—I move the report of the Committee be accepted
and Mr. Shurtli_ be elected. Motion seconded; carried.
Chairman—Next in order is the election of Second Vice President. Hon.
J. H. Stevens, of Texas, is named by the Committee.
Mr. Taylor of Texas—I move that the report of the Committee, on Mr.
Stevens, be adopted. Motion seconded; mrried.
Chairman—Next recommendation of the Committee is Hon. E. L. Smith
of Oregon to be your Third Vice President.
Mr. Hall—I move the election of Mr. Smith. Motion seconded; worried.
~Mr. Smith—Ladies and Gentlemen, I thank you for your kind consideration. The place was unsought by me. While I am up here I wish to
convey the thanks of the Oregon people for the very kind consideration
shown in selecting Portland. I want to tell you that when you come there
you will _nd that we are your own people; you will _nd a beautiful city,
and I want you to get acquainted with some of those old pioneers and their
children—those pioneers who traveled the deserts and forests over half a
century ago to save that grand land from foreign supremacy. I have no
promise to make to you, but Portland’s hospitality will be commensurate
with her ability.
The Chairman—Gentlemen, there appears to be no further business on
the table of the Secretary, save the report of Committee on Resolutions. _
Is the Committee ready to report?
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Mr. Smith of Utah—I desire to offer a resolution. That this Congress in
every sense of the word endorse the exposition to be held at Portland, Oregon,
-and that the worthy work accomplished by Lewis and Clark shall be fully
commended by us, and that in every way we ‘will utilize our in_uence to
make it a success. A hundred years have passed since the expedition of
these men. We should use every effort within our reach to make this anniversary exposition a success in every sense of the word, and let us hope that
the results may be all that our Portland friends expect. I make this resolution impromptu upon this occasion.
Delegate from Idaho—Idaho seconds that resolution. I desire to assure
the rousing delegation that Idaho will only be second to Oregon itself in
making this exposition a grand success.
The resolution was unanimously carried.
The Chairman—I take pleasure in introducing former Senator Harris of
the State of Kansas, who bears a message from Kansas City to this Congress.
Mr. Harris—Mr. Chairman, ladies and gentlemen, I have no desire to
detain you but for a moment. Last week I was called upon by the great
commercial bodies of Kansas City to come here to El Paso and extend to
you on their behalf ‘a greeting and a message and an expression of their
desire for your success and hope for your work in the future. That great
State stands as a gate to the glorious and beautiful West. She is reaching
out her arms to the great empire which we will see in time built up where
there will be homes for American men, women and children. I agree most
heartily, and I know that the sentiment of Kansas City coincides with the
magni_cent expression which has been uttered by the speaker who preceded
me. Mr. Maxwell has been indefatigable in his work, and I am happy to
bear witness to the ef_ciency of it. Kansas City feels that this great empire
should be built to furnish homes for American men, homes upon American
soil for American women, homes for American boys and girls. That is the
kind of expansion we believe in back in our part of the country. Kansas
City desires to say to you that whether your meetings are held in El Paso,
whether they are held in Boise or whether they are held in Portland or any
part of the country, she is in sympathy at all times with the work which you
are furthering. She knows the kind of men who live in this great country,
she knows what they have done; she has faith and hope in the future, which
she will bring to pass. I thank you very heartily for the opportunity of
presenting to you the best wishes of Kansas City for your success.
Mr. Kimball of Arizona—Gentlemen, I desire, in behalf of the delegation
from Arizona, to call your attention to Arizona’s display as you go
out of the door, and say to you that, after the Convention exercises are over,
we desire each member of the Congress to get an orange or lemon or one
of the other of our fruits to take with you, showing to you that Arizona is at
least six weeks ahead of California and other places in the raising of these
products. I desire to say, also, that we want you to see the possibilities of
our region, and to show what could be done by the conservation of the waters
that are going to waste. We are raising at least _ve. crops of alfalfa, and
we are getting in the neighborhood of from eight to ten dollars a ton on the cars
for it. We can raise two crops of peaches. I might relate a strange circum-
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stance that happened this fall. In September a hailstorm stripped our apple
trees of nearly all the fruit, and .we thought spring had come again when
the apple trees blossomed out once more, and we have another crop of.
apples on our apple trees. This is the spirit of the country; this is the spirit
of the people—to keep on doing and trying again. And we do hope that the
good people of this entire country will not forget those things that have been
said by Mr. Maxwell, which are entirely true. I want to say to you that in
the valley where I live—the Gila Valley, and I also have the honor of presiding over the people in the San Pedro Valley—that all that has been said
is true, in regard to the waste of the water. I am told by the pioneers of the
Gila Valley that twenty-_ve years ago the waters laid upon the ground in
abundance, and the whole country was covered with wild grass. But now
that is all destroyed.
Our rains come in the fall of the year, commencing in July and running
through August and sometimes to September we have nearly all the rains
that come during‘the entire Year, and we cannot conserve the water and save
it to use during the drouth. This last fall we were appalled to see the rains
come as they did and wash the slopes and cut out the country; where
formerly there was a little cattle trail are now rivers, some of them 100
feet wide, which have destroyed farms.
Twenty—_ve years ago _ve wagons, with a little party of emigrants, came
in from Utah to reclaim the grand Arizona country and help make the
mining industry possible. In connection with our labors, they assisted in
making the great commonwealth there.
I desire to call your attention to these facts, and ask you to get some of
the products of Arizona, and don’t forget the great possibilities of that
territory.
Mr. Smythe—I desire to say, for the information of this Congress, that
Southern Texas is still in its infancy, but an irrigated farm there has raised
seven crops of alfalfa in one season.
Governor Pardee of California—Come to California and get ten.
The Chairman—I desire to give notice that at the _nal adjournment of
the Congress this afternoon the Executive Committee will meet on this platform immediately after the adjournment.
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General Session, Friday Afternoon, November 18, 1904.
The meeting was called at 2:00 o'clock by President Pardee.
Mr. Prince—Mr. President, I have an exceedingly gratifying, as well as
important duty to perform. Most gratifying because it announces what I
think is the most practiml act in the history of this Congress, and the most
gratifying of any duty which anyone has had to perform at this great gathering here in El Paso. I ask permission to make a very brief preliminary
statement.
For a number of years there has existed a diversity of opinion—no, I
rather may say a bitterness of action—between those living in the Rio Grande
valley -with regard to the irrigation improvements which seem necessary in order
to utilize the water of that river. It was a three-cornered controversy—on
the north, those living in the Territory of New Mexico; to the south and
east of the river, those living in the State of Texas, and on the west of the
river our brothers in the Republic of Mexico. Each had its own ideas, and
each was suf_ciently tenacious and suf_ciently powerful to prevent action
on the part of the other. Each, I am sorry to say, as time went by, became
more and more antagonistic to the other, so that it seemed as if harmony of
action was almost among the impossibilities. But a miracle has come; that
which seemed to be impossible is not only possible, but is an assured and
accomplished fact. Harmony and unity of action have succeeded in the
place where before was contention and bitterness. There have been frequent
assurances during the course of the existence of this Congress, among all of
those from all parts of the Rio Grande valley, north and central. and south,
and this has resulted in the adoption of a resolution which has been very
aptly called “a most happy solution of a vexed question.” This agreement
was so perfect, that yesterday afternoon, at a meeting in this room, a resolution was adopted unanimously, by all who were present, asking that some
course of action should prevail, and that the of_cers of the Reclamation
Service should go on and do the great work which they had found it was
possible to do. ,And since that time, in another conference, this statement,
with an addendum explanatory to some extent, has been signed. I hold here
the original; it has been signed by _ve representing New Mexico, _ve representing Texas and _ve representing the Republic of Mexico. The resolution
which was adopted yesterday read: “That we heartily approve the valuable
work of the Reclamation Service under the Department of the Interior of
Washington, whose o_-icers of the Rio Grande have been in New Mexico
and elsewhere, and we heartily endorse and approve the proposal of building
the Elephant Butte dam as a happy solution of a vexed question that has
embarrassed the parties interested, providing that an equitable distribution
of the waters of the Rio Grande with due regard to the rights of New Mexico,
Texas and Mexico.”
“EL Paso, TEXAS, Nov. 18, 1904.
“The undersigned Mexican delegates to the Irrigation Congress, have had
no time to make a comparison of the two projects to store the waters of the
Rio Grande, the International dam project and the Elephant Butte dam
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project, but assume, for actual purposes, that the data given by Mr. Hall in
his report read yesterday at convention hall in regard to _ow, sediment, evaporation, distances to bed rock, etc., are correct and that it is thoroughly practicable to bring to the site of the old Mexican dam, above El Paso, the water
necessary for the areas that were previously irrigated, and that said quantity
of water will be given to Mexico, without cost, at that point, surveys to be
made by the engineers of the United States Reclamation Service to determine the number of acres upon the Mexican side of the Rio Grande which can
be so irrigated, said surveys to be subject to the approval of the Mexican
government.
“Under those considerations, the Mexican delegation endorses the Ele—
phant Butte dam project, as explained by Mr. Hall, said endorsement to be
subjected to the approval of the Mexican government. as the delegates have
no instructions whatever, as stated yesterday at convention hall by the dele—
gate from Tlaxcala, Sr. Carranza. “JAcono BLANCO,.
“ROBERTO GAYOL,
“JOSE DUVALLON,
“YGNACIo CARRANZA,
“RAFAEL DELA MORA.
“We, the undersigned committee, representing the American side of the
Rio Grande valley, heartily and unanimously endorse the above statement and
presentations, made by the honorable delegation representing the Mexican
republic, and through them, the Mexican side of the Rio Grande valley, subject to the approval of the United States government
“FELIX MARTINEZ,
“A. P. COLES,
“Z. T. WHITE,
“A. COURCHESNE,
“J. A. SMITH,
“OSCAR C. Snow,
“H. B. HOLT,
“WM. PALMER, JR,
“R. E. TWITCHELL,
“MARTIN LOHMAN.”
This document, which has been signed to-day, is, in addition to that, explanatory of it to some extent, giving it greater force and ef_ciency, and is
signed by _ve representatives from the Republic of Mexico, by _ve from
Texas and _ve from New Mexico, who have been appointed a committee of
conference on that subject. Mr. President, this is a matter of most hearty
congratulation to all who live in this section of the United States. The Rio
Grande is the great river, as its name implies. of this section of the United
States and of Mexico. It has vast valleys on its sides, and at certain periods
of the year it brings down great volumes of water which, as matters are now,
are entirely lost, which, if conserved, would add to the agricultural resources
of the United States and Mexico, and now that all obstacles are removed.
now that all have agreed to accept the dictum of the authorities on the subject at Washington, and to work harmoniously in order that they may be
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brought to a practical conclusion, it is, as I say, a matter of great congratulation to all of us. It is, in another sense, a matter of great congratulation to
this Congress. Sometimes we are asked “why do you hold these gatherings,
what do you achieve? What have you to show of the practical in the way
of results for the expense and the trouble and the time and the exertion
that is employed in the carrying on of these Congresses.” And I say that if
nothing else has been done at this National Irrigation Congress now being
held in the‘city of El Paso, if every other moment of its time had been
absolutely wasted and was soon to be forgotten, that this, which I have nowv
the pleasure of announcing, is enough in the way of practical results to have
justi_ed the holding of this Congress, even if the expense and the trouble
had been ten times what it was.
I am directed by the delegates and representatives of the Rio Grande country, in its whole extent, the three territorial divisions to which I have alluded,
to ask of this Congress the endorsement of the harmonious wish to which
they have all agreed, by .the passage of this resolution:
“Resolved, that we heartily approve the valuable work of the Reclamation
Service under the Department. of the Interior at Washington, and its. of_cers
in the Rio Grande Division in New Mexico and elsewhere, and we heartilv
endorse and approve the proposal of building the Elephant Butte dam as a
happy solution of a vexed question that has heretofore embarrassed the
parties interested, providing that an equitable distribution of the waters, with
due regard to the rights of New Mexico, Texas and the Republic of Mexico."
I move the suspension of the rules, that this may be received for immediate action by the Congress.
Delegate from California—I second the motion made by Mr. Prince. This
is a question of great importance, and I think should be acted on at once.
Chairman—You have heard the motion, that the rules be suspended and
that the Convention act immediately on this question. Are you ready for
the question. Motion carried.
Resolution of Mr. Prince was adopted.
Mr. Prince—We sincerely thank the Congress for this action.
Mr. Fairweather of Califomia—Gentlemen, I have been requested by a few
members of the Congress to give a little explanation of the workings of the
irrigation law of California; it it is compatible with the views of the Congress, I am willing to do so.
' Chairman—Please take the platform, Mr. Fairweather.
Mr. Fairweather—Mr. President, ladies and gentlemen of the Convention;
during the discussions in the various departments of this Congress it has been
alluded to in some of them that if the various sections in the arid states and
territories had some similar law as the State of California, it might do much
good, and help them by helping themselves to get relief earlier than they will
from the general government. Now, it has been generally heralded abroad
that the Wright Law of California was a'humbug and a fraud, and everything else that was bad. We in California, who know the bene_cient effect
of that law, brand that statement as a bare and bald face lie. Our law provides when a number of people in a division or 'neighborhood, for instance,
the people interested get up a petition under the law, and apply to the Board
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of Supervisors for them to endorse that, and then they elect _ve or three
Directors. When that is done all those within the District begin to work.
Now, the Biddeford Law makes it obligatory to have a majority of the land
owners, or those having title in the district, to sign the petition _rst. When
this is done, then we go on with the workings the same as you do in a school
district. We are a quasi-public corporation. The property in the district
pays no taxes, because it is for the bene_t of the public, and the land is
enhanced in value and pays the taxes in that way to the State. We have our
c-wn of_cers. We elect directors; the law gives permission to elect three or
_ve. We elect our directors, we elect our assessors, our tax collector, we
levy our own taxes. It does not go through the county of_ce in any way,
manner or form. We bond our district. We have $490,000 of bonds out on
our district at _ve per cent. They are twenty and forty year bonds; to-day
the bond owners prefer the long term bond. I don’t know of any bond in
our district that is on the public market, and certainly there is not any bond
that can be bought in that district below par.
Now, in levying our assessment for water, we levy a tax on land exactly
as you assess for anything'else. If I have a 20-acre vineyard or orchard
or alfalfa field, and my neighbor has a 20 or 40 or 60-acre piece beside me
that is growing wheat or not growing anything at all, if it is the same class
of land, his land is assessed at the same price per acre for irrigation as my
vineyard or my orchard. We make no discrepancy in that, and we have had
very few instances where any individual kicked, for the reason that the more
improvements made in going along, they add to the value of the land. Of
course we are favorably located on the river, and have been working under
that law now for thirteen years, and you cannot come into our district to-day
and _nd _ve people to say a word against the Irrigation Law.
Under the Constitution of the State of California it allows every man—
every legal voter—in the district to cast a vote. Some of your State consti—
tutions limit the voters to property owners, and I believe it would be a good
thing to allow only the actual owners of land to vote. The law says all
property shall be assessed at its true value, but that is not always done, at
least not in our district. The improvements are ordinarily assessed—that is,
buildings. We don’t call trees and vines and alfalfa improvements. For
instance, if a man has got forty acres of land and a good house on it, costing
$1300 or $1500, his house will be assessed at $250. If he has a barn, it will
be assessed at $150. The secondary improvements on the land are not as«
sessed very high, and do not increase the tax rate very much. The tax in our
district amounts to about thirty-seven or forty cents per acre per annum,
and two-thirds of the tax that is levied in our district to-day is for paying
interest on our indebtedness. When that is paid off, the running expenses of
our district will amount to about $10,000 or $12,000 a year, and it won’t cost
twenty cents per acre per annum,
We don’t divide our waters—we have no locks on the gates. The law
provides that every individual is entitled to his pro rata of water. He can
even exchange it if he will. We seldom hear of anyone su_ering from the.
use of too much water on 'his land; that is a trouble experienced in nearly
every irrigated section of the world—using too much water.
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I have given you in as few words as possible the workings of the State
Irrigation Law, and I thank you. If any gentleman wishes to ask a question,
I will try to answer him.
Chairman—Gentlemen, I declare a recess for ten minutes.
Meeting re-called at 2 :40 p. m.
Chairman—I want to announce that each speaker will now be limited to
_ve minutes, unless granted otherwise by the Congress. The long—lost Committee on Resolutions is here. They report that they will be ready in a few
moments. ’
REPORT OF COMMITTEE ON RESOLUTIONS.
Mr. Penrose of Utah, Chairman of the Committee on Resolutions—Ladies
and gentlemen; I would apologize for this late appearance it I thought that
the Committee had anything to apologize for. I wish to say we have been in
session for a long time, and I beg to report the following:
The report of the Committee on Resolutions was read. (Report as made
was adopted with the slight amendment offered by Mr. Finke] of California.
Resolutions are found on page 125.)
Governor of Idaho—Mr. Chairman, I move as an amendment to the report
of the Committee that that portion of the resolutions referring to the repeal
of the Stone and Timber Act and the Desert Land Act be taken from the
resolutions. Motion seconded.
Delegate from Idaho—I wish to'say a few words explaining my position,
and I think the position of a great many others here, with reference to this
matter. While I am in accord with many of the suggestions in that portion
of the resolution which we seek to eliminate, I do not believe that the time
has arrived when we can safely act upon the matter; I believe it is one
that should be more fully- considered and should be referred to the next
annual session of this Congress. We are, Mr. President, in need of funds at
the present time. The main want of the people in the arid regions at the
present time is money to be placed in the reclamation fund in order that the
great projects may be carried on, and others that have been suggested may be
made possible. Mr. President, if I recollect right, there are some ten millions
of dollars that have been placed in that fund by the sale of the public lands
in the year 1903, and seven and a half millions by the sale of land under the
Stone and Timber Act and under the Desert Land Act. Can we safely take
such action as would possibly induce Congress at this time, acting upon our
suggestion, to eliminate that source of revenue, and put us back possibly in
a position where we could not depend upon more than three or four million
dollars a year in this fund? I say that it is a serious question that confronts
us. The report of the Committee itself, in the very next resolution, says that
it is necessary, in the opinion of the Committee—and with that opinion I
believe we all agree—that a greater fund be raised, and we ask in the next
resolution that the Congress appropriate moneys in the nature of a loan to
this reclamation fund. to be repaid. I ask, Mr. President, how it will be
possible to secure that money from the Congress of the United States unless
we provide some means by which it can be repaid, and it is a serious ques-
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tion in my mind whether the adoption of this resolution, if favorably acted
upon by the Congress of the United States, will not so impair our revenues
as to render it impossible for us to obtain this money which we are now
seeking in addition to that amount which we acquire from the sale of, lands?
You will _nd, Mr. President, that the Congress of the United States, in dealing with us, will want .to know how the money loaned will be repaid.
Mr. Newlands—Mr. President and delegates of the Irrigation Congress, the
gentleman from Idaho objects to this proposed action, not because he objects
to the reform which we have in view, but because our action will tend to
prevent sums'of money from going into the reclamation fund, which, under
existing law would go there; and he asks whether we can imperil the great
work of national irrigation now advancing so rapidly-by interfering with the .
increase of this fund through the proceeds of land sales. Now the proceeds
of land sales come largely, I am told, from timber lands, and we _nd that
the timber lands of the country are, under existing laws, going into the hands
of great combinations and syndicates which hold them for future speculation and pro_t, so whilst we are rigidly guarding in the Reclamation Act
against land monopoly in the future by providing that as to the lands re—
claimed they can be acquired only in small tracts su_icient to support a
family, we are adhering to a policy which is concentrating the timber lands of
the country in private hands, and is gradually strengthening the very monopoly
against which the Reclamation Act is intended to guard; so I say that if the
fund were in danger, even if not a single dollar in the future was to be
added to this fund from this source, I ‘would favor legislation to stop this
concentration of land in private ownership. But that danger is not to be
apprehended. Under this very resolution it is provided and recommended
that Congress should concurrently with the repeal of the Stone and Timber
Act, provide for the sale of stumpage upon these timber lands, and provide
that the proceeds of such sales shall go into the reclamation fund. I _rmly
believe that more money will be secured from the sale of stumpage than will
be secured from the sale of the lands themselves. After we have sold the
timber that is now upon these lands, we will either plant new forests or we
will retain the lands for agricultural purposes, and then this land,can be
held, like the old arid domain, in trust by the country for home seekers, in
small tracts suf_cient to support a family. Thus if we retain the land and
sell the timber we will get more for the reclamation fund than under the
present system, and we will still hold the lands under the policy of this
Irrigation Congress for future home seekers.
But we will assume that it is true that, temporarily, the proceeds from
the sale of stumpage will not be as large as the proceeds from the sale of the
timber lands themselves. We have already in that fund nearly twentyseven million dollars. and that Act has been in operation for two years, and
only about three million in all, I believe, has been expended. Under the Act
the fund is a revolving fund. When twenty-four million dollars now in
the fund are expended, the work does not end; that twenty—four million
dollars returns to the fund through the annual payment of the settlers on
the land, and you can readily see that if the fund only amounts to twentyseven millions of dollars, that fund in the next twenty years, by the aid of
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this revolving process, will accomplish at least one hundred and _fty million
dollars worth of work; so that even without an increase in the present fund
we could accomplish the work, though not so rapidly, perhaps, as desired.
Now in addition to the legislation which we suggest regarding these lands,
we have urged a Government loan to the Reclamation Fund so that if the
Reclamation Service, after a full survey of all the projects in contemplation,
_nd that this fund is not sufficient to meet the existing demand, they can so re—
port;they can state how much is required—_ve or ten or _fteen or twenty mil—
lion dollars—and we can go before Congress with the recommendation of the
Reclamation Service and urge Congress to appropriate a loan to the Reclamation Fund, to be used in this work, to be expended in reclaiming arid
lands; the cost of each project to go back to the fund by annual payments
of the settlers and thus the Government will be reimbursed and the great work
accomplished without the loss of a single dollar to the Treasury.
Now I ask whether we are in earnest in all these Irrigation Congresses
in demanding that a stop should be put to land monopoly? If we have been
in earnest, we have an opportunity now to demonstrate it. My friends, we
have not realized yet in this country the perils of land monopoly. Why?
Because we have more land than we have people to occupy it; because,
though we have a population of eighty million people, we have in this country
land equal to the demands of _ve hundred millions of people and we will
yet arrive at that population, and when we approximate that point we will
experience the evils of the concentration of land in private ownership. It
has been the cause of more social disorder, and of more serious and bloody
revolutions than any other cause in the history of the world. It was the
cause of the long revolt of Ireland against English misrule; it was the
cause of the French Revolution; prior to the French Revolution one—third of
the entire land of France was in the hands of the church, one—third in the
hands of the nobility, and one-third in the hands of the people at large.
And it was this system of concentration of ownership of the lands in the
church and in the nobility which led to that revolution—the bloodiest in
history—and we have as a result of that revolution, in which the greatest
excesses were committed, the present system of peasant proprietorship in
France, which has given peace to the people and a stability to the government of that people that has never been enjoyed before.
In the Philippine Islands, the protest of the Philippine people was not so
much against the tyranny of Spain as it was against the monopoly of the
best lands by the Friars. Their revolution against Spain, which we aided,
resulting _nally in the expulsion of Spain from the Philippines, had its
source in this monopoly of land upheld by the Spanish government—and you
will _nd that in our South American and Central American States—the gradual
increase of land holdings of the church led to disorder which ended in
revolution against Spanish domination, and the absolute spoilation of the
church of its property.
Now, we want to avoid disorder and revolutions here, not so much because
it is a present danger as because it is a future danger, a danger to the peace
and prosperity of the Republic. It seems to me that we have an opportunity
now, without loss to this fund, to shape these laws so as to prevent the con-
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centration of lands in private ownership, and to see to it, so far as the public
domain is concerned, that the prevailing system of combination and monopoly,
so oppressive to the people, shall not prevail.
Chairman—Are there any further remarks, gentlemen?
Delegate from Oregon—How is the sale of stumpage going to prevent
the monopoly of land, I would like to ask?
Mr. Newlands—If the government simply sells the timber on the land
instead of the land, the government retains the land, and there is no monopoly.
: is a monopoly of the entire people instead of a particular combination.
Delegate from Oregon—I would like to know what length of time is
contemplated for the cutting 0E of these lands?
Mr. Newlands—That will be a matter for the administration to determine.
Mr. McAlpine of Minnesota—I wish to say a word, Mr. Chairman. The
gentleman who just spoke stated that the repeal of the Acts in question
would prevent a monopoly. An individual citizen of this country can go
into the woods and take up the different stones, but he don’t say a word
against the monopoly that furnishes millions of acres of the public timber in
the State of Idaho.
Mr. Newlands—Will you allow me to interrupt you? It is true that I
made a reference to that, but the resolution asks the repeal of all laws permitting the issue of scrip.
Mr. McAlpine—Let that be amended _rst. Don’t take the right
of the citizens of this country from the public domain that belongs to
them. This country has prospered since tne Constitution of the United
States was _rst inaugurated, and is prospering to-day. The land belongs to
the people and not to the combinations. That is what I say, the combination
wants to take the public domain out of the market. Then they care little for
the land laws when they use them as long as they want. The.Northern
Paci_c Railroad got $50,000,000 worth of public domain to build 2000 miles
of railroad from Duluth to the Paci_c Coast. If they sold that land for $5
an acre, they would have put $150,000,000 in the treasury of the Northern
Paci_c Railroad. Now, if the public land is taken out of the market, those
lands will increase in value about three-fourths. A citizen can go and take
up 160 acres at $2.50 an acre—$400 for 160 acres of land, and if he sells it
for $5 an acre he will have a gain of $400. Which is best, to put the money
in the treasury of a combination or a citizen. For the year ending June 30,
1903, the Government received $4,537,000 from timber and stone. That
would take 10,500 citizens of this country to enter these lands. They paid
theGovernment $2.50 per acre for that. Supposing they sold that for $5 per
acre. There was 10,500 citizens made $2.50 an acre on it. Which was the
most bene_t—distributing it among 10,500 citizens of this country, or putting
it into the treasury of those railroads or combinations. _Which is most bene—
ficial? The combination is behind this scheme and has been for _ve or six
years and more. Which will they do? The government received $2,850,000
for the sale of the homestead land. For the desert land there was 1,425,000
acres. They received $256,000. For the sale of these three acts of the Government which belongs to the people, the Government receives $7,644,419.
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That was set aside generally from the Northern States and other States for
the sole bene_t of the irrigation in the arid land States. The fund is for
that purpose. It does not cause any hardship on any branch of the Government of this country to cut off that. That will take the fund away from the
desert land districts. That is what is before the Convention. We have to
have combinations. There are men in this country who built railroads and
never got one dollar from the Government. The Great Northern Railroad
was built from Duluth to the Paci_c Coast—2000 miles—by James J. Hill,
one of the greatest men of the United States, who has done more to open
up the country than any other man. The second man to Hill, that builds
railroads without going to the Government for aid is our retiring President,
W. A. Clark. He is building a railroad from Utah to Los Angeles. He
don’t want to rob the people of their lands. It is a combination, gentlemen,
we are now confronting, and I defy any man to object to one word I have
said. The trouble is with the combination; the sale of the stumpage is referred to by my honorable friend, Mr. Newlands, and I ask him the question
which is the best, to put the money into the combination or give it to the
people. He don’t answer me. There are always men that will support combinations of every kind. Some of them can be bought; some of our judges
can be bought and sold to support combinations, but, gentlemen, they can‘t
all be. I will refer you to one little matter in the State of Minnesota that
was seventeen years in the Department of the Interior, before four sections of
the Interior and four Commissioners. There were two little attorneys in
Duluth who took the matter I refer to up, without fear or reward, and
brought it to the courts of the State of Minnesota and it went to the Supreme
Court in less than _fteen months, and the Supreme Court made a special
order and canceled the patent. There are plenty of men in this country that
can be bought and sold if the question, is.put right before them. I will say
that this one of the most far—reaching schemes that ever went before the peo—
ple of this country.
Mr. Finkel, of California—In the interest of this Convention, and the
California delegation, I wish to state that hereafter if any one speaks longer
than _ve minutes, we want to also.
I wish to say just a few words on this question. There is no real apparent
difference between our friends Senator Newlands and Mr. McAlpine. Mr.
McAlpine thinks that we are liable to affect the fund. I don’t think that
this legislation would have that effect. It would not have that effect
for this season, that the stumpage off this timber land will be sold. The
administration of a new law would _x the price of stumpage at such a _gure
that it would not enable these ’corporations to increase the price. In the
second place, the work for which we are striving here to prevent the monopoly
of land would be hindered by amending this resolution, for the simple reason
that we are now accumulating funds and expending them for the purpose of
distributing lands among people under the National Irrigation Law, thus introducing a new supply of lands. The new supply of land has the effect of de-pressing the value of all the holdings held by railroad corporations. I think
this is a suf_cient answer to the question. What I say is this: that every
law which tends to build up a monopoly in this country should be repealed.
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I just simply want to make one amendment to this resolution not on this
point.
Mr. King from Oregon—Gentlemen of the Convention, one year ago when
I attended the Irrigation Congress at Ogden, I made up my mind to keep
still except on the Resolution Committee, but after listening to the discussion
of my esteemed friend from Minnesota in the Resolution Committee this
morning for three-quarters of an hour, I cannot resist the temptation to say a
few words upon this question. I am not disposed to question the motives
of anyone who differs with me. I regret that I have to take sides and oppose my good friend, and while I do so, I do not question his motives. One
year ago when I appeared on the Resolution Committee I was undecided
about this question. I listened to the discussion of this one question at least
seven or eight hours, and after listening to their discussion of this question,
I was convinced that the timber land laws and other laws of this country
should be repealed. The scrip question was.referred to, and they said if we
could offer some substitute for the desert land law, it would be upheld. We
found to-day when this matter came up that amendments were made and we
found that still Our timber friends opposed it and said if we could repeal the
scrip law and stop the further issuance of scrip we could accomplish just as
much. We have brought in a resolution recommending the repeal of all
acts permitting lien sections or issuance of scrip and notwithstanding we have
added that, we _nd our friends still opposing. and I want to tell you they
are going to continue to oppose it just as long as we attempt to repeal the
laws. I believe it is not a question as to whether this man or that is going
to pro_t; it is a question as to what is the best for the majority of the
people. I do not question the motives of the gentleman opposing this. if he
has an interest in such a question, for that interest might blind his judgment. We have resolutions herevwhich tend to the preservation of the
forests, and we should pass them. The proposition is to preserve the forests.
After you sell the timber lands, give the Government a chance to own this
land and replenish these forests. It makes no difference if people may have
millions or billions of scrip. Do you propose, by continuing the present
land laws, to continue to permit the land grabbing? If we have one wrong
it is not necessary for us to continue another wrong, and ,what di_erence
does it make if some man does pro_t when we realize that to continue the
present system will continue to encourage the land grabbing of this country.
In the country not wholly arid we _nd that much has been reserved to be
taken only under the Homestead Act, and under the laws of the National
Irrigation Act they must reside upon that land for _ve years before they can
acquire title.
» The Chairman—Your time is up. ,
Mr. Keisel—I move that the time for the gentleman from Oregon to speak
b6 extended _ve minutes more. Motion seconded. Lost. ' _
Mr. Smythe of California—The gentleman from Minnesota says there is
a combination behind the demand for the repeal of these laws, and he is
right—there is a combination—a combination of truth, of patriotism and of
civic pride. In that combination are included the ablest and most distinguished men in the Republic. The men who have taken part in the admin-
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istration of Grover Cleveland, of Harrison, the administration of William
McKinley and the administration of Theodore Roosevelt. I do not impugn
the motives of those who disagree with us. There are plenty of honest men
who think these laws should not be repealed. I do not say that all those
who oppose the repeal of these laws are land thieves, but I do say that all
the land thieves oppose the repeal of these laws. The gentleman from Idaho
says that the time has not come for this legislation. When will it come?
After the last acre is gone—is that when the time will come? Some time
ago this Congress considered this question and demanded the repeal of these
laws, and now, thank God, the question has come up to the Irrigation Congress of this year, and many of the loyal citizens of this country are on the~
side of the repeal. What we\propose to do is not a radical innovation. It
is simply a logical step in our policy. They tell us what we propose to do is
merely destructive. They said we wanted to sweep away the laws upon
our statute books and put nothing in their place. We now propose a substitute for everything which we would displace. But we do not insist that
so far as agricultural lands are concerned, no man and no woman can acquire
title to another acre save they show their good faith as home—makers by
living there _ve years.
We have land for the man or the woman who wants to make a home. We
have no land for the man or the woman who wants merely to engage in
speculation. We will encourage those who wish to farm the land. We propose to sit down on those who wish to speculate.
We received a message from the President of the United States in which
he referred to us as the guardians of the future. This morning by a rising
vote we declared that we would be the faithful guardians of the future. My
friends of the West—men and women of this Irrigation Congress—we are
_ghting a serious battle. We have no right to consider such a suggestion as
the gentleman from Minnesota made about someone who made! $200 by taking
up some timber land and selling it. Those are not the people for whom we
are guarding the future. We are considering the future, and in order
to do that we must preserve for the home-maker the lands for farming,
and as to the timber, we must get all the money we can out of it. The gentleman from Idaho says we would decrease the income. We will increase the
income _ve or ten times from that source. We are now getting $2.50 per
acre for lands that are worth far more. .
Mr. Young of Utah—I believe, Mr. President, that the President of the
United States has called on the gentlemen in the Department of Lands to
make an investigation to know where he is at. He has been accused of
being the tool of monopolies of the United States, and I don’t believe it. I _
am a Democrat, and I voted for him because I don’t believe it. Now, when
these men that he has asked to make reports make their reports I believe
they will tell him to leave the present land laws alone. I have lived in a
community—raised from a boy—when men came to the head of the department of the Latter Day Saints, my father, Brigham Young; some came
with lies, others came with soft soap and he always had to weigh what men
told him for fear they would give him the suds. Theodore is in the same _x.
He has asked these good men to take care of his part of it. We are going
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to hear from Theodore Roosevelt in his message to the United States, but
I wanted you to hear from me too. I am here, an old man, 58 years old. I am
too old to _ght—never had enough wisdom to _ght—but I am glad to speak a
word on this question.
Previous question moved.
Chairman—Before putting the question on the previous question, I wish
to state that Senator Clark has requested permission to address the Congress
on this matter.
Senator Clark—Mr. Chairman and gentlemen of this Convention; I think.
from the allusion that I made in my opening address, that you all know
where I stand upon this question of the repeal of some of our land laws. I
stand for the people that are desiring to make homes in this country and not
for the land baron. I know something about this scrip business. I bought a
few years ago a piece of land scrip for the purpose of locating a saw-mill on
the timber land, and I found that the reservation where the scrip had been
_taken from had been restored to the public domain, and I was entitled to that
original part of the public domain represented by this scrip. When I sent
down there to _nd out what kind of a country it was, I found the ground
barren. I think this is one of the greatest frauds of this age to allow the
railroads to get scrip and sell it to the people and thereby defraud them. The
homestead commutation clause gives room again for further fraud. You
know very well that more than half of the homesteads in that country are
commuted in fourteen months, as they are allowed by law, and how can a
man who wants to avail himself of a homestead land law, and goes and
moves upon it and tries to build up a farm there—how can he, from the proceeds of that barren land, acquire suf_cient funds in fourteen months to pay
for the land unless he is aided by somebody. And there is always somebody around to put up the money. I know a number of instances of it myself,
where men hate moved to land apparently in good faith to make a home
there, and in fourteen months the land would be commuted and the men had
the money to pay for it, and moved OE somewhere else, perhaps to take up
new homesteads. It is a source of fraud that should be corrected by the
repeal of this act—this commutation clause.
So far as the Desert Land Act is concerned, it has enabled the grasping
men of this country to acquire large domains where they get thousands of
thousands of acres in one body by reason of this act, and scarcely ever work
them. You can go to the State of Montana, where I live, and start in at
the Yellowstone River, and attempt to cross the country to the Missouri
River, about one hundred and _fty miles, and you will _nd that where there
should be hundreds of homes and prosperous villages, where there should be
towns and cities, you will _nd scarcely a house; instead of these you will run up
against wire fences. That broad district is owned by a few men. Hence
I appear before you making an earnest appeal in behalf of the actual home
settler, the man who goes upon a piece of public land in good faith to make
a home, where he can rear his children, and thereby contribute to his own
happiness, and the prosperity of the community and State in which he lives.—
Great applause. '
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Chairman—The gentleman from New Mexico has moved the previous
question, which was seconded in various directions. Shall the previous
question now be put?
Mr. Prince—I wish to ask whether the question on which the previous
question is asked is simply to strike out this one or three sections applying
to the desert act and timber act? .
Chairman—Shall the previous question be put? If there be no objection,
the Secretary will call the roll of States. All those who vote aye on the
question now before the house will vote to strike out from the report of the
Committee this recommendation for the repeal of these three certain things.
Those who vote no will vote to keep in the report of the Committee its recommendation for the repeal of those three certain things.
Roll call'by States.
Chairman—The noes have it—63 ayes and 205 noes.
Mr. Finkel—I desire to move an amendment to that portion of the
resolutions regarding a loan of the Government; I wish to put in the words
“non-interest bearing” before the word “loan.” I do not think we should
incur any interest-bearing debt. Congress may not understand this, hence
these words regarding interest should be put in. Motion seconded; carried.
Mr. Prince-I move as an amendment a substitute for the three sections
with regard to the acts that have just been voted upon, the following:
“Whereas, The Timber and Stone Act, the Desert Land Law and the
commutation clause of the Homestead Act have in some instances in their
administration been found to result in speculation and monopoly;
"Resolved, That we request the Congress of the United States to make
such modi_cations in said laws as will save the remaining public lands for
actual settlers who will found homes and live upon said lands.”
Congress, by its action a very few months ago, has shown, Mr. President,
that it desires to take some action on the subject. It has refused to strike out
the action that was proposed by the committee, which shows distinctly that it .
does desire some action. I submit the action which was taken last year
which was very prudent and careful and judicious, and I think it is not desirable that this Congress, in the passage of any of its resolutions, should
continually change its views and its standing on certain questions from year
' to year. It is a great deal better to re-af_rrn what we have done, once it is
shown to be absolutely right. This was passed last' year after a very long
and searching discussion in which the best minds of the Congress of the
United States expressed themselves. They are not here, these gentlemen,
this year because they thought this matter was settled at once and forever
by this Congress. Senator Teller is not here. Mr. Mondell is not here—not
here because they thought this matter had been settled. That is the reason
they are not here. In the _rst place let us re-ai’_rm what we did then, which
is in opposition to everything that is wrong in these acts and in favor of
everything that is right.
Mr. Clark—I want to refer to the action of the Congress at Ogden last
year. A great many members here present were there and recollect that the
contention went on and a discussion was had which was, in many points,
(5)
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very acrimonious in its character, and aroused some intense feeling, and I
believe, and so did the others believe, that if the Convention had been allowed
to vote upon the main proposition it would have voted as they did upon this
amendment—would have voted in favor of repealing these laws; but the men
who were there sent by the corporations of this country, like a distinguished
man from San Francisco, and several others, and the representative from
Wyoming was there, and when they found that those resolutions were going
to be carried by that Convention and they were afraid of the result of the
vote, they trumped up the compromise proposition which does not mean anything; which was simply a makeshift and is really not a recommendation to
Congress at all, and thereby we stulti_ed ourselves by allowing the resolution
to go through. But the people were tired. It was late in the Convention
and they got tired with discussion, and believing that it might work out
some good for the cause, they let it go through, and the men to whom the
delegate from New Mexico refers are not here to—day, but they turned up
in Congress. I don’t know what Mr. Mondell said in the House of Represen—
tatives because I was not there, but I know that his colleague, Senator
Warren, and Hansbrough from North Dakota made long arguments in the
Senate chamber, opposed to this measure, and endeavored to defeat it there,
so I believe these men were resting quietly, perhaps believing that this Congress will take up some such meaningless, worthless proposition, and for that
reason they did not come.
I am opposed to tampering idly with this question. Let us go squarely on
the proposition. Say we want these land laws repealed or not repealed; let
us act manly about it and not try to put up a compromise that will be dis—
creditable to us and have no weight in Congress.
The amendment was lost.
Motion to accept the report was carried.
Mr. Hawley of Idaho offered a resolution thanking the people of El Paso
for their courtesy and hospitality which was unanimously adopted.
Chairman—I have a request from the delegate from the State of Sonora,
Mexico, who wishes to be allowed a few moments for a greeting from that
commonwealth. I introduce to you Mr. Ellison, of Sonora.
Mr. Ellison—Ladies and gentlemen, I have to say that I am only here as
a substitute for a much more distinguished man. This man sends his regards. I exceedingly regret that such an unquali_ed person as myself is
here in this position. It is my exceedingly great pleasure to be able to say
that the very distinguished statement of your retiring President regarding us
has been very impressively con_rmed. I shall be brief and only consume a
few moments. I hold in my hand by the courtesy of a Senator of the United
States, a most wonderful instrument—the treaty of the Gadsden Purchase,
which was consummated by Franklin Pearce and Mr. Gadsden; under that
treaty and by that treaty we are indebted for the rich soil upon which we
stand; by that treaty the State of Sonora lost thousands of miles which
belonged to us. This treaty is dated at Mexico, June 30, 1853. It is signed
by Mexico and the United States, passed the Senate, and is an exceedingly
interesting document. It is out of the question to read it, but no more interesting document could be submitted to an audience. It concerns the entire
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border. Sonora should have been here with a delegation of 100. This territory of Sonora is intimately and closely associated with Arizona, with California and Texas, and we are interested in whatever concerns you.
I invite you to come and see us—drop over the border and see our good
people and receive a most hearty welcome.
Mr. Fairweather of California—I think the press of El Paso has done
nobly during this Convention by publishing very full reports. I move a vote
of thanks of this Convention to the press of El Paso.
Motion carried unanimously.
Mr. Smythe of California—Mr. President, ladies and gentlemen, the closing hour of this Congress is at hand, and I have just been called upon to
return the thanks of our delegates to those to whom we are so deeply indebted
for the opportunities and the pleasures and successes of this event.
El Paso in 1904 will go down into the history of irrigation as one of the
greatest conventions, perhaps, all things considered, the most fruitful of all
the conventions which have been held in the interest of this movement, and
for this result our thanks are due to the big—hearted people of Texas and
especially of the city of El Paso.
Many individuals in this community have devoted months of time to
preparations for this event. Among them I will mention the Hon. W. W.
Turney, Chairman of the General Committee of Arrangements. I must refer
to the indefatigable labors of Secretary Gifford, who has been a host to each
and every one of us. Also to Mr. Cobb, the Reading Secretary. A resolution
of thanks to the press is one that is well deserved. I think that never in
the history of this movement has a convention been more generously treated
than by the press of El Paso. To my mind it is a happy thought, because it
is a true one, that for every one hundred dollars El Paso and Texas have
expended upon this 12th National Irrigation Congress, Texas and El Paso
. and New Mexico and Old Mexico will receive a million dollars in return.
I believe the years of the early future will bear out that most fully, and I
want to say a few words of tribute to the very e_icient and self-sacri_cing
and indefatigable Executive Chairman of the National Irrigation Congress.
No Congress has ever had a greater Executive Chairman than Mr. C. B.
Boothe, of California.
The Convention has already paid its impressive tribute to Senator Clark,
who during the past two years has been our presiding of_cer; who has been
one of the inspiring in_uences of this movement, and as I have listened to
his speeches I have felt like telling him, “You are the noblest Roman of them
all.” I sought the platform this morning at the time of the election of our
new President, hoping that I should have an opportunity to place his name
in nomination, but the quick adoption of the report gave me no opportunity
to do that. As my name was considered for the same place, it seemed the
_tting thing that I should say a word to the Congress regarding him. Now,
the election of Governor Pardee as President of the 13th National Irrigation
Congress is not merely a personal compliment. It is not merely a compliment
to a grand commonwealth. It is an action which is signi_cant of a new
era of statesmanship in California, and I hope in many Western States. It
seems strange, my friends, but until this man went into the Executive Man-
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sion, we could not get a governor to mention irrigation in his message to the
legislature. Governor Pardee gave it prominence in his _rst message. And
not until he came were we able to interest a governor to the extent of securing his attendance upon a National Irrigation Congress. When we have an
oasis of a governor coming in a desert of disappointment, we are glad to have
you join us in giving more power to his elbow. And now, again and again
and again I want to say to Texas and to El Paso, “Well done, and thank you
forever.”
Mr. Boothe—I desire to add one word to that statement by Mr. Smythe.
The ladies who have attended this Congress have been most generously and
kindly entertained here by the ladies of El Paso, and a committee headed
by Mrs. Mago_in. We never have received more attention, if as much,
at any place. A magni_cent ball will occur to—night, at which the ladies are
going to entertain, and I have been told that the husbands have been instructed
to stand aside and give the boys a chance. I desire to have recorded an
expression of thanks by a rising vote to the ladies of El Paso for their kindness to the delegates of this Congress. Rising vote.
Mr. Cobb, of El Paso—Mr. President, ladies and gentlemen; a few moments
ago Senator Tumey, that worthy citizen who has done so much for El Paso
in regard to this Irrigation Congress as well as other matters, requested that
I respond in a few words for him. It was after we had looked for that
knightly cavalier of Texas—that eloquent orator of El Paso—Captain Beall,
whom you have heard speak, and in his absence I have been requested to say
to you that El Paso has been moved by your appreciation. El Paso opened
her doors wide to you. El Paso gave you that welcome which comes from
the bottom of her heart. But El Paso’s heart is moved more now than ever
before in her history by the generous expressions of appreciation from you,
our friends. And in speaking for our proud city,'I would not claim that we
are not proud of her—I would not be worthy of El Paso if I did not proclaim .
her before the world as the bright jewel which gives lustre to the Lone Star
of Texas. I would not be worthy of her if I did not tell you that she is the
grandest, the best city in all America. The way that she has treated you is
the way that she treats every man that comes to her border. You don’t
have to come to us as delegates. You don’t have to come to us with au- .
thority or title. El Paso is great in heart and noble in spirit. We welcome
every visitor, high or humble. It is the greatest town in all America, and I
speak for her that spirit which has made her great. No man has come to
El Paso who has done his duty but what has won. No man has struggled
in her markets, in her work, no man has worked with her, but what he has
risen to the pinnacle of success. I proclaim to you that we are glad to have
had you as guests, and we know if you would stay with us you would be glad
and proud to call yourselves El Pasoans.
There are many in this community who came here in poverty. I remember but a few years ago when I wore a pair of pants in this town which
had to be hidden by an overcoat. I remember that that pair of pants is replaced by two pairs of trousers. Come to El Paso whenever you can, and
you will always receive a welcome. Come to us after the Elephant Butte
dam is built; come to us when that valley is fertile and irrigated. It is fertile
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now, but come when water is put upon it, and you will see a valley that is
grand, you will see a sight that is colossal; you will see railroads running
into the Empire City of the Southwest every three minutes.
If you appreciate what has been done for you, go away from El Paso and
speak praises of her. Go away and speak of her as we speak of her. We
are proud of her. We are proud that she is so good, so noble; and I tell you
when America sees the progress that she will make; when Mexico has opened
her resources as will be done; when our friends in New Mexico and Arizona
contribute still more to their proud metropolis, El Paso; when all this is
achieved in the course of the next few years, I tell you that all America will
join in the sentiment that El Paso is the brightest jewel of an international
diadem.
Mr Holabird—Three cheers for El Paso
Chairman—Three cheers for El Paso, Cobb and the patched pair of pants.
Mr. Boothe—I desire to give notice to the newly- elected members of the
Executive Committee, that the Committe will meet here on this stage im—
mediately after adjournment this afternoon, to organize.
Chairman—Is there anything further to come before this session of the
Congress?
Motion to adjourn sine die.
Chairman—Before dropping the gavel, I wish to express for my State, if
you will permit me to say, the greatest State, our great appreciation of the
work which you have done here at this Congress, and also of the honor
which you have conferred upon my State by electing its Governor your
President for the ensuing year. Gentlemen, the convention stands adjourned.

RESOLUTIONS
ADOPTED BY THE
Twelfth National Irrigation Congress,
November 18, 1904.
Our thanks are due to and are hereby heartily tendered to Honorable W. A.
Clark for his manifold and valuable services as President of this Congress
during two successive terms.
It is the opinion of the National Irrigation Congress that the National
Irrigation Law should be so extended by Congress as to include the State of
Texas within its provisions, in so far as to permit the Secretary of the In—
terior to direct engineers of the United States Reclamation Service to examine
and report upon feasible irrigation projects, and, when approved according to
the terms of the said law, to superitend their construction, to the end that
Texas may have the bene_t of the same service that is now extended to the
other arid sections.
The full text of the National Reclamation Act should be printed in the
of_cial proceedings of this Congress, and all the proceedings of the present
Congress should be published in book form and indexed; such published
report should include the Constitution and By—Laws of the 12th Annual Sess10n.
FOREST PLANTING.
The appropriation of funds for forest planting on denuded water sheds
in the forest reserves is essential to the progress of irrigation, and we
strongly urge upon Congress legislation to that end during the coming session
with the view of increasing the volume of streams still _owing and restoring
those which have disappeared.
We express the fullest con_dence in the honesty, ability and capacity of
the of_cials of the Reclamation, Forestry and Weather services, and commend their impartial and non-partisan administration, and our hearty thanks
are hereby tendered to the o_icials of the Interior Department and of the
Department of Agriculture, who have so ably contributed to the success of
this meeting. '
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We heartily commend the work of the Weather Bureau in the preparation
of the Climatological Dictionary now in progress, and we bespeak for this
publication the widest possible publicity.
LAND LAW RESOLUTIONS.
It is the sense of this Congress that the remaining public domain should be
sacredly preserved to all the people of the United States and should be rigidly
reserved for the bene_t of actual homeseekers who will live upon the land and
in geod faith cultivate the soil. We recognize that much has been accomplished 'to this end; that under the provisions of the National Irrigation Law
forty million acres of agricultural lands have been withdrawn from entry
except under that act, and from the operation of laws which permit the
absorption of public lands for private speculation, and that eighty million
acres of timber lands have been withdrawn from' entry in order to protect
the water sheds, thereby increasing the source of water supply and conserving
the public good.
»
REPEAL OF LAND LAWS.
In further pursuance of this wisely established policy of preserving the
public domain in the interest of the entire people we urge the repeal of the
Timber and Stone Act, of the Desert Land Law, and of the commutation
clause of the Homestead Act.
NEW TIMBER LAW.
As a substitute for the Timber and Stone Act we favor the adoption of a
bill passed by the upper branch of Congress at the last session, repealing the
said act and providing for the sale of stumpage and for the application of the
proceeds thereof to the reclamation fund
ARID LAND HOMESTEAD LAW.
As a substitute for the Desert Land Law and the commutation clause of
the Homestead Law we recommend an arid homestead law which shall limit
the entry of any one individual to one hundred and sixty acres, which shall
permit a reasonable intervening period for reclamation before requiring continuous residence; provided, however, that after reclamation the occupant
shall be required to live on the land _ve years before securing title, as settlers are requird to do under the National Irrigation Law.
REPEAL OF SCRIP LAWS.
We also recommend the repeal of'all acts permitting the selection of lieu
lands, including any and all laws authorizing the issuance of any kind of land
scrip, and recommend legislation for the valuation and purchase by the gov—
ernment, if necessary, of all lands in private ownership within the limits of
forest reserves.
TO AUGMENT THE IRRIGATION CONSTRUCTION FUND.
We fully recognize that the funds now available are inadequate to the
realization of the national irrigation policy upon a scale commensurate with
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the opportunities of the West and the needs of the nation, and we favor a
non-interest bearing loan by the government to the Reclamation .fund, to be
used in the construction of projects approved by the secretary of the Interior
and to be repaid by the owners of lands bene_ted, in accordance with the provisions of the present law.
LOCAL CO-OPERATION WITH THE GOVERNMENT IRRIGATION
WORK.
But we would not have the West depend alone upon national aid in the
development of its resources, and we urge the several Western States and
Territories to adopt legislation providing for the formation of irrigation districts which shall be able to raise funds by the sale of bonds, said districts to
be organized only upon approval by the Secretary of the Interior, who shall
employ the engineers of the Reclamation service in the construction of district irrigation works. By this means the Reclamation fund will be supple-mented to the extent of millions of dollars by every State and Territory,
while the bene_ts of national administration will be vastly extended. We
commend this subject to the earliest attention of the legislatures of our Western States and Territories.
TO ENCOURAGE SUGAR BEET PRODUCTION.
It is the sense of this Congress that the irrigated lands of the arid and
semi-arid West are demonstrated to be admirably adapted to the production
of beet-sugar, and therefore we favor such national legislation as will tend to
encourage that industry on such lands.
CONSOLIDATION OF FORESTRY WORK.
We repeat and emphasize the resolutions of previous Congresses in favor
of the consolidation of all government forest work in the Department of
Agriculture owing to the peculiar _tness of that department for the work, and
urge the immediate passage of the bill for this purpose now before Congress.
We indorse the policy of the government in the construction of a ship
canal along the west shore of the Sabine Lake, in Southeast Texas, with the
view of opening to navigation the Sabine and Neches Rivers, which in addition to opening the inland fresh water harbors nearest Kansas City and St.
Louis has aided in conserving the fresh water supply of these streams for
rice irrigation, and we urge that similar work be extended to other localities
throughout the nation, where practicable.
, INVITATION TO MEXICAN DELEGATES.
The presence of distinguished delegates from our sister Republic of
Mexico has strengthened the bond of friendship between the two nations, as
well as enlarged our scienti_c and general knowledge of this continent, and
in appreciation of the cordial treatment of this Congress while we were on
Mexican soil by the of_cials of the State of Chihuahua and delegates to this
Congress from the Republic of Mexico, we cordially invite the Republic of
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Mexico to send a delegation of her citizens to the National Congress to be
held in Portland, Oregon, in 1905.
MESSAGE TO A FORMER SECRETARY.
This Congress extends to Colonel H. B. Maxson, whose long and zealous
service as Secretary of the Congress has so closely identi_ed him with the
organization, its sincere regrets that illness should have prevented his attendance at this session and its cordial appreciation and recognition of his services
as an o_icer of this Congress during the years he has served as its Secretary,
and expresses its hope for a speedy recovery of his health.
This Congress as a whole and each and every of its members individually
feel under lasting obligations to the people of El Paso for the warm welcome
extended and the uniform courtesy and kindly treatment received during our
stay. And we assure the people of this city that the recollections of our visit
will be a life long pleasure. -

General Addresses.
IRRIGATION IN EGYPT.
M. K. H. BAKHATI, Engineer of Irrigation Projects Of_ce, Cairo, Egypt.
When you consider that Egypt is the mother of civilization you at once
conclude that its irrigation is likewise the mother of the irrigating systems of
the world.
I will divide the irrigation age into three epochs:
1. Irrigation as it existed up to seventy years ago.
2. Irrigation from the time of the Khedives up to the year 1880.
3. Irrigation as it‘ has been understood from the year 1880 up to the
present time. .
First—Irrigation as it existed up to seventy years ago embraces a period
of time extending from the reign of the Pharaohs, ancient kings of Egypt
who lived four thousand years ago, up to the time of Mohamed Aly Pasha, the
rst Khedive of Egypt.
Irrigation was caused by the over_ow of the Nile, which is the only river
of Egypt; the earth would be inundated by the rising of the _ood, and the
remainder of the year it would be deprived of water, for there were no
means of raising the low water, which _owed continually in the bed of the
Nile, except by some inadequate method. The land in those days was at
the mercy of the over_ow. If it was good and suf_cient, _ne harvests were
produced; if the water was low there was great scarcity of crops.
GREAT ANNUAL INUNDATIONS.
The whole land was covered with water and there remained only a few
elevated portions which were chosen for habitation, forming isolated villages,
and barks passed from one to the other as boats circulate between the different isles of the Antilles, and as is Cuba to—day, so was then Memphis, the
capital of Egypt.
I do not condemn the systems of the ancient Egyptians, for they produced some very great results in raising the water by machines that modern
science has declared war against and has set aside as belonging to the past.
The ancient Egyptians utilized Lake Moris as a reservoir to reduce the
immense over_ow of the Nile, and now we wish to imitate them by using this
lake as a reservoir for irrigation purposes. But in examining the di_erent
strata of earth we fear in_ltration, for we have on one side low lands, well
cultivated and well cared for, where the level changes from eighty feet above
the sea to one hundred and forty feet below.
It is not only in_ltration that we have to consider, but the advantage arising from our expenditure.
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Second—The _rst stone in the second epoch of irrigation in Egypt was
laid by Mohamed Aly Pasha, the _rst Khedive of Egypt, in 1833, by the con—
struction of the dam in the Nile at the point where the river divides, forming within its two branches the delta, bounded on the third side by the Mediterranean Sea.
CONTINUED THE WORK OF THE PHARAOHS.
Mohamed Aly pitched his tent outside his residence and he- remained near
the great work, not wishing to leave it until it was entirely _nished. He made
i:: one year the concrete, the _oor and the piers as far as the spandrel of the
arches, and the second year he _nished the work that Nature had called for
ever since the Pharaohs changed the course of the Nile from the Sahara to the
Mediterranean Sea.
With the building of this dam, Egypt entered another epoch, which is
the epoch in which the true irrigation of our country commences.
Mohamed Aly constructed the dykes of the Nile, excavated the canals
and built the waste gates, or regulators, for leveling 'the water, and by this
means he was able to save the fertile land of Egypt from the annual inundation of the Nile. Since that time our minds have been centered on improving
our irrigation system, and on supplying the essentials that were lacking for
its completion.
In his time Ismail Pasha excavated many of the canals, of which the
Ibrahimieh Canal, which is two hundred miles long, demonstrates and displays the talent of the engineers who had~in charge the carrying out of the
plan of this large canal, and to provide irrigation for two hundred and _fty
thousand acres of land at all times of the year.
Other portions of the land which can not be supplied with water from the
canals are irrigated by the rising of the Nile. The lands are divided into
basins and receive water through the canals from a distance suitable for the
perfect irrigation of each basin.
We commence to drain these basins into the Nile when the water from the
over_ow begins to abate. The lands which are subjected to this system of
irrigation are planted but once a year. However, the peasants dig wells in the
summer, in which the in_ltrated water accumulates, and with this they are
able to irrigate their land and reap a harvest of corn before the Nile over_ows
its banks.
SOIL DRAINAGE TO OVERCOME ALKALI.
Third—The third epoch of Egyptian irrigation is that of to-day and embraces the last twenty-four years.
It is well understood that for a land whose level surface is not exaggerated it is necessary to drain off the water which circulates in the different
subterranean strata and which spoils the soil by alkaline substances which.
are found dissolved in it. We carry off this by means of drains. This was
the _rst step towards placing the Egyptian soil adjacent to the Nile among the
most fertile and productive soils of the world.
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We excavated many drains and changed some canals in order to do away
with the use of machines for raising the water of the canals and to change
the irrigation system into irrigation by gravity.
We built our darn at Assuan, 530 miles above Cairo, and stored in it a
quantity of water amounting to 1,300,000,000 cubic meters, or 39,000,000,000
cubic feet, or 10,000,000 acre—feet. The great work was _nished two years
ago by an English contractor under a contract with a heavy bond, and we
began to change the system of basin irrigation into our modern system of
irrigation by canals, and utilized the water stored up above in our reservoir.
We built our dam on a grand scale, ful_lling the different technical require—
ments with reference to foundation and stability, and escaping the deposit
of silt or sediment, which is greatly to be feared in the construction of reservoirs. We examined the di_erent strata of the valley in which the reservoir
is. located and judged that we would lose nothing by in_ltration. The reservoir is underlaid with granite, and granite is the material used in its con—
struction; and it can not be denied that the dam of Assuan is the largest and
strongest of all dams in the world.
We undertook to change the basin system extending over 432,000 acres, and
up to the present time we have completed the work on 198,450 acres.
Three and one-half per cent of the land used in excavating our canals and
drains was occupied, and the owners of the land will be reimbursed by the
government.
The government assesses an additional tax of $2.00 an acre, and the peasant, on the other hand, should be able to produce _ve harvests every two
years.
A GOOD‘INVESTMENT.
The government has expended $525,000 on the reclamation of 55,000 acres
and realized at the end of the _rst year thereafter $111,200, or 21 per cent.
In this way the government can realize its expenditure within _ve years, and
the peasant can cultivate cotton and sugar cane, the primary sources of the
wealth of Egypt.
The citizens of our country have water furnished to them by the government free of all charge. The land taxed by the government at $7 per acre
produces three crops per year. Ordinarily the proprietor rents his land for a
period of two years. The peasant can produce _ve different plants every two
years, namely, cotton, clover, beans and maize of two varieties. He can
realize from the cotton $140, two crops of maize $40, clover $15 and beans $30.
The revenue amounts in two years to $225 per acre, and he must pay
rental of $70 to the proprietor of the land. I do not exaggerate when I say
that a peasant in Egypt who has an acre and a half of land produces from his
land cotton to the value of $280. He pays to the government a tax of but
$7.50 per year.
This is not all. We raise also all kinds of vegetables and fruits, of which
the date with its twenty different varieties assures a large income from its
production.
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GREAT INCREASE IN LAND VALUES.
Having spoken of the productiveness of Egypt, I must not fail to speak
of the price of land in our country. The price has doubled in the last three
years. Formerly we paid' from $100 to $250 per acre, but now it is impossible to
purchase at the former price, and the lowest price at which land can be
bought is $250 per acre. ‘
‘ When you consider that the value of the land in Egypt, comprising 7,000,000 acres, has increased in value $1,050,000,000 and more, then you can clearly
judge of the actual increase of agriculture in Egypt.
And with our government well _nanced and with sums of money reserved
for irrigation purposes, I do not hesitate to say that we wish to drain our
lakes, which are situated near the sea,uand we can gain by our work an added
area of 1,500,000 acres.
It is true that we would lose the major portion of the silt from the over_ow of the Nile in the sea, but it would be deposited on the new lands that
we would gain in driving back the waves of the Mediterranean to the north.
DEVELOPMENT OF THE SOUDAN.
In Soudan, which comprises 7,000,000 acres, and which is an Anglo-Egyptian possession, we have done nothing, but all thoughts are directed to it, and
all ideas are well developed for the construction of reservoirs, and with our
water from the Nile and our labor we will make of Soudan another Egypt.
You will understand from all that has been said that irrigation in Egypt
is expressed in these three words, “Irrigation by gravity.” We are building
our regulators, we are measuring our canals and drains in a manner to suit
our climate, and we say to the water, which is at our mercy, “Go, water the
land. You need not be raised by machines; we have commanded you to rise\
by our regulators.”
THE VOLUME OF THE NILE.
As nearly as I can remember the silt which is found in the water of the
Nile for the three months of the over_ow amounts to 48,000.000 cubic meters,
or 1,440,000,000 cubic feet, and with this quantity there could be constructed
two dykes in the Nile from Cairo in Egypt to Kartoum in Soudan, of which
the dimensions would be seven feet wide at the top, seven feet high, and the
slope of the two sides would be one to one.
There could be made from this amount forty—two pyramids, each fourteen
times the size of the three pyramids of Egypt. The discharge of the Nile
when the water is low is 1,200,000,000 cubic feet per day and the average discharge of its Over_ow is 12,000,000,000 cubic feet, and the greatest over_ow
has reached 30,000,000,000 cubic feet. Considering that the discharge of the
Nile changes every two months and that its maximum discharge is 12,000,000,000 cubic feet, and the minimum is 1,200,000,000, and that the amount of
discharge after the _rst two months of the inundation diminishes to 3,000,000,000, we have the capacity of our Nile in one year, which is 1,458,000,000,000
cubic feet, which would cover the State of Texas, its mountains and its cities
tn a depth of six inches at least, if not an entire foot, or it would _ll 729
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reservoirs of the size of the Elephant Butte at the lowest calculation.
In conclusion, I wish to thank you for the kind reception I have met with
in the United States, and I thank the engineers who have kindly given me
all necessary information concerning their methods of irrigation, and I beg you
to accept my congratulations for the _ne systems that you have established
for irrigating your land.
And I wish to thank the honorable chairman of this Irrigation Congress for
the invitation so kindly extended to me in behalf of Egypt.
And allow me to express _my great admiration for the American nation,
and to say as my last word not “Good—by,” but “Au revoir.”
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RURAL SETTLEMENTS.
COMMANDER BOOTH-TUCKER, of the Salvation Army.
It is with pleasure that I accept your executive o_icers’ invitation to submit for your consideration a paper on the all-important subject of “Rural
Settlements.”
The fact that this plank has now been formally added to your national
platform, that you have given to it so much prominence in your deliberations,
and that so many expert students on the subject will be gathered together
to mature de_nite plans, is" a source of lively grati_cation to me. By thus
bringing the question of national colonization prominently before the people
and placing your imprimatur upon its importance you have demonstrated the
practical character of this Congress.
It seems to me that the‘alliance thus formed between the kindred subjects
of irrigation, forestry and colonization is of the most vital importance in
order to assure the success of each. Of them it may be said as of the Swiss
cantons, “United we stand—divided we fall.” Not only are they naturally
corelated, but I venture to say that each adds both to the dignity and feaSi—
bility of the other. Let it not be supposed, therefore, for a moment that in
embodying “Rural Settlements” in this your magna charta of national requirements the progress of the kindred cause of irrigation will be impeded, but
accelerated.
You will remember the old parable of the pond, the ice and the snow.
Winter came, the pond was frozen over, and the ice said proudly to the
pond, “I don’t belong to you.” A little later the snow fell and covered the
ice, saying to it, “I don’t belong to you.” But the sun shone and the snow
melted and said to the ice, “You are my brother,” and the ice melted and
said to the pond, “You are my brother.” Gentlemen, under the genial auspices of this conference I venture to say that the snow and ice have already
melted, and pond, ice and snow are saying to each other, “We are brothers !”
There are many inportant signs of the times which demonstrate that the
nations of the world are waking up to the extreme gravity and importance
of these subjects. The so-called policy of “masterly inactivity,” which is in
reality no policy at all, but that of the shiftless lazy nation, which invites
calamity by failing to provide for the evil day, is being abandoned in favor
of carefully organized plans based on scienti_c principles and often attaining
mammoth proportions. I
PROFIT OF GOVERNMENT WORKS IN INDIA.
India we are told has expended something like $125,000,000 on its
colossal irrigation enterprises, combining with it a systematic plan of rural
settlements and colonization, which has in the last nine years resulted in plac—
ing 800,000 persons on part of its once arid and abandoned lands. The fact
that the government has not only been able to meet all interest payments
and carrying charges, but to make a clear annual pro_t of three and one-half
million dollars, surely speaks for itself and requires no comment.
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Second, perhaps, in this remarkable march of the nations should be placed
the great advances which, thanks to the energetic action of this Congress, have
taken place in arid America.
While last, but not least upon the list, is the remarkable action of New
Zealand in its expenditure of some twenty million dollars under its Advances
to Settlers Act. Here the possibilities that lie before systematic colonization
have been demonstrated in an altogether remarkable manner, as will be seen
from the copies of the act and the of_cial reports upon its operation which
I have taken pleasure in submitting to your delegates for their consideration.
The fact that the State of Oregon has invested some four million dollars
of its school funds in advances to the farmers of that State at 6 per cent,
and this without incurring, as I understand, any losses, seems to me to further
demonstrate the safety and wisdom of a policy which shall extend to our
rural districts and would-be bona _de settlers a system of credit, without which
our commerce and trade would languish and be compelled to yield the palm
to the other nations of the world.
FARM COLONIES IN THE UNITED STATES.
Our own Salvation Army farm colonies bear out the same deductions.
Crippled as we have been by lack of capital we have nevertheless been able
to establish three farm colonies with a total acreage of 3000 acres andia
population of 530 souls. With a total expenditure of about $300,000 the repayments have amounted to about $50,000. On our California colony a thirtyacre tract was recently sold at the rate of $155 per acre, while one of our
Colorado farms has just changed hands at $115 per acre, and the owner says
that he would not sell it for $200 per acre.
On our townsitc in Colorado lots have been selling at an average of $200
per lot, or $3200 per acre, while the business turnover for the year amounts
to about $200,000.
A working people’s sanitarium for consumptives has been established under
the supervision of an expert physician, where for popular prices good treatment and excellent climatic advantages can be obtained within the limits of
any working man’s capacity. It is hoped that ultimately the sanitarium will
constitute a home market for the colony, while the colony will provide light
work and outdoor employment for the patients.
Gentlemen, it seems to me that the experimental stage has been passed,
and the time has come for action on an extended scale.
TO ENACT A COLONIZATION LAW.
By following the lines which have been laid down by the most successful
workers in this _eld it seems to me we shall minimize the risks of failure.
What these lines should be I have indicated in the draft of a colonization bill,
which was prepared after the last session of your Congress by some eminent
lawyers. That draft was submitted to the late Senator Hanna and met with
his approval, and was to have been introduced by him. After his death the
late Senator Hoar took charge of the bill, and it was referred to the committee on public lands. Copies of that bill have been submitted to the dele(6) ,.. “2?“:5‘
”:1: RA}; i_\\
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gates of this Congress for such action as they may deem to be desirable. You
will see that it follows in a general way the New Zealand act, with such
modi_cations and adaptations as appear necessary or desirable. In brief it
proposes:
1. .The formation of a colonization bureau with a commissioner in charge
under the Secretary of the Interior.
2. The collection and distribution of information regarding lands suitable
for colonization, so that the would-be settler can get reliable data.
3. Loans of $500 to $1500 in cash, live stock or materials to enable poor
but worthy families to make homes for themselves upon the public lands.
4. The issue of bonds to the extent of $50,000,000 for the purpose of providing the advances to the settlers, not more than $5,000,000 to be issued in
any one year, thus enabling Congress to put a stop to the expenditure should
the plans not answer.
I have no doubt that upon this outline you, gentlemen, will be able vastly
to improve. I trust that in some form or other that bill may receive your endorsement, and that the “ipse dixit” of this Congress, which carries so much
weight in the counsels of our nation, may go forth with no uncertain sound
in favor of the organization and establishment of rural settlements on a
national basis.
I thank you for this opportunity of expressing my opinion on this vitally
important subject. It has been with a profound sense of my own insuf_ciency
and with no particle of desire to dogmatise that I have written. But I feel
that I must not transgress the limits of your patience lest you should be
tempted to follow the example of the cannibal tribe in Africa, who when
asked by the parent society in America what had become of their missionary
who had mysteriously disappeared, replied, “He gave us so much advice that
we ate him !” Lest the editorial scissors of your Executive Committee should
deal similarly with this article, I would conclude with one little incident.
There is in a Salvation Army home for convalescent workers a pet dog
which seems to have wonderfully imbibed the spirit of its leaders in that
when its meal is served it will not touch the food till a bevy of neighboring
sparrows have joined in the feast. Gentlemen, millions of human beings, our
fellow—citizens, are watching this Congress. In making it possible for them
as honest home—owners and genuine homesteaders to partake in your great
irrigation banquet by means of a properly organized system of rural settle—
ments it appears to me that you will secure the approval of your conscience,
the admiration and support of all good men of every party, and the co-operation and blessing of the Almighty.
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THE WATER SYSTEM OF PASADENA.
HELEN LUKENS JONES, Pasadena, California.
The system employed in obtaining water for use in the city of Pasadena,
California, is an estimable one, in that it practically demonstrates what it is
possible to accomplish in a locality where there exists no surface stream
_ow.
Pasadena, in a way a celebrity, since her pictures and praises have been
tossed like confetti far and wide, needs but brief introduction. During the
'fall and winter, when winds and snows and _oods and cold make the East
bristle with discomforts, Pasadena becomes the Mecca of the tourist. Vast
is the contrast between her disposition and appearance and that of frigid
Eastern cities. She is circled, entwined, entangled in _ower gardens. Her
houses peek merrily from. behind veils of roses and jasmine. She is always
laughing and good natured. She has a soul—a soul of sunlight and gladness.
Association with her—life in her genial atmosphere—is ever a delight. Like
a bright—eyed bird she snuggles in a nest formed by encompassing hills and
mountains, a nest known as the San Gabriel valley.
THE WATER SOURCES.
To the north, within three miles of the city, loom the rugged _anks of
the Sierra Madre Mountains. It is the grouping of underground water currents from this water shed that constitutes Pasadena’s water supply. In no
single instance is there a visible stream—flow. Of the 601 miner’s inches
developed for use in the city, every drop comes from underground _lter beds,
most of which are located in the Arroyo Seco, near Devil’s Gate, under the
old river channel and its adjoining mesa, all within three miles of the city.
Because of this complete underground system Pasadena’s water has been
declared by experts to be equal if not superior to that of any other city in
California. '
At present, to use an expression explanatory, the city is divided into three
parts, namely, east, west and north, and the water system is controlled by
three companies, which are managed on a basis pro_table to stockholders as
well as satisfactory to consumers. The city is negotiating for municipal
ownership, believing the advantages will be greatly increased by combining
the three divisions into one system under one management. The city has
abundant capital for such undertaking, and under municipal ownershinp the
facilities for more extensive water development would be exhilarated.
The area supplied by the system is twelve square miles and the consumers
number 20,000. In all there are ten wells, ranging from 150 to 700 feet in
depth. Six of these ai‘e bored wells, worked by means of compressed air
pumps. The other four are dug wells with steam pumps. There are _ve
reservoirs for storing water, with a united capacity of 85,000,000 gallons.
‘ Floors and sides of these reservoirs are cemented and they are tightly roofed.
This condition, and the fact that all water is carried in closed iron pipes, excludes all notion of impurities, and the water when it reaches the consumer is
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as crisp and sparkling and crystal clear as when it left its home in the underground gravel. Not only does the covering method permit purity, but it prevents evaporation and waste, a most important and necessary precaution in
regions where water is limited and di_icult to acquire.
ECONOMY IN WATER USING.
Seven years ago the water companies of Pasadena found it absolutely
necessary to initiate a meter system to prevent misuse and waste of water by
consumers. If a man must pay for every inch of water he uses he is vastly
more cautious in regard to_ the amount than if given unlimited freedom.
The new scheme worked admirably, in fact very shortly after its inauguration the storage supply increased notably and remained uniform, where previously it had _uctuated in a fashion alarming for the good of the community.
Four thousand meters, aggregating approximately $60,000, have been installed.
Ninety per cent of these are known as _ve-eights meters. The remaining ten
per cent are larger. A number of consumers are still without meters, but in
time all will be supplied.
According to the last annual report the cost of operating the entire system, including the mechanism of the three companies, was $45,700. The
receipts amounted to $86,799, showing a net pro_t of $41,099; The most
extensive developing paraphernalia is located at and near Devil’s Gate, a
jagged pair of rock crags that picturesquely dig their toes into the bottom of
Arroyo Ceco, northwest of Pasadena. Here is an $11,000 water plant, also
an underground tunnel 4500 feet in length. This tunnel runs to a submerged
dam founded on the bedrock, where it received the underground _ow of
water arrested by the dam. The depth of the tunnel below the surface
averages 160 feet. In this tunnel wells have been sunk from which is attained
purest water from deep subterranean strata by use of compressed air pumps.
The plant used at this point consists of 100 horse-power high—pressure watertube boiler, Leyner compound steam engine and two-stage air compressor.
air receiver 36 inches by 8 feet, exhaust steam condenser and the necessary
boiler feed—pumps. This machine has a pumping capacity of 1800 gallons per
minute. _Oil is used for fuel, thirteen barrels of- which are consumed every
twenty-four hours. By using a condenser not more than three per cent of
the water is wasted, showing that the method is one of economy. The mouth
of this tunnel is closed and cemented and a gate used to release the water
required. From the plant the water enters a 22-inch pipe, and by means of
gravity is distributed in the various reservoirs and thence to the consumers.
To further illustrate the economic methods of Pasadena it may be well to
mention the fact that under municipal management a remarkable sewerage
system has been inaugurated, whereby all sewerage is utilized for irrigating a
460—acre farm owned by the city. The produce from this farm, including walnuts, grain, corn, pumpkins, alfalfa and stock nets the city a luxurious sum.
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‘ ‘UNITED WE STAND. ' '
C. EUGENE Bonus, Secretary The Inland Empire Association,
Spokane, Washington.
Irrigation is really in its earliest stage of infancy in this country; when
we stop to review in our own minds the expensive and ofttimes pro_tless
undertakings in other lines we marvel at the shortsightedness of those individuals who have tramped over countless wastes of arid lands to eventually
sink their fortunes in an uncertain project which held out anticipations of
sudden riches. Where these same expenditures might have been devoted
towards a far better purpose in turning these arid' lands into veritable
gardens of productiulness.
We have only to look back a few years and see the Yakima Valley one
sage brush desert, occupied only by roving bands of Indians and the howling
coyote; her sparce growth of bunch grass providing grazing through the winter months to a few thousand sheep. Little was ever known of its true value
to the agriculturist. and horticulturist until surveyors had gone over the valley and discovered how feasible it was to irrigate large portions of the lands
lying in the valley and along the lower benches of the hills. To-day after
years of ceaseless work the Yakima Valley is a veritable Garden of Eden,
as famous as the renowned valley of the Nile. Its fruits and other products
rank among the _nest in the world. Her products shipped to Oriental ports
alone are no small part of the immense quantities that are shipped from all
of the Paci_c States combined and her products shipped all of the way to the
Atlantic coast have been the means of advertising the whole State of Washington.
The wealthy ranchers throughout the Yakima valley have reaped their
riches from the narrow con_nes of small irrigated tracts of land which would
prove in the Eastern States, where they are compelled to depend on the
provisions of nature’s rainfall for moisture, a starvation income.
The banking institutions of the city of North Yakima are carrying the
largest amount of deposits of any other city of like population in the West.
These deposits are placed there, not by the commercial interests of the city,
but by those same tillers of small acreage tracts.
Wenatchee, which sets nestled along the shores of the great Columbia
River, is another instance of what can be accomplished by irrigation. The
altitude of a little over 700 feet above sea level will not permit of a su_icient
amount of rainfall to be of any bene_t to the lands for agricultural purposes,
and as the topography of the country is such as to make irrigation feasible
and the canals easy to construct, much has been accomplished in the past
few years to transform the Wenatchee valley into a marvel of productiveness.
Some of the most proli_c yields of fruits are raised in this valley, whose soil
is composed of volcanic ash and the vegetable wash from the hills which has
accumulated for ages past, forming an inexhaustible quality of soil. With the
application of water from their ideal irrigation system this is truly a great
lesson to take from irrigation.
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NATURAL STORAGE RESERVOIRS.
Eight small lakes situated on the edge of irrigable lands in the Spokane
valley forms a natural reservoir for the storage of waters and supplying
60,000 acres of land in this valley, thereby forming a means .of support to at
least 30,000 people. 50 successful has been this undertaking that the people
have required better transportation facilities for their produce, and as a result
electric lines have been constructed, running through the thickly populated sections of the irrigated district. Telephone lines have been run which lead to
all long distance points; the mail is delivered daily to the doors of the resi~
dents and they are provided with as many conveniences as if their homes
were situated in the city of Spokane.
To live nearer the soil is in most popular favor at this time, and people
are beginning to see,the great bene_ts to be derived from a residence on a
ten or twenty—acre tract where the boys are given the opportunity to get the
out-of—door environment which the close con_nes of the city does not allow.
They are here given the space to make men of themselves and learn the true
value of out door farm life, which can be carried on to-day without any pri—
vations to hinder as in years gone by, when our closest neighbor lived a mile
away and a doctor could not have been reached in case of an emergency with—
out a ride over rough country roads of twelve or _fteen miles.
To inform a new arrival from the East that some of the irrigated lands
were producing from $200 per acre upwards to even $500 would immediately
arouse that man’s skepticism, but they are nevertheless true facts and can
furthermore be proven by a visit to almost any one of the irrigated districts Of
the State of Washington.
These are only instances of what has been accomplished in our own vicinity
and what can eventually be realized throughout the now arid portions of our
great State. As one gazes over the map our eyes wander to the great bend
of the Columbia River, known as the “Big Bend Country.” Three million
_ve hundred thousand acres of this vast domain are irrigable, and 1,000,000
acres can be irrigated at a probable cost of $30,000,000; 21 large sum to be sure,
but when we take into consideration that many times this amount of money is
being sunk at the bottoms of our eastern harbors and along the waterways
where but only a few individual vessel-owners are reaping the bene_ts therefrom we at once turn over in our own minds the immense evolution to be
wrought if the same amounts of moneys were being devoted towards arid
wastes of our great inland West.
SMALL ACREAGES UNDER IRRIGATION.
It has been demonstrated that from ten to forty acres of land under irrigation in this country is bound to occupy a man with assistance of others to
handle and do justice thereby; stop a moment and _gure how families would
pro_t and prosper on 1,000,000 acres of irrigated land.
Then a few _gures would evidence the fact that they would require the
output of great manufacturing industries, and think what an army of employes
it would necessarily demand the services of.

Twelfth National Irrigation Congress. 141
With the millions of acres of irrigable lands lying out in the parched and
bleeching sun only waiting the application of moisture to have them give
forth pro_ts to the needy and industrious, we wonder how this change of
conditions can be brought about. It would be a useless waste of time for one man to attempt the change,
or for even a number of men, but with the combined efforts of thousands of
men throughout the United States, men who represent the wealth of the largest
commercial enterprises and who have come to realize the fact that the needs
of the country demand available government domain be utilized to provide for
the masses who are compelled to seek their residence and occupation at their
di_erent trades in the congested cities, they are ready to give every aid and
attention towards remedying the present condition. With the ending of the
_scal year June 30, 1901, there went into effect one of the most broad-minded
and humane laws in the history of our nation. The provisions of this reclamation law we are most of us familiar with, yet it stands open to-day awaiting with her accumulating millions the proper legislation to have granted to
ourselves a suf_cient amount with which to carry out such projects as the
government has found feasible for irrigation in the Northwest.
At the irrigation convention held in Spokane October 5th, many important
matters were discussed, among which were means suggested whereby more
interest could be brought to bear among the people who are to realize the
direct results of contemplated projects to be carried out by the government.
Among the many prominent speakers on this occasion was George H. Maxwell, the Executive Chairman of the National Irrigation Association. During
Mr. Maxwell’s address he stated that “the money for developing the water
courses of the West so they can be made to water the countless acres of arid
land must come from Congress. If you would get any appropriations from
Congress you must unite your forces and reach the Congressmen through
their constituents.
The national association is not a channel to get the Reclamation Service to
do this or do that. It has nothing whatever or will it have anything to do
with the engineering of the work. But when the Secretary of the Interior
shall name any irrigation project as feasible and should be carried out, weare
for it, whether it be in the Arizona desert, in the great plains of Montana or
in the Big Bend country. It is then our job begins and we at once start out
to get money from Congress. '
TO INTEREST THE EAST.
We go to our Eastern connections and then we will get the money. We
have the International Harvester Company, the International Implement Company, the National Board of Trade, the National Manufacturers’ Association,
and all of the great manufacturing bodies of the East behind us that employ
hundreds of thousands of men'and turn out hundreds of millions of dollars
worth of manufactured articles every year. What makes markets for them is
good for the constituents of their Congressman, and applies the leverage.
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You want to develop the State of Washington, and they want it developed.
You want an organization in this State that will combine every interest in the
State. If you go to work, every irrigation system that can be built will be
built as fast as you can place settlers upon the land. It is up to you.
Mr. Maxwell’s visit gained a great amount of interest in the National
Irrigation Association, and had the effect of organizing the Northwest Section
of the National Irrigation Association, embracing all of the State of Washington and the northern part of the State of Idaho.
The objects of the Northwest Section is to co-operate in the work of the
national association to bring about effective laws towards bene_ting our
own local sections of arid lands which the government surveys have proven
to be feasible.
The great amount of interest already manifested in the work warrants the
belief in the minds of its o_icers that the Northwest Section will have at
least 1500 members one year hence.
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EARLIEST ATTEMPTS IN MODERN IRRIGATION.
A REMINISCENCE.
BISHOP WM. C. MCCLELLAN, Colonia Jaurez, Chihuahua, Mexico.
Writers and speakers frequently give to Utah the credit for being the pio-‘
neer in the great irrigation movement, and this credit no doubt is largely
deserved, but in my mind there is no question but that the irrigation microbe
was carried to Utah from the valley of the Rio Grande.
The writer was a volunteer in the United States service in 1846, under
the command of Colonel P. St. George Cook. We had been ordered to California, and in October of the year mentioned we found ourselves at Santa Fe,
which place we left on the zlst of October and continued our march down
the Rio Grande valley. At a point a short distance above where Rincon now
stands the writer, with forty-nine others, most of whom were invalids, was
detached and sent back under command of Lieut. W. W. Willis to Pueblo,
Colorado, where other detachments had been sent for the winter.
On this return trip we took our slow and tedious march for the second
time along the winding banks of the Rio Grande, and were thus given excellent opportunities for observing the Mexican people, and especially their style
of farming, not only on the river, but in the smaller valleys toward the Taos
Mountains. The irrigation idea was a new one to us, and we were not a little
surprised and interested in noting the miles and miles of canals that had been
constructed and the many acres, otherwise barren, that had been made productive by this system.
EARLY NATIVE CANALS.
We found canals along almost the entire route from Santa Fe to Socorro,
some of them of great length, and in places very heavy work had been done in
making deep cuts, or in building earthen aqueducts of considerable height
and length. And how all this labor was done and all these results achieved
with the tools then in possession of the natives was an unanswerable question with us all then, and indeed remains so with me to the present day.
While irrigation was not going on when we were there, owing to the lateness of the season, we could plainly see how it was done, in fact the manner of
preparing the ground with bordering ridges and of _ooding it, etc., was very
much the same as that still in practice in the neighboring State of Chihuahua.
From these irrigated _elds were produced wheat, corn, chili, melons, pumpkins,
grapes and some inferior apples and peaches.
In May, 1847, the detachments that had been wintering at Pueblo took up
their line of march toward the West by way of old Fort Laramie, where we
struck the trail of the Mormon pioneers, and followed it until the 27th of
July, when we came upon the _rst body of Mormon pioneers encamped on
the ground where Salt Lake City now stands. They had arrived there three
days before. ‘
Here was an ideal place for putting into practice the A, B, C’s of irrigation, as the waters of City Creek canyon could easily be made to run east.
south or west; and before the end of July these waters had been diverted from
their channel and were moistening the parched soil on the south and west; and
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there and then, I believe we may say, was launched a movement that has since
been the salvation of Utah and surrounding States, and must eventually prove
the redemption of all the mighty West.
And let me now take the liberty of correcting a statement that appeared in
an El Paso paper a few days since, to the effect that much of the responsibil—
ity and consequently the credit for the early irrigation successes in Utah rested
with me. Candor compels me to say that I took no part whatever during the
_rst few years, for as a young man I wasso disheartened with the forbidding
sun_ower and sage-brush desert that I did not think it worth an effort at
reclamation, and my greatest desire was to get away from the scene of desolation that surrounded us. This I succeeded in doing about the 16th of August,
when I left Salt Lake Valley determined never to return.
But there were those whose judgment was better than mine; those who
saw into the future with a clearer light than I did. They determined to remain, and with the running streams as their allies to conquer the desert and
wrest from it the necessities of life, and with the push that even then characterized the Americans, and under the direction of the astute mind and
leadership of Brigham Young, they were victorious.
METHODS BORROWED FROM THE RIO GRANDE.
While personally I did not assist in this work then begun, I have no doubt
that others of our party who remained were invaluable helps, and possibly
leaders in this work, as a result of the ideas they had borrowed from the
Mexicans along the Rio Grande.
After three years spent in Iowa I became converted to the doctrine of’irrigation, and securing an out_t I returned to Utah. And there I found land
that three years before had been covered with black crickets now producing
_ne crops of potatoes, etc., and many canals had been built, most of them
small and easy of construction. My faith in the cause of irrigation was
strengthened and I began learning about it, and working for it. Soon after
, I took an active part in an irrigation scheme that furnished homes for about
100 families, and since then, in me way or another, I have had more or less
to do with problems of arid soils and irrigation, and I must say that in a de—
gree I sense the feeling of honest pride that comes to men‘ who have battled
with the desert and with the drouth and subdued them through their own
necessities and for the bene_t of their fellowmcn.
In traveling along the Rio Grande a few years since I was led to re_ect
upon the great changes in conditions. Where the water, was waist deep in
1846, and that was said to be a dry season, I could have crossed dry shod at
the same place and same season of the year _fty-four years later. No doubt
we all understand how much of this change has been brought about by using
the waters of the tributaries for irrigation purposes, thus helping to dry the
river. .
It is devoutly to be hoped that the contemplated schemes for the storage
waste waters in this region may be crowned with complete success, and it
seems to me but right to express the wish that your neighbors across the
Mexican boundary line may be, on some terms. permitted to share in the
bene_ts thus obtained, as in the past they have no doubt been sufferers.
of
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Engineering and Mechanics Section.
CHAIRMAN: FREDERICK H. NEWELL,
Chief Engineer U. S.‘ Reclamation Service.
0
Wednesday Morning Session, November 16, 1904.
The meeting was called to order at 9:00 a. m., November 16th, by Chairman Newell. Upon his request, Mr. H. N. Savage acted as secretary. There
was a brief discussion as to the purpose of the conference and concerning the
program of the proceedings.
Mr. Newell—We will listen to a paper by Mr. Savage on “Reclamation
Work in the State of Washington.” ‘
Mr. Savage—Mr. Chairman, Ladies and Gentlemen: My paper was. prepared since coming here, because after arriving I found‘ that I had been scheduled for a paper on irrigation in Utah and that Mr. Doremus, State Engineer,
had also been put down for one on the same subject, and I decided to shift
to Washington. I have selected the Palouse Project as the subject for a little
talk, because it is one of the latest investigated and developed and is up for
_nal consideration at this time.
REGLAMATION IN THE STATE OF WASHINGTON.
H. N. SAVAGE, Supervising Engineer.
It has been the policy of the Reclamation Service during the _eld season
of 1904, to concentrate its work as far as practicable upon one principal
project in each State, with a view to bring it to the point of construction with
as little delay as possible. The preliminary surveys and investigations are
carefully prepared, and from them plans are developed, comprehending the
projects in their entirety, for the consideration of the consulting and supervising engineers.
In Washington attention this season has been given chie_y to the southeastern part of the State, where the engineers have located apparently a
feasible project, known as the Palouse project. This scheme contemplates the
irrigation of 100.000 acres of land lying between the Snake and Columbia
Rivers in Franklin County, which are su_iciently low to be reached by a
gravity canal diverting water from Palouse River. It is proposed to divert the
water by a low dam near Hooper Station, and convey it by means of a canal
about six miles long through the divide and into Washtucna Coulee. The
proposed cut involves an excavation of about 600,000 cubic yards of gravel
and small boulders. An alternative plan consists of building a dam 140 feet
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high across the Palouse River, constructing it of the material taken out of the
cut through the divide between that river and Washtucna Coulee. This would
require the removal of a few miles of the Oregon Railroad & Navigation Co.
track and the acquisition of the area to be over_owed by the spillway. By increasing the height of the dam a few feet, suf_cient storage could be obtained
to regulate the _ood run-off of Palouse River.
Washtucna Coulee, a part of which it is proposed to utilize for storage
purposes, is a narrow basin extending from the Palouse river valley to within
one mile of Connell. That portion of the Coulee extending from the rim of
Connell 15 miles east to Silver Lake, is the proposed reservoir site.
INCIDENTArL POWER DEVELOPMENT.
From the cut through the divide into the coulee it is proposed to construct
the canal on a minimum grade for a distance of 7,800 feet to the town of
Washtucna, where two drops aggregating 83 feet can be used for developing
power. It is estimated that the minimum _ow of Palouse River during the
irrigation season, with the storage available in Rock Lake, would be 350 cubic
feet per second, which would develop 2,500 horse power. From Washtucna
for about 10 miles the coulee is comparatively _at, but for the remaining
distance to Washtucna Lake, about 1% miles, there is a drop of 78 feet where
over 2,000 additional horse power can be developed when desired.
At the west end of this coulee it is proposed to excavate a channel through
the divide into Esquatzel Coulee, building a dam at the summit of the divide,
which will give an available storage of 210,000 acre-feet. By increasing the
height of the dam 43 feet, a storage capacity of 255,000 acre-feet could be
obtained.
South of Connell lies Esquatzell Coulee, down which it is proposed to construct the main distribution canal from the storage reservoir to the irrigable
lands. The Northern Paci_c Railroad now occupies this basin and the Oregon Railroad & Navigation Co. Washtucna branch extends through the entire length of Washtucna Coulee.
NOW A BROOK; AGAIN A TORRENT.
The Palouse River varies in volume from 17% to 15,000 second feet, and
has a drainage basin of 2,200 square miles, most of which is uncultivated. On
Rock Creek, one of the principal branches of the Palouse River, is a natural
lake nine miles long, which can be converted into a storage reservoir with a
capacity of 75,000 acre-feet, by the construction of a dam‘37 feet high across
the outlet. The total discharge from the lake during the season 1903-04 was
91,300 acre-feet. The discharge of Palouse River during the season 1901-02,
the lowest run-off year recorded, was 341,000 acre-feet. During 1903-04 the
discharge was 637,000 acre-feet. It is estimated that 100,000 acres can be irrigated by gravity under the Palouse project, assuming the duty of water to
be 3 acre-feet per acre per auunm. Along the line of canal from Washtucna
reservoir down Esquatzel Coulee, there is a considerable fall which can ‘be
utilized for pumping water to additional lands lying between 600 and 750-foot
contours, if required.
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The estimated cost per acre for developing this project is from $35 to $40,
and the schei‘ne is considered desirable at those _gures.
Mr. H. A. Storrs—I would like to ask if the railroad companies have
agreed to move their track at their own expense?
Mr. Savage—They have not. In response to our inquiry, they have stated
that they would bear such expense in moving their tracks as the traf_c expected to result from this development warranted. Negotiations have been
carried on for some time, and the indications are that the companies will do
what is fair in the matter.
Mr. Storrs—What is the expense involved?
Mr. Savage—About $200,000. 1 might add that the conditions prevailing}
in this project for power development seem to be worthy of very special no—
tice. Throughout Washington there are a number of electric railways being
projected. A number are already in operation and are proving to be very
pro_table. Many small towns are putting in electric plants and there will be
a demand for the power which can be developed from this project as soon as
everything is settled. The power will have to be transmitted but a very short
distance, and these small towns will grow rapidly. The junction of the two
rivers which are navigable insures also a big development in municipal manufacturing enterprises.
Mr. Storrs—Will this power be available at all seasons?
Mr. Savage—Throughout the year. At least 4,500 horse power will be
available constantly the year round.
Mr. Newell—The next paper is by Mr. G..H. Matthes, who has had charge
of the work in Oklahoma. A great deal of his attention has been diverted
from the strictly reclamation work by the instructions of the Secretary of
the Interior. I might say that in Oklahoma a fund has been created in three
counties, amounting to about $700,000, by the sale of lands, and that this fund
is to be expended by these counties in certain structures, jails, court houses,
bridges, school houses, etc., and that work has been put under the charge of
Mr. Matthes, so that he has not been able individually to give as much of his
time to the reclamation work as we had hoped; nevertheless, he has had excellent assistants and has not neglected the study of the Territory.
[Mr. Matthes presented a paper on “Investigations in Oklahoma”; it is here
omitted as it is printed in the Third Annual Report of the United States Reclamation Service]
Mr. Newell—You have before you the paper of Mr. Matthes on conditions in Oklahoma. It illustrates one of the unfortunate conditions that we
occasionally run up against. that is, when our _rst investigations show that
a project seems feasible and looks good, but later investigations develop the
fact that it is very dif_cult of execution. It is intended to put into Oklahoma
immediately the best reconnaissance men the service has developed during
the last few years, to make a continued and thorough study of the Territory
for other opportunities. We will continue to keep at this thing until we
do build something in Oklahoma. It is possible that a modi_cation of the
_rst ideas of the Otter Creek project and the North Fork project may br-
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reached which will make these projects appear‘ in a better light, but it is fair
to state that our _rst conclusions are disappointing.
A delegate from Oklahoma—I would like to say that taking the government reports of the rainfall in the region investigated you will _nd the rainfall very short. Another thing I would like you to investigate is the under_ow of Otter Creek. There is an under_ow of the North Fork where I investigated 150 feet across and about 2 feet deep. The under_ow of Otter
Creek is 156 feet across and about 5 feet in depth. It runs back almost to
Granite Mountain. The under_ow of that creek is much larger than the
over_ow. I think the under_ow would counteract the loss by evaporation.
Mr. Newell—T he matter of under_ow is always very interesting. I have
made a computation. If we estimate it at 156 feet wide, 5 feet deep, and
moving at the rate of 10 feet per day, we get less one-tenth of a second foot
with a %-inch pipe. We are apt to get very big notions of an under_ow because we fail to bear in mind the fact that it is moving so very slowly. We
must not attach much weight to an under_ow.
A delegate from Oklahoma—I would like to ask if it would not be practicable to give us a beginning with the North Fork, give us a reservoir there and
then if it proves practicable, extend the works‘to include Otter Creek.
Mr. Newell—That is an excellent suggestion and one which, since I have
been in Oklahoma, I have been thinking of seriously. We started in with Otter Creek as our leading or initial point. The proposition now is to put
some more good and experienced men in there and tell them to simply start
out with that as their starting point, and see if they cannot discover a feasible
site there, or if not, an alternative. We are going to hammer on this line until
we get something that will stand the scrutiny of the men who will have to
pass upon it ultimately.
A delegate from Oklahoma_What would be the cost per acre of putting in
these works? '
Mr. Matthes—The cost per acre as computed from the original project was
$13.20. It is now very certain that it will be greater. If we have to cut down
the size of the reservoir, we will have to increase the estimated cost per acre.
A delegate from Oklahoma—Was the cost to irrigate included in your esti—
mate per acre,'or was it simply the cost of construction?
Mr. Matthes—The computation was made on the basis of the cost of the
complete works, including lands, damages, etc. The cost of maintaining the
works and conveying the water to the lands was not included.
Mr. Nowell—That amount of $13.20 I think is too low. Of course, when
you take into consideration the bringing of the land under subjection, the
price will have to be raised. In these computations it has been the tendency of
the engineers to raise the estimated cost. For instance, the people of Las
Vegas will be down here to try to convince us that $57 pet acre is not too
much to pay, but they will have a pretty hard task to convince us that it is
not too high for ~them to pay, and in Oklahoma I think it will be necessary
to raise the amount very materially.
Mr. Mendenhall has made considerable investigations in this matter of under_ow in California, and I will ask him to give us in general the results of
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his conclusions, those which are most interesting to us. The underground
supply, of course, compared with that On the surface is always very, very
small. It is hard to form a comparison between the two. If I remember
right, an ordinary irrigated farm of 80 acres will require almost as much
water as a city of ten thousand population. About the same comparison might
be made between the waters underground and the waters on the surface.
This study which Mr. Mendenhall has been making of the underground
waters of California is typical of other parts of the United States and gives
us the result of a very thorough and careful examination of conditions which
have been puzzling the people there for many years.
The engineers of the Reclamation Service and Geological Survey have been
carrying on two distinct, yet very closely related lines of work. This work
of Mr. Mendenhall’s is not under the Reclamation Act, but comes under the
related work. Mr. Mendenhall is what is known for convenience sake, the
Division of Hydrology.
I will state for your information that the work of the Geological Survey
in its relation to irrigation and reclamation is divided into a number of divisions. There is the work of the men who are measuring the streams in all
parts of the United States; there is the work of the men who are studying the
wells and underground waters, and there is the work of the men also who are
studying the quality of the waters and its relation to irrigation, such as ascertaining the alkaline contents of the water and its possible effect upon the
crops; yet all of this work comes right down to the question of the industrial development of the whole United States. Here in Texas we have been
studying the _ow of the rivers, the opportunities for development, the quality
of the water, the underground conditions, and all such matters that will lead
to a larger and better use of the resources of the State. Under the Reclamation 'Act we can not expect to go into actual developments in the work in
Texas, but we can study the conditions, and the suggestion has already been
made by Senator Newlands and others that it may be proper to allow the
expenditure of a portion of the funds in Texas, especially in connection with
the Rio Grande, and this is a point on which I think the people of the State
may appropriately express their wishes and desires.
Mr. W. C. Mendenhall—I might say, as a preface, that in Southern California we are studying the conditions in a community, which, although not an
old one, is densely settled and one in which our resources have been highly
developed. Our object is to determine whether the underground waters may
be further developed so the people themselves may know how much more land
they can reclaim in safety.
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THE UNDERGROUND WATERS OF SOUTHERN CALIFORNIA.
W. C. MENDENHALL, Geologist, U. 5. Geological Survey
The greatest population and the highest cultural interests in Southern California are concentrated withinawide diversi_ed valley that extends inland 80
miles from the Paci_c Coast at Santa Monica, and is effectually screened from
the Mohave and Colorado Deserts by the San Gabriel and San Bernardino
Mountain Ranges. These high groups protect the land on their Paci_c slope
from the climatic extremes of the deserts, and at the same time wring from
the ocean winds the moisture with which they are laden, and which in the
form of perenniel streams, makes possible the high state of cultivation that
has given some of the adjacent agricultural lands values of from $500 to $2,000
per acre. Yet the rainfall is low—from 10 to 20 inches in the valleys—and
this, and its concentration within a few months of the year, are conditions
which demand irrigation to insure crops even of grain and hay, and make it
imperative for the much more valuable citrus lands, walnut groves and
gardens.
The practice of irrigation was begun early in the century by the Missions,
before a general settlement of the country by the Mexicans or the Americans.
Short and simple ditches, which usually took their water from the Cienigas,
the perpetual springs, and served a small acreage about the ranch houses,
suf_ced for the simple agricultural needs of this pastoral period. The construction of permanent works of a better character began before the Civil War,
and was most actively carried out during the seventies and eighties. The
famous Riverside Colony was founded in 1870, its existence depending entirely
upon the successful construction of a large canal, which carried the _owing
waters of the San Bernardino Basin to a strip of desert mesa north of the
Santa Ana River. By the construction of other canals built about this period,
the mountain waters as they came down the canyons to the margin of the lowlying tillable lands, were gradually diverted, and the acreage under cultivation extended. Such _ourishing colonies as Anaheim, Pasadena, Pomona,
Ontario, Cucamonga, Highlands and Santa Ana owe their foundation to the
diversion of these surface waters.
THE WASTE OF THE FLOODS.
By 1880 the available _owing waters had been generally diverted and
utilized, and the limit seemed to have been reached to the amount of land reclaimable from this important source, but the stimulus of the very high values
reached by the California citrus lands, and the comparatively small acreage
under cultivation as compared with that reclamable if water were available.
combined to induce a most thorough examination of all possible sources. After the appropriation of the normal stream _ow, there remained two additional possibilities suf_ciently inviting to enlist the attention of capital and
skilled service. Because of the high gradients of the California river beds,
and the steep slopes of the mountains where the greater part of the rainfall
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occurs, as well as because of the fact that a large part of the annual precipitation falls during heavy storms of moderate duration, there has always been
a heavy loss of water through run-off during _oods. If this could be saved
by impounding reservoirs, a great gain would be affected. But the generally
constricted character of the San Bernardino and San Gabriel mountain canyons has been unfavorable to the construction of reservoirs. Actually but
two important projects have been completed; the Bear Valley dam, whose
stored waters have added the _ourishing Redlands colony to the reclaimed
areas; and the Hemet dam, less favorably situated as regards rainfall, and less
successful therefore in the matter of acreage redeemed. Another project,
the Arrowhead, is under way after years of patient observation of rainfall and
run-off, hence eventually there will be a further addition to the waters conserved in this way.
The second attractive possibility for the development of additional water
lay in the development of the great underground reservoirs. It had been
found in the sixties and early seventies that the boring of wells in certain
moist land areas was followed by _owing water, and when the surface supplies had all been appropriated, engineers turned their attention to these lands
and to the storage sites as the two remaining sources which promised most in
the way of increasing the available supply.
THREE THOUSAND ARTESIAN WELLS.
The Gage canal system, completed in 1886, has depended from the _rst
almost entirely upon underground waters, and its 7500 acres of splendid
citrus lands are an example of what may be done with them. Since this experiment the development of underground waters in Southern California has
continued, until now there are nearly 3000 artesian wells and about 1600 pumping plants representing a capital of about $3,500,000 and a combined production
of at least 400 to 500 second feet continuous _ow.
This development, although under way for thirty years, was given a great
forward impulse by the series of dry years which began a decade ago. The
previous ten years had been years of abundant rainfall, the precipitation being
well above the average, although this vital fact was not generally recognized
by water users. As a consequence the acreage brought under cultivation
during those years exceeded the amount which the ditches depending upon
surface streams could serve when the dryer period came on. The most
important and valuable of California crops are perennial-plants, citrus and
deciduous fruits and walnuts which can be rapidly adjusted to _uctuations in the water supply. A grove which does not come into pro_table
bearing until _ve years after planting, represents by that time considerable
capital. If the water fails it for a season, that capital is lost. Hence great
energy has been displayed in the development of water as the surface supplies have dwindled under the in_uence of the drought. There are few
important irrigating systems whose supply has not been augmented during the
ten years past by the boring of wells whose _owing or pumped water is
used to make up the de_ciency in stream _ow. And in addition much independent irrigation has been undertaken whose supply is well water entirely.
(7)
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A large part of this is new land, not under cultivation previous to the beginning of irrigation from wells; a smaller proportion was moist land cultivable
without irrigation before the dry period, and retained in the cultivated class
since only by the installation of wells. The reclamation of lands in this way
has been most extensive, naturally in the artesian areas, and in those other
low-lying lands bordering the artesian basins, where water could be obtained
near the surface and at but slight cost by pumping, but it has been practiced
in a more limited way where higher, warmer and more valuable lands have
enabled the horticulturist 'to lift water to greater heights, and to pay the
resulting higher charges.
UNDERGROUND WATERS THE SAVIOR OF SOUTHERN
CALIFORNIA.
It has been fortunate indeed for Southern California that she has had
large bodies of subterranean waters to draw upon. This fact has enabled
her to come safely through so trying and generally fatal a combination of
circumstances as a decade of heavy rainfall, and consequent exaggeration of
her most fundamental asset, accompanying such a rapid industrial development as to constitute a boom of the _rst order. The reaction from such a
combination is usually utter stagnation. The worst fault of our Western
American business character is its cheerful, careless optimism. We will be—
lieve any tales however false, that _atters our community pride and'promises
fortune; we will have nothing of any facts, however absolute. that set a limit
to our resources. Here in the Southwest we might well parody the wellworn motto of the court of Louis XV, and say, “After us the drought." But
Southern California has not as yet lost any extensive areas of her reclaimed
lands, although the de_ciency of rainfall at Los Angeles for the past eleven
years has aggregated twenty-six per cent of the average, and during that
time, and at present she has been steadily increasing her acreage. '
The geologic relations which have made this condition possible may be
brie_y outlined. The valley of Southern California is not a normal stream
valley, carved by stream action and adjusted in width, depth and alignment
to the volume and course of the stream. It owes its character entirely to
other agencies, those agencies being crustal movements. This diversi_ed
low land may be best described as a series of deep, irregular crustal troughs,
parallel to each other and to the Paci_c shore line, plunging to the northwest
and abutting in this direction against the granitic San Gabriel range. At the
foot of this range the ridges separating the troughs are lowest, and a practically continuous valley extends from Santa Monica to San Bernardino.
Farther south the separating ridges rise higher, and the valley is broken by
mountain chains and groups. As these troughs and their separating ridges
have formed by geologic processes, the previously existing rivers have maintained their way across them from the higher mountains where they rise, to
the sea, and in maintaining these courses have cut canyons in the ridges and
have _lled the troughs with the sands, gravels and clays that are due to their
erosive action. The result is a series of deep bedrock valleys _lled with
alluvium, across which the rivers _ow. These conditions give rise to cer-
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tain peculiarities in the habits of the rivers, peculiarities which it happens
adapt them in a wonderful way to man’s needs as an irrigationist.
BECOMES A LOST RIVER.
The Santa Ana River is the most imporant of these Southern California
streams, has the largest drainage basin, the longest course and exhibits these
bene_cent peculiarities in the great perfection. It will therefcge be brie_y
traced as an example of the type. It rises in the higher San Bemardino
Mountains where rainfall is abundant, and has attained a volume of from
25 to 50 second feet when it reaches the _rst of the _lled geologic troughs
at the mouth of its upper canyon. Here it promptly sinks in the coarse
debris and percolates slowly below the surface, protected perfectly from
evaporation and contamination until it reaches the lowest; point in the rim
of this depression. This rim forces it to the surface, and it _ows across
it as a living stream, the waters which escape diversion sinking again in the
gravel _lling of the second trough. After a short subterranean course it
is forced out again by the impervious rock at Riverside Narrows, and continues to _ow over the surface through the Santa Ana Mountains until
beyond these it reaches the inner edge of the greatest of the troughs, the
Coastal Plain, in which it sinks. Below Santa Ana it rises once more in a
series of strong scattered springs and escapes to the sea.
This hide and seek habit is characteristic of the rivers of this valley, and
is as ideal an adaptation to the needs of the arid land horticulturist as though
de_nitely planned by man for his own bene_t. The lower rims of the rock
folds force the water to the surface at very convenient intervals for diversion,
and meanwhile not only is the water in its underground passage saved from
loss by evaporation, but the irregular spasmodic supply at the canyon mouths
is converted into a uniform _ow which is unaffected by individual storms
and responds but slowly to prolonged wet or dry periods. These basins are,
therefore, not only storage reservoirs, but are most effective regulators as
well, and go far to bring about that most important desideratum in irrigation practice, uniformity of supply. An additional important economic factor
is introduced by the presence of artesian conditions along the lower margin
of each of these storage basins.
The material with which the rock basins are _lled is alluvium, river
deposited sediment. Each stream issuing from its mountain canyon carries
with it the products of its erosional activity there. Debouching upon the
plain, its velocity is checked and the heavier fragments are dropped. At
the lower margin of any particular basin, where the velocity of flow is least,
the finest materials are laid down as clay sheets. These have the original
slope of the stream bed and are limited in their extent upstream. In this
direction they gradually become coarser until they are no longer impervious.
The waters entering the valley at the canyon mouths and percolating seaward
below the surface through the more porous strata are entrapped beneath
these sloping clay blankets, where, under the weight of the waters behind
them, they accumulate pressure. Then when the impervious clay cap above
them is pierced they _ow.
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AN ARTESIAN BASIN OF 250 SQUARE MILES.
These cheap artesian waters are well distributed in Southern California,
and have been important elements in its development. The original area of
the lands under which they were found was about 375 square miles, but it
has suffered a shrinkage of 33 per cent during the last _fteen years and now
measures only about 250 square miles.
Since these artesian basins are unlike the normal synclinal folds in porous
rock which have come to be regarded as the type, so they have special characteristics which bear directly upon their usefulness.
In the _rst place, being in wholly unconsolidated and generally coarse
material, they have a high transmission capacity. So freely does the water
_ow through them that individual ten-inch wells have in a few (vases yielded
six or eight second feet of water. Such wells do not fail because the water
supplied at the head of the alluvial fan can not reach the boring, as has been
the case in the Denver basin, for example. On the other hand, _owing so
freely they draw down the supply at a very rapid rate, but can be restored
if closed for a time, while a new supply is allowed to accumulate.
The fact that the water bearing strata lie approximately parallel to the
surface, and that the highest are very near it, facilitates development to such
an extent that ranchers in many instances have found it more economical to
sink a well for each ten acre lot than to distribute from a single central well
This condition encourages the multiplication of wells and the draughts upon
the artesian supply.
It is these great rock basins, with their _lling of saturated alluvial wash
which constitute the important underground reservoirs that have not only
tided the region over a long period of low rainfall, but have actually made
possible constant additions during the dry period to the reclaimed lands.
These great natural reservoirs more than compensate for the lack of sites
for effective arti_cial storage. Their actual capacity is to be expressed in
cubic miles rather than in smaller units. The San Bernardino basin has
been explored by the auger for over 1000 feet, and is roughly estimated to
'attain a maximum depth of 3000 or 4000 feet. The alluvial _lling about
Pomona and Chino, and that east of Pasadena, above the Paso de Bartolo,
is known to extend below sealevel. The great Coastal Plain basin has been
explored for 1300 feet, and its depth, were it known, would probably be
found to run well up into the thousands. With a surface area of 775 square
miles and on the basis of 30 per cent of voids, a very impressive but utterly
valueless estimate might be made of the amount of water stored in it.
Now while, as I have stated, the underground reservoirs have proven of
incalculable value to Southern California during the decade just passed, and
have not only carried the country through this period, in spite of the fact
that the greater part of its earlier development was carried out during and
upon the basis of a decade of excessive rainfall, but have actually permitted
a continual increase of acreage under irrigation, it is not to be expected that
this result has been attained without affecting the water level in the reservorrs.
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UTILIZING ALL THE WATER.
Water levels have, in fact, declined notably, artesian areas have shrunken,
and pressures in wells still _owing have decreased markedly. The thing
which causes most surprise is that these shrinkages have not been more vio—
lent. The underground supplies have been attacked in front and rear. The
summer, and a part of the winter _ow of the mountain streams is diverted
at the canyon mouths and used for irrigation, where formerly all of it sank
into the gravels and joined the underground supply. A few storage reservoirs
have been built which hold a part of the winter _ood waters that are now
and always have been the chief source from which the ground waters are
replenished. Thus not only has the supply been less during the past decade
because of drouth, but is has been further curtailed because of diversion
and storage. In addition to this indirect attack, the great number of artesian wells and pumping plants which have been put in have directly attacked.
the quantity of stored waters. It is estimated that of the 225,000 acres
under irrigation in the valley of Southern California at present, two-thirds
are dependent upon developed underground waters, about 400 to 500 second
feet of which are used while the surface streams supply but 200 or 250
second feet. These relations are not _xed, there being a large acreage which
i: irrigated with surface water when this is abundant, but with well water
when the streams are low. But the irrigation from developed water alone
is increasing, while that from streams is at a standstill, or is shrinking, the
_ow of certain important streams which are due to rising ground waters
having diminished during recent years.
The shrinkage in artesian areas is brought out graphically by the
accompanying map, upon which fourteen areas are shown in which _owing
water is or has been found. These combined artesian areas originally
amounted to 375 square miles; they now cover about 250 square miles, a loss
of 33 per cent, most of which has taken place within ten years.‘ One great
water company, whose supply of 40 second feet was originally all artesian,
except about six second feet, now pumps at least 75 per cent of the total.
The water levels in wells in important water-bearing lands tell the same story.
Maximum declines of 60 or 70 feet within the past four years are of record.
Declines of 25 or 30 feet are not at all rare.
These of course are the phenomena to be expected during a period of
drouth. The critical point with the California irrigationist who is dependent upon underground waters, is to determine how much of it is due to the
dry period and how much to development. Obviously this is a dif_cult point,
The amount of water returned to the gravels each year is scarcely capable
of direct estimate, at least with the data now available. The greater part
is contributed of course during the winter _oods, but the measurements of
these are dif_cult, and but few attempts have been made to estimate them.
Observations upon the _uctuations of the ground water level are perhaps
of more value. A system of such observations has been begun by the survey,
but it will have to be continued for a considerable period before its results
furnish a safe basis for conclusions. At present we have only two or three
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sets of observations within the valley which extend far enough back to be
valuable. Fortunately for our thesis, their evidence is harmonious. I have
selected for discussion the pro_le of the water level in a well near Anaheim,
on the inner edge of the Coastal Plain. Pumping plants are numerous in this
vicinity and are being rapidly increased in number, so‘that the phenomena
exhibited by this pro_le may be accepted as typical of those neighborhoods
where most pumping is being done. For direct comparison with it a rainfall
chart has been prepared in which the departures from the average are shown
for each year, since it is with the relation of each year’s rainfall to the
normal that we are especially concerned.
It will be noticed that from the time when the observations began in
1898, the declines were continuous and regular throughout the dry period,
which was interrupted during the winter of 1900-1901 by an excess of rainfall. During this winter the water level raised two feet, but the gain was more
than lost before the beginning of the next rainy season. The decline then
continued, although irregularly, until the winter of 1902-1903, another year
of excess in precipitation. Here again the pro_le shows a rise, but again it
was more than lost before the end of the year. Since that time the decline
has been rapid.
FACING A SERIOUS PROBLEM.
The signi_mnt thing about this pro_le—and such other measurements
as we have exhibit the same phenomena—is that years in which the rainfall
has exceeded the average have failed to stop the decline, although they have
checked its rate. With present developments then the decline will continue,
rapidly through years of de_ciency, less rapidly through years of average
rainfall, slowly through years of slight excess, and will cease only with an
amount of excess greater than any that we have had in a decade. This is a
suf_ciently serious showing to call for a halt in the development of underground waters. It does not necessarily mean loss of land now reclaimed,
because it is recognized that the proportion of water available for the restoration of the underground supplies, increases at a rapidly accelerating rate
as the rainfall itself increases, that is, where a precipitation of _fteen inches
may add little to the underground supplies, with a fall of twenty inches, nearly
all of the last _ve may prove effective for this purpose, and a precipitation of
twenty-_ve inches, well distributed throughout a long wet winter, may restore
the continuous declines of half a dozen years of de_ciency.
But the evidence is quite su_icient to show that it is time to stop increasing indiscriminately the number of wells for reclamation of virgin lands.
There is grave danger that the splendid subterranean reservoirs which have
carried communities through the past decade without distress, and have
responded so fully to every demand made upon them, may be overestimated.
Such supplies are everywhere peculiarly liable to over-valuation for several
reasons. Among them is the fact. that if the total quantity of stored water be
estimated, the _gures are so great that thoughtless users immediately conclude that such supplies are inexhaustible. They forget that actually it is only
a very small part, often no doubt only one or two per cent of this great
amount, which is, or with present methods, can become available. Again,
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the fact that these great bodies of gravel are ef_cient regulators of the supply
through rainfall, responding but slowly to periods of drought or periods of
excessive precipitation and showing but slowly the effects of over-use, lads
many to suppose them wholly independent of those controlling factors, and so
encourages them in their campaign of over-development. As a matter of fact,
close, careful and continual observations should be made of _uctuation in
ground water levels, as development proceeds, and these when compared
with rainfall measurements, will give a safe, scienti_c basis for the regulation of the acreage irrigated from ground waters.
Meanwhile, development must proceed with extreme caution, for obviously
nothing worse can happen to a community than to be forced to abandon lands
which have been reclaimed at a-great expenditure of time and capital.
Mr. Newell—Mr. Mendenhall has given us brie_y the result of years' of
very careful work. He has called attention to a serious condition which
exists in that locality, where a _eld possessing ideal conditions may have its
underground waters drawn upon by so many wells as to imperil the value of
the entire area. The striking thing to me is the rapid decline in the area of
these artesian _elds. A fact we should emphasize to the people of California
and others interested in that there is a limit to the artesian and underground
waters, and without alarming them, we should suggest that they should
exercise wise and prudent forethought, and if necessary, enact State laws
to guard against over—development and total destruction of the _eld by putting down too many wells, and thereby kill the goose that lays the golden
egg. ‘
Mr. Fred C. Finkle, of Los Angeles—Having devoted about 18 years to
practice as a hydraulic engineer in Southern California, I am thoroughly fa—
miliar myself with these conditions, and what applies to Southern California
applies to a great extent to other portions of California also. Within the
last few years it has become generally recognized among engineers that these
artesian springs, as well as other basins that are not artesian, have been
drawn upon to a greater extent than they can sustain. For many years it
has been that the man who had the longest pump rod would deprive others
of their share of the water, but now the Supreme Court has changed the
aspect of the law so that no longer can a man go in irrespective of the rights
of others and draw out the underground waters so as to destroy the old
supply; yet it will require a great deal of time to restore the normal conditions. ‘
GRAVEL BEDS HOLD THE WATER.
- An interesting thing which we will observe by the topographic map
exhibited by Mr. Mendenhall is that in all of these basins and between them
and the mountains are large beds of gravel, sand washes from the various
streams. The supply of these basins comes from the _oods which come from
the foothills and _ll the lower levels. The _oods carry enormous amounts
of silt, which is caught by these gravel beds, thereby preventing the percolation of the water through them and thereby preventing the full bene_t from
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accruing which would otherwise come from these artesian belts and storage
basins.
I am not so optimistic myself as some of the people of my section of the
country, but I do believe if the people will listen to reason and cease their
developments—the courts will probably enjoin some of the recent developments—that in a reasonable time all of these basins can be restored practically to their normal level, but this can not be accomplished without the
assistance of the courts. As to the value of these basins, Mr. Mendenhall has
dwelt almost entirely on their value as water supply for irrigating lands.
They possess another great value, that of sub—irrigating the lands overlying
them. When the water stands within a few feet of the surface, as it does in
these artesian basins, the underground water feeds the alfalfa and other products in that section; so these waters in their original state serve two purposes, they _rst sub-irrigate the products and then furnish waters for irrigating other lands in the foothills and arid districts of the State.
Mr. Newell—Gentlemen, the next paper on the program is by Prof. E. F.
Chandler, State Engineer of North Dakota.
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SPRING FLOOD MEASUREMENTS IN NORTH DAKOTA.
E. F. CHANDLER, State Engineer.
It is not my intention to treat a topic so broad and so long as one might
infer from the title printed in the program (“River Floods and Water Supply
of North Dakota”), but merely one special phase that may force itself on
the attention of those making stream measurements in as northern a latitude
as North Dakota, a topic, however, concerning which _I have not happened to
see anything published.
This is the casual relation existing between the early spring _oods—or
rather, the _rst high water of the spring—and the ice which then, after holding the river all winter in a grasp of iron, is melting, breaking up, and _oating down.
It is a characteristic of North Dakota streams that quite frequently there
are two well—marked high-water stages duringthe season, the _rst, early or
late in April, the result of the melting of the snow, may be almost certainly
expected. Then, there being no mountains to hold heavy snow banks through
the spring and no forests to delay the run-off, the water promptly slides
off the prairies into the rivers and, even where the fall is as slight as in many
of these prairie streams, it has soon run by and is gone. Afterward comes
the second rise, the “June rise” as it is termed, which can not be predicted
with certainty, but which usually occurs, following the rains, in late spring
or early summer.
It is the April rise that is likely to give the highest water. If irrigation
is in view, this early _ood, though not needed for immediate use, must be
stored for later use and is the most assured source of supply. Thence
measurements of its quantity are made.
Perplexity not infrequently follows in the mind of the hydrographer because of a serious and sometimes apparently causeless discrepancy that may be
found between these measurements and those at later season high stages. I
believe that the rule may be safely laid down that, on prairie streams of as
sluggish a nature as these, when the ice _rst breaks up and goes down, the
height of the water on the river gage for several days, or for a week or two,
must be assumed as due not entirely to the quantity of water being discharged, but in part to the ice; for this seems to have a tendency as it
catches on the banks and increases the friction to retard the speed and raise
the water more or less, even when it is running freely down the river without
forming any visible jam or barrier.
STREAM GAGES NOT ALWAYS ACCURATE.
If a rating-table, based on later season measurements. is to be applied in
the computation from the gage-height record of the season’s run—off, it is
necessary to reduce the gage—heights or deduct a very considerable per cent
from the assumed discharge during the _rst portion of the _ood following
the spring break-up. Unless an unusual number of discharge measurements
have been made at that season (which may be hardly convenient for an engineer who has charge of a number of gaging stations on different streams, all
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of which are apt to have this brief spring rise at nearly the same time) one
. has not su_icient data to obtain a comprehensive idea of the precise amount
of this correction each day for every stream, and it is largely a question of
judgment, an estimate. Yet such an estimate must necessarily be made, for
the records for those few days may denote the highest water of the whole
season, hence be of proportionate importance. This past spring the _oods were
somewhat unusual, it is true; but there was scarcely a stream in the region
but had at least a third of its total run-off for the year within a single
month in the early spring, and in some cases four-_fths of the total run-01f
passed in less than a month.
A few illustrations may be of interest.
On the Pembina River, a small stream of eighty feet width, a spring
measurement made while the channel was covered across with lodged or
_oating ice cakes at some points, although clear and open at the point of
measurement, gave at a 12-foot depth of water a discharge 20 per cent less
than the rating table, equivalent to subtracting 2% feet from the gage height.
This rating table, by the way, checked perfectly with a still higher measure—
ment a week later.
On the Red River, at Grand Forks, a spring measurement made while
occasional ice—floes were still running down the stream and lodging against
the shore gave a discharge of 21,000 second feet instead of 27,000 second feet
expected from the gage-reading, a discrepancy on a total depth of 36 feet
equivalent to a difference of 4% feet.
A measurement under similar circumstances eighty miles further up the
same stream, at Fargo, a few days later, produced a 30 per cent discrepancy,
indicating that out of a total depth of 13 feet the ice had raised the water
2% feet.
At the same time on the Cheyenne River, near Fargo. a discrepancy of 22
per cent, equivalent to 3% feet out of the 16 feet depth of water was found;
but this was not unexpected, for the ice—_oes were lodged across the channel
a short distance below.
On the Red Lake River, at Crookston, Minn., a measurement made when
the ice seemed to be all gone except narrow strips fringing the bank, and
when considerable inspection discovered no gorge or barrier below, gave only
6000 second feet discharge instead of the 10,400 expected (an expected _gure
con_rmed by still higher-stage measurements the following week), equivalent to 5% feet fall from the 16 feet depth. An autumn low—water measurement at the same place, made with the temperature falling toward zero, and
a driving snow storm covering the river with a layer of snow-sludge and
shell-ice sliding along the surface, gave results 25 per cent too small, equivalent to a difference of nearly one—half foot on the 3% feet depth. I suspect, however, that anchor ice was forming on the bottom of the channel a
little further down, diminishing the cross-section somewhat.
SLIGHT FALL OF STREAMS.
All these streams have only a gentle fall, meandering through level valleys whose general descent is about one foot per mile, or less than two feet
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at most, and in the clay and silt of this level prairie they have eroded com—
paratively narrow channels of from twenty to _fty feet depth. With a maximum velocity of not more than three or four feet per second under any circumstances, and of one and a half feet to two and a half feet per second in
all the cases mentioned above, the current does not often drive the ice—_oes
together with force enough to cause any conspicuous ice jams where the ice
is gorged together intoa huge dam. But the in_uence of whatever barriers
there may be extends a proportionately greater distance up the stream to
retard the _ow and raise the gage-height. And, furthermore, if I interpret
the data right, the mere presence of the jostling ice cakes in the stream, when
they form so considerable a portion of its volume as the three-foot and fourfoot ice-_oes and bergs of North Dakota may do, by making one layer of
theistream so to speak more viscous, retards the _ow and raises the water
disproportionately.
Mr. Newell—The paper by Mr. Chandler, dealing with ice conditions, is
one which some of us can not appreciate very much, especially in the southern
part of the country. The ice proposition, however, is one with which the
engineers have to deal and is very important. In all of our structures in the
North we must take the ice situation into consideration, such as its volume,
duration periods, its thrust, ability to overturn structures, etc.
Mn Storrs—There is one important feature, which applies to the western
portion of North Dakota at least, and which differentiates the conditions
Prof. Chandler refers to. In the western/part of the State we have many
small streams which, during the _ood season, come down the coulees and
wash in considerable volume. An examination of these small streams shows
that it would be exceedingly valuable to conserve their waters by storage and
thus obviate the necessity of pumping. The waters can ordinarily be stored
above the upper benches and can, therefore, supply water to the lower areas
which can now be developed only by pumping. Even if the amount of water
that can be stored is small and variable, it is very valuable, because it will
save pumping to the higher level, which is extremely expensive. In seasons
whenever there happens to be an abundance of water it may be unnecessary
to pump to these higher tracts at all. In that respect it is distinctly different
from the conditions in Oklahoma, where there is only a variable supply from
the streams, there being no reservoir such as we have in North Dakota,
where we have the Missouri River to draw on and a pumping plant at hand
to make up any de_ciency in the run-off in the small streams.
DEVELOP SMALL RESOURCES. ,
Mr. Newell—The matter is very important to the people in North Dakota.
There the matter of reclamation is a problem of developing smaller resources.
We hope to be able to develop a method of pumping which will be applicable
to that State and others in a similar condition. The fall of the ground is not
suf_cient to take the water by gravity ditches out of the Missouri River.
Mr. Storrs—It is barely possible that there may be some such favorable
localities but I have not run across any yet. The hills—you can hardly call
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them mountains—in that State do not conserve the snowfallto any extent.
The streams are small and the run—o_ from most of them is limited. It is
possible that if a favorable reservoir site could be found some power could
be found to draw the water from the reservoir, but that would be quite unre—
liable, and I should think, in any case, would only supplement to a small
extent the pumping by means of a steam plant. Steam plants are especially
inviting in that State because of the abundance of a cheap grade of coal, called
lignite, making it quite economical to do the pumping by means of using coal
for fuel.
Mr. Newell—That illustrates the condition of the Reclamation Service,
where we do not have one thing we have another. It so happens that in
North Dakota we have large quantities of this lignite, and tests are now
being made in St. Louis of the efficiency of the coal from North Dakota and
other parts of the country and the best way to utilize it for pumping in irrigation. They are testing it by direct _re, steam boiler, by putting it in a gas producer and testing it also by making briquettes of it, which can be handled
commercially, but the tests so far indicate that the gas producer may be the
way in which we can best use it and put it into effect. This is one of the
innumerable ways in which the engineer and business man must overcome
the effects of natural conditions.
EXPERIMENTS WITH COMPRESSED AIR.
A Delegate—Have they ever tried the compressed air system?
Mr. Newell—Not that I know Of.
A Delegate—I will state that where I live they have just put in a com—
pressed air plant and are making quite a success of it. They say they can lift
the water by compressed air in large plants more cheaply than they can by
pumping. This plant is run with oil as fuel. We purchase oil at the wells at
about 15 cents per barrel, or a cost of about 50 cents per barrel at the plant,
which makes it a very cheap fuel. At present they are demonstrating what
can be done with compressed air. Ithink that in large plants it would be by far
the cheaper method of lifting the water. It is much cheaper to have one large
plant than to have numerous small plants, because one large compressed
air plant can be utilized to lift water from a great many wells. This plant
when completed is to cost $16,000, and the parties have entered into a contract
with the owners of the land whereby the latter are to purchase enough water
to irrigate 13,000 acres of land at a cost in construction of the plant $16,000,
and about 40 to 60 cents per acre for each irrigation. _It seems to me that
whereas in Oklahoma or the Dakotas, or other places where they have to
irrigate by pumping, that it is important to look into this matter to ascertain
‘ if they can not produce the water more cheaply by means of compressed air
plants than by the construction of these large irrigation works and reservoirs,
where the water can be obtained at a depth of say less than 150 feet. I do not
know what the area is in North Dakota that they have irrigated, but it
seems to me that under the conditions it would be very expensive for them to
irrigate from wells by pumping.
Mr. Finkle—Is it a system of direct lift?
Delegate—Yes, sir.
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Mr. Finkle-~If so, I would state that that system has 'been used by us in
Southern California for a great many years and it is now being used where
the wells are scattered over a wide territory. I have made some very careful
tests of that system and I have found it to be very inef_cient in the matter of
fuel. Air compressors do not usually have an e_‘iciency in a warm climate
of more than 50 per cent. Then again the free air discharged into the well
loses a good deal of its force, so about the best results I ever obtained was
about 30 per cent, and in many cases only got as much as 20 per cent of our
actual power, so we do not look upon that system with a great deal of favor
in that country. Mostly all of the pumping plants there now are either gasoline engines or electric motors, the electricity being obtained from the water
powers in the mountains.
Mr. Newell—It is understood that Mr. Fred C. Finkle will favor us with
a discussion of the subject of “The Most Economic Type of Hydraulic Power.”
THE MOST ECONOMIC TYPE OF HYDRAULIC POWER.
Mr. Finkle—I was not advised that I should speak before this gathering
until last evening, so that I have not prepared any paper, and whatever I will
have to say to you this morning will be in the nature of rambling remarks.
In Southern California we are dependent more on the'underground waters
than upon any other source. The streams are limited in their _ow during the
irrigating season, and reservoir sites are very scarce, and with few exceptions
we do not expect much from that direction in future. We are blessed in
another way. Although we lack reservoir sites we have a precipitous fall in all
of these canyons, which can be utilized for the development of electric power.
I am satis_ed that some of our rivers have falls as great as 350 feet to the
mile. While the, streams are small, we sometimes obtain considerable horsepower from them. I may mention one stream on which I constructed a power
plant for the Edison Electric Company of Los Angeles, known as Milk Creek,
where 24 second feet of water _ows in average years. We have constructed a
power plant on it by means of less than seven miles of conduit, which gives
us about 4000 horsepower available. The fall at the station being .nearly
2000 feet, which registers about 840 pounds to the square inch at the nozzles.
These plants are used for irrigation, light and street railway operation.
POWER CONDUITS.
One of the most important questions we engineers have had to meet is the
proper design and proper materials for constructing power conduits. In early
days our power conduits' were constructed mostly of cheap materials, generally
wooden _umes which were hung on the sides of the mountain, and every
storm that came up they would be broken or damaged by rolling boulders or
land slides above them, so the engineering profession has been compelled to
give a good deal of study and investigation to the matter of designing something permanent. You can realize the utter importance of having an unin—
terrupted service in a power plant. It is not only necessary where you are
furnishing power to light cities, and run electric railways, but also where you
are pumping water for domestic use and irrigation. These disasters to the
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early and crude power plants were very bad and caused the whole matter to
be looked upon with suspicion and investors were not eager to put their
money in the securities of these power plants. From my own experience I
have come to the conclusion that there are two available methods, but before
I outline these to you I wish to state brie_y the conditions usually_enc0untered in building conduits, referring particularly to California. The waters
in California are all diverted at the base of the mountain ranges and distributed over the bench lands, so that power plants in the valleys practically
do not exist. We have only one power plant in the valleys, and that is on
Mill Creek, known as Mill Creek No. 1, which diverts the water at the
mouth of the canyon and mrries it two miles. All of the other structures are
in the mountains, where you have to contend with vertical bluffs and steep
sides of the mountains, scantily covered with vegetation, and when the heavy
rains occur in the winter, landslides come down these mountains and almost
any kind of structure exposed on the surface would be very undesirable.
MODE OF CONSTRUCTION.
The mode of construction which I have now practically decided upon is a
concrete and cement pipe. We make this pipe in two-foot sections by mixing
the ordinary gravel.and sand which we _nd in the waters and screen through
a coarse screen with one part of Portland cement. The pipe is laid in trenches
dug to a depth sufficient so the pipe will be below the in_uence of land slides
and to prevent it from being broken by rolling stones coming down the
mountain. In some places we _nd it impossible to excavate these trenches
on account of the vertical bluffs and in those cases we construct a tunnel.
These pipes are laid on a uniform grade and the grade is usually determined
by the velocity that is safe to give the water in your pipe, as it is not advisable
to make the velocity greater than 5 feet per second, as to make it greater would
have a tendency to wear the pipe. The joints are made by means of a cement
collar put on the outside, made half of sand and half cement and covering
the entire circle of the pipe. This collar is put on by men wearing rubber
gloves, who press it down carefully. Inside of the pipe we plaster the joint
with cement and this makes it a perfect joint. We now have three power
plants which have been constructed in this manner and they have proven an
excellent success, having had no interruptions in the service of any of
them. One of them has been in use six years and that is a thing that
never has occurred when _umes or other surface structures were used. In
Southern California we have developed all of our smaller water powers and
have had to go farther north. The Kern River is now the principal source
from which new developments are being made.
POWER DEVELOPMENT BY TUNNELS.
The Edison Development Company is developing a plant on the Kern
River. It will develop an enormous amount of land and give us 28,000 to
35,000 horse power in Los Angeles. This quantity of water is so great that a
conduit of the nature I described would not be possible. A conduit 48 inches
in diameter I have never found to be successful. For this particular purpose
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we are driving a tunnel 9 feet wide and 9 feet high in the rough. When
lined with concrete inside it will be 8 feet wide with a water carrying cross
section of 7 feet in depth, the upper part being arched over in a circular form
to sustain the formation. We _nd that by the use of this tunnel, we shorten
the line which would be occupied by a _ume from about 14 miles to 81/2
miles. Although the tunnel will cost more than a _ume, it will be a perpetual
thing when constructed. A tunnel of this character if driven through the
rock will be a thing which for all practical purposes we may say will endure
forever, while a _ume under the very best conditions is only good for 15 or
20 years. Besides, the other objection which I mentioned, namely, interruption to the service, is a vital matter. Companies which built _umes in
the early days have abandoned them and built tunnels. There was one company at Bakers_eld which originally built a _ume and had so many interruptions that within three or four years after the _ume was built they drove a
tunnel. For a large _ow of water the tunnel is the most economical form of
power conduit. The problems an engineer must meet are cross section and
grade to be adopted for each particular grade. As to the grade to give
such a tunnel, what governs me almost entierly is the velocity which the
concrete work inside such a tunnel would stand. My reason for concreting
these tunnels is that in this way you can save considerable on the _rst cost
of the work and you reduce the co-ef_ciency of roughness. My method of
concreting is to use 4 parts of crushed rock and three parts of sand to one
part of cement and lining and covering the bottom with three to four inches,
plastering the whole surface with a mixture of 1 to 2 sand and cement, apply—
ing, say, % of an inch to give a smooth surface and prevent percolation
through the cement. By means of this construction the co-ef_ciency has been
reduced as low as .01 and in other cases it has been as high as .012. If the
work is very poorly done it might run to 013, but I have never had a case of
that kind in my experience. Of course the _rst investment in a power plant
is made greater by means of this class of work.
TUNNELS VS, FLUMES.
In California where timber is quite abundant a _ume can often be constructed very cheaply, but by _guring the cost of maintenance of such a.
plant, the loss to the company by interruption to its service and consequent
loss of reputation, etc, and cost of renewals, which are very great on all
timber structures, I _nd that the _gures I have prepared show that although
higher at _rst the other system is cheaper in the end. I deem this subject one
of consderable interest to the Reclamation Service for unquestionably will
they meet with problems of this nature, and what I have said in regard to
the economy of a power company of course applies fully to the Reclamation
Service wherever the plant is for power purposes, and where it is not for
power purposes it applies to a considerable degree. Of course many of us
in our _rst practice as irrigation engineers had to do more or less timber
work in the arid part of the United States. The companies often allowed us
only a certain amount of money to do the work and many of the land
schemes were dependent upon the revenue derived from the sale of lands,
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and the habit grew up among the hydraulic engineers of the West of doing
a great deal of timber work. The results have not been very satisfactory.
Many of the systems are in such a condition that they have to be re-constructed or give very ine__cient service in the future. In irrigation it is possible to forego the use of the water for a short time when a break occurs in the
canal or conduit, but it is not possible in the case of power; and I might state
that the development of power is what _rst called our attention to the necessity for doing permanent work, and this necessity is now coming to be
recognized by engineers engaged in reclamation work. I am pleased to see
that the Reclamation Service is planning to do good and permanent work.
Not being connected with the Reclamation Service in any way, I know very
little about their plans except what they see fit to give out from time to time.
I know that it is not advisable to advertise their plans at all times as there
are speculators in the country who are always willing to take advantage of
the government as well as the people.
ELECTRICAL POWER DEVELOPMENT.
I would state that in Southern California at the present moment as near as
I can remember there is something like 3000 horse power (electrical) developed from water, used for lifting water for irrigation and that is all done
in a valley which is about 100 miles in length and an average width of not
over 20 miles. There is a good deal more power than that employed but
it comes from gasoline engines, which are used to a great extent, the electrical companies not being able to supply the demand. A good many of these
gasoline engines will be replaced in the near future when some of the larger
electric power plants are completed. On the Kern River, which is within
40 miles of Los Angeles, it is possible to develop 70,000 to 80,000 horse
power, which will be available for use in that vicinity. This power will not,
of course, be used for pumping water to any very great extent, because we
have practically reached, if not overreached, the limits to which water can be
pumped at the present time, and there are many other uses to which it can
be applied, such as electric light plants, and the electric railway systems, which
are becoming very numerous, joining all the small cities and towns in a perfect net-work. We have just passed through a period of dry years and that
fact taken in connection with the excessive development has caused a depletion of the underground supply of water, and the curtailing of some of these
excessive developments We have hopes, however, that with the return of wet
years in that section all the water that is needed for. irrigation can be ob—
tained, ultimately, in Southern california.
Mr. Newell—The matter Mr. Finkle has brought up is interesting to all
engineers. The matter of permanent construction is one that must appeal
to all of us. Construction up to the present time has been of a temporary
character. The work of the reclamation engineers is largely in the line of
good and permanent work. We have been experimenting on the construction
of large cement pipes. We have been experimenting on the construction
of pipes larger than 48 inches. We have been endeavoring to ascertain the
practicability of constructing this pipe 6 feet in diameter, especially for pres-
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sure conduits to take the place of _umes so that we would not be compelled to
use the wooden box trough or the wooden pipe, which has been used very
successfully and largely in the West.
PUBLISHING ENGINEERING DETAILS.
Mr. Finkle has referred incidentally to the fact that the plans of the Reclamation Service were not widely known, and I think it only proper to state
that in all matters of engineering detail we desire to have the widest possible
dissemination and discussion, but in matters of advice to the Secretary of the
Interior, our instructions are very positive and direct, that we are employed
to work for him and no one else and our advice is to be given to him and
not the public. I have noticed occasional squibs in the papers to the
effect that they cannot _nd out anything. That is really a compliment to us.
If anyone wants any information if he will write to the Secretary he will
probably get it. In all matters of engineering that we can we want to take the
public into our con_dence and get suggestions from them.
TUNNEL DISCUSSION.
The subject of tunnels is an extremely interesting one to us, particularly
in connection with such tunnels as we are building in Nevada and especially
on the Gunnison and in the Montrose Valley. In the latter, under the direction of Mr. Fellows plans have been made for a tunnel 30,000 feet in
length and 12 feet in the clear, lined throughout in order to increase the
velocity to a point of safety. I think the velocity _gured on is 10 or 12 feet
per second. The work on that project has now advanced to a point where
the bids have been received, and I think you may be interested to know that
the bids have ranged from $2,600,000 to $1,000,000, and all made by men who
are experienced in the work. The contract has been let and is now ready for
signature.
Mr. Fellows--I have been particularly interested in what Mr. Finkle has
said. I am not prepared to discuss the very able remarks he has made, but
I have been asked to deliver a paper later in regard to tunnel estimates, in
which I propose to cover some of the points he raised, particularly in reference to decreasing the size of the tunnel and the increasing of the velocity
through lining. In referring to the tunnel which Mr. Newell has described,
we have been criticised by some of our principal citizens who have said that
the Reclamation Service was going so far as to propose to line this immensely
long tunnel so as to make a pretty job of it, make it look nice and give it
a pretty _nish. It has been asserted by some of our citizens that we could
reduce the cost of the tunnel one-half by leaving off the lining. As a matter
of fact, as Mr. Finkle has stated, the result of adding the lining is exactly
the opposite. In the tunnel we have used .012 as our co-e_icient of friction,
thinking that to be on the safe side. In the unlined section constructed by
the aid of machine drills we have used rougly .030, and it is my recollection
that the discharge of the tunnel without lining would have been about 485
cubic feet per second and with the addition of the lining the same size tunnel
(3)

168 Of_cial Proceeding: of the
decreased in size by the amount of lining would have a discharge of 1300
second feet, thus considerably more than doubling the capacity of the tunnel
by the addition of lining with an increased cost of about 25 per cent. This
illustrates the necessity for concrete lining, which reduces the cost and is
advantageous in every way. We _nd that in certain portions of the tunnel
it will not be necessary to line the upper side of the tunnel by placing an arch
in it, and in that section the lining is to be left out, but wherever the lining
or support is necessary for the maintenance of the tunnel the lining will be
included.

Twelfth National Irrigation Congress. 169
Wednesday Afternoon, November 16, 1904.
Chairman Newell—Regarding Mr. Bien’s paper on the prpposed State
irrigation code, I might explain in advance that when the Reclamation Act
was passed there was a great deal said in the papers on the necessity of reforming the State ,laws in accordance, and in the winter of 1902—3 we had
many inquiries from every State and Territory asking advice as to what
changes should be made in the State and Territory laws so as to conform with
the Reclamation Law.
Our invariable answer was that we did not advise any changes whatever
at present or until we knew more of the practical workings of the law.
We have now had 2% years’ experience with the irrigation law and are better
quali_ed to say in what way the State and Territorial laws might be im—
pioved with reference to that experience.
The States of Oregon and Washington appointed commissions to consider
a State irrigation code and at their invitation Mr. Bien and myself met these
commissions in joint session at Pendleton, Oregon, and Walla Walla, Washington, and at their suggestion and request Mr. Bien drew up a code to serve
as a starting point for laws that may be bene_cial. Copies of this code have
been sent out to persons everywhere who indicated that they were interested
in the matter. With this brief statement as to why we are interested in the
matter, I take pleasure in introducing Mr. Morris Bien.
PROPOSED STATE CODE OF WATER LAWS.
Moms BIEN, United States Reclamation Service.
The simplest form of regulation of the use of water is best exempli_ed by
the present laws of the State of California. These declare the principles of
priority and bene_cial use and provide that claims to the use of water shall
be recorded in the form of a notice of appropriation and shall be perfected by
application to a bene_cial use. p
The form and theory of these laws was developed by several of the
States, which followed in general the California laws and elaborated upon the
methods established in that State.
DECREES OF WATER IN EXCESS OF SUPPLY.
The operation of these laws places no restraint upon appropriations of
water. The courts in passing upon the claims of the appropriators, having
scant information concerning the amount of water available for use, with no
guide to the quantities which should be applied in the cultivation of crops,
and confronted with the excessive claims of the parties, have often adjudicated rights to the use of water many times in excess of the amount carried
by the stream.
The knowledge obtained during recent years concerning the discharge of
streams and the use of water have caused such decrees to become exceptional
in present practice. Nevertheless the need for a more careful regulation of the
appropriation and use of water has been apparent for many years.
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MODERN STATE WATER LAWS.
In 1890 the State of Wyoming enacted a code of water laws providing
for a thorough supervision of the utilization of the water supply of the State
through a State Engineer and State Board of Control who adjudicate rights
to the use of water in the _rst instance, and Division Superintendents and
water masters, who have immediate charge of the distribution of the water
in the various water divisions.
Nebraska subsequently adopted a code of water laws substantially the same
in principle as those of Wyoming.
Idaho, Utah and Nevada in 1903 at the last session' of their legislatures
adopted codes of water laws based upon those of Wyoming with, however, a
number of important modi_cations dictated by the experience of Wyoming
and the development of irrigation practice.
OREGON AND WASHINGTON IRRIGATION COMMISSIONS.
At the sessions of the legislatures of Oregon and Washington, in 1903, the
governors were directed to appoint commissions to prepare and submit draft
of a code of irrigation law.
At the joint session of the two commissions with the Chief Engineer and
other members of the Reclamation Service held last August, the fundamental
principles of a modern irrigation code were discussed. There was also some
consideration of the provisions which should be incorporated in such a code
to facilitate the operations of the Federal Government in carrying on the
work of constructing the irrigation systems contemplated by the Act of Congress approved June 17, 1902 (32 Stat. 388), known as the Reclamation Act.
As the conditions in the two States were similar it was deemed advisable
for the two commissions to work in harmony and to prepare codes which
should be as nearly identical as the conditions would permit, in the hope that
by co-operation the commissions would be able to submit to the respective
legislatures a code which should be an expression of the most advanced de—
velopment of irrigation law.
PREPARATION OF DRAFT OF STATE CODE.
At the conclusion of the joint session of the two commissions, I was requested to prepare a draft of a code of water laws to form a basis of discus—
sion by the commissions. The draft was prepared in a few weeks and widely
distributed among those interested, for comment and criticism.
A'number of valuable comments and suggestions have been received, enabling me to formulate amendments which a subsequent careful study of the
draft had shown to be advisable, besides suggesting important changes and
improvements.
I desire particularly to express my obligations in this matter to Messrs.
F. I. Dunbar, Secretary of State of Oregon; A. E. Chandler, State Engineer
of Nevada; Clarence T. Johnston, State Engineer of Wyoming; L. G. Carpenter, State Engineer of Colorado; D. W. Ross, Engineer in charge of the Work
of the Reclamation Service in Idaho, and T. A. Noble, Engineer in charge
of the work of the Reclamation Service in Washington.
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PROVISIONS NEEDED IN STATE CODE.
A State code of water laws should provide for the appropriation, adjudication and apportionment of the waters of the State, and divides itself
naturally into four branches.
First—A declaration of the fundamental principles upon which the right
Second—The adjudication of rights to the use of water claimed under the
previous laws, thus determining the unappropriated public waters.
Third—The regulation, control and determination of the rights to water
to be subsequently acquired.
Fourth—The regulation a'nd control of the distribution of the water, rights
to the use of which have been established.
PROPOSED CODE FOR OREGON AND WASHINGTON.
In discussing these branches of the subject the important features of procedure in the proposed code for Oregon and Washington will be described.
Under the _rst heading the fundamental principles are few and well established; namely, that all the waters within the limits of the State belong
to the public and are subject to appropriation for bene_cial use, except from
sources of supply which are navigable; that the bene_cial use of water shall
be the basis, the measure and the limit of the right; that the use of water is
a public use, and private parties may exercise the right of eminent domain for
the acquisition thereof; and that water used for irrigation shall be appur—
tenant to the land on which it is used.
ADJUDICATION OF RIGHTS.
Under the second heading, providing for the adjudication of rights claimed
under prior laws, it is now generally conceded that the _nal adjudication must
be by the courts. The codes of the different States contemplate various
forms of procedure. In the code proposed for Oregon and Washington, a
State Engineer, appointed for six years by the Governor, subject to con_rmation by the Senate, is to make a complete hydrographic survey of a stream
system, obtaining all the data necessary to determine the amount of water
available and the rights of the parties entitled to the use of it. This material is turned over to the Attorney General of the State, who is required to
enter suit promptly for the determination of the rights of all parties and to
prosecute the same diligently to a conclusion. In all suits for the determination of the right to the use of the waters of any stream system, all who
claim the right to use such waters shall be made parties. In all suits in—
volving the determination of water rights, the Attorney General is required to
intervene on behalf of the State, if in the opinion of the State Engineer the
public interest requires it.
PROCEDURE FOR APPROPRIATION OF WATER.
The third subject, namely, that of the regulation. control and determination
of rights to the use of water to be acquired, is placed in the hands of the
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State Engineer. The procedure proposed is substantially the same as that
adopted in the other States having a modern irrigation code with some dif—
ferences of detail.
The principal feature to be noticed is that before any work looking to the
construction of an irrigation system is commenced, and after the State Engineer has passed upon the form and substance of the application, the intention to appropriate the water shall be published in a newspaper circulated
in the community. After such publication the State Engineer will approve
the application if no valid objection is presented.
LICENSE TO APPROPRIATE WATER.
When the construction is completed, the works are to be inspected and
approved by the State Engineer, who will then determine their capacity, which
will limit the amount of the appropriation. Afterwards, when the water is
applied to a bene_cial use, the State Engineer makes a further inspection,
whereupon he issues a license for the appropriation of the amount of water
which has been applied to a bene_cial use. A time limit is _xed for completion of construction and for bene_cial use.
DISTRIBUTION OF WATER—WATER COMMISSIONERS.
For the distribution of the water, which comes under the fourth branch,
the States are divided by the law into four Water Divisions by drainage
areas, each under the supervision of a Water Commissioner appointed by the
Supreme Court of the State. Their functions being the distribution of water
under judicial decree or appropriation, they may be regarded as, in a sense,
o_'icers of the Court. The four Water Commissioners with the State Engineer
constitute a Board of Water Commissioners, of which the latter is president.
The Water Commissioners each serve six years, their terms being so arranged
that a new one is appointed every two years. This board has general supervision over the waters of the State.
DISTRIBUTION OF WATER—WATER MASTERS.
The actual work of distributing the waters of those entitled to use them
is done by water masters appointed by the Water Commissioners with the
approval of the State Engineer. Each water master has charge of a water
district set apart by the State Engineer as found necessary from time to
time. The operations of the water master are under the supervision of the
Water Commissioner, and their acts are subject to appeal to the State Engineer. ' .
The cost of the water distribution is borne by the water users. The
general expenses of the State Engineer and the Water Commissioners are
paid by the State. The greater part, if not all, of this expense will be returned to the State Treasury by the fees collected by the State Engineer and
by the repayment of the cost of hydrographic surveys by the parties to the
suits for adjudication. '
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RELATIONS TO RECLAMATION SERVICE.
Special reference should also be made to the features of the draft relating
to the work under the Federal Reclamation Act.
In order that the State may obtain the full bene_t of this work and
prevent serious interference with, and perhaps the entire abandonment of the
projects to be investigated, it is provided that the water supply for such
projects shall be reserved from general appropriation until the investigations
of the Reclamation Service shall determine the precise amount required for
the project, the remainder being then released from such reservation.
It is also provided that State lands coming under such projects shall be
disposed of in harmony with the plans for the disposition of the lands of the
United States, and that lands required for the Reclamation project, for irrigation works shall be transferred to the United States without charge.
In all sales of State lands hereafter, the conveyance is to reserve right-ofway for ditches or canals constructed by authority of the United States.
DUTY OF STATE.
The theory of these provisions is that the State regulates the appropriation of the water, exercising this power and holding the land in trust for the
public, and when the interests of the public are so directly involved as in
these large irrigation projects, and when, further, there is no element of
individual speculation or pro_t in the construction of the works, which are for
the purpose of establishing the maximum number of homes on the land, it is
the duty of every State to which the Reclamation Act is applicable, to assist
with every resource under its control.
MISCELLANEOUS PROVISIONS.
It will be of interest to review several of the other provisions of the draft.
Units of measurement are established; the cubic foot per second for the
_ow of water and the acre foot for volume. The miner’s inch is _xed as
one-_ftieth of a cubic foot per second, unless a different ratio has been
agreed upon by contract, or established by actual measurement or use.
The amount of water which may be'appropriated for irrigation is limited
to one cubic foot per second for 70 acres, or its equivalent.
WATER FOREVER APPURTENANT TO LAND.
While it is conceded that water used for irrigation must be appurtenant to
the land, the fact must be recognized that conditions may arise to'make it
impracticable or uneconomical to continue to irrigate a particular tract.
Provision is made so that the use of water may be severed from the land,
after application to the State Engineer, due publication of notice of such intention and approval by the State‘Engineer. Similar provision is made for
a change in the nature of the use to which the water is applied, or in the place
of diversion, storage, or use.
SEEPAGE WATER.
The subject of seepage water is one that has given much trouble, and provision is made for the appropriation thereof in the same manner as other
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waters, with the requirement that the appropriator must pay reasonable charges
for storage or carriage to the owners of the irrigation works from which it
comes, provided that the seepage can be traced to such works beyond reasonable doubt.
All decisions of the State Engineer or Water Commissioners affecting a
substantial right are subject to appeal to the courts.
MODERN CODE FOR OREGON AND WASHINGTON.
The Commissions of the States of Oregon and Washington in working
upon this subject, have before them an opportunity to make a de_nite advance
in the development of irrigation law, and the character of the men comprising
them justi_es the hope that they will prepare a creditable work and assist in
making the State laws of the arid region an exposition of the high development which is found to be the invariable accompaniment of the irrigation community. ‘ ~
It will be impossible, of course, to consider every section of the code.
Many of those present have seen the code and have examined it. What I
wish to do is to call your attention to the main points embodied in this draft
and also to a few amendments which have been made and to some important
changes that have been suggested by those who have had an opportunity to
examine it.
The keynote of the entire draft is contained in the _rst section, which I
will read as amended:
“Section 1. Waters of the State Public Waters—All the waters within
the limits of the State from all sources of water supply belong to the public,
and except as to navigable waters, are subject to appropriation for bene_cial
use.”
The next section proclaims the fundamental principle of the irrigation law
that the bene_cial use of water is the basis, the measure and the limit of the
right.
STATE ENGINEER.
It then takes up the establishment of the o_ice of State Engineer, giving
his duties and requirements of his office. One point that has been questioned
in this connection is the requirement that the State Engineer shall not engage in private practice. The code provides that the State Engineer shall
receive a salary of $3000 per annum and shall not engage in private practice.
Question—What is the objection to that?
Mr. Bien—Of course a _rst-class engineer will make more than that, and
the idea of some is that the State may get a better man by allowing him to
engage in private practice that would not interfere with his duties. It appears to me, however, that the State will get better service from a man who
devotes his entire time to the State’s business.
Mr. Fellows, of Colorado—What you have said is probably true. It is
dif_cult to put the salary higher than $3000 and yet it would be hard to secure
the best talent for that amount. For that reason it may be well to pay the
State Engineer the salary mentioned and allow him to engage in private
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practice, but I do not think he could do that without compromising himself
in many ways. Things would come up that he would have to pass upon as a
State Engineer and in which he might be interested privately. I do not see
how it would be possible to successfully permit the State Engineer to engage
in private practice. This is simply a suggestion.
Mr. Finkle, of California—While it would be undesirable to have the
State Engineer engage in private practice for fear that he might be tempted
to favor private parties, I think that the salary might be raised to about
$5000, which Would enable the State to secure a man of reasonably good
ability to take the of_ce. I should think that would be nearer right than
$3000.
Mr. Bien—This code was drawn with a view to the conditions in Oregon
and Washington, and while I think that the State will need better talent when
it. begins an irrigation system than at a later period, yet I think it will be
dif_cult to get most legislatures to make the salary $5000. In States like California, for instance, there would be little trouble on that point, and the legislature would doubtless make the salary $5000, or more.
Senator F. G. Newlands, of Nevada—What salary is paid in Utah?
Mr. Bien—I think it is $3000. \
Mr. Finkle—What is the rule in Utah and Idaho?
Mr. Bien—They do not engage in private work.
Mr. Chandler, of Nevada—Speaking from the standpoint of the engineers:
In legislating for any other position it is seldom, if ever, provided that the
occupant of the of_ce shall not engage in private business, and I hardly see
why a man engaged in public business should not be allowed to engage in
private business. Of course if he does not perform his public duties properly
and satisfactorily, it is the duty of the Governor to remove him. I think it
would be casting a re_ection upon the o_‘ice of State Engineer to make any
such requirement. We do not put it in when district attorneys are appointed
or when men are appointed to other State or municipal of_ces. I can see considerable advantage in eliminating the requirement. The only State irrigation
code having that particular clause is that of Nevada. It is not mentioned in,
any other code and in no other position perhaps do men do more effective
work than is done by the engineers in other States. Mr. Johnson, State
Engineer of Wyoming, works not only a good many hours of the day but a
good many in the night. Engineers must be honest and capable men in their
line of work. If they are that kind of men they will necessarily ful_ll the
duties of their of_ce. If they are not, the sooner they engage in private work
the better for the State.
Mr. Newell—The subject under discussion is one of great interest to all
of us, and I would like, for the sake of argument, to take the other side
from my friend, Mr. Chandler. I think the moral effect of that clause is
good because it will tend to raise and keep the salary of the State Engineer
higher. If he is put in o_ice and notice served upon the people that that man
is not going to do private work, they will then give him a fair salary. There
is too much tendency to say, “Give him $2000 and he will make enough on
the outside to pay him.” That is just what we want to avoid. My experiv
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ence leads me to the conclusion that a public of_cial, especially in engineering
work, should not do private work and that his energies should be required,
both by law and custom, to be devoted exclusively to the business of his
of_ce. I fully believe that a second-class man who devotes all his time to the
subject is a great deal better than a _rst-class man who gives some of his time
to private affairs. By putting it in the form of a law that he has no outside
interests I believe it would result in his getting a better salary and in protecting him from the in_uences that might affect his o_ice.
JUDICIAL FUNCTIONS OF STATE ENGINEERS.
V Senator Newlands—The State Engineer is often called upon to discharge
almost judicial functions. In many of the States he is a member of the Board
of Control. Mr. Chandler in our State has discharged his duties most acceptably to the entire State. He is now inquiring into the Carson River matter, which involves the determination of priority of right and amount of
water to which each claimant is entitled. Of course his determination is not
_nal. He simply makes up a list of water rights and gives his views as to
the prior rights, but his moral position would be very much affected if it were
known that he were employed by any of the private interests in irrigation
work, construction work, running lines or ditches, or any work of that kind.
It would be regarded as an indirect method of controlling his judgment. In
all of these States men who have vested rights and claims, which are often
very much in excess of the water which they actually use, are in a state of
great apprehension as to the determination of these questions by any board
or party. In the State of Nevada it has been almost impossible to amicably
adjust or pass upon any question of water rights. The people would prefer
to _ght the decisions rather than submit the matter to any tribunal except
the courts. Now, as long as the people in these States are in a sensitive
condition, it seems to me of the highest importance that the law should guarantee them that the State Engineer is absolutely impartial and unbiased and
free from interests of every kind. As to salary, I think that is a matter to
be determined by the _nancial condition of the various States. In some
‘States all salaries are exceedingly low. The compensation, I imagine, should
be adjusted according to the prevailing standards and according to the area
of the State. It is very important that the State Engineer should not engage
in private practice.
HYDROGRAPHIC SURVEYS.
Mr. Bien-—The _rst de_nite step to be taken under the law is the adjudication of existing water rights. It is provided that the State Engineer shall
make a. hydrographic survey of the stream systems and obtain the data necessary to establish the rights of parties interested. This information when obtained is to be furnished to the Attorney General of the State, who is required
within sixty days to enter suit for the adjudication of these rights, bringing
in all persons who are interested in the same source of water supply.
It is also provided that in all suits between parties all those interested in the
water supply in controversy shall be brought into the suit, and further, that
in any case in which, in the opinion of the State Engineer the interests of the
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State are affected, the Attorney General is required to represent the State in
the litigation. The costs of these suits are divided between the private
parties interested in proportion to the water rights adjudicated, and similarly,
the court is authorized to order a hydrographic survey of the stream system
when considering rights on that stream and this cost is assessed against the
parties. '
It may be that in some States it would be better to have the State bear the
entire cost of these adjudications. There are a great many reasons why the
State should, but I think the controlling principle will be the State Treasury.
WATER RIGHTS—METHOD OF OBTAINING.
The next step in the matter of water rights is in making application for
the water. This code follows largely the precedents established in Wyoming,
Utah and Nevada and requires application to be made to the State Engineer
in such form as he may provide.
When the application has been made in proper form notice is published
in the district where the water is to be used, stating the nature and amount
of the proposed water right, thus allowing all parties whose rights may be
a_ected, to present to the State Engineer at a certain time any objections they
may have to the approval of this right. It is the duty of the State Engineer
to decide whether there is unappropriated water available for this right. If
there is, he approves the application, and it then becomes a permit to appropriate water and after that the applicant may begin his construction.
The law requires that the work shall be completed within 5 years from the
date of the permit, and at or before that time the State Engineer is required to
inspect the works and determine their capacity. This capacity will limit the
amount of water which can be appropriated under this permit. Within
three years after that time it is required that the water shall be applied to a
bene_cial use, and then another inspection is made in order to determine the
amount of land that has been furnished with water and upon that inspection
the State Engineer issues a license to appropriate water to that extent.
The right is then _xed, and if there are no other applicants—as there
probably would not be, because all parties interested having had an opportunity
to object—the right to appropriate this water will probably be unmolested
throughout the life of the application, which, of course, is as long as the water
is used for bene_cial purposes.
The code provides that any decision of the State Engineer which affects
substantial rights shall be appealable to the courts.
STATE WATER DIVISIONS.
There is a provision also for the division of the State into water divisions,
and after considerable discussion it was thought that four water divisions
wherever it was possible would be the best, because the four Water Commissioners selected in these divisions, together with the State Engineer form
the Board of Water Commissioners. which is equivalent to the Board of
Control in other States. The Water Commissioners appoint Water Masters to
have charge of the distribution of water in each water district. The water
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districts are determined by the State Engineer. The Water Masters are
appointed by the Water Commissioners, subject to the approval of the State
Engineer. The idea is that the State Engineer should have control as far
as possible of the entire machinery relating to the appropriation and diversion
of waters. The Water Masters are the of_cers with whom the appropriator
comes in contact, and in case of a disagreement the appropriator may appeal to the Water Commissioners and from them to the State Engineer, whereupon the State Engineer is required to _x a time when he will hear and determine the questions involved.
SALARIES—HOW PAID.
The State Engineer and Water Commissioners are paid by the State. It
is believed that the fees of the of_ce of the State Engineer and the repayment
-by parties to suits of the cost of hydrographic surveys will return to the
State a large proportion, if not all, of the appropriation. The work of the
Water Masters is paid for by the appropriators. The Water Master renders
his account, approved by the Water Commissioner, and in that account is required to state the amounts chargeable to each ditch or appropriator. The
county pays this account and assesses and collects it in the same way as it
collects taxes.
MISCELLANEOUS PROVISIONS.
That is, in general, the system outlined in this code. The remainder relates
to a number of important miscellaneous provisions. The _rst is the establishment of units of measure, the cubic foot per second for the _ow of water
and the acre—foot for the volume of water. It provides also for a ratio between the miner’s inch and the cubic foot per second. It is, of course, understood by engineers that the miner’s inch, as measured by the crude methods
generally in use, may vary almost inde_nitely. I think that the ordinary
methods of measurement practiced in various parts of the country will
cause the miner’s inch to vary 1/30 to 1/60 of a cubic foot per second.
Where it is not otherwise provided the miner’s inch shall be considered as
1/50 of an inch per cubic foot. In California there has been legislation making it 1/50, and that is an advantage because it is easier to compute. The
range is so great that we are just as likely to be at an average at 1/50‘as at
1/40.
Mr. Finkle—We are very much confused about the matter in California.
We did have it 1/50 before March 23, 1901, when the legislature passed
another act providing for a standard miner’s inch of 1/40.
Mr. Bien—When an appropriator of water fails to use the water bene_cial there must be some means of determining when his rights shall cease
and after which abandonment will/be presumed.
It is also provided that in making adjudications or in issuing permits to
appropriate water the amount allowed shall not be in excess of one cubic
foot per second for 70 acres or the equivalent. That is the rate that has been
most generally adopted in the States.
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WATER APPURTENANT TO LAND.
The water being appurtenant to land for irrigation purposes, we often _nd
conditions when it is not possible to use the water on the land bene_cially for
various reasons. Under these conditions it would be a waste of valuable
property to require this water to be continually applied to this land or be abandoned. By application to the State Engineer, the publication of notice, and the
subsequent approval of the State Engineer the water may be transferred to
other land. It is desirable that the transfer shall be made only after the
fullest investigation, and it is believed that the procedure outlined will give
an opportunity for investigation and examination that will prevent any injustice. A similar procedure is provided for a change in the place of use or
method or nature of use of any water which has been appropriated.
APPROPRIATING SEEPAGE WATER.
The question of seepage water has given a great deal of trouble. The
code provides that the seepage water shall be subject to appropriation in the
same way as other water, through an application to the State Engineer, but
that the party desiring to appropriate this water must pay a reasonable charge
to the person owning the irrigation works to which the water can be traced
without a reasonabe doubt. The permit to appropriate this water is not given
until the State Engineer is satis_ed that the proper arrangements have been
made. CO—OPERATION WITH RECLAMATION SERVICE.
The next point is the relation between the State and the Reclamation
Service in the operations required by the Federal Statutes. It is, of course,
understood that for a great many reasons the work of the government must
necessarily be slower than that of private parties, and also that the govern—
ment is ready to spend whatever sums may be required for the most advantageous development of the water supply it should have ample opportunity to investigate the water supply and surrounding conditions without interference by speculators who are continually taking advantage of this proposed ,work. For that reason it is impossible for the government to say
just how much water is necessary for any particular enterprise it would
undertake. The State itself being vitally interested, and whatever control it
has over these waters is for the bene_t of the public, so it was deemed
proper that the State should reserve the water necessary for the Reclamation
Service for general appropriation until the amount needed could be de_nitely
determined, after which the surplus would be open for general appropriation.
The State is able in other ways to assist in the operation of the Reclamation Service. First, by providing that all public lands belonging to the
State shall be sold with the reservation of a right-of—way for canals, etc.
constructed by the United States. The United States has done that with its
own lands sold since 1888. It has also provided that a right—of-way over any
lands of the State shall be granted to the United States in connection with its
reclamation operations.
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SALE OF STATE LANDS UNDER RECLAMATION PROJECTS.
Any lands belonging to the State which are within the limits of withdrawals for reclamation projects shall be sold in harmony with the system
pursued by the Federal Government, the idea is that individuals should not
be permitted to buy this land in enormous quantities. The Federal Reclama—
tion Act prohibits the sale of water rights for more than 160 acres to any
one person. If parties are allowed to take State land in unlimited quantities
the government will have considerable difficulty in adjusting their claims to
the Federal law when work is undertaken.
That is a review of the important points of this draft, and if there are
any questions to be asked regarding it, or any points for discussion, I would
like to hear them.
DISCUSSION.
Mr. William E. Smythe, of California—How does that law differ from the
Wyoming law?
Mr. Bien—The main difference is that the Wyoming law constitutes the
Board of Control a judicial tribunal. This code leaves it to the courts; the
State Engineer collects the data and the Attorney General brings the suit.
Delegate—Is the State Engineer appointed by the Governor?
Mr. Bien—Yes, sir; and the Board of Control is formed by electing one
member from each of the four districts. Delegate—Does this code recognize the private ownership of the water
apart from the land?
Mr. Bien—No, sir.
Delegate—Does it make any provision for regulating the rights of companies supplying water?
Mr. Bien—It provides that no appropriator can have a right for more water
than he can use. Any surplus water shall be held in trust by the water company for those who may have an opportunity to use it.
Delegate—In Mexico all interstate streams are absolutely controlled by
the Federal Government; the State governments have nothing to say. I
think this is one of the greatest sources of difficulty in the United States.
It is one of the dil_culties we have to contend with in Texas.
Mr. Bien—That question is not.touched upon in this code. Under our
Constitution it is a question for the courts to decide. I think any action
which the States may take will not affect the matter. It may complicate it,
but it cannot affect the ultimate conclusion. The question is now before the
Supreme Court of the United States in an action between Kansas and C010rado. What the relation of the States may be to interstate streams is a
judicial matter as conditions now exist. It is hoped that the Supreme Court
in passing upon that case will make a de_nite settlement of the matter.
Mr. Finkle—There are two points which I would like to mention. The
_rst is as to the time of the completion of the works and also the time of
beginning work.- We had some dif_culties in California on the latter point by
reason of the forest reserves. The government would not permit an appropriator to go into the forest reserve and go to work until permission was ob-
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tained from the Secretary of the Interior. As the law of California formerly
stood there was no provision touching the matter, so we had an act passed
through the legislature two years ago which corrected the dif_culty and which
provides that surveys for the proposed work must begin, if within a forest
reserve, within sixty days after permit is granted and that actual work of
construction must begin within sixty days after permission is obtained from
the Secretary of the Interior. That brings me up to the other point. You
provide five years as the time for building the works complete?
Mr. Bien—The State Engineer is authorized to make an extension of
three years for physical causes.
Mr. Finkle—I was going to suggest that it would appear unreasonable to
allow small works that much time, and that it would perhaps be proper to
make the limit in proportion to the cost of the works, say one year for every
$100,000 invested.
It has also occurred to me that the matter of appropriation should be
de_nitely stated. As I understand the law there is no right to appropriate
except on public lands of the United States. I judge it must be the law
everywhere, because the whole theory of appropriation is based on the act
of Congress passed in July, 1866.
VARYING DUTY OF WATER.
Delegate—In making a limit in the allowances of water, do the reclamation engineers take into consideration the immense difference in the requirements of different parts of the country? For instance, in California it will
not take very much. At the experimental station in Arizona several years
ago the bulletin reported 6 feet practically for crops of alfalfa. Our experience here is almost parallel and we know it positively because we have to
pump the water. Different crops require different amounts of water. Corn,
for instance, requires about two feet. In making an estimate of how a dam,
for instance, can cover 180,000 acres of land, how much is allowed for each
acre per annum? Our evaporation here is 80 inches and our rainfall 8, practically nothing.
Mr. Bien—The allowance of water in each project is carefully estimated
according to the local conditions, according to the best data that can be obtained and according to the peculiar conditions of each case.
Mr. Newell—As Mr. Bien has stated, in every project we study the local
conditions in that particular area. Mr. Means, the soil expert, studies the
method of use and the proper means of developing it, the kind of products
for which it is 'best suited, etc. One man may plant one kind of a crop and
one another and we cannot anticipate what that will be, but we make an
allowance to cover all the probable conditions and include it in our estimate,
whether it is one, two or six feet. Of course when a country is developed
and when we have 50,000 or 100,000 acres under irrigation, we all know that
conditions will change greatly and that less water will be required. In our
preliminary estimates, we will presume, for instance, that a dam will hold
two million acre feet of water and that that will probably supply 180,000 acres
of land, but a lot of that land one year will not require as much as the other
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part and in determining the average we must take the experience of engineers
of past generations.
Mr. Savage—I think we all realize the importance of the discussion. Mr.
McCune of Colorado is here and we would like to hear from him.
FORMER STATE ENGINEER DISCUSSES QUESTION.
Mr. McCune, of Colorado—I think Mr. Newell has covered the point with
regard to the state engineers, still I am satis_ed that it would be dif_cult
to get that salary arranged, at the same time it might be dif_cult to get the
best talent for the salary suggested, so the man taking the of_ce must have
some public spirit, be something of a martyr, so to speak, for I do not see
how he can engage in private practice and do the of_ce justice. In regard to
the use of water, we have many problems coming up and it is dif_cult to
decide all of them. They have to be worked out as we go along. The duty
of water and the question of abandonment are problems that are giving us a
great deal of trouble. As to the question of abandonment, I think the
time might be _xed at _ve years. In the matter of the completion of the
works, in one case it might require _ve years, in another three, and in other
cases it might be necessary to give more time. It is a dif_cult matter to _x
and I don’t see how it can be worked out except as we go along.
Mr. Savage—We have present some of the members of the various commissions in Oregon and Washington, and I would like to hear from some
of them.
VITAL POINTS IN CODE.
Mr. Hailey, of Oregon—It seems to me that the vital point in this bill is
some law by which we can determine the rights of the appropriator and
the limit of the appropriations; some law, for instance, whereby all appropriations are recorded in one place and so that over-appropriations can not be
made. I was reading an address this morning delivered by a lawyer in California, and he cited statistics showing how in three or four of their drainage
basins they had appropriated under the present California law enough water
by their written appropriations to irrigate all of the irrigable lands west of
the Mississippi River and north of Texas. I do not know how that would
apply in Louisiana. We might extend California all over the western country
by soaking it so that it would swell up as rice does in Louisiana. It is just
that kind of expansion we want to stop. We want a man to have what he is
entitled to. We want to adopt some feature which will have a tendency
to do away with litigation. You gentlemen, who live .in States where they
have the most laws governing water rights, know that this is where they
have the most litigation and instead of the water users being rich it is
the water lawyers who are getting rich. If a man is going to spend all
his substance in trying to build up a home in lawsuits, he will not have any
home to live in when he gets through. I approve of the provision which
makes the state engineer a disinterested party. He should be nothing but
a state of_cer and have no other private interests. If a man can work for
Uncle Sam and exclude his private interests he can do just as much for
Texas. Oregon, California or any of the States as another. If he is working
that way with no private interests he will be disinterested just like our Su-
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preme Court judges and he will try to arrive at the truth in all things and
in so doing avoid a great deal of litigation and he will perform his duty
not only as an experienced man, but also he will do it with a technical educatwn' ABSURD COURT DECREES.
The article I referred to cited an instance where a court on the testimony of the farmers in the community gave to one man twenty feet of water
when his ditch would not carry over eight. If they had had the advice of an
expert engineer the court would not have done that. I think if we had these
two fundamental principles in our laws, one de_ning the right to take water
and the other cared for through the State Engineer, we would have the
essential requisites of a good law. No law as drafted in the _rst instance
will cover the whole ground. If it would, there would be no occasion whatever for a meeting of this Irrigation Congress. If the National Irrigation
Act, which is one of the most complete laws ever drawn, were self-acting,
you would never call this Congress together, but we are pushing that same
thing all the time and that is what we will have to do to improve on this law.
Washington expects to do the same thing. The code was drafted at our
request simply because both States are situated almost identically as to water
rights. The eastern portion of our State has some arid land and the west—
ern portion has plenty of water, sometimes a little too much, and we asked
Mr. Bien and Mr. Newell to draft with their experience what they deemed
to be the main feature of a law, and so far as I have heard from Washington and our own people, they are highly pleased with this code.
Mr. Savage—We have with us one 'of the irrigators up in that country
who likely will have to work under that law, and we would like to hear
from him—Mr. Mallett, of Vale.
Mr. C. W. Mallett, of Oregon—The gentlemen from Wyoming, from
Louisiana 'and others, together with Mr. Hailey, have nearly destroyed my
ease. I have got to invent something new or keep still.
As to paying the State Engineer, I heartily agree with the majority opinion in regard to that matter. It frequently occurs that I call to my aid my
neighbor, or my neighbor calls me to his aid in performing work, and I am
sure that if I were in his employ he would certainly raise my wages after a
time if I would give my whole time and attention to his bene_t. I know if I
call on my neighbor for assistance, I would rather raise his wages if he
would give me his whole time and bene_t of his knowledge. I feel the same
way about the State Engineer. We want his whole time and impartial services.
As to the amount of water necessary to irrigate a given tract of land, or
in other words, as to the duty of water, it is a question of utmost importance from the standpoint of an irrigator to determine how much water is
necessary to set aside. It may be 2 acre feet, 3, 4, 5 or 6. The aridity of
the climate, the soil’and kind of crops produced all have a modifying in_u—
ence on the amount of water absolutely necessary. In eastern Oregon the
best that can be done is to _ood the _eld to a depth of six inches at each
irrigation. In the beginning of the reclamation work it would require three
(9) .
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or four irrigations during a season, and ordinarily there would be necessary nearly an acre-foot at each irrigation.
Mr. Hammond, of New Mexico—I notice that it has been stated that the
basis of estimating the service of water is one second foot for 70 acres of land.
I take it that that is the amount that is needed under the most adverse conditions. Is it to be understood that it is not conceived that there is any land
or conditions which would under any circumstances require more than one
second foot per 70 acres of land? I do not know what the maximum would
be in New Mexico, form that territory the service of water varies greatly.
Mr. Bien—One second foot for every 70 acres of land is, according to all
general practice, ample for practically all conditions. It is suggested as the
maximum. In a great many cases the amount allowed would be less.
READJUDICATION NECESSARY.
Mr. Switzer, of Montana—In the State of Montana all adjudications up
to this time have allowed one second foot of water to 40 acres of land, which
is very wasteful. Is there any provision made in this code whereby old water
rights may be adjudicated in the light of more modern knowledge?
Mr. Bien—I think the courts would have to attend to that. I think that it
is possible when the courts have had'considerable experience in irrigation
litigation they may review these old decisions and decide that such an amount
of water is a waste, and that a party could not acquire title to water that
is wasted. The principles which are developed by experience would open an
opportunity possibly in the future for the courts to review such decisions,
but the law can not change the decisions where a right is involved.
Delegate from Fresno County, California—In Fresno County, California,
we go on the basis of one foot of water for 160 acres. I do not think there
is one in a hundred that gets that much. I am satis_ed that in our State
we have done too much irrigating and have used too much water. In my
orchard I have irrigated only once each year during the last four years
and I _nd the results very satisfactory. I made up my mind to irrigate in
that way and my neighbors said, “Your trees will die.” I said, “Then let
them die.”
WASTEFUL METHODS OF IRRIGATION.
Delegate-Is there any provision made by which those who use too much
water can be prevented from using more than they actually need? If 'there
is not, there should be such a provision. In Tulare County, in the San
Joaquin Valley, California, we have men who use water to the injury of
their land. They have water-logged their land until they can not raise crops
and they still use water. They use so much water for fear if they do not
each year they will lose the right to use the amount of water they claim for
appropriation, and by that method they have prevented others from having
water who actually need it.
We have streams in California—the Tule River is one'of them—where the
sand is from four to twelve feet deep and the under-_ow in the summer time
becomes enormous. We can dig down in the sand and _nd water two feet
below the surface of the sand and that _ow of water will perhaps be twelve
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feet deep, but no one can get the use of that water because we have no
submerged dams and these parties who claim the prior rights will take out all
of the water they can get, when others further down the stream are sufferfng
for water.
As to the amount of water that we require, on an average one acre foot is
suf_cient, although there are many _elds that do not require any water at all.
I have a small vineyard that has not been irrigated in six years and produces
better than others that are irrigated every year. In sections of the country
near the rivers, where the early appropriators have used so much water they
have drawn the alkali to the surface and now can not produce anything but
salt grass, -and very little of that, whereas twenty years ago they produced
pretty good crops. There should be some provision in the law regulating
these conditions, and there is no State in the arid region which needs this
law more than California. In my seventeen years’ residence there I have seen
the need of such a law. I have seen the owners of riparian rights claiming
the water when they could not use it, to the detriment of those who could
use it to great advantage. I have seen others who wanted to use the water
at times of the year when they did not really need it. A great many of them
have not tried to educate themselves along the line of bene_cial use. The
matter of the use of water is one along the line of which the people have to be
educated. There are many sections near Fresno where they have not used
any water for several years, and they would be glad if the ditches were taken
out, because they are an injury to the land and the crops they grow there
and they will have to begin to drain very soon. Some of them have already
commenced to drain. It seems to me that the regulations regarding the water
being used bene_cially should be very strict.
Mr. Bien—The fundamental principle of the entire law is bene_cial use,
and this is a matter of education, and the courts must prevent waste. There
is also a provision that in the distribution of the waters by the water master
they shall be so distributed as to prevent waste.
In regard to the duty of water, the idea was to provide for a maximum
amount. The local conditions and a great many other things will change
this amount, and it is really one of the most important duties of the State
Engineer to gradually raise the duty of water by means of his adjudication and passing on these appropriations, and when he has established the
proper sentiment, there is no doubt but what the courts will follow and ultimately waste will be cut out in that way.
PAID SENTRYMEN GUARD WATER.
Mr. W. E. Smythe, of California—There is no section in the West so
greatly in need of an intelligent and enlightened irrigation law as the State
of California. It is true that we have had more water in the court houses
than we could put on the land. We have had almost a civil war in trying
to divide private waters. on the Tule River I have seen erected on the
headgate of the canal a sentry box like State penitentiaries have, and I have
seen in the balance sheet of that company for its annual expenses an item of
$1500 for guards, guns and ammunition. That is the kind of barbarism we
have had in place of the civilization we talk about in California. and yet in
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spite of these conditions it has been impossible to bring about any reform.
The only remedy is more water. The people can not see any remedy in more
law unless you accompany the proposed legal reforms with means of supplying more water for the irrigation of their lands.
It seems to me that Mr. Bien has produced a composite photograph of
the water laws and has utilized the strong features, avoiding the weak, and
I think that something like that can be adopted in most of the States, but in
California it will not be adopted unless accompanied by means of providing
more water. Of course the ideal system of irrigation would be a national
system under the present law, if a sufficient amount of money were available
for the purpose, but it seems to me that the amount of money now available
ic suf_cient only for an experimental policy. We have not anything like
money enough to meet the needs‘of the arid region. We have $27,000,000
now in the reclamation fund.
POTENTIAL GREATNESS OF COLORADO RIVER.
We could use every dollar now in the reclamation fund upon one single
river of California, or, rather, it belongs to _ve States, one territory and a
foreign country, that is the Rio Colorado. According to the estimates of
Mr. A. P. Davis by the application of that money we would make homes for
a new population of 1,500,000 in Southern California and Arizona, but that
$27,000,000 must be divided between sixteen States and Territories. The
present fund represents the accumulation of more than seven years of the
receipts of the land of_ce, which amount now to about $500,000 a year. Under
the present wise law the expenditure may be concentrated for a time in one
locality, but every ten years it must be equalized between the States and
Territories coming under the Reclamation Act. $500,000 a year for this
western country is a mere bagatelle. I would like to suggest a method
of supplementing that fund. You have heard of the district irrigation
law, commonly known as the “Wright” law, although most of our people
have become impressed with the idea that it is the “wrong” law. The law
seems right to me, as it joins inalienably the right of land and water. It undertook to furnish us water at a little cost, but the difficulty was that it fell
down on its administrative side. It put into the hands of communities of
farmers matters which they did not understand how to handle, and of the
forty-seven districts formed I think perhaps only four or _ve may be said
to be successful. The rest had failed for various reasons, but the cause of their
failure can be summed up in the phrase, “Lack of supervision.” The trouble
is not with the fundamental character of the law; the trouble is in carrying
it out. They traded their bonds, which represented mortgages on their
homes, for water rights which existed only in the imagination of promoters.
They were wrecked by their district and other of_cers mostly. Large sums
were expended in works that never were completed and are now going to
decay. My suggestion is, let us amend the district irrigation law in California
and let other Western States adopt such a law, but let it be provided before
a district can be formed that the Secretary of the Interior, acting through
the United States Reclamation Service, shall investigate and approve that
project as plausible in its engineering, economic and _nancial features.
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NATIONAL SUPERVISION OF LOCAL DISTRICTS.
If we had had such a provision for national supervision, not a single district in California would have been a failure. The government would have
investigated these projects and proved most of them as being unplausible, and
the people then would not have voted the bonds and the banks would not have
bought them. On the other hand, if the Reclamation Service had recommended it, the people Would have gladly voted these bonds. I would like to
have it provided that not only shall the Reclamation Service investigate and
report on the districts, but that the engineers of the service shall also be
charged with the actual work of construction. If you build'these canals,
our farmers can operate them successfully, but they are not fitted to pass
upon the feasibility of these projects. In other words, I propose a method by
which California can supplement the reclamation fund available for expenditure by from _fty to one hundred million dollars. We can safely say that for
every dollar we get out of the national treasury we will put four dollars into
the irrigation work. The money can be paid by the lands that are to be
irrigated. We will have to pay 4 or 5 per cent interest on our district bonds,
but I believe it is the feasible method. The National Irrigation Act is extremely
elastic and under it the Secretary of the Interior can do almost anything, and
he would be able doubtless to make the investigations at the expense of the
reclamation fund, but the large element of cost would be represented by the
proceeds of district bond sales placed at the disposal of the Reclamation Service and expended under their direction.
Now, if you will go before the people of California and say two things,
_rst—we propose more law, and second—more water, then I believe we
will get the law, but as long as it presents itself in the aspect of a destruc—
tive measure, a measure to bring everybody into court and prompt litigation,
I believe there is no probability of its being adopted in our State.
As to this matter of the duty of water, the duty of water varies with the
conditions, climate, soil and crops, also the customs and even the traditions
of the country affect the amount of water that is applied to the land.
WATER AND LAND INSEPARABLE.
I believe that in a few years we will have no such thing as a private work
of irrigation, that is, a work of irrigation owned apart from the land. We
are going to establish the principle that the man who owns the water shall
also own the land and the air. Unless we adopt that principle we can not
have true, economic freedom in this country, and I am sure that this‘irrigation
movement is not going to stop short of that point. I believe that we are
going to see, as is already the case in the Salt River Valley, a natural merger
of all the irrigation works in a watershed, into one comprehensive system.
The nation will be able to let us have the money necessary for the works at
the head of the streams and we must devise for ourselves a method of providing the moneys necessary for building the works of distribution and the
great pumping works and drainage systems—for drainage is the handmaid
of irrigation, and nothing is more certain that if you put the water on the
land you must get the water off. We are going forward in the evolution of
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our irrigation systems until we have one splendid, magni_cent, comprehensive system of works. When we reach that point it will be possible
for every watershed to settle for itself the question of the duty of water. If
they want one cubic foot per acre per second, they can settle it on that basis,
and if they want six times as much on the Rio Grande, they can also arrange
it satisfactorily. It is free water and the water should be used in its natural
watershed. We want to bring the thing down to a matter of home rule. We
want the aid of the nation in constructing these works, but when constructed
we want them to be administered by the little democracy living in these little
watersheds. People use various quantities of water, not only because their
crops differ, but also bemuse the soil differs. You can often throw a stone
from one kind of soil to another, and then, people differ as to the amount
of water that is required. When you have it merged into one single system,
you can provide a certain minimum amount of water for which a party will
be charged. Everybody should pay for the insurance they get from an irrigation canal, and in addition let them use what they think they need and let
them pay for it. On that basis you can adjust it with actual equality. I
want to say that if there ever was a body of men _t to lay the foundation
of a great civilization, we have them in the Reclamation Service as organized
to-day. Let the States help this work hand in hand, and be sure that when
you ask for more law that you give them more water at the same time.
GOVERNMENT AID TO DISTRICTS.
Mr. Newell—Mr. Smythe has a touch of genius in his suggestions. It
gives us some relief as to how we are going to construct many of these
works, especially where private land is involved. On the spur of the moment it strikes me that the suggestion is worth all the trouble that Mr. Smythe
has taken to come here. If under a State law districts can be formed, we
have enough money in the fund, and probably always will have, to make the
necessary investigations and bring the projects to a point where actual contracts can be let. That is feasible, for we are able to call upon the district,
the men interested under the State law, to vote the bonds necessary to pay
for the contract. These bonds would simply bear interest from the time the
money was needed to pay for the construction. It would then enable this
work to progress on what ’seems to me admirable lines, because the men
who must pay for the works ultimately could on security of their own property advance the money as needed at a low rate of interest, as it is to be
assumed that while the credit of the United States might not be behind these
bonds, yet I believe it would be so considered in _nancial circles and it would
give these bonds a standing in the market which an irrigation bond has not
now.
Mr. Emmett Barbour, of California—In our county we have formed a
district, and on the basis of about $7 per acre have secured all the water we
need. The bonds are paid up and it costs us $1 per acre for the _rst irrigation and about 50 cents per acre for the second irrigation. I think we are now
in as good standing as any district in the State.
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Mr. W. A. Ward, of Texas—In the irrigation company I am interested in,
we wanted more money to extend our plant and we issued bonds, and although
we made over 50 per cent pro_t last year, there is no pro_t for the bonds.
Mr. Fairweather, of California—We have 138,000 acres of land. Our
bonded indebtedness is $492,000. The water tax in our district does not exceed 45 cents per acre per annum. Two-thirds of our water tax to-day is
paying interest at 5 per cent on those bonds. When these bonds are paid off
by the next generation and the district is clear of debt, the water tax on our
district land will not exceed 15 cents per acre.
Mr. Newell—Gentlemen, I notice that Governor Ahumada, of Jalisco, and
staff, escorted by the Executive Committee, has just entered the room, and
we will take a recess for _ve minutes to extend him our greetings. (The
Governor addressed the convention in Spanish, wnich translated, is as follows:)
GOVERNOR AHUMADA’S ADDRESS.
Governor Ahumada, of Jalisco, Mexico—I desire to thank you for the
invitation which you have extended me to be present amongst you, and to
say to you that I regret very much my inability to address you in English.
I am pleased to see such a large assemblage of delegates, and I trust that your
efforts for the reclamation of the arid lands as well as the storage of our
_ood waters will meet with success. I am here as Governor of Jalisco
to assure you that you will have the co-operation of my State and the entire
Republic of Mexico, as I realize your efforts are conducive to the bene_t
of the joint countries. I desire to especially thank the Executive Committee
for sending me the invitation to attend the Congress.
It has been twenty-_ve years since I _rst lived among you. For the past
twenty—_ve years I have had the pleasure of living among Americans and
Mexicans on the frontier, during which time I have observed the good
feeling which has existed between the two people, and the relations between
them have been cemented more and more closely each year. It is gratifying
to appear before you as a friend of the American people.
Although my duties have called me away from the office of Governor of
Chihuahua to assume the governorship of the State of Jalisco, I note with
pleasure that the feeling of friendship which exists on the frontier has extended also to the State of Jalisco. The people here are not only interested in
your deliberations, but the people down there are also interested in what
you are doing, and I can say to you unconditionally, that we will co-operate
with you in any of your undertakings that we are able to assist you in.
In conclusion, I desire to say that I trust that your deliberations may prove
bene_cial alike to both countries, especially in your deliberations regarding
the reclamation and irrigation of the arid lands. I trust that you may be
able to get at the matter as easily as possible, and that will be by taking the
easiest way.
Mr. Newell—We will now be favored with a description of the Klamath
Project in Oregon and California, by Mr. J. B. Lippincott.
Mr. Lippincott introduced an elaborate map of the Klamath Project and
explained it in detail, accompanying his address.

190 Of_cial Proceedings of the
THE KLAMATH PROJECT—STATUS 0F INVESTIGATION,
1904.
J. B. LIPPINCOTT, Supervising Engineer U. S. Reclamation Service,
Los Angeles, California.
The basin of the Klamath River was visited by Mr. John T. Whistler,
Engineer U. 5. Geological Survey, in October, 1903, and reported upon under
date of November 2, 1903. Mr. H. E. Green, Engineer U. 5. Geological Sur—
vey, also visited’ this basin in October, 1903, and reported thereon in a communication entitled, “Report of Reconnaissance of the Country Lying on
Either Side of the Boundary Line Between California and Oregon in the
Klamath and Ashland Atlas Sheets of Oregon, and the Shasta and Modoc Lava Beds Atlas Sheets of California.” These reports were preliminary and
were considered suf_cient justi_cation for a further investigation of this
section during the present summer.
In the latter part of June, 1904, Mr. J. B. Lippincott, Supervising Engi—
neer, made an extended trip through a portion of the basin of Klamath River
and Lost River Basin with Mr. T. H. Humphreys, Assistant Engineer. No
extensive surveys had been made at that time, Mr. Humphreys having spent
his time in acquainting himself with the general situation. The basin of
Sprague River, which lies largely in the Klamath Indian Reservation, has not
yet been explored, but it is stated currently that there are large areas of
excellent land in this reservation that may be reclaimed. This report is
therefore based very largely upon general information received from Mr. T.
H. Humphreys and upon a personal reconnaissance of J. B. Lippincott.
Supervising Engineer, aided by the topographic maps of the Geological Sur—
vey. The data based upon the surveys now being made is not now available.
Permanent gaging stations are being established by Mr. Humphreys at
Keno, on the Klamath River, at the Horse Fly reservoir site on Miller Creek,
at the Clear Lake reservoir site on Lost River, a gage rod and evaporating
pan in Tule Lake, near Merrill, and a gage rod in Klamath Lake, near
Klamath Falls. The record will be maintained of the flow of Link or Klamath
River at Klamath Falls, Mr. Whistler’s gaging station on Lost River, in
Langell’s Valley, will be abandoned, also the gaging station in Lost River
at Olene.
GENERAL LOCATION.
The principal streams of the Klamath basin are Williamson River,
Sprague River and Lost River. The drainage is quite singular. Lost River
at present does not _ow into Klamath River, but into Tule Lake. which
has no outlet. The general situation is in Klamath County, Oregon, and in
Modoc and Siskiyou Counties, California. The State line to a singular extent
divides this basin between the two commonwealths. For instance, the Clear
Lake reservoir site lies in California, but the water impounded therein can
best be used in Oregon. The Horse Fly reservoir site is situated in Oregon.
and this water can best be used in Oregon. A diversion conduit from the
Upper Klamath Lake will serve lands both in Oregon and California. The
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falls of the Klamath River are in both California and Oregon, and this
power can best be used for the pumping of water onto lands in California.
Klamath River is navigable in a portion of its course and is so used commercially. Upper and Lower Klamath Lakes are commercially navigable and
are cut in half by the State line. Tule Lake is navigable but only to a
slight extent so used, and is cut by the State line. We therefore have an
interstate situation, both as to water supply, power and irrigable lands.
This immediate region has no railroad, the nearest station being Pokegama,
from which a stage drive of some 30 or 40 miles is made to Keno and from
that point the Klamath River is navigated by means of a gasoline boat to
Klamath Falls, which is the county seat of Klamath County. Two railroads
are now being projected into this region, one from Pokegama and the other
coming in from California and known as the Weed road. Both these railroads are built primarily for lumbering purposes.
THE KLAMATH RIVER.
Sprague River and Williamson River are the two principal tributaries of
the Klamath. Williamson River is fed by some very large springs, the water
supply apparently coming in large part from the country around Crater Lake.
Sprague River drains the region northeasterly from Klamath Lake.
These streams _ow into Klamath Lake, which covers 67,220 acres. If the
marginal swamp lands are included it becomes 94,000 acres. The river is
therefore regulated by this large area of lake and swamp. From the Upper
Klaminath Lake the stream falls abruptly about 56 feet and is called Link
River. At Keno the lower rapids of the Klamath River begin. This Link
River also supplies the Lower Klamath Lake, which covers 29,400 acres with
water and 88,300 acres of water and marginal swamp. The lower lake acts
as an additional regulator and the _uctuation in river height at Keno prob—
ably does not vary over two or three feet.
On October 25, 1903, Klamath River was measured at Klamathon by Mr.
H. E. Green at its low water stage, and the volume discharged was 2000
second feet. It was stated at the time that the river was lower than at any
previous time for twelve years. The low water _ow of Link River in 1904
was 1773 second feet. The Upper Klamath Lake may be used as a storage
reservoir if desirable. An examination of the map which accompanies this
report will indicate at a glance the extent to which this stream is interstate.
The elevation of Klamath River near the Southern Paci_c crossing at
Klamathon, according to the topographic sheets of the Geological Survey,
is less than 2200 feet. The elevation of the River at Keno is 4086 feet, as
determined by levels run from Klamathon, which indicated a fall of about
1900 feet in a distance of 40 miles. Near the mouth of Falls Creek there is
a drop in the river of 400 feet in two miles, as indicated by the topographic
map on the Shasta quadrangle. With a low water _ow of 2000 second feet,
this 400-foot drop would develop 91,000 theoretical horse-power. Beginning
at a point about six miles below Keno in a distance of 10 miles the map
indicates a drop in the river of 800 feet. This would be suf_cient to produce 181,000 theoretical horsepower with a flow of 2000 second feet. From
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this it will be seen that the opportunities for power development on the river
are very great, and it will be shown later that there is the possibility of
using this power for irrigating arid lands.
It appears to be feasible to make an excavation near Keno in the channel
of t'he river at the head of the rapids, where the river drops 60 feet in a
short distance, by means of which the water can be drawn off of the marshes
surrounding Lower Klamath Lake, as well as from the Lower Klamath Lake
itself. This difference in elevation probably could be made suf_cient so that
the _ood waters of Lost River which are not impounded in the reservoir sites
on Lost River could be turned into the Klamath River and away from Tule or
Rhett Lake. The advantage of such a proceeding will be treated of later.
LOST RIVER.
Lost River is an interstate stream, which _ows to a material extent through
Clear Lake. Horse Fly reservoir site, on Miller Creek, tributary to Lost River,
has a drainage area above it roughly estimated at 200 square miles. Its elevation is 4792 feet. The basin is fairly well timbered and apparently has a
fail rainfall and winter stream _ow. The reservoir basin is very _at and
swampy and it is estimated that the area of the valley is about 3500 acres,
and that a dam of 50 feet high would give a capacity of 100,000 acre feet.
The river _ows through a narrow canyon of basaltic rock at the dam site.
The land under this reservoir site is largely public and has been withdrawn
for a reservoir. The site is of very substantial importance.
Clear Lake reservoir site is situated on the southern branch of Lost
River, and above Clear Lake the stream above the lake is known as Willow
Creek. The drainage area of Willow Creek, as obtained from the topographic sheets, above Clear Lake dam site, is 577 square miles. The area
of this lake as shown on the topographic sheet is 12% square miles, or 8000
acres. It is estimated that a dam that is 40 feet high at dam site below the
lake would probably hold half a million acre feet and this estimate is here
endorsed. The dam site is in a canyon of volcanic rock. Apparently there
are excellent spill—way opportunities and probably the dam could be best constructed of earth and loose rock. There is a very pronounced public opinion
to the effect that the principal supply for Lost River comes down Willow
Creek. The grades into Clear Lake are very singular. Willow Creek in
_ood discharge over_ows into Clear Lake, but at the same time a large portion of this water passes down Lost River. When the creek talls Clear Lake
begins draining into Lost River and discharges through its in-take channel.
The area of Clear Lake, according to land of_ce surveys, is 9200 acres. The
area of adjacent swamps, according to survey, is 15,000 acres. The drainage
basin above the lake is covered by a sparse growth of pine trees. The elevation of the lake is 4533 feet, according to the Contour maps. The rise of the
lake during the past winter would indicate an in-_ow of about 150,000 acre
feet additional to the discharge of Lost River, which was continuous during
the in—_ow period.
Lost River discharges into Tule Lake. the area of which is 90,000 acres.
During the past winter the lake had a net rise of seven feet, indicating an
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in-_ow of 830,000 acre feet. The past winter, h0wever, was one of unusual
rainfall. The evaporation in this region is believed to be about 3% feet. As
this lake maintains an area of about 90,000 acres, this would indicate a mean
annual net _ow of Lost River of 315,000 acre feet. This agrees with a statement as to the usual annual rise of Tule Lake. There is the opportunity,
both at Clear Lake and Horse Fly Valley to hold over water from wet to
dry years. It would seem reasonable to expect that 200,000 acre feet annually
might be obtained from these two reservoir sites. The water from these reservoir sites would naturally be used on Langell Valley, which contains about
12,000 acres of irrigable land; Poe Valley containing 10,000 acres; Swan Valley, 30,000 acres; Alkali Valley, 20,000 acres, or 72,000 acres in all, in valleys
lying under these two reservoir sites and above Klamath River. These areas
are gross and only roughly approximate and probably will be increased by
a detailed investigation. It would seem reasonable, however, to consider that
these two reservoir sites can irrigate all the underlying agricultural lands
in the valleys named. There is practically no public land in Poe Valley, some
public land in Langell Valley, and quite a large amount of public land in
Alkali and Swan Lake Valleys.
As previously stated, the _ood waters not impounded in Horse Fly and
Clear Lake reservoirs could be diverted into Klamath River and away from
Tule Lake.
BUTTE VALLEY.
Butte Valley is in California, adjacent to the northern line of the State
and in Siskiyou County. It is roughly estimated that this region contains
over 100,000 acres of agricultural lands, and that there are some 10,000 or 15,000
acres of government land in the southern limits of the valley. The elevation
is about 4200 feet, between 150 and 200 feet above the level of Lower Klamath Lake. Butte Creek and Antelope Creek _ow into this valley. The midsummer water supply, however, is quite small and is used for irrigation.
There would be an abundant water supply for pumping from Lower Klamath
Lake, and a great abundance of power obtainable from Klamath River for
lifting this water into Butte Valley. The question as to whether it is commercially feasible to do this is not yet estimated upon. but the withdrawals
of public land along the Klamath River for the purpose of generating power
pending this investigation are believed to be justi_ed.
TULE LAKE.
Tule, or Rhett Lake has an area of 90,000 acres. The lake is supplied
from the in-_ow of Lost River. Tradition states that in years past the lake
has been almost dry and that teams have crossed over very considerable portions of this area, and that sage brush stumps are found in the lake. If Lost
River water can be mostly impounded in reservoirs and the surplus diverted
into Klamath River by lowering the outlet of the river at Keno, and by
throwing a levee across Lost River, there practically will be no other supply
into Rhett Lake, and with an annual evaporation of 3% feet. it is believed that
the lake would rapidly shrink in area and uncover a large area of land. It
is a fresh water lake. This lake is interstate and navigable, but only slightly
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so used. The margin of the lake is meandered by the land of_ce. If the lands
that are uncovered are public lands that could be disposed of under the
Reclamation Act, they could be very easily irrigated by means of a diversion
canal, either from the Klamath River or from Lower Klamath Lake. This
is a subject that will require legal opinion. Tule Lake is an interstate navigable lake and could only be drained by Congressional permission.
LOWER KLAMATH LAKE.
Lower Klamath Lake has a water surface of 29,400 acres and a swamp
and water surface of 88,300 acres. If the outlet from the lake at Keno can
be lowered, as previously suggested, the greater portion of this swamp land
can certainly be drained and probably a large portion of the lake bed itself.
This lake is interstate and navigable, and used commercially for navigation.
It is a duplicate of the Tule Lake situation, and if these lands can be drained
they can be readily irrigated from the Klamath River. The swamp lands are
al‘I in private ownership, title having been conveyed by the State.
The areas of the beds of these two lakes that might be uncovered, as
suggested, of course are not de_nitely known as yet and is being determined
by survey, but it would seem within reasonable limits to say that there might
be from 50,000 to 75,000 acres of public lands so reclaimed.
KLAMATH INDIAN RESERVATION.
Klamath Indian Reservation has not yet been investigated, but it is reported that there are large areas of irrigable lands therein and this will be
made a subject of future study. Particular attention is called to the fact that
the State of Oregon has a claim pending in court for the swamp lands shown
as the Klamath marsh on the Klamath quadrangle, which lands are in the
Indian Reservation.
EXISTING CANALS.
A canal has been constructed from Lower Klamath Lake near the State
line, for the irrigation of the north shore of Tule Lake. This is the largest
canal in the district. The manager of this canal is Mr. Adams, posto_ice
address, Merrill. I have talked with Mr. Adams and other owners of the
canal, and they state that all they wish is water for their lands, and that they
will be pleased to have the government enter this _eld and to turn over their
canal systems to them.
Another canal diverting water near Klamath. Falls carries between 600
and 1000 inches of water. This ditch irrigates the lands between Klamath Falls and Lost River. The ditch was constructed some years ago,
has passed through bankruptcy and is now irrigating some 5000 or 6000 acres
of land. There are one or two small irrigation ditches in Poe and Langell
Valleys.
About January, 1904, the Klamath Canal Company was organized for
the purpose of constructing a canal from the Upper Klamath Lake towards
Tule Lake. This would parallel the largest existing canals in this region,
being some 10 or 15 feet higher in elevation. This Klamath Canal Company
is being managed by an engineer of the name of W. K. Brown. They have
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entered into contracts to furnish water to land owners southeasterly from
Klamath Falls and along the existing canals. They are proposing to furnish
this water for $10 an acre, with $1.00 per acre annual rental. Their water
contracts are severe. At present this corporation is constructing a tunnel
4x7 feet in section out of the Upper Klamath Lake, the intention being to
widen this tunnel to such dimensions as may be required by the contracts
that are ultimately entered into. They have purchased some land and succeeded in signing up for water for about 20,000 acres of land. Their _eld
of operation, as previously stated, is situated between Klamath Falls and Tule
Lake, covering an area of some 60,000 acres. This canal company at present
is very active along promotion lines, and is working quite a force of men
on the tunnel in question. They began work on their canals about the _rst
of August. They express very great dissatisfaction and regret over the fact
that the Reclamation Service is making investigations in this section, as it
will interfere with their program, and have endeavored to have orders issued
to suspend the surveys. The principal men of this region, outside of this
corporation, are of the opinion that public irrigation works are desirable.
Numerous petitions to this effect have been presented to the service. The
Reclamation Service will not proceed unless the people of the region desire
it. The withdrawals made were for the purpose of giving the Reclamation
Service an opportunity of investigating the country suf_ciently to determine
whether there was any occasion for the construction of public works here.
These withdrawals were considered necessary, as the Klamath Canal Company
were _ling on streams and endeavoring to _le on the Horse Fly and Clear
Lake reservoirs, which _lings, if perfected, might prevent the federal government, or, for, that matter, any other irrigation enterprise, from doing
business in this region.
It would hardly seem reasonable that the Reclamation Service should
stand aside for a corporation that was not irrigating an acre of land, and
that did not have a mile of ditch or canal constructed, and leave to this corporation the reclamation of over 300,000 acres of land lying in three counties
and two States, the source of water supply being both interstate and navigable.
LAND WITHDRAWALS.
It was deemed advisable to withdraw, at least temporarily, all public lands
in the Clear Lake and Horse Fly reservoir sites, and the public lands along
Klamath River for power, and also to withdraw such townships as contain
public irrigable lands. An examination was made of abstract records in
Klamath County, Oregon, and only such townships withdrawn as contain
public land.
If the beds of these navigable lakes are public lands. as is believed to
be the case, it will probably be possible to reclaim 100.000 acres of public
land in addition to over 150,000 acres of private land under this project.
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SUMMARY.
The following is a very rough estimate of the gross irrigable areas:
Irrigable from Clear Lake and Horse Fly Reservoirs.
Langell Valley. . . . . .. . . . .' ....................... 12,000 acres
Poe Valley ..................................... 10,000 acres
Swan Valley ................................... 30,000 acres
Alkali Valley ................................... 20,000 acres— 72,000 acres
. lrrigable from Klamath River.
Between Klamath and Merrill ................... 60,000 acres
From Merrill to Carrs .......................... 10,000 acres
Bed of Tule Lake ............................... 50,000 acres
Bed of Lower Klamath Lake .................... 20,000 acres—140,000 acres
Butte Valley, irrigable by pumping ............................. 100,000 acres
Total ..................................................... 312,000 acres
The water supply is believed to be adequate for this irrigation.
RECOMMENDATION.
It is recommended that pending these investigations and reports, the
segregation previously made should be maintained and that no further rights
of way, particularly to reservoir sites, should during that time be granted to
any applicants of this region. Surveys should be vigorously made to determine the vital facts upon which _nal judgment must be rendered by the
Secretary of the Interior.
Mr. Newell—This brings up matters of policy and matters in which citizens of both Oregon and California are interested. I therefore suggest that
we give the matter full consideration while it is before us, as it is one of the
very big questions the Congress will have to consider.
Mr. A. King Wilson, of Oregon—From'the explanation we have heard it
appears that the only question before us is how we can assist in promoting this
project, and I have to offer a resolution in order that we may have some
written record. The resolution is as follows:
“Whereas, unusual opportunities exist for the reclamation of large areas
in both the States of California and Oregon in the basin of the Klamath
River, and '
“Whereas, the public interest and sentiment of the citizens and land
owners of said section is desirous of having these works built in an extended
and comprehensive way by the U. S. Reclamation Service and not partly constructed by water selling corporations; and
“Whereas, the irrigable lands and their water supply are divided by the
Oregon and California State lines; and
“Whereas, the engineers of the Reclamation Service are now making
investigations of the extent and cost of said reclamation, including the drain-
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age of large interstate lakes, which work may call for special legislation from
both Congress and State Legislatures.
“Therefore be it Resolved, by the California and Oregon delegations to
the National Irrigation Congress, in joint session assembled, that the Secretary of the Interior is hereby respectfully requested to diligently prosecute
said surveys, and if the said Klamath Project proves feasible to build the
same as an interstate enterprise; and
“Be it further Resolved, that the representatives in both Congressional
and State Legislative bodies be and hereby are respectfully requested to lend
their aid and assistance to the Reclamation Service in passing such acts as
may be found requisite." .
Mr. Fairweather, of California—We have heard something of this subject before. Of course the California people read and know something about
what the press and people are doing in the State, and at the meeting of our
California delegation yesterday morning we undertook to discuss a few subjects and I introduced a resolution, but I am instructed by the California
delegation to say that they decided that with all the powers they have now,
or will have in future they will stand by the Reclamation Service in everything it has done in the past or may do in the future. We have that con_dence in the government men who are now doing the work that we wish
them to know that California will stand at the back of the Reclamation Service, and we do second with all our powers the resolution now before the
house.
Mr. Newell—The motion is before the section on the adoption of the
resolution. It has been moved and seconded. What is your pleasure?
Mr. Finkle—I am heartily in» favor of this resolution and the reclamation
work, but it seems to me that we ought to adopt this resolution here and not
present it to the general convention. It seems that it only concerns California
and Oregon and the reclamation people, and if we adopt it here unanimously
that lends it all the force possible and puts us on record before our respective
legislatures and the legislative branch of the government of the United
States.
Mr. Newell—All in favor of the resoultion, signify it by saying “aye.”
The resolution is adopted.
Delegate—I move that the resolution as adopted and the action of this
joint session be reported to the chairman of the Irrigation Congress tomorrow night and let them pass on it and adopt it. It is only a question of
adding to it all the force we can get, and if the National Irrigation Congress
will endorse it—it is an interstate proposition—it seems to me it will give it
more strength, because when we do that we will be getting some of the men
who are in Congress of the United States to endorse by their action what we
as mere representatives of our respective States are endorsing.
Mr. Finkle—If we do that it opens the door for everybody to come in with
resolutions recommending all kinds of enterprises to the Reclamation Service,
and if they adopt one of them they will have to adopt all. We all have faith
in the reclamation engineers and know they are people who are able to pass
upon a project, and I don’t think we ought to have the Congress pass upon it.
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This is a project in which two States, Oregon and California, are interested.
This is our excuse for this joint meeting to recommend it to the Service.
The Reclamation Service through their representative who has spoken endorses this project if the people of Oregon and California can come together
or. it, and we have shown that we can come together on it, but we should
not take it to the Congress simply for the precedent it would establish.
Mr. A. H. Devers, of Oregon—There is such a committee and all resolu—
tions that may come before the Congress are _rst presented to the committee.
I presume that that committee is competent to take care of and pass upon all
resolutions. I believe it is necessary to give this resolution all the force that
it is possible to give it. If the Resolutions Committee of the Irrigation Congress thinks it worthy to be presented to the Congress, let them do so and give
it all the prestige they can. I move that the resolution be presented to the
Committee on Resolutions of the National Irrigation Congress.
Motion is seconded.
Mr. Fairweather——-Oregon and California have agreed on one proposition.
We have' adopted this resolution, and we have thus done all that we can
do in this Congress. We have agreed in this resolution to do all in our power
to aid the Reclamation Service and do what we can with our State legislatures. There was a resolution introduced this afternoon before the Congress
' of a like nature as this, affecting a part of our State—I don’t care to mention
it—but the California delegation feels strongly that the resolution now already passed by us is entirely suf_cient and we hope that the Oregon delegation will withdraw their‘ objections and allow this division of the Congress
to pass this resolution and not carry it any further.
Delegate from Oregon—I will withdraw my motion and say that California with her gold and Oregon with her grain will stand by this resolution
and the Reclamation Service until that scheme is carried through.
Mr. Newell—The paper by Mr. Lippincott has been presented and discussed, and I understand that all objections to the resolutions as passed has
been withdrawn. I
I will say that the Reclamation Service is pushing its wosk forward as
rapidly as possible and hopes to soon have all the necessary data upon which
to proceed. If it is thought wise by our friends in Oregon and California to
assist us their support will be a great aid to us./ The matter of public policy
is one in which we need your support. . We are the servants of the people.
We must get the facts and you must do the work based on a knowledge of
those facts. -
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Thursday Morning, November 17, 1904.
Chairman Newell—The session will now be in order. You will _rst have
the pleasure of listening to an address by Mr. H. A. Storrs.
IRRIGATION DEVELOPMENT IN NORTH DAKOTA.
H. A. STORRS, Electrical Engineer, U. S. Reclamation Service, In Charge
Irrigation Work in North Dakota.
Surveys and examinations of the entire arid or semi—arid portion of North
, Dakota have been pushed systematically and energetically by the Reclamation
Service to discover a locality where the natural conditions offer a _ghting chance
of working out a feasible irrigation project. But the topographic features of the
State are distinctly unfavorable to the storage and diversion of water from
its streams, and while its neighboring State in the West offers a dozen possible projects, many of them evidently feasible, North Dakota seems to possess few, if any, possibilities of large irrigation projects.
The Missouri river affords an abundance of water, but the irrigable lands
along its banks exist either in small tracts at low elevations, or in extensive
plains at high elevations above the river. The lower lands are not sufficient in
extent at any location to warrant the enormous expense involved in damming and diverting the waters of the Missouri. The higher lands could be
reached only by dams of great length and height or by large canals several
hundred miles long. Neither of these methods is considered feasible, in
view of the unfavorable topographic features presented and the enormous
expense involved.
The smaller streams are _at in slope, variable in _ow, devoid of favorable
reservoir sites and hemmed in by high banks of earth, all of which conditions
are unfavorable to storage or diversion of irrigating water.
PLANS FOR PUMPING.
This season, however, it was determined to ascertain whether it would be
feasible to pump water from the Missouri River for irrigating the inviting
bench lands which extend for many miles along its banks. The Reclamation
Service has been unwilling to resort to this method of securing irrigating
water, on account of its presumed high cost, if any cheaper or simpler method
could be discovered. The feasibility of any pumping project is not assured
until it is demonstrated thatthe value of the lands and crops will warrant the
necessary expenditure for pumping machinery, canal system and annual oper—
ating expenses. These expenditures must be borne by those who receive the
bene_ts of the irrigating water, since every dollar expended by the government
for such purposes must, soon or late, be returned to the Reclamation Fund.
For this reason it is really the people concerned in any such project who,
by agreeing to co-operate with the government, decide that the project shall
be considered feasible.
The engineer can determine the natural conditions, the cost of irrigation
(10)
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works and their maintenance and operation, and can present _gures showing
the cost per acre for irrigating a proposed tract of land. It then rests
with the land owners to decide whether they will agree to pay what is required to install and operate the proposed irrigation works.
IRRIGATION EDUCATION NECESSARY.
The people of North Dakota have much to learn regarding the value of ir~
rigation. Almost no irrigation has been attempted thus far, and the majority
of farmers have had no opportunity to see what has been accomplished in
other States. Undoubtedly when the facts are presented to and understood
by the people, they will be as ready to accept the conditions and secure the
bene_ts resulting from reclamation projects as have been the farmers in Montana and other western States.
As a result of preliminary investigations not yet completed, the Reclama—
tion Service will soon present to land owners in the vicinity of Bismarck, in
Buford-Trenton and possibly some other localities, the proposition to erect
pumping plants at these places. provided the people will agree‘to pay the
costs of obtaining water in this way.
WILL BE UP TO THE PEOPLE.
These costs promise to be but little if any higher than for many of the
projects in other States, where an annual charge of three to four dollars per
acre is required during the _rst ten years. This amount pays for the irrigation works in ten annual installments, in accordance with the terms of the
Reclamation Act, and also pays the cost of operating expenses during the
_rst ten years. During subsequent years the anuual charge covers only maintenance and operating expenses. In projects involving steam pumping plants, the operating expenses will
' probably be greater than on gravity systems. These operating expenses, how—
ever, will be proportional to the amount of water actually pumped. Consequently in years of heavy rainfall the operating expenses will be small
The pumping plants are really a reserve, to be called upon to supply the
de_ciencies of rainfall and run-0E. By storing all the _ood-waters of small
streams within the area covered by the project, the run-off may materially
lessen the quantity of water which has to be pumped.
CHEAP IRRIGATION.
In general it may be stated that the pumping works and canal systems
for the two projects examined would be paid for in ten annual payments not
exceeding two dollars per acre each. The maintenance charges would amount
to about one dollar per acre and would be practically constant whether
much or little irrigating water was used. The operating expenses would,
however, vary according to the amount of water actually used and would
amount to little or nothing during years of abundant rainfall. During dry
years when as much as two acre-feet per acre might be used, the total for
maintenance and operation would approximate two dollars per acre. The
pumping plants will have the capacity to_ deliver two acre-feet per acre for the

Twelfth National Irrigation Congress. 201
entire tract during an irrigating season 100 days in length. This amount is
probably the maximum that will be required if economy is exercised in the
use of water.
TWO OBJECT LESSONS.
The Buford-Trenton project includes about 18,000 acres and the Bismarck
project about 15,000 acres. The latter may be considerably extended after
the surveys are completed and the results studied. Possibly it will be thought
advisable to erect a central power station convenient to the coal supply and
transmit the power electrically to the pumping plants, thus saving transportation of coal to pumping plants located at a distance from the railroads. The
land owners along the Missouri, and possibly other rivers in the State, will
soon have an opportunity to signify their desires regarding the construction
of national irrigation works within the con_nes of the State.
Mr. Newell—Gentlemen, the subject which Mr. Storrs has just presented
is a very attractive one, particularly to all parts of the arid region. If it will
be found practicable to pump water for irrigation at a price comparable with
that furnished by gravity canals, the limit to which we can extend the development of the West becomes a very broad one. The most notable advance
in the last twelve months has been in the conception and the use of the gas
producer and the gas engine for pumping plants, by which we cut out the old
steam engines, and instead of utilizing the coal for the purpose of making
steam in the boiler, and then furnishing the steam to a steam engine, and
this engine furnishing the power to operate the pumps, we burn the coal in
a gas producer; the gas thus obtained is used at once in the gas engine and
there applied directly for the production of the necessary power for raising
the water. The problem which Mr. Storrs has been de'aling with, that of pumping water from the Missouri River in particular. is one that is applicable all
over .the West. We have before us a number of engineers who have had
more or less experience in pumping, and I believe this opens out one of the
widest vistas of development which has yet been presented. I see before
me Mr. Finkle, and will ask him for a few remarks.
PUMPING IN SOUTHERN CALIFORNIA.
Mr. Finkle—Mr. Chairman and Fellow Delegates: I have certainly been
very well entertained by the able address which Mr. Storrs has just delivered;
he has presented the subject in such a comprehensive manner as to leave but
little more to be said by anyone. In Southern and Central California we have
resorted to a very great extent to the pumping of water for irrigation. The
pioneer portion of the State in this respect is Southern California, notably
the counties of Los Angeles, San Bernardino, Riverside and Orange. I have
not at hand the _gures to give you the exact results of these operations,
but in a general way I may state that there is approximately about three
thousand electric horse-power applied to pumping plants in this region of
California, in addition to which there are numerous individual plants operated
by steam or gasoline. The success of these operations has been attended by
a very rapid extension of the work all over the water producing sections
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of the southern end of the State of California, and at the present time no one
doubts the pro_ts which are derived from such operations. The only element
of uncertainty is the supply of water which is available for such extensive
operations. Yesterday, in this section Mr. Mendenhall dwelt upon this subject at length, and I had the honor of making a few remarks upon the
matter, pointing out how the danger could be averted to some extent by
curtailing the use of the water in all necessary operations as far as practicable and adding to the stores of water in nature’s own reservoirs. There
are many sections of the arid regions not so vitally interested in this as California. I wish to state that pumping in California is yet in its infancy,
and I desire to mention one or two notable examples. The Kaweah
River, which _ows through the county of Tulare, has upon it two power
plants, and a great portion of the power derived from these plants is now applied to the pumping of water in the vicinity of Visalia, Tulare, Exeter,
Porterville and other settlements. Some of these settlements are orange
growing districts and produce the earliest fruit in the State of California,
which does not, to any extent, come into competition with the later fruit of
Southern California. Fields of alfalfa and other crops are produced in this
same manner. Also, near the city of Fresno there has been constructed an
electric power plant on the north fork of the San Joaquin River, which is
also supplying power for similar purposes. The capacity of this plant is so
limited, however, that enormous projects are in contemplation on the Kings
River by the Kings River Power Company. We will be able to develop, on
the Kings River, approximately one hundred thousand horse-power, a portion
of which will be devoted to the pumping of water for irrigation purposes in
the great San Joaquin valley.
NOTE OF WARNING TO ENGINEERS AND PROMOTERS.
In closing my remarks I desire to say a few things in the way of precaution to the engineer and promoter relative to the development of irriga—
tion by pumping. In the _rst place, of course, an inspection is necessary
of the ground waters which are to be applied for the purposes of irrigation
in the different localities in the arid regions of the United States. These
ground waters are sometimes impregnated with salts, which if applied to the
land would cause the destruction of the crops. It is therefore'necessary to
make a careful chemical analysis of the water to be applied in any locality
before any extensive enterprise is entered into. In the San Joaquin valley we
have found localities where the ground waters would be un_t for irrigation,
but the greater part of that valley is underlaid with waters suitable for such
purposes. In Southern California we have no dif_culty of that character as
the Waters are all very nearly free from salts, the only mineral which is
carried to any extent being calcium carbonate, which, in moderate quantities
is harmless. The salts of sodium are the ones which we dread the most,
particularly sodium carbonate or black alkali. This subject cannot be discussed in detail t'o-day, but I desire to state in this connection that the Reclamation branch of the United States service has in its employ experts who
are entirely competent to deal with this stage of the question, and the cities
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in the arid West in the localities where the government isdoing test work
need have no fear that this feature will not be carefully looked after. Also,
there is another feature equally as important. From the address made by
Mr. Storrs we see that this feature has received its careful attention; of
course this being the foundation of success or failure, it can in no case be
overlooked. The question of the crop which can be grown by irrigation, the
prices at which, this crop can be sold, and the cost of production on the one
hand and the cost of supplying the water on the other must be carefully determined by quali_ed experts; when this is determined the scheme may be
safely recommended if it is found to be feasible. In this regard we again
have the assistance of the able engineering corps which is combined with the
Reclamation Service of the United States, men selected for their special _tness in these lines of work, who have devoted a life-time, almost, to those
questions, and by the work so far accomplished show that they are devoting
their energies to determine which schemes of reclamation are feasible. Now,
we need not think that the reclamation of arid lands will stop when all the
schemes which are to-day considered feasible have been developed. The
history of every old nation shows us that as a country grows, as population increases the demand for production increases, and with these demands for
production enterprises which would not be commercial in ages past become
pro_table. Therefore, f expect to see that the reclamation of arid lands in
the United States will continue for centuries. I expect as the population increases the cost of production will diminish from natural causes. In this
manner, enterprises where it is now considered impracticable to pump water
for irrigation, will become entirely feasible, and it is hard for any one living
in the present day in this country, unless he has visited the older sections of
Europe to realize the extent of the possibilities to which this may be extended.
There are many others here who have ideas upon this subject, and as this
is a gathering where the ideas of the many may be an estimate of the whole,
I desire to thank you for your attention.
Mr. Newell—Gentlemen, in the remarks that Mr. Finkle has made he has
touched on two very important considerations, the _rst is the quality of- water
from underground pumping plants, and that, as he has stated, is being studied
quite thoroughly-—by two different divisions of the work. The other point
that Mr. Finkle has made is the economic, and there is where we must give
a great deal of thought and attention. That question is not to get water on
the ground or cultivate it, but the question is, will it pay in a given soil and
climate to cultivate the ground intensively; what are the crops and markets
which will enable men to succeed under the conditions? There is a subject
which opens up a wide range of discussion, whether, in'a given locality a project is feasible from the human side.
We have with us as guests and friends and associates in this work several
of the engineers from the Republic of Mexico. We appreciate their presence;
they have been very kind to come here, and one of them, Mr. Robert Galor,
Commissioner of Public Works of the City of Mexico, has consented to appear and say something of his work, although he is very apologetic as re-
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gards his ability to speak in English before a public audience, yet I trust he
will at least come forth and present himself to the audience. I take pleasure
in introducing Mr. Galor. ’
DRAINING THE MEXICO BASIN.
Mr. Galor—Mr. Chairman, Ladies and Gentlemen: I was invited by Mr.
Newell to say a few words abOut my work in Mexico. It will give me pleasure to do so. The City of Mexico is situated in the bottom of a basin which
has no outlet to the sea, and it is about seven thousand feet above the level
of the sea. Since the times of the Aztecs the city was _ooded a good many
times with very heavy water. The Indians began the work of the drainage
of the valley, but did not succeed. The Spaniards came afterwards and
met with some measure of success, but their works were not sufficient to drain
the valley. Afterwards the Government of the Republic of Mexico started
several times to do this work in order to save the city from the _oods. In
1886 our government started the work and pushed it with great vigor until
it was _nished about eight years ago. The works consist of a canal thirty
miles long and at the end seventy feet deep and twenty feet wide. After the
canal there is a tunnel six miles long and three feet in diameter. As soon as
these works were completed we were able to build the sewers of the city.
A lake was formed from storing the rain water of the valley. The drainage
works are large enough to include the waters of the lake as well as the soil
water of the city. We started the construction of the drainage and for that
purpose I was put in charge as chief engineer of the construction of the
sewers. I came to this country and had the pleasure of meeting several of
your ablest engineers, who gave me very good ideas, which I used in making
the plans for the sewerage of the city.
In 1896 we started the construction of these sewers and they are now
_nished. The system of sewers that we use is a combined system. I was particularly interested in giving a good system of _ushing, and I think we
succeeded, because we can _ush our sewers every day in _ve hours and thirtyseven minutes with only twenty men. All this water and the refuse water
off the houses goes to the main drainage canal, and through the tunnel. A
company was formed in order to use this water for developing electric
power and use the water for irrigation. As the tunnel is constructed on a
steep grade, they erected three power plants in which they generated electric
power, and they sent this power to Pachuca, which is one of the largest
mining places in the Republic of Mexico. This city is lighted by power generated with this refuse water of the City of Mexico, and a great number of
mining places receive power from this source. As soon as the water leaves
the power plants it goes to irrigate a large portion of very dry land, where
formerly they could not get crops one year out of _ve. Now they get crops
every year because they irrigate all these lands with very rich water, the
refuse water of the city. I think this is one of the most complete and best
schemes for the use of water, as we take it from the upper lakes that are on
the southern side of the City of Mexico and use it on the dry lands. At the
same time we have a complete system for the drainage of the city.
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Mr. Newell—We have to thank Mr. Galor for his kindness and for the
very interesting facts he has put so concisely before us.
For the bene_t of those in the back of the audience, or room, I will say
that Mr. Galor is chief engineer of the sewerage system of the City of Mexico.
He has devised and constructed a system of drainage or sewers for that city,
discharging through a tunnel and power is developed from the use of that
water, and the power transmitted and used for electric lighting and pumping,
after which the water is turned out on the dry lands and used in irrigation,
producing good crops, and the seepage or return waters go back into the
streams in a naturally filtered and puri_ed condition by their use in irrigation.
It is an ideal system and I hope that the description which Mr. Galor has
given out may be translated and published in our proceedings, at least in the
proceedings which will go to the engineers. We will learn a great many
lessons I think from the practical experience which Mr. Galor has had.
As the next paper on the program I will call upon'Prof. Thomas Taylor,
Professor of Civil Engineering at the University of Texas, who has been
co-operating with us in Texas in the study of the water supply and development of the water resources of the State for irrigation and power. For the
information of our Texas friends who have the idea that because the reclamation fund is not applicable in Texas, we are not working in Texas, I
think it is only fair to say that the Geological Survey has been spending a
considerable amount of money in Texas for many years; is systematically
studying this State as it is all parts of the United States, preparing the topography and maps of Texas; is studying its geology; studying its water, and
studying the opportunties of development, and if opportunities offer we will
co-operate in every way in utilizing the waters for the irrigation of land
whether in Texas or in any other part of the country. Professor Taylor will
speak to us briefly on his investigations of power for pumping water for the
irrigation of rice.
Mr. Taylor—Mr. Chairman: Before I commence I wish to precede my
talk with this motion: I move a vote of thanks to Mr. Galor for coming so
far and having the courage to address us in our own language.
Mr. Holabird—I take pleasure in arising to second the motion, not only
to extend our thanks to the individual, but to the Sister Republic for sending
him and giving us the knowledge of this treble use of the water.
Motion carried unanimously.
Mr. Newell—The management has requested that I give notice that the
Rural \Settlement section is holding a session on the second floor of the
Court House. It has been feared that perhaps some one has wandered in
here thinking he was in the Rural Settlement section, and if so we will warn
them that this is not the proper place. ‘I will do all in my power to give Mr.
Smythe an audience, and ask every one to go over and listen to them if he so
desires. We want to be fair in this matter and give the other section a
chance.
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POWER FOR PUMPING WATER FOR RIGE IRRIGATION.
PROFESSOR THOMAS TAYLOR, of Austin, Texas.
Mr. Chairman and Gentlemen of the Convention:
This paper could well have come as a discussion of Mr. Storrs paper,
because it is on a similar subject. It is not a new topic at all; it is a continuation of the general subject of pumping water for irrigation purposes. The
statement was made day before yesterday that in Texas there were _fty
thousand acres under irrigation. The gentleman stated only one-sixth of
the truth. There are over _fty thousand acres irrigated for general crops.
There are two hundred and twenty-_ve thousand acres of rice irrigated in
Texas, making in all nearly three hundred thousand acres, or as some estimate three hundred and twenty-_ve thousand acres under actual irrigation in
Texas not under ditch. The majority, or nearly all, or I might say ninety-_ve
per cent of the rice irrigation is done by pumping, strictly. There is only one
that I could call a ditch or canal plant in Texas, which derives its water
from tapping a stream by a dam, which is located at Del Rio. There is only
one plant in Texas that develops its power by water, that is at Cuero. The
ninety-_ve per cent then in Texas is from pumping direct; ninety per cent of
this is from the use of the centrifugal pump. Now as to this, as I said, it is
a continuation of the paper by Mr. Storrs—almost right in line with it. I
believe I got the statement right, that it required two acre-feet generally as
an average there to irrigate the crop. If I understand, that statement was
that each season you had to cover the land with about two feet of water.
RICE GROWING IN TEXAS.
In rice cultivation we have to put on more, because rice is a marshy crop;
it is used to growing in a swamp. Now, instead of taking the rice to the swamp,
0: taking the mountain to Mahomet, we went and got Mahomet and brought
him to the mountain. Now, instead of taking the rice down on the coast
and growing it in the marshes and bayous, we simply brought the marsh up
on the table land by pumping. We put a dam around the land to be cultivated and we pump on the inside of that and that makes our marsh there;
this is briefly rice irrigation. Now, rice irrigation you know—just brie_y I
will take up the Japan method; I have read this paper but will repeat just a
few words of it. A few facts were' given; the Japan farm has an average size
of about a quarter of an acre. This room is about the. size of a Japan farm,
of which there are nine million in Japan, or about 3,000,000 acres. Those of
you who have been used to planting tobacco know that you have to put your
seed out in a seed-bed before you start. They put theirs in a seed-bed and
then go out onto the farm and plant it out by hand, putting about two hundred
thousand stalks on one acre, and every one put down by hand. Now, you
can imagine the condition of a man’s back when he gets through with an
acre. Notwithstanding that, Japan produces to-day eleven times more rice
than the whole United States. In addition to this there are three Japan colonies in Texas to-day on our rice farms; at Del Rio; at Webster; at Garwood,
and I can say, as I said yesterday, they are displaying the same energy in
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rice irrigation in Texas that they are now displaying in scaling the walls of
Port Arthur. Now, instead of putting two feet per acre on their ground in
Texas and in Louisiana, which is the Carolina method, we have got to put
about three feet on unless it rains, and this is an uncertainty. We have got to
put three feet of water on the ground. We start and sow the rice like we
do wheat. We plow the land like we do for wheat; then we sow it with a
drill exactly like we do barley. The only difference is this: it is laid off in
farms where the difference in level is about six inches; they are dyked in and
the water is pumped on these after the rice is up a few inches, and it stands
there for about ninety days. Every particle of rice should be covered at the
roots from two to six to eight inches, and it ought to stand there for sixty
to ninety days; this is the modern method. Mr. Storrs spoke of the number
of plants and said that pumping was in its infancy. Well it is in its infancy in
Texas and Louisiana, but I must say it is a pretty robust infants
SIZE OF PUMPS.
Now, as to the size of these pumps: last summer I walked through the
suction pipes of one of these pumps. I stood in one and the upper part of it
was two feet above my head. That gives you just a faint conception of what
we are doing, and that very large engines are required to do this work.
There are _ve hundred, in round numbers, well plants in Texas irrigating rice
by using the small centrifugal pumps. I made a tabulation last night and this
morning of the number of big mnal systems. There are in operation to-day
in Texas, or were this last summer, exactly forty-one, irrigating from
500 to 16,000 acres per system. Now, on each acre per each minute
that you irrigate you ought to put seven and a half to nine gallons of water.
In Texas we estimate gallons per minute; we have to keep to that language or the people will not understand us. On every acre every minute you
have got to put about seven and a half to nine gallons; say seven and a half
gallons; that means for ninety days just three feet that you have got to put
on there. Now I make no excuse for the technical part of this because that
is what this section is. If we let X represent the number of acres to be irrigated and Y the lift in feet, there are two factors, and only two in rice
irrigation, as there are only two in all irrigation plants. The _rst is, how
much do you want to irrigate, that is in pumping plants; the second is, how
high have you got to «lift the water; of course these are the fundamental
factors. When you know these two an engineer can tell you how much power
you have got to put behind the machine to drive it. Now, the theoretic
horse—power or the actual horse-power in operation: If you multiply the
number of acres you want to irrigate by the lift in feet, and divide that by
440, you will get the number of horse-powers that you have got to have for
pumping. Roughly speaking. then, if you multiply the number of acres
you want to irrigate by the lift in feet and divide by _ve hundred, you have
a still more conservative estimate.
Now if a man is going into this business he should always make the manufacturer guarantee the goods. I know a lawyer down in Texas that almost had
his license taken away; he was over the average. He went to buy a horse and
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the professional horse-trader told him a long tale about the horse; the lawyer took it all down and says, “Come across the hall,” and then said “will you
please swear to that.” He stepped back. “No, sir, I may be a Texas horsetrader, but I won’t swear to that; I am too old a bird for that." But you can
do this, and the reputable makers of large centrifugal pumps as well as
small ones will guarantee them, and they go from one inch to sixty inches in
'diameter—they will guarantee them, but never go into it unless they do
guarantee them.
COST OF PUMPING.
Now, as to the cost, it is found in Texas you can get water from the big
canal systems at two bags of rice per acre, about three hundred and sixty
pounds; in average _gures then that will mean _ve or six dollars per acre
per season. You can get the water for that or pump it yourself, and on the
small well plants they actually irrigate for less than that. A well plant where
it has got a lift of not over twenty feet will uniformly produce better results
than the big pump canal systems. Now, that is roughly the substance of the
investigation of the amount of power necessary for the irrigation of rice in
Texas and in Louisiana. Why do I say in Texas and Louisiana? Because
in the old Atlantic States they are still using what we call the Carolina
method. Brie_y, then, what is the modern method? It is simply to produce
a marsh on the highlands by pumping the water up there, and there is but
one grayity plant in Texas, one water power plant in Texas, and all the rest
are power plants, pure and simple.
Mr. Newell—It is very impressive to learn what has been done in Texas
in pumping. the enormous development which has taken place there quietly
with the assistance of the engineers and other persons interested. The lessons given by Professor Taylor of the excellent results accomplished should
encourage us all to consider pumping as one of the great developments of the
future. The cost, I expect, will show up larger than that of gravity canals, but
we must recollect that the gravity canals built by private enterprises all over the
country have taken the cream of things. You cannot go along and repeat
and take out ditches now as you did ten or twenty years ago, and so pumping
plants come now into direct comparison with the later ditches, which we
must build at larger expense. In this connection it may be of interest to
some of us to know that in a telegram just received I _nd it stated that at St.
Louis, at the coal testing plant, in what is known as the mining gulch, near
the mineral building, we have just completed a most successful run on North
Dakota lignite in gas producing.
DAKOTA LIGNITE AS A GAS PRODUCER.
That is quite signi_cant because of the fact, which will be appreciated by
our North Dakota friends, that the North Dakota lignite has been considered
hardly worthy of taking into account in the development of the country,
but it is found that in this experimental plant that by utilizing that lignite
as a gas producer we get results which are superior to that of bituminous coal.
We hardly appreciate it until we understand that in that State hundreds of
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thousands of acres are underlaid with this lignite, which has been considered
very inferior to bituminous coal. If this is true it means an enormously increased value to that whole State and its industries.
Professor Taylor—I Omitted one thing, that is the advantage of pumping
from surface wells as over canal systems. We have in Texas an irrigation
law, so-called, and law they say is a science, but if our irrigation law is a
science, why, it is one of a rather peculiar brand. Now we have in the
courts a term known as the Texas rule. That Texas rule is that the latest
decision of the Supreme Court in regard to the upper and lower proprietor,
the present Chief Justice decided this, almost word for word: That if the
water could be used, that if irrigation was necessary for agriculture in the
locality where the contest occurred, the upper proprietor could take all of
the water out of the stream and not leave suf_cient for the lower proprietor
for the same purposes. He can force him to leave enough for domestic purposes, but not enough for irrigation purposes. The well proprietor has the
advantage; he is away off from a lake, away off from any stream; he has a
farm of one hundred and sixty acres, digs his well, and for twelve hundred
dollars can put down a good pumping plant, irrigate only thirty-_ve acres of
rice, spend nine hundred and seventy dollars in doing it, take in only one
crop and clear twenty-three hundred dollars on thirty-_ve acres. Now, we
are not all doing that; that is one of the best, but I am only going to give you
the best; we will do our own washing at home—not here. I always advise a
man to put in a well plant, why? Because injunctions cease from troubling
him, and irrigation laws are forever at rest on the well plant farm.
Mr. Newell——The Texas rule has the advantage of simplicity, for the
fellow _rst up the stream can get all the water; just think what it would do
for us in other parts of the arid region. Now we have left _ve minutes before
the stated order of the day, and the only thing I have on the program is an
address by Mr. Holabird on errors to be avoided in the management of irrigation systems. If Mr. Holabird will speak to us for _ve minutes we will ask
him to do so on the errors to be avoided in the management of, irrigation
systems.
ERRORS TO BE AVOIDED.
Mr. Holabird—Mr. Chairman, Ladies and Gentlemen: This is a little bit
of a surprise. I really have not very much time to even think about it; as I
think Mr. Newell will concede that. My observations, having some experi—
ence in the management of irrigation enterprises and in observing the working
of irrigation enterprises, lead me to form some conclusions, and I believe they
are reasonably correct. First, a given amount of water in one—I will not
name the enterprise; it is a great irrigation enterprise, possessing a great deal
of natural merit, both in the land and climate—the company allotted to the
land altogether a quantity of water. The land not all being farmed or occupied, each water user was allowed to use all the water he wanted. Instead of accumulating his water. which we will say was thirty miners’ inches.
and using it at stated periods by a schedule, he was allowed to use two or
three hundred miner’s inches all the time. Finally _nancial disasters overtook
this large corporation and they were in very great trouble. It was necessary
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to repair the ditches; it was necessary to sell more land in order that the
income from water rentals might be su_icient to maintain the ditches and
keep the company alive. It was ascertained that there was no surplus water,
because the few water users on these vast areas were using from two to ten
times as much water as they were entitled to, and when I suggested taking it
away they threatened to mob me; so you will see it is dangerous. In the
_rst place it teaches the farmer a very bad practice, of making him believe
that he has a prescriptive right to water that he never can own and should
not be allowed to use to his detriment, because my observation is that there is
more damage to crops by the abuse of water than from the lack of water;
you will _nd that universal throughout the West without exception. When
you talk about water—large quantities of water to a given quantity of land,
why, the orange growers of California who produce twenty-eight thousand
caroloads of fruit per annum, would think themselves wonderfully supplied
with water if they had one California miner’s inch to ten acres. The other
danger is in not having a schedule, and that will end my brief talk. I believe
that all distribution—I am speaking now from the point of the manager and
not of the engineer—of water should be distributed under a schedule. I do
not think it is wise; it will not work out well to let Mr. Jones telephone in
to the water man and say “I want some water to-morrow for my north
forty.” I believe it is best to, make your schedule, and tell Mr. Jones and Mr.
Smith the very day and the very hour and the very minute this water shall be
turned on, and when it shall be turned o_‘. This is very important indeed.
WASTEFUL METHODS OF IRRIGATION.
One of the most beautiful valleys in California, and I regret they are not
represented here so far as I know, is Owens Lake Valley, in Eastern California; it is one of the gems of the western continent. In the early days they
took the water falling from the high Sierras and appropriated it, as we call it.
There are scores of little farms in there using two and three hundred miner’s
inches of water. They irrigate when they want it and when they do not want
it the water goes to form lakes; the result is they are _lling the valley full of
lakes or ponds. That shows the folly of giving a farmer more water than
he actually needs and letting him have it to go to waste and ruin the country
and ruin his own crops.
Mr. Newell—The time has arrived for the special order of business, which
is of peculiar interest and importance to the citizens of this beautiful city,
and the inhabitants of the neighboring country on both sides of the line.
I wish now while I think of it to announce that at 12:00 o’clock the
committee of organization is to meet here in this hall.
THE RIO GRANDE.
The subject which has been assigned for 10:30 is that of the Rio Grande,
the wonderful river which _ows—sometimes—by your city; the river that
rises in the State of Colorado is of great importance to the southern part of
that State, _ows through New Mexico, is the fount of life of the greater part
of that territory, forms the State boundary between Texas and New Mexico
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for a little distance, and then for many miles forms the international
boundary between the State of Texas and the Republic of Mexico. The use
of its waters is, of course, of prime importance—of vital importance—to the
citizens of the State of Colorado, Territory of New Mexico, State of Texas,
and last, but not least, the Republic of Mexico. You are all familiar——those
of you who are interested in the subject—with much of the past history of this
river, and the discussions which have gone on concerning its use. I think
it is not necessary to mention, and in fact from the view-point of the engineer we wipe aside all of the past, and simply consider, and have the right
as engineers simply to consider what are the best conditions of the‘river and
what are the best uses of its waters irrespective of all territorial or social or
human interests. Starting out, therefore, with this consideration solely, as
to the river itself, what would be its ideal use without reference to State,
county, or territorial lines; then, with that starting point, which is as far as
the engineers will go, we simply say, here are the facts. Now, it is for your
consideration as citizens, as statesmen, to say what shall be done with the
river, but it is for us to inform you, as clearly and impartially as possible,
what we consider are the physical facts which must be taken into account in
any of the problems, and the best use of the waters of the stream. There are
before us in the audience, representatives from New Mexico, from Texas and
from Mexico. There are members of Congress and others who must give the
last word to this matter, and we wish, in presenting this as engineers, to con_ne ourselves strictly to the engineering features, and let you draw your own
inferences and reach your own conclusions without any intimation one way
oh- the other, as far as we can, as to what we consider to be the’ best solution, other than that which is based on the facts.
The Secretary of the Interior, who has charge of the expenditure of the
reclamation fund, has authorized, among other investigations in the West, a
study of the Rio Grande in the same way that he has authorized the study
of the Colorado and the Arkansas and the Platte and all the other great
streams in the West, and we will report to him the facts, which we _nd,
with such recommendations as may seem desirable. He has gone still further,
I think, in of_cial publications and intimated that both the Secretary of the
Interior and the Secretary of State hope to see, through the expenditure of
the reclamation fund, some solution possibly,-about the question confronting
us on the Rio Grande. The passage of that law, creating the funds which
are available for construction put an entirely new basis upon the consideration
of the Rio Grande, and many of us who may have formed opinions in the past,
must of necessity recast them on the basis of the facts which have been
carefully considered and brought out and given during the past season.
These are engineering facts simply, they are based upon careful measurements made by Mr. W. W. Follett, who has devoted practically his life to the
study of the Rio Grande, and worked up by him in connection with Mr. Hall,
our supervising engineer for the Rio Grande district.
I now have the pleasure of introducing Mr. B. M. Hall, who will speak to
you brie_y on the subject of his studies of the Rio Grande. Many of the
most important matters to be considered by Mr. Hall can only be made
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comprehensive by diagrams, and it will take a little time to display these.
These are diagrams which can only be understood by careful personal examination; they are not of a nature to be displayed largely in a hall. I might
say that this paper was prepared originally to be read at a small session of
the engineers, where we could get together in a small body and see the dia~
grams, and we had no expectation of the popular interest in the matter until,
we may say, this morning, when it seems that a large number of people
wished to hear the reports and calculations of the engineers. Therefore the
diagram which was prepared for our own personal and direct inspection may
not be wholly intelligible, and we will ask those interested to see Mr. Hall
later so that they may see them. _We also have a large number of drawings,
which can be inspected at any time, here or in Mr. Hall’s o_ice a short dis—
tance away.
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PAST AND PRESENT PLANS FOR IRRIGATION OF THE
RIO GRANDE VALLEY.
B. M. HALL, Supervising Engineer U. S. Reclamation Service.
The Rio Grande rises in the State of Colorado, and _ows south through
the entire length of the Territory of New Mexico to the north boundary
of Texas, near the town of Anthony. From this point “The Pass," about
four miles above El Paso, Texas, it forms the boundary between New Mexico
and Texas. At “The Pass” it becomes the boundary line between the United
States and Mexico, and continues as such for about 1300 miles to the Gulf
of Mexico.
So far as its history is known it has always been a torrential or stormwater stream, subject at times to great _oods, and at other times to periods
of minimum _ow when its bed was dry, or carried an insigni_cant amount
of water along certain parts of its course.
Above El Paso it has a length of about 900 miles, and a drainage area of
about 38,000 square miles. In this section its ordinary _ow, or what is known
as its permanent water, comes almost entirely from a comparatively small
area in Colorado and upper New Mexico, where there is a heavy snowfall in
the mountains.
The country through which it _ows is very fertile, but the rainfall is so
meager and so erratic that it is an arid desert, and no crops can be raised
without arti_cial irrigation.
EARLY IRRIGATION IN RIO GRANDE VALLEY.
Before the middle of the sixteenth century the Spaniards entered the valley of the Rio Grande in New Mexico, and there found the Pueblo Indians
living in towns, cultivating the land, and bringing water onto it by irrigating ditches, many of which are still in use to this day. A Spanish colony
was established at Chamita, New Mexico, in 1598, and at Santa Fe in 1605.
The latter colony existed until 1680, when they were driven out by the
Pueblo Indians. Spanish supremacy was again established in 1692. From
that time to near the middle of the nineteenth century the Rio Grande Valley
in New Mexico was under the dominion of Spain and Mexico, and was settled
up by Spaniards and Mexicans, who irrigated and cultivated the lands. In
the excellent report made by Mr. W. W. Follett in 1896 to the International
Boundary Commission, he says: “While quite a large native population has
come into the Rio Grande drainage in New Mexico since the construction of
railroads in 1880, it is con_ned principally to the towns, and to-day fully 90
per cent of the irrigating in this section is done by Mexicans and Indians."
In the same report Mr. Follett says: “The El Paso Valley was occupied by
Spaniards over three hundred years ago. In the year 1600 El Paso del Norte
(now called Juarez) was an important town, and records are in existence over
two hundred and eighty years old which refer to the Acequia Madre of El
Paso del Norte as being in use.” In speaking of his investigations in El
Paso Valley, Mr. Follett says: “From all I could learn, I should judge that
in former years some 40,000 acres of land were tilled in this valley, more than
half of which was on the Mexican side of the river.”
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SCARCITY OF WATER.
During recent years there has been a great scarcity of water in the Rio
Grande, in New Mexico and in the El Paso Valley of Texas and Mexico.
The de_ciency of _ow at El Paso brought about a complaint from the Republic of Mexico. The question by a protocal, dated May 6, 1896, was referred to the International Boundary Commission for a full investigation and
a report upon the following points:
l—The amount of water of the Rio Grande taken by irrigation canals in
the United States of America.
2—The average amount of water in said river, year by year, before the
construction of said irrigation canals, and since said construction.
3—The best and most feasible mode of so regulating the use of the waters
of said river as to secure to each country concerned, and to its inhabitants,
their legal and equitable rights and interests in said waters.
On November 25, 1896, this Commission, composed of Col. Anson Mills
for the United States, and Se_or Don F. Javier Osorno for the Republic of
Mexico, having before them the full and complete report of Mr. W. W. Follett, United States Engineer for the Commission, reported as follows: '
1—The increase in the acreage irrigated from the Rio Grande in the State
of Colorado from the year 1880 to the year 1896 was 197,000 acres. The
increase of acreage irrigated in New Mexico during the same years was 3000
. acres, making a total of 200,000 acres.
2—The _ow of the river at El Paso has been decreased about 200,000 acre
feet of water per annum by the taking of water for irrigation by canals constructed in the United States of America; the great mass of these waters consisting of _ood waters utterly unavailable for irrigation without large reservoirs.
3—As “the best and most feasible mode of regulating the use of water,
and securing to each country and its inhabitants their legal and equitable
rights in said waters,” the Commission recommended that the United States
government should buy all necessary land, pay all damages, and construct at
its own expense an international dam at “The Pass,” about four miles above
El Paso; submerge 25,565 acres of good land in the United States with
water; extend the Mexican boundary upstream to the dam site, giving Mexico
98 acres additional territory in order that one end of the darn may be on
Mexican soil; deed one—half of the dam, the reservoir and the water supply
to the Republic of Mexico, and in some way prevent the construction of any
large reservoirs on the Rio Grande in the Territory of New Mexico.
The Commission estimated the cost of this project at $2,317,113.36.
As above mentioned, Mr. Follett estimates that about 40,000 acres of
land had prior rights under the old canals in El Paso Valley, and was deprived of irrigation by the act of American citizens on the head waters; and
that something more than one half of this 40,000 acres lay on the Mexican
side of the river. As the restoring of these ancient water rights is the primary object of the proposed expediture of $2,317,113.36, the cost of the project would be $57.92 per acre. However, it will be shown further along in
this paper that the proposed resevoir could be made to irrigate 55,000 acres
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in El Paso Valley, which would put the cost per acre at $42.12, prOvided
the estimate of the Commission is a correct one. There is every reason for
believing this estimate too low, but aside from the monetary cost per acre
for the land to be irrigated, there is another- item' of cost to be considered.
The reservoir would cover 25,565 acres of good valley land with mud and
water, and would cause marshes to form in the low _at valley at the head
of the lake amounting to perhaps 15,000 acres additional, making a total
destruction of about 40,000 acres of land in Mesilla Valley, which is just as
near to El Paso, and just as valuable as any of the land that would be irrigated.
WOULD H'AVE LEFT NEW MEXICO OUT.
While the published report of the Commission and its engineers plainly
sets forth the fact that increased irrigation in Colorado caused shortage of
water in Mexico, Texas and New Mexico, their recommendations not only
leave New Mexico out of all the bene_ts to be derived from a project inaugurated for the purpose of making up this shortage, but give part of her territory to Mexico; cover up another part of it by the proposed reservoir, and
distinctly ask that the government shall prevent the construction of any other
large reservoir on the Rio Grande in the territory of New Mexico. The only
reasonable explanation of these extraordinary recommendations lies in the
probable fact that the Commission had no alternative plan for consideration,
and thought that the plan recommended was the only possible plan that could
be adopted for restoring the water to which Mexico laid claim by virtue of
ancient prior use. Indeed they were confronted at the time with the prospect
of an Elephant Butte dam in New Mexico, not under government management,
but to be constructed, owned and operated by a stock company of private
capitalists, whose plans contemplated the construction of a comparatively low
dam, without suf_cient storage capacity for irrigating a large area above and
having a surplus for Mexico. At that time the United States government had
no Reclamation Service. Now that conditions have completely changed, and
there is an alternative plan which claims to be able to accomplish just as
much for Mexico, and a great deal more for the United States, it becomes
necessary to compare these two plans, and choose between them.
The alternative plan, suggested by the U. S. Reclamation Service, is to
build a storage dam opposite Engle, New Mexico, across the Rio Grande at
a point about a quarter of a mile below the site selected by the old Elephant
Butte Company, and a third of a mile below the Elephant Butte, which is a
conical mountain peak rising abruptly from the river bank to a height of
about 500 feet. At this site it is proposed to build a dam that will form
a reservoir 175 feet deep at its lower end, ‘and 40 miles long, with a storage
capacity of two million acre feet, that will impound enough water to furnish
600,000 acre feet per annum, and irrigate one hundred and eighty thousand
acres of land, distributed as follows:
110,000 acres in New Mexico.
20,000 acres in Texas above El Paso.
50,000 acres in El Paso Valley below El Paso.,
(11)
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With the above brief statement of the U. S. Reclamation Service project
we will proceed to compare it with the International Boundary Commission
project, in a spirit of fairness, and with the object of arriving at the best
solution of the question before us.
In considering these projects, or any other plan of water storage on the
Rio Grande, it is well to keep in mind the following facts:
1st—While the _oods on the river are enormous, they do not come with
any regularity, and the total _ow in some years is less than one-tenth of the
total _ow in other years. 2d—Any reservoir constructed on the river will stop all the silt that comes
down the river in suspension. Hence a small reservoir will accumulate as
many acre feet of mud per year as a large one until it is _lled with mud.
3d—All of the water that comes down the river is needed for irrigation.
We can not afford to waste any of it.
These three conditions make it imperative that the reservoir should be as
large as possible, and as deep as possible; having a capacity for carrying a supply of water over from year to year to equalize the yearly inequalities, a surplus capacity for mud accumulations, and a surface for evaporation that is as
small as possible in comparison with the quantity of water in storage.
Mr. Newell—The next short discussion or presentation of facts on this
subject will be by Professor Schlicter. He has made a very careful and
thorough study of the question of the under_ow in and about this city. This
investigation was made for the purpose of setting at rest the questions which
come up at all times as to how large a quantity and the quality of the water
which is believed to be moving beneath the surface of the ground in the apparently dry river channel. Professor Schlicter has during the past few years
developed and put to practical use very ingenious devices for measuring the
rate of movement of water under ground, and he has been able to demonstrate
the fact, which we before suspected, that the waters are moving underground
in these apparently dry river channels, but that they are moving very slowly
in many places. The quantity is restricted and the quality varies very much
from that of pure water. Professor Schlicter has made these investigations
for the purpose of furnishing material for comparison, and will give us
brie_y the results of his examination.
RIO GRANDE VALLEY UNDERFLOW.
Professor Schlicter—Ladies and Gentlemen: I had the very great pleasure this summer of co-operating with Mr. Hall in one or two of the secondary
problems connected with his very dif_cult investigations upon the Rio Grande
project. I will report in a very few words upon the investigation of the underHow in the pass above the city. The point selected for this investigation was
the exact line of the proposed international dam. Accepting the Mexican
borings at this point as c0rrect the greatest depth to bed rock here at this
point is eighty-six feet, and the total width of the sands at the level of the
channel of the river is less than four hundred feet. The _rst point that we
investigated was the determination of the slope of the water through the
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pass. We found by running the levels that the average slope of the water
at this point in the river was considerably less than four feet to the mile, being no greater than three and six-tenths feet to the mile. This _rst part of the
investigation was very discouraging, for we expected to _nd a very large _ow
of water through the gravels, as the _ow of water through gravels is controlled by the head under which it _ows, as well as the _ow of water through
pipes or through streams themselves. We began the investigations by mak—
ing borings to various depths, and we found that at this point the sands were
very uniform. There was an absence of boulders and of broken rocks; _nding only occasionally layers of silt. The sand might be described as a largesized cement sand or planter sand, quite free from silt except in occasional
layers. The layers of silt increased as depth was penetrated until they became
quite numerous at greater depths. The velocity of the ground waters through
this pass was found to be exceedingly moderate, as might have been anticipated from the slight slope which the water possessed. The velocity in no
case exceeded three feet in twenty-four hours, the lowest being a little more
than two and a half feet in twenty-four hours, and I should say it is slightly .
less.
SALINITY OF UNDERFLOW.
But one surprising feature that developed in these investigations was the
increasing saltiness of the water as the depth penetrated increased. The
amount of common salt in the water at,ten feet is about one hundred parts
in one hundred thousand, but this continued to increase with every foot of
depth, but quite slowly, and at a depth of between thirty-_ve and forty feet
the amount of common salt took a sudden jump and increased enormously,
so that at a depth of sixty feet the amount of common salt in the water was
found to be about two per cent, or two pounds of common salt to one hundred pounds of water. Not only did the common salt increase, but the alkalies and other salts in the water showed an even greater tendency to increase.
These, at a depth of between thirty-_ve and forty feet suddenly increased
and seemed to increase almost inde_nitely, until at a depth of _fty feet the
total salts in the water were found to be just short of _ve per cent, or
about one pound of salts to three gallons of water. which is considerably
stronger—not quite twice as strong as the water of the ocean. An estimate
can be made from the cross section of the gorge as to the amount of under_ow, the amount of water that passes through the gorge. Before passing
to that I will say that it is of course very difficult to measure the rate of
movement of these very strong waters, but at a depth of forty-two feet the
apparatus worked very well, and we waited many days in our tests, and we
found that at that depth the motion of the water had ceased altogether, which
corresponds, of course, with the sudden change of the character of the water,
where the water was found to suddenly increase and the amount of salts dissolved in it, that was the place where the motion of the water ceased altogether. So, taking the cross section of the gorge, and assuming that I am
mistaken in regard to the lack of movement of the water at great depths, the
total amount of water _owing through the gorge is less than one and one-half
second feet, or taking the area in which we know the water‘ moves, and
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accepting as a fact the area in which we know it does not, the total amount
of water _owing through the gorge is one and one-tenth second feet, barely
su_icient to irrigate, I suppose, from sixty to seventy acres of land.
SOURCE OF SUPPLY MESILLA WELLS.
I will not take up your time with any further matters except one point I
observed in the Mesilla Valley, near Mesilla Park and Las Cruces, where we
succeeded in measuring the amount, of water lost by the river and contributed
to the gravels. As the results of the investigation at that point, I think we
have established that the source of the water that is used by the pumping
plants is the river itself; that the origin of the ground waters, or the supply
of ground waters which are used by the pumping plant, is the water contributed by the river itself or lost by the river. A number of test wells were
put in places and observations were made upon these about every week by
Professor Tinsley of the Agricultural College, who extended the obser—
vations through the time of the heavy _oods. We found that before the
_ood, or during the very low stage of the river, the river was contributing
a very small amount of water to the gravels, but at the time of the _ood
.and silt that is deposited on the bottom of the channel is scoured out by the
heavy _ood, and during that period the river loses for each mile of its
channel seven and one~ha1f second feet of water; that is the maximum contribution of the river during the _oods for each mile of its channel it loses
seven and one-half second feet. For the entire _ve weeks of these observations the loss of the river to the gravels was an average of a continuous
_ow of three second feet for each mile of the river.
These cover, I think, suf_cient points that directly bear upon the proposed
dams and storage reservoirs.
Question asked of Mr. Schlicter—For the bene_t of myself as well as
others more deeply interested in this matter, Mr. Hall in his table there
shows that the over_ow in the Elephant Butte dam will be nothing. Now, the
_rst question that I want to ask is this: If there will be no over_ow in the
Elephant Butte dam, naturally the Elephant Butte dam would catch and retain all of the water, and I therefore want to ask, the _rst question, would
there then be any river at El Paso? _
Mr. Schlicter—It seems to me that that question is not directed exactly at
the right person. I understand that the water is to be allowed to _ow down
the channel of the river, and that the diversion dams will take it out, although
this is a question that does not belong to me. '
Question—Well, that questibn probably does not pertain to your discussion, the next question that I want to ask probably will; and that is, if there is
no over_ow from the Elephant Butte dam, and we obtain the water for our
pumping plants from the river, will not these pumping plants exhaust the water
below and the pumping plants cease to exist?
Mr. Schlicter—Very likely that would be the case. If the source of supply
is cut off and you continue to pump, there must be a depletion of the stored
waters, which occurs at the present time during every irrigation season.
Water levels' are very greatly lowered by pumping plants.
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Question—As I understand it, you propose to bring that water down the
river channel, is that true, Mr. Hall?
Mr. Hall—The water that you get now in the river, that is underneath the
river bed and in the valley lands comes from the rains on the high lands and
from _oods down the river, and from the water that is _owing in the river'at
certain periods. The under gravel gets saturated. We estimate that when
we get in that storage dam, that instead of injuring that condition we will better it. You will still get all of the rainfall that comes below the dam; of course
you will have the _oods originated below the dam—they will not be disastrous
_oods—but you will at all times have a wet river bed and considerable water
_owing in it, while at present you have a river bed that is dry for _ve
months—and longer this year—~and I suppose the conditions ought to be better
because of the percolation from the river bed more or less and there is always
a _ow from the rain-fall on the mesa.
Mr. J. L. Rhead—I just want to mention a fact, that I believe one point has
been lost sight of, that is the fact that the water stored in the Elephant Butte
reservoir would be distributed over the lands of the valley, and the pumping
plants would be thereby bene_tted in place of being injured. In place of being fed by the water of the river they will be fed by the distribution of the
water over the lands. .
Question—I should like to ask a question, Mr. Hall. Your table shows
that the _ow at the upper location—at Elephant Butte, is greatly in excess of
the _ow of the river at this lower point. Professor Schlicter’s discussion
gave us to understand that the sub _ow at any point in the river was very
small comparatively. I should like to ask as a matter of information what
becomes of the water which _ows at the upper point, and not at the lower, if
it does not become sub _ow? '
Mr. Hall—We have not followed that up; we expect to _nd that out; all
we know is that it was true.
Mr. Ho_’mananou will probably have to “go below” to _nd it out, Mr.
Hall?
Question by Congressman Stevens, of Texas—I started to ask Mr. Hall
this question: I believe you reported that _fty thousand acres shall be
irrigated below the city of El Paso. You do not state whether they shall
be equally divided between the State of Texas and Territory of New Mexico,
or make any recommendation.
Mr. Hall—I thought it was best for us as engineers to leave that to you,
gentlemen. _ ‘
Mr. Stevens—~As a rule of law, as well as common sense, the party getting
up a document—a legislative body or court—should construe it and not leave
it to other parties who do not know what their intention is.
Mr. Hall—I made a calculation in the paper which I did not have time to
read. The opinion that I had upon the question was that it would be better
for the State Department and the Congress of the United States to settle that
question. We have troubles enough of our own.
Mr. Stevens—I desire to ask another question: I _nd a statement, Mr.
Hall, in your report, to the effect that the Water Boundary Commission pro-
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vided, in a bill I presume, or in a report, that no reservoir should be built at
any point in New Mexico.
Mr. Hall-That was given the preference in their recommendation. They
did, however, give an alternative, which I did not mention. It was their
expressed desire that no dam be allowed to be made on the river above, but
if, that could not be prevented, then they give an alternative.
Question—The language in the report that I desire to draw your attention
to is this: In the _rst part, speaking of the Water Boundary Commission,
you say that they distinctly ask that the Government prevent the construction
of any other large reservoir on the Rio Grande in the Territory of New
Mexico. Now the bill, which was formulated by that committee, and that
satis_ed both the United States and Mexico, and was recommended by this
Commission, which you seem to in some measure criticise, is this: it is a bill
to provide for the equitable distribution of the water of the Rio Grande between the United States of America and the Republic of Mexico. The second
object is for the purpose of building an international dam and reservoir on
the said river at El Paso, Texas. Now, the misconstruction, as I understand
it, is this: You stated it was the object and purpose of this Commission to
prevent the building of any other dams above here in New Mexico? The bill
states this distinctly, the _rst section of the bill. “Be it enacted by the Senate
and Congress of the United States of America that nothing of the Acts of
March 3d, 1891, shall be so construed as to authorize an appropriation and
storage of the waters of the Rio Grande in the Territory of New Mexico, to
which others have right by prior appropriation.” Now that has been left
out in the calculations in the newspaper statements and in the criticisms of
myself and other men who have advocated the building of this international
dam from the beginning, and my object in arising here is to defend ourselves
against the statements published in New Mexico and advocated in Congress.
We have never asked or sought to prevent the building of dams in New
Mexico, and all we ask now is, that the water that has heretofore been appropriated by this valley and Mexico shall be continued to be appropriated by us.
Mr. Hall—I will state that I made no criticism upon Congress nor any bill
that has been introduced in Congress. I simply wished to show by that
statement the recommendation of that commission, and I quoted the language
of that recommendation as to their preference. They stated that the Government should be asked to prohibit the building of any dam in New Mexico if
possible, but if they could not do it, to do something else.
Delegate from California—It seems to me that Mr. Hall has answered in
his paper the question raised by Mr. Stevens to a great extent by saying that
the building of one large reservoir would be much better than the building
of small ones, several, one above the other, owing to the silt question.
Hon. B. S. Rodey, Congressman from New Mexico—On behalf of New
Mexico I desire to state now, that notwithstanding this report and this
agreement, that the remaining portion of New Mexico does not waive any
of its rights in reference to building dams, nor any of its claims to have dams
built up at a later date. Myself and Brother Stevens have for the past six
years fought this out in Congress and I hope it is to be settled here to-day.
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Mr. Stevens—I am glad to know that Mr. Rodey has the common sense to
recognize the fact that we do not want all the water of the river in the international dam, but that we are willing to divide with New Mexico, but that we
do want the water that we have had the right to appropriate heretofore. (Applause).
Mr. Rodey—We have been scared to death for about ten years by Brother
Stevens. I believe the whole matter can be settled now, but we never have
given up our rights to the waters that fall in our dishpan. We are good citizens and are liberal, but we don’t give up the waters we need.
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Thursday Afternoon, November 17. 1904.
The meeting was called to order at 1 :30 p. m., Chairman Newell presiding.
Mr. Newell—Our program calls for a paper by Mr. Thomas H. Means,
Engineer of the Reclamation Service, on “The Necessity of Draining Irrigated
Lands.” ‘
Mr. Means—I have not attempted to prepare a paper on this subject, but
have gotten together a few ideas on the necessity of draining from the standpoint of the growing plant in the hopes that some discussion would be provoked and bring out. a great many more thoughts, perhaps, than I could by a
more lengthy paper.
Most of the agricultural plants which we use now are the result of
thousands of years of selection and development. They are almost without
exception plants that are adapted to growing in moist soils, but not wet soils
or in standing water. A few of our plants, as rice, are adapted to growing in
water, but we can say that generally our agricultural plants cannot grow in
standing water. The roots of these plants require two things for their proper
development. The _rst and foremost is water; the second is air, and if we
exclude either of these from the roots they will not develop as they should.
Most of us do not consider that air is essential to the growth of the roots of
plants, but you might almost as well cover a plant to its top with water as to
cover the roots entirely with water and exclude the air from them. We have
aside from the roots, 3. number of friendly bacteria in the soil and all of them
require moisture and air for their proper development. One of the most useful families of plants, the legumes, have a faculty of obtaining from the atmosphere through the activity of bacteria, the nitrogen necessary for their
development, and leave nitrogen in the soil. This nitrogen is obtained
through the myriads of nitrogen bacteria in the soil, and these bacteria can not
exist there in the absence of moisture and air and perform their proper
functions. Where air is excluded and moisture is in excess a different set
of bacteria or denitrifying organisms seem to _ourish and undo the good accomplished and turn loose their nitrogen. So for the bene_t of the plants
themselves as well as the bacteria we must have both air and water. However, every drop of excess moisture in undrained soil is damaging to the plants
growing in the soil. Undrained soil not only prevents the proper growth of
the roots, but is usually cold from the fact that there is a greater evaporation
on the surface. The cold soil naturally prevents the development of the roots
and the development of plants from the roots.
We also have certain chemical changes which take place in undrained soil.
In the arid country the development of alkali takes place. This sometimes
occurs in the soil as a result of decomposition, but I have known a great many
instances where it has developed from the fact that the soil was not drained.
You will notice in districts where black alkali occurs around the edge of the
plants there will be a black ring of sodium carbonate, resulting from the undrained condition of the soil. In the eastern regions sour soils develop in
undrained _elds. The same thing is also seen in the West, though western
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soils usually contain a large excess of carbonate of lime, which has a tendency
to prevent the formation of acid.
IMPORTANCE OF DRAINAGE.
The most important feature in connection with undrained soils in the
West is the development of alkali. We have in all of the soils and rocks,
a certain amount of soluble matter, either present as such or forming by the
processes of rock decomposition. This accumulates at the point where the
water evaporates and leaves all the alkali there at the surface where it can do
the most harm. The development of alkali is a most serious problem confronting the irrigation farmer because it prevents crop growth. Drainage, applied either arti_cially or existing naturally, prevents these conditions from occurring or if they exist, greatly aids in reclamation by removal of the alkali.
We know it is possible by drainage to reclaim alkali lands and to improve the
soil and allow the friendly bacteria to develop and grow, and that it is possible
by this means to obtain the nitrogen from the atmosphere which is useful to
the crops that produce it and the following crops.
Drainage also prevents the formation of black alkali. There have been
seen some marked cases of this, where the simple drainage of the land has prevented, or, as one might say, neutralized the black alkali, and the last but
not least effect is that drainage warms the soil. These are some of the points
we want to consider from an agricultural standpoint. They appeal to the engineer because he is trying to irrigate lands for the use of the agriculturalist.
A great many points I might bring up, but I think they can better be brought
up by some discussion.
Mr. Newell—The remarks of Mr. Means are now before you on the necessity of draining irrigated lands. That matter which Mr. Means has discussed brie_y and so well is one of the most important in the work of the
irrigation engineer, that is, to provide drainage or consider the necessity for
drainage at the same time he considers the necessity for irrigation. We have
all seen the ruin and blasted hopes due to the lack of provision for drainage
and the destruction by alkali closing up the pores of the soil. There are a
number present who probably know something about that, and I would like
to hear from Professor Forbes, who has done such good work in Arizona.
THE DATE PALM A WATER FEEDER.
Prof. Forbes, of Arizona—I might cite an exception to Mr. Means’ rule
that all soils must be drained, of which he has given one exception—the case
of rice. I will give another. I have just returned from a trip into Lower
California, where I went largely for the purpose of hunting up a plantation of
date palms I had heard of down there. Among other conditions I have found
in that oasis, I found great numbers of date palms, thousands of them ranging
up to 200 years in age, growing in a water-logged soil and bearing fruit. My
companion and I dug some 18 wells from one end of the water-logged strip to
the other, ranging in depth from two to ten feet, and found that water came
all the way from one foot to within two inches of the surface of the
soil, and in that sub-aqueous strata we found the ground matted with date
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palm roots. That is interesting as it shows that water-logged soils have their
uses and their utilities. It is possible that in regions like the Colorado River
where there will probably be undrained lagoons for many years their utilization may be brought about.
Mr. Newell—That is an exceedingly interesting matter, as in some parts of
the country it will be practically impossible to drain lands because of thefact
that they are beneath the general level of the water. The whole subject of
drainage is one that is impressing itself upon us more and more. The Reclamation Act provides for the control of water to reclaim the land, but we have
rather read into the law that it includes drainage, which is involved in the reclamation of a great deal of the better land we have to deal with.
Mr. Barbour, of California—For two years I was employed to construct
canals and lay off lands for irrigation. The lands were laid off _rst from the
main canal by running contour checks, starting from the main canal and running contours, dropping down from each check from 3/31 to 4/10 from one
to the other. After the checking had been done, we put in a system of irrigating ditches from the main canal, and between the irrigating ditches we had
drainage ditches, which we carried down to sloughs or else made other ditches
to carry off the surplus water and take it back into the main canal again lower
down, and in that way we drained off a great deal of land where there were
spots of both black and white alkali. There were spots there which at _rst
would not grow vegetation but in two or three years it produced in abundance
grain and alfalfa. ‘
AN INTERESTING EXPERIMENT.
In talking with Mr. Miller one day he gave an instance of an experiment
he had made. On the San Joaquin River he had about ten thousand acres
of alkali land that would produce nothing. He had heard of the government’s
experiments in draining the alkali out. He built a large canal through the
center of the tract and on either side of the canal was a slough. He built irrigation ditches from that canal in both directions. He carried these ditches
out a certain distance so that they would not come quite to the slough and
then built drainage ditches between the irrigating ditchesto carry the water
off to the slough. He irrigated the land and as soon as it was dry enough
plowed it up, let it lay about two months, irrigated again and plowed it up
again. He then let it lay until the next spring, when he irrigated again and
plowed it up again. He let it lay again for about two months and repeated the
process. The third season he put in wheat on the alkali land and got the largest
crop that he ever raised anywhere. The fourth year he put it into barley and
the _fth year into alfalfa, and said that it was the best alfalfa that he had on
any of his ranches. Now this was land that would not grow any kind of vegetation. It was perfectly waste. Not only that, but he reclaimed about 3000
acres of that lake bed by running this alkali into the sand of the lake bed.
As a matter of fact he reclaimed about thirteen thousand acres of land by that
experiment. He said he got his _rst idea of reclaiming this land from reading of Government experiments.
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Mr. Newell—We have a paper, as the next number on the program, by Mr.
Fellows, on “Estimate on Tunnel Work.”
Mr. Fellows—I wish to state that what I have to say with regard to estimates on tunnel work will be limited to irrigation work only, as that class of
tunnel work would necessarily be considered by itself to a certain extent. At
the same time, the rules applicable to one form of tunnel must necessarily apply to the others also. What I have written must be considered as general
as well as relating more particularly to the irrigation work.
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ESTIMATES ON TUNNELING IN IRRIGATION PROJECTS.
A. L. FELLOWS, District Engineer U. S. Reclamation Service.
I _rst became intimately concerned with tunnel construction about eighteen
years ago, in connection with an irrigation project in Southwestern Colorado.
In this project, the lands to be reclaimed were separated from the river which
was expected to furnish water for their irrigation, by a divide rising to an
elevtion of several hundred feet above the river bed. The tunnel forming
part of the irrigation system as constructed, was 5400 feet in length, with a
cross section of 7x9 feet. My connection with this project was that of Assistant Engineer, and there I learned principally what not to do.
As is common with corporate enterprises, the amount of money available
was decidedly limited, and it was generally considered that money that could
be saved in surveying was economy for the project. As a matter of fact, in
this particular case I have estimated that three-fourths of the actual cost of the
project would have been saved by careful and thorough engineering.
The tunnel was constructed of considerably greater length than was neces—
sary and was left unlined, in spite of the protest of the Assistant Engineer, on
the theory that it‘was more economical to give it a heavy grade and to leave
the tunnel unprotected, than to construct lining that might serve as protection.
RESULT OF FALSE ECONOMY.
This tunnel may today serve as a typical, horrible example. The roof has
caved in until there are, in places, rooms of from 16 to 30 feet in height. The
_ner material has been washed out to some extent, but the bulk of the material
broken down from the roof is left as a menace to the maintenance of the tunnel and an impediment to the _ow of the water. It would cost more to-day
to put this tunnel in good repair than to construct a new one. I cite these
conditions simply as instances of things to be avoided in tunneling, or, in fact,
any other kind of engineering work.
My attention was _rst drawn to the Uncompahgre Valley Project, of which
the Gunnison Tunnel is an integral-party, by its similarity to the project
which I have just instanced, and in its examination every effort was made to
avoid the mistake that had been made in the _rst project.
The importance of thorough surveying, with reference to any class of engineering, cannot be over-estimated, and this importance is particularly well
illustrated in the survey of the Gunnison Tunnel Project which I am now
discussing. As a matter of fact, mistakes did creep into the early part of
the work, and had the project been constructed as at _rst contemplated and
as the earlier surveys seemed to indicate was the proper method, it would have
been done at an increased cost of several hundred thousand dollars. In my
opinion it is safe to say that surveys amounting, at the outside, to not over
$8,000 in cost effected a saving of not less than $200,000 in construction. This
refers to the construction of the tunnel alone, and not in any way to the increased ef_ciency of the project as a whole, with reference to which it is estimated that the cost has also been lessened by at least another $100,000, and perhaps by twice that sum, through the change.
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FACTORS CONSIDERED.
The best location for a tunnel having been decided upon in a general way,
the details must be worked out with the greatest of care. The amount of
water to be carried, the amount of fall available, the best alignment for the
tunnel, from both topographic and geological standpoints, the cross section,
co-ef_cients of friction and velocity of _ow, are all to be determined as exactly as possible.
The alignment may depend upon a variety of both topographic and geologic
conditions. The shortest line may be the best, but it may also be affected by
the character of the formation to such an extent that a longer line through better formation may be preferable. It is true that one cannot tell what conditions
he may meet with in a long tunnel, but, with reasonable care, the probabilities
may be ascertained and many uncertainties done away with, at least withinn
reasonable limits.
At _rst thought, it would seem that the natural location for a tunnel was
always where the line was the shortest, but the very causes which have made
such a location the shortest line may also be of such a character as to prevent
easy construction and possibly provide contingencies which will very materially increase the cost of construction. A saddle between hills often owes
its existence to the fact that the erosion which has taken place has been caused
by the softness of the rocks at that particular point, or possibly to the fact that
there is a _ssure at this location which has rendered erosion easy, but tunnel—
ing dif_cult.
The grade to be given the tunnel, as is the case in the grading of canals,
syphons, etc., will depend upon the conditions. If there is suf_cient _ow
available, the tunnel should be given enough grade to carry the amount of
water desired at the maximum velocity that will not erode the tunnel lining,
this being, of course, for the purpose of decreasing the cross section to as
great an extent as possible.
The co-et_cients of friction depend upon the surface of the tunnel, and will
range from 0.010 to 0.012 for smooth concrete, up to 0.030 to 0.035 for the
ordinary rough rock walls in machine-bored tunnels.
The velocity is dependent upon the grade which can be given. In my
plans, I have assumed that the lining can withstand a velocity of approximately 12% feet per second, without injury. This high velocity would not
be possible if it were expected that the water to be conveyed through the tunnel would carry a great amount of silt, but, in the project which I am now
considering, the amount of silt carried is usually inconsiderable.
Assuming that the location of the tunnel has been made with the necessary
care, we are ready to make an estimate of the cost of construction. In the
course of my investigations with regard to this subject, I have compiled considerable data concerning the cost of construction of tunnels in different 10calities, much of which, however, I regret to state I am unable to incorporate
in this paper, as it was given to me con_dentially and is, therefore, not to be
disclosed. It is suf_cient to say, in this connection, that the cost _per cubic
yard of material to be removed may vary from a very small sum, amounting
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to perhaps not more than $2, up to almost any _gure. My suggestions with
regard to estimates can be, therefore, only general, the details necessarily
being worked out separately for each individual project.
MAKING ESTIMATES.
The kind of estimate to be made will depend very largely upon the stage
of investigations. For example, in the earlier stages, when general knowledge
only as to cost of construction is desired, it is quite common to accept _gures
concerning cost shown by actual construction under as nearly similar conditions as possible in the region in which the project is located. This estimate
may be based either upon the cubic yard or linear foot. I have found no very
clearly de_ned idea as to the proper cost per cubic yard in making estimates.
Some authorities state that $5 per cubic yard in long tunnels is the time-honored basis for estimate; others state that $6 is more nearly correct; and still
other _gures are given by other authorities.
Probably the more usual practice is to determine as nearly as possible the
cost of similar structures in the vicinity; for example,'in the preliminary
investigation with reference to the Gunnison Tunnel, I found that tunnels of
about the same size and in conditions apparently more unfavorable than those
surrounding the construction of the Gunnison Tunnel, had cost, for excavation alone, from $20 to $30 per linear foot. In the two tunnels most nearly
like the proposed Gunnison Tunnel, of which I have knowledge, the proprietors, who had done the construction work themselves, without the intervention
of contractors, informed me that while the excavation had cost them somewhat more than $20 per linear foot, they were certain that under as favorable
conditions as they knew to exist with reference to the proposed Gunnison Tunnel, $20 per linear foot would be ample. Later investigations have demonstrated to my satisfaction that these estimates were not too high, but in general,
those made in this way can be considered as approximate only.
As investigations proceed more nearly to completion and _nal estimates,
before letting contracts, are desired, it becomes necessary to consider the
probable cost much more in detail, and then the only proper way of making
an estimate, in my opinion, is on the basis of a contractor’s bid. Plans must
be drawn, showing the different varieties of cross section to be used, with the
amount of lining necessary for different degrees of hardness of the geologic
formation, and the probabilities with reference to the _nding of water in great
or small amounts, must be determined. In the speci_cations for the Gunnison
Tunnel, an effort was made to do away with all uncertainties, so far as the
water to be encountered was concerned, by incorporating proposals with reference to the amount of water to be pumped, thus putting the burden directly
upon the government, and not upon the contractor and thence indirectly to the
government.
DETAILS TO BE WORKED OUT.
The _rst details to be worked out with care are those relating to the furnishing of power for construction. A water power, if available, may often be
preferred to power derived from the use of coal or oil, unless these are extremely low in cost. This subject has been most ably treated by Mr. H. A.
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Storrs in his valuable paper, and need not be gone into at this time. I desire
to say, however, that in general I am sure that the Government would save
money by constructing the power plant itself, instead of leaving this for the
contractor to do. It would lose nothing thereby, as the cost of establishing
a power plant is well known among contractors, and they would almost invariably allow for the cost of such a plant, with probably some additional a1lowance, if they were satis_ed that suf_cient power would be furnished.
In the matter of the establishment of a water power plant, a number of instances which have come under my observation have led me to believe that the
saving to the contracting party may be several times the cost of the power
plant; in other words, the contracting party is practically losing nothing and
may have considerable to gain by itself establishing the power plant. In making
the estimate, the cost of depreciation upon the plant must, as has been shown
by Mr. Storrs, depend upon whether the plant will be entirely used in the construction of this individual project, or whether there will be considerable salvage. In most cases there should be a salvage of from one-half to oneathird
of the original cost of a new plant. This has an important bearing upon the
estimates, as the cost of the plant is a very considerable proportion of the
entire cost of construction. Estimates with reference to the cost of a power
plant may generally be determined with reasonable accuracy through the aid
of the engineering supply companies, which are always glad to furnish preliminary estimates.
THE LABOR PROBLEM.
The next item to be considered in detail, is that of labor, and here, too,
conditions will vary widely in different localities. It is usual for contractors,
in making their estimates, to determine the cost of operation per day as the
_rst step, the amounts paid for labor being different in different localities. In
estimates for a 12x12 tunnel which I have in my possession, I _nd the following items in computing the cost of excavations at one heading for one
day, the number of employes varying with the number of shifts:
Compressor engineers ..................... 2 to 3.
Compressor _remen ....................... 2 to 3.
General foreman .......................... 1.
Shift forcmen ............................. 2 to 3.
Time-keeper ............................. 1 or 2.
Machinist ................................ 1 or 2.
Blacksmiths .............................. 2 to 3.
Drillers .................................. 8 to 12.
Helpers .................................. 8 to 12.
Muckers ................................. 14 to 21.
Trackmen ............................... 2 to 3.
Dump men ............................... 2 to 3.
Light men ................................ 2 to 3.
Nippers .................................. 2 to 3.
Stable men ............................... 2 to 3.
Pump men ............................... 2 to 3.
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4-horse teams ............................ 1 or 2.
2-horse teams ............................. 1 or 2.
Locomotive engineers ..................... 4 to 6.
Brakemen ......................... . . . . . . 4 to 6.
To these are to be added the cost, varying in the different localities, as
before stated, for fuel, water, power, oil, repairs, carbons, depreciation of
plant, insurance on men, pumping water, bond and incidentals not otherwise
accounted for, the last item amounting usually to about 10 per cent. of the
total cost.
The estimates made by the contractors will probably not vary very widely,
generally, as to cost per day. The crucial question is as to the amount of
work that can be done in one day. For example, in two bids in my possession,
the contractor who made the higher estimate of cost per day, has assumed
that he could do not to exceed 12 feet of work at each heading per day; while
the other makes his estimate on the assumption that he can complete, on an
average, 18 feet per day in each heading, this decreasing the cost per linear
foot in the second case very considerably.
LINING.
The lining will naturally depend upon many different conditions. In some
localities where material for making brick is at hand, it may be thought best
to line the tunnel with brick. In others, where construction is intended to
be temporary only, the lining may be of timber, with a board surface to facilitate the _ow of the water. In the project under consideration, it was decided that concrete should be used, and in making the estimates with this end
in view, the following items were taken into account, the cost of a cubic yard
of material in place being computed: Labor, crushing stone or transportation
of gravel, or both, as the case may be, sand, forms, placing forms, cleaning
bottom of tunnel, drayage, cement sheds and depreciation on equipment. To
the sum of these items should be added also the cost of cement, although
where, as in this case, the cement is furnished by the United States Govemment, its cost will not be included in the contractor’s estimate. ‘
TIMBER.
The amount of lumber used per linear foot may be easily computed and
is to be added where timbering is necessary.
The summing up of the various items enumerated above, reduced, according to the best judgment of the engineer, into cost per linear foot for different classes of work, will give his estimate of the actual cost of construction. Where it is expected that bids will be asked, however, a pro_t to the
contractor must be added. Few contractors will estimate on less than 20 per
ccnt. pro_t, and ordinarily 25 per cent. will be accepted as a reasonable basis.
It is not expected that in a general discussion upon such a subject as this,
l'.’ would be possible to cover all conditions that may arise. Only general
rules can be laid down and all details must be worked out separately for each
individual project. Where the plan outlined above is followed, however, it
will, in general, give a close approximate idea of what should reasonably be
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expected as bids by contractors. The engineer must use his best judgment
in making these estimates and endeavor to cover all details. Dif_culties of an '
accidental nature that may arise should not be included, excepting in the insurance and contingencies as above provided for. The contractor may perhaps make an additional allowance for unforseen emergencies, but the fact is
generally recognized that although a contractor may possibly make his estimates on the worst possible conditions, the contracting party may do the work
himself and thus avoid the extreme conditions on which the contractor’s basis
is estimated.
In conclusion, I desire to deprecate a too common tendency to over-estimate. It appears to me to be as much of an error to over-estimate as it is to
under-estimate cost, and while reasonable allowance for contingencies should be
made, it is not, in my opinion, good engineering to make an additional allowance after the allowance for contingencies has once been made. I have known
of instances where estimates had to pass through several different hands and
each individual felt it incumbent upon him, even after expressing himself as
satis_ed with the details, to add some lump sum for unexpected emergencies
“so as to be on the safe side.” I appreciate the fact that engineers are often
criticised for under-estimating, and I deprecate this fault as fully as any one
can, but the point which I desire to make is that after the engineer has stated
what, in his opinion, is the proper estimate, that amount should be adhered to
and neither added to nor subtracted from, unless some good reason for the
change is shown. .
(12)

Forestry Section.
CHAIRMAN: GIFFORD PINCHOT,
Chief Forester Bureau of Forestry U. S. Department of Agriculture.
The _rst paper presented was by Prof. George L. Clothier.
FOREST PLANTING AND FARM MANAGEMENT IN THE
MIDDLE WEST.
GEORGE L. erHIER, Assistant Forest Inspector U. S. Bureau of Forestry.
Since the _rst settlement of the treeless prairies of the Middle West, forest
planting has been practiced by the farmers of the region with more or less
success. In no other part of our country has tree planting been so universal,
because climatic conditions have forced farmers to plant for protection. Not
only has the tree planting idea taken hold of farmers, but every city in the
region that takes any pride in its appearance has planted shade trees in such
abundance that towns located on a bald prairie thirty years ago now seem to be
buried in a forest.
Although forest planting has been popular in the prairies, it is very seldom
that one _nds a farm forest plantation that was wisely conceived or that was
planned with reference to the bene_ts which the remainder of the farm might
receive from its presence. Throughout this region, the best development of
the country requires that the soil moisture be conserved during the long summer drought which is a recognized feature of the climate. It is a well known
law of physics that air in motion has a very much greater power of evaporation than still air. Anything that will retard the movement of the air currents near the surface of the ground will reduce the rate of evaporation from
the soil in proportion to the retarding effect. For this reason windbreaks have
a powerful in_uence in reducing evaporation and consequently in the conservation of the soil moisture. Forest trees make the most ef_cient windbreaks, because of their height and _exible yielding character which causes
them to act as a cushion to lift the air currents and keep them at a considerable distance above the ground.
Professor F. H. King, found by experiment that a windbreak reduced the
evaporation for a distance in front of it equivalent to more than 16 times its
height. Twenty feet from the hedge on the protected side, the evaporation
was only 60 per cent as great as three hundred feet away where the in_uence
of the windbreak was not felt.
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LOCATION OF THE FOREST PLANTATION.
No prairie farm is complete without its forest plantation, but since a forest
is the most permanent thing that can be planted on a farm its location should
be chosen with great care. The forest should be so placed as not to interfere
with the convenient division of the farm into _elds. Where the windbreak
effect is the most important advantage sought, it will generally be found advisable so to distribute the forest plantations in belts on the borders of the _elds
as to afford protection to the whole farm. A good plan is to plant strips _ve
rods wide on the windward side of the farm, as for instance, on the South and
West, and single lines of trees every 30 rods apart, crossing the farm as nearly as possible at right angles to the path of the destructive winds. The single
lmes of trees will serve as boundaries to the permanent _elds and may be used
as living fence posts upon which to fasten wire fencing.
Good farm management requires that the farming be conducted in accordance
with a system of crop rotation. A scienti_c crop rotation is dependent upon
the number and size of the _elds in the farm to which it applies. The permanent subdivision of the farm into _elds, where windbreaks are essential, is
determined by the forest planting, hence the inauguration of any scienti_c
system of crop rotation on a prairie farm should be preceded by a planting
plan de_nitely locating the forest plantations.
UTILITY OF FOREST.
Forests are useful to man in two distinct ways, namely, the direct and the
indirect. The direct usefulness of a forest is dependent upon the production
of useful articles, such as lumber, poles, ties, fuel, tan-bark, nuts, turpentine,
resin, etc. The direct effect of forest growth is the one usually seen and appreciated _rst by man. The indirect value of forests depends upon their power
to modify climate, conserve the soil moisture, protect from disagreeable and
destructive winds, prevent soil erosion, and to beautify the land, making it
more desirable as a home for the human race. The people who settled in the
great prairies of the Middle West were the _rst citizens of our country to
discover that forest trees may have an indirect value that far outweighs their
direct value. It took the conditions of treeless Nebraska to bring about the
observance of Arbor Day. The drouths in Southern California are rapidly
teaching the people of that region the value of forest as sources of water supply for irrigation. ‘
PLANTING STILL NEEDED.
Even in the States of Kansas and Nebraska where forest planting has been
extremely popular, the planted area in comparison with the total area of the
country is but an insigni_cant fraction, being but a little over one-third of
one per cent, or one acre in two hundred and seventy-_ve. '
The origin of all hot winds in the prairie States is local, and they can be
controlled by local devices if all the people of a region will co-operate for this
purpose. The remedy is tree planting in suf_cient quantity that the green
leaves will keep the air cool. No one ever experienced a hot wind blowing
from the green foliage of a forest.

Twelfth National Irrigation Congress. 235
The destructive drouth of 1901 shows the need of more trees in the Middle
West. In 1901 the hot winds began to blow early in June in the prairies of
Texas, having originated on the stubble _elds of the early harvested grain
crops. As they increased in intensity they killed the corn and dried up
the prairie grasses, thus forming conditions for increasing the radiation and
consequently increasing the heat of the air. The belt of country devastated
gradually extended northeastward, the hot winds following in the wake of the
wheat harvest, until the _rst of August, when the wind was so hot in the
James River valley in central South Dakota that the green corn was dried up
in 48 hours so that it would burn like dead prairie grass. Of course the
precipitation during this period was light, but after the conditions of dead
vegetation were once established it would have taken a soaking rain every
two or three days to have prevented hot winds. While the corn was drying up, the leaves of the few trees which the region contains were still green. As
one neared the forests of the Ozark Mountains and the fringes of timber along
the streams in eastern Kansas, eastern Nebraska, Iowa and Missouri, the destruction to crops was much less than in the prairies farther west although
the drouth in parts of Missouri that season was even more intense than in the
plains of Texas and Kansas.
VAST DIRECT VALUE OF PLANTED FORESTS.
Not only is forest planting at the basis of farm management in the prairie
States because of the indirect effects of forest trees, but the importance of
forest products to this treeless region is so great that planting for the growth
of timber is highly practicable. The fence problem has been only temporarily
solved by the use of the make-shift barbed wire fence. In Kansas there is
no doubt but that barbed wire fences have killed and injured enough stock
during the past 25 years to pay for replacing' of the barbed wire with
smooth woven wire. The dif_culty with a woven wire fence, however, is that
to be a permanent effective fence it must be supported by two or three times
as many posts as is necessary with barbed wire. The scarcity of timber in
the region has prevented farmers from replacing their old barbarous barbed
wire by more modern woven wire. Catalpa fence posts may be pro_tably
grown by planting on good land in many parts of the Middle West.
The production of a cheap grade of lumber from planted trees is also practicable. The cottonwood on sandy river botton land will grow large enough
for a saw log in 20 years. Cases are on record where planted cottonwood
trees have been lumbered when 15 years old. While the cottonwood does not
make good _nishing lumber, it does make excellent dimension stuff and is
well adapted for the structural timbers of barns, elevators, grist mills, etc.
The Carolina poplar, a horticultural variety of the common cottonwood,
promises to be a much more valuable timber tree than the wild form. The
rapid depletion of our native forests will soon make general planting for timber supplies necessary.
FOREST PLANTING MEANS BETTER FARMING.
Forest planting on the farms in the prairie States will determine in a
large measure whether the farm is to be managed intensively or extensively.
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Intensive management is only possible where the production of a wide range of
crops is possible. Thisdiversi_cation of agriculture is accomplished most
successfully where forest protection modi_es climatic extremes. Intensive
farm management requires that the land be divided into _elds of comparatively small dimensions. There is no better border for a _eld in the prairie
States than three or four rows of planted trees. As the farm management
becomes more and more intensive the land will be subdivided into smaller and
smaller _elds from time to time. Increase of forest belts should go hand in
hand with this process.
FOREST PLANTING AND THE FARMSTEAD.
The portion of a farm containing the buildings, orchards, barn-yard and
' garden is called a farmstead. Forest planting is of great bene_t to a farmstead, particularly in a treeless country. Throughout the Middle Western
States, successful fruit culture demands that windbreaks be planted on the
south and west sides of the orchard. The comfort of the rural home demands
also that a windbreak be planted on the north side of the farmstead to protect
it from winter storms. It is thus evident that the farmstead should be protected by forest belts on three sides, namely, the north, the west and the
south.
WHAT TO PLANT.
In the discussion of the subject of forest planting, one of the _rst topics
that interests the prospective planter is what to plant. The unreserved
recommendation of any one species is liable to cause harm, because local conditions of soil, moisture supply and climate may make the planting of a
species very valuable for one locality, a very hazardous undertaking in another
locality. Whenever we meet a man who professes to have a tree that is good
in all situations, we may put it down at once that that man is a fraud. In the
region to which this discussion applies we hear a great deal said in favor of
the hardy catalpa. This species is an excellent tree to plant in river valleys
at moderate altitudes where an abundant moisture supply is within reach of
its roots. It is absolutely worthless except with irrigation throughout the
semi-arid plains. It will not endure the winters of Minnesota and the two
Dakotas. Its optimum region for planting may be said to embrace the river
valleys of the eastern half of Kansas, the eastern third of Nebraska, the
southern half of Iowa, the northern two—thirds of Missouri, the southern half
of Illinois, and the southern third of Indiana
Another excellent tree for planting in the Middle West that may be given
good soil to thrive IS the black walnut. Its optimum region extends from the
Appalachian Mountains to central Kansas, and from southern Minnesota to
Texas. It will grow on much poorer soil than the catalpa, and is a much
longer lived and hardier tree.
The tree that has been planted most widely in this region is the common
cottonwood. When planted along river banks it makes the best growth of any
species and if we leave out the question of the production of fence posts, it is
probably the most pro_table. It is peculiarly well adapted to land which
over_ows.
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Two other species that have been planted very extensively in‘the region are
box elder and silver maple. These trees are both about as poor species for
planting as could have been selected. They neither make fence posts nor
good fuel, and as for lumber they are not worth considering. The only reason
they have been planted so extensively is that they grow from seed as
easily as weeds and consequently are pro_table to nurserymen.
The white elm and hackberry are two species very similar in habit of
growth and very hardy. They will grow throughout the Middle West although their rate of growth on very poor land will be slow. These species
deserve to be planted very much more extensively in the future than they have
been in the past. ,
The Osage orange and Russian mulberry thrive throughout the southern
half of the region. They will not stand the cold of Minnesota and Dakota
winters. The chief value of the Osage orange and mulberry is for hedges and
windbreaks. Their timber also makes excellent fence posts.
The black locust has been planted very extensively in the southern half of
the region and, if it is not attacked by borers, it is likely to prove pro_table
because of the great durability of its timber. The honey locust is a much
hardier tree and wherever planted south of South Dakota it has proven a
success. ‘
One of the hardiest species for prairie planting from the Canada line to
Texas is the green ash. It is rather slow in its growth but very persistent.
In the northern half of the Middle West its timber is prized very highly by
farmers for fence posts.
Farmers have paid little attention to the conifers in this region. Since the
evergreens grow with very much less moisture than is required by deciduous
species, it seems that the conifers ought to be especially well adapted to the
semi-arid plains. In the planting that the Bureau of Forestry is undertaking
on the Nebraska sand hills no other species except conifers are being tried.
The western yellow pine from the Rocky Mountains and the jack pine from
the Great Lake region are the chief species now being tested.
WILL IT PAY TO PLANT?
The _rst question that is likely to be raised when a farmer is urged to plant
forest trees is, will it pay? A few instances where it has paid are the
following:
At Howe, in southeastern Nebraska, is a grove of hardy catalpa 25 years
old, 2.4 acres in extent, that has produced a total value in fence posts and
poles of $890.60, or $371 per acre, averaging $14.84 per acre per annum, not
reckoning compound interest. During nearly half the time since the grove
was established the ground has been used for grazing and the thinnings from
the plantation have afforded considerable wood for domestic uses on the farm.
Another catalpa grove owned by Mr. C. D. Robinson of Pawnee, Nebraska,
of 12 acres in area, produced when 13 years old, fence posts to the value of
$190 per acre, or $14.61 worth per acre per annum.
Four years ago a gentleman near Tekamah, Nebraska, cut 30 planted cottonwood trees 31 or 32 years old from a row in his fence line which yielded
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20,000 board feet of lumber. He was offered $16 per thousand for the lumber, but refused to sell it, preferring to use it in building a residence and barn.
It cost him $5.50 per thousand board feet to convert the trees into lumber,
leaving a net value of $210, or $7 per tree for the cottonwoods.
Mr. Kilvert—On the point mentioned in regard to windbreaks, Mr. Clothier, you suggest single rows of trees down through the _elds?
Mr. Clothier—Yes, sir.
Mr. Kilvert—In Mexico our _elds are laid off into 25 acre lots, and 32
_elds make a plantation, and 10 plantations make a ranch. They are planted
with cottonwood, and the oldest cottonwoods are about 18 inches through,
so on the timber side you can increase your _gures, if you are talking about
Mexico. The land which lies near the ditch will naturally be surest to produce better plants. Our rows run both east and west and north and south,
so that for three months the sun is practically overhead, and a certain space
is shadowed by the tree for about eight hours. Just as far as that eight
hours shadow travels there is pretty near a bare place.
Mr. Clothier—I am aware of that, but if you grow alfalfa, you can grow
almost as much as if the shade was not there, can you not?
Mr. Kilvert—I presume so. I just wanted to bring this point up and see
if it was a local condition.
Mr. Clothier—It is a general condition.
Mr. Stewart—Such trees as the gentleman from Mexico spoke of grow
much faster in our country. They will grow one—third more in the same
length of time. They are an advantage to the alfalfa, and save us the trouble
of keeping the weeds out of the ditch, and also in shoveling the mud out of the
ditches. We used to cut all of the little cottonwood out, but now we are
watching them and keeping them in the ditch to keep it from washing out.
Mr. Eberlein—In the country around Hay City the timber is honey locust.
Would conditions be the same as in the country you speak of, and can these
plans be carried out in Kansas?
Mr. Clothier—I know of one place, 75 miles north of Hay City, where 30
trees were cut that were from 30 to 32 years old and they produced 20,000
board feet of lumber, having a total net worth of $210, or $7 per tree. They
grew in a fence line and did not take up any land, and also acted as a windbreak at the same time. The cordwood was not counted in this estimate.
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FOREST PLANTING IN THE SAN GABRIEL FOREST
RESERVE.
T. P. LUKENS, U. S. Bureau of Forestry, Pasadena, Cal.
That portion of Southern California susceptible of a high state of culti- V
vation, has a southwest frontage of over 200 miles on the Paci_c Ocean.
Running nearly parallel'with the coast from northwest to southeast are the
Sierra Madre Mountains, all but extending to the ocean at the northwest
extremity, the space between mountain and ocean gradually widening towards
the south.
This mountain range has been made into reserves for the conservation
’ of water, in all close to 4,000,000 acres. There are about 1,000,000 acres more
of moutainous area from which more or less water is derived. It has long
been understood that the mountains and forest-covered areas are alone to be
depended upon for irrigation water in arid and semi-arid regions. Many
species of trees suited to arid conditions grow there.
FIRE DESTRUCTION.
From the earliest history until very recently the destruction by _re and
unwise methods of lumbering and stock-grazing have seriously impaired the
conserving power of our mountains, while now only 20 per cent of our mountain area is covered with trees which are growing along streams and on the
medium zone above 3000 feet elevation, while 80 per cent of the area is covered with chaparral.
There are no other mountains on our coast so precipitous as ours, consequently nowhere is it of so great importance to maintain a forest growth
for the conservation of water and to prevent erosion.
With our long rainless season, often eight consecutive months, all growth
on the mountains becomes very dry, and _res have wrought great damage.
Forests have been supplanted with chaparral, and in time over much of the
area chaparral is supplanted with a light growth of herbacious plants, with
little root power. As a result, many perennial streams that formerly _owed
tn the sea have ceased _owing entirely except in form of _oods immediately
after storms.
WATER SUPPLY AFFECTED BY FIRES.
Southern California has a population of 384,000 and an assessed valuation
of $324,000,000. There could hardly be any limit to our growth in population
and wealth if our water supply could be increased, to accomplish which
would require _rst for, temporary relief the building of storage reservoirs.
But for a permanent water supply, measures must be adopted to arrest the
devastation of our watersheds by _re, and to plant over the denuded areas.
Once Persia was the most fertile land of Asia, well watered and richly
wooded. Once the Sahara was the granary of Africa and of Europe. To-day
they are barren sands, brought about by the irrational use of the forests.
The fearful famines in India are traceable to a large extent directly to forest
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destruction, and many other parts of the world, once rich in growing crops,
have become desolate, barren regions from the destruction of the forests.
A few years ago the United States Geological Survey selected a watershed
in the State of Washington, and one in Arizona, each covering an area of
142 square miles, their purpose being to ascertain comparative value of forested and non-forested areas in the regulating of stream _ow. The area in
Washington, Cedar Creek, was completely forested, and the annual precipitation was from 93 to 150 inches. The maximum run-off from Cedar Creek
was 6321 cubic feet per second, while the maximum run-off from Queen
Creek in Arizona, with a precipitation of but 15 inches annually, was 9000
cubic feet per second.
ENCOURAGING RESULTS OF EXPERIMENT.
In a careful study of the behavior of the stream-_ow on several small
catchment areas in the San Bernardino Mountains it has been found tth the
effect of the forest in decreasing surface _ow on small catchment basins is
enormous, as shown in the following tables, where three well-timbered areas
are compared with a non-timbered one:
Precipitation and run-off during December 1899.
' I .
A f 5 . . R ff Run-off In
cat_ramznt Condition as to cover. Pre_c1p|ta- pet‘sz_are percentbasin tion. mile. “3°.“ pre' expiration.
Sq. M flex. Inches. Acre-led. Per ml.
0.70 f Forested ................... . . . . 19+ 36— 3
1.05 ; Forested ................... . . . . 19+ , 73+ 6
1.47 ; Forested ........................ 19+ 70—— . 6
.53 l Non-forested ..................... 13— ; 312+ ! 40
At the beginning of the rainy season, in early December, the soil on all
four of these basins was very dry as a result of the long dry season. The
accumulation of litter, duff, humus and soil on the forest-covered catchment
areas absorbed 95 per cent of the unusually large precipitation. On the nonforested area only 60 per cent of the precipitation was absorbed, although
the rainfall was much less.
Rainfall and run-off during January, February and March, I900.
Run_°_ Run-off in
Area of
. . Precipita- l ercentt h t Condition as to cover. - per square 9
“32.31?" 1 1 mile- ems:
. | 1
Sq. Miles. l Inches. l, Acre-feet. i Per ml
0.70 Forested . . . ...................... 24 ‘- 452+ ' 35
1.05 J Forested ............... . .......... 24 1 428+ l 33
1.47 Forested ............................ 24 1 557+ i 32
.53 Non-forested ....................... 16 I 828+
The most striking feature of this table as compared with the previous one
is the uniformly large run-off as compared with the rainfall. This clearly
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shows the enormous amount of water taken up by a dry soil, either forested or
non-forested, as compared with one already nearly _lled to saturation. During
the three months here noted, on the forested basins about three-eighths of the
rainfall appeared in the run-off, while on the non-forested area nineteentwentieths appeared in the run-off.
Rapidity of decrease in run-off after the close of the rainy season.
, . April run- May run- June runc_zehin‘efnt Condition as to cover. Precipita- °_ 17" 05 P" 0“ per
basin. tron. square square square
mile. mllc. mile.
Sq. Miles. Inches: Acre-feet. Acre-feet. Acre-feet.
0. 7O Forested ................ 1 .6 153 — 66— 25-—
1 .05 Forested ................ 1.6 146— 70+ 30——
1.47 Forested ............... 1.6 166+ 74+ 30+
.53 Non-forested ............. 1 56 + 2— 0
The above tables clearly show the importance of forests in sustaining the
_ow of mountain streams. The three forested catchment areas, which during December experienced a run—off of but 5 per cent of the heavy precipitation for that month, and which during January, February and March of
the following year had a run-off of approximately 37 per .cent of the total
precipitation, experienced a well-sustained stream _ow three months after
the close of the rainy season. The non-forested catchment area, which during
December experienced a run—off of 40 per cent of the rainfall, and which
during the three following months had a run-off of 95 per cent of the precipitation, experienced a run-off in April (per square mile) of less than onethird of that from the forested catchment areas, and in June the _ow from
the non-forested area had ceased altogether.
EFFORTS TO REFOREST THE MOUNTAINS.
With all these facts clearly established, showing the incalculable bene_t
of trees on our mountains, a determined effort is being made to re-clothe them,
and for several years experiments have been carried on to determine the
most economical and practical plan to pursue. As a preliminary to planting
is the preparation of the areas so as to exclude _res, or at least to reduce
the danger to the minimum. That can be done by clearing the ridges of
brush, so as to con_ne the _re to narrow limits.
The experiments carried on thus far have been under the most unfavorable
climatic conditions. Southern California has just passed through a series of
very dry years, during which time natural reproduction has been precluded,
not only of trees in the forested areas, but of Chaparral as well.
Seeds were planted in the open ground, some without preparation, but
in most cases beds were prepared by digging a space a foot or more across
and a foot deep, on which a number of seeds were planted. The plan promised well, but the long season—ten months—without rain. left but few trees.
Our experiments with transplanting trees promised to be the better plan.
We are growing in nursery and at two years old will plant on the mountains with con_dence of success.
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KINDS OF TREES TO PLANT.
To determine on the species of trees to plant has necessitated a careful
study of nature’s plan, with which we keep in as close ‘touch as possible.
Coniferous trees form the base, of which by far the greater number will be
used, planting them in their indigenous zones, and as far as possible in soil
and conditions of their choosing. Along water courses we are succeeding
in growing ash and walnut trees. Seeds of indigenous conifers “and of a
few species of exotics in an experimental way” are grown under lath houses,
and at the end of the _rst year’s growth transplanted in the open ground
to harden, and at two or three years old are to be planted on the mountains.
Our nursery is located in the mountains at a medium altitude that the
propagation may be more certain and the trees having been grown in the
same character of soil they are to be _nally planted in are more certain to
succeed. Where the tree is to be planted a small space‘ is loosened with a
mattock, in which the tree is planted and mulched. The planting must be
done during the rainy season, which is between November and April, that the
trees may become anchored before dry weather sets in.
HOW WILL IT PAY?
As I have said before, the assessed valuation of property in Southern
California is $324,000,000. If we were to say it would cost $22,000,000 to
completely restore tree growth on our mountains and properly care for them
and prevent _res for _fty years, it would without consideration be declared
impossible on account of expense, but when it is looked at from a business
standpoint it is clearly a good investment; an annual levy of 13 cents on $100,
or a total of less than 7 per cent of present assessed valuation of property
in Southern California over a period of _fty years.
The British government is carrying on tree planting on the watersheds in
India to prevent erosion, _lling their reservoirs with silt. There, labor is 10
cents per day, while here it is $2.00.
The same applies to Japan, where dirt is carried in baskets in which to
plant the tree, on areas where once was a luxuriant growth of trees, but now
barren rocky slopes, brought about by sheep, goats and _re.
It is the natural and proper thing for the U. 5. government to take the
lead in this work, to make the investigations along scienti_c lines, establish
working plans and supervise the work, which they are doing well, but where
sc much is needed as in Southern California, the people directly bene_ted, yes,
whose very existence depends upon the work, must raise money to carry it on
if it is to be accomplished.
For equitable climate, richness of soil, and scenic beauty Southern California is unsurpassed. The only thing that can limit the growth in wealth
and population is the supply of water, without which but little can be accomplished.
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THE RELATION OF FOREST COVER TO STREAM FLOW.
J. B LIPPINCO‘I‘T, Supervising Engineer U. S. Geological Survey.
The relation of rainfall to run- -off is very uncertain, depending upon the
nature of the storms, whether gentle showers or violent rains, the steepness
of the drainage basin and its covering, and whether the precipitation is snow
or rain. It has been found that in the districts where the forest cover is
small the output of the basin occurs in violent _oods of short duration. Because these _oods are violent, and of large volume, and owing to the fact
that the soil of the drainage basins is not held together by a network of roots
extensive erosions occur in these barren basins and the stream carries much
silt in suspension. Where the basin is covered by forest, the mat of twigs and
leaves which covers the ground is an absorbent sponge, retaining in itself
large quantities of water and preventing evaporation from the underlying soil.
This permits of a holding back of the _oods and the gradual draining off
0‘ the water, thus largely accomplishing the purpose of regulating reservoirs.
A striking example of the output of a barren, treeless drainage basin is
shown in the following table of discharge for the year 1896 for Queen Creek,
taken from the Eighteenth Annual Report of the Geological Survey, Part IV—
Hydrography. It represents a typical year's output:
Estimated monthly discharge of Queen Creek at Whitlo'w’r, Arizona. Drainage area, 143 square miles.
Discharge in Second-feet.
Month, 1896.
Max. Min. Mean.
January ...................................... 2 2.0 2.0
February .................................. 2 2.0 2.0
March ....................................... 2 2.0 2.0
April ......... . .............................. 2 1.0 1.5
May ......................................... 1 1.0 1.0
June . . ....................................... 1 1 .0 1.0
July ......... . ............................... 9,000 0.0 121.6
August ..................................... 1.433 0.6 13.1
September ................................... 3,428 0.5 17.1
October ................................... 1,188 0.5 13.3
November .................................. 80 0.6 1.3
December .................................. 207 0.6 2.0
9,000 .0 15
In contrast with Queen Creek in Arizona a table is given showing the discharge of Cedar Creek, Washington, for the year 1897.
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Estimated monthly discharge of Cedar Creek near Seattle, Washington.
Drainage area, 143 square miles.
. ' Discharge in Second-feet.
Month. 1897.
Max. Min. Mean.
January ........ V ............................. 2,812 815 1,430
February ..................................... 2,415 . 823 1,303
March ................................. . . . 1,366 723 901
April ....................................... 2,752 790 1,599
May ........................ . ............... 2,143 939 1,562
June ...................................... 1,410 780 1,060
July ........... . ......................... . . .. 2,284 572 1,135
August .................................... 561 342 427
September .................................... 418 311 350
October .................................... 433 294 339
November .. . ....................... 3,155 323 1,318
December ................................... 3,601 674 1,639
Total ................................... 3,601 294 1,089
The amount of solid matter carried by a stream is a very serious problem
in connection with the construction of storage reservoirs thereon. The most
astonishing stories are told of volumes of sediment carried by the rivers of
Southern Arizona from their barren drainage basins. It is said that when
these _oods _rst appear, discharge off of ranges that have been traveled by the
large herds of cattle in quest of grass, the soil which has been exposed to
the direct action of the sun, being exceedingly light and dry, is washed off
in quantities that are enormous. In order to determine the amount of silt in
the Gila River at The Buttes, which stream has a similar basin and regimen
to that of Queen Creek, the Geological Survey has made observations by
taking samples of the water daily, and permitting the mud to settle, measuring
it wet and then determining its dry weight. The average amount of silt for
the twelve months’ observation was 10 per cent by volume wet, and the
amount of solids 2 per cent. No other stream in the United States is known
to carry such a high per cent of sediment. This is in striking contrast with
the clear streams of our northern forested basins. The water supply used for
domestic purposes from Cedar Creek, Washington, does not require _ltering
or settlement.
The serious nature of this silt problem can readily be appreciated by those
who have studied the storage of water for irrigation. It is probably the
gravest of all the engineering problems related thereto. Forestry should
assist greatly in removing dif_culties of this nature.
Mr. James W. Toumey, Collaborator Bureau of Forestry in the Agricultural Department, has selected certain small and adjoining drainage basins
in the San Bernardino Mountains in a portion of the catchment area proposed to be utilized by the Arrow Head Reservoir Company. Throughout this
area this corporation for a term of years has been making exhaustive hydrographic studies of the available water supply. It is proposed to divert the
water _owing from a number of these small mountain basins which are situ—
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ated on the northerly slope of the San Bernardino range by means of gravity
canals and tunnels to the southern side of the range and into the San Bernardino Valley. This Arrow Head Reservoir Company has placed its hydro—
graphic data at the disposal of the Bureau of Forestry, which organization
made a forest study in connection therewith. The data that is presented by
Mr. Tourney is perhaps the most' precise and de_nite information on the subject of related stream _ow to forest cover that we have so far been favored
with in the West. His conclusions, while they were to be expected, are gratifying in their de_niteness. We can do no better than to quote from Mr.
Toumy in extenso:
“Because rainfall is most abundant where forests grow, many believe that
forests exert an important in_uence on the amount of precipitation. A more
reasonable inference, however, is that rainfall is the great factor in controlling
the distribution and density of forests.
“Precipitation occurs whenever the air is suddenly cooled below the dewpoint. The most effective cause of this is the expansion of air on ascending.
This upward movement is caused very largely by cyclonic storms. Whether
forests have any appreciable effect in cooling the air to below the dew-point
is uncertain. From the known effect of forests on the temperature and rela-.
tive humidity of the air, it is reasonable to infer that they may have some
effect, at least to a small degree, and consequently that they have some in_uence in increasing precipitation. The present evidence, however, derived from
many series of observations conducted in Europe and elsewhere, is so con_icting that a de_nite answer to this question, having the stamp of scienti_c
accuracy, is not possible.
“In a careful study of the behavior of the stream _ow on several small
catchment areas in the San Bemardino Mountains it has been found that
the effect of the forest in decreasing surface _ow on small catchment basins is
enormous, as shown in the following tables, where three well—timbered areas
are compared with a non-timbered one:
Precipitation and run-off during December, I899.
A f . . R _ ff Run-off in
catzlelzrlnznt Condition as to cover. Priicggita- ”$233" 3233:;
basm. mile. cipitat‘i'on.
Sq. Miles. Inches. Acre-feet. Per cent.
0.70 Forested .......................... 19+ 36— 3
1.05 Forested ..................... . ...... 19+ 73+ . 6
1.47 Forested .......................... 19+ 70—- 6
.53 Non-forested ........................ 13— 312+ 40
“This is the stream discharge during a month of unusually heavy precipitation.
“At the beginning of the rainy season, in early December, the soil on all
four of these basins was very dry as a result of the long dry season. The
accumulation of litter, duff, humus and soil on the forest-covered catchment
areas absorbed 95 per cent of the unusually large precipitation. On the non-
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forested area only 60 per cent of the precipitation was absorbed, although the
rainfall was much less.
Rainfall and run—off during January, February and March, I900.
l
A f . . R . g Run-off in
catzleiilnoent Condition as to cover. Precipita- ”£33m percent~
basin. tron. mile. 3.39. 0f P"‘
Cipitatmn.
50. Miles. lather. Acre-feet. Per cent.
0.70 Forested ........................... 24 452+ 35
1.05 Forested ............................ 24 428+ 33
1.47 Forested . . ...................... 24 557+ 43
.53 N on-forested ...................... 16 828+ 95
“The most striking feature of this table as compared with the previous
one is the uniformly large run-off as compared with the rainfall. This clearly
shows the enormous amount of water taken up by a dry soil, either forested or
non-forested, as compared with one already nearly _lled to saturation. During
the three months here noted on the forested basins about three-eighths of the
rainfall appeared in the run-off.
Rapidity of Decrease in run-off after the close of the rainy season.
, , I April run- Ma run- June runcdfdlciinzfnt Condition as to cover. Preictglta- o_ per o_yper "5 per
basin. » square square square
mile. mile. mile.
5a. M flex. ' Inches. Acre-feet. Acre-feet. Acre-feet.
0. 70 Forested .............. 1 .6 153—— 66— 25—
1.05 Forested ................. 1.6 146— 70+ 30—
1.47 Forested ...... . ......... 1.6 166+ 74+ 30+
.53 Non-forested ............ 1 56+ 2 — 0
“The above table clearly shows the importance of forests in sustaining the
_ow of mountain streams. The three forested catchment areas, which during
December experienced a run-off of but 5 per cent of the heavy precipitation
for that month and which during January, February and March of the following year had a run-off of approximately 37 per cent of the total precipitation,
experienced a well-sustained stream _ow three months after the close of the
rainy season. The non-forested catchment area, which during December
experienced a run-off of 40 per cent of the rainfall, and which during the .
three following months had a run-off of 95 per cent of the precipitation,
experienced a run-off in April (per square mile) of less than one-third of that
from the forested catchment areas, and in June the _ow from the non-forested
area had ceased altogether. '
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Annual rainfall and run-off on forested and non-forested catchment area: in
the San Bernardino Mountains, California.
A f R _ g Run~o_ in
catzleiingnt Condition as to cover. Preicggita- perusiiiiiare percentbasin. mile. 33°.“ precipitation.
l
50. Miles. I Inches. Acre-feet. Per cent.
0.70 Forested ............................ | 46 731 '28 '
1.05 Forested ..... . ...................... 46 756 30
1.47 Forested ............................ 46 904 36
.53 Non-forested ........................ l 33 1,192 69
“In conclusion, it may be said that although the forest may have, on the
whole, but little appreciable effect in increasing the rainfall and the annual
run-off, its economic importance in regulating the _ow of streams is beyond
computation. The great indirect value of the forest is the effect which it has
in preventing wind and water erosion, thus allowing the soil on hills ano
mountains to remain where it is formed, and in other ways providing an adequate absorbing medium at the sources of the water courses of the country.
It is the amount of water that passes into the soil, not the amount of rainfall,
that makes a region garden or desert’
It will be observed in the table last above that the total annual run- -oE of
a treeless basin is 38 per cent greater than from an afforested one. The deduction, therefore, would appear that provided storage reservoirs were used to
conserve the _oods that this would permit of the greatest economy in the
water supply. It must be remembered, however, that _ood water so held is
subject to evaporation from broad water surfaces. It would be impossible to
make an exact general statement as to the extent of this loss, but it seldom
is lower than 20 per cent of the total amount stored and often reaches 40 and
50 per cent, depending on numerous local conditions. Therefore, provided the
_oods from a treele5s basin are retained in storage reservoirs and from the
water so impounded is deducted probable evaporation losses, we will have a
net annual result from such a condition which would more closely resemble
the total annual output from the timbered basin. It must be remembered that
even in forested basins _oods occur, and while the tree is a regulator of the
stream, it does not necessarily obviate the uses of the storage reservoir. On
the other hand it may be said that the forest is the protecting friend of the
storage reservoir, each supplementing the benefits of the other.
SACRAMENTO FLOODS.
The drainage basin of the Sacramento River includes the greater part of
Northern California. It has been occupied by Anglo-Saxon settlers for the
last _fty years. During the _rst portion of the American occupation of this
State, sea—going vessels are reported to have proceeded up stream as far
as the present city of Sacramento. The tidal range of the river was observed
also at this point. Placer mining was the _rst industry. This work consisted in washing the oriferous gravels found along the western foothills of
(13)
a
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the Sierra N evadas. The resulting debris was discharged into the streams and
has, to a very material extent, _lled their channels, so that to-day the head
of tidal water is many miles below Sacramento, near the upper end of Grand
Island, and only _at bottom river steamboats are able to ascend the Sacramento River as far as the city of that name. This stream condition has been
still further aggravated by the destruction of extensive areas of forest, both
by _re, lumbering and sheep grazing. Yet the lumber industry is but in its
infancy in this section, and plans are being perfected to cut down great areas
of virgin forest. Extensive forest reserves have been provisionally set aside,
covering most of the remaining timbered portions of the basin. These contemplated reserves have been greeted with a storm of public protest from
central and northern California that has been hard to allay. In February,
1904, northern California was visited by heavy rain storms. While the precipitation was great, it was by no means the heaviest rain which has occurred
in this section, and it was one that could reasonably be expected to be exceed’ed in violence in the future. However, with the combined conditions of
reduced forest cover and _lled river channels, a _ood condition was produced
in the Sacramento Valley last February which has no known equal in the
previous history of the State. Eight hundred thousand acres of valley lands
were submerged and the damages are estimated to have reached into the millions. All this is in spite of the fact that over twenty million dollars. had been
expended in the construction of levees to prevent these over_ow conditions.
A great State convention was called in San Francisco to consider the disaster
that threatened the commonwealth. Eminent engineers have been brought to
California from the lower Mississippi basin and elswhere in the East to study
this great over_ow problem. Organizations have been perfected to urge, if
not demand, both from the State and from the Nation, relief from impending
disaster. It is contemplated that a comprehensive levee system must be constructed the entire length of the valley at enormous expense.
It may be stated that while there is no de_nite scienti_c information that
forests increase rainfall. yet we have certain striking instances presented where
the rainfall is greater on adjacent forested areas than on those that are denuded. At least in the arid regions it may be stated that the total annual
output from a deforested drainage basin is greater than from a timbered area,
but that the regimen of the stream is distinctly to the disadvantage of all who
are interested in the use of the watered resources of the country, whether he
be navigator, irrigator or water power investor. From the denuded area the
_oods are greater and the drouth is more intense. To remedy this condition
one naturally turns to the storage reservoir for relief, yet even in this extremity one is confronted with adverse conditions. The violent _ood from the bare
basin rushing through the mountains carries with it eroded sediment, which
it deposits in the _rst pool of still water that it encounters. The result is the
reduction of the storage capacity of the reservoir along its course. Forests a're
the natural and greatest storage reservoirs and regulators of water supply.
On few streams do we _nd reservoir capacities even approximating the total
annual output of the drainage basins above them. Accepting the facts as
outlined above, the great importance of preserving the forests. particularly in
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the seim-arid regions of our country, is most manifest. In Southern California, Arizona, and New Mexico particularly, we are so closely bordering on
a condition of desert that when the forest is once destroyed the dif_culty of
reproducing it renders the task well nigh hopeless. We should therefore all
join with the Bureau of Forestry in its effort to save the forests and store the
_ood.
Question—Have you any _gures in this connection bearing on the evaporation of storage reservoirs which reduces this difference?
Mr. Lippincott—This is dependent on a deep or shallow river, but it is a
very ordinary occurrence for 25 or 50 per cent of the water in the storage to
be slowed off, and I think as a general statement you might say you should
consider a loss of 20 per cent. That is dependent on the time of year and
water. Now, in Colorado the storage water is all held from February, but in
Arizona it is held from the two different seasons of rain; but generally speaking you lose about 20 per cent of storage water by evaporation.
Mr. Kilvert—Your article will be a great deal of use to me in Mexico, and
I wish you would put in a paragraph coVering what you have just said.
Mr. Hurd—Would not the loss in storage depend on the size of the reser—
voir. If you had a reservoir say covering an area of 100 feet, the loss would
not be so great as a smaller one?
Mr. Lippincott—No, sir; it would not.
Mr. Clothier—Is it not possible that storage water running down into the
ground, and which is not taken up by the usual wells, would increase the per
cent of loss?
Mr. Lippincott—We have been studying the question a good deal, and the
volume of water passing through we _nd to be practically small in every
instance. I do not believe it would _gure into a very great volume.
Gen. Snyman—Don’t you think the different climates and soils have a good
deal to do with this water?
Mr. Lippincott—Yes, sir.
Gen. Snyman—I know it was always a great question in our country to
look for black ground, which is called in this country “alkali,” which is more
water tight. I have known places where water has been storedwhere there
has not been rain for eighteen months. Now I am only speaking of reser~
voirs catching rain waters where you have no rivers.
W. T. Swingle—Do you not think the winds, their course and temperature.
effect the evaporation?
Mr. Lippincott—Yes, sir. The Weather Bureau has some valuable information on this point. .
Mr. Sterling—I should like to ask if any silt masurements are being made?
Mr. Lippincott—No, sir.
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GRAZING ON THE FOREST RESERVES AND ITS RELATION
TO WATER FLOW.
ALBERT F. POTTER, Forest Inspector, U. S. Bureau of Forestry.
In the establishment of forest reserves throughout the West, it often happens that the areas included form an important part of the summer ranges
used for live stock pasture, and consequently no one is more directly interested in the policy adopted for the administration of the reserves than the
stockrnen. The government recognizes the fact that the forage resources of
the reserves are of great economic value, and that the only method by which
this product can be utilized is in pasturing live stock.
The exclusion of cattle, horses, and sheep from their customary summer
range would in many cases cause disaster to the live stock interest, as it
would mean not only the loss of the summer grazing, but oftentimes also 1055
of the use of the winter range, which on account of lack of water can only be
used during the winter season and is directly dependent upon the summer
range and useless without it. Also in many sections the sale of hay and farm
products depends almost entirely upon live stock which are pastured in the
mountains during the summer, and the loss of the summer range would
seriously affect the market for local farm products. So that aside from the
other interests dependent upon the forest reserves the regulation of grazing
is directly important to the stock man.
POLICY OF THE GOVERNMENT.
It is the policy of the government to make the reserves useful and to allow
every privilege consistent with their proper care. In the _rst establishment
of reserves, grazing was very closely restricted, and sheep entirely excluded
from all reserves except those in Oregon and Washington.
After investigation, however, it was found that in many other localities
the range was well adapted for sheep grazing and the people largely dependent upon this industry, and that total exclusion was unnecessary, but what
was really needed in most cases was such regulation of grazing as would prevent injury to the forest and insure a proper use of the range.
In the creation of new reserves in many cases the full number of stock,
both cattle and sheep, which were then ranging there, have been allowed permits during the _rst season, and afterwards if it was found that the range
was overstocked, the number has been gradually reduced until a limit was
reached which would allow as full utilization of the forage as possible without
serious injury to other interests. The government has tried to be fair in the allotment of grazing permits
and grant them to those who appear best entitled to them, favoring the actual
resident and home—builder, but also giving consideration to non-resident
ranch-owners and others who have been customarily using the range.
DOES GRAZING AFFECT RUN-OFF?
The relation of grazing to water _ow pertains most directly to surface
run—off, and is a question upon which many di_erent opinions exist. That
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grazing does have an e_ectupon the stream _ow appears to be a well-established fact, because wherever the undergrowth, forage plants and grasses have
been destroyed by excessive grazing, the result has been a change in the _ow
of the streams to a more rapid and torrential run-off, while on watersheds
where grazing has been judiciously managed, and the natural forest and forage
conditions preserved, the stream _ow has continued regular 'and normal.
The injury from grazing is mostly due to tramping and the destruction
of vegetation which would check the _ow of water, keep the ground in a
more pervious condition and prevent its erosion. Where the watershed is in
a natural condition, the rain and melting snow is rapidly absorbed, and by
underground seepage keeps up the steady _ow of springs and streams.
Investigation of the ranges has shown that damage caused by live stock
is usually due either to overstocking, grazing too early in the season, or the
manner in which stock has been handled.
Under the free range system of the West there was at _rst very little
restriction as to the number of stock any one had the privilege of pasturing,
and owing to the opportunity offered to engage in the business of stock
raising, and to the alluring chance of money-making which it apparently
offered, the ranges of many sections became overcrowded and soon com—
menced to decline in their pasturing capacity.
CAUSES OF DAMAGE BY GRAZING.
Serious controversy arose over the use of the range between cattle and
sheep owners, and also between different owners of the same class of stock.
No one thought of reducing the number of his stock, but each stockman
exerted himself to keep the other fellow off of what he claimed as his range.
In this struggle for supremacy little consideration was given to the future
utility of the range itself.
This was about the condition which existed on some of the summer ranges
which were included within the forestvreserves. They had been overcrowded
with live stock, in some sections with sheep and goats and others with cattle
and horses, until the excessive use of the range had resulted in injury to the
young growing forests and destruction of the forage plants and grasses to
a greater or less degree, and also in tramping the earth in a way which
greatly increased its erosion and reduced the capacity of the watersheds in
absorbing and storing the rain and snow which fell upon them.
The damage by sheep grazing was found to be largely due to the manner in which they were handled. In places where the sheep had been camped
or. the same bed ground for a long time, perhaps a month or more in the same
place, the grass and forage would be completely eaten out for a mile or so
around and many of the young trees nibbled by the hungry stock. Damage by
this system of handling is usually entirely unnecessary, and is detrimental to
the best use of the forage as well as injurious to the forest. The forest reserve regulations require that sheep must not be bedded in the same place for
more than six nights in succession.
One of the greatest evils in the destruction of forage is that of putting
stock on the range too early in the season while the feed is yet immature.
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Lack of range control is usually responsible for this condition. If the num~
her of stock to be driven to the mountains for summer pasture is in excess
of the number there is suf_cient pasture for, there is often some particular
section of the range which one stockman desires to secure ahead of his competitors, and in the struggle to get there _rst the stock are driven along as
fast as possible: and destroy as much feed by tramping as they consume in
feeding. In some sections this competition for range continues during the
entire season, and of course results in great destruction of forage as well as
damage to the forest and water supply.
IMPROVEMENT UNDER GOVERNMENT CONTROL.
Immediately upon a range coming under government control in a forest
reserve, the damage from this cause is checked and a better use of the forage
results. The total number of each class of stock to be allowed permits to
graze upon the reserve is decided upon, the dates on which the stock will be
allowed to enter and on which the grazing season will close are designated;
the ranges are divided in the manner which appears most practicable, and
for the best interests of all, either into individual ranges, districts to be used
jointly by the owners of a certain number of cattle and sheep, or districts to
be used exclusively by the owners of either class of stock. Sometimes it happens that the conditions are such that it is necessary to exclude all stock
from limited areas for a period, but usually all that is necessary is a reasonable restriction on the enforcement of proper regulations.
Under this system of management each stockman who is granted a permit, knows just what portion of the range he will be allowed to use, how
many stock he can pasture and when he can drive them in, and furthermore,
he knows that on arriving there he will not _nd the range already occupied
by someone else, consequently there is no need for any haste in driving and
the stock are grazed along in a way that little damage is done.
PRACTICAL RESULTS OF REGULATION.
It has been found in some cases that ranges which apparently were greatly
overstocked have shown a marked improvement in condition by the application of the grazing regulations without any reduction in the number of stock,
showing clearly that the damage has been caused largely by the manner in
which the stock was handled.
Cattle prefer to graze in the meadows and parks rather than in the tim—
ber, and consequently when a summer range is heavily stocked with cattle the
greatest damage usually appears to be in tramping out the grass in the meadows and on the neighboring slopes. Every effort should be made to prevent
the concentration of the cattle. As many watering places as possible should
be provided. Where the springs and seeps are liable to be injured by traveling.
they should be fenced and the water piped out into troughs. In salting stock
the salt should be placed in many different localities, and a short distance
away from the water.
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GRAZING REGULATIONS NOT UNPOPULAR.
Since the regulations regarding grazing have been modi_ed and a more
liberal policy towards the livestock interest adopted, much of the opposition to forest reserves‘has been removed. In many of the reserves grazing
has been under control for a suf_cient length of time to practically demonstrate
the advantages of this system of range management, both in the improvement of the forage and the regulation of the _ow of streams, and stockmen
who had _rst opposed the reserves, realizing the bene_ts to be derived from
control of the ranges, are among the most earnest supporters of the reserves.
The stockman has learned from experience that forest reserve protection of
the summer range means an improvement in the condition of his stock and an
increase in the pro_ts of his business. During the past season when stock
in many range sections suffered severely on account of lack of feed and
water, those who were fortunate enough to have pasturing privileges in the
forest reserves were able to get their stock fat while many of the outside
stock remained thin in _esh, the result being that the stock pastured on the
forest reserve were in better demand and sold for more ‘money than those
from the outside ranges.
As the policy of the government becomes better understood and the bene_ts to be derived from judicious management of the grazing land is shown
by practical demonstration, the opposition of the stockmen to the creation of
forest reserves will be entirely removed .and'they will co—operate with the
government in the proper regulation of grazing and the permanent improve—‘
ment of the ranges. .
Question—I would like to ask you now, if the grazing of cattle and sheep,
would not assist in extinguishing _res in the mountains and ranges, and
would it not add to the advantages of the forest that stock be taken in there
in the prevention of _res? Fires start from various causes—the burning of
brush, and sometimes from lightning striking the grass. There is a great
deal of trouble about that, but I think if the range was allowed to be grazed
off to a'certain extent it would be an advantage in keeping down _res.
Mr. Potter—Yes, sir.
Question—There is another point—the permit to use the range by the government. Do you not think it would be better if there was a rental charge
for it, a lease for a limited number of years—don’t you think it would be an
advantage to both the range and stock owners?
Mr. Potter—I think along that line where arrangements are pretty well
settled, the greatest advantage would be to extend the term of _ve years’
lease. and in that way the stockmen would feel encouraged in trying to improve its condition. But the government tries to manage the stock reserve
just the same where the stockmen do not pay, and a great many of them feel
that there ought to be a government charge and they try to devise the best
regulations possible. I think one of the things which is needed most along
that line, where the question of range right is pretty well settled, is to make
a lease term of _ve years.
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Question—Well, to give a _ve or ten years’ lease, don’t you think it would
be fair to the government and stockholder for the stockholder to pay a rental;
would it not make him take more interest in it?
Mr. Potter—Yes, sir; it might.
Mr. Stewart—In speaking about the driving of cattle and sheep from one
range to another, I want to state to you how we are situated. The sheep
graze in the summer time on the Monkhill Mountains and in the winter time
down on the desert; there is a travel of 100 miles between the two ranges.
Now, our idea is that they scatter in going from one range to the other, and
in some cases they scatter all over the country near Salt River, where we
are building a dam. This country is practically bare. Now, if they were passing about _ve miles in a trail, they would simply ruin that strip. The cattle
are not as much of a damage as the sheep are.
Mr. Potter—I think you are right in that particular section, but generally
speaking it is better to let the sheep scatter out. Now if the forest reserve
was to be extended over that section of the country, the trail would be
extended.
Mr. Stewart—There have been trails, such as you speak of, through the
Black Mesa surveys made by sheep, and some of them are transient sheep,
coming through some of them from a very great distance, and they have
already established a trail. If this were extended, that system of trail would
be extended down there and sheep would be con_ned to a different trail. I
would say that under our government administration they would not allow a
general travel by sheep or cattle. They started in allowing 300,000 in a re‘serve, but they cut them down, and I think the number mentioned would
be allowed in case this was extended—they might allow a certain number to
commence on.
Mr. Potter—Can the government have any control over these sheep after
they pass off of the reserve?
Mr. Stewart—No, sir. I am in favor of the lease law—I have been in the
cattle business about _fteen years and had a good deal of experience, and I
should think that the term of lease years should not be less than ten.‘
Mr. Potter—I think that would be fair.
Mr. Stewart—Now, the cattlemen are an advantage to the lease land, because every time a _re breaks out they all go out and help _ght it with all
their men. I think they are an advantage. The cattlemen will be of great help
to keep _res down, and they do not hurt the pines at all, as the pine burs seem
more liable to catch on the side of the hill where the cattle tramp. I knew
that this work was being done, but did not know that it had gone on so far,
and if there is anything I can do, or the cattlemen can do, we would be glad
to help you in any way we can.
Mr. Pinchot’s two resolutions were next offered and. upon motion duly
seconded, adopted by the Section.
Adjourned until 2:00 p. m., November 16, 1904.
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' THE RELATION OF FOREST RESERVES TO THE MINING
INDUSTRY. .
MAJ. F. A. FENN, Forest Superintendent Forest Reserves in Idaho,
Lewiston, Idaho.
Ever since mining _rst became an important industry in the United States
the government has dealt with it in the most liberal manner. The steadfast
policy has been to stimulate the prospecting of the country and encourage
the development of its mineral resources. Whatever tends to retard the
progress of the miners’ work contravenes that policy, anything calculated to
advance his interests accords with it.
Congress in the enactment of the law authorizing the setting apart of portions of the public domain as forest reserves consistently adhered to its course
respecting mining when it provided in that Act as follows:
“It is not the purpose or intent of these provisions, or of the act providing for such reservations, to authorize the inclusion therein of lands more
valuable for the mineral therein * * * than for forest purposes.”
And further, “Nor shall anything herein prohibit any person from entering
upon such forest reservations for all proper and lawful purposes, including
that of prospecting, locating and developing the mineral resources thereof.
Provided, that such persons comply with the rules and regulations covering
such forest reservations."
And further still, “And any mineral lands in any forest reservation which
have been or which may be shown to be such, and subject to entry under the
existing mining laws of the United States and the rules and regulations
applying thereto, shall continue to be subject to such location and entry, notwithstanding any provisions herein contained.”
While the Act contains the above quoted provisions, it also outlines a plan
for the preservation of the forests within the reserves and gives to the Secretary of the Interior power to elaborate the system and make it effective, by
authorizing him to “make such rules and regulations and establish such service as will insure the objects of such reservations, namely, to regulate their
occupancy and use and to preserve the forests thereon from destruction.”
Realizing the vital importance of the mining industry to the national prosperity and at the same time appreciating the necessity of protecting the forests
for the bene_t of the people, the lawmakers devised a scheme of forest protection that enables forest reserves to be maintained and the mining industry
to be carried on simultaneously in the same territory, not only without con_ict or friction but in such manner that scienti_c forestry may be applied in
fullest measure while the best interests of the miner are subserved and pro~
moted. ‘
Strange as it may seem, after knowing the provisions of the law cited
above, the establishment of a forest reserve in a mining region often excites
grave apprehension in the minds of the residents of the locality. Fearing dire
results from the presence of the reserve, with the administration of which
they are unfamiliar, and the effects of which they have not studied, mine
owners are frequently aroused to strenuous opposition and seek in every way
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to escape from imaginary ills. What they would avoid they _nd in the end to ‘
be a boon. An apt illustration is found in the history of the Black Hills forest reserve, one of the earliest to be set aside. The great Homestake mine
is within the limits of that reservation, and when the reserve was created the
Homestake people were panicstricken. They thought the innovation would at
once close their mine, and they believed its continuance would result in the
practical destruction of their property. They sought to have the reserve
abolished. The government was _rm, however, and insisted on conferring
its bene_ts. The experience of years has shown the Homestake owners their
error. Now they appreciate the reserve system and are working hand in
hand with forest officers in all that concerns the reserve. Not only so. they
have adopted reserve methods in the management of their own extensive timber holdings. Now they regret that the reserve was not created before their
mine was discovered.
The forest reserve system contemplates the accomplishment of a two-fold
object in the preservation of the forests; _rst, to keep them in the state of
highest continued production for the bene_t of the people locally dependent
upon them for a supply of timber products; and, second, to conserve the water
supply and maintain an equable _ow in the streams. These two chief pur—
poses are admirably suited to meet the needs of the two great branches of
the mining industry, lode mining and placer mining. The principal natural
products required by the lode miner is timber, while the placer miner is powerless to carry on his operations without water.
Man is ever extravagant with whatever nature bestows. and miners in
the use of timber. if unrestrained, demonstrate the rule. Their business
makes them creatures of the present. They rarely consider the ultimate good
of the community when they are cutting timber; they regard only the satisfaction of their own immediate needs in their quest for wealth. Commonly in
the mountainous mineral districts there is naturally a goodly supply of timher, but the discovery of mines leads quickly to the reckless destruction of
this and to the heedless impairment of the forest growth. No thought
is given to the future. Wasteful, careless methods of cutting prevail and
vast accumulations of tops, limbs and other refuse soon encumber the
cut over tracts. Fires now get in and what may have escaped the
chopper fall a prey to the _ames. Were the _re con_ned to the areas
cut over, the damage would not be so great, but, unopposed, it does
great damage. Thus are destroyed quantities of timber compared with
which the amount consumed is insigni_cant. The _re is the great and
real destroyer, but man is responsible for the conditions which make the destruction possible.
Worse yet is the damage done by the incendiary, who in order to clear a
brushy hillside or remove thick timber in a canyon sets _re to the country to
facilitate prospecting work. Thousands of acres of most valuable timber have
been burned in this way to the inestimable damage of the mining industry.
The anxious seeker for a mine l'ets sel_shness blind him to the best interests
of the community. He destroys the supply of timber upon which, very
likely, hinges the question whether or nOt his mine may be pro_tably worked.
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It: the vicinity of almost every mining camp the naked hillsides testify to the
destruction wrought in the early days. Where formerly the mountains were
covered with forests they are now denuded. Favored spots may be seen
whereon a limited number of seedlings and saplings proves nature’s effort to
restore normal conditions, but many years must elapse ere her object can be
attained even with all the care and assistance forest reserve methods may
render. In the meantime the mines nearby must, at great cost, draw upon
distant sources of supply for such timber as is necessary to their continued
operation.
Everyone familiar with placer work in any long established camp has
heard the general complaint. “The climate must be changing, for water gets
scarcer and scarcer every year." Streams which formerly furnished ample
water for the working of extensive properties during the full open season a
few years ago are now without a sufficient _ow for more than a few weeks’
run in the claims. The true reason for the changed situation is not far to
seek. The mountain slopes once forested tell the tale of repeated _res and the
consequent reduced water-storing capacity.
These deplorable conditions prove the importance of preserving the forests
if mining is to continue to hold its place among our industrial pursuits.
Whenever it is the purpose to run a tunnel or sink a shaft for develop—
ment, or to .extend the workings of a property in extracting ore. it is known
beforehand that timber will be needed for such underground work; if the
construction of a mill is contemplated, the _rst thing to look for is suitable
material; if a steam power plant is to be operated, above all fuel must be
provided. This timber question in all such matters is fundamental and should,
it would seem, receive primary consideration. The prudent manager of a
mine in a forest reserve would, therefore, make provision for timber at the
very beginning of his preparations for any such proposed undertaking, by
submitting proper application for the amount which he estimates will be
required to serve his ends.
Miners are more prone to be careless in the use of timber than most other
people and consequently from them come the bitterest criticisms when they are
_rst brought in contact with the regulations. The explanation is simple. For
_fty years the miners of the West have followed the suggestions of their
will; they have cut and slashed the forests unrestrained. Unfamiliar with the
new order of things, they look upon the country as their own by right of
discovery and exploration. When once he appreciates what the innovation is
intended to accomplish he promptly adapts his affairs to the new regime.
The honest miner who in good faith is developing or working his property
encounters no real dif_culty when he confronts the forest reserve law and
regulations; but it is the stake locator and the person who seeks fraudulently to secure a body of timber under a pretended mining location that
meet with obstacles. What mine owner when looking for timber in the
vicinity of his claim has not found the best and most accessible supply covered
by invalid locations made by some unscrupulous person for no other purpose
than to “hold up” the legitimate miner and compel him to purchase a worthless claim in order to secure timber to which he thinks he is entitled?
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While reserve of_cers are protecting the forests from damage by _re and
from spoliation they are at the same time vigilant to guard the government against fraud and in the illegitimate location, occupancy and use of
pretended claims by persons who from sel_sh motives attempt to evade the
law relative to the acquisition of title to mineral land. The prospector or
miner receives every assistance and encouragement from forest of_cers; they
facilitate his operations.
Where a forest reserve is established in a mining locality, so soon as the reserve law and regulations are fairly understood, opposition on the part of the
law—abiding element of the population ceases.
The prospector and miner have nothing to fear from a forest reserVe.
It is established for the advancement of their interests together with the promotion of the general welfare. Examined comprehensively the relation .of
forest reserves to the mining industry appears so intimate, the success of the
one so directly interwoven with the continued prosperity of the other, that the
possibility of real antagonism between them cannot be entertained. The forest
reserve system has come as a public benefactor of the mining industry
and there is every incentive for miners to give it their loyal support. Forest
of_cers in the administration of reserves will labor for the common good and
reciprocally miners, as active and ef_cient friends, may co-operate in the
achievement of the objects alike bene_cial to themselves and conducive to the
public weal.
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INFLUENCE OF TREE PLANTING UPON THE DUTY OF
WATER IN IRRIGATION.
F. H. KING, University of Wisconsin.
In the effort to discover and establish underlying principles of agricultural science and to direct agricultural practice along lines which shall be
in harmony with them, thus leading more directly and certainly to higher
economic returns, we stand generally _in need of an increasing body of accurately determined fundamental facts; and it is very much to be hoped that
it will be more and more recognized that the development of these _elds
falls properly within the purposes of Government aid and work. An adequate
discussion of the broad problem of how to secure the maximum duty of water
in agriculture is not at present possible on account of lack of a suf_cient body
of well established facts; and this is especially true of that phase of the
problem relating to the in_uence of tree planting upon the duty of water.
The body of accurately determined facts regar?ng the in_uence of windbreaks of any type upon the wind movement cose to the surface and especially upon the rate. of evaporation from foliage, soil, and water surfaces,
is extremely small and yet such knowledge is necessary to a proper treatment on the subject. Some general facts and tendencies have been ascertained
which are helpful for a preliminary consideration of this subject.
INFLUENCE OF WINDBREAKS UPON VEGETATION.
There is no doubt but that under certain critical conditions windbreaks do
exert a very measurable in_uence upon vegetation. In the spring of 1894,*
during May and June, an opportunity was afforded to make a somewhat critical
study of this subject under _eld conditions. There is in Wisconsin an area
of some 10,000 square miles of light sandy soil or sandy loam and, upon
the lighter and more sandy portions of these soils, crops are occasionally
very seriously damaged by the drying effect of the wind; and the fertility of
the soil is much reduced by the drifting which-occurs at such times. At
the time in question there had been a heavy fall of rain on the 5th and 6th of
May, but on the 7th it was clear and cold with a strong wind blowing from
the northwest. During this and the following day, notwithstanding the rain,
the soils on many _elds about Plain_eld and Almond, Wis., had been badly
drifted. On the morning of the 8th the drifting had gone so far, on many
_elds, that at both places, the loose sand with which oats had been covered,
whether with seeder or with drill, had been driven from the _elds to such an
extent as to leave the kernels entirely exposed and the plants lying _at upon
the ground, hanging by the roots and whipping in the wind. On the _elds
where the whipping had not been so severe and where oats stood three inches
high, the oats had been cured like hay close to the ground and even the
leaves of dock sorrel were blackened and so dry as to crumble in the hand.
Very many of the blades of oats. through wilting. had broken over close to the
ground, presenting an appearance which suggested to the farmers that they
l"Bulletin 42. Wisconsin Agricultural Experiment Station.
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had been cut by the sand. It was at once evident, to the most casual observer
of the _elds at this time, that wherever a _eld lay to the leeward of any sort
of shelter the destructive effects of the wind were either not apparent or else
they had not been nearly so severe.
About three weeks after the _rst serious injuries had occurred a careful
study was made of many _elds and the results are recorded in detail in the
bulletin to which reference has been made. Some of the observations made at
this time are cited here in illustration of the decisive evidence regarding the
in_uence of windbreaks upon vegetation. A north and south road two rods
wide fenced with wire along which were scattering trees 10 to 18 feet high,
together with a scanty growth of hazel, had a _eld of oats lying to the east
which was greatly damaged, but a strip two rods wide, next to the road, appeared wholly uninjured. A _eld of oats lying to the east of a _eld of timothy
in which there was a strong growth of dock sorrel, had a strip of oats 200 feet
wide next to the grass where the stand was good while on the eastern half,
30 rods wide, the plants were entirely destroyed. Another oat _eld having
grass on the north and west sides, and bordered by a rail fence, showed a
strip of uninjured grain 100 feet wide next to the two fences and fully 200 feet
wide in the northwest corner of the _eld in the lee of the two fences. In
another oat _eld fully _ve-eighths of it had been so thoroughly destroyed by
the wind that it was harrowed and _tted for potatoes, but a strip along a rail
fence on the south side, 150 feet wide, had been allowed to remain on account
of the better stand, and on this area, as was usual generally, the number of
plants increased as the fence was approached. To the west of this same _eld
there was another of timothy and adjacent to this there was a strip of oats
200 feet wide where the stand of plants was markedly better than farther
away; and the same fact was observed in an adjacent _eld lying to the east
of a closely fed pasture free from trees and shrubs. In another _eld 120
rods long from north to south and 80 rods wide, seeded to oats and clover,
the effect of the surroundings upon the crops is indicated in _gure 1 where
it will be seen that at a certain distance fronf the conditions which have
in_uenced the temperature, humidity and velocity of the wind the oats had
been very much injured and the clover had been entirely killed out.
In _gure 2 the southeastern _eld is 80 rods long and 30 rods wide. Here
it. will be seen the oats were good along the road in the lee of the two
fences 40 per cent gone further away and entirely destroyed on the eastern
half. Further north the _eld of oats adjacent to the _eld of grass and with
woods to the north and in the distance to the west, had a good stand of
plants, being seriously injured only at the south end where the wind came
through between the two pieces of woods along the course indicated by the
arrow. Similarly. in _gure 3, the in_uence of shelters are clearly and sharply
brought out by the condition of the crops observed and there recorded. The
southern _eld in this _gure was 60 rods from east to west and 30 rods wide.
It‘will be seen that the half of the _eld stretching out into the path of the free
wind coming through the gap between the two pieces of woods, as indicated by
the arrow, had lost all of the crop while the stand increased toward the
woods on the west and was good at a distance of 10 to 20 rods from them.
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The piece of oats lying on the south side of the scantily wooded pasture
was in excellent condition and although only 15 rods wide a very appreciable
difference could be seen in the stand of clover, to which the _eld had been
seeded, on the margin most distant from the pasture. Even _elds of corn
stubble having _elds of oats to their leeward were observed, in three instances, to have exerted very marked effects upon the stand of grain and in
one of these _elds, on one portion of the protecting corn stubble, there was a
strong growth of dock sorrel. T o the leeward of this part of the _eld the oats
had been much less injured, suggesting that the effect of the humidity of the
air passing across this may have been enough altered to render the wind
current appreciably less destructive. Observations like these appear to place
beyond doubt that, under certain conditions, at least, windbreaks do exert a
very measurable effect upon the vegetation of cultivated _elds.
On three other oat _elds which had been seeded to clover and which were
bordered on the west with _elds of grass, the number of clover plants upon
unit areas which had survived the effect of the wind was determined at
different distances from and to the leeward of the _elds of grass. The
counts were made in series along east and west lines at right angles to the
margins of the grass _elds and the results are given in the following table.
Table showing the decrease in the number of young clover plants per unit
area with increase of distance to the leeward of the margin of grass land.
Field N o. I.
Distance from Margin of Grass. No. of Plants. No. of Plants. No. of Plants. No. of Plants.
Feet. Series 1. Series 2. Series 3. Total.
50 187 209 187 574
200 120 139 131 390
400 88 75 1 68 231
Field N o. 2.
100 77 73 99 249
200 55 109 113 277
400 43 78 72 193
600 67 66 56 189
800 54 54 30 138
1000 27 11 10 48
Field N 0. 3.
50 ' 377 382 371 1130
400 166 209 225 600
700 ' 203 180 160 543
These three sets of data appear to leave little room to doubt that in
some manner, the grass _elds to the windward of the _elds seeded to clover
did exert an in_uence which materially affected the stand of clover on them.
In what manner this e_'ect may have resulted will be referred to later.
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INFLUENCE OF WOODS UPON THE RATE OF EVAPORATION TO
THE LEEWARD.
At the time of the observations just described others were made to measure the rate of evaporation at different distances to the leeward of woods,
using a form of Piche evaporometer rendered more sensitive by increasing the
diameter of the evaporating surface to 5.9 inches, thus giving an effective
area of 27.06 square inches, deducting the area of the water reservoir, the
latter being graduated to .1 c. c. The instrument as placed in the _eld is
represented in _gure 4.
With a series of six of these instruments set up in a line at right angles to
the margin of a black oak grove having a mean height of 12 to 15 feet, the
rate of evaporation which occurred simultaneously between 11:30 a. m. and
12 :30 p. m. was measured, with the results given in the next table.
Evaporation at one foot above the surface at different distances to the leeward
of a grove of black oak in a _eld of sandy soil recently planted to corn.
Distance from Woods. EvaporatioE irEOne Hour,
20 _ 11.0
40 11.1
60 11.3
80 11.2
100 11.9
120 12.9
These results show that until a distance greater than 100 feeLis reached
but little difference in the rate of evaporation was found. At 120 feet the
evaporation was 17 per cent greater at 20 feet. Three of the instruments
were next set up at 20, 40, 60 and at 280, 300 and 320 feet from the same
grove and in the same _eld. During one hour the amounts of » evaporation
were as given in the next table.
Evaporation at one foot above the surface at 20, 40, 60, and at 280, 300 and 320
feet to the leeward of a black oak grave in a _eld of sandy
soil recently planted to corn.
Distance from Evaporation in Distance from Evaporation in
Woods. One Hour, Woods. One Hour,
Feet. C. C. Feet. C. C.
20 11.5 280 . 14.5
40 11.6 300 14.2
60 11.9 320 14.7
Average. .40 11.66 300 14.4
From this table it is seen that the rate of evaporation was 23.4 per cent.
greater at 300 feet than at 40 feet, basing the computation upon the averages.
In another locality the evaporometers were set up at distances ranging
from 20 to 500 feet to the leeward of a piece of black oak woods where they
had an average height ranging between 15 and 25 feet and were thicker on the
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ground. The results secured during an hour of sunshine in the middle of the
day are given in the table which follows:
Evaporation one foot above the surface of ground in a _eld of out: at different
distances to the leeward of a black oak grove of trees 15 to 25 feet high.
Distance from Woods. ‘ Evaporation in One Hour.
Feet. C. C. .
20 11.1
100 14.3
200 15.7
300 18.5
500 ' 18.3
In this series the evaporation appears to have become constant at about
300 feet from the woods and was some 66 per cent greater than at 20 feet
distant.
The effect of a scanty hedgerow was also measured. This was composed
of a strip of bluegrass 16 feet wide in which there were scattering black
and burr oak from 6 to 8 and occasionally 12 feet high. The hedge had open
gaps in it and the nearest. evaporometer was set up in the lee of a clump of
six trees spanning a length of 40 feet, there being a gap of nearly equal
length on either side. To the windward of this hedge there was a naked
_eld of 80 rods wide recently plowed and being planted to potatoes, and the
instruments hung above the _eld of oats where the plants were about 4 inches
high. The next table gives the results obtained.
Evaporation one foot above the surface of a. _eld of oat: at different distances
to the leeward of a scanty hedgerow.
Distance from Hedgerow. Evaporation in One Hour.
Feet. ‘ C. C.
20 10.3
150 12.5
'300 13.4
In this case the evaporation at 300 feet from the hedgerow was 30 per cent.
greater than at 20 feet and 7.2 per cent. greater than at 150 feet, and the
results make it clear that even scanty hedgerows exert a measureable in_uence
upon the rate of evaporation at considerable distances to the leeward.
INFLUENCE OF A CLOVER FIELD UPON THE RATE OF EVAPORATION TO THE LEEWARD.
Adjacent to the naked _eld behind the hedgerow just considered, there was
a _eld of clover 360 feet wide along the margin of the oats and extending
’ 780 feet back from it, across which the wind passed in its course from the
north. At the same time the last observations were made a similar series
was taken to the leeward of the clover, the results being these given in the
following table:
(14)
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Evaporation one foot above the surface of an oat _eld at different distances to
the leeward of a field of clover.
Distance from Clover Field. Evaporation in One Hour.
Feet. C. C.
20 9.3
150 ' 12.1
300 13.0
These results indicate that at 300 feet to the leeward of the clover the
rate of evaporation exceeded that at 20 feet 39 per cent and that at 150 feet
7.4 per cent. Comparing the evaporation from the two adjacent areas where,
as stated, the evaporometers were similarly and, simultaneously exposed, it is
seen that the air coming across the long stretch of naked ground and then
passing through the hedgerow, caused measurably more evaporation than did
the current which had traversed the _eld of clover; and these results appear to be in complete accord with the observations cited regarding the
stands of grain and clover to the leeward of woods, hedgerows, grass _elds
and shelters of other kinds.
INFLUENCE OF WOODS AND GRASS FIELDS UPON THE HUMIDITY OF THE AIR TO THE LEEWARD OF THEM.
At the same time that the several sets of observations were taken and at
‘the same places, others were also made with wet and dry bulb thermometers
of the Henry J. Green make, reading to tenth of a degree C. The results obtained are given in the following table, each value being a mean of 10 readings, which were made in regular rotation, passing from station to station of
each series during the interval of exposure of the evaporometers:
Relative humidity of air three feet above the surface at different distances to
the leeward of woods, hedgerow, clover _eld and naked soil.
Grove No. 1‘.
Distance to the Mean Dry Bulb Mean Wet Bulb . Mean Relative
Leeward. Readings. Readings. Humidity.
Feet. Degrees F. Degrees F. Per Cent.
30 65.32. 49.46 27.0
300 63.80 47.35 24.0
Grove No. 2.
20 75.04 58.35 34.6
100 73.13 . 56.39 ' 33.0
200 72.03 55.83 34.2
300 71.47 55.13 32.8
400 ‘ 73.63 55.63 29.6
500 73.31 55.94 30.8
On leeward margin of clover _eld.
0 52.48 313.97 48.0
On leeward margin of naked _eld.
0 53.24 43.57 44.0
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The four series of observations, although too limited to serve as the
basis of general conclusions, are, in a general way, quite in accord with the
records of evaporation which have been cited and also in harmony with the
very pronounced observed protection afforded to oats and clover to the leeward of the various shelter conditions which have been cited. To my own
mind, however, the surprise lies in _nding such profound differences in crop
conditions associated with the observed differences in meteorological and
surface conditions. It should be borne in mind, however, in considering these
relations, that the meteorological observations were not made at the time the
destructive work was going on, hence what di_erences then existed are not
known. The relations which have been observed and pointed out are clearly .
vital to the reclamation problems of the arid and semi-arid. West and merit full
investigation, especially from the standpoint of _eld conditions.
The very marked in_uence which has been observed upon the stand of both
oats and clover under the conditions cited is undoubtedly, in large measure,
due to the character of the soil and to the stage of growth of the crops, the
wind coming at a time when the root system of the plants was yet scantily
developed and very close to the surface; but the measurable differences in
the stand of clover, at such long distances from the conditions which have
evidently produced them, leaves little reason to doubt that crops are sensitive
to such differences of temperature, humidity and velocity of the air. near the
surface as must result from the conditions whose types have been here considered. There can be no doubt that rows of trees along canals and about
reservoirs must very materially reduce the loss of water through evaporation
from their surfaces, and such observations as have been cited make it hopeful
that their in_uence upon the loss of moisture from adjacent _elds and their
eEects upon crops themselves may be of much greater importance, especially
in plains regions, but only fuller investigations can make certain the true
relations.
WIDTH OF THE ZONE INFLUENCED BY WINDBREAKS.
Newell,* in speaking of the in_uence of windbreaks on plains, states that:
“It is estimated that every foot of height of compact trees protects a rod
of ground; hence a Lombardy poplar windbreak of an average height of 60
feet, properly set out, has a bene_cial in_uence extending practically 1000
feet to the leeward.” In the cases which have been cited the rate of evaporation and' the humidity of the air were measurably affected at distances
having the same or perhaps a little higher order of value; but when the effect
upon the crops themselves is taken as an index the in_uence clearly has a
wider range, there being in the case of the _elds seeded to clover so strong
a contrast as 183 to 48 between the distances of 800 and 1000 feet to the
leeward of a grass _eld, where it appears that the in_uence must have been
exerted in some- manner other than by directly modifying either the wind
velocity or the humidity of the air. It appears possible that broad, con—
tinuous naked _elds of dry soil or sand on clear days may have a peculiar
effect upon air currents sweeping across them. The dry soil or sand itself
’ Irrigation by F. H. Newell, page 370.
o
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under such conditions, becomes heated and tends to expand the air lying in
contact with it, making it relatively lighter than the much cooler and more
rapidly moving currents above, and it may be that when these conditions are
established the warm air is displaced by the heavier, cooler and more rapidly
moving air from above. Such a current from above, aside from its higher
velocity, would be likely to exert a peculiarly patching in_uence as its temperature rises after coming in contact with the soil. Grass covered surfaces
and damp soil could not be expected to have this effect in so marked a degree and the result may be that during windy times the air moves across damp
surfaces and _elds of grass in a less turbulent manner and, as a consequence,
maintains a higher humidity which reduces the parching effect. If, however,
the turbulency of the air currents at the surface of the ground increases their
parching e_ect it may be asked whether windbreaks on plains may not augment the turbulency of the currents and thus while exerting a protecting in_uence over a certain distance to the leeward of them, they might not lower
the duty of water in the district as a whole and have a prejudicial effect
upon average crop yields. Indeed it appears quite possible that if the windbreaks were placed too far apart such an e_ect might be the result, but
hardly otherwise. But even if windbreaks do exert in general a bene_cial
effect and tend to increase the duty of water, exact observations are yet too
limited to indicate whether the magnitude of such in_uence would be suf_ciently great to make their establishment an economic investment, much less to
permit an estimate to be made of what returns might be expected from such
an investment; but the problem is capable and worthy of solution.
RATE OF EVAPORATION FROM WATER SURFACES.
There is already a considerable body of data accumulated in this country
which indicate the magnitude of the rate of evaporation from water surfaces.
A portion of this data 'has been obtained by measuring the loss of water
from tanks _oating in reservoirs or canals, but most of them show the loss
from tanks 3 feet square or in diameter and 3 feet deep set in the ground
so that the rim is within twelve inches or less of the general surface. The
mean evaporation during the growing season, April 1st to October Blst, as
indicated by the records of nineteen stations located within the rectangle
103 and 121° of longitude and 32 and 43° of latitude, is .21 inches per day;
21.149 inches per 100 days and 47.358 inches for the 214 days in the period
under consideration. The minimum evaporation at any station indicated in
the records was 147% per day; 14.795 inches per' 100 days, 31.66 inches for
the seven months; while the maximum—not including two at Wheatland,
Wyoming, which appear to be exceptional—was .273 inches; 27.295 inches
per 100 days and 58.41 inches or close to 5 feet for the seven months, at
Logan, Utah. East of the Mississippi we have access to records from but
_ve stations in the rectangle 71 to 90° longitude and 39° 30' and 44° 30’ latitude, and the mean evaporation has been .145 inches per day; 14.533 per 100
days and 31.1 inches for the seven months. The records obtained at Boston,
Mass., and Rochester, N. Y., are from _oating tanks and the mean evaporation was at the rate of 12.09 and 11.448 inches per 100 days respectively.
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In the absence of fuller data it is perhaps permissible to assume that the
ratio of evaporation at 20 feet and 300 feet from the woods, as observed with
the Piche evaporometers, is the same as would have been found from water
surfaces had they been similarly placed. The mean of the three sets of
observations with the evaporometers indicate that the evaporation at 300 feet
was 40.73 per cent greater~than at 20 feet. If we consider the probable
saving of water by windbreaks, it appears likely that, except in the cases
where the trees exclude the sun from canals or reservoirs, the 40 per
cent represents the maximum saving which could be expected from windbreaks. With an evaporation of 47.358 inches, given as the mean above, the
maximum probable saving would be 18.94 inches of water from a canal or
reservoir.
EVAPORATION OF WATER FROM CONTINUOUSLY MOIST SOIL.
_ During the summer of 1903 a soil evaporomet'er having an evaporating
surface of 11.7 square feet was maintained at each of four stations, Goldsboro, N. C., Upper Marlboro, Md., Lancaster, Pa., and Janesville, Wis. The
soil surface was kept continuously capillarily saturated by maintaining a
water level in the soil at about 12 inches below the surface from which an
autographic record was secured in each case. The mean evaporation, per 100
days, at the several stations, was found to be 21.2, 19.2, 15.3, and 18.0 inches
at the four stations respectively, given in the order above, or an average of
18.43 inches per 100 days and of 39.43 inches for April lst to October 31$t.
If the mean evaporation from similarly moist soil surfaces in the arid‘ regions
holds the same relation to that in the humid region as is indicated by the
. relative rates of evaporation from water surfaces in the arid and humid
regions the total evaporation from a constantly moist soil would average 60.04
inches instead of 39.43, the mean found at the four stations east of the
Mississippi during the growing season, computed to 214 days. If _ve feet is
the mean rate of evaporation from continuously moist soil in the West the
maximum saving through windbreaks would be, according to the observations
cited, some 40 per cent of the total, or 24 inches. It is, of course, never true
that the surfaces of _elds are maintained continuously as moist as was the
case under which the rate of evaporation has been determined. It is true,
however, that during the time water is being applied in irrigation and for some
considerable time thereafter, the rate of evaporation will exceed that which
has been recorded from the surfaces kept capillarily saturated from a water
level one foot below; and irrigators recognize the fact of rapid evaporation
during the hot portion of the day through the notably less distance water
will travel under a given head, before sinking into the ground, than is the case
at night and when it is cool.
COMBINED EVAPORATION FROM SOIL AND CROP.
At each of the places where the soil evaporometers were maintained and
at the same time, an entirely similar one _lled with the same soil matured 10
stalks of maize. The water level in these evaporometers, however, was main—
tained at 3 to 3.5 feet below the surface instead of at 1 foot and an auto—
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graphic record of the evaporation was obtained. The time between planting
and harvesting averaged 120 days and, during this time, the mean total evaporation amounted to 24.15 inches, or a rate of 20.13 inches per 100 days and a
total of 43.08 computed to 214 days. On these evaporometers the mean yield
of dry matter per acre was 13,881 pounds, 10,000 being a large _eld yield.
This observed mean rate of evaporation is, therefore, likely to be some higher
than forlordinary _eld yields under the same climatic conditions, and the
indications are that the evaporations from the _eld surface under crop may not
be quite as large as has been found from the continuously wet soil surface.
It may appear impossible that such a relation as this can exist, but the
probability of it being true is made clearer when it is understood how great
is the reduction in the rate of evaporation from soil surfaces when a thin
layer at the top is allowed to become dry and especially if it is loose and in
the condition of an earth mulch. The surface of the soil in the plant evaporometers was maintained in the condition of a good earth mulch three inches
deep, and the effectiveness of earth mulches is clearly brought out by the
results given in the following table where the mean amount ,of evaporation
from _rm and mulched surfaces of six soil types are given: '
Evaporation from six soil types during 28 days with surfaces _rm and under
three-inch earth mulches, computed to 214 days—seven mouths.
Surface Firm. Surface a 3—inch Di_erence.
Soil Types. Mulch.
Inches. Inches. Inches.
Sandhill ............................ 14.37 1.57 12.80
Selma silt loam ..................... 22.13 5192 16.21
Pocoson ............................ 25.64 V 7.11 18.53
Norfolk Sandy Soil ................. 31.87 5.89 25.98
Goldsboro compact sandy loam ...... 40.85 6.73 34.12
Norfolk _ne sandy loam ............. 49.79 8.70 _ 41.09
These observation were made at Goldsboro, N. C., in June and July and
they show that there is a very great protection against evaporation afforded by
3-inch earth mulches ; also, that there is a large variation in the loss of water
from different soil types under like conditions through surface evaporation.
As the data of this table were obtained during a comparatively dry period, and
when the temperature was high, the rates and differences are perhaps as large
as are likely to occur, on the average, in the irrigated districts of the West,
under such conditions. ‘
In another series of observations made under what must have been conditions closely similar to those of arid climates, columns of capillarily saturated soil 10 feet long were maintained under a continuous draught and with‘
out moistening the surfaces, during 314 days where the temperature ranged
between 60 and 90 degrees F. The 1055 of water which occurred was only
determined percentagely, but from the weights of the soils per cubic foot the
total evaporation, computed to 214 days, must have been very close to the
amounts given in the next table:
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Evaporation from ten feet in depth of two soil type: under arid condition:
continuously during 314 days—amounts computed to 214 days.
Surface Firm. Surface under Di_erence.
Soil Types. 3«inch Mulch.
Inches. Inches. Inches.
Sandy loam ........................ 2.85 2.49 .36
Heavy clay loam. . . .,. ............... 6.55 4.65 1.90
From these observations, and those given in the last table, it is clear that
whenever the surface of a _eld is protected by a layer of dry soil, whether
this is _rm or loose, the evaporation will be relatively small but less from the
loose than from the _rm surface.
It is probable that the losses of water by evaporation from _elds in the
irrigated districts of the western United States ranges all the way between
1.57 inches and 50 inches from April Ist to October 315t. If this is the case
the maximum conservation of soil moisture, through windbreaks, is likely to
be found to lie somewhere between 40 per cent of 1.57 inches and of 56 inches
or between .63 inches and 20 inches for the period April lst to October 315t.
The windbreaks themselves, of course, transpire not inconsiderable amounts
of water, but when they are planted about reservoirs and along annals,
laterals and head ditches, they may draw largely upon water that would
otherwise be lost through percolation or seepage; moreover, the land which
such windbreaks would occupy is often, in part at least, necessarily waste
land unless used in this manner. But if it shall be found practicable to make
the windbreaks by using fruit and nut-bearing trees so that an annual income
will be realized from them even though it must be small, the promise of a
good investment along this line becomes much better.
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RELATION OF FORESTRY TO IRRIGATION.
FREDERICK H. NEWELL, Chief Engineer Reclamation Service, U. S. Geological
Survey.
Mr. Chairman and Gentlemen of the Committee:
I want to express to you gentlemen the fact that we, from an irrigation
standpoint, appreciate heartily the work which you are doing, and want to
keep together, as this is a great movement for the natural resources of the
country. The principal thing now for us to do is to convince the public and
thinking men that in forestry lies a large portion of the wealth of the country.
We are getting beyond the time of mere enthusiasm, or, “Woodman, spare
the tree” idea—we are getting down to where the tree is looked upon as a
useful thing both'as lumber and as wood. Yet we have to come and convince
them that we want the trees—we want them to grow, we want them to
use. We want the forests on the mountains, not because they are pretty, but
because they are useful, and year by year we can see the demand for them
growing.
I wish to say I appreciate the opportunity of coming to meet you and to
say a word, and that we are heartily in sympathy with this move, and want to
be as useful to you as you are to us.
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HOMESTEAD LEASEHOLDS AND GRAZING RANGE
ADMINISTRATION IN THE WEST.
R. H. Forums, Director Agricultural Experiment Station, Tucson, Arizona.
The problem confronting the range interests of the West at the present
time is, on the basis of adequate knowledge of the public range, to devise
land laws which shall enable a maximum population to support itself in a pastoral country; and to make these laws so _exible as to apply to all grades,
both best and poorest, of grazing lands, harmonize all kinds of stock interests thereon, and provide for the often unexpected development, through
irrigation, of agricultural lands within formerly purely grazing districts.
UNSATISFACTORY REMEDIES PROPOSED.
Practically the only proposals thus far made to remedy existing conditions are to lease the public lands in blocks at stated rents, or to issue permits to'individuals to run stated numbers of animals upon speci_ed portions
of the public 'range.
The unsatisfactory nature of these proposals is attested, in part,'by their
repeated rejection by one or another faction of those concerned, and for
reasons quite evident when the merits of the measures are considered. Lease
or fence laws permitting the control of large bodies of land on the basis of
competitive bids are usually favored by the wealthier stock raisers who would
be at an advantage under such laws, and are earnestly opposed by the small
men who would be exterminated through their operation. Horizontal lease
laws have been proposed providing for the leasing of all grazing lands at the
same rate per acre of rental. When it is considered that different grazing
districts may easily require all the way from 3 to 60 acres to support a single
cow, the unjust discrimination against the more desert ranges of a horizontal
rate-per—acre lease law is too evident to require discussion.
The leasing idea, nevertheless, has a good foundation in the fact that it
recognizes that in order to place the grazing industries on a stable basis,
:tockmen, like farmers, must have control of the land upon which they
operate.
The permit system-has many advocates—possibly largely for the reason
that this method has been put into practice on forest and Indian reserves and
its results are known to those who would expect to take advantage of it. The
permit system, however, is practically no better than free range with a tax
added to the stockman’s expenses and a more or less unsuccessful attempt
on the part of the government to regulate the number of animals in a speci_ed
district.
AUSTRALIAN EXPERIENCE AND RESULTS.
Australia, which is and always has been, more a pastoral than an agricultural region, for the last 75 years has been making and remodeling her laws
relating to the disposal of Crown lands to settlers. .As they now stand the
land laws of various of the Australian states present the following sensible
features: First, grazing lands are divided according to their capacity to
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carry stock into as many as four classes and settlers are permitted to occupy
smaller or greater allotments of territory according to its quality. Second,
these lands are occupied under long tenure leases, with renewal privileges,
which give practically permanent control to the stockmen. In addition to the
motive thus created to improve their leaseholds, they are also usually required
by law to fence and otherwise improve their holdings. Third, the classi_cation of lands and their allotment to settlers is done by a Board of Commissioners acting for the government with a view to correct judgment and
equitable division of the public lands.
The operation of these laws with reference to the development of pastoral
industry is stated to be highly satisfactory. Vast areas of semi—desert lands,
divided into comparatively small holdings, are legally occupied for long terms
by stockmen who, prompted both by law and their own best interests, improve their holdings. Thus it is that in Australia an immense pastoral country has been fenced, substantial improvements are installed, provision is
made gainst famine in dry years, animal pests are exterminated, poisonous
plants are eradicated and an era of improvement has apparently been inaugu—
rated directly due to the recognition of the fact that the Anglo-Saxon must
have proprietary interest in land if he is to be expected to improve its
condition.
In unhappy contrast to the upbuilding of pastoral Australia is the reverse
process everywhere evident in our own Western States. The spoliation
which has resulted, inevitably, from the lack of laws having for their object
a saving administration of the range country, has resulted in a gradual but
sure decline of its carrying capacity. In some districts, especially where, under
stress of overgrazing, the soil is easily eroded by rainfall, this damage can
never be repaired; in others, restriction of_ grazing, reseeding, and other
remedial measures may e_ect a large measure of restoration.
PRINCIPLES ON WHICH SOUND GRAZING LAND LAWS MUST
REST.
Successful grazing range laws must of necessity rest upon two kinds of
knowledge—knowledge of the range itself—the forages that it bears, their
habits of growth and reproduction, their food value for animals, the classi_cation of grazing country into different grades, and the carrying capacity and endurance of these different kinds of range.
The second sort of knowledge required is that derived from legislative experience in dealing with purely grazing lands elsewhere.
Australian experience, considered together with the traditions of our own
land laws points to the practicability in the United States of the stockman’s
homestead or long term leasehold in pastoral districts. The homestead idea,
long-tried and well approved in this country, is, briefly, that a settler shall
be granted enough territory to afford him a living—enough and no more.
THE MEANING OF THE HOMESTEAD.
As applied to the Mississippi Valley a homestead meant 160 acres of land,
this area being found in the average instance su_icient for a farming family.
I
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But when the tide of immigration pushed west of the 100th meridian into
the semi—arid regions it was found either that 160 acres with water was worth
a great deal more, or that 160 acres without water was worth vastly less than
that same area back in the Mississippi Valley.
Why should we not apportion grazing ranges so as to grant a suf_cient
acreage for a sn_’icient time to afford the small stockman the necessary territory to support the herd whose increase shall give him a living income, and
protecting him in his tenure for a su_icient length of time to create an incentive for the maintenance and improvement of his range?
In Australia, from 1,280 to 40,000 acres of grazing lands, according to
quality are thus leased, at rates proportionate to value, for terms of from
fourteen to forty—two years. Many bene_ts are experienced under these provisions. Sheep and cattle wars are rendered impossible since each interest
is con_ned to its own territory. Co-operative arrangements are entered into
extensively where co-operation permits of more economical management of
large adjoining leaseholds. Grazing leaseholds are operated in connection
with cultivated farms; and humane methods of handling stock are rendered
possible.
OBJECTIONS TO BE ANSWERED.
It is objected by some that long tenure leases will close those public lands
now thought to be purely grazing lands to future agricultural development;
that such development is now occurring in sections formerly thought to be
unreclaimable, and likely to continue inde_nitely and to an unexpected extent. There is no more reason why the grazing leasehold should stand in
the way of the agricultural homesteader than that it should stand in the
way of the prospecting miner. The right-of—way and the opportunity to make
good are, apparently, just as possible to farmers, as to miners in a parallel
situation under the well-tried mining laws of our western country. With
suitable provision, as in Australia, for allowing the pastoral leaseholder
preferential homestead rights on his leasehold, no hardship is implied, but the
way is parallel for an easy transition from grazing to agricultural pursuits
in regions capable of higher development.
Again, recurring to the subject of permits, it is thought by some that the
solution of the range question lies in the extension of the permit system—that
all public lands should be apportioned to grazing interests by permit, until
taken up by homestead. This idea, with all deference to those who are working on that basis, may be questioned, both in practice and its adoption to
Anglo-Saxon human nature. In the _rst place, to carry it out on the enormous grazing domains of the West implies the creation of a numerous of_cial
body over,whose work it would be impossible, in the nature of the case to
exercise close control. The abuse of the permit system by stockmen who can
easily take advantage of their of_cial overseers is stated to be frequent. The
permit system, giving stockmen tenure of their range from year to year only,
puts the industry on a less permanent basis even than under the free range
regime, and, in addition, adds a tax to the already severe conditions under
which, in this day of decline, stockmen are laboring.
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Yet again; the stockman, no more than the farmer, wishes to be of_cially
regulated in the technical management of his business. Give him his territory, de_ne his rights, make scienti_c knowledge and advice available to
him—but give him the management of his own business.
Still again; to those who imagine that the interests of the farmer are
jeopardized by those of the grazing leaseholder, let attention he called to opposing facts. The irrigation farmer is virtually interested in the condition
of his watershed. An improved condition of grassy watersheds confers a
great and direct bene_t upon irrigation farmers; and this improvement will
be brought about by the proper protection of the stockman upon his grazing
range. ‘
As to the feasibility of range improvement it is only necessary to point to
the results already obtained on the experimental grazing range reserve south
of Tucson, Arizona.
This reserve, containing 49 square miles of diversi_ed lands, was selected
and fenced under the co-operative arrangement between the United States
Department of Agriculture and the Arizona Experiment Station. Practically a desert when it was fenced two years ago, protection from the ravages
of stock for that time has resulted in a remarkable restoration of forage
grasses.
There can be little doubt that the scienti_c and economic basis on which
range administration must rest is capable of adequate development. It only
remains to devise and put into operation a suitable system of tenure whereby
the natural wealth of our grazing regions may be developed and utilized b
our people. '
Mr. Potter—Have you sowed grass seed extensively in that reserve?
Prof. Forbes—No, sir; however, nature seems to begrassing that point
rapidly.
Mr. Potter—It comes up without being seeded? \
Prof. Forbes—Yes, sir. If it is just given a chance it will produce a fair
crop. There are patches of grass coming in all over that reserve, so I do
not doubt that in the course of ten years it will be grassed, even in its most
baren portions.
Mr. Walter T. Swingle—I would like to ask Mr. Forbes if this fenced
range would not keep it from spreading with good grasses?
Prof. Forbes—They tell me that the Black Droma is slowly dropping out.
Dr. Grif_th, I think it was, said that the grasses Were spreading out most
rapidly, and washes and waters have probably carried seed. On the other
hand it is a fact that worthless weeds have obtained a hold in that country
and have come to stay.
That country has a soil particularly subject to rain, and when once a valley
is cut down into a deep gulley, the whole is forever to be changed.
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FIRE PROTECTION IN THE SANTA BARBARA FOREST
RESERVE.
COL. WILLIS M. SLossoN, Forest Supervisor Eastern Division Santa Barbara
Forest Reserve, Nordho_, California.
The Santa Barbara Forest Reserve contains approximately 1,800,000 acres,
in Santa Barbara, Ventura and Los Angeles counties, State of California,
and is divided into two divisions, the eastern and western. As forest‘supervisor I have charge of the eastern division, which contains about 1,100,000
acres, lying in Ventura and Los Angeles counties.
There is considerable pine, cedar and fur timber in the mountains along
the north side of this reserve, but the reserve is mainly covered with brush.
Nearly the entire eastern division is the watershed of the Santa Clara River,
which _ows from east to west and empties into the Paci_c Ocean a few miles
southeast of Ventura.
The purport of this paper is to give the present plan of _re protection, and
what is needed to improve it.
The Santa Barbara Forest Reserve is mainly a brush- covered reserve and
most people think brush is a useless cover, but the settlers of Ventura and
Los Angeles counties know the value of it on this reserve, the eastern division
of which is the watershed of the Santa Clara and Ventura Rivers. In the
Santa Clara River valley $1,000,000.00 Worth of lima beans were raised this
year, and the farmers who irrigated their land raised ("m an average double
the number of sacks per acre in comparison with those who did not irrigate.
At one place where the bean-_elds of two different ranches joined the farmer
who irrigated raised twenty sacks per acre, while the farmer who did not
irrigate got only eight sacks per acre, and as the beans are worth at least
$3.00 per sack the irrigation was worth twelve sacks or $36.00 per acre to the
man who irrigated his land. The same can be said of the sugar-beet industry of that valley, one of the largest beet-sugar factories in the country
being located at Oxnard, near the center of the valley. The re_ned sugar
turned out of this. factory this year is 400,000 saclos of 100 pounds each. One
orchard of English walnuts contains four hundred acres, and the English
walnuts raised in the valley are valued at $350,000.00 this year. The
Lemonaria ranch, near Santa Paula, is the largest lemon orchard in the
country. But if this valley is to continue in its prosperity and produce good
crops it must be irrigated and the cause which makes the splendid crops grow
must be protected. As the watershed is the Santa Barbara Forest Reserve,
then the cover that best conserves the water-_ow is the cover to be protected.
On this reserve it is brush and the denser the brush, the better the water is
conserved.
VALUE OF BRUSH COVER.
A good test of the value of brush as a cover for conserving water has been
shown in the Ojai Valley the past year. In October, 1903, the canyon in that
valley, where the San Antonio Water Company obtained the water for their
water for irrigation, was burned over and they did not get one—half the _ow
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of water this season that they did during the season of 1903, though the
rainfall each season was about equal.
The government in its management of forest reserves allows sixteen
rangers for the eastern division of this reserve in the summer or dry season,
and eight for the winter or wet season. In the summer season each ranger
is. assigned a certain district to patrol, and is instructed to be courteous to all,
but _rm in the enforcement of the rules and 'regulations. He noti_es the
hunters and campers to be careful with their camp—_res, and keeps _re—
warning notices posted at all the camping places. He is also instructed to
ascertain the cause of every smoke that he sees in his district or adjoining
districts. If the ranger cannot handle the _re alone he is allowed to get outside help, for which twenty cents per hour is paid. The second class ranger
in whose district the _re is located takes charge of the work, provided the
supervisor does not get there.
MUSCULAR AND NERVY RANGERS WANTED.
The main feature of our plan of protection is to have rangers who have
good judgment, muscle and nerve. The ranger should keep “level—headed”
and have judgment to know how and when to take every advantage of a _re.
He should have nerve and muscle to face the _ercest _re when called upon and
jump in and _ght it, even though it singes his hair. Men who can and will
do that kind of work often win the _ght.
In _ghting brush _res in the mountains we have found that an attack on
both _anks is necessary. Therefore we are cutting trails or _re—breaks along
the tops of the main ridges between canyons and along the different ranges.
these trails or _re-breaks allow the rangers and men _ghting _res to con_ne
the _re usually to one canyon, as they have an open pathway on each side of
the _re where they can keep along with it until the top of the range is reached;
or until night comes and the draught is down the canyon, when they may be
able to close in and head off the _re in the canyon. In the low places along
the ridge, at the heads of some little canyons are the places that usually try
the ranger’s nerve. The brush is usually thicker and the _re comes up
pretty lively, and if it crosses the trail it will burn along the side of the next
canyon and slowly down into it. Therefore at these places hard work is
called for, and the _re—break is cut wider. A patrol is established around the
burned district and kept up until all danger is past.
ORGANIZED FIRE FIGHTERS.
Shovels and axes are the principal tools used and each ranger has to carry
them, so that he will be ready when _re is discovered. At times it seems
impossible to make any headway against a brush _re, and starting back-_res
is resorted to, but this kind of work is a kind of double-acting proposition
and is usually dangerous. Therefore we rely principally upon the _ank work
along the ridges. and are cutting trails and _re-breaks as fast as possible to
perfect that plan of work.
We have two cabins where tools and supplies can be stored and rangers
camp. This saves‘packing the tools and supplies at time of _re. Drinking
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water is very necessary for men working, but in some places it is hard to get,
therefore each man is supplied with lemons as a substitute.
Some may think twenty cents per hour for extra men too much, as we
pay at that rate from the time they start until the _re is out or under control
so the rangers can handle it. But when they replace the clothes and shoes that
get burned, torn and destroyed, the balance is not an extra compensation for
forty—eight, sixty or eighty hours’ work. I do not believe in hiring too many
extra men, but get good workers if possible, and men that will go ahead and
not have to be told every move to make. Neither am I in favor of depending
upon a volunteer force, unless the volunteer is personally interested, for the
reason that too many bosses show up in a volunteer force.
What is needed to improve the plan is: rangers enough to complete the
trails and _re-breaks as now planned, ,and more cabins where tools and supplies can be stored, thereby saving time in packing them long distances at
time of _re. Arrangements should be made so that the extra men hired to
work at _res do not have to wait from thirty to sixty days to get their pay.
It would_be a great bene_t if a telephone line could be built to several places
overlooking the reserve. But the greatest bene_t would be to have the
State enact a law governing the careless burning of brush by owners and
settlers in and along the borders of forest reserves or other places useful as
watersheds. A majority of the _res and those doing the most damage to
watersheds start from the careless burning of brush, weeds and stubble on private holdings.
There may be other and better plans of handling brush _res, but during
the past six years we have been more successful where we had trails, _rebreaks or an open pathway along the adjoining ridges, where we could work
or the _anks of the _re. With the thermometer registering from 100 to 110
degrees in the shade, but little can be done to stop the headway of a _re until
night; then possibly success may come in an effort to head it Off.
More cabins should be built and located in places where the surrounding
territory is accessible. At the cabins rangers can camp, an extra supply of
tools should be kept stored in these cabins by the government. Many other
improvements might be made that would be pleasant, but whatever else is
done, trails and _re—breaks must be made, so that rangers can get around
a brush—covered reserve, if it is to be protected as a watershed.
Mr. Walter T. Swingle—I would like to ask if you could get any assistance from stockmen renting range, in putting out _res?
Col. Slosson—I will say that in forest reserves permits have to be granted
to stockmen, and in the application it provides that they shall aid in their
locality. There are more cattle grazed in the Santa Barbara reserve than
all the rest of the reserves in Southern California. One reason why I ask
that stock enough be allowed is so that each year the grass that grows in
the canyons may be fed off, because it dries up in dry seasons, and if there
is a body of that scattered over the ground the _re gets a quicker and better
start. We are not always in a position to get the wet sacks and it gets a
headway so we can not stop it. Therefore, I believe it is better to get enough
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stock, but not overstock it. I think they are making more money and grazing
districts are kept in better condition if not overstocked.
Question—Would it not be well to leave it to a supervisor to name the
amount of stock necessary to eat off this grass?
Col. Slosson—That would depend a great deal on the honesty of the supervisor. The supervisor is allowed to issue a permit to settlers. He is the man
on the ground and understands the position, and if he is honest there will be
no damage. I think the stockmen should be compelled to fence springs
around the mountains and put in troughs and pipe the water out to the stock.
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GONDITION AND ADMINISTRATION OF THE GILA RIVER
FOREST RESERVE, NEW MEXICO.
R. C. MCCLL'RE, Forest Supervisor Gila River Forest Reserve,
Silver City, N. M.
This national forest reserve was created March 2, 1899, and comprises an
area of 2,327,040 acres, is located in the southwestern portion of the Territory,
in the counties of Grant, Sierra and Socorro. It was formerly divided into
eastern and western divisions, and under the management of two Forest
Supervisors, but is now one reserve and under the management of one supervisor, assisted by a number of forest rangers, with headquarters _xed at
Silver City, the most accessible point of location for the accommodation of
citizens having business relations with his of_ce, accessible to daily mail and
affording telegraphic communication with the central of_ce at Washington,
D. C.
Included within its area are _ve distinct mountain ranges, the Black,
Diablo, Mogollon, Tulerosa and San Francisco, all spurs of the Rockies, and
in these mountain ranges the Mimbres, the Gila and San Francisco Rivers and
their tributaries have their source, and in the continuous _ow of these rivers
a large per cent of the population of both Arizona and New Mexico are interested. I have it from a forest inspector familiar with the various reserves of
the United States, that the Gila is one of the best timbered reserves in the
Middle West, has upon its areas suf_cient timber to comfortably house and
home twice the population of the Territory in which it is located and leave
young timber and seed- bearing trees suf_cient upon its area as to reproduce
itself in the next _fty years.
This reserve has a resident population of about 1500, due to the fact that
prior to its creation agricultural lands lying in the narrow valleys of the
rivers and their tributaries heretofore mentioned had been entered and most
of them passed to patent before the date of the creation of the reserve. Citizens of the reserve are generally satis_ed with conditions, and, in fact, most
of them would protest against any proposed elimination.
In the foothills of the Mogollon mountain range, to the west, is located a
large group of valuable mining claims, properties pregnant with richest ores,
and representing millions of capital, located in the west center of the reserve
and about ninety miles north of Silver City, their nearest railroad shipping
point. This important industry, perhaps the leading industry in the Territories of Arizona and New Mexico, it is the province of the national government to foster.
PREHISTORIC RUINS.
The Gila River Forest Reserve abounds in ruined pueblos, prehistoric
mounds and cliff dwellings. The best known cli_ dwelling is located on the west
fork of the Gila River. The main cliff is about 600 feet in length, has a perpen~
dicular face averaging 150 feet in height, showing various phases of aboriginal
engineering and architectural skill of numberless “human martins” that carried on their backs up steep cliffs every stone and every bit of’mortar used
(15)
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in building cozy little rooms in this ponderous edi_ce, and the skill here displayed stamps them as a most extraordinary little people. We judge of their
size by the presence of tiny little doorways leading from one compartment to
another, and from the size of the rooms in which they lived. These ruins,
what is left of them, it is made a part of the duty of forest of_cers to protect from further vandalism, that they may be left undisturbed and together,
so that the scientist ambitious for the solution of the interesting and mystifying problems of American ethnology and archaeology may have the bene_t of
any knowledge to be gained by a study of these relics, and this exhibition of
engineering and architectural skill of this little people which ages ago so
proudly held their own in isolation and solitude.
In the southwest corner of this reserve are about two hundred thousand
acres of lands that have practically no timber upon them. They are neither
forest lands, mineral lands or agricultural lands. The only classi_cation that
may be given is that they are high mesa grazing lands, not susceptible of
irrigation and possibly never will be.
GAME LAWS ENFORCED BY FOREST OFFICERS.
The headwaters of the streams heretofore mentioned are full of _sh and
in the deeper recesses of the forest may be found bear, mountain lion, wild
turkey and deer, the latter of which are increasing in number, due to enforcement of Territorial game laws by forest of_cers. The reserve abounds in
numerous hot springs, waters from some of which issue from the ground at
boiling point, best known of which is called Gila River hot springs, by some
called Hill’s hot springs, best known for the reason that these springs are
located upon patented lands, have been improved for the use of the public by
putting in of bath tubs and the building of a kind of way—side inn, where
the people who frequent these may get hotel accommodations, and bathe in
these waters, which are said to contain medicinal properties.
Administration is a most important question, not only in the Gila reserve,
but in every other forest reserve of the United States. The service is being
improved with each passing year and the standard of pro_ciency is being
raised and men already in the service are acquiring larger experience and a
better understanding of what is expected and what is contemplated. We have
commenced the doing of permanent work, such as the building of permanent
trails, construction of rangers’ cabins centrally located, cutting of _re-breaks,
etc. The ef_ciency of the men is being brought to a higher standard, and
promises for the future greater protection and more satisfactory administration.
Stock grazing in New Mexico is one of the leading industries and the
national government in its efforts to foster it has provided for limited grazing
in its forest reserves, and this year admitted to graze in the Gila River Forest
Reserve 150,000 head of sheep and 55,000 head of cattle and horses.
STOCK GRAZING IN RESERVE.
For the accommodation of this number of stock the reserve has been
divided into nineteen grazing districts, this division into grazing districts
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made necessary for the more equitable and systematic apportionment of grazing areas and distribution of the maximum number of stock allowed to graze
according to the grazing capacity of the several districts and to better enable
forest of_cers to prevent over-grazing. This division of the reserve also
enables us more equitably to divide the range between cattle and sheep, which,
it is claimed, do not thrive well on the same area. For this reason sheep are
assigned to certain districts and cattle to others. When patented ranches of
cattle owners fall within sheep allotted districts we assign to such cattle
owner home range in the vicinity of his ranch or farm, from which sheep are
excluded. Sheep were admitted to graze from April lst to August lst, and
cattle, as a rule, the year round.
I believe that all grazing in forest reserves is, more or less, detrimental, yet
danger from forest _res would be very much augmented by a failure to permit
suf_cint grazing to consume the grass that would otherwise grow up and
become a tangled mass. Once on _re in this arid region during the summer
months great loss would result, so that the risk in this particular outweighs the
little damage that is done the reserve by restricted grazing. This distribution
of sheep and cattle has not given entire satisfaction to either the cattlemen
or the sheepmen, but it is the most equitable of which the supervisor is capable
and its abandonment will work injury to one or the other of these industries
and ultimately result in exclusion of either sheep or cattle.
The taking down of unlawful enclosure was perhaps the most delicate task
yet assigned forest of_cers. But fences down, the stockmen have found that
it is possible, by leasing a school section here and there, to get along fairly
well without these vast areas of unlawful enclosures, and they never questioned the justice of the order.
Forest rangers, in addition to wearing a badge of authority, have voluntarily adopted a uniform of gray color with green stripes, and the good effect
makes it commendable and bespeaks a personal pride on the part of the _eld
force.
The justice and the wisdom of setting apart this vast expanse of well-timbered areas is no longer questioned by thinking people, who concede that the
right of the individual ceases where the right of the public begins. A healthy
public sentiment favorable to .national forest reserves, wisely administered,
now exists among the people.
.1- . '\
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FOREST PLANTING A REQUISITE T0 SUCCESSFUL IRRIGATION IN NORTHERN MEXICO.
MAXWELL ALEXANDER KILVEirr, General Manager Tihualito Agricultural
Company, 28 Ortega, Mexico City.
What makes up Northern Mexico politically comprises three sections of
distinct physiographic character. There is the coastal plain on the east, which
includes the State of Tamaulipas and part of Nuevo Leon. The climatic conditions existing there resemble those of the Texas littoral, modi_ed by the
high ranges of the Eastern Sierra Madre. On the west are the ranges of the
Western Sierra Madre, and.the much narrower Paci_c coast plains. It is the
central table land which presents the serious problems indicated by the title.
This district forms an irregular quadrangle, of which the south side nearly
coincides with the Tropic of Cancer, from the 100th to the 104th meridian
west of Greenwich, and the north side lies along the frontier from 29 to 32
degrees north, and between the 1015t and 106th meridian.
This district is an elevated plateau, with a height of some 6000 feet above
the sea along its southern border, falling off toward the north, and more especially towards its northwestern corner, where it is only slightly over 700
feet. There is a pronounced depression in the western edge about one-third
of the distance from its southern to northern limits, in the neighborhood of
Torreon, and just where the most extensive irrigation operations in Mexico
are "being carried on. The altitude here is about 3500 feet, and from this
point the plateau falls off, in fan shape, toward the north and east to its low
point at Eagle Pass, rising, however, along its western side to about 4600
feet at Chihuahua, and dropping about 900 again from there to El Paso.
This table land is very much broken by clumps and ranges of hills and
low mountains, rising from 200 to 300 to perhaps 1500 feet above the surrounding plain. These ranges run in a general northerly and southerly direction, and some of them are unbroken for many miles by passes feasible for
wagon roads.
The prevailing formation is limestone. These elevations are totally bare of
forest. Short of forested hills, they show every stage of Chaparral covering,
of mesquite and other large shrubs of spaise grass covering, of rocky, cactus
and ixtle-like covered areas down to the bare soil—stripped rock. The plain itself
presents many phases. In the northwest part are large areas of fair to poor
grass-covered range, and from the south to the northeast every condition,
from good Chaparral to the apparently hopeless stony desert stretches, with
nothing except various forms of the cactus making a struggle for existence.
Vast areas, however, are composed of the most fertile alluvial deposit, the
result of thousands of years of disintegration, washing down. blowing o_‘, and
settling. These plain areas need only the stimulating touch of water to equal
in fertility the most bountiful districts of the world. The depth of the allu—
vial deposit in many places is very great. Experiments made recently in welldigging in the principal irrigated districts have shown over 200 feet of alluvial
deposit, of strata of humus, sand, light clay and some gravelly strata.
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AN ARID SECTION.
The amount of rainfall throughout this district is still largely a matter
of conjecture. It is, however, quite safe to say that by far the greater part
of the area falls within the limits of the distinctly arid belt, only the part
referred to as the range country reaching the semi-arid class. Observations
taken at a point near Torreon, between the 22d of March and the 22d of
October, of the year 1904, a period which includes more than the so-called
“rainy” months, show a rainfall of 5.02 inches, and this is undoubtedly a relatively wet season. _
The only hope for the reclamation and productiveness of this territory lies
in irrigation, and for the most part, in works on an extensive scale.
The water which is available for this purpose to—day is the run-off from
rains in the mountains. It is that precipitated on the more considerable
ranges that must be dealt with. Except in the northwestern and extreme
northern part of the area, the water courses are quite dry during most of the
winter and early spring months. In summer and autumn they _ll from the
hill rains, and when not otherwise diverted, carry the water down through the
plain, most of them forming small ponds and lakes. There are very few of
these which receive enough water to prevent drying up during the dry season.
Of the few of this class, the principal one no longer exists, all the water
of the stream which fed it being now utilized for irrigation. This stream is the
Nazas, and the land which its waters now irrigate are known as the Laguna
district, and comprise the area formerly covered by the lakes formed by its
_ood waters, and much more in addition. What has been done by the Laguna
represents the most extensive and systematic attempt yet made in Mexico in
the line of irrigation. There are probably some 300,000 acres under ditch, and
the service requires close to 3000 miles of main and distributing ditches and
perhaps more. The holdings are very large, half a dozen or so owners probably holding a large fraction of the cultivated area, and with one exception
having few or no lessees. Cotton is the main commercial crop. If the water
supply were regular and permanent, conditions would be ideal, the dryness,
sunshine and heat of the climate being insurance against serious insect
depredations, except in abnormal years. But the _ow of the Nazas River,
like that of all the others, depends on the rains in the nearer mountains and the
eastern ranges. The beginning of the summer _ow ranges anywhere from
the _rst of July to the middle or last of August. This irregularity of _ow
renders a crop, which would otherwise be much more dependable than most,
almost as uncertain as under “sky farming.”
TO CONSTRUCT IMPOUNDING RESERVOIRS.
Anything which would so regulate the _ow of this stream that the big
_oods were checked, and if possible, to such an extent that the run-o_ was
carried entirely through the year instead of ending at any time from January
to April, as now, would be worth a very large expenditure. The government is proposing to achieve this end by the construction of impounding
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reservoirs, and now have engineers investigating the feasibility of a
project for damming a canyon not far above the upper canal intake dams.
If the manifold dif_culties of handling _ood waters which are exceedingly
heavily charged with silt, are overcome, the 'regulation of the _ow by a reservoir system would doubtless be an improvement on dependence upon the
unbridled vagaries of the present stream. But the hills of by far the greater
part of its catchment basin have been stripped clean of trees, and as the foot—
hills immediately surrounding the plain are reached, they are bare of every—
thing but ixtle, cactus and the hardier shrubs. There is still much more rain—
fall on them, however, than on the immediately adjacent plain, as judged by
inspection, for no measurements have been taken in the hills. It may be
impossible to reforest the scattered hills in the plain, but further back into
the range a foothold can be secured and the mountains reforested, and miles
by miles the desert can be driven back, and the excessive _ood waters checked.
It is quite certain that this area was once forested.
The Nazas has been used as an illustration because its use has been so
fully developed. The total volume of water discharged from lst of July,
1902, to the 30th of June, 1903, according to the government expert, was in
round _gures 787,000,000 c. m., or say approximately 650,000 acre—feet, of
the total amount for any year, probably nearly two-thirds would be delivered
in about four months. This proportion applies in a still more marked degree
to most of the other water courses emptying into the district under discussion.
The great _uctuations of the rivers, both those emptying into the temporary
lakes of the plain, and those running into the Rio Grande or its tributaries, all
present the same dif_culties in handling as does the Nazas, and from the
same cause.
THE FORESTRY IDEA UNDEVELOPED.
As yet practically nothing has been done in Mexico in the way of pre—
serving the existing forests, to say nothing of reforesting. The only law of
general application on the subject is one forbidding the cutting of wood or
timber within ten miles of the bank of'a stream. This is intended to pre—
serve the banks from erosion and caving, but it is not generally enforced.
New lumbering companies are constantly forming, and rapid inroads are being
made on the standing timber. The main ranges of the Sierras, hitherto immune for lack of transportation facilities, are now being attacked. Within _ve
or ten years damage will have been done which it will take more than a generation to repair. The government is turning its attention to the subject, but
the lumbermen are moving much faster than the government. All the work
that could be handled in reforestration, and in the expenses of maintenance for
considerable forest reserves, would not require more than a fraction of the
amount lost in this year alone by the Central Railway and the Laguna planters
on account of the irregular flow of two streams only.
For successful irrigation in Northern Mexico, for the uninterrupted main—
tenance of its means of communication, for the preservation of its climate,
and for the conservatic'm of the timber necessary for its industries, a comprehensive system of forest preservation and extension by tree planting is necessary in Mexico, and necessary to-day.
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TREE AN'D PLAIN.
Discussion of the Problem of Aforesting the Great Plains.
WM. T. LITTLE, Editor “Oklahoma,” Perry, Okla.
There are forests where there are rains, not rains where there' are forests,
yet, being to a certain extent correlative, one must perceptibly induce the other.
There, maximum altitude suggests minimum moisture. Great land expanse
remote from large water surface induces hot air of low moisture content. The
30 degree parallels are high pressure areas, so from there air is forced down
and out, establishing them as dry belts, one of rainfall’s prerequisites being
an ascending current. Intervening with north and south wind, the Rockies
mitigate this ill, yet their removal 100 miles westward would make forests of
the prairies, prairies of the plains and plains of the almost desert.
The less of annual precipitation the greater per cent of crop season rainfall. The 20-inch rain belt has, approximately, four—_fths of its supply during
crop season, while one-half in summer and one-half in winter is common ratio
for the more humid States. Four-_fths of 20 is 16, and one-half of 36, very
common for portions of Wisconsin, Michigan, Illinois, Indiana, Ohio and
New York, is 18, giving a growing period’ advantage of but two inches.
Increased evaporation and decreased air humidity partially o_set this
advantage. This _rst is susceptible of relief by frequent cultivation. In~this
way is evaporation limited to foliage, and the humidity of air equalized and
supplemented, the loose soil receiving more water. And here lies the secret
of growing trees on plains. As east and west determine precipitation, 50 north
and south determine evaporation. At its minimum point, the 20-inch rain
belt of Texas has two and one-half times the evaporation of that same belt
in Minnesota. In addition to heat, this is partially accounted for by greater
prevalence of wind. It would be reasonably fair to say the average annual
evaporation of the total country considered would be something like 45 inches,
or two and one-fourth times its entire precipitation. Mr. Kellogg gives its
middle district, a part of Kansas, as 54 inches of evaporation and 20 inches of
rain. .
THE FABLE OF INCREASED RAINFALL.
Honest ignorance has led agents to publish tables of the plain’s increased
rainfall, which but retards remedy. Sun radiation is excessive on sand surface and barren soil. A tree’s north will remain moist with dew much longer
than the south and sprout more twigs. Corn to the north of prairie ponds will
the longer survive hot winds. In malaria countries you will _nd Indian
camps between wind and creek. Black clothes take up many degrees more
of heat than do white ones. The government’s experiments as to effect of wind
velocity on evaporation, from water surface, also establishes the principle as
applying proportionately to soil surface. In this connection it should be well
to know that fourteen miles per hour is an average wind velocity for portions of the plains, increasing that by 50 per cent for weeks at a time and
occasionally doubling'even that. From the former surface a 25-mile per hour
wind takes up from six to nine times as much water as would evaporate dur-
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ing perfect calm. The average western Kansas wind increases the calm’s
evaporation by _ve fold. So four-_fths of that soil’s water is lost, and much
of the precipitation becomes _ood water. These things both emphasize our
necessities and suggest possibilities. At Lawrence, where arti_cial timber has
been planting for half a century, Prof. Snow records the period of from 1888
to 1893 as having eight per cent less wind velocity per hour than the period of
from 1873 to 1888.
On heat’s control and wind’s defeat,
So many things are pending.
That what we hold within our power,
Appears to have no ending.
There is suggestion that reforestration has perceptibly re-established normal precipitation and surface wind velocity in certain Old World districts.
Some few of_cial recordings support the old settler conviction of Pennsylvania’s denuded areas being subject to increased wind velocity and constancy.
Generation yet extant recalls “the wind-swept prairies of Illinois,” an expression so gradually thrown into disuse by silviculture as to make unnoticeable its
departure
The 20—inch rain belt, meaning semi-aridity, crosses the extreme southern
point of Texas and the northwestern corner of Minnesota, three times bending to the West in obedience to east and west streams approaching with co-operative effect, the Wichita mountains possibly once aiding results. Upon entering the zone of earth rotation winds, water courses lost effect, however, possibly because of their north and south direction.
Arti_cial timber diverts cloudburst _ood water into earth percolation that
later evaporates through foliage, 'equitably supplementing atmospheric moisture. Increasing topographical sameness, by giving air more freedom of mo—
tion, accentuates disadvantages of a constantly increasing altitude. This can
be neutralized by trees that would, in effect, create hills of wind-reducing
capacity. Besides being reduced in amount, precipitation concentrates for
fewer and more violent efforts. Possibly incapable of serious increase, ravine
dams would prevent much of its return to the ocean, and trees so delay progress as to establish perennial springs, replenish water courses and possibly so
evaporate as to tempt overhanging rain clouds. The plain’s misfortune arises
less from absence of moisture in her higher atmospheres than from the absence of vertical moist currents. '
Tropic trade winds come up from southeast of Florida and, turned north by
land banks of New Mexico, pass up the Mississippi valley. Once in that more
northern zone, where elevated winds incline toward the earth’s rotation, they
mingle with a colder current and condense for an eastern journey that brings
rain immediately upon coming in contact with an upward current of suf_cient
moisture and particle content. The dryer and more level is surface, the les:
likely is a vertical current, as there are fewer temperatures to induce mingling
of strata. '
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TREES WOULD KILL THE WINDS.
\Nere the country in question one compact forest, these wind-swept plains
were perfect calm, and just so near as the _rst condition is approached, to
that degree will the second be attained. King’s test showed that during a
light wind, evaporation from water surface 200 feet from an oak grove windbreak was 41 per cent greater than at its base, 300 feet being about the limit
of bene_t. The higher the protection and the more intense the velocity, the
greater the ratio of protection. In a general way it is said these distances and
heights are as sixteen to one, so a 30-foot east and west board windbreak,
every 480 feet from Gulf to British domain, could not but be a solving.
Dr. Saunders once found this 16 feet extended to 80. Replaced by trees, some
wind would escape through foliage, and their rounded tops would make applicable that rule of spheres effecting but one-half the resistance presented by
square _at surfaces whose square equalized the sphere’s diameter, squared.
Dovetailing into the vital questions of precipitation, surface evaporation, soil
water, pond construction and arti_cial tree windbreak becomes the alpha and
omega of both sub-humid and semi-arid farming, absolute aridity being left
to irrigation.
The eventual feasibility of this tree-planting, pond-building enterprise must
be argued from observation and experience, yet there is much of daily discovered scienti_c knowledge possibly more potent. From the plain’s early
Spanish visitors come no sign or token as to how far east buffalo grass extended or how far west the tree had taken up abode, for largely by these
things are we to determine how far up the Rocky Mountain slope non-irrigated agriculture may hope to climb, unless a system of dust mulch agriculture be adopted. No plain-crossing gold seeker has left satisfactory data on
these subjects. Through activity of science, Central Asia, Steppes of Russia
and south Mediterranean Sea deserts will eventually produce and sustain, but
our plains are enough better to warrant effort for such climatic changes as
constant occupancy and agriculture can sustain.
GRADUAL ENCROACHMENTS OF THE TREES.
Answering my recent inquiry, Col. Van Horn, editor of Kansas City’s only
paper in 1856, writes: “In 1856 land to the immediate southwest of Kansas
City looked like a green ocean to me. Now it looks like a succession of
parks.” An equally recent letter from Timothy Hersey, in whose log cabin
Bayard Taylor ate that now famous last house meal upon crossing the plains,
says Dickinson County, Kansas, upland and bottom, was then buffalo grass.
From Mr. Hersey’s letter and my travels in all but one of Kansas’ counties,
every county in Oklahoma and each reservation of the Indian Territory, conclusion is that, had the millions of buffalo continued their tireless tramp of
soil compacting, buffalo grass would to-day extend east of the 30-inch rain
belt. Mr. Hersey insists upon such radical change of climate during the past
half century as to warrant us in expecting _nal and full treeing of both sub—
humid and semi-arid belts.
There were even then large trees, but so limited to extremely favorable
environment that the country was termed “destitute of timber.” Yet the lone
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tree’s presence indicated possibilities. Those natural tree conditions can, at
least to small degree, he made general. Of course, work, looking to the establishing of universal forest conditions on the plains is not to be thought of,
knowing one foot of forest humus has been said to require 5000 years of leaf
deposits; but I desire to be distinctly understood as holding this question at
arti_cial windbreak and dams for the increasing of atmospheric humidity, to
be a part of the nation’s obligations to the sub-humid and semi-arid belts, the
same as our _ood neighbors of the humid and arid belts have been accorded,
in proportion as they have demanded and proven themselves worthy. Growing
trees are annually giving 'proof of plains’ forestration being practical, and the
fact of forest litter reducing soil evaporation 87.5 per cent is enough to insure
large result from small effort. And it is well to know that, on. equal space,
trees evaporate less than _eld crops.
TREE GROWTH IN A GENERATION.
Raised at the head of old Chisolm trail, I have seen Texas droves mill in
the Smoky Hill, where banks were destitue of all save the solitary cottonwood. I have lived to see those self-same banks densely forested back just so
far as the plowman’s avarice will permit. On the old-type mustang I have
driven the old-type long-horn, and they fought, when at bay, across bottom
lands so rent into drouth-cracks as to frequently admit a hoof, a certain horse
once going in with both front-legs. These identical lands are now alfalfa
meadows and corn_elds. Do not tell me climate is immutable as time, though
rainfall may not increase.
A professor of the Nebraska University returned to his boyhood home
in Brown County, Kansas, _nding the brush of neighboring ravines had
climbed an intervening hill to, at the apex, intertwine the branches of wide
spreading trees. Near Overbrook, while appraising Indian Territory upland,
where eight years before the roots of succulent grasses dominated. I have
occasionally found it impossible to even lead a saddle horse through post-oak
thickets grown since stockmen quit the country and ceased _res eight years
before.
NOT POLITICAL PLUMS.
Colonel Glazier, ’who brought the _rst passenger train into Oklahoma, says
sand hills to the immediate north of Guthrie’s Cimarron bridge were then,
practically, barrens, both as to trees and grasses. To-day wild plum bushes
cluster among those hills, while 20-foot elm trees are noticeably common.
This government is proving Nebraska’s semi-arid sand hills capable of pine
production. Upon reading a paper before the American Forestry Association, during the Omaha Exposition, I had the pleasure of some hours with
J. Sterling Morton, father of Arbor Day. He spoke of saw log walnut from
seed of his own planting. There was present Tree Planter Stephens, who, as
contractor with _lers under the old timber culture act, has probably planted
more trees on the plains than any ten men. A friend quoted him as saying
a catalpa survived an eight-inch annual precipitation on upland 4000 feet above
the sea, without any kind of attention. At any rate he enthuses on treeing
Nebraska, in some soils, well up to the Wyoming line.
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GOVERNMENT INVESTIGATIONS OF THE TREELESS PLAINS.
Royal S. Kellogg’s recent report on western Kansas tree growing, from the
Bureau of Forestry, is a wealth of condensed experience and lifetime of observation. In almost any country land should be from 10 to 25 per cent timber, immense stretches of level inland prospering best with far larger percentage. Besides a wood lot for stock shelter beds, common to more eastern
farms, there should be _eld crop windbreaks of from 15 to 30 acres.
If not caring to familiarize yourself with the scalding of seed and freezing
of nuts, buy transplanted seedlings, making it possible to reset when conditions warrant, and evading the drying out of roots during shipment.
Unless certain of a wet winter plant just prior to spring growth, full leaf
being preferable to during its forming. This same applies largely to pruning,
and the wound should be annually coated with white paint. Plains induce
low heading, and heavy branches should alternate with tall groWers calculated for early use. The less there is to be of cultivation and trimming, the
thicker should be the planting, even on uplands, 2x8 feet being preferable to
4x4, each allowing 2732 trees per acre. If sel_sh enough to crop tree ground,
grow a very short—lived crop.
DISTURB NOT THE ROOTS.
Trees should be constantly cultivated, never plowed. At 4200 feet above
the sea, in Colorado’s Cheyenne Wells Rainbelt Experiment Station, with
water 260 feet below surface and annual precipitation of 13 inches, a semimonthly treatment of dagger— toothed harrow, or _ve- toothed cultivator, has
kept an unirrigated apple orchard thriving and bearing, green ash and black
locust doing as well.
The best time to remove trees isvduring a rain. The French now replant
choice individuals between 10200 p. m. and 2:00 a. m., for several days bathing the limbs.
Conifers transpire from one- t-enth to one- -sixth as much as many deciduous
trees, requiring the same planting dates, and demanding shade while very
'young. It has been claimed that seedlings have died from three minutes of
root exposure to dry air.
Red cedar, the hardiest of all, and growing about eight inches annually,
thrives scarce better on bottom than upland, but it harbors fruit enemies. It
is the longest lived of all and is affected the least by cultivation or soil constituent.
Pine is not so hardy as cedar, but its growth is about double. Scotch and
Austrian pine, under some degree of care, have proven satisfactory even on
dry western upland. In new Mexico, within 75 miles of Kansas, bull pine is
habitat, one solitary specimen appearing near 12 miles southeast of Oklaho( ma’s northwest corner.
, DROUTH RESISTERS.
Honey locust, Russian mulberry and Osage orange defy drouth, the last
two sometimes freezing back. In Colorado, at 4200 feet, and under 13
inches of annual precipitation, the _rst, on compact upland, grows 16 feet in
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ten years. In Kansas, at 2500 feet, and under about 18 inches, it grew 15 feet
in an upland grove and 17 feet in a row on bottom. Largely immune from
borers and root sprouting, selection of thornless individuals and such trimming
as will thicken foliage can not but make of the honey locust a model western street shade. Osage is the slowest grower of all, but grass can not kill it.
Russian mulberry will make a post in ten years, it, like Osage, demanding
excessive pruning, unless planted thick. Osage orange grew 40 per cent less
on upland than bottom.
Green ash grew 11 feet on upland in 16 years at Cheyenne Wells, Colorado,
and 16 feet on bottom at Leoti, Kansas. It is hardy as against dry and cold
weather, also being less subject to borers than is black locust.
Within 18 miles of Colorado, a nine-year old Kansas grove of black locust
is thriving right among upland buffalo grass. In 1900 at Bryan, Oklahoma,
Mr. Updegrove planted eight acres to two—foot black locust trees, every four
feet in rows six feet apart. Two cultivations the _rst year, one the second and
one the fourth brought three years of actual growth to 18 feet.
Slow of growth, immune from insects, smaller and hardier than the elm,
hackberry has proven an acceptable street tree at Columbus, Neb.
Long of life, the heavy soil loving white elm requires time to establish,
even then not being so hardy as honey locust, although without a street or
park superior. On Kinsley, Kansas, upland, in rows, it grew 15 feet in 12
years, and 25 feet in 14 years on bottom.
IMMUNE FROM THE BOLL WEEVIL.
Unless within reach of some sort of constant moisture, cotton wood should
not be planted. Slips from staminate trees will produce non-cotton raising
trees. The box—elder, a northern tree, makes the same _rst requirement.
Like silver maple, the walnut is scarce practical off watered valley, or conditions similar.
If determined upon black locust, the fastest post maker, read up on borers
and cultivate so shallow as to not cut roots and induce sprouting.
In soil quali_ed for walnut, catalpa speciosa is a plantation tree beyond
compare.
An ultra Presbyterian father taught the efficacy of prayer, and I recall a
childhood supplication that God would grow trees on scorced plains and give
me a spotted pony to drive cattle. At times, sand hills made the barefoot
boy an impossibility, and Easterners have been seen protecting faces with
silk handkerchiefs. ,
Personally, my _rst tree experience came after winning a homestead in the
Cherokee Strip horse race, planting on upland section line a double row of
walnut seed. I have picked nuts from those trees, and my neighbor, Mr. J. H.
Nelson, had on exhibit at the Omaha Exposition four walnuts on a tree that I
personally know to have been less than 27 months from seed.
CITY FORESTRY.
My home town’s business surrounded a dust driven courthouse square of
three bottom acres. Within two years after I had planted 8600 American white
elm seedlings, under the county board’s contract to pay whatever bills I might
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make, a neighboring town offered, for the surplus above park needs, $172 in
excess of total cost. Some of those trees, at nine years of age, are now 30
feet in height, one shading a circumference of 90 feet, and another having
grown an 11—foot branch in 120 days.
A few years later the school board gave me charge of one of their two surplus upland blocks for _ve years. I planted 12,000 elm, maple and black locust
seedlings. Two years brought the _rst to six, the second to eight and the third
to twelve feet, selling one-twentieth of the locust for one-half the cost of the
whole.
I then induced the city council to order, under my purchase and planting
care, 5000 seedling pine for rocky soil planting in the cemetery.
This season a new school board authorized me to make whatever I considered necessary expense in parking a second block, from the _rst’s surplus,
and a new city council did the same for a block given it by the government
some eleven years ago.
Some few years ago a governor vetoed my measure, introduced upon my
city council’s unanimous request, authorizing councils in cities of the _rst class
to let seven-year street parking contracts, binding their successors and duly
insuring tax levies.
Each contract has stipulated that I receive no remuneration, directly or
indirectly. At last, suspicion has been disarmed and the people lend an ear.
I come to this Congress courting co-operation from those sanguine characters who are gathered to build a yet greater new West, to this end, that the
general government _nancially recognize arti_cial tree windbreaks on subhumid prairies and semi-arid plains, as has the paternalism of internal im—
provement fostered levees and irrigation structures.
This contemplates subsidiary endeavor by’ state, county, township and individual; but those regions’ self effort in this regard has, through a half century,
been establishing the case as here submitted.
Mr. Little—I will say that I am worried to death with letters from all
parts of the Territory, wanting to know how to plant trees. I have to let a
great many letters go unanswered.
Mr. Lippincott—I am _guring on inducing the planting of more trees by
a tax exemption, that is, that we have a tax exemption to a certain extent. I
have talked to several men here, and twenty men are willing to put out trees
with a tax exemption.
Gen. Snyman, of Mexico—In Africa the government. supplied the land
and seed and gave the man the bene_t of whatever he might raise for nine
years. After ten years the lease expired. This paid the government, and the
same system is carried on there now.
Mr. Pinchot—What happened to the land at the end of ten years?
Gen. Snyman—It became forest reserve; and people jumped at it. It was
this that gave the people an idea of the necessity of planting on their property. Places like you have in Colorado are now covered with trees.
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Section Production by Irrigation.
DIVISION A.
CHAIRMAN: E. BENJAMIN ’ANDREWS, LL. D.
Wednesday, November 16, 1904.
This Section was divided among four Chairmen; Prof. Andrews, Prof.
Shaw, Mr. O’Donnell and Mr. Myrick. Mr. O’Donnell and Mr. Myrick were
unable to attend.
THE IRRIGATION OF THE, PUBLIC LANDS IN TEXAS.
DR. WM. B. PHILLIPS, University of Texas, Austin, Texas.
The State of Texas has its own General Land O_ice and through it ad—
ministers its own public lands. These lands belong now to the Public School
Fund and include also the University and Asylum lands. The National
Government owns but little land in this State, some small areas here and
there are military posts, wharfage, etc., comprising its holdings. In speaking
of the irrigation of the public lands in Texas it must, therefore, be understood that reference is made only to the lands owned and administered by
the State. ‘ .
The Land Of_ce of the Republic of Texas was opened for the transaction
of busineSS on the 4th day of January, 1838, within four years after the
Declaration of Independence. John P. Borden was the _rst Commissioner of
the General Land Of_ce, having been appointed to this position by President
Sam Houston, in 1837. It was not until 1849, however, eleven years after the
opening of the General Land Office that any systematic attempt was made
to estimate the extent of the public domain. At this early date in its history
the boundaries of the State were somewhat uncertain. They included a large
part of what is now New Mexico and extended, in a narrow strip, through
the southwestern part of Kansas and the central part of Colorado into
Wyoming.
In the year 1849, and under the Governorship of George T. Wood, a report was made by Robert Creuzbar to George W. Smyth, Land Commissioner,
that the area of Texas was 379,054 square miles. At that time there were
outstanding claims amounting to 94,732 square miles. In 1851 Commissioner
Smyth reported that Texas had ceded to the United States Government 110,937 square miles of territory and that claims, liquidated and unliquidated,
amounted to 99,661 square miles. Most of these claims were subsequently
decided in favor of Texas so that the present area is held to be 265,780 square
miles.
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We need not trace the sale of the public lands in Texas through the last
_fty years. Suf_ce it to say that they comprised about thirty millions of acres
in 1882, about twenty—two millions of acres in 1902 and about the same amount
irl 1904. More than one-half of the acreage belonging to the Public School
Fund lies now west of the Pecos River in that portion of the State known as
trans-Pecos Texas. The following table gives this acreage:
\ Acreage belonging to the Public School Fund west of the Pecos River,
August 3!, 1904.
County. Acreage.
Brewster ........................................ 2,064,542
El Paso ......................................... 4,094,674
Jeff Davis .................................. . . 770,792
Pecos ........................................... 2,273,033
Presidio ......................................... 1,513,265
Reeves ................................... . ....... 1,027,284
Total ........................................ 11,743,590
The following table gives the number of square miles of area within each
one of these counties, together with the total acreage, taking 640 acres as
one square mile:
County. Sq. miles of area. Acres.
Brewster ................ 5,006 ................. 3,203,840
El Paso ................. 9,353 ................. 5,985,920
Jeff Davis ............... 1,922 ................. 1,050,080
Pecos .................... 8.312 ................. 5,319,680
Presidio ................. 3,970 ................. 2,540,800
Reeves 2,610 ................. 1,670,400
Total ................. 31,173 ................. 19,770,720
The following table gives the percentage of acreage held by the Public
School Fund in these counties:
County. ’ Percentage.
Brewster ........................................... 64.40
El Paso ............................................ 68.40
Jeff Davis ................................. . ........ 73.40
Pecos ............................................... 42.70
Presidio ................................ ' ............ 59.50
Reeves .............................................. 61.50
That is, of the entire amount of land in Brewster County the Public
School Fund owns 64.40 per cent; in El Paso County 68.40 per cent; in
Je_ Davis 73.40 per cent; in Pecos 42.70 per cent; in Presidio 59.50 per cent,
and in Reeves 61.50 per cent.
The valuation placed on these lands varies according to their character.
whether they are _t for agricultural purposes, dry grazing, wet grazing or
mining. The Land Commissioner may not dispose of the public school lands
for less than a certain minimum price, but the valuation a_'ixed above this
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minimum is within his discretion. The minimum price may be as low as
one dollar per acre, the maximum price for certain oil lands in East Texas
has been as high as $1500 per acre.
IRRIGATION OF PUBLIC SCHOOL LANDS.
The irrigation of the public school lands in Texas is a subject far too
great to be considered within the limits of this paper. One is compelled to
discuss it in a very general way or to select a part of the State in which the
necessity for improving the land is more imperative. We shall have to disregard, for the present, about one-half of the total acreage held by the
public school fund and con_ne our attention to that part of the State in which
this fund owns large blocks of undivided land.
A slight digression becomes necessary here in order that those who are
not familiar with the system in vogue in Texas may be apprised of certain
vital considerations.
Under the terms of the law granting lands to railroad companies a large
portion of the public domain was divided into blocks and sections, the State
reserving one section (640 acres) 'and giving the other to some railroad
company. The State then came to own each alternate section. An ordinary
checkerboard will illustrate this if we remember that the black squares be—
long to the State and the white squares to some railroad company. Under
this plan neither the State nor the railroad company could own or in fact did
own large undivided blocks. To the north, south, east and west of any
State section there were railroad sections, and in the same directions from
any railroad section there were State sections. Under this plan, furthermore,
the railroad companies made a great many of the surveys and the boundaries
were not permanently marked by monuments at the corners of the sections.
The failure to do this has given rise in some portions of the State to considerable uncertainty as to the location of the section lines.
While the alternate section system maintains over a great part of the
region west of the Pecos River, to which we con_ne these remarks, there
are important exceptions and these are of special force in the present discussion. There are large undivided tracts of land in trans-Pecos Texas, in
the Panhandle and in the Llano Estacado, but it is to the _rst named that
attention is now directed.
The successful application of the principles of irrigation does not necessarily imply sole ownership of the land, yet, in practice, such sole ownership
gives a distinct advantage and in dealing with the improvement of public
lands it is almost an indispensable condition. If our checker-board lay
wholly within the control of the State there would be no other party of interest and the question of dealing with it would be comparatively simple.
But if one-half of it is beyond the State’s control, in respect of material improvement its betterment would yield no revenue to the State except that
due from increased value, a somewhat uncertain and evasive source of revenue
in this part of the world.
It has been stated that in trans-Pecos Texas the Public School Fund now
owns 11,743,590 acres of land. Of this amount there are in El Paso County
(15) .
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alone 4,094,674 acres, or more than one-third (34.8 per cent) of the entire
amount. This land does not lie in a solid body, but something more than
one-half of it does. In other words, more than one-half of the public school
land in El Paso County lies in undivided blocks 'over which the State has
absolute jurisdiction. The State may do as it will with this land and consider plans for its betterment in whole or in part. It may select sites for
storage reservoirs, lay out and construct canals and ditches, _x water rates,
determine how much land may be allotted to any person or association of
persons, and collect, with certainty and regularity, revenues arising from
its use or occupancy. Most of this land is in blocks of large size, ranging
from 15,000 to 30,000 acres. In this county the university owns 499,000 acres
in sixteen blocks, one block (M) containing 57,600 acres.
THE IRRIGATION SUPPLY.
There is not much of the public land in trans-Pecos Texas that can be
irrigated from running streams. There are two rivers in this region, the
Pecos and the Rio Grande, the one being the eastern boundary and the other
the south boundary. There are a few streams which supply more or less
water of varying quality at intervals during the year. Comanche and Independence creeks in Pecos; Toyah creek in Reeves; Limpia creek in Jeff Davis;
Tomillo, Maravillas and Terlingua creeks in Brewster; Alamito, Cibolo and
Capote creeks in Presidio may be given as streams which will supply more
or less running water during the year. Of these, Comanche creek, at Fort
Stockton, Pecos County, and Limpia Creek, at Fort Davis, Jeff Davis County,
are the most important. a_ording large volumes of good water at all seasons. There are excellent farms near Fort Stockton and Fort Davis. The
irrigated area around Barstow, Ward County, is not considered at present,
and for the reason that the area under cultivation is on the east side of the
Pecos. The same observation applies to the irrigated farms around Grand
Falls, Ward County. .
It is, perhaps, possible to irrigate portions of the Toyah basin with water
taken from the Pecos River near Riverton, but serious demands are already
made upon the natural _ow of this stream above Riverton. Allowing that
this river would supply enough water of fair quality for this purpose, the
amount of land that could be so improved is only a small fraction of the
public school holdings west of the Pecos. The great strip of land that begins
on the Texas-New Mexico border, thirty miles northeast of El Paso, and
continues for _fty miles in a southeasterly direction, with a width varying
from six to forty miles can not be irrigated by water from any running
stream. If improved at all it must be by means of underground water pumped to the surface, or by rain water held in storage reservoirs, or by a combination of these two methods. There is in this part of El Paso County now
a body of land of more than 400,000 acres. In places it is well grassed and
for the most part would make a good cattle range. But it can not be leased
because there is no water on it and but little probability of securing it except
from deep wells. Its reclamation is to be hoped for only through the agency
of storage reservoirs for rain water.
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If the public lands in trans-Pecos Texas generally and in El Paso County
particularly are to be improved at all it must be for the most part through
the agency of storage reservoirs conserving the rainfall.
The average annual rainfall at El Paso is 9.33 inches. At Kent, in the
eastern part of the county, it is 12.72 inches. At Fort Davis, Jeff Davis
County, it is 14.03 inches. Taking El Paso County as a whole it is not likely
that the average annual rainfall exceeds ten inches, and more than one-half
of this falls during the months of June, July and August. There will be,
normally, six inches of rain during these three months and four inches during the remaining nine months. At El Paso the annual rainfall, during
the last twenty-_ve years has varied from 2.22 inches in 1891 to 18.30 inches in
1884. During this period there have been sixteen years in which the average
rainfall was below ten inches, seven years of which it was between ten
and _fteen inches and two years in which it was between _fteen and nineteen
inches.
A rainfall of one inch means that on each square mile, or section, we
would have 17,612,000 gallons of water, and this is equivalent to about 27,520
gallons per acre. .
SURVEYS FOR STORAGE RESERVOIRS.
Mention may here be made of two surveys by R. W. Goode several years
ago, for they bear on the subject of irrigation of the trans-Pecos lands by
means of storage reservoirs. One of these surveys was of a reservoir site
nine miles south of Marfa, Presidio County. The approximate area of the
catchment basin, which comprised the upper part of the valley of Alamito
creek, was 440 square miles. It extends twenty-two miles north of Marfa,
eleven miles east, four and a half miles west and ten and a half miles south.
The proposed dam was ten and a half miles a little west of south from Marfa.
The surface area of the reservoir was 1.43 square miles and the height of the
dam was 100 feet. It was calculated that a run-off of one and one-third
inches from the entire catchment basin would _ll the reservoir and give suf_cient water for irrigating about 20,000 acres. The other survey was of a
tract of land in Brewster County, the reservoir site being seven miles northeast of Alpine. The approximate area of the catchment basin was 203 square
miles. It extended about nine miles north of Alpine, _ve miles east, ten and
a half miles west and six miles south. The surface area of the reservoir was
1 45 square miles and the height of the dam was _fty feet. It was calculated
that a run-off of one and one—fourth inches from the entire catchment basin
would _ll this reservoir and give suf_cient water to irrigate about 7000 acres.
Neither of these proposed reservoirs would supply water for undivided
public school lands, nor is it known just how much school land would be
bene_ted.
There is a possible reservoir site in the foot-hills of the Sierra Diablo,
three miles north of Allamoore, El Paso County. Here-the approximate
area of the catchment basin would be _fty square miles. But at this place
also we came in contact with the alternate section system and we do not
know how much public school land would be susceptible of irrigation.
If any de_nite information is to be acquired concerning the possibility of
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irrigating even a portion of the large undivided blocks of public school land
it will have to be on the initiation and at the expense, in whole or in part,
of the State. Up to this time but little has been done under State authority,
although a start has been made under a plan of co-operation between the
University Mineral Survey and the United States Geological Survey. Last
year Mr. George Burr Richardson of the Government Survey was detailed to
work under this plan of co—operation and he examined that portion of El
Paso County which lies north of the Texas & Paci_c Railway with special
reference to the water problems. It is in this part of the county that the
larger undivided blocks of public school land are situated. Mr. Richardson’s
report is now in press and may be obtained upon application to the University
Mineral Survey, Austin.
In further pursuance of this plan of co—operation an additional 30-minute
quadrangle is now being surveyed by a topographic corps of the United
States Geological Survey, under charge of Mr. Arthur Stiles. This area of
about 1000 square miles lies north of Van Horn, El Paso County, and in—
cludes the Sierra Diablo. With the completion of this work we shall have
nineteen excellent topographic maps within the trans-Pecos country, to wit:
El Paso, Cerro Alto, Salt Basin, Van Horn, Rio Grande, Fort Hancock,
Sierra Blanca, Eagle Mountain, Chispa, Valentine, Fort Davis, San Carlos,
Marfa, Alpine, Ruidosa, Shatter, Polvo, Terlingua and Chisos. These sheets
cover an area of about, 14, 000 square miles, or nearly one- -half of the entire
area west of the Pecos River.
With the exception of some large undivided blocks in Reeves County
these maps embrace nearly all of the undivided school lands. They may be
used for estimating the areas of catchment basins and for detailed study of
the more favorable sites for reservoirs.
EXPENSE BORNE BY FEDERAL GOVERNMENT.
The National Government has done this work at its own expense, with
the exception of about 1600 square miles comprised in the plan of co—operation referred to. In other words, the National Government has borne the
entire expense of preparing excellent topographic maps of more than 11,000
square miles of country in West Texas in which it had no ownership interest
whatever. It has done all that could reasonably be expected of it and it
now remains for the State to assume further consideration of this matter.
How much of the public school lands in West Texas is susceptible of irrigation? We do not know
What is the character of the soil and for what purposes is it best suited?
We do not know.
There is an impression in some quarters that vast tracts of this domain
would produce almost any kind of crops if suf_cient water of good quality
were brought upon them. This may or may not be the case; we have not
data enough for a reliable opinion. But we do know that there are extensive
tracts which, to all appearances, would not respond pro_tably to such attempts
at betterment. There has been, it is true, little systematic study of this subject, but in the nature of things there must be radical and far-reaching diversities of soil in so large an area. What then is to be done?
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NEED FOR STATE ACTION.
The State should give authority and means to the General Land O_ice
to inquire into these matters. The General Land O_ice may have the authority now but it certainly has not the means. How may the means be provided? By setting aside each year a certain proportion of the money derived
from leases and interest on sales for the survey of lands that might be improved by irrigation. The money so obtained would, of course, have to be
replaced from other sources, for it belongs to the general school fund, but
it is sound policy to use a portion of the revenue derived from a portion of
any property for the improvement of other portions. For the two years ending August 31, 1902, the interest receipts from sales of all school lands,
wheresoever situated, were $1,005,152, and from leases, $869,775, a total of
$1,874,927. One half of one per cent of this,sum would provide an annual
sum of $9,387 for irrigation surveys.
The sum of $10,000 a year for each of two years would be suf_cient for
irrigation surveys, especially when we consider that the active and substantial
aid of the National Government could be secured. This would involve
merely the extension of plans that have been carried out, with respect to topographic surveys during the last two years. In the light of what has already
been done, with respect to co-operation, it may not be too much to say that
the National Government, through its Geological Survey, would contribute
to the study of irrigation problems in Texas an amount equal to that which
the State would contribute. Furthermore, it would be possible to secure the
services of trained men who have made a study of such questions and who
would bring to their solution practical experience of the highest order.
THINGS TO BE DONE.
Looking at the matter in a broad way there are four things to be considered.
1. The chemical and mechanical composition of the soils.
2. The topography of the areas in hand.
3. The geological structure of catchment basins and of reservoir sites.
4. The suitability of local materials for the construction of dams.
For the elucidation of these matters specially trained men are required.
It is not every chemist, or topographer, or geologist, or engineer who has had
opportunity to acquaint himself with the necessities of such work. We are
dealing with a region concerning which but little is known, in so far' as relates to the possibilities of irrigation, and it would be idle to place its investigation in the hands of any but trained men.
For the improvement of its own lands the State must, so to speak, put its
hand into its own pocket. It would not have to incur the entire expense, but
it must be willing and able to pay an equal part.
It is not likely that the value of the public lands in West Texas will increase except as the demand for them as grazing and agricultural lands increases and this can hardly be effected unless some assurance be given that
the water supply is to be improved.
I
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FORAGE CROPS FOR IRRIGATED LANDS.
W. J. SPILLMAN, Agrostologist, U. S. Department of Agriculture,
Washington, D. C.
Alfalfa is beyond all question the most important forage plant on the irrigated lands of the West. It is the greatest hay plant in the world. In the
State of Washington, on irrigated lands, it gives three to four cuttings of hay
a year, while in Southern California near the Mexican line, eleven cuttings
annually are reported. In the vicinity of Los Angeles, California, it is cut
eight times. In Southern Texas, in the vicinity of Carrizo Springs, nine
crops a year are obtained from the alfalfa _elds. The yield of bay of course
depends upon the fertility of the soil. The average yieldof alfalfa hay for
the whole United States according to the census of 1899 is two and one half
tons per acre, while the average of the ordinary perennial grasses is one and
one-tenth tons. On the irrigated lands of the West, a good farmer expects
at least _ve tons of alfalfa hay per acre annually. A good many farmers
get as much as eight tons, and a few instances are recorded of yields between
eleven and twelve tons per acre.
ALFALFA AN ANCIENT CROP.
The alfalfa crop was introduced into California by the Spaniards in the
early days. When gold was discovered there, prospectors from the Eastern
and Middle States found this new and strange forage plant growing in the
vicinity of the monasteries where it was used for food for their live stock.
As irrigation developed in the West, cultivation of alfalfa spread until it is
now the principal forage plant on all of the irrigated lands of the West. It took
a great many years for the eastern half of the United States to become
thoroughly interested in this crop, but for the past _ve years it has rapidly
invaded the East. It has not been found successful on all types of soils but
wherever there is a good rich soil, not too wet, it has succeeded, and the acreage of it at the next census will doubtless be fully twice what it was at the last.
The advantages alfalfa possesses over other hay producing crops are:
_rst, its great yield; second, its richness in protein or nitrogenous material,
thus making it, to all intents and purposes, a concentrated feeding stuff. The
fact that it draws its nitrogen supply from the atmosphere instead of from
the soil makes it a valuable manure and gives it an important in_uence as a
nitrogen fertilizer. For this reason alfalfa does not exhaust the soil as do
wheat, corn, oats, and other cereal crops. Another great advantage of this
crop is its longevity. Under favorable conditions alfalfa _elds last almost
inde_nitely without reseeding. The yield usually increases for three or four
years after sowing and then remains large for ten to twenty years, or even
longer. There is one small _eld of it in South Carolina sixty-nine years old
still yielding fair crops. Many _elds in the West are doing well at twenty_ve and thirty years of age. Ordinarily, however, weeds get in and the
trampling of stock pastured on the _eld kills out plants here and there, so
that after twelve or fifteen years it usually pays to plow up the _eld and
reseed it. Another great advantage alfalfa possesses lies in the fact that it
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can be fed alone with very good results. This is not ordinarily the best way
to feed animals, but almost all kinds of stock do fairly well when fed nothing
but alfalfa. In many parts of the irrigated West, dairy cows live on alfalfa
the year round and give a good how of milk. This is an exceedingly cheap
way of feeding. It is true the cows would give more milk if fed a little grain
with the alfalfa, but it would frequently be inadvisable to feed the grain on
account of the cost. Alfalfa is also the best hog pasture in the world. On
abundant alfalfa pasture hogs thrive very well without other feed, but where
grain is available, the best way to handle hogs on alfalfa is to feed them
about one-third of a full grain ration. If grain for this purpose can be had
at a reasonable price, there is no better way for raising hogs.
A WIDELY DISTRIBUTED FORAGE CROP.
Alfalfa has also very wide adaptability as regards climatic conditions. It
thrives from Montana to Mexico, and from California to New York under
practically all kinds of temperature and moisture conditions, but it wants
good soil. It would be strange that a plant with so many qualities in its favor
should have no faults. Alfalfa has its faults, the most serious being the fact
that when cows or sheep are pastured on green alfalfa they are very liable
to suffer from bloat. In Central Washington farmers state that they lose
about _ve per cent of their cattle annually from bloat, yet they insist on pas~
turing their cattle on the fourth crop of alfalfa, saying that it pays to do so
in spite of these losses. While green alfalfa bloats cattle and sheep, dry
alfalfa hay is as good feed for this class of stock as can be found.
The effect of alfalfa on soil fertility has already been mentioned. The
fact that so much of the irrigated lands of the West have been devoted to this
crop has prevented the possibility of drawing conclusions from the effects
of farming on the fertility of irrigated lands. This subject will be referred
to below. _
Next to alfalfa, sorghum is the most important forage crop on irrigated
lands of the West, particularly in the southern half of the irrigated section.
By this I mean both the sweet sorghums and nonsaccharine sorghums, such
as Ka_r corn, dwarf milo, etc. On good land under irrigation, sorghum
yields enormous quantities of good feeds It is mostly utilized as green feed,
for which purpose it is an excellent crop, all kinds of stock eating the ordinary sweet sorghums in green state eagerly. I was very much interested in
a bit of information I picked up recently in Los Angeles in this connection.
Sorghum yields enormous quantities of fodder in that section, but the farmers
state that they can get more milk by feeding straight alfalfa than they can
by feeding part sorghum and part alfalfa. The reason for this undoubtedly
lies in the fact that the sorghum is a less concentrated feed than the alfalfa;
but for idle animals there is no doubt that green sorghum mixed with perhaps a little alfalfa would be an ideal ration, and it could be utilized for animals that are at moderate work.
KAFIR CORN.
Ka_r corn is extensively grown on irrigated lands in New Mexico and
Western Texas and would undoubtedly succeed throughout the southern half
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of the irrigated region. It is grown mostly for grain. It yields large quantities of grain which makes very good stock feed. The value of Ka_r com
seed is probably about nine-tenths that of corn for feeding purposes. I was
very much interested recently in a crop which was new to me but which I
found growing extensively in the Panhandle Country in Texas and in part of
Oklahoma./ The farmers there call it “maize” or “milo maize,” and sometimes “dwarf milo maize." The plant is not a maize at all but is a sorghum,
and we have recently bought a hundred bushels of the seed of this plant
and are distributing it under the name of dwarf milo. We do not yet know
what it will do on irrigated lands in the West, but it is certainly worthy of
attention. It somewhat. resembles Ka_r corn but yields more grain of a
better quality. It is also a greater drought resister than Ka_r corn. In fact,
so far as I know, it is the most drought resistant of any grain crop known
in this country. We hope within another year, by means of the distribution
we are now making, to ascertain what parts of the country are adapted to
the cultivation of this crop. The seed is larger than that of Ka_r corn and
is more brittle and seems to be better relished by all classes of stock.
BERMUDA GRASS.
Bermuda grass has attracted more or less attention on the irrigated lands,
particularly on the southern half of the West. This grass, on good land, in
a warm country, is perhaps the best pasture grass in the world, but it is very
tenacious of life and when once started in an alfalfa _eld, the only remedy I
know is to plow up the _eld, as it will choke out the alfalfa. It is not dif_cult to control Bermuda grass if one understands its nature and habits, except
in regions where it produces seed as it does in Southern California, Southern
Arizona, Southern Texas, and Central and Southern Florida. In sections
where it produces seed and where irrigation is practiced it spreads along the
irrigating ditches and it is well nigh impossible to control this grass. For
this reason great care should be used not to get it started in the sections
mentioned. Where it does not produce seed, it can be killed out by growing
crops that make a dense shade, such as millet or sorghum sown at the rate of
two bushels of seed per acre in summer, and-oats or barley in winter. It
will not stand shade, and being of a low growth, it is overtopped by the taller
growing crops mentioned and thus smothered out.
Johnson grass is also getting introduced on the irrigated lands of the
West. This grass is, of itself, a splendid hay grass, but it is so tenacious of
life and so vigorous a grower on irrigated lands that it is nearly impossible
tc grow other crops where it has once been started. Whether alfalfa can be
successfully grown on Johnson grass land in the irrigated section, as it can
be in the nonirrigated section further east remains to be seen. Johnson grass
produces a great many underground stems and soon forms so dense a sod that
within two or three years it makes comparatively little growth unless cultivated. When Johnson grass land is plowed up, the roots harrowed out of
the ground as much as possible and then alfalfa is sown, by cutting the alfalfa
very promptly before the Johnson grass overshadows it and keeping this up
for two or three years, the alfalfa usually gets ahead of the Johnson grass,
and within six or eight years it practically disappears, leaving the alfalfa
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alone. This plant may not succeed on irrigated land but it is worth trying
for the reason that it has succeeded further east.
FORAGE CROPS MAINTAIN SOIL FERTILITY.
One of the principal reasons for growing forage crops is to maintain
soil fertility. On nonirrigated lands in the East this is a question of much
importance. As intimated above, we do not know a great deal about the effect of irrigation in preventing the wearing out of cultivated lands, yet a few
facts of interest are at hand. Where the irrigation water contains the surface wash from surrounding regions and is loaded with a good deal of decaying organic matter which has been washed from the surface of the soil and
leaves this matter as a deposit on the irrigated _elds, it would seem that there
is a gradual increase of fertility up to a certain maximum which is afterwards maintained, so that lands irrigated with such water do not wear out.
Where the irrigation water contains no humus making material conditions are
different and the land does wear out sooner or later, not so fast, however, as
nonirrigated land, for the irrigation water from ordinary streams, even when
perfectly clear, contains a considerable amount of mineral plant foods in a
state of solution, thus carrying to the irrigated _elds a good deal of fertility
and decreasing the draft upon the soil made by the growing crops. It is
true that irrigation has been practiced for many ages in some parts of the
world, but not in those regions where careful scienti_c investigations have
been made or the relation between irrigation and the maintenance of fertility.
Irrigation is too new in our own westerneountry to give very positive results as yet. Studies of this kind, however, are now in progress and we hope
within the next few years to be able to learn something more de_nite on
this point.
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ROTATION AND IRRIGATION.
PROF. THOMAS SNow, Editor The Farmer, St. Paul, Minn.
The producing pdwer of Western soils is proverbial. In some instances
it is so great as to exceed the claims of fabled story and to bring into the
mind the thought of that golden age when the earth gave up its generous
crops without any labor from man. Soils in the Red River valley in Minnesota and Dakota have produced as many as twenty-_ve crops of hard Fife
spring wheat in an unbroken succession. Those around Walla Walla in
Washington have grown good winter wheat for nearly _fty successive years,
and in some of the valleys of California and others of the mountain States,
it is claimed that alfalfa meadows have been grown and cut for twenty—_ve
to thirty successive seasons, and some authorities claim for even a longer
period. Such results seem almost incredible to the inhabitants of New England and many parts of the Southern States, where, if one is to get a paying
crop, he must _rst apply some fertilizer, which in nearly all instances is more
costly than the labor entailed in preparing the land. Nor can he succeed as
a rule in growing the same crop two years in succession without diminution
in yield, unless special attention is given to the fertilization of the land.
Truly, therefore, may western farmers say that the lines have fallen to them
in pleasant places and theirs is a goodly heritage.
But will they care for it as they may and as they ought to? Man is singularly constituted. The doctrine may seem strange, but it is true, that with
reference to the maintenance of soil fertility, man will only do what he is
compelled to do. Naturally he is a soil robber, not having the slightest regard for those who come after him or even for his own distant future, and it
is to be feared that the farmers of those western irrigated lands will form no
exception.
Just as sure as the sun shines, the growing of successive crops the same
in kind will some time end in agricultural disaster, hence the imperative need
of giving attention to the matter of the proper rotating of crops. The farmers
of the Red River valley do not get crops of wheat so uniformly good as
they did when their lands _rst came to be tilled. The farmers who grow
wheat around Walla Walla and other parts of Washington are not always
going to get 30 to 60 bushels of wheat per acre from their lands as at present
managed, nor will those around Vernon in the same State continue to reap
100 bushels of oats per acre as regularly as the seasons come and go. The
farmers of Illinois who have grown corn successively on this same land for
seventy—_ve years have brought the yield down to twenty—_ve bushels per
acre, whereas lands in the same vicinity farmed by a rational system of rotation still produce from 75 to 100 bushels per acre. Hence, just as sure as
irrigating waters run toward the sea, disaster will overtake the operations
of the farming of those wonderful mountain valleys unless su_icient attention
is given to the proper rotating of crops.
CROP ROTATION NECESSARY.
The soil calls for the rotating of crops in order to maintain its fertility.
Suppose the same crop is grown for successive years upon the same land and
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nothing returned, and that the crop is not a legume, it follows that the nitrogen, phosphoric acid and potash, the three most essential elements of plant
growth in the soil, will be reduced by the amount removed in each crop. It
cannot be otherwise, therefore, than a time must come if the process is continued long enough, when the crops grown Will not be able longer to get
enough of one or the other of these ingredients. The moment that any one
of them is so reduced that the crop cannot get a suf_cient-supply, it falls below the maximum in production.
The _rst of these that is likely to fail is nitrogen, since it is the most
soluble. When purchased in the market it is the most costly. When soils
become nitrogen hungry, only one of two. things can be done if maximum
crops are to be produced. Nitrogen must be bought and applied at a cost
of _fteen to eighteen cents a pound, or plants must be grown which have the
power of supplying it from some outside source. Happily for the race, one
whole family of plants has the wonderful power of drawing nitrogen from
the air and depositing it in the soil to supply the crops that come after them.
This is one of the most astonishing and bene_cient truths in agriculture and
also one of the most important. But the man who goes on growing successive crops of the small cereals on his land has no more regard to the value
of this truth than the mole which burrows in the soil which he tills. These
legumes include all kinds of clover and alfalfa, and all kinds of peas and
beans. By growing one or the other of these in proper rotation the supply
of nitrogen in the soil can be maintained and even increased.
TO SUPPLY PHOSPHORUS AND POTASH.
But how shall the supply of phosphoric acid and‘potash be maintained in
soils, as legumes cannot increase the supply of these? On the other hand
they draw upon the same while they grow. In the _rst place, most soils are
furnished with enough of these to grow crops for a very long period.
Western soils are particularly well stored with these as witnessed in the enormous fruitage in proportion to the straw, in grains, and to the size and quality
of fruit produced by fruit bearing trees. In the second place, certain crops
gather of these in the subsoil lower than the roots of other plants can go.
If these crops are grazed or fed and the manure resulting put back upon the
land, the equilibrium in the supply of these in the surface soil can be maintained. No plant grown probably is the equal of alfalfa in its ability to
gather phosphoric acid and potash in the depths of the subsoil for use in the
upper sections of the soil. If the amount of these elements thus brought is
less than the amount utilized by the crops grown and sold from the farm or
ranch, then the only resource left is to maintain the equilibrium by purchasing
phosphates and potash.
In the judgment of the writer a judicious use of alfalfa in the rotation in
irrigated areas would maintain a suf_ciency of these elements in the soil to
produce crops for an inde_nite period. This, however, is on the condition
that the fertilizer resulting from feeding alfalfa is put back on the land.
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WATER A MANURE.
A third source from which these fertilizers can be obtained is the waters
of irrigation, a source of fertility which puts the irrigator on a far higher
plane of vantage ground than the farmer who depends upon rain. In other
"words, irrigating waters are usually much more heavily charged with fertilizing matters than rain waters, owing to the fertilizing matters which
they carry in solution and much of which is left in the land as it filters
through the same. The amount of these fertilizing materials is dependent
largely on the character of the soils through which they previously have
_ltered or _owed over in their descent toward the plain. The more vegetable matter there is in the soil Which those irrigating waters are made to
_lter through when they are applied, the more the fertilizing matters that will
be extracted from them. On the other hand it is easily possible for water
passing downward through soil to carry downward and away from it elements of fertility already there. When water is applied in excess it is certain
to do this, hence the tremendous importance of adjusting the water to the
exact needs of the crop.
ROTATING IMPROVES MECHANICAL CONDITION OF SOIL.
But the soil also calls for rotation in order to keep it in a proper mechanical condition, that is, to so adjust the relation of the soil particles to one
another that the soil will be su_iciently porous and su_iciently compact to
make maximum production possible. When soils becomes too porous they
become too leechy and suffer loss of moisture too readily from surface evaporation. Sandy soils are sure to suffer in this way unless supplied with
enough vegetable matter to prevent such loss. There are only two ways of
doing this. The _rst is the application of farmyard manure and burying it
in the soil; the second is by growing on it some deep-rooted crop, the roots
of which _ll the spaces between the soil particles in their decay. When these
spaces are thus _lled in soils, their power to arrest and hold water for the
growing crops, whether it comes from above or below, is greatly increased.
The bearing of this upon the amount of irrigating waters used is most direct
and far reaching. The more vegetable matter thus supplied to the soil, the '
less the amount of the waters of irrigation that are required. It would probably be correct to say that the amount of irrigating water absolutely needed
could be reduced by one-half. This vegetable matter could be supplied by
now and then sowing alfalfa or some other legume, but of these in the mountain regions none is so suitable all in all as alfalfa, for reasons that will be
given later. The application of this principle to the soils of many areas in
the West where irrigation is impracticable would work wonders in the
producing powers of the same.
The lack of a suf_ciency of humus in loam and clay soils allows them to
becomes so impacted that they become cloddy, rather friable. The particles lie
too closely to admit of proper aeration or filteration. The bacteria concerned in soil improvement become less active and these soils do not dry out
quickly enough when water is applied to them. The remedy is the same as
in the former instance, viz.: to keep them supplied with vegetable matter
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on the plan outlined above. Such matter lying between the _ne particles of
soil prevents them from adhering to one another. Humus thus supplied in
sandy and loam soils is a two-bladed axe, both blades of which cut with equal
effectiveness.
WEEDS A FACTOR IN SOIL ROTATION.
The weeds of the crops grown upon the soil call for rotation for several
reasons. First, if only one crop is grown for successive years the element
or elements of fertility which it draws most heavily on are very likely to
fail _rst. As soon as they do through even partial exhaustion, maximum
crops cannot longer be grown. If, on the other hand, an interchange has
been made in the crops grown, by introducing varieties that drew most
heavily on the different elements of fertility in the soil, the period of maximum crop production would have been longer maintained, for reasons that
will be at once apparent.
Second, some crops feed ravenously on decaying vegetable matter. Where
it is suf_ciently present, yields will in some instances be doubled as compared
with soils in which it is absent. Such are some of the small grains, Indian
corn, sorghum, _eld roots, rape, _ax, potatoes, and in fact nearly all nonleguminous crops. But the humus thus helpful cannot be maintained without
occasionally putting vegetable matter in the soil and in no way can this be
done so cheaply as by growing it there. - ‘
Third, where the same crop is grown on soils for an inde_nite period, the
dif_culty in warding off disease is very greatly increased should it appear.
I: has been the story of disease in _eld crops or fruit, that it multiplies
eventually with increase in the continuance of growing one crop without
change. In this way the abandonment of the growth of certain crops in
various countries of the world and in some of the States of the Union has
been forced, as illustrated in the practical abandonment of wheat culture be~
cause of the prevalence of chinch bugs in certain areas and because of the
presence of certain fungous diseases in others. Alfalfa happily is more free
from disease and insect enemies than other crops, but it is by no means immune. The deadly dodder is increasing in alfalfa _elds at an alarming rate
in some parts of the country, and in no way can its ravages be so effectively
met by a change in the rotation. Disease in the alfalfa crop to the extent
of endangering its general cultivation would be the greatest agricultural ca—
lamity that could come to this western country.
The farmer who grows but one crop in irrigated areas is happily free from
the hazard that the farmer incurs in regions of rainfall of having that one
crop greatly damaged by rain, but he does incur the danger of having much
of it waste through inability to care for and market it at the proper season.
In some of the western hopyards, acres and acres of hops have gone back to
earth ungathered some seasons because of inability to get help to do the work
of picking, and this is one of the most highly productive hop-growing areas
in all the world. What a sad story it would make if it could be told, as to
the bushels and bushels of rich ripe fruit that have rotted in this western
country because those who grew them were unable to gather and market
them.
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LIVE STOCK GROWING CALLS FOR ROTATION.
The needs of the farmer imperatively call for rotation if he is to keep live
stock on his farm or ranch. Unless he does his foods will not be in balance.
He will have too much protein in the one instance or too little in the other,
and he will also need to purchase foods to keep up the equilibrium. It is
an axiom in agriculture that the intelligent farmer can usually grow foods
more cheaply than he can buy them, hence the wisdom of rotating crops on
the part of those who grow live stock.
The growing of live stock will in the end prove the safest and most pro_table kind of farming to the average rancher with large holdings. Fruit may
glut the market during any very productive season. Hops may again sink
below the price of pro_table production, but as long as the sun continues to
shine in the favored area and as long as the snow rests upon its mountain
peaks, just as long will there be a reasonable demand for live stock and live
stock products that will amply repay the grower. Through growing live
stock, the rancher is compelled to diversify and rotate, and through the same
medium he secures fertilizing materials for the land and virtually without
cost.
But what, it may be asked, will be the character of the rotation? That
will depend largely on the leading line of production. For instance, the rotation of fruit culture will be different from that in grain farming, and in
growing live stock and live stock products it will be different from both.
What is imperatively insisted on in this paper is that rotation shall be prac—
ticed in all the irrigated country, as well as in that where irrigation is not
required.
ALFALFA THE STAR LEADER.
As to the plant that will form the basis of the rotation, there need not
be any doubt. That plant is alfalfa. This claim will seem ‘all the more
surprising when it is remembered that alfalfa is not usually regarded as a
rotation plant. In the Mississippi basin and in the East, many farmers object
to growing it because it is not a rotation plant, but the behavior of alfalfa in
the West is very different from the same in the East. In the East it grows
much more slowly and delicately. There it has in a sense to be nursed to get
it safely through the _rst winter. Here it grows with the vigor of a weed and
produces one to two cuttings the _rst season. Of course the clovers may also
be used in soil renovation, and Canada _eld or cow peas, but of all soil renovating crops that can be grown on irrigated lands, alfalfa would probably be
the most valuable, and because of its extended and extensive root system. It
not only brings nitrogen nodules to the soil for some distance below the
surface for its enrichment, but the roots of the alfalfa in their decay also
bring humus to lower areas of the soil and subsoil than other plants and they
open up channels which facilitate the movements of water in soils.
In orcharding no _tting of the soil for planting will compare with that
which is furnished by an alfalfa sod broken up and prepared by some careful
and patient plowman. The decaying roots of the alfalfa furnish food to the
trees for years. The roots of the trees easily follow the minute channels
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made by the alfalfa roots as they reach down in search of food, and if alfalfa or clover is sown upon the orchard and buried in the same from time to
time the feeding process goes on from year to year. Thus managed fertility
in orchards should be matured without great cost.
When alfalfa or some other legume precedes a pasture crop grown for
fattening animals, the results will be wonderfully helpful. Such are crops of
peas grown for fattening sheep or swine while grazing on them in the mature
form. Swine pastured on alfalfa with a small grain ration added and then
_nished on peas consumed by the swine where they grew, will make pork
more cheaply than it can be made in the corn belt, and of the very high
quality. 50 likewise peas can be utilized in fattening sheep and lambs when
preparing them for market. Or immense crops of rape could be made to fol—
low on those lands adequate to the fattening in good form of _fteen sheep or
lambs per acre when grazed upon it and without the necessity of adding a
pound of grain. Eight to twelve weeks of such grazing would _t the animals
for any market in the United States. Good crops of rape could doubtless be
grown on many soils not thus preceded by alfalfa or clover sod, but the yields
of'the same could in some instances be doubled by growing them on overturned alfalfa or clover roots.
TIMOTHY AFTER ALFALFA.
Timothy of all‘ grasses grown stands king among the grasses of America in
furnishing suitable hay for horses. This crop can be grown, as everyone
knows, on ordinary mountain valley soils except where the summer climate
is too hot, but if grown in an alfalfa or clover rotation, the yields will be
immensely increased because of the abundance of the nitrogen in the soil
and for other reasons. Similar results will follow from the growing of any
kind of grass which it may be necessary to grow. All the grasses pure and
simple require much nitrogen to produce a maximum of growth, and this
need is met by the roots of the legume in their decay. _ '
But nowhere will results more bene_cent be furnished than in following an
alfalfa or clover crop by one of small grain or Indian corn, or any of the
saccharine or non-saccharine sorghums. With such a rotation enormous
crops of wheat, coarse grains, corn and sorghum may be grown. Which
of these should be given the right of way in growth depends upon the requirements of the grower and the climate. Where the grower can secure
from forty to sixty bushels of barley per acre or sixty to eighty bushels of
oats, why should he care whether or not corn was accessible for the fattening
of live stock. With from three to four crops of alfalfa per acre and the
yields of grain given above on other portions of his land, why should the
ranchman of the mountain valleys fear competition in fattening cattle or
sheep from any part of the United States? The fact is now known that cattle
may be fattened on alfalfa hay as against fattening on corn and corn fodder
by using only one-third as much grain in the fattening process. The same
is true of sheep.
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PLOW UNDER THE LEGUMES AND MAKE NITROGEN.
Should the small ranchman be growing garden truck \or potatoes, in no
way can he so cheaply or so effectively fit his land for growing good crops
of these as by burying every few seasons a crop of clover or alfalfa in the
soil. In some instances the results will be as good should the alfalfa or
clover crop be _rst reaped and the land then plowed. Such a rotation is peculiarly adapted to the needs of the potato crop.
The frequency with which the alfalfa crop should thus be grown when
grown as a rotation crop will depend upon such conditions as the needs of the
soil and variety in the crops wanted. The rule is a safe one that would not
grow more than two or three crops of small grain between the alfalfa crops.
The age at which alfalfa thus used as a rotation crop should be broken will
depend upon soil conditions and the ease or dif_culty found in plowing
the land. - .
With soils of great natural richness and so easily tilled as nearly all irrigable lands are in the West, and with opportunities so complete for supplying his lands with nitrogen and humus and with good and widening markets
for his crops, why should not the western ranchman be prosperous and
happy? Why should he not be able to maintain fertility in his lands and increase their producing power, handing them down to his family a legacy
of great value? He has the choice of doing this or of so robbing them that
in time they will fail to grow paying crops. It rests with him to say which
he will do.
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IRRIGATION AND ALKALI.
O. V. P. STOUT, Irrigation Engineer, Nebraska Agricultural Experiment
Station, Lincoln, Nebraska.
When “Production by Irrigation” is the subject for discussion it is proper
that a fair share of attention should be given to the alkali evil, for it is without doubt a product of irrigation, and its intimate relation to all other products of irrigation is one that has become painfully manifest in many
localities. '
The subject is not altogether a new one, even in arid America. About
twenty-_ve years ago Dr. E. W. Hilgard, in a repOrt to the regents of the
University of California, presented the following:
“This name (alkali soils) is applied in California, almost indiscriminately,
to all soils containing an unusual amOunt of soluble mineral salts, whose
presence is frequently made apparent by the ‘e_‘lorescence,’ or blooming-out
on the surface, of a White powder or crust, soluble in water. This ‘alkali’
becomes most apparent in dry weather following upon rains or irrigation.
Later in the season it usually becomes less perceptible from intermixture
with dust, as well as from the failure of the soil water to rise near enough
to the surface. The _rst rain, dissolving the salty substances, carries them
partly into the water courses, but chie_y back into the soil, whence they rise
again at the recurrence of dry weather.
“The immediate source of the ‘alkali’ is usually to be found in the soilwater, which, rising from below and evaporating at the surface, deposits
there whatever of dissolved matters it may contain. Such water, when reached by digging, is by no means always perceptibly salty or alkaline, and the
same is mostly true of the soil, an inch or two beneath the surface. For since
the soil, acting like a wick, draws up the soil-water and allows it to evaporate
at the surface, it is there, of course, that all the dissolved matters accumulate,
' until the solution becomes so strong as to injure or kill all useful vegetation.
The injury will usually be found to be most severe just at, or near, the crown_
of the root, where the stem emerges from the soil.
“One obvious and practically important conclusion to be drawn from the
above considerations is that the more water evaporates from the surface of
the soil within a season, the more alkali salts will be drawn to the surface.
Hence, within certain limits, a greater rainfall will bring up a larger amount
of alkali; or if, instead of rain, surface irrigation is made to supply an
additional amount of water, the same effect will be produced»; always provided,
that the rainfall or irrigation does not go so far as to actually wash a portion of the salts de_nitely beyond the reach of surface evaporation, into the
lower strata, from which springs or seepage will carry them into the country
drainage.
“The measure of the rainfall, or amount of irrigation water, that will
accomplish one or the other of these opposite results depends in a large
measure upon the nature of the soil, as well as of the underlying strata. It
is more dif_cult to wash the soluble salts out of a clay soil than out of a sandy
one; and the moisture and accompanying salts will .keep rising through the
(17)
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former from greater depths, and for a greater length of time after the cessation of rains or irrigation.”
Under the head of “Reclamation of Alkali Lands” he continues:
“The most obvious remedy for this evil is, of course, the leaching—out of.
the injurious salts by _ooding, and, if possible, under-draining. This method
is habitually resorted to in seacoast marshes, near the mouths of rivers, after
the salt water has been excluded by embankments.
“The limited salty spots so frequently met with in the uplands of some
regions, are promptly cured by a few underdrains, through which the winter
rains wash the salts de_nitely beyond the reach of the soil-water. Such spots
are commonly found extraordinarily fertile afterwards.
“The problem of affording relief, however, becomes much more difficult
when eithera stratum of saline water or an earth layer containing much saline
' matter lies a few feet beneath the surface in a level region, as is, unfortunately, very often the case in California. When this happens, the evil can
only be mitigated, but scarcely altogether cured. According to the value of
the land to be reclaimed, one or several of the following remedies may then
be employed:
“1. When the ‘alkali' is not very abundant or very noxious, frequent and
deep tillage may afford all the relief needed. For, inasmuch as the damage
is in most cases the result of an excessive accumulation at or near the surface,
it is clear that frequent intermixture of the surface layers with the deeper
portions of the soil may so dilute the injurious salts as tolrender them
powerless for harm.
“Moreover, since a perfect tilth of the surface greatly diminishes evaporation, it tends to diminish, concurrently, the accumulation of the alkali near
the surface. The same effect may be produced by mulching, or by covering
the surface with sand.
“With the aid of deep tillage, it is often possible to raise on salty seashore .
lands, root crops, such as beets or carrots, which absorb a large amount of
soluble salts, and sensibly relieve the soil so that cereal crops may be grown
in the second or third year.
“2. Underdrains may so far lower the water table from which the saline
matters are derived, and may so far favor the washing out of the salts during the rainy season that the latter will thereafter fail to reach the surface
so as to accumulate to an injurious extent, with reasonably deep tillage. The
roots of plants will go deeper for the requisite measure, but will not be injured by the weak saline water below.
“With the aid of underdrains, in many cases a comparatively small
amount of irrigation water may, when applied at the proper time, be made
to produce the leaching effect upon the surface soil that would otherwise
require a long time and a much larger quantity of water in order to wash the
alkali into the country drainage.
“3. When the quantity of the salt or alkali is small, but its nature such
as to be nevertheless very injurious or corrosive, the evil may be greatly
mitigated or sometimes completely relieved by the application to the soil of
chemical antidotes cheaply procurable in commerce. In order that the proper
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antidote may be chosen, it is of course necessary to determine the nature
and in a measure the amount of the “alkali,” by chemical analysis.”
This extensive verbatim quotation has been made, not only because of its
truth and completeness, but because it serves to emphasize the fact that
progress in respect to the reclamation of alkali lands, or the redemption of
lands which have passed out of cultivation or are about to do so in various
parts of the irrigated West, has been remarkably and unjusti_ably slow. The
statement which has been quoted was made at a time when a large part of
the irrigation in this country was in its inception, and was made in a report
which presumably has had an extensive circulation in the regions most directly affected and among the men who from the scienti_c, agricultural and _
practical or _nancial standpoints have been most interestedvin the subject.
The additions which have since that time been made to the theory of the
rise of the alkali and to the conceptions of the practical and e_’ective methods
of combating it, while they have been by no means unimportant, have been
chie_y in the nature of minutim or details, _lling in along the line that was
marked out so many years ago. It is surprising, in view of the fact that
every laboratory investigation or scienti_c study, and every practical test
that has been made since the foregoing statement was published, have fully
con_rmed the truth of the statement and the judgment of its author,
that only a very limited application has been made of the principles which
were enunciated. Tracts of land here and there in the irrigated region which
have become charged with alkali on the surface have been drained, with the
result that the land has been restored to crop production. These instances,
while comparatiVely few in number and of small magnitude, are fairly well
distributed geographically and many of them have been well described in
publications which have had extensive circulation.
HAVE REVERTED TO DESERT.
Still it is true that township after township of land all over the irrigated
West, and in localities where neighboring lands suitable for irrigated agriculture or horticulture have the highest values, are lying to-day under a crust
of alkali which precludes the growth of crops of any kind, and no move is
on foot for their reclamation. The soil under the alkali crust is of a nature
which, in the absence of the concentration of the alkali, insures the most
liberal returns to cultivation. Therefor even a heavy expense, in many instances far exceeding that to which eastern farmers are accustomed when
they undertake to drain their wet or over_owed lands, would be justi_ed and
would prove a good _nancial investment. That very little of the work has
been done goes to show that the vaunted western_ alertness to opportunity
is not all-pervading or universal.
I think that I am quoting one of Dr. Hilgard’s later expressions, as well
as stating a demonstrable proposition, when I say that under—draining of the
affected land is the only complete remedy or certain preventive in any case.
In view of this fact, and in deference to the limits of this paper, therefore.
no more than incidental attention will be given to any of the other remedies
or palliatives which have been mentioned.
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DRAINAGE HANDMAID OF IRRIGATION.
It has been truthfully said that drainage should be considered in connection with irrigation works at their inception in every instance. This does
not mean that drainage works should be constructed in connection with
every system of irrigation works, although the exceptions are remarkably
few. Neither does it of necessity follow that in all cases in which it is
decided that works of drainage will be needed they should be constructed
at the time that the irrigation canals are built, although it will usually be
found that the construction presents fewer dif_culties at that time than at
any later period. An advantage in postponement arises, however, from the
fact that it will give opportunity to observe the tendencies in respect to the
rise of the ground water and the alkali, thus furnishing a basis upon which
the location and dimensions of drains may be determined accurately in
accordance with the purpose which they are to serve.
It will sometimes be found that the entire area irrigated or to be irrigated has a good slope and is underlaid at a moderate depth by a bed of
gravel, so that adequate natural under—drainage is assured. More frequently,
however, this condition does not obtain over the whole area under ditch, and
unless arti_cial drainage is provided the lower lands and those of least slope
will become swamped or alkalied. When canals are constructed in extensive
plains of little slope it may be assumed at once that arti_cial under-drainage
of practically the entire irrigated area will sooner or later be necessary.
IRRIGATION DRAINAGE A NEW SCIENCE.
The design of a drainage system to counteract the rise of the ground
water which results from irrigation involves some considerations of a decidedly different nature from those which come before the drainage engineer
of the Middle West who is called upon to design a system for the removal of
excess of water from the surface of the land. The permanent service which
the drains in irrigated land should render is the prevention of the rise of
the ground water to a height such that the capillary action of the soil can
bring the water and the dissolved alkali to the surface. That is to say,_prac—
tically all of the water which the drains receive, after the regimen of the
system'has been once established, is that which comes up to them through
the. soil. They must be large enough to receive this practically as fast as it
comes when rising at the maximum rate. Correspondingly, in the humid
region, the drain must be designed for the rate at which water will come
down to it through the soil, either directly and-at once, or indirectly and
after a time. The designer, therefore, makes a study of rainfall records, the
rate of downward movement of water in the different soils, and the length
of time which it is allowable that lands may be submerged pending the removal of surface water by drains. In the West we are concerned as to the
porosity of the soil in which the drain is to be laid and which surrounds it
on all hands; with the degree of freedom of movement of water which this
particular soil permits within it, and we must have measurements or statistics
bearing upon the rate at which the ground water rises when the ditches are put
in operation at the opening of a season, or whenever the rise is the most
rapid. If reliable data can be had on these points, the area which a single
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drain can serve, and the capacity which the drain must have in order to serve
Ithe area completely, can be calculated.
Certain circumstances have been noted in connection with soils as constituting limitations upon the design and operation of drains. SOme of these
will be discussed brie_y in the following paragraphs.
Soils which are permeated by small channels, such as may have been
formed by rootlets, or by surfaces of separation caused by the segregation of
soil particles into groups or lumps, may present difficulties inthe way of the
leaching process. When water is applied to the surface that which first goes
down carries the alkali from the surface and also soaks up the soil below.
The water which follows, carrying little or no burden of alkali, and going
by way of root holes or other gravity (as distinguished from capillary) channels, is that which alone reaches the drains. It is believed that success in
such cases will attend repeated light _oodings rather than a less number
of copious _oodings.
In this connection it may be observed that if a redistribution of the surface alkali throughout the soil from which it came can be accomplished, the
result may be better than if the alkali were-washed down into the drains
and completely out of the soil, carrying with it many of the soil ingredients
which it is desirable to retain. ‘
It is reported that in parts of Idaho where tile drains have been tried it
has been found that a _ne silt, having cementing qualities, enters the drains
and in time interferes seriously with their operation. The writer has not
encountered this condition, but it seems that the frequent and systematic
cleaning of drains which is practiced in California to remove intruding
growths of rootlets might prove effective to prevent this accumulation of
hardened silt. The engineer who reports the circumstance considers that the
difficulty may be met by using the bottomless plank drain.
A distinction which has been borne in mind in all of the foregoing, but
to which no speci_c allusion has been made, is that which obtains between
the _rst service and the permanent service of a drain laid in alkali land. The
_rst service is to afford opportunity to leach out or redistribute the alkali in
the zone of soil above the drain. After this has been accomplished the permanent service is to prevent the rise of the ground water into that zone. The
drains are laid deep enough so that when the ground water is held down to
this level capillary action will not draw the water thence to the surface of
the land. This necessitates that the drains be laid much deeper than when
their of_ce is merely to remove excess of surface water.
A NOTABLE TEST CASE.
In order that some of the points involved in this discussion may be brought
out more clearly a brief description of one of the most notable instances of
the alkali evil will be given. '
In parts of Fresno County, California, the statement is current that when
the irrigation water was _rst applied to the ground it was the _rst time that
it had been thoroughly wet since the creation. It was bone dry down to
depths varying usually from thirty to sixty feet below the surface. However, the soil is one which permits the ready passage of water in any direc~
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tion in which there may be an impelling force to give it motion. Moreover,
the country is a nearly perfect plane, with but a slight slope in the direction
of its greatest declivity. Owing to the looseness of the soil the applied water
went quickly down, and meeting with the water table standing on approximately the same slight slope as the surface of the plain, it was impossible
for it to _nd it way out into the country drainage, in spite of the open nature
of the soil, as fast as it. was supplied by the application to the _elds and the
seepage from the ditches. Thus the water began at once to rise in the ground,
until now it has reached a height so near the surface that at the time of the
annual rise, following closely upon the date when the ditches _rst begin to
run for the season, the ground water in many places over several hundred
square miles of territory comes nearly or quite to the surface. In fact. a
large number of low places or depressions in the plain have been converted
into lakes with depths ranging up to ten feet or more. But the transformation
would attract comparatively little attention if it were con_ned in its manifestations to these depressions. It is not so con_ned, but extends to the most
fertile lands of the valley, some of which in earlier years reached the highest
cultural development. In these places the ground water stands so high dur—
ing a considerable part of the season that the alkali is dissolved out of the
soil, brought by capillarity to the surface, and left there by evaporation. Lands
which have been worth from $150 to $400 per acre are in their present condition worthless, and return no revenue to their owners. Vineyards which at
one time were the show places of the valley are now scenes of desolation and
return no revenue to their owners. Their only value is that which is based
on a distinct prospect of reclamation.
Several plans have been proposed for the drainage of parts of the affected
area. One of the most extensive of these, which has been worked out in
detail and has been looked upon with favor, applies to about three quarters
of a township consisting of lands immediately adjoining the city of Fresno,
lands which when relieved from the actual and potential evil which overhangs them will reach the maximum of production and value. The plan
contemplates the subdivision of the region into a number of subdistricts, each
to have its own system of tile drains leading to a sump so located that the
drainage water can be pumped from it into an irrigation ditch.
ALKALIED LAND DRAINAGE CAN BE USED FOR IRRIGATION.
Analyses have demonstrated that the drainage water does not carry an
excess of alkali which will un_t it for use in irrigation. While this statement
as to comparative freedom from injurious salts is true of the ground water
of which the drainage water will chie_y consist after the regimen of the
system has been established, it may not be true of the _rst water which
reaches the drains after having been applied on the surface for leaching purposes. It may be expected, therefore, that the leaching according to this
plan must be done when the ditches are not in service for the irrigation of
crops.
An enumeration of some of the considerations of which account was taken
in design may be of interest. It was provided that no drain should be laid
at a less depth than _ve feet, to which depth, according to the evidence at
s
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hand, the capillary action did not extend from the surface. The trouble which
might be encountered due to water running alongside the drains and throwing them out of line and grade is avoided by the provision that the drains
shall be laid on a plank base. Each drain is made of a size suf_cient to carry
water at the rate of two and one-half cubic feet per second for each square
mile of tributary territory. This estimate of two and one-half cubic feet per
second per square mile is based on a number of considerations, including
a series of observations which had been made for several years of the rise
and fall of the water surface in one of the depressions which have been noted,
measurements of the amount of water delivered by the few private drains
which have already been constructed, and estimates of the amount of seepage
from the ditches traversing the area under consideration.
ALKALI FROM CANAL AND DITCH SEEPAGE.
Incidentally it may be remarked that it is believed that the present ground
water supply is kept up almost wholly from the seepage which takes place
through the beds and banks of the ditches. In all probability the excess of
water applied to the land had a signi_cant effect in this respect in the earLy
days of the irrigation system, but it has been observed that the irrigatorof the
present day in that locality limits his use of water to that which is plainly
needed, and the contribution of excess from this source must now be a minimum. The near approach of the ground water to the surface has seemingly
reached a limit in some localities, and instances can be cited of vineyards
beneath which the depth to ground water is the most favorable, with the
result that irrigation of those vineyards has not been necessary for a number
of years, in some cases twenty years.
In laying drains in the humid region, care is taken that the line of the
drain does not approach within certain limits of water-loving trees or plants,
as it has been found that the rootlets will enter and clog the drains. In the
fruit regions of irrigated America it is not practicable to observe this precaution. No location can be found for a drain in an orchard or a vineyard
which is not close to some deep rooted growth. Consequently the limited
experience which has been had with private drains has already established
the fact that they must be brushed out regularly with a special form of brush
and apparatus for introducing it into the drains and dragging it through them.
Taking into consideration that drains for the prevention or cure of the
alkali evil must be laid deeper than drains in the humid region, that in general
they should be supported on a plank or other continuous rigid base, and that
in many instances the maintenance will involve frequent cleaning of the
diains, it would seem that the cost in the West will be very high as compared with what it is in the East. This is undoubtedly true so far as soils of
the same texture are encountered in the two localities, but it is a fortunate fact
in relation to the soils of the arid region that many of them will permit a
remarkably free and rapid passage of water, and for that reason the drains
need not be placed as near to each other as in the more retentive soils. The
Fresno plans contemplate an expenditure of from about ten to _fteen dollars
per acre drained, with the probability that in some instances the individual land
owner will _nd it necessary to build private supplementary drains.
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THE STATE OF NEVADA.
Roar. L. FULTON, Reno, Nevada.
No other State in the Union has been so misunderstood and misrepresented as has Nevada. She took up the burdens of statehood unwillingly, at
the urgent solicitation of Abraham Lincoln, Who found his in_uence in the
Senate rather weak during the last days of the Civil War; and for a generation she was supposed to be little more than an ash heap with a few streaks
of silver through it. Later on the word went out that her mines were ex—
hausted, and many intelligent people were led to paraphrase the scripture and
ask, “Can any good thing come out of Nevada?”
However, no good citizen of the Republic can look with indifference upon
anything that may a_ect the fortunes of any State. Our country is so strongly
bound together, its higher interests are so closely interwoven that none can
suffer decay without sooner or later affecting all the others. The different
sections of the Union so happily compliment each other that the greater the
activity in any part the greater the prosperity of the whole. It is one of the
blessed things about our beloved land that in every corner are natural resources which can be developed without coming into competition with those
0‘ any other part, and if this Congress serves no greater purpose than to
make the West better known to the East and South, make closer friends of
our more distant neighbors, break down sectional prejudices, if any remain,
it will well serve its day.
The fact is that nothing necessary to the upbuilding of a great State was
omitted when Nevada was created. The raw materials were abundantly
bestowed and only the lack of human endeavor has prevented her from taking
a high place among her sister States. The worst that can be said is that she
lacks population, and it must be apparent that if that is a fault it is chargeable,
not to those who live there, but to those who remain away. Perhaps the
greatest drawback to her reputation comes from the fact that she is con—
stantly compared with California, which is incomparable, instead of with her
neighbors to the east. If Virginia, or Massachusetts, or even Maine lay
where Nevada does, and the blossoming plains of the Golden State could
be reached only after traversing their territory, they would suffer in contrast
far more than they do now when surrounded by States of like condition.
INEXHAUSTIBLE SOIL.
The inde_nable charm which covers all “The Land of Little Rain” extends
over Nevada, with its sunny skies, its vivid sunsets, its violet tinted hills and
its rush of sudden storm. Within her borders lie some of the richest lands
upon the globe and when they can be reached by water the crops are neverfailing, the quality the _nest and the yield far greater than in the rainy States.
Like the island of Sicily, which has raised wheat continuously for 2000 years,
her soil is largely volcanic, and its strength has not been dissipated by centuries of showers, but lies ripening in the sun, waiting for the plow which
shall tickle its surface and make it laugh a harvest.
(In her early years agriculture was merely an incident. The wonderful
richness of her mines brought her forward as pre-eminently a mining State,
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and only the most tempting inducements were sufficient to lead men to forego
the more exciting pursuit of prospecting for that of tilling the soil. The _rst
attempts were made in favorable localities, where hay grew naturally or shallow streams made easy gardening or ranching on a small scale. It was soon
found that lands which had been considered worthless desert would produce
in astonishing abundance, and the uniform success attending the efforts of
everyone who put seed in the ground anywhere shows that all the great
stretches of sage brush, the immense valleys and smooth benches require only
water and work to make them blossom as the rose. Even the beds of alkali
are made by a superabundance of. plant food, which can be fertilized by proper
treatment. The many valuable premiums taken at the different expositions,
from the Centennial down to St. Louis, furnish convincing proof of her capacity and quality. Considerable attention has been paid to stock raising.
dating from quite an early day, and it certainly may be said that she has as
good horses as any State in the Union. More than one world-beater has been
turned 'out from her stock farms and Governor Sparks’ Herefords have
brought home many a gold medal.
The _nest kind of beef comes in from the ranges and her mutton is second
to none. All of the inter-mountain States are famous for wool and most of
them come to Nevada for blooded bucks, Hereford and Durham bulls and for
Theodore Winter’s blooded horses.
VOLCANIC GRIST PLUS WATER.
No country in the world yields to intense cultivation as does one with a
volcanic soil under irrigation, and the truth is that Nevada should be the seed
farm for the nation. Her climate is perfectly adapted to the production of
all of the cereals and the _nest of the hardy fruits. The elevation is right and
the seasons mild. Her wheat is perfect, with a full, rich kernel and a clean,
golden straw, free from smut and rust. It has taken prizes at all of the great
expositions and wins its way among experts wherever it goes. Some few
years ago a‘bright young merchant of Elko County gathered up all the _ne
grain he could _nd, and after cleaning it thoroughly made it up into one
pound packages in attractive style. He then advertised in the leading maga—
zines, like Harper’s and the Century, “Golden Wheat, One Dollar a Pound.”
He sold all he had and his customers came back for more. Nevada beets
yield as high as twenty-three per cent of sugar; her celery grows large, white
and crisp, breaking like ice in the hand. She could raise onion seed of all the
_nest varieties by the ton, and already furnishes alfalfa seed to the trade.
Nevada potatoes are little bunches of meal done up in a clean, bright sack;
her turnips have the mountain _avor, and all of her produce is of superior
quality. She has the variety of soil, the different slopes of hillside, plain
and valley to meet every requirement. Two-farms in the Mississippi valley
may be a-thousand miles apart, but they will be exactly alike in all their
important characteristics, both having been built up from sediment carried
down by the _oods of ages, but the smallest farm in Nevada may have a
dozen varieties of soil lying side by side so that one would produce the _nest
berries, another luscious fruit, the next juicy tomatoes, and so on through
a long list, each one receiving that certain food best suited to its needs and
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receiving the proper slope for sunshine and having moisture fed to it scienti_cally instead of at nature’s caprice. Such are some of the advantages the
Nevada seed grower would have over his neighbors.
The very fact that Nevada was selected for the _rst irrigation system
under the act of June 17, 1902, is suf_cient proof of the capacity of her soil,
the abundance and durability of her resources. Mr. Taylor, the engineer in
charge, estimates that a million acres can be added to her present area of
cultivated land and the remaining sixty-_ve or sixty-eight million acres are
rich in mines, in forage plants and in beds of salt, borax and nitre. Nothing
could be more tempting to the settler than the chance to _nd a good mine
near home, and there is not a valley in Nevada that does not lie within sight
of ranges of hills containing a good percentage of the precious metals. The
farmer’s boy in Nevada does not need to loaf in the saloon or the postof_ce,
if he has energy and sense. He can open a prospect and work all winter in
a good warm tunnel or a sheltered cut, and, if he _nds ore, he can have it
hauled to the quartz mill in the spring, just as his father hauls his wheat in
the fall. Mining in Nevada has had a wonderful history, with the record of
the _nest camp the world has ever seen, where over six hundred million dollars were taken from one rock a mile in length, but the past is but a promise
of what is to be when the. State is settled and the university has taught our
boys how to test the rocks and prospect the hundred thousand square miles
of territory that has hardly been scratched as yet. Such is the opportunity
for the honest homeseeker, when under a wise and benign statesmanship, the
idle men and the idle money of the country will be made use of to carry
the idle waters to the idle lands, for it is easy to see that Nevada will receive
a larger, speedier and more direct bene_t from the reclamation policy than
any other State and that it will advance her from the bottom of the class
several degrees.
A MESSAGE FROM JAPAN.
I have been an optimist in all that concerns Nevada since _rst I crossed
her border, but I never realized the magni_cent possibilities of my adopted
State until I visited Japan and other countries where land hunger has become
chronic, and saw what man’s ingenuity could make of tiny bits of ground
when his stomach was empty and there was no other way to _ll it. The
area of the Japanese Empire is almost exactly the same as that of the State
of California, and yet upon this small space she subsists nearly _fty million
01' the happiest and most contented people on earth. But this is not all. The
whole region is of volcanic origin and comparatively new, geologically speaking, so that only one acre in eight can be cultivated. Even this restricted area
is not very productive 'in quality. The soil has never been ground to dust and
fertilized by glacial action, as have the rolling hills and rich prairies of our
own country. A narrow fringe along the shores of most of the islands is
nearly enough on a level to be cultivated, while steep, high mountains _ll
the interior. Unlike our elevated ranges these do not produce nutritious
grasses, and generally but poor timber.
In order to support so large a population upon so limited an area of land
the most intense husbandry is practiced. Extensive systems of irrigation
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are necessary for rice cultivation, although some hill rice of a _ne quality is
produced, and far up in the mountain valleys the streams are diverted to the
terraced paddy _elds and the water is never released until it reaches sea
level, and sometimes not then. It _ows down from one to another terrace
until it reaches the planic, where the noria or Persian water wheel is a good
deal used to overcome slight differences in levels. Nowhere in all Japan did
we see the native to better advantage, from an artistic standpoint, than when
perched upon the graceful wheel with a long pole which reached the ground
to prevent a fall, he patiently and lightly tripped along as the wheel revolved
beneath his feet. He was generally naked to the waist, both ways, and his
trim and airy _gure was a study in the classics for any sculptor. The blades
of the wheel _tted in a box, and as it revolved each blade lifted a couple of
gallons of water at a time and sent it _owing off in a new direction. During
the rice season the streams are polluted and the water carries contagion,
making dysentery and diphtheria endemic as well as epidemic.
The _nest irrigation system I have ever seen taps a lake about the size
of Tahoe, Lake Biwa, a _ne sheet of water 14 by 40 miles, in the hills above
Kioto, carrying Water under a mountain by means of'a tunnel over 8000
feet in length to the valley beyond. At the outlet iron gates 36 feet high are
set in stone work of massive strength, with a similar set of gates 60 feet
below. Two intakes are built, each 25 feet wide, with duplicate sets of these
big iron gates. The intakes are separated by a massive stone wall, but they
come together a few yards below the lower gates and make a stream 25 feet
wide and 25 feet deep, running four or _ve miles an hour. The canal is
walled in with blocks or cement. Boats ply up and down at intervals and
we paid three yen to make the trip, which was most interesting. Three long
tunnels were shot, and it was a weird sight to see a boat push forward from
nowhere, as its crew dragged it along by a wire cable fastened to the opposite wall. All along the way stone gates are set to measure out water to the
farmers. The main canal divides, one branch going to the Kioto waterworks,
generating electric power as it falls to the town, and the other branch goes on
to irrigate more farms. It is a government work and cost a million and a
half.
Nothing could be more picturesque in the way of landscape gardening
than an irrigation system in Japan as seen from any of the steep hillsides
above it. The honey bee makes no more economical use of space in building
its comb than does the thrifty little Jap in dividing his sloping land and
building his banks to form terraces for rice culture. The form of each _eld
is determined by the natural conditions and the tiny farms 'are cut up in
every conceivable shape. The crop averages over twenty-eight bushels to
the acre as against _fteen and a half in India and thirteen in the United
States. The annual crop is about two hundred million bushels a year, of
which about one-eighth is exported. Cereals are absolutely grown by hand;
each grain being dropped in a hole made by the _nger. liquid manure is poured
over it with a dipper and the earth pressed down with the hands. When the
barley is receiving the last cultivation in May, beans are planted between the
rows, and so three crops are made to grow on the same ground during
the year. At this time the rice plant is showing green in the seed beds and
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by the middle of June it is tranSplanted in hills about five inches apart, with
rows eight inches from each other. The sweet potato was introduced about
200 years ago and is now the chief food in many of the islands. Fish is a
staple diet, and without their use it would be impossible for the Empire to
sustain anything like its present population.
Compared with the Orient our own country is indeed a happy one, but
the man who seeks a home in the new States might well take a few lessons
from the Japanese farmer; in his cheerfulness, his industry and his sobriety,
in his happy faculty of developing his resources to the uttermost, he leads
the world. They drink .liquor there, but we saw only one drunken man in all
Japan. We have a better soil, a more healthful climate, a much more comfortable manner of living and we should have the happiest homes on earth.
Suf_cient has been said to demonstrate Nevada’s future. The very fact
that the State, the fourth in size of the whole Union, has but forty thousand
people located upon her 71,000,000 acres of land is the best evidence that
unlimited opportunities can be found for the earnest and capable man. Every
county in the State has undeveloped resources, open lands at two and three
dollars an acre, mines to be found by effort, wages at the best rate going for
farm work, sheep tending, lumbering and all sorts of trades. With a climate
famous for its sunshine, an air free from malaria, with rivers rapid and deep,
capable of furnishing unlimited power, with a soil rich in phosphates, and
mountains seamed with veins of ore, with valleys that have attracted the
attention of both the capitalist and the government as favorable _elds for
reclamation enterprises, the man who moves to Nevada now will _nd her
just trembling on the rise. The long period of depression is of the past, the
future is assured, and not in a thousand years will she be as poor as she is
tc-day. To become a part of the upbuilding of a great State appeals to the
good man everywhere, and the roster of its pioneers is a roll of honor in
every community for all succeeding generations.
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REGLAMATION OF ALKALI LAND.
PROF. C. W. DORSEY, Bureau of Soils, U. S. Department of Agriculture.
Certain of the work now being carried on by the Bureau of Soils of the
U. S. Department of Agriculture is the practical demonstration of methods
whereby alkali lands can be reclaimed and made productive. Those of us who
have spent any considerable time in the West are more or less familiar with
the subject of alkali. Whether it is white alkali or black alkali or a combination of both, we know it is injurious to crops, and if it is accumulated in
suf_cient quantities in the soil no crops at all can be grown.
We who have made a careful study of this subject state that alkali consists largely of some form of sodium salts. The black alkali is sodium carbonate. One form of white alkali is sodium chloride or common salt,
while another form of white alkali is sodium sulphate or glaubers salts of
commerce. We may have only one form of alkali present in the soil or we
may have various combinations of all three forms I have mentioned.
Black alkali is most injurious to plant growth and sodium sulphate is the
least injurious form of white alkali. The statement is also made that twotenths of one per cent of black alkali in the soil is suf_cient to prevent successful crop production. Crops will stand considerable more white alkali, but
certainly not more than one per cent. We also know that certain crops are
more resistant to alkali than others. We know that sugar beets will stand
much more alkali than such crops as alfalfa or wheat. The date plum is an
example of a tree that will stand comparatively large amounts of alkali. But
alkali in excessive amounts always exerts a toxic or injurious effect on plant
growth, no matter how resistant the individual plants may be to small
amounts of alkali.
FOUND THROUGHOUT THE ARID WEST.
When we consider the extent of land containing alkali we _nd that almost
every irrigated district in the arid West has suffered some loss from just this
cause. Careful estimates seem to indicate that' from 10 to 15 per cent of every
irrigated district contains suf_cient alkali to at least very materially lessen
the productiveness of the soil, while 5 per cent of every district contains so
much alkali-that no crops can be grown at all. In order to realize what
this means to the irrigation farmers it may be interesting to introduce some
_gures on the subject. In 1902 the Census Bureau estimated that in the arid
States there were 8,470,000 acres under irrigation. Five per cent of this
amounts to 425,000 acres in round numbers. That much land carrying alkali
is un_t for use. This is actually more than twice the acreage of irrigated
land in Washington, nearly twice the amount in Arizona and New Mexico,
and nearly equals the amount of irrigated land in the State of Oregon. Estimating that this land if reclaimed would be worth $50 an acre, a conservative
estimate I think, We _nd the West loses valuable lands to the extent of $21,000,000 through alkali. This makes us realize how serious the alkali question is at present and we all are aware how fast it is spreading almost everywhere.
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ATTEMPTS TO COMBAT THE TROUBLE.
Farmers have tried to check the spread of alkali in one way or another
but with only partial success. Some have _ooded their lands for a period of
a few hours and have then drawn the water off. In some cases this has
effected a partial remedy. Again attempts have been made by soaking the
land and driving the alkali below the surface. Often this has enabled the
farmer to crop the land for one or two years longer, but no permanent cure
was obtained. Again the use of gypsum on black alkali land has been advocated by many, but this does not remove the alkali, but merely changes it to
a less injurious form, besides this method is altogether ineffective on white
alkali land. When the Bureau of Soils took up the study of Western soil conditions
several years ago a study of the origin, accumulation and spread of alkali
was also made. As the various reports were issued covering these studies.
speci_c recommendations were made looking to permanent reclamation of the
soils from injurious accumulations of alkali. Especially were the good effects of heavy _ooding recommended after a complete system of under-drainage had been installed. By such methods it was claimed even the worst alkali
land could be economically and permanently reclaimed. Such suggestions
were made from time to time in the various reports, but little or no efforts
were made to reclaim any lands, even in the worst districts. Believing that
by establishing a number of demonstration experiments in alkali land reclamation much good could be accomplished, certain tracts were selected and
their reclamation attempted. At present we have reclamation farms located
at Fresno, California, in the San Joaquin valley; at Salt Lake City. Utah,
a1 North Yakima, Washington. Tempe, Arizona, in the Salt River valley,
and at Billings, Montana, in the Yellowstone valley. In each case a tract of
twenty or forty acres was selected and usually this was the very worst alkali
that could be found, and in some cases the ground water was almost at the
surface, so we had to _ght seepage water as well as alkali. We picked bad
tracts of land so there would be no question of the e_iciency of the methods
after the reclamation was completed.
BAD LAND SELECTED FOR TESTS.
Some of the tracts were parts of ranches that had gone bad to alkali.
others had always been considered worthless and their cultivation never
attempted. Complete tests of the soil were made to a depth of four feet, and
on some of our tracts the soil contained upwards of three per cent of alkali.
On each of the tracts we have different soil, climatic, as well as varying
alkali conditions. At Fresno, California, and North Yakima, Washington.
we have been experimenting with black alkali. At Tempe, Arizona, and at
Salt Lake City we have white alkali of the sodium chloride variety, while at
Billings, Montana, we have sodium sulphate, another form of white alkali.
Our mode of procedure is to lay common drain tile, such as are used so
extensively in Indiana and Illinois, at an average depth of four feet. By this
means a complete system of under-drainage is assured. Then the tract is
nicely leveled and checks thrown up so that all of the land can be _ooded
to a depth of several inches. The work of _ooding is carried on as rapidly as
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possible, depending of course on the water supply and the time required for
the water to soak through the soil. The principle of this method of reclamation is quite simple. The alkali is a soluble substance that can be dissolved
by a copious supply of water and carried downward and out through the
drain tile. By continuing such a process even the worst alkali land can be
freed from any excess of alkali and made as fertile as _ne virgin soil containing no alkali whatever. '
COMPLETE SUCCESS ATTAINED.
So much for the methods of attacking the problem; now as to the results
and what we have accomplished up to the present time. In California two
weeks ago I visited our tract, two and one—half miles south of Fresno, and
found the owners very well pleased with the manner in which the land had
responded to this treatment. At one time this land was worth $250 per acre
and was one of the choice tracts of land near Fresno. At the time we took
it, in 1903, it had only a nominal value of a few dollars an acre on account of
the large accumulations of black alkali. For crops it was practically worthless. Last year at the close of the season’s _ooding all but _ve acres were
reclaimed and produced crops this year. This season we have practically
completed the reclamation and a good stand of alfalfa is starting while the
soil has lost all the bad characteristics of land carrying much alkali.
At Tempe, Arizona, last week I saw a very good stand of barley on land
that the owner had attempted to crop for years and had failed each time.
This was accomplished after a few months of heavy _ooding. The indications point to the reclamation of the entire tract at an early date. At Salt
Lake City we took 40 acres that had always been too salty for crops and had
no value as farm land whatever. This fall, after two years of _ooding, we
have calculated that 8000 tons of salt have been washed out of the soil and
now it is in shape for almost any crop that can be grown in the vicinity and
is easily worth $100 per acre for farming purposes. At North Yakima,
Washington, after a short season’s _ooding last year and again this year,
we believe we have at least four-_fths of the twenty-two acre tract reclaimed
and in such shape that alfalfa can be sown on it next spring. The whole tract
was seeded to wheat the’last of September, and the last reports from there
were that the crop was doing nicely, indicating by a practical test that by far
the greater part of the tract is reclaimed. This land formerly was a salt
grass pasture, of no value for crops. So carefully has our experiment been
watched and believed in by the farmers of the neighborhood, that adjoining salt
grass pastures have very materially risen in value on account of the chance
of reclaiming them and converting them into valuable farm lands. In the
Yellowstone valley, at Billings, we can make no statement of our work, for
it has only been installed and _ooding will not commence until next May,
when the water is in the canals. Our problem there is to wash 2300 tons of
white alkali out of a stiff gumbo soil and leave it in a fertile condition, suitable for any crop grown in the valley.
DOES IT PAY?
So much for the results for the reclamation experiments; now for some
questions that will naturally arise about the work. The _rst that may be
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asked is, I think: Is the work practical; can it be done cheaply; and, again,
just what is the cost? The cost of reclaiming alkali land will depend largely
on the cost of labor in digging ditches and on the cost of the tile delivered at
the ranch. To put a tract of land in shape for reclaiming it, that is, installing
the drainage system, leveling and throwing up the checks, costs from $15 to
$40 per acre. If labor can be cheaply secured and a tile factory is near at
hand, such work can be done at a very reasonable price. Unfortunately at
present tile factories are not common in the West, as there are probably not
over a dozen in all of the arid States and Territories, so that the question
of freight enters largely into the cost. If tile could be purchased at prices
at which it is sold in the Eastern States there would be no question of profitably reclaiming land that would only be worth $25 per acre after it was
reclaimed. As soon as farmers become more familiar with the valuable
results to be derived from the use of drain tile there will be created a large
demand that will make it necessary for small factories to be located in
practically every irrigated district.
TILE FOUR FEET DEEP.
Again the question is asked how deep must we lay tile for the best re—
sults? Our experience in this direction leads us to believe that the tile should
be laid at an average depth of four feet; This means that with tile at such
a depth we permanently lower the ground water to that depth, as well as free
the soil from alkali to the same depth, with but little chance of its being
again pumped to the surface by capillary power of the soil. It is also well to
mention that the deeper we have our tile the greater area of land they will
drain on each side, so that depth is an important factor to be considered.
Again we are asked how far apart should the drain tile be laid? This depends altogether on the character of the soil. On a heavy clay adobe or
gumbo soil it may be necessary to put them 100 feet apart. On the other
hand on coarse sandy soils tile 225 feet apart will answer all purposes. Some
one will ask how long does it take to reclaim alkali land? This will depend
on the amount of alkali originally in the soil as well as on the texture of the
soil; as to whether it is a heavy clay or a light sandy loam, for this detera
mines largely how fast the alkali can be leached out of the soil. _
The presence or absence of hardpan also enters into the question. With
a very large amount of alkali in the soil, say 3 per cent, it will take at least
two years to reclaim all of the land. With land only beginning to show
alkali, perhaps a few _oodings will be suf_cient to restore it to its original ,
fertility. The length of the _ooding season and the water supply available for
such purposes largely in_uences the question of the length of time necessary
for complete reclamation. Even before the _nal reclamation is accomplished
some crops can be grown that will reduce the cost of reclamation.
There are many other question that might be brought up about the different
features of the work, but I believe I have mentioned enough to convey some
idea of how the work is carried on and just how far we have been successful
with this method.
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THE SIZE OF AN IRRIGATED FARM.
THos. H. MEANS, Engineer of Soils, U. S. Reclamation Service.
Farming in an irrigated district is very different in many ways from
farming in the rain belt. In two important particulars the irrigation farmer
has the better of his contemporary and they are that he gets the right
amount of water for his plants and gets that water at the right time. This
being so, he is independent of weather in a great measure, particularly so as
arid regions are most generally those in which all climatic factors favor
plant growth, except in the amount of moisture in the soil. Being independent of the weather, there is no loss on account of dry seasons to be expected, and he should harvest a full crop every year. How often is the crop
of the rain belt farmer damaged by adverse climatic conditions? How often
at harvest time does the Bureau of Statistics report our staple export crops,
the money getters, as having condition 100 or better at harvest time?
Now, I am of the opinion that under many existing systems the irrigation farmer in America is also very apt to harvest a short crop from lack
of water. The fault is not with the irrigation method, but is in the works
he has built to control the water. He may lack storage facilities to tide over
seasons of low water; he may be unfortunate in having more neighbors
than the stream can adequately supply; he may be the victim of a water
company who has monopolized the water of a stream and sells water rights
but don’t deliver water; he may be imposed upon by neighbors up stream,
but this much can be said of him, that if his irrigation works are built of the
proper materials with a competent knowledge of the hydrography of the
stream and he is living in a State whose laws respect and protect his rights,
he will harvest a pro_table and full crop in all years of diligence.
SMALLER FARMS UNDER IRRIGATION.
And by virtue of this, a living can be made on a smaller area than in the
rain belt, subject as it is to the vicissitudes of the clouds and sunshine. If
there is one national characteristic of American agriculture it is that it is
extensive. Large areas‘are farmed, low yields are obtained; but by reason
of the large amount handled the pro_ts per.farm are great. As an instance,
the average yield of wheat for the United States is thirteen bushels per acre.
In consequence, wheat farming is carried on most extensively in those great
areas of prairie»and plains land where large farms are managed by one man.
North Dakota produces on an average twelve -and one half bushels of wheat
per acre. A small farmer with forty or eighty acres of wheat at this rate can
not make a living, but he with a thousand or ten thousand grows rich.
In irrigated lands wheat averages from twenty to forty bushels, and
yields of _fty bushels per acre are not uncommon. Here the small farmer
can afford to raise wheat and he who has forty or eighty acres can have his
patch of wheat and make a pro_t in handling it.
The following _gures from the census of 1900 show the average number
of acres irrigated by each irrigator, the average value of products per acre
and the average value of products per irrigator. This last _gure is'actually '
the gross income per irrigator:
(13)
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Size of Farm: Per lrrigator, I899Value Value per Acre
Acres. per Irrigator. Irrigated.
Arizona ............... 46.0 $ 755 $16.40
California ..... ........ 45.2 '1285 28.40
Colorado .............. 73.9 860 11.60
Idaho ................. 56.5 605 10.70
Montana .............. 94.0 905 9.65
Nevada ................ 169.5 1495 8.85
New Mexico ........... 23.2 350 15.10
Oregon ................ 62.5 660 10.60
Utah . . . , .............. 30.0 420 13.90
Washington ........... 33.6 675 20.00
Wyoming ............. 107.9 775 7.20
United States .......... 55.5 820 14.70
It is assumed that all irrigation farms are on the average supporting a
family. In three States, namely, New Mexico, Utah and Washington, the
average number of irrigated acres per farm is less than forty. Where will
you _nd a more prosperous and contented agricultural people than in the
irrigated valleys of Utah and Washington? New Mexico’s low acreage is
largely caused by the number of Spanish speaking Americans in the Territory.
There are _ve States—Arizona, California, Colorado, Idaho and Oregon—in
which the acreage per irrigator is between forty and eighty acres, and two
States with between eighty and one hundred and sixty acres, namely, Montana and Wyoming, with only one State—Nevada—in which the acreage is
more than one hundred and sixty acres. It is well known to all that these
last three States in which the acreage per irrigator is more than eighty acres
are great cattle growing States and the principal product is forage, frequently being produced by irrigating native grasses. The value of products
per acre is smaller for these three States than any others, clearly showing
that the maximum production of the land is not being realized. There is
no apparent reason why an acre of irrigated land in Nevada should produce
products of lower value than a similar acre in Oregon, yet the table shows
such to be the case, the value in Oregon exceeding that of Nevada by $1.75,
or nearly twenty per cent. It would seem that the products realized vary
almost inversely as the area per irrigator; that is to say, in those States where
the area is large the value of products is small and vice versa. By grouping
the States into those averaging less than forty acres per irrigator, those with
forty to eighty acres, and those with more than eighty acres, the following
table is obtained:
Table showing acreage and value of products per irrigator and per acre by
groups of States.
Value of Value of
Acres per Products Products per
States in Group. Irrigator. per Acre. Irrigator.
New Mexico, Utah, Washington ....... 28.6 $15.00 $430
Arizona, Ca1., Idaho, Colo., Oregon.... 56.7 17.35 985
Montana, Nevada, Wyoming ........... 108.5 8.80 955
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This table very clearly shows the relation of size of farm and the value of
products per acre. Where the farms are large the products per acre are
small. The second group includes California with all the tremendous fruit
productions of that State, and for that reason the value per acre is higher
than in the _rst group.
FROM 40 TO 160 ACRES UNDER NATIONAL IRRIGATION.
The Reclamation Law of June 17, 1902, Section 4, states that the Secretary
of the Interior shall give public notice of_the lands irrigable under such
project, and the limit of area per entry, which limit shall represent the acreage
which, in the opinion of the Secretary, may be reasonably required for the
support of a family upon the lands in question, also' of the charge which shall
be made per acre upon said entries. In section 3 the size of the entry is
limited to tracts of “not less than 40 nor more than 160 acres.” In accordance
with this the Reclamation Service is at present classifying all lands which
will be irrigated under the various projects. This classi_cation is carried out
with the view of determining the value of the land for agricultural purposes.
Lands are classed into four grades, as follows:
First-class land includes all which is _rst-class in every respect. It does
not take into consideration the texture of the soil, that is, whether it is heavy
or light, provided it has a texture which will permit some crop to grow.
Second-class land should be so fertile as to produce pro_table crops but
not so well as _rst class land. It may contain small amounts of alkali; be
rough and require leveling; be of such a texture or composition as to be restricted to only a few crops, and therefore not so valuable as other soils which
can grow a larger range of crops. ,
Third-class land-is that which may by the expenditure of money and work
be brought into a fertile condition, but which in its present condition will not
produce pro_table crops. It may be too rough for irrigation, may be alkaline,
swampy or have an injurious hard pan. In general, it is not considered practicable to attempt the reclamation of third-class land until the _rst—class and
second-class land is exhausted.
Fourth-class land includes all which for any reason is not worthy or impossible of irrigation.
Upon this basis the land is all carefully classi_ed and divided up into farms.
The attempt is always to include in each farm sufficient land to support a family.
In some parts of the irrigated West where the land and climate permit
the production of high—value products, such as fruits, the area of each farm of
_rst-class land can well be forty acres. In other districts where alfalfa and
cattle are the principal products the area may be'eighty acres. In other
districts where the season is short and production is limited to grain and
native hay the area may be 120 to 160 acres.
In no irrigation project can the area of irrigable land be less than forty
acres, because this is the smallest farm which it is in the power of the Secretary to irrigate. It seems that one of the southern—most States in the arid
West has on the average less than forty acres per irrigator, and Washington,
one of the Northern States has a smaller acreage than forty acres per
irrigator.

330 Of_cial Proceedings of the
MODERN RICE IRRIGATION.
PROF. T. U. TAYLOR, University of Texas.
Rice is a native of India and Australia. It is raised in India, China, Japan,
Malaysia, Brazil, the United States, Italy and Spain, and many islands of the
sea. There are many varieties, but the two best known in this country are
known as the Japan and the Honduras. As a rule rice is an irrigated crop,
but in all countries some trust to Providence to do the irrigating.
Before taking a hasty review of the modern methods employed, it will be
well to describe brie_y the older practice, both in this and other countries.
JAPANESE METHODS.
The varieties of rice known as Urichi and Moghigome are grown in
Japan in the _ooded _elds. The season is about the same as that in the
southern part of the United States from the middle of May to October or
November. The _rst work consists in planting the seed beds which must
be prepared with the utmost care, spaded and raked and surrounded by a
small dyke or levee. The bed is _ooded from the ditch and in June the seed
are. sown broadcast on the surface of the water and they sink quickly into
the mud. In about one month the stalks are high enough (‘six or seven
inches) to transplant into the rice farm. In the meantime while the seed
bed was sprouting the young lant the former crop of wheat or barley is
reaped and the land prepared for the rice plants. The farm is _ooded after
being broken up and- in the mud and water the stalks are planted two in a hill
from eight to ten inches apart, the number of hills varying from 60,000 to
100,000 per acre, thus making 120,000 to 200,000 stalks per acre. These are
set out by hand with the utmost care. The yield per acre is from twentyeight to thirty bushels. The farms or garden patches as we would call them
in this country average in size from a quarter to a third of an acre, and one
man may be the owner of several of these, contiguous or detached. The
sides of the hills are terraced and several farms are located on a common
ditch that taps some stream at a higher surface. The water passes from an
upper to a lower farm, and so on until all the farms on the ditch are served.
About November the _rst a harvesting is done by hand with the old reap
hook, the bundles are hung up on a pole or scaffold and the threshing is done
with a form of iron comb or _ail followed by the winnowing or separating
the chaff from the grain. The rice is then placed in straw bags for the
market. ‘
There are about nine million farms in Japan with a total acreage of
7,000,000 acres with an annual yield of 200,000,000 bushels or _fty million
sacks, a production about eleven times that of the United States for 1904.
By way of relish it is interesting to note that the Japs are now in Texas
in the rice belts at Webster in Harris County, at Garwood in Colorado
County, and at Del Rio. At both places the Japs are operating well plants
and Mr. Hawhimoto at Garwood made one of the best average yields in
Texas for the season just closed.
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THE CAROLINA METHOD.
Under this head is included the methods that were in vogue all along the
Atlantic Coast up to a few years ago. It is said that rice was introduced
into South Carolina about A. D. 1700 by the accidental wrecking of a ship
from Madagascar. Whether this is true or not rice has been a factor as a
foodstuff for over 200 years. Methods where any cultivation was attempted
consisted in planting rows and in _ooding at certain intervals in order to
supply the moisture, but the weeds were kept out by the cultivator or hoe and
not drowned out by the modern method of _ooding. But the methods varied
in the different localities. The marshes in some sections were utilized as
rice lands where the moisture was in the soil by virtue of its topography or
underdrain. Of necessity the reaping had to be done by hand in the old
break-back way as machinery in such a situation would soon have been out of
sight. Against the tidal streams the farms were dyked in and at high tide
the water was de_ected into the ditches or on the farm. There was a tide in
the affairs of a majority of the rice farmers which, taken at _ood, led to a
fair rice crop, but omitted, the rest of the year was spent in vain regret for
lost opportunity and for unliquidated store accounts.
In all the Atlantic States there‘ was a trust to Providence to supply the
irrigating plant and very few were the cases where Providence was assisted
with steam or similar power. Notwithstanding this, South Carolina held _rst
place as a rice producing State till seven years ago.
The rice belt of Texas extends from the Sabine to the Rio Grande, and
includes at present seven well-developed sections, (1) the Sabine Valley,
(2) the Neches Valley (including its water shed), (3) the Trinity, (4) the
Brazos Valley, (5) the Colorado Valley, (6) the Guadalupe Valley, (7) the
Rio Grande Valley, and several detached areas that are sure, with good
management, to be the forerunners of extended systems in the respective localities. In the coast section the land is a _at prairie which heretofore cut
very little _gure as an industrial factor. It is very _at, some of which having
a slope of only 1 in 5000, and in general required small levees and small lifts
at the pumps. This _at section extends all along the coast from the Sabine
to the Rio Grande. The 250-foot contour above sea level is from 50 to 125
miles from the Gulf, while the strip from twenty to thirty miles wide along
the shore rises only a few feet above the sea level. But in addition to this
costal belt the rice section has since 1897 been rapidly spreading along and
back from the coast until it has reached the Rio Grande at Del Rio to the
west, and at Cuero, Columbus and to Milam County on the north. In the
_at sections the water is often from bayous, frequently impregnated with
salt sea water to such an extent that injury to the rice occurs. Rice 'must
have an abundant supply of fresh water and a soil that is rich enough to
nourish the rice and compact enough to hold the water. It is being successfully grown in Texas where the above factors are grouped, and money and
brains are grouping them with a twentieth century effectiveness. No longer
is the rice belt restricted to the old bayou country, but in the water sheds
of the Sabine, Neches, Trinity, the Brazos, Guadalupe, Colorado and Rio
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Grande, over 100 miles from the coast, a high grade of rice is grown. The
fresh water can be obtained from a _owing stream, surface wells, artesian
wells or from rain. The well method is in its infancy, but it is certain to be
a decided factor in rice production in Texas. The well plants at El Campo
are the pioneers of many others in Texas, where the farmer can, with a small
outlay, convert his _at lands into a successful rice farm. A well twelve
feet in diameter, forty feet deep, an engine to supply power, a centrifugal
pump, an open box for a _ume, a canal easily constructed; total _rst cost
$1200, constitute a one man equipment. With this 75 acres of excellent rice
can be irrigated.
The rice land is laid off in sections, or “cuts,” so that the extreme elevation
should not exceed four inches. The size of these cuts varies with the character
of the topography. A cut is surrounded by levees or dykes to hold the water. It
may be that a hillock or a hole will occur in a cut, but this can be ignored
as rice producers till time and the plow will level the one or fill the other.
The water is pumped to the land by steam, gasoline or water power, by far
the greatest part of the work in Texas being done by steam. From the best
evidence obtainable in Western Louisiana and East Texas, it seems to be a
consensus of opinion that it requires nine gallons of water per minute for each
acre of rice, or 1 second-foot of water to each thirty acres of rice, although some
companies estimate seven and one-half gallons to each acre per minute, In
the Beaumont section the rainfall often reduces the pumping considerably,
and in 1900, a wet year, some pumps were operated only four days. But a
dry season will require the pumps to furnish nine gallons for each acre per
minute, and it is not good engineering to allow less than nine gallons per
minute, or 12,960 gallons per 24 hours per acre.
For 100 acres and for a lift of twenty-two feet, an engine exerting _fty absolute horse power would be required. The estimated or nominal horse power
will have to be tested or reduced by a substantial fraction if disappointment is
not desired.
For some plants, owing to the contour of the ground, more than one lift
has to be constructed, that is, more than one pumping station has to be
constructed. The pumping capacity of each station is the same if there is
no acreage under the _rst lift, but the machinery in one may be heavier than
in the others, depending on the height of the lift.
From the pumps the water is led by means of _umes to the canals and is
distributed from the main canal to the laterals, from which it is distributed
over the land. The main canals are usually very wide, for in most cases
they are intended to be wide enough to act as partial reservoirs. The canals
are constructed by the “Humper” (a single man with a wheelbarrow, pick
and shovel) by the plow and scraper, or by the modern steam grader which
lifts the earth by an endless belt and deposits it on the canal embankment.
The motive power is generally supplied by steam.
FIRST TEXAS RICE IN 1862.
The _rst rice raised in Texas by irrigation was produced in 1862, in Jasper
County, by the father of Dr. S. W. Sholars of Orange, Texas. The land
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was situated on a clear _owing stream. It was covered at _rs by a thick
underbrush which was cleared away. The land was broken by single teams
and rice sowed broadcast, and when up several inches was _ooded by the
stream. A small dam provided with a gate de_ected the water onto the land,
the depth of the water being regulated by the gate. The manner of _ooding
was similar to that of to-day. The rice was harvested with reap hooks, was
threshed by crude methods and was milled by the original method of removing the upper stone of a gristmill and substituting therefor a section of
log whose‘ under surface was suf_ciently rough to remove the husk from the
rough rice and produce a clean product. After the husk had been removed
the section of log which had replaced the upper stone was taken off, the stone
replaced, and the clean rice was then reduced to _our.
The _rst modern experiments with rice in Texas began in 1888. In
these experiments the farmers depended upon rainfall to furnish the water,
but this trusting to. Providence on the matter of rice cultivation did not pay,
and to insure success pump irrigation was resorted to. This had proved
satisfactory, regardless of rainfall. The culture of rice by this method began
about 1893. Prior to this it had been grown only in a small way in ponds
and marshes for home use. The method of growing rice on a large scale
by irrigation and with improved machinery is comparatively new and peculiar to the Southwest and radically different from the methods pursued in
Georgia and the Carolinas.
HIGHEST TYPE OF RICE CULTURE.
In Texas and Louisiana rice is sowed on comparatively high land, with
drills or broadcast, cut with self-binders, threshing from the shock, or
stacked to suit the convenience of the farmer. The same kind of machinery
is used in raising, harvesting and threshing rice that is used with other small
grain, the only di_'erence being that rice lands are _ooded after the rice is up
to the height of three to six inches, and that the “rough” rice from the
‘thresher is milled and made “clean” in a mill. The practice in Texas is to
sow the rice at any time from April 15th to June 15th, and to keep it _ooded
from 80 to 110 days, 90 days being the average. The water kills the grass
and weeds and causes the rice to grow very rapidly. Ten days to three
weeks before the rice is ripe and ready to harvest the levees on the lower side
are cut and the water is drawn off by means of ditches made in throwing up
the levees. This drainage for some plants requires more engineering skill
in the arrangement of the levees than is required in making them ful_ll
all the requirements of feeding the land with water.
From 1% to 1% bushels are sown per acre. The land is plowed and barrowed and prepared as it should be for wheat. On the large canals traction
engines are used to pull a gang or disc plow and the land is thus plowed by
steam. One traction engine running night and day can break _fty acres in
'twenty-four hours. The out_t or equipment will vary with the acreage.
After the rice is planted and the water is turned on eternal vigilance is necessary to keep canals and ditches in order, to prevent breaks, with a consequent
waste of water and a drowning out of part of the crop.
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NOT A LAZY MAN’S CROP. '
It is by no means an easy crop to manage. The work from the _rst day’s
_ooding to harvesting is a muddy history of patience. Just before the crop
ripens the water is drawn off to allow the ground to harden enough to bear
the binder. If the rains set in at this critical moment it entails an additional
amount of expense and worry in saving the crop. In this respect the rice
farmers away from the coast and further west have an immense advantage.
The rainfall yields a reluctant aid during the _ooding period and does not
jeopardize the crop during the harvesting time. While the cost of pumping
will be more in the western part of the rice belt, the surety of an un—
damaged product will overbalance the additional cost.
In Texas at the present two kinds of rice are raised, the Japan and
Honduras. The latter is longer in grain and generally commands a better
price, while the former is hardier, can stand dry weather better, and is
more proli_c in its _eld. In general, 44 pounds are allowed per bushel,
162 pounds per barrel, while the sack is rather variable in quantity, but is
usually estimated at 180 pounds.
TYPICAL CANAL PLANT.
The following is a description of a big canal system with a capacity of
10,000 acres, with three lifts as it was actually in operation. The _rst pumping plant was on the river from which the water supply was taken, and the
plant consisted of two 54-inch centrifugal pumps operated by a 250-horse
power engine against a lift of 33 feet. The plant at the second lift of seven
feet consisted of a 250-horse power compound engine and a 45-inch centrifugal pump with an estimated capacity of 50,000 minute—gallons; and that at the
third lift consisted of a zoo-horse power engine and a 24—inch Van Wie
pump which was worked against a head of 3% feet. This plant had two
problems to solve in that it had to cross two draws or sags and the tracks of
a railroad that ran through the farm. The _ume across the sags was made of
plank four feet deep, twenty feet wide and two hundred and _fty feet long,
and the water was taken under the tracks of the railroad in large terra cotta
pipes and in woden boxes. The acreage under the _rst lift was 9500 acres;
under the second, 5000; and under the third 1500, making a total of 16,000
acres. The engineer in making his estimates of the power and pumping capacity needed allowed ten gallons per acre per minute, which for the ninety
days of usual pumping would be a supply of four feet per season.
TYPICAL WELL PLANT.
One of the best shallow well plants in Texas is located in Wharton
County. An 8x10 pit ten feet deep was excavated in the surface soil to within
fcur feet of the water-bearing sand and in the bottom of this pit a well was
bored to a depth of forty feet from the surface of the ground. A 5—inch
centrifugal pump was placed on frame work in the bottom of the pit, and
a fourteen horse power gasoline engine was placed on the surface of the
ground on stable frame foundation. The plant complete cost $970 in place
and in one year on thirty-_ve acres of land produced 741 sacks for which
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$3.25 per sack was realized, thus paying for the complete plant exclusive of the
land twice over.
Another well plant .owned and operated by a Jap irrigated 110 acres during the season of 1904 on raw land and made a yield of 20 sacks per acre.
RESERVOIRS.
The multiplication of canal systems and the possibility that the decision of
the Supreme Court in the 74 Texas in the case of the Mud Creek Irrigation
Company vs. Vivian will apply to the rice section of Texas whereby an
upper proprietor can take all the water out of a stream even though he does
not leave suf_cient water for the lower proprietor for the same purpose emphasizes the necessity for storing the waters during _ood or freshet before
the rice season opens and of husbandng them in dry times. An allowance
of seven and one-half gallons per minute per acre or of one cubic foot per
minute would mean a season supply of three feet to the land. That each
canal system will eventually have to obtain part of its water from its own
reservoir storage system (natural or arti_cial), seems equitable and just. It
would not be fair for the upper proprietor to get all his supply from the
stream during seasons of low _ow and deprive the lower proprietor of
su_icient water for the same purposes although the latter might have been
the pioneer in the _eld, whose boldness, pluck and capital made the success
of such plants a certainty. If an allowance of three feet per season is made
and a reservoir is designed to furnish half of this supply with an e_ective
depth of nine feet, then one-seventh part of the farm must be set aside for
reservoir purposes. That this is a feasible solution is shown by its successful
operation on some plants in Texas. One plant in Jefferson County was
forced to construct a reservoir covering 500 acres to a depth of four feet as
a protection against a short supply of fresh water. It is true that there was
plenty of water on the bayou, but in dry times this became so impregnated with
salt that its use on the rice was dangerous. While the bayou was fresh the
reservoir was _lled and the rice was _ooded by the pumps from the stream
supply and the reservoir was kept _lled. When the salt water appeared the
pumps at the bayou station were stopped and the fresh water in the reservoir
was drawn.
At least three of the large plants have taken advantage of natural reser—
voirs in the form of lakes or creeks to insure a safe supply in dry times. One
of the largest projects on foot at the present involves the construction of a
dam across an arm of the coast to keep back the salt and impound the
fresh water.
CANAL PLANTS.
1. Sabine Valley section—Cow Bayou Company, Orange County Com—
pany, Des Moines Company, Samuel Wilsoh Company, Clark Canal Company, Giles Brothers Company.
2. Neches Valley section—Beaumont Irrigation Company, McFaddenWeiss Company, Port Arthur Canal Company, Treadway Canal Company,
Jefferson County Company, Taylor’s Bayou Farms, Hillebrandt Bayou
Farms.
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3. Trinity Valley section—Raywood Canal Company, Trinity Rice Company.
4. Brazos Valley section—Little River Plants, Washington County Plants,
Texas Land and Insurance Company, Brazoria Company, Brazos Company.
Fort Bend County, Masterson Plant, Munson Brothers Plant, Walker and
Cain Plant.
5. Colorado Valley section—Eagle Lake Company, Donovant Company,
Red Bluff Company, Lane City Company, Bay City Company, Matagorda
Company, Colorado Company, Nile Valley Company, Stewart Company,
Sexton Company, Moore-Cortes, Tres Palacios, Northern Company.
6. Guadalupe Valley section—Buchel Plants, Victoria Rice and Irrigation
Company.
7. Rio Grand Valley section—Brownsville Land—Irrigation Company.
Moore Plant at Del Rio.
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THE RATIONAL USE OF WATER IN IRRIGATION.
DR. JOHN A. ersoe, Director, Utah Experiment Station.
In these times, when gigantic reservoirs and canals are being planned and
constructed by our great government, we are likely to forget that the development of irrigation in this country lies not alone along engineering lines, but
depends, to an equal or greater degree, upon the manner in which the farmer
uses the water in the production of crops. The building of canals and reservoirs has been greatly improved during the last _fty years. All the skill
of the engineer has been bent to produce irrigation structures that approach
perfection. Meanwhile, the farmer has been left to develop his methods,
unaided by expert advice or assistance; and in fact, the methods employed
by the farmer of to-day in producing crops by irrigation are very little in
advance of those that were introduced during the _rst few years after the
Mormons entered Salt Lake Valley.
The projected storage of the waters which now run to waste in the
streams and rivers of the Great West will undoubtedly increase the irrigated
area many times; but to students of this subject it appears equally
true that if the water which is already diverted into irrigation canals should
be used in a rational manner, the irrigated area might be doubled, trebled or
even quadrupled without the building of another reservoir or canal. By the
rational use, I mean such a use as will, with a given amount of water, produce the largest yield of crops of the highest quality and with least injury to
the soil. To make such rational use of water the farmer requires a knowledge
of the relation which exists between the plant and the soil and the water.
It is unfortunate that investigations having such knowledge in view have only
been undertaken during the last few years. However, many results are already available with which the irrigator of the immediate future must familiarize himself and which he must apply to his practice of irrigation if he
desires to obtain the greatest pro_t from the land and water at his disposal.
THE OVER-IRRIGATION EVIL.
Perhaps the most prevalent idea in the irrigated sections of this country
is that plants do best and yield most heavily when they receive very abundant
irrigation. In my experience I have yet failed to _nd one farmer who has
refused to apply to his _elds all the water that he could possibly obtain,
though in many cases it was manifest that the large amounts of water led to
injurious over—irrigation. Plants respond very rapidly in yield and quality
to the water applied to the soil, but in reality they can get along with very
small amounts of water and in many respects do better when the amount applied is below rather than above the best. In fact, the irrigation farmer who
i.0 able to control the amount of water applied to plants controls one of the
most important factors of plant life. The air, the sunshine and the soil. the
farmer must largely accept as they exist, for he is unable to modify them
materially; but the fourth great factor in plant growth, water, is completely
under his control; and by judicious irrigation the farmer may obtain a
marvelous control over his plant kingdom. In this respect, agriculture in an
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irrigated section is greatly superior to the agriculture in districts of abundant
rainfall.
With respect to this control note the following reliable results selected
almost at random from a great number of experiments on the relation of
crops and soils to water, conducted by the Utah Experiment Station. The
expression, inches of water, is to be understood as meaning the depth to
which the _elds would have been covered had all the water been applied at
one time.
VAST LOSS OF WATER.
One season on a typical western soil _ve inches of water produced 33
bushels of wheat per acre; ten inches produced 40 bushels; 15 inches pro—
duced 48 bushels, and 20 inches produced 40 bushels. Adding more than
twenty inches of water to the _eld did not increase, appreciably, the yield of
grain. In the case of the wheat plant, then, the increase of the amount of
water increases the yield of grain up to about _fteen inches, but a further
application tends to diminish the yield. When it is considered that the depth
of water applied to the wheat, over a very large area of the irrigated section,
amounts to thirty or more inches annually, it will be understood what a loss
in wheat alone occurs year after year through the misuse or too large a use
of water.
With oats the variation is somewhat similar. Five inches of water in
one set of experiments yielded about _fty-eight bushels of oats per acre; ten
inches yielded about the same amount, though the increased quantity of water
increased the weight of straw. With _fteen inches, seventy bushels were
obtained; with twenty inches, eighty-six bushels, and with thirty inches,
eighty—two bushels. Covering the land with more than thirty inches of water
diminished the yield of oats decidedly. About twenty inches is, therefore,
the best amount of water for oats, yet throughout the irrigated West, thirty
inches or more are generally used in the production of oats, and thus again
the wasteful use of water is emphasized.
It is generally true with all the ordinary crops grown in the Western
States that increasing the amount of water increases the yield up to a certain
point, after which an increase of water causes a decrease in the yield. Not all
crops are alike in this respect, however. Some crops, because of their nature
—leaf surface, root system, etc—_nd ten inches of water about right for the
season’s growth. Other plants, because of their different natures, _nd _fteen
inches or twenty or twenty-_ve or thirty inches the best.
FARMER SHOULD STUDY THE WATER PROBLEM.
Now, the farmer in an irrigated section should know the water requirements of the different plants that he grows as thoroughly as he knows the
soil of his farm, his water right or other matters upon which his success as
a farmer depends. Not all plants decrease in yield after certain amount of
water has been applied. Potatoes appear to be a crop the yield of which
increases continually if water is applied, up to the limit of the practicable
application of water. To illustrate: In one set of experiments 7% inches of
water produced 160 bushels of potatoes; 15 inches, 233 bushels; 30 inches,
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274 bushels, and 71 inches, 315 bushels. In this series the increase is constant
with the increase in irrigation water. This illustrates the necessity on the
part of the farmer of knowing thoroughly the natures of the plants with
which he deals.
It may be noted in reviewing the yields of wheat, oats and potatoes just
considered, that the value of the _rst few inches of water applied is much
greater than that of the later applications. For instance, 5 inches of water
produced about 33 bushels of wheat, or about 6.6 bushels per inch; 15 inches
of water produced about 48 bushels of wheat, or about 3.2 bushels per inch
of water, while_20 inches of water produced 40 bushels of wheat, or only 2
bushels per inch. The value of the _rst _ve inches of water applied to wheat,
therefore, is more than three times as much as the value of.the last _ve
inches, in a total depth of twenty inches. Similar results may be observed in
the case of cats. Five inches of water produced 58 bushels of oats, or 12
bushels per inch, while 20 inches of water produced 86 bushels 'of oats, which
is less than _ve bushels per inch of water. The difference is certainly very
striking. Even in the case of potatoes, the yield of which increased steadily
with the increase in irrigation water. the same fact holds. Seven and onehalf inches of water produced 160 bushels of potatoes, or about 22 bushels per
inch, while 30 inches of water produced 274 bushels of potatoes, which is only
about' nine bushels per inch. Corn, alfalfa, the various grasses, sugar beets,
vegetables and all other crops show similar results; namely, that the value
of. water is highest when it is used sparingly and carefully; that the value of
water is lowest when it is applied liberally and carelessly.
With this generalization in mind note how these results may be viewed
in their relation to the increase of the irrigated area.
According to the investigations of the Department of Agriculture, under
the direction of Dr. Mead and his associates, thirty inches of water or more
are used in the majority of places in the irrigated section for the production
of crops. Let us apply the varying value of water as just explained to the
economical or rational use of water. If the thirty-acre inches be spread over
six acres of wheat so that the whole area of six acres will be covered with
water to a depth of _ve inches, each acre will yield 32% bushels of grain; or
a total of 195 bushels. If the same amount of water be spread over four acres,
that is to a depth of 7% inches, the total yield of grain will be 165 bushels.
Spread over three acres to a depth of ten inches the same amount of water will
yield 118 bushels. Spread over two acres to a depth of _fteen inches the total
yield will be ninety-_ve bushels, and spread over one acre to depth of thirty
inches, the yield will be 42 bushels. It may thus be seen that in the case of
wheat the total amount of grain produced by thirty-acre inches of water may
be increased from 42 bushels to 195 bushels by spreading the water over more
01 less ground.
WOULD INCREASE IRRIGABLE AREA.
Certainly the nearly _ve—fold increase of grain thus made possible will
more than pay the farmer for the labor of handling six acres of land instead
of one, and of higher importance by using the water rationally the irrigated
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wheat area may pro_table be increased four or _ve times without building
another reservoir or canal.
Similar investigations of the oat yields would result in a similar conclusion. Thirty-acre inches of water applied to three acres of oats yielded
57 bushels per acre, or 171 bushels for the three acres. Applied over two
acres the same amount of water yielded a total of 140 bushels, while if the
same amount of water were applied to only one acre it yielded only 79 bushels.
Here again the farmer has it within his power to increase his oat yield from
79 bushels to 171 or more by distributing the same amount of water over
different acres of land, and here again, also, the possibility is shown of increasing the irrigated area without the building of new reservoirs or ditches. The
data referring to potatoes are similar in the conclusions that may be drawn.
Thirty-acre inches applied over four acres of potatoes yielded 644 bushels;
over two acres, 466 bushels, and over one acre 274 bushels. These great dif—
ferences in yiéld unquestionably would more than compensate the farmer for
the handling of the extra acres of land.
It is to be remembered in this connection that land without water throughout the West sells at from _fty cents to four or _ve dollars per acre, while
the water right to an acre of land, at least in Utah, seldom falls below forty
or _fty dollars, and in many cases it is as high as $400 or $500. With land.
therefore, of little value, and water of very high value, the energies of the
farmer should be directed towards getting the greatest possible returns from
the water at his disposal. A large acreage means little in an irrigated dis—
trict; the water right means nearly everything.
WHEN TO IRRIGATE.
Without dwelling longer on this most important phase of irrigation improvement in the farmer's domain, let me suggest that even the same amount
of water applied to the same area of land may be made to yield more or less
of a crop according to the will of the farmer, providing, of course, the farmer
is in possession of the requisite knowledge. The time in the life of a crop at
which water should be applied, whether the heaviest irrigations should come
early or late, the method of irrigation, whether by _ooding or by furrowing,
are questions of prime importance to the irrigation farmer. The answers to
these questions obtained from one crop will seldom apply directly to another
crop; and each crop must therefore be studied independently with respect
tc its water requirements. That the time and manner of application of water
has a high in_uence on the yield can be illustrated by numerous examples of
which the following is an example:
During the season 15-acre inches of water were applied to an acre of cats
in two irrigations of 7% inches each. The same amount of water was applied
to another acre of oats in three irrigations of 5 inches each. The _eld receiving the water in two irrigations yielded 65 bushels of oats, while that
receiving the water in three irrigations yielded 74 bushels, which shows a
difference of nine bushels of oats to pay for the labor of the extra irrigation.
In all probability the farmer would _nd nine bushels of oats .very good pay
for irrigating one acre.
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THE QUALITY OF THE CROP.
In these days of enlightenment and keen competition the yield of a crop
is not the only thing to be considered; the quality of the crop must also be
given full attention. We have recently learned that the quality of crops may
largely be controlled by controlling the application of water. Plants receiving much water usually become richer in fat than those receiving smaller
amounts of water. The sugar in beets appears to increase as the water in—
creases up to a certain limit, when the per cent begins to decrease. The
quality of fruits and vegetables may be strongly in_uenced, and in many
cases improved by the judicious use of water. In almost all crops the socalled protein or _esh-forming substances are highest in crops that have been
grown with the least amount of water. For instance, wheat grown with a
small amount of water will yield a better and more nutritious _our than will
wheat grown with a larger amount of water. Oats grown with a small or
moderate amount of water would form a better horse feed than oats grown
with more water, and so on in general with all the grains.
When this rather subtle subject shall have been investigated properly it
will probably put the means into the hands of the farmer whereby he can
at will produce crops that will excel the crops grown in humid climates in
quality, _avor and general desirability, and as a consequence the products of
the irrigated section will be superior in value to the products of the humid
sections. The great lesson that seems to be enforced by recent investigations similar to those quoted is that in general the more moderate the amount
of water used in the production of the crop the better is the quality of the
crop. .
UNDREAMED-OF POSSIBILITIES.
This paper would be entirely too long if an attempt were made to go fully
into the possibilities of the production of crops by irrigation if irrigation were
practiced in a thoroughly systematic manner. The above discussion indicates the important results that may be obtained by rational irrigation practices. It must not be omitted, however, to call attention to the fact that not
only does the practice of irrigation bear an imporant relation to the production of crops but it is also of prime importance in conserving and maintaining
the fertility of soils. Investigations carried on at the Experiment Station
with which I am connected show that irrigation water a few hours after its
application makes its in_uence felt.to a depth of a great many feet below the
surface. The water tends to wash the nitrates and other soluble and valuable
plant foods into the lower layers of the soil. If excessive irrigation be practiced for any length of time, much of the fertility in .the soil will undoubtedly
be washed down into the ground water or out of the reach of the roots of
plants, and this soil will cause a corresponding decrease in the yield and quality
of the crop. If a district persists in over-irrigation, and I regret to say that
I have observed very few localities in which over-irrigation is not practiced,
the soluble materials of the soils will _nally be washed out of the soil, the
ground-water will be raised, there will be a seepage downward into the
lcwer lying lands, and an accumulation there of water heavily charged with the

342 Of_cial Proceedings of thd
scluble materials of which the higher lying lands have been robbed. Evaporation will then begin. The soluble materials in the water will be deposited
near the surface of the soil as alkali, and streaks of fertile lands will begin to
form the alkali barrens of the West. At the same time, from the diminution
of plant food, the yield and quality of the crops on the higher lying lands
will be diminished. From this point of view, also, the moderate use of
water is advisable. WOULD DOUBLE AMERICA’S IRRIGABLE AREA.
I am of the opinion that as our knowledge grows we shall _nd that the
rational use of water consists in the use of about _fteen inches of water distributed throughout the season according to the needs of the different crops
on the farm. Should this view be correct, it will mean at least the doubling
of the irrigated area without the expenditure of another dollar for the con—
struction of new reservoirs and canals. The time will come when the Reclamation Service of the United States shall have _nished its _rst great reservoir
and dug its _rst great canal. It will then _nd itself ready to allot the water
to the farmers. A question that will immediately arise will be, how much
water shall be considered the right amount for the production of ordinary
farm crops? Not only in general, but on different kinds of soil, on the sandy,
clayey, loamy, calcareous and alkali soils characteristic of the arid region,
which all differ materially in their water requirements. It will hardly do for
one of the experts of the Reclamation Service to allot the water according to
his private opinion. The allotment must be done in a manner based on rational experience and experiments. By the time that the Reclamation Service
shall have _nished its _rst great undertaking there will be considerable data
of the kind at its disposal, for _a number of western experiment stations are
undertaking elaborate investigations having in view the water requirements of
various soils and crops.
The chief dif_culty in making the farmer’s work with irrigation rational
lies in the fact that the farmer himself will probably feel that the necessity
of knowing how much water shall be used under different conditions, and
applying that knowledge, places another burden upon him. However, when
he may be so richly compensated for this extra work as has been shown in
this paper, that dif_culty should easily be overcome. It is necessary, how—
ever, that a campaign be instituted at the earliest possible moment for the
purpose of impressing upon the farmer the necessity of measuring the amount
of water which he receives upon his farm andehich he applies to different
_elds. It may be more correct, perhaps, to say that the canal companies should
be impressed with the necessity of knowing how much water is taken into
their respective canals and how much they deliver to their various customers
or stockholders. If this work were undertaken by the canal companies it
would soon follow that the farmer himself would give more thought to the
actual amount of water which he received and the best disposition that he
could make of it. There can be little real progress in the farmer’s work in
irrigation until the old haphazzard method of guessing at the amount of water
received and used is changed. The greatest advance in the farmer’s work in
irrigation will be progress in the application of known amounts of water to
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_elds and the controlling of the amount of water applied so that the farmer
may be able to reap the largest possible pro_ts from the water which enters
his farm.
ROOM FOR EXHAUSTIVE STUDY.
This discussion is far from exhaustive; it is intended to be suggestive. I
believe that the subject which it touches is worthy of the attention of all
those who are interested in irrigation improvement and advancement. We
have left the, farmer’s side of the work alone long enough. His problems are
just as important as those now being solved by engineers, and with the present development in modern science and the increased interest in irrigation, the
time seems to demand the undertaking and carrying to completion of such
investigations as will develop for the farmer a science of irrigation.
In conclusion I can only repeat what I said in my paper read before this
body last year, that it will be many years before the Government Reclamation
Service can increase the irrigated area and the value of irrigated crops as
much by the construction of new reservoirs and canals as may be done by the
farmers, at the present time and with the present diverted water supply, by
the adoption of rational, scienti_c methods in the application of water to crops.
(l9)
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PRACTICAL SUCCESS WITH IRRIGATION AT THE EAST.
HERBERT MYRICK, Editor American Agriculturist, New York and Chicago.
In a small way irrigation is quite universal in the Eastern States. The
water is applied by means of hose to lawns, _ower gardens and kitchen gardens. A constantly increasing number of market gardeners and truck gardeners also employ irrigation.
Until within a few years the so—called average farmer in the Middle and
Eastern States has considered irrigation quite impracticable. About one year
in three he has suffered great losses from drouth, and nearly every other year
dried up pastures and reduced yields of hay, forage and grain testify to the
Eastern farmer’s necessity for the right quantity of water at the right time.
But of late years‘even this class of Eastern farmers has begun to wake up to
the fact that irrigation is a practical necessity, either by drawing water from
streams or reservoirs, through gravity ditches or pipes and hose, or by pumping water by hydraulic ram, windmill or engine. The recent improvements
in engines run by gasoline or kerosene have made it possible to pump water
wherever wanted for irrigation purposes, at the East and South as well as in
the West, and at a cost that makes such irrigation pro_table in the dry time.
The Eastern farmer rightly regards water as 'a fertilizer. It comprises from
one-quarter to nine—tenths of the various crops. The farmer may plow and
harrow his soil ever so carefully, he may cultivate with the utmost thoroughness, he may apply plant food in the form of stablemanure or fertilizer, or
both, to the extent of $100 per acre or even more, yet if his land is not
blessed with suf_cient moisture, all his effort and investment are of no avail.
A drouth, even of short duration, may occur at such a time as to reduce his
produce to an unpro_table degree. Sometimes only a little arti_cial watering
will make all the difference between pro_t and loss.
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Of course, there is too much wet some of the time in almost every season at the East, yet drouths are inevitable and frequent. The Eastern farmer
is being educated to regard any reasonable outlay for assurance against
drouth as likely to be a much better investment, and certainly as essential,
as insurance against fire or death. And that that has been done to the Eastern
farmer’s pro_t is shown by the following compilation of the actual experience
of practical farmers in the Eastern States, who have used irrigation methods
for several years, as well as by the other statements of experience made by
the speakers or essayists from the humid sections before this Congress. I
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IRRIGATION IN THE EAST.
GEORGE A. MITCHELL, New Jersey.
During a long drouth all farmers realize what an advantage it would be
for them individually to have plenty of water at their disposal so that they
could double or treble their crops when the general yield is short and prices
consequently high. The value of water during short dry times is not so gen.erally known and recognized. There was a very severe drouth in south
Jersey last spring, but plenty of rain during most of the growing season
after August lst. In seasons like this the common opinion would be that
many crops gathered in the fall would turn out well. I supposed sweet
potatoes would recuperate from the early drouth and give a full yield. I
was, therefore, surprised at the extent to which irrigation paid on several
crops on my farm the past season.
Hardly a year passes but some crops on every farm are damaged by
dry weather. Two years ago sweet potatoes about Vineland looked well
the latter part of August and a large yield was promised. September was
hot and dry and as a result there was perhaps half a crop. One or two
irrigations during that month would have doubled the yield and the irrigation
of _fteen acres of sweet potatoes would have meant a pro_t of from $600
to $1000, or enough to have paid twice over for an entire irrigation plant
similar to my own. Water can be secured from various sources. By far the
best source, where it can be had, is
FROM A STREAM OR POND
above the level of the land to be irrigated. This is a common source of irrigation water in the Western States. A canal runs past the seed farm of
D. Landreth’s Sons, near Bristol, Pa., the water in which is higher than
the farm. If the canal company were willing to sell this water the whole
of the seed farm could probably be irrigated. The water in this canal must
come from some river and demonstrates what could be done if large irrigation canals were in use. Near Wayne, Pa., 3 brook running between two
bills has been used for irrigation purposes for several years. A small dam
is made and the water let out to one side along the sidehill. The land between
the ditch and brook is seeded to grass which is irrigated by causing the water
to over_ow the banks of the ditch.
When the land is hilly or uneven over which the water is to _ow when led
from a creek to a _eld to be irrigated, some other device than a ditch is
necessary. The source of water for the irrigation works of J. H. and G. H.
Hale of Connecticut is from a small brook a mile distant, and the _elds to be
irrigated are one hundred feet lower down. The water is conducted in an
iron pipe.
Another source of supply is from _owing artesian wells, but it is very rare
that one of these can be secured, and when one is found it is liable to be on
lcw ground where irrigation is not greatly needed. There are, however, a few
‘The author was expected to deliver an address: but did not attend. and sent this article.
previously written for ”American Agriculturist."

Twelfth National Irrigation Congress. 347
favored localities where _owing artesian wells can be used for irrigation
purposes. There are a dozen or more _owing wells near Atlantic City,
N. J., which _ow from twenty to _fty gollons per minute. It would appear
therefore that some of the land near the New Jersey coast could be successfully irrigated in this manner.
The third source of water is by pumping from streams or wells. This is
practiced largely in the West and elsewhere, and the pumping is done by
water, wind or horse power, gasoline or steam engines. Windmills are
successfully used in Kansas and Nebraska, where there are steady winds.
In the East it is dif_cult to _nd
A WINDMILL PUMPING PLANT
that has pumped enough water to thoroughly irrigate one acre of garden
crops during the entire summer without the use of a reservoir larger than
the tank on the mill. Since water power, like a windmill, involves no cost
for fuel, it is to be used where practicable in preference to power requiring
a constant outlay for fuel. In hilly countries where a brook runs with
considerable fall through a farm it may be made to furnish a continuous
power. Where a dam can be made a very convenient power can often be
secured. If power is wanted solely to pump water a hydraulic ram can
be used. With a gasoline engine and pump a large quantity of water can be
pumped with small expense and with very little attention to the machinery.
Steam engines, especially those of small power,-cost more to operate and
require the almost constant attention of an engineer. I have used a 2%-horse
power gasoline engine and centrifugal pump which pumps enough water in
three hours to cover an acre one inch deep.
Irrigation from wells in the East is as yet more or less an untried method.
Some cities and towns are supplied with water from wells, and wells that
will give enough for this purpose would answer for irrigating a large acreage.
The water for the Vineland water works is pumped by steam power from
fourteen driven wells two and one-half inches in diameter. The average
daily amount of water pumped is 250,000 gallons. An irrigation plant recently installed for Johnson & Stokes at their New Jersey seed farm obtains
a satisfactory water supply from three two-inch driven wells.
Two brooks run nearly parallel through the farm of P. S. Lorillard of
Jobstown, New Jersey, who has irrigated one-_fth of his 1500-acre farm at intervals during the past twenty years. When irrigation was _rst thought of
it was a question whether to build a small dam where the brooks entered
the place and pipe the water to the other end of the farm where a considerable acreage could be irrigated by natural _owing, or whether to use for
sub-irrigation purposes the seventy miles of drain tile that had been and
were being laid to drain all the low land adjacent to the brooks. Irrigation
by drain tile was the method adopted.
Substantial dams were constructed along the brooks at every four—foot fall.
When it is desired to irrigate, the gates of the _rst two dams are closed,
and a head of water is secured by leaving them closed for several days.
After a head is secured the gates of the second dams are closed and the water
let in, and so on to the last two dams. Two or three weeks are required to
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perform one thorough irrigation. When the brooks are dammed as described
the water is forced back into the tile and between the tile into the soil.
About 300 acres can be sub-irrigated in this way. Large quantities of
potatoes were formerly grown on this sub-irrigated land, but the cost of hired
labor was so great that potato raising was abandoned. Mr. Lorillard now uses
all his land for pasturing.
The natural facilities afforded by a very small stream _owing along one
side of the farm were taken advantage of by W. J. Baldwin of Walpole,
Mass. From ten to _fteen gallons per minute of cold spring water _ows in
the stream. A small darn was put across the stream, which turned the
water into a trough. The water was taken by this trough to a patch of potatoes
of about seven-eighths of an acre. Two hundred bushels were harvested
from the piece and sold for _fty—_ve cents per bushel, whereas without
irrigation Mr. Baldwin believes that not over sixty bushels would have been
secured. Another advantage of the irrigation was in
HOLDING THE WHITE GRUB IN CHECK.
The ground was badly infested with them and they would have practically
ruined the crop if the ground had not been irrigated. The potato crop was
followed by turnips, sown July 18th. The usual time for sowing in this
neighborth is June 25th. Without water to hurry the growth, no crop of
turnipscould have been secured, as was proved by the failure of the neighbors’ crops. .
A large strawberry grower of Glassboro, New Jersey, who has irrigated
since 1884 uses a steam pump and boiler, and pumps water from an arti_cial
pond at the rate of 800 to 1000 barrels in ten hours. The _rst cost of the
plant was $600. The expense of operating is about $3.50 per day, including two men, fuel and wear of the plant. Strawberries were irrigated
during eight years from 1884 to 1895. His smallest gross sales for any
season in which irrigation was practiced were $300 per acre, while the average gross sales for twelve years were $250 per acre. Since the plants were
allowed to produce only one crop this would mean $500 per acre for the
bearing year. In addition to this was the pro_t from irrigated celery or
lettuce that was grown after the strawberries were plowed under.
Thomas R. Hunt irrigates his farm at Lambertville, New Jersey, using
a gasoline engine and pump, and pumps water from an arti_cial pond at the
rate of 2500 gallons per hour. This plant was installed in 1892 at a cost ot
$260 for engine and $100 for iron pipe. Old _re hose and homemade hose
are used for distributing the water where there is no pressure. The water
is applied to the surface usually in furrows between the rows. Growing
plants such as cabbage and celery are sprinkled. The _rst year in which the
plant was in operation the irrigation of one acre of celery more than paid
for the entire cost of the plant._ Mr. Hunt estimates that the value of the
water, merely for the purpose of wetting the plants before and at the time of
setting, pays annually more than the initial cost of the plant.
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IRRIGATION IN NEW JERSEY.
PROF. E. B. Vooxmaas, Director New Jersey Agricultural Experiment
Station. '
Little importance has thus far been attached to the matter of irrigation in
the Eastern States. This is due in large part to the fact that the rainfall is
usually suf_cient to meet the needs of vegetation and because serious or long
protracted droughts are the exception rather than the rule. Owing, however,,
to the changes which have taken place in recent years in the character of the
farming, attention has been aroused to the importance of controlling the
moisture of soils rather than accepting the conditions as they exist, and a
de_ciency of rainfall for even a short period is now found to be more dis—
astrous than the long periods of drought under old conditions of farm
practice, though, even under extensive systems of farming, the losses from
drought are often very serious. For example, in the season of 1899 it was
so dry in May and early June that the yield of hay, an important crop in
the East, was very light in New Jersey. The shortage in this crop
amounted to more than one—half, which at a low estimate averaged
_fty dollars per farm, or a loss of more than $1,500,000 for the
State. In the dairy regions the de_ciency of rainfall also materially reduced
the yield of the' pasture and early forage crops, thus affecting the returns
from this branch of farming. So seriously does a de_ciency of rainfall
affect the dairy interests that many progressive farmers now regularly plant
a supplementary crop to provide suf_cient forage in case of drouth. It
pays better to have an excess of forage, which may be wasted in part, in a
good season, than to have a shortage. The de_ciency of rainfall in 1899 also
resulted in very serious injury to early crops, particularly asparagus, strawberries and other berries; early beets and many other important early crops
were also affected. .
It is estimated that the loss to the hay crop of New Jersey from the drouth
in May and early June, 1899, was $1,500,000, while small fruits and vegetables were even more seriously affected than the grasses. The records kept
at the New Jersey Station show that in 1897 and 1898, years of abundant rainfall in April and May, the yield of hay averaged 2.65 tons per acre. In 1899
it was but a fraction over one ton, owing to the de_ciency of rainfall in April
and May, at the low price of $10 a ton, a loss for the twenty—_ve acres of over
$400. The yield of crimson clover forage for 1897 and 1898 was 8.5 tons per
acre; in 1899 the yield was but _ve tons, or in a good year the yield was
seventy per cent greater. The de_ciency in the rainfall at the critical period
was alone responsible for this difference in yield. Oat and pea forage in 1897
and the early seeding of 1898 averaged six tons per acre; in 1899 the yield
‘ was but 3.3 tons per acre.
To show the frequency of such drouths as that of 1899, the rainfall records
of Philadelphia, from 1825 to 1895, show that in 88 per cent of these years there
was a de_ciency of over one inch for one month, or that in 62 years out of the
70 there was one month in the growing season from April~ to August in which
such a marked de_ciency occurred as to cause a serious shortage of crop, and

350 Of_cial Proceeding: of the
that for the same period there were 39 years in which the de_ciency extend—
ed throughout two months, while in twenty-one years it extended throughout
three months.
Experiments conducted by the New Jersey Station were for the purpose
of determining whether irrigation during these short periods of drouth would
result in suf_cient increase of yield to pay for the works necessary to obtain
the supply of water. The tests were made on small fruit. Careful records
were kept of the yield of plats which received identical treatment, except
that some were irrigated and others were not. The yields of the irrigated
plats over and above those not irrigated were as follows:
Blackberries 1038 quarts per acre, worth $93.42.
Raspberries, 329 quarts per acre, worth $32.90.
Currants, 852 quarts per acre, worth $85.20.
The increase in yield would not be so marked every year as in 1899 as the
drouth of that year was exceptional.
Conditions in parts of New Jersey are favorable to a low cost of irrigation
by means of canals and ditches, and it is estimated that 75,000 acres can be
watered without the use of storage reservoirs at a cost of about $8 per acre,
not including the annual cost of application. Even if one—_fth of this,
15,000 acres, or even a much smaller area, were brought under irrigation in
this way, it would enable the gathering of data which would help to determine
whether the more expensive storage plants would be likely to prove a _nancial
success. This irrigable area may also be largely increased without storage,
by pumping from wells. The areas thus available for irrigation are now
mostly under cultivation, and it is estimated that 175,000 acres could be irri—
gated in this way. Wells capable of providing 25,000 gallons per day, or
suf_cient water for an area of ten acres are found in many parts of Southern
New Jersey, yet, aside from this, it has been shown that there is enough
water wasted annually to irrigate the entire State during the driest year, and,
neglecting what may be watered by wells, fully 325,000 acres may be brought
under water.
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PUMZPING FOR IRRIGATION IN NEW MEXICO.
J. J. VERNON, Professor of Agriculture, New-Mexico Agricultural College,
Mesilla Park.
In localities where there are no natural streams from which to draw irrigation waters, other means must be resorted to in order to secure water. The
means usually employed for this purpose is that of pumping from the under—
_ow. Irrigation by gravity systems has been practiced for ages, and pumping
for irrigation has been employed for a great many years. Irrigators generally
are not informed as to the extent to which pumping has already been carried
on in the reclamation of lands throughout the arid sections, and the idea is
quite prevalent that pumping for irrigation will not pay under existing con—
ditions. If facts and _gures regarding what has been accomplished by
pumping were disseminated among the rural population, this misconception,
in most cases at least, would be corrected. What has already been accomplished in the way of pumping for irrigation is indicative of what may be
accomplished in the future. Statistics show that in British India alone there
are 12,895,000 acres of land irrigated with water which is raised from wells
by mechanical means at a total lift of from twenty to forty feet.
Pumping is employed for the irrigation of very large areas in different
sections of this country. California, perhaps, leads in the total area of land
watered by this method, and if the writer is correctly informed, the water
is lifted from comparatively great depths—in places from a depth as great
as three hundred feet—and yet it is a paying proposition. Pumping is
spreading very rapidly in Colorado, and very considerable areas in the rice—
growing sections of the South are being supplied with water in this manner.
In the latter the lands usually lie slightly above the gravity systems and the
water has to be pumped only a few feet. It is evident from the vast area
of land that is already irrigated by pumping that this method of supplying reclaimed lands with water is of considerable importance, and will eventually
have much to do with the reclamation and development of certain portions
of the arid West.
THREE CONDITIONS UNDER WHICH PUMPING MAY BE ADVANTAGEOUSLY EMPLOYED.
First—Where there are no surface streams from which to secure water
for irrigation, and at the same time an under_ow is to be found suf_ciently
near the surface of the ground.
Second—Where the streams have eroded their channels so deeply that the
expense prohibits the construction and maintenance of irrigation ditches
through which to lead the water by gravity upon the lands.
Third—Where there is a surplus of water in the irrigation canals, which
surplus may be employed by pumping it upon lands lying slightly above the
gravity systems.
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VARIOUS SYSTEMS OF PUMPING PLANTS.
Pumping plants in general may be conveniently divided into the following
groups:
1. A power and pumping plant located at the head of the ditch system.
2. Power and pumping plants distributed at intervals along the ditch
system.
3. A central electrical power plant to supply power to pumping plants
distributed at intervals along the ditch system.
These three systems just mentioned have the following disadvantages:
Dif_culty and great cost of developing water in suf_cient quantities at one
place; opportunities for misappropriation of water; loss of water by seepage
and evaporation; and dif_culty of making an equitable division of the water.
4. Individual power and pumping plants situated upon each farm. The
objections to this system are: a relatively large initial cost of installation and
a comparatively low rate of ef_ciency and economy of operation.
5. A central electrical power plant to supply power to individual pumping
plants upon each farm, serving the land of a whole community or of a whole
valley. This system combines practically all of the advantages of the other
systems. Suf_cient water can be developed in one place without dif_culty to
supply one farm; misappropriation of water is impossible for the reason that
the water is developed upon the farm where it is used, and, therefore, at all
times is within the control of its owner; loss by seepage and evaporation is minimized; there is no division of the water, and, therefore, injustice from an
unequal division of the water is eliminated; there are no long ditches to
maintain a great expense; the initial cost would be within the means of every
farmer; and the ef_ciency and economy would be high and the cost of pumping comparatively low.
FACTORS THAT WILL CONTROL SUCCESS.
The same principles that are applied by rural economists to the agricultural
industry in the rain belts may be applied in an irrigated district. The price
of land, the character of its ’surface, the productive capacity of the soil, climatic conditions, markets, transportation facilities. machinery, systems of
culture, personale, and numerous other lesser though essential factors, are
all so inter—related that, in a discussion which involves the economics of
agriculture, these factors must necessarily engage the attention. To these
must be added in an irrigated section the cost of the water and the methods
of applying it. These are the factors that will determine the success of any
system of irrigation, whether the water is supplied by gravity systems, by
means of pumping from the under_ow, or by any combination of the two.
Wherever the land is cheap and the irrigation water is inexpensive an
extensive system of agriculture may be adopted, i. e., a system that involves a
minimum amount of labor and expense ingrowing crops. With cheap water
pro_ts may be realized from the most common crops grown upon fair or even
poor soil, and when the surface of the ground is uneven or otherwise in bad
condition for irrigation. Under such a system the net returns per acre will
usually be comparatively small but the total net pro_t, if the property holdings
are large, may be enormous.
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On the other hand, when the irrigation water is expensive, such a system
if followed would bring disaster. With expensive water an intensive system
of agriculture must be employed—a system that requires a very large amount
of labor and expense applied to a comparatively small area. To warrant
such great outlay in labor and money the land must have a very high productive capacity and it must be put in the very best condition for the application of the irrigation water. Improved machinery must be employed, ap:
proved methods of irrigation adopted and a most judicious selection of crops
made. The products must be of excellent quality and of _ne appearance; well
harvested and properly prepared for market. Furthermore, these markets
must be ample and the transportation facilities good. The manager must
understand the practical, scienti_c and economic problems involved in growing
and marketing a high class product. . '
If time would permit a complete detailed discussion of each of these factors
would be highly pro_table. The writer _rmly believes that it is only through
a thorough study and a complete understanding of the practical and economic
problems involved that success in pumping for irrigation will come.
DIFFICULTIES TO BE MET.
In connection with pumping for irrigation a number of dif_culties have
presented themselves and some of the pumping plants that have been installed
during the last two years have not given satisfaction. These difficulties for the
most part, may be grouped under the following heads:
First—Those involving the development of water. In some cases the
water-bearing stratum has been so poor that the one well sunk would not
supplylthe quantity of water desired. Misunderstanding of the cause of this
failure has led to discrediting engines, to discarding pumps, and to a series
of petty blunders causing annoyance and delay.
Second—Too little power with which to do the work required. This
trouble has been of frequent occurrence and next to that of the development
of a water supply, has created more dissatisfaction than any other feature
of the work. .
Third—Poor installation. The installation of the machinery should receive the closest attention. The engine should be placed upon a good fOundation; the well-pipe, pump and shaftings securely anchored and braced, and
a perfect alignment made. If these things are not done it will be only a
matter of time until vibrations, slippage of belts and friction due to the
shifting and displacement of parts will cause a large loss of energy and waste
of fuel.
And fourth—Improper adjustment of the machinery. In order to secure
the highest ef_ciency and the greatest economy in fuel consumption, the adjustment of the machinery must be perfect.
One of the most important features in this connection is that of the
proper correlation of the speed of the engine and pump. If the speed of the
pump is relatively high, the speed of the engine may be dragged below normal,
under which condition it cannot possibly develop its full horse power and may
refuse to run altogether. This dif_culty is most likely to occur when the
~ power is insu_icient. Two instances of this character recently came under
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the writer’s notice. In one the speed of the pump was so high, when based
upon a normal speed of the engine, that the speed of the engine dropped to
about 30 R. P. M. below normal. This caused a loss of something like
four horse power, which could have been utilized in pumping water if a
proper correlation of the speed of the pump and engine had been secured.
The other case was similar to the one given except that the engine was smaller
and the speed of the pump based upon a normal speed of the engine was
still higher. The water never reached the surface of the ground, as might
have been expected. Without readjustment and further trial the pump was
discarded for one of another make, thus throwing the blame upon the pump.
These points illustrate how many of the di_iculties come about.
Most of these di_iculties are explainable, and have been the result of in—
stalling the pumping plant without due information regarding the points
involved. In every case before 'any of the pumping machinery is ordered
a thorough test should be made of the water-bearing strata before the wells
are sunk, and then of the capacity of those wells. Delay and expense
would be avoided by following such a rule. Many of the most reliable _rms
refuse to guarantee results without some such information upon which to base
their estimates. By so doing the good name of the _rm is not endangered
and at the same time the patron’s interests are protected. Such an attitude
on the part of the dealer or contractor seems entirely commendable, and in
the end, if adhered to persistently, will be the means of preventing many unsuccessful attempts and much litigation. The failure of a single pumping
plant, no matter how trivial the cause may be or how easily it might have
been avoided may have the effect of delaying the development of a whole sec»
tion of the country.
Thoroughly competent men to undertake the installation of pumping plants
are urgently needed in all sections where pumping must be resorted to in providing water for irrigation.
SOME RESULTS IN NEW MEXICO.
The New Mexico Agricultural Experiment Station has been investigating
problems in pumping for irrigation for upwards of two years. The investigations are made in the following order: the gathering of information in regard to the progress of pumping for irrigation in New Mexico and adjoining
States and Territories; the development of water in quantities for irrigation
purposes; a test of pumps; and a preliminary test of fuels for use in a steam
boiler. The results almost uniformly indicated that pumping could be made
successful. I need not give these results here—they may be found in Bulletin
No. 45 of the New Mexico Agricultural Experiment Station.
The work, as continued after the publication of this Bulletin, included a
test of the use of Beaumont, Texas, crude oil in an internal combustion engine with an attachment for utilizing crude oil and kerosene, and a. comparison of the fuel value of crude oil, kerosene and gasoline. Crude oil
proved to be the cheapest fuel yet tested. The results in detail will appear in
Bulletin No. 52, now in press.
At the same time investigations were begun to determine the relative

Twelfth National Irrigation Congress. 355
cost of growing various crops by means of water supplied by pumping and by
means of river water.
The cost of alfalfa hay in the stack on the farm was $1.70 per ton when
river water was used, and $5.04 per ton when water was supplied by pumping.
The cost per ton baled f. o. b. the car about one mile from the farm was
$2.57 for river water and $5.91 for pumped water. During the season two
cuttings, were grown by means of river water and four cuttings by means 01
well water. The net pro_t, the alfalfa selling at $10.00 per ton, was $11.32
per acre for the river water and $12.68 per acre for the pumped water, a
balance of $1.36 per acre in favor of pumping. Labor, water tax and land tax
are included in the cost. The pumping was done with a 20-horse power
steam engine and a 6—inch centrifugal pump, with coal at $6.00 per ton de—
livered.
The results are brought together in the following table:
River Water. Well Water.
Yield per acre, tons ...................... 1.76 3.10
Cost in the stack ......................... $1.75 $5.04
Cost baled, f. o. b. car .................... $2.57 $5.91
Net pro_t per acre* ..................... $11.32 $12.68
The Experiment Station Horticulturist, Mr. Garcia, grew without ferti—
lizers 31,250 pounds of onions per acre by means of well water pumped frpm
the under_ow. The water cost $15.00 per acre. The gross returns, the
onions selling at 2% cents per pound, was $703.12% per acre. The net
pro_t, after- paying for the water, labor and all other expense incurred in
growing, harvesting and marketing the crop was $500 per acre.
The following table shows the number of irrigations, the quantity of water
and the cost of the irrigation water pumped from the under_ow when used
in growing alfalfa, wheat, corn and sweet potatoes:
uantity of Cost of Irri- Yield
Kind of Number of ater. Acre nation Water per acre
Crops. , Irrigations. Inches. per Acre. Pounds.
Alfalfa ......................... 11 33 $12.75 21,080
WheatT ........................ 4 24 8.30 2,826
C orn .......................... 4 12 4.15 .....
Sweet Potatoes ................. 4 14 4.85 10 000
From the facts that have been brought forward it is evident that we have
before us a subject of the highest importance. Pumping for irrigation has
been employed in the past in the reclamation of vast areas of arid land and
it will no doubt form an equally important factor in the future development
of arid America.
‘Alfalfa hay selling at $10 per ton.
TTurkish red winter wheat.
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RICE IRRIGATION.
THE WORLD’S GREATEST IRRIGATED CROP.
W. A. WARD, Beaumont, Texas.
Texas has 225,000 acres under irrigation in rice. Rice is the principal food
of more than half of the inhabitants of earth, and in the yearbook of 1902
the statement appears by authority of the Department of Agriculture that
there are probably more acres of land irrigated to rice in the world than to all
other crops combined. Certain it is that rice is one of the most nutritious
and easily digested cereals, and its culture in this country has a great future.
Approximately 600,000‘acres of rice lands are now under irrigation in the
United States, yielding about _ve million bags or 17,500,000 bushels of rough
rice, worth to the rice farmers about $12,500,000 and to the consumers over
$30,000,000 annually.
HALF A MILLION ACRES OF RICE LANDS IN LOUISIANA AND
TEXAS.
Twenty years ago the cultivation of rice was con_ned to the Atlantic Coast
region and the lower Mississippi Valley. The lands of the Carolinas are irrigated by tides and those of the Mississippi by gravity, but these lands now
form but a small part of the rice lands cultivated in the United States. Of
the 600,000 acres now in cultivation the coastal plains of Louisiana and Texas
furnish over 500,000. The center of the rice industry is now but little east
of the boundary line between Louisiana and Texas, and at the 'rate this industry is moving westward the center will soon be within the State of Texas.
Rice is now cultivated as far west as the Rio Grande. On the coastal plains
of Texas and Louisiana irrigation is by lifting the water from the numerous
rivers and bayous by means of powerful centrifugal pumps into surface
canals.
GREAT PUMPING PLANTS.
The most economical unit is a pump having a capacity of about 35,000
gallons per minute, and the lift varies from _fteen feet to seventy feet, the
average lift being about twenty-_ve feet.
A small part is irrigated from wells. These lands are fairly well drained.
The water is applied after the rice is well up—three or four inches—and is
held on the land to _ood it continuously during the growing season—60 to
90 days—and is drawn off as the rice begins to mature. The crop is cut with
twine binder machines and threshed like wheat and oats. The same kind of
implements are used in preparing and seeding the land as in wheat farming.
These methods of irrigation and culture have revolutionized the rice industry. ,
It follows that a retentive clay subsoil is necessary in order to hold the
water and to sustain the weight of the latest improved farm machinery.
What is herein designated the coastal plain of Texas and Louisiana, at
strip of prairie land with an average width of about 40 miles extending from
a little west of New Orleans to the Rio Grande, is nearly all of this

Twelfth National Irrigation Congress. 357
character and level enough for rice culture. With her water supply properly
conserved Texas has more land well adapted to rice culture than all the
lands now cultivated to rice in the United States. The large pumping plants
are located near the head of tide water in the numerous streams _owing
into the Gulf. These streams are uniformly deep and affected by tides about
_fty miles back from-the Gulf.
DANGER FROM SALINE BACK—FLOW.
The location near the head .of tide water is necessary in order to secure
an ample supply of fresh water. Numerous mistakes have been made in
locating too near salt water, and by over—appropriating, thereby causing a
back-flow, and in dry seasons pumping salt water which is worse than no
water because it not only destroys the crop but injures the land.
The natural _ow of these streams has not been diverted except by pump—
ing. The eastern part of this rice belt of Texas has an average annual rainfall of about sixty inches, while the western part has but little. It requires
about thirty inches of water on retentive soil during the growing season to
supply soil absorption, evaporation and proper irrigation for rice.
IRRIGATION NECESSARY.
The rainfall is almost sufficient in some places in some seasons, but in no
part of the rice belt of the United States or in other countries is it safe to rely
upon the rainfall to grow rice.
The most important effort being made at present to conserve the rainfall
and natural _ow of the streams in the rice belt is incidental to the construction by the general government of the ship canal from the mouths of
the Sabine and Neches Rivers along ,the west shore of Sabine Lake to the
mouth of Taylor’s Bayou where it will connect with the Port Arthur Ship
Canal already constructed to the head of Sabine Pass.
RIVER AND HARBOR WORK INCIDENTALLY CREATES IRRI—
GATION.
While the prime object is to open these deep streams to navigation, it is
believed the combining of the _ow of these two rivers in a narrow canal instead of allowing their waters to mingle with the salt waters of Sabine Lake
will extend and increase the available fresh water supply of these rivers to
irrigate bout 75,000 acres of additional rice lands. These rivers are the
source of supply for about 75,000 acres at present. The Sabine and Neches
and Trinity Rivers and their tributaries drain all of the vast forests of East
Texas, south of Red River, and a part of the timber lands of Western
Louisiana.
FOREST PROTECTION IMPORTANT.
The protection of these forests and the storing of water along the upper
parts of these streams is of very great importance to the rice andtother agricultural interests of Texas and Western Louisiana.
Allow me to call attention to the dif_culties which will probably be encountered and which have already been experienced in drafting and passing
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a law that will apply alike to the arid regions of Texas and to the rice belt.
The available water supply under present conditions of the streams _owing
into the Gulf have been mostly appropriated by private individuals and
private corporations. Some of these companies own large bodies of land and
are irrigating for themselves and others as much as 30,000 acres each.
The proposed Irrigation Code, while it appears in general to be admirably
adapted to the arid part of Texas and other States, would disturb very important industrial conditions existing in the rice irrigation district. I have
been kindly furnished a copy of this proposed Code by its author, Mr. Bien,
and it will be given careful consideration by the best legal talent of the rice
district in order, if possible, that it may be so drafted that we shall not be
compelled by the _rst law of nature, which is so generally recognized in all
the States, including Texas, to _ght its adoption by this State.

Section Rural Settlement.
CHAIRMAN: WILLIAM E. SMYTHE,
Author of “ The Conquest of Arid America,” San Diego, Cal.
Opening address by the Chairman.
THE FOOTSTEPS OF THE: PIONEERS.
Utah is the classic land of American Irrigation and the systems which
began there have spread to others 'of the Mountain States. We have some
of the actors in the Utah drama here to-day, and wish to hear from'their
lips some of the peculiar features of their colonization work.
One of the early colonies was in Northern Colorado—Greeley. I think
the same plan was followed in other instances throughout that portion of the
State, and it has become powerful'in consequence. Greeley had some peculiar features; the people were moved in a body. A Greeley colony was
formed in New York City before the people had seen the land or the land had
been selected. It was formed of the devoted followers of Horace Greeley,
the great editor of the New York Tribune, and was organized under the agricultural editor of that paper. It came as a sort of far echo of the colonies
of the forties. They decided that co-ownership and partnership was not a
success, but they wanted to employ as much co—operation as could be made
feasible. They co-operated in the _rst place in the purchase of the land, and
in that way effected a great saving. Another thing they did which I think
worthy of imitation is this: They had a town site owned by the Colony
Company, so that the values created went into a company fund, which was
available for the bene_t of the colony instead of becoming a real estate speculation for the bene_t of a few. The town grew and prospered and _nally
became wealthy for thebene_t of all. I think that is perhaps the best lesson
we can learn from Greeley. Greeley was also wonderful in its social life.
The _rst thing they did at Greeley was to put up a colony hall, and that be—
came the center of their social life, which was delightful from the beginning.
They did not realize any far—reaching plans of co-operation. It became a
struggle of each man for himself, but they teach us something in the fact that
the colony was organized before leaving the East; they purchased the property
with a common fund, and they started at the beginning a delightful social life.
CALIFORNIA COLONIES.
A third group of colonies, notably in the territory of the Arid West, is in
Southern California, beginning with Anaheim. It was formed by a party of
German mechanics and tradesmen from San Francisco. They purchased their
land in common, sending out a party _rst to discover the place; then another
(20)
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party to dig the ditches and divide the land into twenty-acre farms and
plant them principally to wine grap.es. Finally when the place reached a
self-sustaining stage the main body of colonists went to Anaheim and this
has been a very prosperous community. It has the great distinction of being
the mother colony. The development of Southern California, of which we
know to-day, began, we may say with Riverside, which was contempo—
raneous with Greeley, and which was formed somewhat on the Greeley model.
It gathered its settlers from all parts of the United States and came to a
land which was then regarded as worthless.
After Riverside came Ontario; it was different in this respect; it was .not
a co-operative company in any way, but was started by two brothers, and
they put in the works of irrigation, made the streets and avenues, divided the
land into small farms and perhaps did a good deal of planting. That was
done prior to the seeking of colonists.
:- Now, I am going to ask Apostle Penrose, of Utah, to tell us about the
peculiar features of colonization in that State. As I remarked in the con—
vention hall last night, the Utah people have made an historic success in
colonization in this country. Their methods are quite di_erent from those
of the ordinary colonization movements, _rst, because they always move their
people in bodies; second, different in their manner of settlement because they
employ the central village instead of scattered farm homes; third, in the
high development of co-operation which they have had. 50 I am going to
ask Apostle Penrose to tell us how their people have been successful in
settling their colonies upon land and making them happy and content. A
few years ago I Went to the Mormon authorities at Salt Lake and asked
them if it were possible to compile a statement showing how much money the
Mormon people have taken from the soil of Utah.
“We see” I said “that you have reclaimed these valleys and created these
towns and cities; we know that you had almost nothing to start with, and
that practically all you have must have come from the arid soil of this desert,
irrigated by the sweat of industrious men. Now if it is possible to get the
_gures I believe we will have a most convincing argument to present to
the American people in favor of the reclamation of these desert lands.”
Through their perfect organization they sent out circulars, and at the end
of six months presented me with an-impressive and valuable array of _gures
which I published at the time in one of the large magazines. They ac—
counted for having taken from the desert of Utah and expended nearly _ve
hundred million dollars. They found that divided annually among the farmers of Utah about $1482.00 per family, and allowing for a very generous
living it left a. net income of about $500 for each family. Now that net income
ot the Mormon farmer exceeded the average gross income of the highest paid
skilled wage earners of Massachusetts.
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UTAH COLONIZATION METHODS.
CHARLES W. PENROSE, Salt Lake, Utah.
The people who _rst inhabited Utah were a band of outcasts, really, from
the United States, on account of religious persecution. They had to _ee
from their settlements in Illinois and they congregated on the banks of the
Missouri River, where what is now called the city of Council Bluffs is situated.
In 1847 Brigham Young selected a band of pioneers consisting of one hundred
and forty—three men, two _women and three children; they started on the
journey across the plains, then an unknown wilderness. There had been
some parties who had crossed the plains at di_erent times, but the country
was then unknown to the people of the United States. I will not take the
time to tell you anything about the perils, hardships and trials of their jour—
ney ; suf_ce to say that on the 24th day of July, 1847, this little band emerged
and obtained their _rst view of the Great Salt Lake; they selected the spot
- under the direction of the late pioneer, Brigham Young, on which to found
their city. They erected a fort for protection against the Indians and congregated together and selected tracts of land nearby for farming purposes.
In the fall of the year Brigham Young returned to the United States and
collected people together to bring them out in companies, so that they might
reinforce the small band that had settled at _rst at the place now called Salt
Lake City.
WAS MEXICAN TERRITORY.
This plan introduced in the beginning has to some extent been followed out
since. At that time this land was not on the market. At _rst it was Mexican territory, but the Stars and Stripes were _ung to the breeze, and as _ve
hundred of the best men of our people were then in Mexico _ghting the battles
of the United States, the pioneers took possession of the country in the
name of the United States, and after a number of people had been gathered
together there a provisional government was organized under the name of the
State of Deseret. We selected our Senators and Representatives and sent
them to Washington and asked admission into the Union. That petition was
denied, but afterwards a territorial form of government was accorded to ‘Utah.
Thus this land was formally made a part of the United States, a territorial
form of government was established, and Brigham Young was appointed
governor of Utah by the President of the United States. The people who _rst
settled the soil of Utah went there under religious in_uences. There was to
some extent what might be called a union of Church and State; however,
the two were always kept distinctly separate. Our State or Territory of_cers
were separate and distinct from the church organization and of_cers. It is
true, as in the case of Brigham Young, the Governor of the Territory was
also the President of the church, and the leading men in the church were
usually made the leading men in our civil a_airs; at the same time the machinery of the Territory and that of the church were kept entirely separate
and distinct. The principle that animated the people was the religious prin‘ ciple; they _ed from the con_nes of the United States because of religious

362 Official Proceeding: of the
persecution. When they settled on the soil of Utah they were under the
immediate direction of the church.
It will perhaps be interesting to some of you if I give you a very brief
sketch of the church organization. The Church of Jesus Christ's Latter Day
Saints—commonly called the Mormon Church—is presided over by three
men, the President of the church and two counselors. The next body in the
government of the church is the council of twelve apostles; these twelve
when taken as a body, form a council equal in authority to the council of
three; that is to say, if the President of the church dies, then its remaining
twelve apostles is the next presiding body. Next to them come the councils
of seventy elders, organized into bodies and presided over by seven of their
number. At the present time there are about one hundred and forty-four of
these councils of seventy elders, the whole presided over by seven men and all
the _rst council of seventy; these with the presiding bishop and his two
counselors, and the presiding patriarch, form the general authorities of the
church. The different departments of the church are called States of Zion;
the people composing the church are called Zion—pure in heart. These
different departments of the church throughout the various settlements in
Utah and regions round about are called States of Zion; each one forms a
State of Zion. Now that state is presided over by a presidency of three.
There is a high council composed of twelve men, corresponding somewhat to
the general authorities, called the council of twelve authorities. Every little
settlement is called a ward and over the ward the bishop and his two counselors preside; these are assisted by men called teachers, who are to assist
in the management of affairs, and particularly to visit the people in their
homes and teach them how to live, both temporally and spiritually. There
are other councils in the church that I need not speak about; there is a union
of the temporal and spiritual in the Mormon church and system.
ESTABLISHING A NEW COLONY.
Coming down to the conditions at present, I will take up the subject of the
establishment of a colony. The plan on which we proceed in Utah is this;
if some new locality is discovered, considered suitable for a settlement, some
valley not before having been inhabited, a man is selected who is supposed
to be a good counselor, a man acquainted also with human affairs, is selected
to act in the capacity of bishop. He selects two counselors; these three
form the presiding authority in the new locality. An invitation is extended
:to the members of the church to volunteer to go out and settle the newly
discovered valley or tract of arid land. When a suf_cient number of persons have volunteered to go they are organized into this bishopric. They
take their wagons, teams, tools, farming implements, etc., and go out on the
soil, all under the direction of the bishop and his counselors. When they
arrive at the locality they select enough of the best portion for a town site,
and it is usually laid out along the plans of Salt Lake City—streets crossing
each other at right angles. Each family receives a city lot, generally ten by
twenty rods in size; sometimes it varies a little according to the lay of the
land and the extent of the settlement; then land is selected as nearly con.
tiguous to the town lots as practicable, but before anything can be done on
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the soil water is to be obtained. In the _rst place the settlement is located because of its proximity to some natural source of water supply—usually some
little mountain stream. A canal is then dug on this principle: Each individual has the opportunity of working upon this original ditch or. canal as
much as he chooses, and according to the amount of work he performs he has
the right to use so 'much water; the more work performed the more water
he has the right to use. The amount of water he is entitled to all depends
upon the amount of work he performs on this canal; that is the plan we
generally use.
SMALL FARMS THE RULE.
The farms are generally divided into small sections—about forty acres
usually. In later years since the land has come into the market and the
homestead law has been in operation, larger tracts of land are often taken
up. Usually farms are divided into small sections or portions, and the right
to the use of the water (there is no property right, really, in water), the
right to the use of the water is determined by the amount of labor that each
person performs on this original canal. A water system is organized; they
have a head water master who has supervision over the entire ditch, and then
there are block water masters, or water masters for different sections all
under his direction; these water masters are elected; in the old times they
were generally appointed by the people, who got together in mass meeting
and appointed men to act as water masters. By this means people obtain
possession of a suf_cient tract of land for a farm and also a city lot. They
live on the city lot and the farming district lies outside. This is for the
purpose of religious worship and for educational and for social purposes, and
in the early times for protection against the Indians. The principle is still
carrie out in all our new colonies of having city lots for the farmers to
live upon,. and a piece or tract of land outside for his farm.
SOCIAL ADVANTAGES.
The _rst public building erected was always what we call the school
house; it was used as a school house for the education of our children and
for holding religious meetings and sometimes for amusements; sometimes
they would _x up a stage and have a theatrical performance, so that the original school house was the place for holding the schools and for other public
meetings and for the general purposes of the people in the town site. The
people also have their dances according to their own arrangements and desires, and these dances are held under the direction of the church authorities.
The dances are usually opened by prayer, and they endeavor to conduct them
in an orderly and moral manner; no liquor is allowed, and in fact in a great
many places no liquor is permitted in the settlements. These dances are
usually conducted under the direction of an amusement committee, and if
there is dramatic talent in a settlement they sometimes have theatrical entertainments. Also musical talent is cultivated, both instrumental and vocal;
generally we have a very good choir which attends to the music, and if there
are a su_icient number of musicians in a settlement for that purpose they
generally organize a brass band. *
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I attribute the in_uence that prevails chie_y to the religious element; at
the same time I think the plans that we adopt for the entertainment of the
people so that they become associated closely would be adapted to colonization
at other points and among other people.
CO-OPERATIVE OWNERSHIP.
Another plan usually adopted in these little settlements was to have a
mercantile establishment in which every person had an opportunity of taking
shares; generally put down to about $5.00 a share, and in the early times
when there was no currency it would be paid in some kind of produce. ,Each
person had an opportunity of putting in so many shares. A general mercantile store was established and the people were invited to take shares in the
capital stock of the company, and after a great Zion co-operative mercantile
establishment was built up they generally did their trading with the parent
institution at Salt Lake City. This kept a great deal of the money within our
own borders instead of sending it out. Of course a great deal of mer—
chandise was brought in from distant parts of the country, but the plan in
view was to have our own mercantile and manufacturing institutions, with
branches all over the Territory or State. We had men of all trades and
kinds come in, and we always endeavored to get them into the particular line
of their calling; a tailor was encouraged to start a tailoring business, a
shoemaker in his line of business, and a tanner in his line of business.
Question—Do you schedule your water and live literally up to the schedule
in its distribution?
Answer—Not entirely. We now have a very excellent irrigation law; a
State law. I could not sketch it out this morning very clearly. The State
divides the water and we have a State Engineer. We‘are also establishing
water rights through the medium of the courts.
Question—Have you any paupers among you?
Answer—No, we have no paupers at all. It is the duty of the counselors
and teachers to see that nobody suffers, whether he is a Mormon, Jew or
Gentile. We have a society called a relief society, composed of women, who
particularly assist the bishop in looking after the sick and af_icted, so that
there is no need for anybody to suffer.
Question—Is your system of co-operation a cure for the pauperism that
always follows the old system?
Answer—It is to a very large extent; there are some people who will not
work, and there will always be the poor and dependent. People are encouraged to work and become independent through their own exertions, but there
are persons dependent upon the public; we look after them ourselves in the
church.‘ We have a system called tithing, by which it is the duty of each
member of the church to contribute for the purpose of looking after the poor _
and indigent, building school houses, churches, etc.; each man contributes onetenth of his income annually; this is a voluntary contribution and not a tax.
Question—Do you have tramps; do you have jails?
Answer—We have tramps and jails; that is we have tramps going through
the country; we do not have tramps of our own; only transient persons pass-
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ing through the State. We have to have jails because sometimes some people will go wrong and commit crime, etc. We honor the _law and turn the
transgressors over to the State law and of_cers when it is necessary, so that
we have to have jails. We do not have Mormon tramps, and we have very
few Mormons who occupy the jails of the State and country.
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A MOBMOH COLONY IN MEXICO.
A. W. Ians, in charge Mexican Colony.
It is somewhat unexpected on my part—to say a word; I came here because I appreciate to a very great degree the labors of our friends in the
question of irrigation and colonization, and I came for the purpose of gaining
information rather than with the intention of imparting it.
My impression is that the principal thing we want to know this morning,
more than any other thing, is which of all the plans that may be proposed
an be the most successfully adopted in the establishment of rural settlements. Now, I am going to give you as clearly and brie_y as possible, in
about _ve minutes, the results of my experience during the last few years in
colonizing our people in Mexico.
I“ In the _rst place, to successfully establish a colony in this arid region, two
elements are necessary—we must have land and we must also have water.
Once having decided upon a location or place suitable for the establishment of
a colony, we immediately determine, by an investigation by competent engineers, the most convenient and suitable point upon that tract of land for
'the establishment of the town, taking into consideration, of course, the elevation. We _nd that drainage is a very important and necessary factor, and
therefore we usually select the highest spot or position on the ground or tract of land on which we decide to locate, which is susceptible of irrigation, for
the establishment of the town. My-opinion is that the most successful plan to
adopt in laying out a small rural settlement-is to make the blocks about one
hundred meters square; divide each of these blocks into four town lots, thus
furnishing each colonist with a corner lot. There should be at least two
'main streets running through the town at right angles; these streets may be
made six rods wide, and the lateral streets may be made four rods wide. Of
course if you are planning for a city you must plan upon a larger scale.
FORTY—ACRE FARMS THE MAXIMUM.
Now we have calculated the area of this tract of land and have determined
about what the population may be which shall occupy it. allotting each person
say not to exceed forty acres of land. Many people who go into a new
cclony will not require as much land as this; for instance, mechanics will re—
quire smaller tracts, but we have demonstrated that forty acres of good land
that can be irrigated is amply suf_cient to maintain a family of six persons;
therefore you can very closely calculate the number of town lots that it
will be necessary to lay out in order to colonize there a number of people
suf_cient to occupy the entire tract which shall be used for agricultural
purposes. '
Immediately around this town site—after having laid it out in lots and
blocks—we have adopted the policy of sub-dividing the land adjacent to it.
into very small tracts; say lots or blocks containing about two and a half
acres each. The land which is nearest to the town is always the most valu—
able; it is the land most convenient to the people, and consequently it is advisable that it be divided into small tracts, in order that each colonist may
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avail himself of the advantage of having a small piece of agricultural land near
his home. The land lying immediately adjacent to these smaller tracts or
blocks, we have been sub-dividing again into tracts of say about ten acres,
making a series of such blocks or tracts running around the entire tract of
land. Then still further out from the center, or the spot which will be the
center of population, and immediately adjoining the last mentioned tracts
or blocks we have sub-divided the balance of the land again into tracts of
say about forty acres each, taking in all the land suitable for cultivation and to
which .water can be supplied. '
AS A BUSINESS INVESTMENT.
There is another very important question which always enters into this
subject—that is the _nancial part. There is no promoter of a colonization
scheme but that expects at least that he will get back the money which he
invests in it, and usually a little more in the way of pro_t; the latter is what
is expected and prompts men to promote enterprises of this kind. The
plan we have adopted usually is this: we have an incorporated company which
acquires the land; this company purchases a large body of land at the lowest
possible price, which is sub-divided in the manner I have just described; in
disposing of these town lots and the agricultural tracts or blocks to colonists,
we place the price to those who _rst occupy them just as low as it is possible
to place it—just as near cost as we possibly can; that induces people to buy
the land and occupy it. Of course lands can never become valuable without
occupancy. But in disposing of this land to the _rst colonists we reserve one
lot in each block of the town plat, and also one-fourth of all the tracts or
blocks of land designed for agricultural purposes. These town lots and the
blocks of agricultural land scattered throughout the entire large tract are not
sold at _rst to any one, but are held in reserve until such a time when, either
the colonists who have already established themselves on the land, or some
incoming colonists, can afford to buy them at considerably advanced prices.
The bene_ts derived from this policy are obvious; the colonists who are _rst
established On the land are usually poor; in the course of time they accumulate
means; then they usually desire to become the owners of the unsold and
vacant land adjacent to their own, which vacant land has been greatly en—
hanced in value by reason of the surrounding improvements; when this time
arrives and they have accumulated suf_cient funds, they will readily pay a
much higher price for the adjacent vacant land than that paid for their
original holdings, and this reserve land is disposed of at a suf_ciently advanced
_gure so that the company is reimbursed and receives proper compensation
for its original outlay of money—a pro_t on the investment. For example,
we are now selling for three hundred dollars lots similar to those sold to the
_rst colonists in the same settlement a few years ago at _ve dollars.
CONSTRUCTING THE IRRIGATION WORKS.
One of the _rst things that is necessary is the contruction of the main
canal which is to conduct the water onto the land. This is usually constructed
by the people who have become the owners of the land; they either acquire
interests in this canal by labor on it, or by employing labor on it to pay for
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their interests, or may acquire their interests by purchase from those who have
acquired it by labor and whose lands are insuf_cient to use the entire amount
of water they are entitled to. Each colonist acquires a water right for the
land he owns in proportion to his interest, either by purchase or by labor
upon the canal. However, we make the necessary water rights to all lands
appertain to the lands as far as possible, and establish rules by which it
is made impossible for a person to transfer the necessary water right from.
the land; neither one must be transferred separate from the other. The
water is taken from this main canal in laterals or sub—canals to the water
users in each district. In the _rst place a man is appointed to take charge
of the entire water system; in each sub-division there is what we call a
sub-watermaster appointed; this sub-watermaster arranges a schedule at the
beginning of each month, in which he indicates the hour or hours during
which each water user shall take water and the hour at which his time expires, each water user being governed, of course, by the share he has acquired in the irrigation system. That schedule is made out for an entire
month, and each water user is furnished with a printed copy, so that each
person knows the hour or hours during which he can have the use of the
water and the hour when his time expires. He must use it then or not at
all; if he omits to use it he loses his opportunity for that time. This schedule
is so arranged that each water user has a speci_ed period during which he
uses the water each week, and it is arranged so that the water comes upon
the entire district at least once a week, thus giving each water user a certain
period of the time during each week in which he may use the water on his
land and in any manner he may prefer.
In obtaining the‘ original large body of land we always calculate that there
should be, adjacent to this farming or agricultural district, lands suitable for
grazing purposes, because colonists must have cattle and horses in order to
become successfully established, and if there are grazing lands adjacent you
see how much greater the convenience is to them.
THE SYSTEM GENERALLY ADAPTABLE.
I see no reason why this system cannot be adopted by any one who desires
to promote a colonization enterprise; the results obtained by it have been
very satisfactory to us in Mexico. We have colonized a large number of
poor people there; the land has been distributed in very small tracts, and
it is a great source of pleasure to be 'able to say that while our operations there
are only in their infancy, yet their earnings last year amounted to about _ve
hundred thousand dollars, and if you would look at the hundreds of miles of
fences and roads, and the bridges they have built, you would agree with me
that this system has been eminently successful, and I see no reason whatever
why it cannot be applied to any other people.
Mr. Smythe—You are not teaching those people that the dollar is the
chief end of life? .
Mr. Irvins—No sir; they would be very much disappointed if they expected to get rich quick in Mexico. We do not expect to get rich there.
Mr. Smythe—The main end you have in view is a good living?
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Mr. Irvins—Yes, a good, comfortable living; plenty of houses, plenty of
clothing, good food, etc., and an independent life. We tan our own leather;
we make our own shoes; we have our own wood-working machinery, and we
encourage the people to invest their savings as far as possible in these local
institutions. These companies are incorporated and conducted upon the same
business principles as any other companies, with the exception that our people
almost universally become stockholders in them and thus are interested in
their maintenance and upbuilding. Chairman Smythe—We have now given _fty minutes to the consideration
of the Mormon colonization and industrial system; it is a very short time to
give to a very great subject, but even in that short time I feel that the two
speakers have thrown a great deal of light upon the subject. Many people
have claimed for years that the success of the Mormon settlements has been
due entirely to the church; that the church sustained the industrial system. I
have always believed that the reverse was true; I believe so now, though I
have no doubt the wonderful organization of the church has been a powerful
factor in their success. The main thing for us to learn is that they have
worked out a fairly scienti_c method of colonization which is adapted to our
general situation. The next address on the program is by Mr. Guy E.
Mitchell on the subject, “Small Farms for the West.”

370 Of_cial Proceedings of the
SMALL FARMS FOR. THE WEST.
'l‘HEY_ CONSTITUTE THE COMMUNITIES OF GREATEST PROSPERITY AND HIGHEST SOCIAL SUCCESS.
GUY Emorn MITCHELL, Secretary The National Irrigation Association
Washington, D. C.
We have before us the great problem of telling the people of the United
States the splendid prosperity which results from the small irrigated farm,
of showing the country, which has sanctioned this national irrigation work,
that the carefully irrigated sections of the West constitute the best communities in the world.
The irrigation of desert lands is a work which appeals to more classes of
men than does any other kind of agricultural development—all the way from
the intensely practical money-maker to the high idealist.
The practical land dealer or real estate man appreciates the great increase
in value which comes to the agricultural lands when supplied with water;
the merchant who sells manufactured articles of all kinds discerns in the
dense settlement which follows irrigation a splendid market for his wares;
the intending settler looks forward with deep satisfaction to owning a farm
where he can control the moisture supply and be assured of maximum crops;
the banker considers irrigated land gilt-edged security; the citizen, with
his State’s welfare at heart, welcomes irrigation development as the highest
blessing which can be conferred upon his community; the scientist derives
keen joy from the creation of a system of reservoirs and canals which transform the desert into a land of production—the making of something splendid
out of nothing; the sociologist becomes enthusiastic at the social conditions
arising from irrigation, where land becomes intensively farmed, where the
inevitable tendency is to break up large tracts into small and highly productive farms, where the communities become the most substantial and prosperous of any under any form of agriculture, where a greater percentage of
men own their lands and homes than under any other social system, where
good roads, churches, schools, good transportation, telephones and other
urban improvements invade country communities as nowhere else and where
an opportunity is presented to _nd homes on the land for the inhabitants of
overcrowded centers. Lastly, the idealist sees in the reclamation of waste
places, in the conquest and the subjugation of the desert, in the development
of a country’s latent resources, in the production'of not two blades of glass
where one grew before, but of a luxurious vegetation where nothing could
previously live, the fruition of a dream of Arcadia, the accomplishment of
the seemingly impossible, the absolute creation of wealth, strength, power.
IRRIGATION COMPELS SUBDIVISION OF LANDS.
The irrigation movement which is sweeping over the country is pregnant
with vast possibilities for good in the United States. Irrigation begets small
f2 rms, and no country is so prosperous, so stable, as that which has for its
basis a multitude of small farms.
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Starting with the greatest bonanza farms in the world, where the plowman
followed a single furrow throughout the day, the West will become, in the
next generation, a section of small farms. The irrigated unit has already
been established in a general way by the National Irrigation Act, at 160 acres;
that unit will be in the coming years subdivided into 80, 40 and in some
favored sections into 20 and 10 acres upon which a man will live with his
family in plenty.
Not under the most exact system of farming can large tracts of irrigated
land be worked with as great pro_t per acre as can the small tract where
the farmer gives it his individual attention. Eighty acres can be better
farmed than can 160.
As the great bene_ts of irrigation become more widely known throughout
the country the practice will spread to'the eastward, even to the Atlantic
Coast, until in time every water supply from ocean to ocean will be utilized
for increasing and insuring crop production. With this will come a subdivision of the Eastern farm units, for men will _nd in the East as in the
West, that smaller tracts irrigated and well tilled will bring them greater
returns than large, tracts carelessly farmed and subject to the moods of the
elements.
LANDS FOR OUR OWN CHILDREN.
America has stood for a century with her arms open to the world; the
oppressed of all nations might _nd a welcome under the Stars and Stripes,
my, more, they might _nd an individual home on the land which was theirs
for the taking. We are of late years becoming a little more discriminating
and are taking into our ample fold only those whom we believe to be the
desirable ones. Our immigration laws, many believe, might be made even
more stringent without harm to ourselves. There is no great necessity for
haste in building up our population to the two-hundred-million mark. The
United States fears no nation to-day. Will we be the better or the worse
for the next _fty million people who come into the country if they are
brought in to largely swell the great centers of population now already
overcrowded? Rather would it not be better to assimilate those people we
already~have in our midst, to take the vast _oating population of Chicago,
of New York and other great cities, and place them on the land and train
them to get a living from it so that they might become a strength rather than
a menace to the nation? FRENCH STATISTICS FURNISH FOOD FOR THOUGHT.
We are inclined to condole with France upon her vital statistics, the fact
that her birth rate does not exceed her deaths. Her population is not increasing, but her peasantry is a contented population; it is established upon
innumerable small farms and it is not overcrowded and overcrowding.
French statesmen are not confronted with the problem with which their
German neighbors across the way are struggling—how to provide in an al—
ready crowded country for a rapidly increasing land-hungry population.
In the United States we have not reached the situation where we could
not take care of a million new people a year if they were taken past the cities
and put upon our lands, and there is no immediate fear of our lands becom-
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ing overcrowded, nevertheless we should recognize two facts—that the wel—
fare of the country demands a solution of the overcrowding of our cities and
that even our land resources are not entirely inexhaustible.
AMERICA’S PRESENT LAND POLICY.
And this bring us to the question of the administration of our public lands.
'1 he Eastern half of the United States has been largely given to the people
and considerable of the western portion has been taken up under our various
land laws.
Of this great acreage it is estimated that nearly a hundred million acres
can be irrigated, while a very large additional area is capable of producing
crops without irrigation. Now, the question is, are our public land laws to
be so administered that this great Empire of rich farming territory, capable
of supporting the most dense and prosperous agricultural population in the
world, shall be as fast as possible converted into actual homes, in 160-acre or
less tracts, or is the present loose system to obtain, so that speculators and
land grabbers, so termed, can continue to amass into single ownership im—
mense tracts without settlement or improvement?
LOOSE LAND ADMINISTRATION.
All of our land acquiring laws are to—day fearfully abused—the Desert
Land Law, the Timber and Stone Law, the commutation clause of the Homestead Law, and even the old 5-year Homestead Law, itself. Our policy has
been heretofore that pioneering should be rewarded and that every inducement should be held out to encourage the “settlement and development of the
West.” The most liberal construction has been placed upon the laws, and
there has been no strict enforcement in letter or spirit of the principle which
is assumed to pervade the laws under which the government gives away its
public domain on the condition of actual settlement and home—building in as
small tracts as men can make comfortable livings from for themselves and
families. The practice has been to get the title out of the Government into
private hands as easily and expeditiously as possible, with an almost entire dis—
regard as to what the Government is to receive in return. The sentiment in
the Western States themselves has largely supported this policy. Men urge
that if stockmen and land dealers are willing to acquire large areas and place
them upon a tax—paying basis, it is better for the State that they should so
pass into private hands, even though they may lie idle in tracts of thousands
of acres or be used as grazing properties in tracts of tens of thousands of
acres, apparently overlooking that this policy prevents their settlement in 160—
acre tracts which would support each-a family of from three to ten people
and add one hundred times to the productive capacity of the land and the
wealth of State and Nation.
SINNING. BUT SINNED AGAINST.
Much criticism has been made of the stockmen as a class of land grabbers.
It is true that the cattle men and sheep men have acquired ownership and
control of the vastest of tracts of territory in the arid West by employment
of fraud, thus preventing its settlement. But they are in reality the victims
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of a condition which, while they may have been advocates of the cause, has
not proven an unmixed blessing to them. In many of the stock-growing
sections they have acquired so much land and it has increased so in value,
with increased taxation, that their pro_t has been largely reduced from the
days when they ran their herds on the free range. Many of them will state
that they have not desired to acquire these large tracts of land 'under the
desert or 'other land laws, but the very existence of this law has forced them
to become large land owners in order to prevent other men from acquiring
the land and driving them out of business.
RETARDED DEVELOPMENT.
Vast areas of the land of the West which have passed from the Government into private ownership, by a transfer, the spirit of which contemplated
its settlement and cultivation is to-day lying idle, is farmed in the most indifferent and shiftless manner because the owner has more than he can attend to, or is irrigated and utilized merely to produce a meager crop of wild
hay to winter over stock, whereas were it open to settlement it could be taken
up in 160—acre blocks and made to produce an abundance for one if not for
two families desiring homes.
It is needless to go to any extent into the question of the productivity
of irrigated desert lands or to quote yields per acre. Government and State
statistics and even the most casual and random inquiries as to the yield and
fertility of Western irrigated lands disclose the generally accepted fact that
irrigated lands, tilled with understanding, skill and industry, will produce
ftom two to three times the average of Eastern lands. The result is greater
farm value per acre, a higher land value and consequent reduction of the
acreage for each farm as the highest degree of development is attained
WHAT FOR THE FUTURE.
Now the question is, not of the past, nor of what has been done in the
way of public land administration and public land policies, but of the future.
What is the policy to pursue in disposing of our remaining Government
lands? Have we yet reached the point where we should conserve our home—
steads for families who are looking westward and part with title to each
and every 160 acres only upon the strict condition that it shall be made into
a genuine home, or can we still say that there is land enough to continue a
policy of national squandering for yet a decade or two?
Population is what is needed for the West. Population will come with
settlement. The only land law which fosters permanent settlement in any
degree is the original Homestead Law, requiring _ve full years of residence,
and that law carefully and strictly administered. The Desert Land Law.
the Timber and Stone Law and the commutation clause of the Homestead
Law have all, broadly speaking, been an actual and vast detriment to the
West; they have shut the door of opportunity to hundreds of thousands of
people in the East; they have fostered land speculation, land grabbing, land
monopoly; perjury and falsehood run riot, and now they stand as a menace
to that grand and most magni_cent Western development and growth upon
whose threshold we pause to—day. the working principle of which is laid down
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in the National Irrigation Act, which provides for 40 or 80 or 120 or 160-acre
irrigated homes.
To—day the West is looking through the vista into a glorious future.
\Vith one of the wisest measures for internal improvement ever enacted by
any nation being pushed forward rapidly and skillfully by engineers of the
highest intelligence and honesty, upon a basis of merit and for the general
good of the country, it remains only that the United States shall‘ return to
the real spirit of the old Homestead Law of Galusha A. Grow and provide that
settlement and home-building shall follow the disposal of our magni_cent
public domains and our splendid water resources.
Chairman Smythe—We will now hear from a gentleman who has grown
white in extending the frontiers of our Western civilization, who has been
identi_ed with our growth in many different departments—Mr. W. H. Holabird.
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THE LITTLE COLONY OF ONTARIO, CALIFORNIA.
W. H. HOLABIRD, Los Angeles, California.
Failure in colonization work is not an unusual result; this is unquestionably due to the lack of thorough preparation by the founder or founders of
the colony. Ontario has been selected as an illustration chie_y because of
the thorough preparation of the tract of land and the development of the water
supply by the original owners. The two gentlemen who developed this
colony, George J. Cha_ey and his brother, civil engineers from Canada,
knew nothing about irrigation unless it was the theory, but they were thorough
men in everything they undertook. These two far—seeing men had a vision
and saw what lay beneath that soil; they used their engineering skill and
executive ability in the development of this colony. They were leaders,
while most men want to be led.
When they laid out the colony of Ontario they had very little water. A
great plain extends from the headwaters of the little streams that feed into
the San Gabriel Valley to the Santa Ana River which supplies the remarkable
orange-growing sections of Redlands and Riverside with a part of their
water supply. Prior to this development by the Chaffey brothers this great
scope of country, some forty miles in length and some six or eight miles in
width was a dry sage brush plain; there was not a tree or brush large enough
or strong enough to picket a horse to. The water obtainable by gravity
_ow from the mountain stream was exceedingly limited, hence the utmost
importance was attached to the method of conducting and distributing this
water.
HIGH CLASS CONSTRUCTION.
Concrete conduits were constructed, so that the loss by seepage was entirely eliminated and that by evaporation was slight. A broad avenue was laid
out from the foothills of the Sierra Madre Mountains to the lower line of
this tract of land under development. This avenue was one hundred and
twenty feet wide. Two rows of shade trees were planted in the center of
this avenue, giving suf_cient area between them for the development of a
street car line, which was afterwards installed. A drive—way thirty feet wide
was made on either side of‘these center rows of trees, with adequate side—
walk space between the gutter and the property lines. The land was all laid
off in ten—acre tracts, or squares of six hundred and sixty feet. The water
in every instance was carried in open earth ditches from the concrete conduit
along the upper side of each tract. Before any of this property was offered
for sale the trees had commenced a vigorous growth, the sage brush had been
thoroughly cleaned off and the lots and tracts accurately and intelligently
outlinedtby stakes upon which were letters indicating the block and lot.
The deeds of conveyance contained a very wise clause, and one which is
worthy of serious consideration by any one attempting a colonization enterprise—that is a clause prohibiting the sale or manufacture of any intoxicating liquor; to this fact may attribute the very marked success that attended
the establishment of the Ontario colony. It encouraged the settlement in the
colony of people of intelligence and re_nement, encouraged the establish(21)
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ment of schools of a superior character, where the children would grow up
without the contamination of the evils that surround a community where
liquor is sold without many restrictions.
ECONOMY IN USE OF WATER.
The distribution of the limited supply of water was most economical. A
schedule was made giving each tract its quantity of water at certain stated
intervals, as the water-right attaching to ten acres of land was of itself
insuf_cient in its daily _ow to irrigate any area of moment, but the accumulation of the water belonging to the tract (which I think in this instance was
one _ftieth of a cubic foot per second _ow) this water, I say, when delivered
at intervals of thirty days, gave thirty _ftieths or three _fths of a cubic foot
per second _ow, which was all that one man could judiciously handle and
economically distribute throughout his orchard. Immediately upon the termi—
nation of the time allotted to one person for the use of this _ow of three
_fths of a cubic foot upon his land the water was delivered to the next user,
and so on throughout the entire tract, so there was not one moment‘s waste
of the water during the twenty—four hours of the seven days of each week,
and on through the entire irrigating season.
Domestic water was supplied with a small tax attached, sufficient for rea—
sonable maintenance and absolutely unquestioned in purity.
This colony to—day has reached the acme of its development, not because of
lack of land, but because of lack of water, there not being a suf_cient quantity
of water falling from the mountain stream which supplies the colony, plus the
amount developed by pumping from deep wells, to encourage the planting of
costly orchards on the still dry lands adjacent to the colony.
AN IDEAL IRRIGATION COMMUNITY.
To—day Ontario .presents a picture of beauty and home-like loveliness that
cannot fail to attract the most critical visitor. A trolley electric railroad now
operates its line up and down this beautiful avenue for some nine miles. The
orchards of orange and lemon trees are exceedingly productive, and because
of the intense cultivation given them, due to the intelligence of the owners,
they receive the very highest market value for their fruit.
The land at Ontario in the _rst instance, before the water was brought
upon it, was worth about _ve dollars an acre; when the water was delivered
upon it it was Worth from one hundred dollars to.two hundred dollars per
acre. When the orchards were planted on it at_a cost of about one hundred
dollars an acre additional (some a little in excess of this amount), and had
grown into bearing, they were easily worth and frequently sold at one
thousand dollars per acre, exclusive of the improvements in the way of houses
and other buildings.
I believe it will be appropriate for me to give an illustration of the low
estimate placed upon good lands by many of the original habitants of the arid
West. In the valley of the Santa Ana River, in Orange County, California,
is a very fertile plain, originally given up entirely to the cultivation of barley
and wheat and the grazing of sheep and cattle. An astute gentleman from the
East, in the early history of the development of that region some thirty years
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ago in driving through the valley saw the unusual advantages it possessed
and easily ascertained that there was suf_cient water to be taken from the
Santa Ana River, at an elevation where it could be distributed over a large
portion of what is now one of the most thrifty and highly improved colonies
in that splendid section. This man went to the owner of the land and asked
him to make a price on some _ve hundred acres: The owner _nally agreed
to accept four dollars per acre. The gentleman made a small payment
binding the bargain and gave the owner instructions as to whom to execute
the conveyances; then the 01d farmer went to the nearest justice of the
peace for the purpose of having him draw up a proper deed of conveyance;
this gentleman, well known as the Hon. Richard Egan, tells the story as follows: that the old farmer came in and said:
“Judge, a d—n fool Easterner has dropped into my place and wants to buy
that _ve hundred—acre patch of mine lying north of my house, and he has
been idiot enough to offer me four dollars an acre for it; I want you to get
a deed made just as quick as you possibly can, so I can get back with it and
close the trade before the simpleton changes his mind.”
‘ He secured his deed, went back and exchangedvit for the money, and the
sequence of the story is that‘when our eastern friend had brought the water
upon the land this original owner bought back a few acres at a price suf_ciently high to pay for the entire tract of _ve hundred acres, which sold for
a very large sum during the few years that succeeded its development by the
Eastern gentleman; possibly $100 an acre and upwards was received for the
land at that time. This illustrates that the natives in our Western country are
frequently incompetent to pass upon the values in their own territory, or see
beneath the surface, or in the air they breathe, attractions that people unac—
quainted with the arid West are the _rst to discover.
DON’T MAKE THE MISTAKE OF EMIGRATING TO CANADA.
Before closing I wish to say that in going through British North America
I was impressed with the awful loneliness of the settlers on those great
wheat farms between Winnipeg and the Rocky Mountains. I talked with
some of the people who got on the train at different stations and they deplored
the indescribable solitude of their lives, and I wish to urge all Americans
everywhere who hear me or who may read these remarks to remember that
the United States of America has a big enough territory in which to make
happy and prosperous homes without going to any portion of British North
America. Do not go‘headlong across the Canadian line for a home until
your children’s children are occupying the last acre capable of cultivation by
irrigation in our own America.
I could dwell upon this subject of small irrigated farms and cite other
beautiful illustrations, but I have already exceeded my time, and thanking
you for your courteous attention, will say good—bye.
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BACK TO THE LAND.
CHARLES Woon EBERLEIN, Portland, Oregon.
About the middle of the eighteenth century there appeared the “Deserted
Village.” It became at once the English classic of the homeless and expa—
triated and marks the decay of rural life in England. By the operation of
economic laws, rural communities broke up, their population was partially absorbed in urban populations, but the greater part drifted over sea and was
forever lost to their native land.
The decline of rural communities of England and Scotland in the time
C‘ Oliver Goldsmith brought a lasting change. The independence and the
joyousness of lowly country life as re_ected in the songs of the old dramatists, faded away and left only the toiling laborer and the hard condition of
the tenant farmer. _ .
There are lonely highland glens where to-day not even a shieling remains
to mark what was once the abode of sturdy clans.
Two or three decades back there appeared signs of decay in our own
rural life. The movement away from the farm set in. The youth of the farms
and villages crowded the cities. This tendency was steady and showed no
signs of abatement. For almost a generation the press and pulpit wrestled
with the problem—its cause and its remedy—but without result. It became
the theme of the essayist—the problem of the political economist. While
theorists consulted precedent and built up hypotheses, a new dispensation was
preparing. Farm machinery lifted the curse from the soil, the laboratory did
its share, every department of physical science contributed.
When at last the cry went up “Back to the Land,” the practice of agriculture had risen to the dignity of a profession. It was no longer necessary
for a young man of mind and ambition to go to the learned professions.
We do not realize that perhaps the present decade is the most splendid in
its triumphs for peace of the whole thirteen of our national life, and not the
least of these triumphs is the signi_cant turning of young men of American
birth and training to the country.
But with this return to country life there will be no return to old condi—
tions. The new rural community life must, in great measure, keep pace with
the intellectual life of the cities.
American life is already beginning to feel a distinct impetus from this
movement. That scienti_c agriculture and the irrigation movement sprang
into life simultaneously, is no mere coincidence. They are two forces upon
the wise management of which hangs not only the destinies of States, but
the development of individuals. The problem now is how shall irrigation
and scienti_c agriculture be made to produce the highest measure of human
development and human happiness. In other words, “How shall the new
rural community be builded 3’”
When the Aims national irrigation became the law of the land, a triumph
was achieved, the full measure of which is perhaps not yet suspected. Among
other things the Great Act strikes a blow at the evil of sectionalism. The
vital principle has been evolved and must in time be generally recognized,

Twelfth National Irrigation Congress. 379
that in the gain or loss of a single section of this Republic, however small
or however remote, all the rest have an equal share. It is a trite saying, but
if we re_ect upon the work of the irrigation propaganda we must be convinced that no movement of our time making for peace has so stimulated
mutual interest. Herein lies the opportunity for the builders of a new social
order, an order that shall not have for its foundation the wreckage of an
old system. The change I have in mind is not a revolution, nor yet an evolu—
tion, but a social fabric resting upon new land and upon new ideas. Many
have been the experiments in the short span of our national life. Associations of individuals have turned to the soil and have attempted by arti_cial
means to achieve the ideal life. From Brook Farm on, failure has succeeded
failure—the result of oversubordination of the individual.
Now we are on the threshold of a new experiment in living. The National
Irrigation Act establishes private ownership within reasonable bounds, and a
wise, steady administration of the law as now enacted will achieve more for
the common good than socialism or communism have ever 'done or can ever
do. The settler on reclaimed lands will be assured of a competence, but dependent wholly upon his individual e_‘ort. But to get back to our rural settlements. About two years ago I visited the Roswell irrigation district, in
Western Idaho. The enjoyment of viewing a prosperous irrigation district is,
in a greatly intensi_ed degree, that of looking at a beautiful garden set in a
glorious landscape. Roswell is a tract of several thousand acres which less
than ten years ago was sage-brush desert. The transformation has been complete. The whole tract is reclaimed, and is divided into holdings, the average
size of which is far below 100 acres. The houses are new and tasteful, and
each stands surrounded by orchards, _owers and shrubs.
The holdings are so laid out as to border on a broad roadway. In the
midst is the church, a large graded school and the town hall. The houses lie
near enough so that neighbors are within call. The whole place has the air
and the appearance of a beautiful suburb. In the homes is re_nement and
hospitality. The interior surroundings are such as might be found in resi—
dences on the outskirts of any eastern city. Roswell is an ideal that may be
and should be realized in every community established under the National
Irrigation Act.
Given assured independence, healthful occupation, opportunities for culture and social life, and lives that are lived from cradle to grave under the
spell of sky, mountain and desert, and a new element has entered into national
life.
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GETTING COLONISTS.
C. E. WANTLAND, Kansas City.
“Getting Colonists” would seem to be an easy job to handle. But why do
we have to get them? Why don’t they come? Because they must be shown
that we have something to o_er better than the “other fellow” can alter, and
the “other fellow” is also after them.
In getting colonists for irrigated districts many subjects have to be considered, which colonization agents handling lands in rainfall districts do not
have to wrestle with.
Irrigated districts in the United States happen to be located at long
distances from the great centers of population. Railroad rates, climatic
conditions, State laws, the high prices which irrigated lands command, and
many other things have to be considered.
Colonization work in the West was affected when the railroad companies
of the country were prohibited from continuing pooling arrangements. This
prohibition forced the reorganization of traf_c associations, and the o_icers
' of western railroads have ever since been so crowded with difficult problems
pressing for immediate solution that colonization problems requiring great
attention and a long time for adjustment have not yet been settled upon the
broad basis which the importance of the work justi_es.
New settlers for the new districts of the West are wanted, and the im—
portance of the work is appreciated, but the con_icting interests in which
western railroad systems have been involved have made it very dif_cult to
separate colonization problems from the complications connected with regular
passenger business, and the tourist business to the Paci_c Coast ‘and the
resorts of the Rocky Mountain districts.
TO OFFSET THE CANADIAN ALLUREMENTS.
As against the dif_culties we have to contend with, and the many alluring
offers the people we seek have been and are receiving from the Southern dis—
tricts, and from the North—from the States of this country, as well as from
the vigorous work of Canadian land agents and the government of Canada.
we present the “sure crop” argument, because we make the rain and have
it come when it is needed. We present the “great crop” argument, because
under irrigation more grain, hay, fruit, etc., are produced per acre than in
the rainfall districts. We present the “good climate" argument, because in
the irrigation districts we _nd also the land of sunshine.
In irrigated districts we offer great inducements to all classes of homeseekers. We offer homes under favorable conditions, in a land where long
life is the rule, and where the poor man can _nd for himself and family the
independence they seek.
We offer the inducement of great pro_ts from land investments to the
men who are not _guring alone on establishing homes, but who want pro_ts
as well.
Intelligence is generally needed among settlers in districts in which laws
must be considered by all, and in which co-operation is necessary. A settler
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under an irrigation system must know something of the laws governing the
distribution of water and must co-operate with his neighbors in the admin—
istration of such laws. It is true that millions of dollars were lost in connection with irrigation investments in the early history of irrigation development, where money and energy were not backed by intelligence. It is also
true that marvelous pro_ts have been constantly made, and are still being
made, in irrigated lands, and we have no dif_culty in proving that the investor and the farmer can make money, and the homeseeker can _nd what.
he wants in the irrigated valleys of the West. They must use their brains,
and colonization agents must, be reliable and must tell the truth if they ex—
pect to keep on good terms with the railroads they work with and with the
people they locate.
CONFIDENCE GREW GREAT.
When Uncle Sam jumped into the irrigation ring, great con_dence was
given to all irrigation investments. The capitalist, the homeseeker and the
investor feel that if irrigation is a good thing for Uncle Sam, it is a good
thing for them, and they are coming West now with millions to invest.
Judicious advertising especially is necessary in presenting the attractions
of irrigated districts. Vigorous land agency work is essential. Each State
should have an immigration bureau to furnish information for homeseekers.
The government of the United States should publish statements showing the
resources and attractions of each district in which national irrigation works
are located. As the best use of the grazing districts of the West necessarily
have an effect upon the lands in the irrigated districts, the Congress of the
United States should put into effect some reasonable method for the control
of public grazing lands, in order that the present con_icts between the live
stock interests using public ranges shall cease and that each man on the pub—
lic domain shall be able to know just what he can do and how much he can
be allowed to use of Uncle Sam’s pasture for himself—free from any inter—
ference by his neighbor.
“Getting Colonists” is a subject which is too big to be handled in a few
minutes and it will pay all who are interested in the development of the West
to study well the many problems connected with the work of colonizing irrigated lands.
Intelligent work will prove to be satisfactory and pro_table. The homeseeker can _nd health and wealth in the Irrigation Empire.
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ORGANIZATION FOR IRRIGATION IN THE NORTHWEST.
A. W. HADLEY, Special Representative of The National Irrigation
Association. Spokane, Washington.
Mr. Chairman, ladies and gentlemen: It has been suggested to me to present the conditions found existing throughout the Northwestern States, where
I have been operating during the past year as special representative of the
National Irrigation Association. You will understand that in that section
of the country the subject of federal reclamation is practically a new one,
and you who are familiar with what has been going on would no doubt be
greatly surprised to see how dense the ignorance along these lines really is.
Prominent business men whose keen commercial foresight has established
highly enviable reputations for themselves in the communities where they have
labored for years are found to be most profoundly indifferent to the vital importance of the irrigation movement, and often absolutely refuse to consider
the matter under any conditions.
It is in the face of these di_iculties that the association has been prosecuting its campaign of education and bringing to the minds of the people the
important facts regarding the movement, by means of its press bureaus and
publications. Already composed of more than 2000 of the strongest commercial interests of the country, this organization has for several years been
gradually extending its in_uence on legislation and preparing the way for the
steady progress of government reclamation. No particular section of the
country is in fact more interested in this movement than another. The West
in a prosperous condition is of immediate bene_t to the East, and vice versa.
We find the factories of New England ready to extend their support because
they realize that an increased population in the West means that many more
people for them to furnish with clothing, hats, boots and shoes. Every fac—
tory wheel must turn that much faster and this increased activity means better markets for the cotton shippers of New Orleans, and in turn the cotton
producers of the interior.
HOME MARKET FOR MANUFACTURERS.
The manufacturer of Pittsburg expects to increase his output of steel rails
and farming implements, which fact in turn interests the great transit companies, the builders of lake—going freight boats and even the producers of
iron ore. Go to the iron regions and you will _nd thousands of laboring men
whose families must exist and in whose existence there thrives a host of
local retailers, jobbers, manufacturers and agriculturists. Do you see how
it is? Verily an endless chain. From the producer to the consumer, back
and forth; a continuous round of industrial activity in which we all, indi‘vidually and as a nation, must thrive and prosper.
The jobbing and manufacturing interests of St. Paul and Duluth have.
given every support to the national irrigation movement because of their
Dakota and Montana trade _elds. The grain handling and milling interests of
Minneapolis are of course desirous of a greatly increased productive acreage
in the Northwest and they are co-operating almost to a man. In several
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localities of the Dakotas erstwhile “faithfuls” are abandoning the deities of
rain and are now bowing a more fruitful allegiance to King Irrigation. Montana is showing considerable activity of late along these lines and a number of
water-users’ associations are being successfully formed.
Nothing stimulates mining like the development of local agricultural resources, and this, in turn, demands increased transportation facilities for both
of these great industries.
In Washington, the State which I am honored in representing at this Congress, there has recently been expressed more spontaneous, genuine'enthusiasm along irrigation lines than any section in which I have ever worked.
Let me give as an example the change that has come about in the so-called
“Inland Empire.” Not long ago so little importance was there credited to
the subject that the Chamber of Commerce of a certain city absolutely refused
to disseminate irrigation literature from its of_ces for fear their climatical
reputation for humidity might be injured abroad. The National Association
entered the _eld for an educational campaign and an interest was awakened,
with the result that a few weeks ago one hundred and _fty of the most promi—
nent business men in the city chartered a private train, and for three days
toured the irrigable portion of the State, parading with a brass band the streets
of twenty-six towns in the interests of an irrigation convention the week
following.
DEEP DUST BROUGHT IRRIGATION ENTHUSIASM.
It was my pleasure to accompany this excursion. In some places the dust
was three inches deep, but usually where it was the deepest our reception by
the assembled natives was the more cordial, the_band played louder and the
more cider, fruit and brotherly affection we absorbed into our systems.
We have recently completed the organization of a Northwest section of
the National Irrigation Association, which will eventually take in all Wash—_
ington and the northern part of Idaho. Permanent headquarters have been
established at Spokane, and the already lengthy membership roll is evidence
of a highly successful campaign. We will have at least one thousand active
members by next spring. As soon as the irrigable sections of the State are
thoroughly organized we will carry the work into the coast cities, including
Seattle and Tacoma. '
Although little irrigation interest is manifested as yet in the western portion of the State, the jobbing and manufacturing people are bound to derive
great bene_ts from their increased trade _elds. If the government expendi—
ture of $2,000,000 on the Palouse proj ect brings into cultivation 100,000 acres of
worthless land, thus creating 4000 new farms and an increased|population of
20,000 farmers, who will expend annually $2,000,000 for manufactured necessities, what will the possible expenditure of $60,000,000 eventually amount to?
These are not pipe dreams, gentlemen, but actual probabilities, and the present
generation will live to see the realization of them.
ONLY A STARTER.
In carrying on this work I am constantly asked why it is necessary to
create this sentiment now that the irrigation law has been passed and an avail-
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able reclamation fund is now a reality? Simply because our beginning is in its
veriest infancy—the passing of the law but the birth of the movement as it
were—and the present fund ($23,000,000) only the cornerstone of what must
come after. It is very much as if we were passing the kitchen door and .
accidentally caught a whiff of the feast being prepared therein.
Why, the entire fund can be used three times over in the State of Washington alone, and even then you would not have fully utilized the available
u ater nor exhausted the supply of irrigable land.
For another example, take Montana, where fully $200,000,000 can be spent
in putting the available water upon one—third of the lands suitable for irrigation.
What are you going to do? Will the good people of your respective States
accept the sums now set aside for the various projects and rest content for the
next score of years, or will they arouse from their lethargy and assist in creating a sentiment which, in its demands upon Congress for increased appro—
priations will prove irresistible?
Congress, so often looked upon as a huge piece of unwieldy public ma—
chinery, should be viewed in a different light. Picture it rather as a gigantic
mirror re_ecting the hearts and minds of the people, and according .to the
national distribution of population, about nine-tenths of that re_ection emanating from the eastern half of the United States. This, then, will be the
proposition for congressional aid. One-tenth, or the West, petitioning the
other nine-tenths, or the East. Do you think you will be abl'e to get it upon
the bare assertion that it is necessary to the welfare of Western development? Certainly you will not. The Eastern congressman has _sh of his
own to fry and his natural philanthropy is, as yet, a very uncertain quantity.
Go to them, however, with a cold business proposition and you will gain attention. Whisper to the “powers behind the throne,” or in other words, the great
commercial interests of the East, that west of the Mississippi valley there
are lying dormant and awaiting only “the man with the hoe,” natural resources
capable of supporting the entire population of the country to-day._
SHOULD BE AN EFFECTIVE APPEAL.
Picture to their commercial minds the millions upon millions of acres
wrested from their bonds of aridity, transformed and supporting a dense and
prospering agricultural population. Sound the notes of commercial conquest
and you will have struck the chord of the Eastern heart. It was this appeal
that _nally passed the irrigation law in 1902, and it will need but a similar
e_‘ort to secure the additional funds soon to be needed.
Now this is exactly what the National Irrigation Association is and has
been doing. Not only are we enlisting the e_‘orts of the East, but by bringing the facts before the people of the West a sentiment is being created to—
ward the same end.
Allow me to say in closing that the most appalling obstacle in the whole
plan is our present system of land laws. Not that these laws have not been
of certain bene_t to Western development, but that they have outlived their
term of usefulness and are now but retarding the irrigation movement, and
in fact actually threatening the life of it.
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THERE IS SENTIMENT AGAINST THEM.
The most emphatic demand that the East makes is for a reconstruction
of land legislation, or in other words, the repeal of the Stone and Timber, and
Desert Land Acts and the commutable portion of the Homestead Law. The
East wants trade _eld and homes on the land. It wants this money spent for
the bene_t of expansion of internal trade and not to enrich speculating corporations and a few wealthy individuals whose only ambitions are to absorb
vast areas of public domain.
.Provided it is legal for these great tracts of land to pass into private
ownership for future speculative purposes, is it just and to the welfare and
prosperity of the nation when that same land might be supporting in contented
independence hundreds of thousands of poverty stricken men, women and‘
children now struggling for a miserable livelihood in our congested Eastern
cities? Is it right that the scarred remnants of our great timber resources
should continue to be exposed to the ravages of _re and the devastating methods of present day lumbering, when upon their preservation depends the future
succes.~ of this whole irrigation movement as a means of water supply? These
are some of the questions which the National Irrigation Association is endeavoring to solve in the minds of the American people to-day, and they are
questions which you will be called to pass upon before this convention closes.
If you, as delegates to this Congress are here for the purpose of furthering the
prosperity of the localities which you represent, if you are working in the
cause of humanity and the upbuilding of the nation, then take unto yourselves the true spirit of the irrigation'movement, the greatest good to the
greatest number, and proceed to crown the achievements of the 12th Irrigation Congress in the way you should have crowned them at Ogden, Utah, in
1903.

Section Climatology.
CHAIRMAN: H. E. WILLIAMS,
Assistant Chief U. S. Weather Bureau, Washington, D. C.
Sessions were held on the morning and afternoon of November 16th, and
on the morning of November 17th. A set of charts, consisting of twenty-six
different maps, illustrating the climatology of the United States, was displayed on the walls of the room and a large number of Weather Bureau publications were distributed to the delegates and visitors.
The following papers, read before the section, are published in the Pro—
ceedings of the Congress. A number of other excellent papers were read,
but owing to lack of space, they were unavoidably omitted from the published proceedings:
1. “Wet and Dry Seasons in California and Arizona.” Prof. Alexander
G. McAdie, U. S. Weather Bureau, San Francisco, Cal.
2. “Snowfall in the Mountain Districts in the Arid Regions and its Relations to Irrigation.” Mr. F. H. Brandenburg, District Forecaster, U. S.
Weather Bureau, Denver, Col.
3. “Periodic Variation of Rainfall in the Arid Regions.” Mr. W. B.
Stockman, Chief of Records Division, U.- S. Weather Bureau, Washington,
D. C.
4. “Evaporation Observations in the United States.” Mr. H. H. Kimball,
Librarian and Climatologist, U. S. Weather Bureau, Washington, D. C.
5. “Seasonal Precipitation in the Arid Regions as Related to Plant
Life and the Growth of Crops.” Mr. C. E. Linney, Section Director, U. S..
Weather Bureau, Santa Fe, N. Mex.
6. “A Climatological Dictionary for the United States.” Prof. A. J.
Henry, U. 5. Weather Bureau, Washington, D. C. '
7. “Long-Range Weather Forecasts.” Prof. E. B. Garriott, U. S.
Weather Bureau, Washington, D. C.
8. “Distribution of Rainfall in Texas.” Mr. W. H. Alexander, U. S.
Weather Bureau, Galveston, Tex.
9. “Work of the Rain—makers in the Arid Regions.” Mr. G. E. Franklin,
Local Forecaster, U. S. Weather Bureau, Los Angeles, Cal.
10. “The Collection and Dissemination of Climatological Data and
Weather Forecasts.” Mr. James Berry, Chief of Climate and Crop Division,
U. S. Weather Bureau Of_ce, Washington, D. C.

388 Of_cial Proceedings of the
WET AND DRY SEASONS IN CALIFORNIA AND ARIZONA.
PROFESSOR ALEXANDER G. MCADIE, U. S. Weather Bureau, San Francisco,
California.
The country mentioned above has been somewhat poetically called “The
Land of' Little Rain,” but to one traveling in this section during the months
of August and September of the current year the characterization given must
have seemed out of keeping with the general appearance of the soil. Probably
not within recorded history have such heavy and frequent rains been reported; day after day throughout the so—called arid region, especially in the
mountains, thunderstorms, cloudbursts, or washouts occurred. The rain,
sometimes falling at a rate of an inch an hour, washed the soft surface soil.
Every mountain peak [seemed to be an energetic water-vapor condenser. As
there is little or no forest covering, brush or grass to hold back the _ow—the
run-off was both rapid and destructive. All transportation companies doing
business in southeastern California, Arizona, New Mexico, Utah and C010—
rado, underwent an experience in repairing washed out roadbeds, weakened
bridges, etc., which will long be remembered. Nothing seemed able to withstand the onslaught of the water, moving with considerable velocity and
loaded with detritus. Every little water-course was a source of danger to
travel.
Naturally the season has been compared with previous wet seasons, and
one hears on every hand tales from memory concerning damage and high
water marks of previous years.
Without further delay let us agree upon the fact that seasons differ, that
there are well marked wet and dry periods and that if it were possible to‘
forecast (upon a scienti_c basis of course) the general character of an impending season, the achievement would be one of immeasurable value to all
who live in the Southwest. The farmer would know in advance whether to
sow or not; the merchant could discount the probable volume of trade, the
stockman estimate the probable feed on the ranges and stock accordingly, the
engineer plan ahead for needed power; and every man in his own way turn
Ito account this fore-knowledge of the seasonal condition.
CAUSES UNKNOWN WHICH PRODUCE VARIATIONS.
Causes there must be for these marked variations in seasons, and causes
which we believe will yet be understood by man; but not yet are these known.
I: is easy to fancy that periodicities exist. and it is most natural to correlate
seasons which seem to be similar and assume that there will be similar sequences. But to the sane and dispassionate investigator the records of years
show chie_y wet seasons sometimes followingwet seasons, sometimes dry
seasons, seasons beginning with early rains and promising much only to
prove disappointing. Dry periods will occur most unexpectedly—sometimes
in the heart of a wet season—and in brief no periodic law appears to exist.
Our records in California are exceedingly valuable as at several points these
now cover a period of _fty—_ve years. The rainfall data are strictly comparable, the instruments and methods used having been reduced to present
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standards. Tables showing the rainfalls for every day for _fty-_ve years
have been prepared; and from these in turn the wet and dry winter months
have been collected, grouped and studied. Abnormal rainfalls have been compared with normal conditions; but there appears to be no apparent periodicity
either in frequency or intensity.
It is well to explain that we consider the number of rainy days in a wet
season, as well as the amount of rainfall. It makes a great difference in the
character of the season whether the rain falls in a few heavy showers or is
distributed throughout a long period. The effect upon crops, for example,
is evident. I
NO REGULAR SEQUENCE OF WET AND DRY SEASONS.
Considering then, both frequency and intensity, we _nd that there appears
to be no regular sequence of wet and dry seasons, nor may we even assume
that a season with marked dry or wet characteristics at its beginning will
necessarily continue so to the close. We have, however, been able to detect
a general relation between the permanent pressure movements and the general
character of the seasons. During wet winters the Continental High is displaced well to the east of the Rocky Mountains, while the North Paci_c Low
extends well inland, overshadowing western Washington. An example of this
is the .chart for February, 1902. There were no pressure readings in early
years; but so marked is the relation that we can feel reasonably sure that
January, 1862, 1866, 1869, 1878; February, 1854, 1857, 1878, 1887; and December, 1852, 1866, 1867, 1871, 1880, 1889, were months of similar pressure distribution. Such a distribution is favorable for frequent southerly winds, of
rather high velocity. Thisis a rain-bearing wind, and the angles of inclination of _ow of the low air to the mountains are such as to favor slow, uplifting, cooling, and condensation. The dry type is shown in January, 1904.
The reason why it does not rain under such a distribution is the steady,
slow drift of the lower air, outward from the high; that is, from the northwest. This air can have but little vapor content and moreover passes down
the western slope of the Sierra, being probably still further dried. This, then,
is the type for January, 1851, 1852, 1889, 1891, 1902, 1904; February, 1851,
1852, 1856, 1864, 1875, 1885, 1886, 1888, 1889,1896, 1900; December, 1854, 1865
1874, 1876. 1883, 1901, 1903.
The difference between the air movement 'in wet and dry seasons is
shown by the series of maps herewith. We are interested chie_y in the
movement of the lower air; but as it is advisable to know also the air _ow at
higher levels charts showing the isobars for 3500 feet and 10,000 feet are also
given.
The present year serves as an excellent example of the difference between
wet and dry conditions. January was dry, February wet. Why should
January be dry? Chart 4 shows the isobars and isotherms at sea level and
resultant surface winds for January. On such a map we expect a minimum
rainfall in southern California, Nevada, Utah and Arizona. This was the
case. The isobars at 3500 feet indicate a westerly drift, and at 10,000 feet,
a general southwest drift. February (chart 8) shows a southerly surface
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drift, and chart 9 compared with chart 5 shows the great difference in rainfall resulting. Chart 10 compared with chart 6 shows more plainly the dif—
ference in air circulation. The contrast is brought out in a more striking
way by chart 11. It is plain, then, that the swinging of the great pressure
belts north and south either causes or coincides with storm movement and
intensity of rainfall. But what causes the swinging of the pressure areas?
And are the movements progressive? These are the great questions waiting
solution; and when they are solved, then the forecasting of the seasons will be
established on a proper basis. The trend of modern scienti_c investigation
is to correlate these pressure movements. Hann’s studies covering _fty years
of European rainfall records indicate that the great pressure areas vary inversely. A striking illustration of this is that the winter temperature of
northwestern Europe rises when the great “low” over Iceland is unusually
deep and conversely there is cooler weather in Europe when the same “low”
is _at.
ADVANTAGES OF A WORLD’S WEATHER SERVICE.
The meterologists of India are keenly alive to the importance of a foreknowledge of the breaking of the Southwest Monsoon in May; and we in
California, although better able to undergo periods of de_cient rainfall, may
well study the pressure swings over the North Paci_c and the seasonal conditions in Japan for January, February, March and April. And some day, let
us hope, the Weather Services of the world will interchange reports, and the
procession of “highs” and “lows” around the girdle of the earth be thus closely
followed. The forecasters along the line will foresee conditions favoring
stagnation or, on the other hand, unusual activity.
Prominence has been given in this paper to the winter rains of the South—
west. The other type of rain, that of the summer months, can be also thus in—
vestigated. The Mexican, or Sonora rains, are found to occur in excess under
certain pressure anomalies. The present season showed a well marked barometric minimum stretching from the country between the Colorado and Rio
Grande northeastward to the Missouri. Into this sink there was a steady
indraft of southerly moisture—laden air. The mountains acted energetically to
condense the vapor.
Under such conditions an individual disturbance such as developed over
the Southwest on September 26, 1904, may last for several days and be accompanied by phenomenally heavy rain. The rains from September 26th to
30th of the present year will long be remembered in the Southwest, causing as
they did the most extensive and destructive _oods in its history. El Paso,
for example, had a rainfall of 3.50 inches, or 2.39 inches above the normal;
Kent, 6 inches, or 4 inches above the normal; Fort Davis, 7.86 inches, or 4.65
inches above the normal; Santa Fe, 5.37 inches, or 3.89 inches above the
normal; Las Vegas, 6.07 inches, or 3.90 inches above the normal; Raton, 7.38
inches, or 6.49 inches above the normal. The normal annual rainfall over a
large part of the area in question varies from 10 to 15 inches. During the one
month of September from 4 to 6 inches of rain fell. It would be hard to _nd
a more striking illustration of abnormality in seasonal rainfall.
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THE SNOWFALL IN THE MOUNTAIN DISTRICTS OF THE
ARID REGION AND ITS RELATION TO IRRIGATION.
F. H. BRANDENBURG, District Forecaster, U. S. Weather Bureau, Denver Colo.
For some years the kindred subjects of forestry and irrigation have over—
shadowed in importance all other public questions in the so-called arid and
semi-arid regions of the United States. From matters of strictly local con~
cern, they have developed into subjects of national importance, and with
national importance has come national aid. For several years the best available talent, practical and technical, has been devoted to the discovery and
application of ways and means for the development of the one and the pro—
motion of the other, until mere hopes have become theories, and these theories,
have in turn become practical and visible certainties; so that our attention
is- no longer concerned with a demonstration of the needs and desirability of
irrigation and forestry, but with the location of reservoirs, canals and ditches,
and the actual restoration and preservation of our forests.
As recently said by President Roosevelt, “None of our internal policies will
be of more consequence to the future of the country during the next few
decades than this matter of irrigation.”
The value of arti_cial aid in the raising of crops by irrigation was early
recognized, though its origin is lost in antiquity. Prof. Gipps, in a paper read
in 1887 before the Royal Society of New South Wales, stated that the earliest
known reservoir was constructed 2084 B. C., to regulate the inundations of
.the Nile. In this hemisphere, evidences of the use of irrigation canals and
ditches by an earlier civilization are still visible in Colorado, New Mexico,
Arizona, old Mexico and South America.
The necessity of reservoirs and the construction of such reservoirs and
canals, presupposes the existence of a water supply, and this supply is natu—
rally traced ultimately either to rain or to snowfall. Of these two sources
of supply, it is the latter, in its relation to irrigation, that we intend to dis—
cuss in this paper.
In the arid region of the United States, rainfall is irregular and uncertain,
while the amount thereof varies greatly even in the same section. The fall
of snow in the higher altitudes, though also varying greatly, nevertheless is
more certain and less variable than the rainfall. At times the rainfall is so.
heavy and the run-off, since the denuding of the ranges, is so rapid, as to
produce _oods, with consequent destruction of life and property. Except in
localities where forests, the natural reservoirs of the snowfall in high altitudes, have been destroyed, the result of heavy snowfall is more bene_cient,
the _ow therefrom more easily controlled, and, within irrigated areas, is accordingly productive of better results than the _ow from heavy rainfall. No
scheme of irrigation in the western part of the United States can therefore
be successfully established and maintained, without an intimate knowledge
and accurate understanding of the extent of the snowfall in the regions in
which the rivers and smaller streams furnishing the supply have their sources.
The best available records for the ascertainment of this necessary information
(22)

392 Of_cial Proceedings of the
are those kept by the Weather Bureau. It is from its records of 137 highest
stations, many of which records cover a peroid of ten years, that the data
now presented have been compiled.
IRRIGATION SOURCES FORMED AT GREAT ALTITUDES.
In the arid regions proper, the streams that afford the principal sources
of supply for irrigation rise along the Continental Divide and the parallel
ranges to the west, or among their spurs. The snowfall of value as a source
of supply for irrigation during summer may safely be limited to areas in
excess of 7000 feet in altitude. The area of territory above 7000 feet in altitude, embraced in the States and Territories of Idaho, Nevada, Utah, Arizona,
New Mexico and Colorado, is 112,426 square miles. California, partly arid,
has 6246 square miles.
In the study of snowfall in relation to irrigation, it would seem that the
ascertainment of the seasonal snowfall should prove of greater value than
data as to the snowfall for the calendar year. The averages now presented
are, for that reason, the seasonal averages. In Colorado the average for the
area between 6000 and 7000 feet is 54 inches; between 7000 and 8000 feet, 58'
inches; for the next thousand, the amount is 121 inches, while for the next
1000 feet there is an increase, but not so marked, the value being 145 inches.
In Wyoming between 6000 and 7000 feet the average is 40 inches; between
7000 and 8000 feet, 57 inches; and practically double that value, or 110 inches,
between 8000 and 9000 feet. Beginning with the area between 6000 and 7000
feet and taking succeeding elevations of 1000 feet, the values for New Mexico
are 19 inches, 40, 50, and 76 inches respectively, the last being for the area'
between 9000 and 10,000 feet. In Nevada, for the area between 6000 and 7000
feet, the records of a large number of stations give an average of 72 inches;
for highcr'altitudes the data\are insuf_cient, but the snowfall is doubtless
greater. The same is true of the higher altitudes in Utah, though the records
of many stations in that State are available for 6000 to 7000 feet and 7000 to
8000 feet, the values being 56 inches and 41 inches respectively. For Idaho,
Montana and Arizona, data are available only for 6000 to 7000 feet. In Idaho
the average is 103 inches, in Montana 42 inches, and in Arizona 46 inches.
For the the entire area above 6000 feet in Colorado the average for the driest
season is 64 inches, while for the wettest the average is 150 inches.
In Wyoming it is 55 inches for the driest as against an average of 99 inches
for the wettest. In New Mexico the extremes are 26 inches and 69 inches;
Nevada, 33 inches and 101 inches; Utah, 16 and 84 inches; and for 6000 to
7000 feet the extremes are: in Montana, 29 and 72 inches; Idaho, 60 and 160
inches; Arizona, 20 and 86 inches.
In view of the variations in the amounts of snowfall of different seasons,
as just shown, it is manifest that irrigation interests are much concerned as
to the minimum and maximum amounts that may be expected during a season. The greatest seasonal amounts of snowfall within the arid States,
shown by the records, are as follows; Montana, at Butte, altitude, 5728 feet,
94 inches; New Mexico, at Chama, altitude 7862 feet, 148 inches; Utah, at
Park City, altitude 6846 feet, 195 inches; Arizona, at Flagstaff, altitude 6907
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feet, 208 inches; Wyoming, at Battle, altitude 9916 feet, 246 inches; Idaho,
a: Atlanta, altitude 7000 feet, 318 inches; Colorado, at Ruby, altitude 10,000
feet, 644 inches; and Nevada, at Fordyce Dam, altitude 6500 feet, 1067 inches,
the minimum record at this place in ten seasons being 198 inches.
During December and January the snowfall is light along the eastern slope
of the Continental Divide, and it is not uncommon for almost all the snow
that falls earlier in the season to melt or evaporate under the in_uence of the
warm chinook winds that prevail during these months. April, May and June
are exceedingly dry in southern New Mexico and throughout Arizona, while
July is a dry month in northern Utah; in Nevada, the dry period extends
throughout July, August and September.
HEAVY SNOWS ON THE CONTINENTAL DIVIDE.
On the western slope of the Continental Divide, February, March and April
bring heavy snows, while in the Paci_c States heavy snows on the mountain
ranges are generally persistent from December to March.
Agricultural 'operations are most successful at altitudes below 6000 feet,
with the possible exception of localities where low latitude offsets to some
extent the in_uence of altitude. Such operations are, therefore, carried on
in regions more or less remotely removed from the larger and more reliable sources of supply. The area between the agricultural districts and the
higher altitude, being of a merely moderate elevation, where the snow is often
melted soon after falling and almost certainly with the approach of warm
weather, does not yield a large or constant supply. It is therefore manifest
that the regions contributing most largely to the water supply by the melting
of snow are to be found at higher altitudes, the region between 8000 and
11,000 feet being the principal source. It is true that snow falls oftener and
to a greater amount above timber line, but this area is relatively .very small,
and being without protection from the sun and winds, a considerable proportion disappears without a corresponding increase in the water supply,
while between 8000 and 11,000 feet the protection afforded by the timber not
only lessens the melting as a result of the direct rays of the sun, but also
partially lessens the wind movement and consequently the loss by ‘evaporation.
Though stimulating evaporation, the bene_cial effect of the high winds of
winter and spring must not be underestimated. Above timber line, where
there is an unobstructed wind movement, large areas are often swept bare,
before the snow melts or evaporates, the winds carrying the new snow to the
gulches and timber, where it is heaped up in immense drifts, or reservoirs,
which release the supply gradually, as melting occurs. The packing done
by strong winds is also a valuable help in prolonging the _ow, and light falls
of snow, which at low altitudes melt or evaporate quickly without any re—
sultant bene_t, are not lost at high altitudes, but being swept and packed into
some sheltered spot contribute to the general _ow with the coming of high
temperatures.
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LARGE STREAMS NOT THE BEST IRRIGATORS.
The large streams, with a few exceptions, are not the main reliance of
irrigation interests; this is especially true of the streams west of the Continental Divide, where the channels as a rule have been deeply eroded. Small
streams on the other hand are more readily utilized, since the expense of
diverting the _ow is relatively small, though, as a rule, such streams drain
small areas, and except at altitudes too high for successful farming, a_ord
water for irrigation only during the _rst half of the crop—growing season,
leaving the latter half of the season oftener than not with a scanty _ow, and
as a result crops suffer unless the natural _ow is supplemented by _ow from
reservoirs or occasional rainfall.
The supply of water from melting snow is generally greatest during the
middle of June, the time of the maximum _ow being dependent on the temperature conditions, the absence of abnormally warm weather in the mountains
during the _rst half of the season being a desirable factor in prolonging the
_ow.
Quickly following the June rise, the supply from melting snow falls off
rapidly, as by that time the snow has disappeared from moderate altitudes
and exposed localities at higher altitudes. Such _ow as comes thereafter is
from spring seepage and the gradual melting of the large and solidi_ed snowdrifts of the early winter remaining in the gulches and in the neighborhood
of the timber line. The _ow from these sources is naturally small, but occasionally a large volume due to local downpours helps the situation.
NECESSITY FOR RESERVOIRS.
Statistics show that the irrigated area has doubled during the last 10 years.
At the same time it is clear, in a general sense, that the limit of possible irrigation without reservoirs has been reached. It is also true that included
within the area now classed as under irrigation there is considerable land
for which the supply of water is neither regular nor adequate. The construction of reservoirs, therefore, would result, not merely in the extension of the
irrigated area, but in making far more valuable much of the area at present
classed as under irrigation.
We therefore conclude the information given demonstrates the necessity,
_rst, and as of paramount importance, of the preservation of the forests. the
restoration of denuded districts, and the prevention of the use of forests in
any way calculated to lessen the natural protection to the snow afforded by
them and by the vegetation throughout them; secondly, because of the irregularity in the times of melting, and in the variation of the volume of _ow
therefrom, the necessity for the construction of reservoirs to conserve the
supply of water from melting snow in times of excess _ow and its distribution as the needs of agriculture may require“
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PERIODIC VARIATION OF RAINFALL IN THE ARID
REGION. '
W. B. STOCKMAN, U. S. Weather Bureau, Washington, D. C.
In the preparation of this paper it was not the intention to tabulate all
available precipitation data, but to compile them for a few stations in each
State, and selected so as to best show the average conditions that have obtained generally over the State and region—due consideration also being
given to length and continuity of rEcord, and altitude of station.
In the compilation breaks were found in the continuity of the records
from many stations, and from a number of them no record of precipitation
from snowfall was obtainable.
Due to the fact that differences in altitude and local topographical features
cause dissimilar conditions, or different amounts of precipitation at stations
contiguous to each other, and also to the occasional occurrence of torrential
rains (so—called cloudbursts), generally over a limited territory, no effort was
made to pad or _ll out the missing data from the records of some nearby
station, but to present the data as they were recorded, except in the case of
a very few stations whose contiguity and topographical features are such as
to render the belief that like conditions prevailed at both stations almost
a certainty. The most distant stations, whose records were thus combined,
were Fort Elliott and Amarillo, Texas.
* * 2a: * 2r *
In the following discussion regarding the distribution and amount of precipitation over the portions of States and Territories under consideration, it
is: desired to emphasize the fact that deductions are drawn only from the data
that were tabulated therewith, and these stations lie between the 96th degree
of longitude and the central portions of Washington, Oregon, and California.
The relatively small average annual precipitation in the Dakotas is due to
their distance from the four sources of moisture of the country—the Paci_c
Ocean, Gulf of Mexico, Great Lakes, and Atlantic Ocean. Although the
States lie in the path of practically all the storms from the Paci_c Ocean
that cross the Rockies, the greater portion of the moisture brought from the
Paci_c has been precipitated upon the various mountain chains crossed, and
the other three of the sources of moisture are so far distant that the center
of the disturbance has passed before much of the moisture borne in the
southerly and easterly winds is released, and the winds again change to dry
northerly and westerly.
RAINY PERIOD FAVORS THE DAKOTA FARMER.
For agricultural purposes the monthly distribution of precipitation is
favorable, as the maximum monthly averages occur generally from May to
August, inclusive, with fair amounts in April and September in North Dakota; and in South Dakota from April to August, inclusive, with fair amounts
in March and in the eastern portion of the State in September. In North
Dakota and eastern South Dakota the minimum averages occur in the months
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November to February, inclusive, and in western South Dakota from September to February, inclusive.
Nebraska obtains its precipitation from the same sources as the Dakotas,
but on account of being nearer the Gulf of Mexico—the main source of supply—the averages, as a rule, are greater than in the Dakotas.
The distribution for crop needs is very favorable, the maximum occurring generally over the State from April to August, inclusive, and in the
eastern portion over September. The minimum occurs generally from November to February, inclusive, beginning somewhat earlier in the fall, and
continuing somewhat later in the spring, in the western portion. As is the
case in the Dakotas the average amounts decrease from eastward to westward.
KANSAS WATERED BY GULF OF MEXICO.
Kansas, as well as Oklahoma and Texas, receives most of its precipita—
tion from the moisture-laden winds from the Gulf of Mexico. In Kansas the
maximum monthly amounts occur during the growing season, from April to
September, inclusive, generally over the State, and the minimum amounts
from November to March, inclusive.
The precipitation is greater in Oklahoma than in Kansas with a monthly
average of more than two inches in the months from April to October, inclusive. The minimum occurs from November to February, inclusive, and is
generally over one inch per month.
The season of maximum rainfall in Texas varies a good deal, and the
amounts diminish from the Gulf of Mexico northward, and from the eastern
portion of the State westward. In the eastern and northwestern portions it
occurs generally from May to September, inclusive; occasionally stations
show an earlier beginning and a later ending of the periods, when the monthly
average amounts to more than two inches. At El Paso there is but one
month, July, when the average amounts to two inches. In this section the
rainy period may be considered to cover the months of July, August, and
September. Generally over the State the months with minimum amounts are
from November to March, inclusive, while in the southwestern portion the
rainy period continues into April, and at El Paso into June.
The conditions in southwestern Texas differ from those in the region already discussed, and should be classed with the next tier of States to be considered—Montana southward to the Mexican border—and over which area
less moisture is received from the Gulf of Mexico, consequently the average
monthly and annual amounts of precipitation are less than in the region to
the eastward.
In Montana there is but one station that shows a monthly average of two
inches, or more, other than in May and June. Havre has an average of two
inches, or more, in July also. At Ft. Shaw the greatest monthly average does
not equal two inches. At the majority of the stations the monthly average is
less than one inch from October to February, inclusive. In the southwestern
portion the minimum monthly amounts appear to occur at various seasons
from late summer to early spring.
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SMALL RAINFALL IN WYOMING.
There are few months with an average of two inches, or more, in Wyoming. In the eastern part of the State the greatest monthly amounts occur
from April to July, inclusive, and in the western portion somewhat earlier.
The minimum averages generally occur from October to March, inclusive,
except in the extreme southwestern portion where they appear to occur in the
summer and early fall.
In Colorado the months of greatest precipitation vary, being from April
to August, inclusive, in the central and eastern portions; in the fall and
winter season in the southwestern portion, and in the summer and early fall
in the west-central portion of the State. In the central and eastern portions
the least precipitation generally occurs between September and March, inclusive; in the late spring in the southwestern portion; and generally in the winter in the west-central portion, although the difference between the several
seasons is very slight.
MARKED VARIATION OF RAINFALL IN NEW MEXICO.
The difference in the average amounts of precipitation in New Mexico is
very marked. In the northeastern portion the months of greatest precipitation are from May to October, with a small average precipitation during the
remaining months. In the western portion the greatest precipitation is during
July, August and September, occasionally extending into October. In this
section also the average monthly amounts are small during the remainder of
the year.
The distribution of precipitation in Idaho is peculiar. Generally the maximum amounts occur from November to February, or March, inclusive, but
at several stations it continues into May,‘ and at others into June. The
months of least precipitation generally are July, August, and September, in
some localities beginning with June, and in others extending into October,
but the lack of stations and the entire want of records from some sections
render any satisfactory deductions impracticable.
In Utah the average monthly amounts also are variable, and the distribution over the several portions of the State throughout the year dissimilar.
In the eastern portion the greatest amounts generally occur in the months of
July, August, and September, and over the central and western portions
generally from October to May, inclusive, except in the southwestern portion
where the season does not appear to be so long.
YUMA IS PRETTY DRY.
Arizona appears to have two rather well de_ned periods of maxima and
minima monthly amounts, and generally the maximum occurs during July,
August, and September, and December, January, and February. In the western portion of the Territory, especially the southwestern portion, the average 7
annual amount is very small, and is but 2.65 inches at Yuma, which is considerably less than some of the average monthly amounts at several stations in
the southeastern portion of the Territory.
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In Nevada also the annual amounts differ considerably and are least in the
western portion of the State.. The northern portion has somewhat larger
averages than the eastern, but considerably less than the southeastern portion. The months of greatest precipitation are from December to March,
inclusive, and at some stations extending into April and May.
A COUNTRY OF RAINY SEASONS.
In Washington there is a well—de_ned rainy season which begins in September and continues into June in the eastern portion, as it also does in sections of the west-central portion. In the northwestern section the rainy sea—
son appears to be from November to February, inclusive.
In Oregon a well-de_ned rainy season obtains and continues generally
from November to June, inclusive, and in portions of both the eastern and
western sections begins in October.
California’s precipitation varies greatly in amounts, ranging from 1.87
inches at Mammoth Tank to 81.66 inches at Upper Mattole. It also has wellde_ned rainy and dry seasons, the beginnings and endings of which very in
different portions of the State, the rainy season as a rule covering the period
from January to April. The least precipitation in the State occurs in the
southeastern portion.
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EVAPORATION OBSERVATIONS IN TEE UNITED STATES.
H. H. KIMBALL, Librarian and Climatologist, U. S. Weather Bureau.
It is important that irrigation engineers should know not only the rainfall,
but also the evaporation over any given region. Unfortunately, the measure—
ment of evaporation presents many more difficulties than the measurement of
precipitation. In fact, the rate of evaporation from land surfaces depends
upon so many different elements that it can be treated only in the most
general manner. Thus, it has been shown that the evaporation from saturated
soil covered with growing plants is greater than from a water surface, but
becomes less when the level of complete saturation falls a few inches below
the soil surface, and continually diminishes as this level recedes to increasing
depths. Also, the evaporation from a forest of evergreen trees is greater
than from a forest of leafy trees; from the latter it is greater than from grass,
from which in turn it is greater than from bare soil. The composition of the
soil has its effect upon the rate of evaporation, and so also has the state of
cultivation. Furthermore, the rate of evaporation from any surface has been
found to vary with its temperature, with the quantity of moisture in the air,
and with the wind velocity.
Even if we were able to determine the exact relation between each of these
elements and evaporation, we see at once how hopeless it would be to undertake to compute accurately the evaporation over any very extensive region of
land surface. It is therefore customary to deduct the run-off from the rainfall over a watershed, and to attribute the difference to evaporation. This
has been done by Mr. George W. Rafter in Water Supply and Irrigation
Papers No. 80, U. S. Geological Survey, for twelve drainage basins in the
eastern part of the United States, as follows:
i533? Rainfall. Run-off. Eggs”1. Muskingum River, Ohio ..... 1888—1895 39.7 13.1 26.6
2. Genesee River, N. Y ......... 1890—1898 40.3 14.2 26.1
3. Croton River, N. Y. . .. ... . 1877—1899 49.4 22.8 26.6
4. Lake Cochituate, Mass ........ 1863—1900 47.1 20.3 26.8
5. Sudbury River, Mass ......... 1875—1900 46.1 22.6 23.5
6. Mystic Lake, Mass. ......... 1878—1895 44.1 20.0 24.1
7. Neshaminy Creek, Pa ....... 1884—1899 47.6 23.1 24.5
8. Perkiomen Creek, Pa ......... 1884—1899 48.0 1 23.6 24.4
9. Tohickon Creek, Pa ......... 1884—1898 50.1 28.4 21.7
10. Hudson River, N. Y .......... 1888—1901 44.2 23.3 20.9
11. Pequannock River ........... 1891—1899 46.8 26.8 20.0
12. Connecticut River ........... 1872—1885 43.0 22.0 21.0
The rainfall and run-off have been computed for many other watersheds
in the United States, particularly in California, where the run-off is a much
smaller percentage of the rainfall than in the eastern States.
As a practical problem in irrigation, however, the evaporation from water
surfaces is of more importance than the evaporation from land surfaces. The
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engineer will naturally determine his water supply, not from the annual precipitation, but from the run-off of available streams. Having determined
this, the question of losses becomes important, and if storage basins are of
considerable area the loss by evaporation in a dry climate becomes very
serious, having been estimated to be as much as 30 to 50 per cent of the
amount stored in some cases.
Fortunately, the determination of the evaporation from a water surface
presents fewer dif_culties than the evaporation from land surfaces. Generally
speaking, the determination may be made by two quite different methods; (1)
by direct measurements from properly exposed water surfaces, and (2) by
computations based upon the temperature of the water surface and the value of
certain meterological elements. With proper attention to exposure, direct
measurements of evaporation from water surfaces should give the more reliable results. Unfortunately, proper exposure is not always practicable, and
it is therefore necessary to consider the character of the exposure in connection with each series of evaporation experiments, and in some cases to
apply a correction before the results will fairly represent the evaporation
from a reservoir or a lake.
One of the most exhaustive series of evaporation experiments in the United
States was conducted by Mr. Desmond Fitzgerald,1 between the years 1876
and 1886, in connection with the reservoirs of the Boston water works. He
not only measured the evaporation directly by means of tanks _oating on the
surface of reservoirs, some of them arranged to record automatically the rate
of evaporation, but he also conducted elaborate experiments to determine the
relation between the rate of evaporation, the temperature of the water surface, the temperature of the air, the amount of moistufe in the air, and the
movement of the air.
He found that the rate of evaporation depended upon three elements: The
vapor pressure corresponding to the temperature of the surface of the water,
the vapor pressure corresponding to the dew point of the atmosphere, and
the velocity of the wind. _
Representing by E the evaporation in inches per hour from a water surface, by e,a the vapor pressure in inches corresponding to the surface temperature of the water, by ed the vapor pressure corresponding to the dew
point of the atmosphere, and by 1" the wind velocity in miles per hour, he
obtained
(E20.0166[es—ed] (1 +. y]
2
as the equation for the hourly rate of evaporation. This equation he found
to hold good for an ice surface as well as for a water surface, in the shade as
well as in sunshine, and by night as well as by day.
Measurements of evaporation from the water in a tank three feet cube, the
top _ush with the surface of the ground, have been made since 1887 at Fort
Collins, Colo.,2 under the direction of Professor L. G. Carpenter. The tem1)—Transactions of the American Society of Civil Engineers. Vol.15, p. 581.
2)—See Annual Reports of the Agricultural Experiment Station, Fort Collins. Colo.
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perature of the water in the tank was found to be lower than the temperature
of the water in reservoirs and lakes in the. vicinity, and in consequence the
evaporation was less. Fitzgerald3 notes a like de_ciency in temperature and
evaporation in connection with tanks set in the ground near Croton reservoir,
N. Y.; but at Lakeport, and Kingsbury Bridge, Cal., the temperature and the
evaporation as measured in a tank set in the ground were found to ekeeed
like measurements in tanks _oating in lakes. Since a great many measurements of evaporation have been made from tanks set in the ground, it is important that these discrepancies in water temperature and evaporation be
borne in mind. '
From his investigations in 1889 Professor Carpenter found that the daily
evaporation could be very accurately expressed by the equation
(E=O.3868 [es—ed] (1+0.0025W).
in which W represents the wind movement in 24 hours, the other symbols
having the same signi_cance as in Fitzgerald’s equation. Reduced to a like
period, the latter becomes ‘
(E=O.3984 [cg—ed] (1+0.0208W)
The agreement between the two is quite remarkable when we consider the
difference in the climatic conditions at the two stations. The difference in
the values of the co-ef_cient of W was attributed by Professor Carpenter to
the fact that Fitzgerald measured the wind velocity at the surface of the
. water, while Carpenter’s wind velocities were obtained from an anemometer
on the roof of the college building- '
Subsequent observations served to con_rm the accuracy of his formula,
and after ten years, by means of comparative readings between his standard
tank and tanks _oated on water surfaces, he computed the average annual
evaporation from a free water surface at Fort Collins to be 59.5 inches instead
of 46.3 inches as he had measured it.
In 1887 and 1888 Professor T. Russell,4 of the U. 5. Signal Service, investigated the rate of evaporation in standard thermometer shelters by means
of observations with Piche evaporimeters. This instrument, as is well
known, consists of a glass tube about nine inches long and 0.4 inch internal diameter, hermetically sealed at the top. Over the bottom is placed a
disk of porous paper, which is held in position by a copper disk pressed
against the open end of the tube by a suitable spring attachment. Capillary
action keeps the paper moist. Its exposed area is known, and the amount of
evaporation is determined by means of a scale etched on the side of the tube.
To determine the relation between the rate of evaporation from a Piche
evaporimeter and a water surface, Russell exposed two of the Piche instruments in a closed room in which were two open tin dishes _lled with water.
Both the Piche evaporimeters and the dishes were weighed at frequent intervals, and it was found that the Piche instruments evaporated 1.33 times as
fast as the open dishes. Eighteen Piche instruments were then exposed at
various Signal Service stations from May 31 to September 30, 1888, and the
3)—See Proceedings American Society of Civil Engineers, Vol. 15, p. 617.
4)—Monthly Weather Review, 1888, p. 235.
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observed quantity of evaporation was divided by 1.33 to reduce it to the evaporation from a water surface. By the method of least squares, the relation
between the rate of evaporation, the temperature of the evaporating surface,
and the amount of moisture in the air, was determined from observations
made during the month of June. The temperature of the evaporating surface
in this case was the same as that of the wet bulb thermometer, and the
monthly rate of evaporation was found to be quite accurately expressed by
the equation
E— 43.88 [63.7%] +1.96ew
"' B
in which cw is the vapor pressure in inches corresponding to the temperature
of the wet bulb thermometer, ed is the vapor pressure corresponding to the
dew-point of the atmosphere, and B the barometric pressure in inches. By
means of this formula Russell computed the monthly evaporation at 140 Signal Service stations from July, 1887, to June, 1888, inclusive, using the monthly
mean wet bulb and dew-point temperatures derived from tri-daily observations. From the data thus computed the accompanying chart showing “Lines
of equal annual depth of evaporation in inches" was prepared. Russell states
his belief that these _gures represent approximately the evaporation that
takes place from the surface of ponds, rivers, reservoirs, and lakes, in the
vicinity of Signal Service stations, basing his belief principally upon the results of evaporation experiments conducted under the direction of the Central Physical Observatory at St. Petersburg, from May to October, 1875, and
discussed by Ed. Stelling in Band VIII, No. 3, of Wild’s Repertorium fuer
Meteorologie, 1882. Stelling’s equation, however, is
(E=A [es—ed] (l—Bv)
which is identical in form with Fitzgerald’s, the symbols having the same
signi_cance. His constants were computed for the centigrade system, were
found to vary with the seasons, and are therefore not easily comparable with
Fitzgerald’s.
Russell’s formula, however, departs radically from those of Fitzgerald,
Carpenter and Stelling, in that it substitutes the vapor pressure corresponding
to the temperature of the wet bulb thermometer for the vapor pressure corresponding to the surface of the water, and adds a term depending upon this
same vapor pressure, dw, in place of the wind velocity term. This latter is
dropped, and the equation represents the evaporation with a wind velocity outside the shelter of 7.1 miles per hour, which was the average at the stations
where the Piche observations were being made, during June, 1887.
It is evident that this wind velocity will not apply to all parts of the
United States for all seasons of the year. Neither will it do to substitute the
temperature of the wet bulb thermometer for the temperature of the water
surface, the former being cooler than the latter. No doubt the additive term
containing dw compensates for this substitution in a measure, but we must
conclude that Russell’s formula does not rest upon as sound a physical basis
as does the formula of Stelling, Fitzgerald, and Carpenter. The term 3‘; was
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introduced on account of the wide variations in the value of B at the different
stations. It is unimportant when discussing the observations at a single
station. .
Upon the organization of the Irrigation Survey by the U. S. Geological
Survey in 1888, arrangements were made for measuring the evaporation at
several points in the arid regions of the United States. It was recpgnized
that the rate of evaporation depended upon the dryness of the air, the temperature of the water surface, and the velocity of the wind at the water surface. An effort was therefore made to measure the evaporation from a water
surface having the same temperature as the surface of lakes or reservoirs,
and exposed to the same wind velocity. To accomplish this galvanized iron
evaporating pans three feet square and 18 inches deep were _oated on the
surface of the body of water from which the evaporation was to be measured.
The pans were kept nearly full, with the surface of the water in them about
on a level with the water outside. The amount of evaporation was at _rst
measured by some sort of gauge, but later was determined from the amount
of water added to bring the surface to the top of a pin projecting from the
center of the pan. A record of the water temperature inside and outside the
pans was kept. Usually a .difference was noted, the inside temperature being
higher in the daytime and lower at night. The average is, however, about
the same in each. It is not probable that the water in pans is exposed to
quite so high a wind velocity as is the average ovér outside surfaces, but
to offset this the water in the pan wets the sides, and this increases the evaporating surface. It is therefore assumed that in general the evaporation from
a _oating pan of this type when kept nearly full represents the evaporation
from the outside water surface very closely.
Several of the agricultural experiment stations measure the evaporation
from pans, but most of them are set in the ground, and for reasons already
given their indications are not considered so accurate as those from _oating
pans. ,
For the purpose of checking Russell’s computed values, the following,
table has been prepared. In the _rst two columns are the names of stations
and the evaporation computed by Russell. In the following columns are the
names of neighboring stations at which measurements of evaporation from
water surfaces have been made, the amount of evaporation measured, and the
character of the exposure. We are thus enabled to judge of the probable
value of Russell’s chart.
x151: - ‘2.
a" L {Aha t\
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Annual Evaporation.
Surface Measurements.
Russell’s Formula. i
Evapora- Stations. ‘EvaporaStaions. tion, 1 tion. Exposure.
Inches. 1 Inches. i
Boston ..... 34.4 iBoston ............. 34.78 lBeacon Hill Reservoir.
' 1 Floating pan, hest................... 1Boston.............. 39.11 nut Hill Reservoir.
Floating pan,
New York... 40.6 New York ........... 39.64 {Croton Reservoir.
Cheyenne .. . 76.5 Laramie, Wyo. . . . . .. 46.30 Ground.
................ Fort Collins, Colo 46.16 Ground.
. . ............. Fort Collins, Colo. . . . 59.50 Computed for reservoir.
E1Paso.. . . . 82.0 Fort Bliss, Tex ...... 82.65 Floating pan.
saét§§<fin } 74.4 Fort Douglas, Utah.. 42.46 Floating pan.
Arizona: i
Fort Grant. . .i 101.2 Tucson ............. 75.78
Prescott ..... 56.0 Tempe .............. 65.00 Floating pan.
California: ' ‘
Sacramento.. 54.3 Lakeport ........... 32.38 Floating pan.
............. .. ...Lakeport............ 33.40 Ground.
Fresno ...... 65.8 Kingsbury Bridge . .. 47.79 Floating pan.
.................... Kingsbury Bridge . .. 59.49 Ground. .
Los Angeles. 37.2 Arrowhead Reservoir 36.6 Eggbuigéé {Elevation
San Diego. . . 37.5 iSweetwater Reservoir 57.55 Floating pan.
1
The results above given are not strictly comparable since the stations are
not in all cases identical, and in some cases, especially in California, the
reservoirs are at a greater height than the Weather Bureau Stations, and, in
consequence, the water surfaces are correspondingly colder. Generally speaking, Russell’s results appear to be the higher.
Since Russell’s equation was deduced from tri-daily observations, it is not
applicable to the present 8:00 a. m. and 8:00 p. m. observations of the Weather
Bureau. The equation of Fitzgerald and Carpenter appears to have a quite
general application, provided we know the temperature of the water surface,
the dew-point, and the wind velocity. It would seem, therefore, that in the
absence of reliable measurements of evaporation from water surfaces an
effort should be made to determine the temperature of water surfaces near
Weather Bureau stations; and where the evaporation is measured from tanks
sunk in the ground the relation between the temperature of this evaporating
surface and the temperature of lakes or reservoirs in the vicinity should be
carefully determined.
Seasonable evaporation naturally varies with geographical position. Some
of its peculiarities are shown in the following table:
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Evaporation in Inches.
i
Month. ‘ Boston. Fort Collins. Lakeport. Fort Bliss,
0.90 1.50 0.85 2.35
1.20 2.00 0.60 2.45
March ................... 1.80 3.50 2.00 6.25
April .................... 3.10 5.00 2.82 7.35
May. ........ 4.61 6.50 3.85 10.85
June ..................... 5.86 8.00 4.30 11.20
July ..................... 6.28 9.50 5.90 9.60
August .................. 5.49 8.50 4.70 ’ 9.50
September ............... 4.09 6.50 3.72 9.20
October ................. 2.95 4.50 2.12 6.80
November ............... 1.63 2.50 0.65 4.15
December ........... . . . . 1.20 1.50 0.85 2.95
Year ................... I 39.11 59.50 32.38 ’ 82.65
Several series of evaporation measurements that do not_cover the winter
season have not been referred to in this paper. While they are of value, the v
above table indicates the importance to irrigation engineers that the read—
ings be made throughout the entire year.
/
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SEASONAL PRECIPITATION IN THE ARID REGION AS
RELATED TO PLANT LIFE AND THE YIELD
OF CROPS.
CHAS. E. LINNEY, U. S. Weather Bureau, Santa Fe, New Mexico.
Large areas of our arid West have come under the bene_cent in_uence of
the irrigation ditch and are thus no longer dependent upon nature's supply
of precipitation, but much larger areas are still barren because of smnt rainfall, and on still other large areas settlers are having a severe struggle in an
effort to cultivate with naught save nature’s gift. As there is a steadily
increasing demand upon the source of supply, over much of the irrigated
area, if nature can be depended upon to furnish a part of the required mois—
ture, the draft upon the over-burdened mains and ditches will be correspondingly lightened, and indeed the number of acres irrigated may be correspondingly increased. That you may understand approximately what the
seasonal precipitation is over the arid region, I beg your indulgence in
quoting a few _gures, for the seasonal precipitation is the life of the “dry
farmer,” and should be a material aid to the irrigator throughout much of
the arid West, and one, too, that he should have reason to anticipate.
In the report of the Chief of the Weather Bureau for 1896-97, normal pre—
cipitation data are given for the entire country, and from these _gures it
appears that for the season from April lst to September 30th, about 15 inches
of rainfall may be expected along the 100th meridian, with a minimum
amount of 8 inches; decreasing thence to the 105th meridian, the amount
falling to 9 inches, with a minimum amount (in southeast Wyoming and in
the vicinity of our convention city) of less than 4 inches, while from the
middle plateau and the adjacent mountain country westward to the 115th
meridian the fall rarely ever exceeds 10 inches, usually 5 to 8 inches, with
minimum values of 1, 2 or 3 inches. It will thus be seen that all eastern
slope irrigators may resaonably expect nature to carry a third to a half of the
moisture burden, and that occasional seasons of bountiful and well distributed
rainfall may be expected when the amount of irrigation water required can
be reduced to a minimum. This will more clearly appear presently, after a
brief study of water duty, and the minimum amount of water that is required for pro_table crop production.
IN THE “WEBFOOT” COUNTRY.
Professor Henry, in this same report, summarizes the annual rainfall as
follows: “There is a narrow belt of very heavy rainfall on the northwest
coast, extending from Cape Flattery on the north, to midway of the Oregon
coast on the south, and inland as far as the summit of the coast range,
including in that designation the main and collateral ranges of mountains
extending from southern Oregon to the Straits of Fuca. Eastward and
southward the annual fall diminishes, reaching a minimum on the lowlands
and valleys included between the coast range on the west and the Sierra
Nevada and Cascade ranges on the east. The precipitation increases from
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the valleys to the mountain tops, thence fall away rapidly with descent on the
eastern slope until the great plateau is reached. Here the fall ranges from
5 to 15 inches, with isolated areas where it rises to 20 inches and ‘over. There
is but little increase as the western slope of the Rocky Mountains is reached,
except in central and northern Idaho. The precipitation on the mountain
slopes and summits is known to be large, but a qualitative statement of the
annual depth can not yet be made. The rainfall of the foothills region east
of the Rocky Mountains ranges‘ from 10 to 18 inches, and increases slowly
toward the 100th meridian. Eastward of that meridian the annual precipitation varies from a little under 20 inches to about 60 inches on the Florida and
Gulf coast.”
In the humid portions of the United States it is shown by a number of
writers that about 20 inches of precipitation are used by plants, or evaporated
directly from the soil, and since the methods of cultivation in those parts
were not originated for the careful conservation of soil moisture, it is probable
that the amount actually transpired by plants is much less, probably not as
much as ten inches, yet this region is known as the humid part of the country.
WHEAT GROWN WITH FIFTEEN INCHES RAINFALL.
The exact amount of rainfall required for the successful cultivation of
crops has not been de_nitely _xed, nor can it be in terms of rainfall only,
according to Professor Henry, who states that “on the Paci_c coast and over
comparatively small areas in the arid regions wheat and other cereals are
grown with a seasonal rainfall considerably less than 15 inches, but it should
be remembered that the climatic conditions, as regards temperature and hu—
midity, are quite different from those which obtain in the wheat region of the
Northwest. The character of the soil, especially as regards its ability to
retain moisture, is a very important consideration. It is said that wheat is
grown in eastern Washington'where the yearly fall is generally under 18
inches, that the rainfall of winter and early spring is conserved in the soil
and is supplied to the plant by capillary action during the early part of the
growing season.”
Plants themselves need a certain minimum supply, but a far larger quantity is required to moisten the surrounding soil to such a degree that the vital—
izing processes can continue. The soil is constantly losing water by evaporation and percolation, so that the amount used by the plant is relatively
small.
ENORMOUS TRANSPIRA'I‘ION OF GROWING PLANTS.
‘ Professor King, in experiments carried on at the University of Wisconsin, found that 300 to 500 pounds of water were required for each pound
of dry matter produced. In other words, for each ton of hay raised upon an
acre of ground 300 to 500 tons of water must be provided either by irrigation or natural rainfall. Expressed in inches of precipitation (since about
100 tons of water represents an inch of rainfall to an acre of land), 3 to 5
inches of precipitation are required for each ton of hay per acre. Five inches
of water were actually required to produce a ton of barley hay.
(23)
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As our western lands have had de_cient rainfall and have been under
clear skies for ages, the _rst season of irrigation often requires an enormous
quantity of water. It is said that the amount in many instances has been
sufficient to cover the soil to a depth of 10 to 12 feet, and that even after
several years of irrigation, 5 feet of water have been used, an amount so far
beyond natural precipitation that several years of the latter would be required to approach it, clearly indicating that vastly more water is used than
is required. Experienced irrigators often use far more water than is necessary, under the impression that the more water used the larger the crops, and,
that having paid for it, they should use it. In the arid region, where sunshine
is almost continuous and evaporation large, authorities agree that for ordi—
nary crops at least enough water should be provided to cover the soil 4 to 6
inches a month (and in our humid States the rainfall averages 3 to 5 inches);
and yet carefully tilled orchards have been maintained on much less, also, no
doubt, many _ne gardens.
EXAMPLE OF SUCCESSFUL ECONOMICAL USE OF IRRIGATION
WATER.
Successive years of de_cient rainfall in California (1897 to 1900) have
served to prove that with careful cultivation, crops, orchards and vineyards
an be maintained by using very small quantities of water; in some cases an
amount not exceeding 6 inches in depth was applied during a year, this being
conducted to the plant direct, and the ground kept carefully tilled and free
from weeds. Yet for good farming in most parts of the arid region a depth
of 24 to 30 inches of water during the crop season should be counted upon,
while larger amounts will be required for alfalfa and the higher forage crops,
which are cut several times a year. These _gures are borne out by Professor
King, who increased the seasonal rainfall (5.72 inches) of the dry summer of
1895 to more than 31 inches, by the addition of'26 inches of water, and thereby
raised the crop yield more than 200 per cent. His experiments also show conclusively that for the central valleys maximum crop yields may be had with
25 to 30 inches of rainfall during the crop season.
WEEDS WILL USE UP THE FARMER’S WATER.
Growing plants evaporate as high as 300 times their own weight of water
during the growing season, and it behooves the successful farmer to pay
especial attention to careful cultivation, and to the destruction of weeds and
worthless plants, for these use water rapidly and eat up the pro_ts of an
otherwise pro_table _eld, the weeds and worthless plants often taking as
much or more water than the pro_table ones. Careful cultivation, to keep
the soil well pulverized, is especially to be urged, for this lessens the waste
of water, and by providing air spaces. breaks up capillarity and prevents the
escape of water, a less amount being required accordingly. When the farmer
realizes that nearly one-third of the water applied evaporates from the soil
and plants during the _rst three days after a rain, or the application of water,
he will also realize how important is early and continuous cultivation.
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REGULARITY OF IRRIGATION IMPORTANT.
Professor King has also shown that not only is the seasonal precipitation
of great importance, but its regular distribution throughout the crop season is
of marked importance, so that the plant will receive suf_cient moisture and
receive it regularly, not losing by drouth of a month or six weeks the
gain made by one or two months of well distributed rainfall. He has also
found that it is possible to grow fair crops with so small a seasonal rainfall
as 9.72 inches, thus leading to the hope of successful cultivation of a vast area
of our western land now considered without the farming belt and impossible
of irrigation. To our western eye, irrigation is _rst and foremost the prerequisite for successful farming, at least on the intense plan which pays
enormous return for the acreage under cultivation, but may it not be possible,
nay is it not imperative that we devise some scheme or plan of cultivation
and conservation of moisture so that the many thousand broad acres just
without the irrigation area may be made to produce pro_tably. True it will
not be on the intense plan of the irrigation farmer, but if the so-called desert
can be reclaimed and made to yield even on a par with the many thousand like
acres in foreign lands (alike in the lack of rainfall), then indeed shall a
blessing have been conferred upon the people, quite as great as will be conferred by the conservation of our storm and _ood waters by impounding
reservoirs. GREAT FUTURE FOR SUPPLEMENTAL IRRIGATION.
Along the marginal lines between our humid and arid territory it is many
times not a question of reclaiming the desert, but rather a question of increasing the productiveness of lands already under cultivation, and this may
also be said to be true of that vast area at the foothills of the Rocky Mountains, for something is raised every year, and in certain years bountiful yields
are obtained. How to make the best use of their moderate rainfall (which
fortunately largely comes during the crop season) is the question. It is
undoubtedly one of soil culture, as well as the growth of those drouth-resisting plants and cereals that may from time to time be brought to the western
farmer by the Department of Agriculture. Secretary Wilson says: “Experiments are under way to determine more fully the amount of soil moisture
which will produce the largest yield; the proper time and manner of applying it; the effect of winter irrigation; the amount of water evaporated from
soil surfaces of different kinds and under different conditions; how best to
conserve moisture on the irrigated, as well as the dry farms, and farm drainage.” May he speed the day when these problems are solved, that the desert
may be reclaimed and homes be made for the millions.
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A CLIMATOLOGICAL DICTIONARY FOR THE UNITED
STATES.
PROF. A. J. HENRY, U. 5. Weather Bureau, Washington, D. C.
The trend of meteorological thought and discussion in the United States
during the last _fty years has been toward the elucidation of the problems
of theoretiml meteorology rather than those of climatology proper. Much
material has been collected and studied with a view of discovering the underlying causes of storm development and the‘ attendant phenomena, and in
the development of the utilitarian aspect of the science. Accordingly the
aim has been to furnish precise information as to probable weather changes for
comparatively short periods, rarely, however, for more than 48 hours in advance. In following this line of action the interests of climatology were for
a time assigned to a subordinate position. In recent years much has been
done towards placing climatological investigation on a _rm basis. The purpose of this paper is to direct attention to the climatological work that is now
being done by the U. S. Weather Bureau, especially to areference work on
climatology now in course of preparation.
There is needed in this country, at least, a reference volume that shall
give the broader features of climate, if not the details, for representative
stations in all parts of the globe. Verbal descriptions not accompanied by
quantitative statements are not as a rule satisfactory. It is true that climatic
observations have not been made in many portions of the globe, yet such
observations as have been made are so widely scattered and in such form as
to be practically useless to the average writer. In the United States, for
example, climatological observations have been made for the greater part of
a century, yet the seeker after climatic information is unable to _nd a comprehensive summary in any single volume.
‘That this state of affairs exists is not surprising when one considers the
fact that climatological observations in this country have been conducted
under various auspices and for widely different purposes. Some of‘the results of the chief series of observations are to be found in the following
list of publications:
(1) U. S. Army Meteorological Register, Washington, 1855.
(2) U. S. Army Meteorological Register, Washington, 1860.
(3) Results of Meteorological Observations made under the direction
of the Patent O_'ice and the Smithsonian Institution, Washington, 1861.
(4) Smithsonian Contributions to Knowledge, No. 277. Tables Distribution and Variation in Atmospheric Temperatures in the United States,
Washington, 1876.
(5) Smithsonian Contributions to Knowledge, No. 353. Tables and Re—
sults of Precipitation in the United States, Second Edition, Washington, 1881.
(6) Annual Reports and other publications of the Signal Service and the
U. S. Weather Bureau.
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A CENSUS FOR THE CLIMATE.
Only a small percentage of the publications named in the above list are
now available to students and investigators. For that and other obvious
reasons the U. S. Weather Bureau of the Department of Agriculture has in
course of preparation a census, so to speak, of the climatology of the United
States. It is the intention to bring together in a single volume the available
climatic statistics for each State and Territory. The State or Territory will
be the geographic unit in the discussion, except that the States comprising
New England will be treated as a single climatic province, and the State of
Delaware will be included with that of Maryland, with which it is asso—
ciated by natural as well as climatic boundaries. The ultimate geographic
unit for the United States must be the county. Unfortunately, however,
climatological observations have not been made in more than probably 20
per cent of the existing counties.
The plan of the volume contemplates a _rst chapter that will treat of the
broader features of climate such as the temperature distribution, the character and amount of precipitation, the prevailing winds, etc. The remaining
chapters will deal with the climate of the several States and Territories, each
district or political division being treated by the local representative of the
Weather Bureau stationed therein. In all, the records of about 600 stations
will be used. Of this number about 130 are the so—called regular stations of
the Weather Bureau where rather complete observations are made of all the
principal climatic elements. The observations at the remaining stations refer
mostly to temperature and precipitation, and the state of the sky.
A sample table, viz.: that for Baltimore, Md., is given below to illustrate
the character of the informatioii contained in the work:
I
MARYLAND.
NORTH-CENTRAL DIVISION. STATION: BALTIMORE.
OLIVER L. FASSIG. Section Director. in charge.
Established by Signal Service, January 1, 1871; latitude, 39° 18’ north;
longitude 76° 37’ west; elevation (station barometer), 123 feet above mean tide.
This station is (1904) near the center of the city, in one of the buildings of
the Johns Hopkins University. The open country to the west and north of the
city is gently undulatory, forming the eastern edge of the Piedmont Plateau;
to the east is the low, _at country of the Coastal Plain.
The thermometers are mounted in a standard Weather. Bureau shelter, the
_oor of which is 9 feet above the roof of the station building.
1 The following table shows the" height of the instruments in their present
ocation:
Above Roof. Above Ground.
Thermometers ................... 10 feet 69 feet
Top of rain gage .................. 14 “ 73 “
Anemometer cups ................ 58 “ 117 “
Wind vane ....................... 56 “ 115 “
Location of stations and elevation of barometer above mean tide:
January 1, 1871, southwest corner of South and Water streets, 45 feet.
January 1, 1889, Neal building, southwest corner of Baltimore and Holliday
streets, 76 feet.
June 1, 1891, Johns Hopkins University (Physical Laboratory), 179 feet.
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September 7, 1895, Equitable Building, southwest corner of Calvert and
Fayette streets. 142 feet.
August 1, 1896, Johns Hopkins University (532 N. Howard street), 123 feet.
The mean temperatures are derived from the regular series of observations
of the Weather Bureau, to which corrections have been applied to reduce to
true daily mean based on 24 hourly observations.
SUMMARY.
TEMPERATURE.
Mean annual, 55°; mean maximum, 63°; mean minimum, 47°. Absolute
maximum, 104°; absolute_m1n1mum, —7°. Average number of days With
maximum above 90°, 17; With minimum below 32°, 69.
FROST.
Average date of _rst killing frost in autumn, November 5, last killing frost
in spring, April 4. Number of times in thirty-three years that the _rst
killing frost occurred one to ten days previous to the average date, 12; eleven
to _fteen days previous, 2; sixteen to twenty days previous, 1. Number of
times in thirty-three years that the last killing frost occurred one to ten days
after the average date, 9; eleven to sixteen days after, 2; sixteen to twenty days
after, 2.
frost known, May 3, 1882.
PRECIPITATION.
Date of earliest killing frost known, October 6, 1892, latest killing
Mean annual, 43.4 inches; spring, 10.9; summer, 12.7; autumn, 9.8;
winter, 10.0.
and direction:
_w1ND (miles per hour).
Mean hourly velocity, 5.8 (1879-1888, South and Water streets; elevation
of anemometer cups, 86 feet above ground.)
Dates when the maximum velocity equaled or exceeded
40 miles per hour,
1873 ........ Mar. 29 ......... 40 S. 1893 ........ July 26 ......... 42 nw.
1874 _ ........ Nov. 23 ......... 40 nw. 1893 ........ Aug 29 ........ 42 se
1876 ......... Feb. 2 ......... 40 nw. 1893 ......... Oct 13 ......... 40 SC
1878 ........ Oct. 23 ........ 45 SW. 1894 ....... Jan 30 ........ 48 w
1878 ......... Dec. 11 ......... 40 w. 1894 ........ Feb 16 ......... 42 nw
1879 ......... Apr. 3 ........ 60 nw 1894 ........ June 12 ......... 40 n
1 ........ ug. 8 ......... 45 sw 1895 ........ Fe 8 ......... 42 w
1891 ......... June 4 ......... 40 ne 1895 ........ Dec 26 ......... 42 s
1891 ........ Nov 17 ........ 40 nw 1896 ........ Feb 6 ....... .40 w
1891 ......... Nov 23 ......... 48 s. 1896 ........ Feb 11 ........ 40 w
1891 ....... Dec 16 ......... 40 nw 1896 ......... Mar 19 ........ 50 s
1892 ........ Mar 10 ......... 42 nw 1898 ..... 9. .Dec 4 ....... 54 e
1892 ........ June 27 ......... 42 sw 1902 ....... July 20 ......... 70 w
1892 ........ Nov 15 ........ 42 ne 1903 ....... an 30 ....... 42 w
1892 ......... Nov 18 ......... 42 nw 1903 ......... Feb 5 ........ 45 w
1893 ......... Feb 3 ......... 42 nw 1903 ........ July 12 ......... 46 w
1893 ........ Feb 19 ........ 45 nw 1903 ......... J u y 30 ........ 42 w
1893 ......... Feb 24 ........ 40 nw 1903 ......... Oct 9 ......... 42 n
1893 ........ Apr 15 ......... 42 nw 1903 ......... Dec 13 ........ 41 nw
1893 ......... May 4 ......... 40 nw 1903 ......... Dec 26 ......... 40 nw
1393 ......... May 23 ......... 43 w
MISCELLANEOUS PHENOMENA.
Average number of days with fog, 12 (1891—1903); hail, 2 (1876-1903): snow,
12 (1871—1903); thunderstorms, 22 (1893-1903).
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EXTREMES 0F TEMPERATURE FOR THE PERIOD JANUARY 1, 1873,
To DECEMBER 3, 1903.
Mean of minima for the coldest month, 27°; mean of maxima for the warmest month, 86°; absolute minimum, —7°, 1899; absolute maximum, 104°, 1898.
3; Dates when minimum temperature Dates when maximum term erature rose to
; I fell to or below 10°. or above
WI
1873! Jan. 10.31 Feb. 24; Mar. 4,5 .......... U}une20;9' _ght! 13.
1874 ...................................... une8 923 29; July 10; Aug. a) 21.
1875 Jan. 9. 10. 11; Feb. 8 9. 10. .15. 16. 18 une2A~27; Ju1y18
une27: July4, 8-13. 20.
un: .
July 18. 19, 21.
I u1y3.4.1'1,1
u|1¢31224;July6 10.1
ay13.July5.6.13;3Aug.13: Sept. 7.
1876 Dec.9.10.17. 19.M
Jan. 1- 3; Feb.
Jan. 24; Dec. 8 June
1 ........... uly 22. 23.
1884 an.6, 7; Fe b .eD 19.” July 24.
1885 an. 2: Feb 1. 17 20. 21” ....... . June 14; July 17. 18. 20. 21.25.
1&6 an. 10-15; Feb 45 .
1887 an. 3. 19 . .............. July 13. 14. 16-18.
1888 an. 22, .. ............ Aug. 16.
1889 eb.24.. ...............
1890 ............................ July 8. 17. 31: Aug. 1.
1891 ......... . ..............
1892 ........................................ July 25-29; uAu_. 9. 10
1898 Jan 10.11.13-16.18. 21 ................ June20zJu y26.
1894 Feb. 25; Dec 29 ........................ une23 24.1July12. 13, 20. 28.29
1895 Jan. 13; Feb. 3,5- ..................... May30, 31; Junel3; July 21; Aug 10.11; Sept. 21- ll.
1896 Jan. 5. 6; Feb. 17,18 20 ................. May 10; July27: Aug. 5. 7. 9. 11.
June30: Sept. 11.
une 25. 26: uly 1—4; Aug. 31. Sept. 1-3.
une 6-8; Ju1 y 22. Au g.,20 27.
uly4. 6.7. 15-.18 21' Aug. 6-12; Sept. 11.
une 29-30: July 1—4. 6. 29,30.
2 . July3..56..,17183').
Feb. 18. 19 ............................. uly 2. 3. 9 11. 30; Aug. 25.
The completion of the work which is expected during the summer of 1905
will only partially meet the demands of geographers. A similar work is
needed for all portions of the civilized world, and the hope is expressed that
the delegates to this Congress will extend their aid and in_uence toward
the accomplishment of such a desideratum.
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LONG-RANGE WEATHER PROPHEOIES.
E. B. GARRIOTT, Professor of Meteorology, U. S. Weather Bureau.
“The master of superstition is the people. And in all superstition wise men
follow fools.”—Bacon.
In submitting to this Congress a paper on prophecies, I am constrained to
summons as sponsor one of the greatest philosophers the world has ever
known, one who “taught men to look abroad into God’s world, and by patient
experiment to _nd their way from outward signs to knowledge of the inner
workings of those laws of Nature which are _xed energies appointed by the
wisdom of the Creator as sources of all that we see and use," one who expressed as his judgment “that all prophecies, including dreams and predic~
tions of astrology, ought to be despised, and to serve but for winter talk by the
_reside, that they have done much mischief and that that hath given them
grace and some credit consisteth in three things: First, that men mark
when they hit, and never mark when they miss; as they do also generally of
dreams. Second, that probable conjectures, or obscure traditions, many times
turn themselves into prophecies. The third and last (which is the great one)
is, that almost all of them being in_nite in number, have been impostures, and
by idle and crafty brains, merely contrived and feigned, after the event
passed.”
The _rst of the things that have given prophecies credit is pronounced a
very just remark as “so-called strange coincidences and wonderful dreams
that are veri_ed, when the point is considered, are really not at all marvelous.
We never hear of the 999 dreams that are not veri_ed, but the thousandth
that happens to precede its ful_llment is blazoned by unthinking people as a
marvel. It would be a much more wonderful thing if dreams were not occasionally veri_ed.” The second thing applies to Seneca’s verse, which, translated, reads as follows: “After the lapse of years, ages will come in which
Ocean shall relax his chains around the world, and a vast continent shall
appear, and Tiphys shall explore new regions, and Thule shall be no longer
the utmost verge of the Earth.” This has been interpreted as a prophecy of
the discovery of America. The third and most important thing presented
af_rms that practically all prophecies have been impostures. This judgment
regarding human prophecies pronounced four hundred years ago, is valid
and unimpeachable to-day, and in its ampli_cation we _nd that prophecy
without evidence is charlatanry, and that the foundation and superstructure of
belief in long range weather forecasting is superstition, based upon ignorance.
SUPERSTITION A COMMON ATTRIBUTE.
Superstition is de_ned as “belief in omens and prognostics,” “belief in
what is absurd.” Stated as a general proposition it is safe, although scarcely
complimentary, to say that the human race is superstitious, that there is
probably not an adult human being who is not, in a greater or less degree,
superstitious, that there is probably not a man or woman in the most 'enlightened communities of the earth who is not to some extent in_uenced by
omens, and who does not place more or less credence in prbgnostics of future
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happenings that are based on insu_icient evidence. There are, in fact, thou—
sands in our midst who have faith in fortune tellers, and in fakirs who prostitute for pecuniary gain the various sciences and professions. And there is
no superstition nearer and dearer to many human hearts than a belief that
some men, almanac makers and long range forecasters for instance, “possess a knowledge of the inner workings of the laws of nature” that is not
accorded to men who by education, training, association and precedent are
preeminently equipped to acquire all attainable knowledge of the physical
laws that appear‘to dominate and in_uence terrestrial phenomena.
The validity of claims of superhuman wisdom receives too little consideration from the great busy public, and announcements of coming atmospheric perturbations, periods of heat or cold, drouth or _ood, by men who
have no standing in the _eld of theoretical and applied science are believed to
an extent that rivals the unreserved con_dence that thousands of years ago
was given to interpretations of the utterances of the Delphi oracle, and arguments and facts that should conclusively prove the fallacy of announcements
of this character are too often inadequate to tip the balance on the side of
common sense in superstitiously inclined minds.
ASTROLOGY AND ASTRONOMY.
Superstition is an inherent human weakness on which Charlatans trade,
and charlatanry that is based on superstition is a relic of astrology. Before
the general laws and processes of the solar system were de_ned, astrology
was the term used in the sense of astronomy. The science of astrology was
in favor when men ignorantly supposed the heavenly bodies to have a controlling in_uence upon terrestrial events and human destinies, a supposition
that has for centuries been refuted by astronomical knowledge. Among the
several branches of astrology now recognized as charlatanry, long range
weather forecasting has ever held a place. In the Babylonian era, the Chaldean priests associated the rising and setting of the heavenly constellations
with the character of the seasons of the year, and utilized the astronomical
and meteorological parallels thus observed for purposes of astrology. They
were able to predict the character of the weather that was peculiar to the
seasons, and assumed that certain constellations that were associated with
bene_cent or malevolent atmospheric conditions could be employed to foretell
human events and cast horoscopes. In Egypt the annual rise and fall of the
Nile that marked the recurring seasons of drouth and _ood was revealed by
the appearance of certain heavenly bodies. The Greeks and Romans were also
close observers of the weather, and there is evidence that many centuries B. C.,
changes in the weather were associated with phases of the moon, and that
rotations of certain weather types were associated with a nineteen-year lunar
cycle.
The astronomical wisdom that followed the solution by Copernicus of the
problem of the solar system, showed that the general character of the seasons of the year was due to the in_uence of the sun upon the earth during
the latter’s annual journey around the center of our solar system, and the
so-called weather predictions of the early ages were recognized as mere state-
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ments of climatic changes due to _xed astronomical causes that are peculiarly
potent in producing the sharply marked seasonal weather of the tropical
and subtropical countries.
So deeply seated, however, was the belief in the ancient art of divination
that a disassociation of the now recognized sciences of astronomy and meteorology from the discredited practice of astrology has been exceedingly slow,
and to this fact are we now indebted for numbers of fakirs and charlatans in
the meteorological _eld. Following the passage of the astrologer, men of
recognized scienti_c attainments became actively engaged in investigations
regarding the composition, physical properties and phenomena of the earth’s
atmosphere, and climatic problems were systematically considered. Instrumental observations, especially those furnished by the barometer, the invention of Torricelli, and of the.thermometer, credited to Galileo, aided materrially in determining the character of impending weather changes, and barometric indications of the approach and passage of storms were of great value
to navigators. The progress of meteorological advance during the last three
centuries is presented substantially as follows, in a paper recently prepared
by the writer:
DEVELOPMENT OF “OLD PROBABILITIES.”
Previous to the nineteenth century, man possessed no knowledge of the
laws that govern the weather nor of the mechanical processes that are employed in the production and propagation of storms and other well-marked
phenomena of the atmosphere. He had noted without knowing the reason
therefor, that in the northern hemisphere northerly winds are usually attended
by low temperature, and southerly winds by rising temperature; that in the
middle latitudes, easterly winds are generally followed by rain or snow, and
westerly winds by clearing or fair weather; that certain cloud formations and
movements indicate certain kinds of weather, and that manifestations of atmospheric moisture are of value in determining the character of impending
weather changes. He had learned by observation to interpret the meaning of
effects produced by certain atmospheric conditions on objects animate and
inanimate, and had secured an intimate knowledge of astronomical facts that
govern the seasons. In the early part of the nineteenth century a formal
announcement of the laws of storms was made by Wm. C. Red_eld, of New
York, who found that the whole of the revolving mass of air that composed
the storms of the Atlantic coast of the United States advanced with a pro—
gressive motion from southwest to northeast. Mr. Red_eld also drew conclusions regarding storms in general that have not been materially modi_ed
by subsequent research. During the last half of the nineteenth century, regular meteorological services were established throughout the world and the
sum of the achievements of this period in practical and theoretical work and
investigation is represented by a rapidly increasing collection of data and facts
that afford a sure foundation upon which future work may rest. Modern
science does not employ obsolete methods in meteorological work, nor is it
satis_ed with the present generally accepted solutions of many of the problems of meteorology, and the acquirement of knowledge and the discovery
\
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of new laws that will justify calculations of the weather for weeks, months
and seasons in advance is the aim and object of many earnest and capable
workers. Moreover it is believed that present and proposed methods of
meteorological services are shaping events towards the accomplishment of
that much to be desired end.
The assumptions of modern so-called long range weather forecasters have
led to a consideration of the merit of the systems they employ. Planetary
meteorology is the term applied to the practice of the more prominent long
range forecasters, and planetary meteorology is a relic of astrology. Others
place upon the moon and several of the planets of the solar system the responsibility of regular and irregular forms of weather. They base their forecasts
upon the moon’s path with reference to the ecliptic and the earth’s equator,
employ a 19-year moon cycle, strengthen their statements by allusions to
eclipses and occultations, fall back upon an alleged fund of mysteriously
acquired superhuman wisdom, and incidently employ past records of the
weather, the manipulation of the last-named element representing their only
stock in trade.
Meterological literature is de_cient with reference to planetary in_uences
on the weather, and from this fact it may be assumed that long range forecasters fear to enter a _eld where deductions are subjected to mathematical
demonstration, and where claims to superior knowledge will be confronted
by established and recognized facts pertaining to the more exact science of
astronomy. There are no exceptions to this assumption, and the plea for
entering the _eld is invariably a claim of knowledge that is universally recognized as being beyond the scope of astronomy. Although popular belief in
the in_uence of the moon on the weather will not be downed by any marshalling of facts, it is proper to say that the most exhaustive comparisons fail
to show any appreciable relation between weather conditions and lunar
phases, variations and oscillations. Neither is there the slightest evidence
that the stars or constellations of stars have the slightest in_uence upon
weather conditions. Interest in the meteorological possibilities of a study of
solar conditions has been very active during the past few years, and the literature of this period that summarizes practically all that has been done in this
direction, indicates that investigation regarding the probable association of
solar variations with recurring types of weather offers a most interesting and
pro_table _eld of labor.
ANIMAL SIGNS.
Observations of the habits and conditions of animals and birds and of p
the appearance of plants have a recognized value in determining the character of past weather, and to a limited extent the weather for a few hours
in the future. The thickness of the fur of fur-bearing animals is used as evidence of the character of future weather, when as a matter of fact the character of the fur depends absolutely upon the physical condition of the animal,
and the physical condition of the animal depends upon the weather of the
past and the extent to which it has affected his food supply and general
health rather than upon the weather of the future. The accumulation of
food by animals is known to be governed by the supply of food, and not by
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future weather. Birds of passage migrate to the south with the _rst breath
of winter, or when their food supply is affected by inclement weather, which
is peculiar to approaching cold weather, and return North when the spring
sets in the South. That their _ights are in_uenced by present rather than a
knowledge of future weather conditions, is evident to all observers.
Neither animals nor plants can possibly be affected by the weather of a
future month or season. Moss, bark of trees, and the thickness of nutshells
and pumpkin rinds, etc., furnish another basis for long range weather speculations that also confuse and misinterpret conditions that are due to past
conditions and have no bearing on future weather. Trees of great age and
large growth, like the sequoias, indicate by their rings years that have been
favorable and unfavorable for their growth, or in other words, wet and dry
years in the region or locality in which they‘are located, and to this extent
establish a record of the seasons that may have a possible value in future
calculations.
The weather of days, months, seasons and years afford no indication of
future weather further than showing present abnormal conditions that the
future may adjust. An assumed, or supposed, six or seven-day period of re—
curring weather is indicated by the common saying, “If it rains on the _rst
Sunday in the month it will rain every Sunday in the month.” This saying
possesses value in so far as the weather may conform in particular instances
to a general average, and the likelihood of the weather conforming to this
extent to general averages is not su_iciently great to justify the employment
of the chance in actual forecast work. Sunday was doubtless selected in the
saying quoted for the reason that the weather and its seasonal or unseasonal
character is more closely observed and studied on certain days, notably Sundays and holidays, when men’s minds are.not occupied with their usual pursuits; any other day in the week will answer as well for this form of estimating the weather of the future. Long range weather forecasters for purposes of mysti_cation, attribute the six or seven-day period to the moon’s
in_uence, and time their disturbances six or seven days apart, starting them
or: the Paci_c coast and carrying them by regular stages across the United
States, assuming in each case a conformance to general averages. Equal
accuracy or inaccuracy would'result if they started the disturbances in the
central valleys or on the Atlantic seaboard, on corresponding dates, or introduced them on the Paci_c coast on dates intermediate to those they have
selected. By claiming for veri_cation purposes a day or two on either side
of the dates speci_ed, by carefully avoiding speci_c forecasts of rain for
speci_ed days and districts, and by calling attention to hits that will occasionally be made under any system of chance, and never referring to miss‘es,
they successfully pursue in these enlightened times the practices of the fabulous age.
HOW THEY FAKE THE COUNTRY.
In this connection I will quote an opinion on long range weather prophets
recently expressed by Professor Odenbach, director of the Ignatius College
Meteorological Observatory, Cleveland, Ohio:
“How do they gain a following? Nothing easier. They cheat one-half
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the country one day and the other half the next day by the vagueness of
their prophecy. Such a statement as ‘There will be storms in the period of
the 20th to the 27th of September,’ without mentioning a special day or designating a single State, to say nothing of a county or a single city, are easily
made, and any schoolboy has a formula by which he may give the percentage
of possibilities for guessing correctly. It is guessing and nothing more.
“It is known that the American people wish to be humbugged. P. T.
Barnum did it for years and boasted of it. But in the realm of science or in
cases where the comfort and oftentimes the lives of thousands are at stake,
we can not tolerate the charlatan, nor for that matter a newspaper whose
_nancial and intellectual resources are at so low an ebb that it must look to
the weather prophets to _ll its paper with matter which misleads the ignorant
and disgusts the intellectual reading public.
“It is unpardonable in a modern newspaper to cram its pages with lies,
nonsense and productions of ignorant, eccentric or dishonest fakirs. To give
them a chance is a menace to the public and a crying injustice to a set of
men that are the pride of the intellectual portion of the American people,
commanding the highest esteem of European scientists of all nationalities.
We Americans pride ourselves on the strength of our scienti_c schools and
intellectual advances generally. The weather prophet fad is certainly a manifestation in a contrary direction. Any man talking seriously of these quacks
is set down in my mind as deplorably ignorant, at least as regards meteorological science. The same may be said for the Charlatans themselves, though
I would give them the alternative of being ignorant or dishonest. These
expressions may seem severe, but the matter is of so serious a nature that
I am justi_ed in expressing myself as I do."
In this connection I will say that it is apparent that it is the duty of a
government that is charged with the general welfare of a country to warn
its citizens against fakirs who for mercenary motives ignorantly or dishonestly commit a fraud on the public; and to those men who represent the industries of the vast regions of the “fest that depend so largely upon rainfall distribution and rainfall storage, the warning to put no trust in men who claim
either to produce rain or to foretell the character, whether wet or dry, of a
month, season or year in advance is most earnestly emphasized.
GOVERNMENT FORECASTS BASED ON ACTUAL WEATHER
CONDITIONS.
The Weather Bureau issues forecasts daily for. periods of 36 and 48 hours
in advance that are based upon actual conditions observed by the aid of telegraphic reports over an area that extends more than 3000 miles east and west,
and from the northern border of South America over Canada. These are the
forecasts that appear in the daily press, Its most important work, however,
.is found in special warnings of severe gales. cold waves, frosts, heavy snow.
,heavy rain and _oods that are made with almost unfailing accuracy, in behalf
of shipping, commercial and agricultural interests, and conservative estimates
move that benefits amounting to millions of dollars have been returned in
the case of single warnings of storms on our Atlantic seaboard, and of _oods
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in our great central valleys. A special rainfall and _ood service is about to
be inaugurated in eastern New Mexico and southeastern Colorado, whereby it
is hoped that losses by destructive _oods of the character recently experienced
may be materially lessened.
The Bureau is extending its rainfall and _ood stations as rapidly as appropriations will permit, and the forecasts of _oods that will be based upon
these observations, and the knowledge of seasonal conditions that have and
will be obtained from a rapidly increasing amount of observational data will
undoubtedly be of great value in the prosecution of irrigation operations.
In conclusion the fact is af_rmed and reaf_rmed that there is not at present
‘any known basis for long range weather forecasts, that so-called forecasts of
this character are made by men who are either ignorant or who knowingly
commit a fraud upon the public, and that when long range forecasts can be
made, if they ever can, they will be made by the Weather Bureau.
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DISTRIBUTION OF RAINFALI. IN TEXAS.
W. H. ALEXANDER, U. S. Weather Bureau, Galveston, Texas.
The known intimate relation that usually exists between the topography of
a country and the geographical distribution of its rainfall naturally leads one
entering upon a study of this question to an early consideration of this rela—
tionship. A cursory glance at the contour any isohyetose lines of charts 1 and
2 seems suf_cient to detect a relationship between the topography and the
rainfall distribution of Texas, at once so intimate as to appear to be causal,
but a more careful study shows this to be rather accidental.
The surface of the State rises as a rule quite gradually, though in places
rather abruptly, from the coast line towards the northwest, attaining its greatest elevation in the Trans-Pecos and “Llano Estacado" regions. The annual
rainfall decreases quite uniformly from the east to the west, being least in
the Trans—Pecos country. But a study of the normal precipitation for each
month reveals a very marked departure from this apparently _xed relationship
between the elevation and rainfall, beginning, say, with the month of April
and extending to and including September.
The fact is one could not reasonably expect to _nd a single principle
or type of rainfall distribution to prevail over so vast an area as the State
of Texas, an empire in itself, embracing within its limits more than ten
degrees of latitude and more than thirteen degrees of longitude and an area
of more than 265,000 square miles. One might just as reasonably expect to
explain the rainfall of Illinois upon the principles obtaining in Alabama as
to _nd an explanation of the normal weather conditions of the Panhandle or
Trans-Pecos country in the conditions prevailing along the Texas coast. We
are not surprised, therefore, to _nd the State divided hydrographically into
a number of sections, each with its own peculiarities. With a view to bringing out these various divisions with their characteristics, a number of charts
have been drawn, based upon normals obtained from records ten or more
years in length. Unfortunately the Panhandle and western counties are not
as thoroughly covered by these records as one might desire, but the records
are suf_cient to warrant some very general and practical deductions.
TEXAS RAINFALL VARIES FROM 10 TO 50 INCHES.
As regards the total annual rainfall and its geographical distribution, the
fall decreases with marked regularity from a little less than 50 inches per
annum in the extreme eastern and southeastern‘counties to less than 10 inches
in the extreme west, that is, in the vicinity of El Paso. The same regular
decrease is noticed along the coast as inland; there the fall decreases from
about 50 inches on the east coast to about 20 inches on the west coast, in the
vicinity of Brownsville. The extreme west coast and Panhandle counties have
about the same annual fall. The rainfall over the eastern half of the State is
ample for agricultural purposes, but over the western half it is rather insu_icient and too precarious.
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“RAINY SEASONS” VARY WITH LOCALITIES.
In the‘greater portion of east Texas and the north Panhandle counties the
greatest monthly rainfall occurs in May or June, generally in May; along the
immediate coast, September has the greatest average; over that portion of
the State west of the 100th meridian and as far south as, but not including
Jeff Davis and Pecos counties, the rainfall is greatest in July, except in the
most northern counties of the Panhandle, and along the Rio Grande valley
the maximum monthly amount may occur any time from May to October inclusive. Rainfall in Texas is tropical in character in that the greater portion
of it falls in heavy showers of short duration. A fall of several inches in 24
hours in not uncommon in the eastern portion of the State and along the
coast highly excessive rains sometimes occur.
The question of annual rain variability is a very important one and might
be discussed at some length with pro_t, but it can be only touched upon here.
The territory is so extensive and the meteorological factors so complex that
it might be safely concluded from theoretical considerations, even were it not
actually established by existing records, that rain falls on an average of one
day in three in some part of this vast territory during every month in the
year; also that some sections of the State are not so favored and are subject to drouths of more or less severity Such a thing as a general drouth
was never known in Texas and the local drouths are not as frequent or as
extended as sometimes supposed.
(24)
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THE WORK OF THE RAINMAKER IN THE ARID REGIONS.
: GEO. E. FRANKLIN, U. S. Weather Bureau, Los Angeles, Cal.
As near as can be learned, the work indicated by the caption of this paper
was carried on by or under the direction of one Melbourne, either in Kansas
or Nebraska, by R. G. Dyrenforth in Texas, by C. B. Jewell in Kansas and
California, and also by individuals of lesser repute and shortlived “companies”
organized for the purpose. .
Of Melbourne’s work the writer has been able to gather no certain infor—
mation of any moment. It is now several years since he operated and the
story of his work does not appear to have found a place in periodical literature, though it attracted considerable attention at the time. He has been
dead for some time.
Perhaps the most pretentious of all efforts to produce rain arti_cially were
those made by Gen. R. G. Dyrenforth in Texas during August, 1891, and
September, 1892. These experiments were notable not only on account of
the scale upon which they were conducted and the alleged results achieved,
but also for their auspices and the animadversions they incurred.
Dyrenforth’s operations had the sanction of the U. S. government, being
authorized and made possible by a special appropriation in the Agricultural
Bill.
In 1891, a ranch about 25 miles from Midland, Texas, a small station on
the T. & P. R. R., was the scene of the operations. The expedition arrived
there August 5, 1891, bringing a carload of materials for the manufacture of
various explosives, gases, dynamite, etc.
ENORMOUS CHEMICAL EXPERIMENT.
The seriousness and magnitude of the experiments are indicated by a partial enumeration of the apparatus and material: Twenty thousand pounds
of iron borings and 16.000 pounds of sulphuric acid for the generation
of 50,000 feet of hydrogen gas; 2500 pounds of potassium chlorate for evolving 12,000 feet of oxygen gas, involving the use of 50 retorts and furnaces; 68
explosive balloons of 10 and 12 feet diameter, and three large balloons for
ascensions. Material for 100 cloth-covered kites and ingredients for the
manufacture of several thousand pounds'of rack—a-rock powder and other
high explosives, together with electrical and meteorological instruments.
The intention was to produce rain by violent and continued concussions,
both on the earth’s surface and in the air, and there were three lines of operations, each two miles in length and one—half mile apart. The _rst line consisted of a large number of ground batteries by which heavy charges of dynamite and rack-a—rock powder were to be discharged at frequent intervals.
The second line was to be of kites _own high, with connections of electric
wire, by means of which dynamite cartridges were to be carried up and
exploded. The third and principal line was to be of explosive balloons, to be
exploded at elevations greater than those attained by the kites, at one or
two-hour intervals throughout the operations.
In the experiments the _rst line was operated as planned, in connection
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with the others and also independently when the others were not in operation, to keep the weather “unsettled.” The second line was operated less successfully, high winds rendering kite—_ying di_icult, also breaking the electric
wires; as a consequence, this line was not operated to the extent proposed.
THE RAIN CAME; BUT?
As to the results of the operations: rain fell for the _rst time after the
arrival of the expedition on August 10th, but it was a questionable credit, as
the preparations had not been completed and there had been only a few pre—
liminary explosions by way of testing the dynamite on the previous evening.
However, Gen. Dyrenforth telegraphed it as a de_nite result, claiming two
inches of rain; another report says “a light shower.”
On the evening of August 17th discharges were begun, followed the next
day by explosions of large amounts of oxygen and hydrogen gases by means
of balloons, while the ground batteries were kept in constant action for
twelve hours. The morning of the 18th was fair and fair weather continued
till afternoon, but at 5:00 p. m. the operators were compelled to run through
a drenching rain that fell for two and one—half hours.
The _nal operations of the series took place on August 25th. Balloons
were exploded at altitudes varying from 1000 feet to three miles, and cannonading from the ground batteries carried on till 11:00 p. m. At 3:00 a. m.
on the 26th heavy thunder was heard, and at 4:00 a. m. rain began to fall “in
torrents” and continued till 8:00 a. m. Prof. G. E. Curtis reports concerning
this fall that it was “nothing but a sprinkle.”
The second experiment by Mr. Dyrenforth was made near San Antonio
in November, 1892, but with unsatisfactory results. Prof. A. Macfarlane, of
the University of Texas, was present as an invited guest during these experiments, and his conclusions were adverse to the rainmakers.
For the _rst series of experiments $7000 were appropriated and expended,
and for the second an appropriation of $10,000 was made, of which, however,
only about $5000 were expended.
QUITE “IMPORTANT IF TRUE.”
Gen. Dyrenforth claimed as result of his operations three heavy storms
after the principal operations and nine showers of lesser importance during
the sixteen days of experimenting, which was altogether extraordinary for the
locality and season of the year. It may be remarked here that the latter part
of July and the _rst half of August of the present year, 1904, show very
considerable rains in the same section.
Of these results it must be said that there appears to have been almost a
total lack of the scienti_c method in recording them. No exact measurements
are given; “a drenching rain," “fell in torrents” are expressions that have
little scienti_c value under any circumstances, and still less when contra—
dicted by independent reports. They also admit the personal equation to a
considerable degree when it is desired to establish a given result.
Of the operations of Jewell and-others in Kansas and neighboring sections
no detailed statement can be made. It is believed that their methods were
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"chemical” rather than mechanical as in Dyrenforth’s experiments; if this was
not true of all it was of some, they relying upon the liberation of some gas
or gases, perhaps, also in connection with electricity, to produce rain.
Companies were even organized to go into the rainmaking business, offering to enter into contracts to produce rain in de_nite amounts over given
areas within given times. '
Mr. Jewell, aided probably by several fortunate, for him, coincidences,
secured almost unquali_ed indorsemcnts from one of the railroads running
through Kansas, becoming known as its o_icial rainmaker, and many business
and professional men vouched for the certainty of results produced by his
operations. As a result of these indorsements he was invited to conduct
some'experiments in Southern California, near Los Angeles, in July, 1899,
after a most grievous drouth of several years which had driven agricultural
interests almost to the point of despair. Of these experiments, or rather of
the method, it is allowed to say only that rain was supposed to be produced
by liberating hydrogen gas in connection with electricity.
A CONFIDENTIAL FORMULA.
Some of the experiments were conducted by citizens of Los Angeles
according to Mr. Jewell’s method, though not under his immediate supervision,
and the method is still regarded as having been imparted in con_dence. Six
hydrogen generators were employed, though their capacity was not known,
and a battery was used to generate electricity to pass off with the hydrogen.
Experiments were carried on July 18 and 19, 1899, and so much alarm was felt
lest the matter should be overdone that a contractor having interests that
would be adversely affected by rain, procured a court injunction on the 20th,
restraining the operators. This injunction was dissolved—though not by
the rain—on the 25th, and operations were resumed. In the meantime Mr.
Jewell had come upon the scene, and for sixty hours, on the 25th and 26th,
operations were carried on. They were a complete failure as far as producing
rain was concerned. There was a gathering of clouds in the distance, but no
precipitation occurred.
Some hundreds of dollars had been paid to Mr. Jewell, but after the
absolute failure of the experiments such representations were made to him
that he returned the money in whole or large part.
During the month of April, 1904, experiments were made near El Cajon,
situated in San Diego County, in Southern California, looking to the arti_cial
production of rain. The following is quoted directly from a letter written
by a. participant in the experiments:
“Our out_t consisted of about twenty cannons or mortars, each weighing
about 60 pounds. They were about 8 inches high and had a bore of about 3
inches. They were stationed in four groups, each group representing a
corner of about one acre of ground.
“We commenced _ring at about 6:30 Friday, April 22, and continued
steadily until about 1:30 Sunday, April 24—making about 31 hours of actual
and continuous bombardment.
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A WASTE OF GOOD POWDER.
“Each charge was about four ounces of powder, tamped in with dirt; we
shot twice a minute during the entire time. We had no rain, but on Tuesday
following this locality experienced a ‘drizzle,’ which was of no bene_t as the
precipitation was very light.”
There is at the present time in Los Angeles, Cal., a rainmaker who claims,
an absolutely successful method for producing rain. Mr. C. M. Hat_eld claims
that out of nineteen attempts he has produced rain eighteen times. These
experiments have claimed the attention of the public only during a comparatively recent period, but Mr. Hat_eld says that he has been working on 'his
method for seven years. Of course it is a secret, but Mr. Hat_eld in personal
conversation has expressed a willingness to reveal as much as possible concerning it. He says, “it is mainly chemical af_nity with the atmosphere. I
have nothing to do with bombs, dynamite or explosives of any kind whatever.
My methods are original."
Mr. Hat_eld uses chemicals, the combination of which is known only to
himself; these are miXed in casks and allowed to remain for _ve days. When
the operations are carried on Mr. Hat_eld uses a tower of varying heights,
from the top of which he liberates his gases in connection with a large
number of evaporating pans from which water is evaporated by heat arti_cially
applied.
He claims to have been operating at Bonsall, San Diego County, twelve
miles east of Oceanside, in July, 1902, and in two and one-half days after he
began operations the heaviest rain in 37 years fell. Again in December, 1902,
in the same locality he operated with a result of 1.10 measured inches at the
place where the experiments were performed. In September, 1903, February,
1904, and July, 1904, he was operating at points a few miles distant from
Los Angeles, his experiments in each case being followed by rain, twice in
very appreciable amounts. He says, “I have never as yet failed to produce
rain in July.” This is “important if true," for rain is a scarce article in Southern California in this month.
DISLIKES EASY JOBS. ,
Mr. Hat_eld claims that he prefers to perform his experiments under
manifestly unfavorable conditions in order that there may be no doubt as to
his ability to substantiate his claims, and declares his purpose to operate this
winter in case the drouth of former years is repeated. He says that for a
cost of $100 a thorough operation can be made, and that rain will follow
within _ve days of the beginning of the process. Upon being questioned
closely as to the philosophy of his method he says that he thinks that he “attracts” a rain area even from a distance of a thousand miles.
While it is intended that this paper shall be narrative rather than controversial, it may fairly be said that in practically all cases where rainmaking
experiments have not been self-confessed or proven failures, the so-called
“results” have been results notof human attempts to produce rain, but of
the processes of Nature working on a scale so vast as to make insigni_cant and
tri_ing the arti_cial methods of man.
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The rainmakers have failed to show any genetic relation between their
work and the precipitation that has occurred, rain having been observed in
the very same localities at the same season of the year when no experiments
were being carried on. In fact, to quote Prof. Curtis’ words in regard to
Dyrenforth’s experiments: “In view of these facts it is scarcely necessary
for me to state that the experiments have not afforded any scienti_c standing
to the theory that rain storms can be produced by concussion,” we may in
place of the word “concussion” put “any known arti_cial means.”
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COLLECTION AND DISSEMINATION OF CLIMATOLOGICAL
DATA AND WEATHER FORECASTS.
JAMES BERRY, Chief of Climate and Crop Division U. S. Weather
Bureau, Washington, D. C.
These features of the work of the Weather Bureau are embraced in its
Climate and Crop Service, which is divided into forty—three sections, each
section conforming to the political boundaries of the several States with a
few exceptions in which some of the smaller States are combined.
In the climatological publications of the several States data from nearly
3500 stations are published in detail, the extremes of temperature and total
rainfall for each day for every station being given, together with other meteorological data and a general discussion of the different elements. The value
of such publications is inmlculable to those pursuing investigations in which
climate is concerned, and as few enterprises of moment are unaffected by climate, it will be readily seen what an important bearing the data being col—
lected and published has upon irrigation projects, etc. While the editions of
the climatological reports are small, complete _les of these publications may
be found at most of the larger Weather Bureau stations and in the libraries
of many educational institutions. In recent years there has been no very
decided increase in the number of observing stations, but the Bureau has
standardized the equipment of all the observing stations, many of which until
a few years ago were using instruments of various patterns, some of question~
able accuracy and in instances from unavoidable circumstances were exposed
in more or less faulty manner. All stations are now equipped with the
standard instruments of the Weather Bureau, tested for accuracy before
issue, and are given the best exposure it is possible to obtain.
WEATHER FORECASTS WIDELY DISTRIBUTED.
The daily weather forecasts and special warnings of cold waves, severe
storms, etc., are sent broadcast into every part of the country where facilities for communication will permit. In recent years a most effective means
of distributing weather forecasts throughout the rural districts has been
made possible by the rapid extension of the Rural Free Delivery Service of
the Posto_ice Department and by the greatly increased number of farmers’
telephone exchanges, more than 80,000 forecast bulletins being distributed by
mail through the Rural Free Delivery Service, while several hundred thousand telephone subscribers, principally farmers, in the States of the central
valleys, now receive the forecast each morning within a few minutes after
the of_cial forecaster has made the prediction. In this work the government
bears the expense of telegraphing about 2000 messages daily to distributing
points for dessemination by the various means employed therein.
Postmasters and other public spirited citizens favorably situated for reaching outlying towns cheerfully co-opcrate with the Bureau in distributing the
forecasts. It is the custom of the Bureau to supply a simple hand printing
out_t, consisting of rubber logotypes and ink pads with which the forecasts
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are quickly stamped upon {ranked postal cards and these mailed on early
departing trains so as to reach destination in time to make the forecast of
value to communities to which they are sent. This is known as "the logotype
system, and by it more than 200,000 bulletins are printed daily, distributed and
given public display.
Some of the earlier methods of dissemination are now being abandoned
for quicker and more effective means. The _ag displays that once constituted
one of the principal means of dissemination are no longer encouraged except
where the better facilities do not exist.
SPECIAL SERVICE FOR THE FARMERS.
During the season of planting, cultivating and hart/esting of crops there is
issued from each Climate and Crop Service section center a weekly bulletin
devoted particularly to agricultural interests. This bulletin contains information as to the progress of farm work and also a summary of the prevailing
weather and its effects upon farming operations and crops. While a wide
distribution of the bulletin is made, its greatest circulation is secured through
reprint in daily newspapers and the agricultural press.
In the winter season there is prepared and published at each Climate and
Crop center in the semi-arid regions a snow bulletin for each month from
December. to March, inclusive. A large number of reports from voluntary
and special observers enter into the preparation of this snow bulletin, which
contains the fullest information obtainable as to the amount and character of
the snowfall during the month and the amount and character of that remaining on the ground at the close of each month.
SPECIFIC ADVANCE INFORMATION AS TO IRRIGATION SUPPLY.
These special bulletins contain the only authentic history extant of the
winter's snowfall in the several western States covered by the published
reports. From the data published in these bulletins it is possible to estimate
with a reasonable degree of accuracy the probable water supply for the succeeding season. As evidence of this it may be stated that in the early
months of the winter of 1903-04 there was a marked de_ciency in precipita—
tion throughout the vast mountain system where the reserve supply of moisture is stored up in gulches and ravines for the summer _ow. In February,
however, and afterward, a succession of winter storms gave unusual snow
depths over many of the States and insured an ample water supply later in
the season, but throughout middle and southern Utah and practimlly all of
Arizona and New Mexico the de_ciency in moisture continued unbroken.
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TO MAKE THE WEST RECLAIM ITSELF.
[Public—No. 161.]
An Act appropriating the receipts from the sale and disposal of public lands
in certain States and Territories to the construction of irrigation works for
the reclamation of arid lands. '
Be it enacted by the Senate and House of Representatives of the United
States of America in Congress assembled, That all moneys received from the
sale and disposal of public lands in Arizona, California, Colorado, Idaho, Kan—
sas, Montana, Nebraska, Nevada, New Mexico, North Dakota, Oklahoma,
Oregon, South Dakota, Utah, Washington, and Wyoming, beginning with the
_scal year ending June thirtieth, nineteen hundred and one, including the surplus of fees and commissions in excess of allowances to registers and receivers,
and excepting the _ve per centum of the proceeds of the sales of public lands
in the above States set aside by law for educational and other purposes, shall
be, and the same are hereby, reserved, set aside, and appropriated as a special
fund in the Treasury to be known as the “reclamation fund,” to be used in the
examination and survey for and the construction and maintenance of irrigation
works for the storage, diversion, and development of waters for the reclamation of arid and semi-land lands in the said States and Territories, and for the
payment of all other expenditures provided for in this Act: Provided, That
in case the receipts from the sale and disposal of public lands other than
those realized from the sale and disposal of lands referred to in this
section are insu_icient to meet the requirements for the support of agricul—
tural colleges in the several States and Territories. under the Act of August
thirtieth, eighteen hundred and ninety, entitled “An Act to apply a portion A
of the proceeds of the public lands to the more complete endowment and support of the colleges for the bene_t of agriculture and the mechanic arts, established under the provisions of An Act of Congress approved July second,
eighteen hundered and sixty-two,” the de_ciency, if any in the sum necessary for the support of the said colleges shall be provided for from any
moneys in the Treasury not otherwise appropriated.
SEC. 2. That the Secretary of the Interior is hereby authorized and directed
to make examinations and surveys for, and to locate and construct, as herein
provided, irrigation works for the storage, diversion, and development of
waters, including artesian wells, and to report to Congress at the beginning of
each regular session as to the results of such examinations and surveys, giving
estimates of cost of all contemplated works, the quantity and location of the
lands which can be irrigated therefrom, and all facts relative to the practica-
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bility of each irrigation project; also the cost of works in process of construction as well as of those which have been completed.
SEC. 3. That the Secretary of the Interior shall, before giving the public
notice provided for in section four of this Act, withdraw from public entry
the lands required for any irrigation works contemplated under the provisions
of this Act, and shall restore to public entry any of the lands so withdrawn
when, in his judgment, such lands are not required for the purposes of this
Act; and the Secretary of the Interior is hereby authorized, at or immediately prior to the time of beginning the surveys for any contemplated irrigation works, to withdraw from entry, except under the homestead laws, any public lan'ds believed to be susceptible of irrigation from said works: Provided,
That all lands entered and entries made under the homestead laws within
areas so withdrawn during such withdrawal shall be subject to all the pro—
visions, limitations, charges, terms, and conditions of this Act, that said surveys shall be prosecuted diligently to completion, and upon the completion
thereof, and of the necessary maps, plans, and estimates of cost, the Secretary
of the Interior shall determine whether or not said project is practicable and
advisable, and if determined to be impracticable or unadvisable he shall thereupon restore said lands to entry; that public lands which it is proposed to
irrigate by means of any contemplated works shall be subject to entry only
under the provisions of the homestead laws in tracts of not less than forty
nor more than one hundred and sixty acres, and shall be subject to the limi~
tations, charges, terms, and conditions herein provided: Provided, That the
commutation provisions of the homestead laws shall not apply to entries made
under this Act.
SEC. 4. That upon the determination by the Secretary of the Interior that
any irrigation project is practicable, he may cause to be let contracts for the
construction of the same, in such portions or sections as it may be practicable
to construct and complete as parts of the whole project, providing the necessary funds for such portions or sections are available in the reclamation fund,
and thereupon he shall give public notice of the lands irrigable under such
project, and limit of area per entry, which limit shall represent the acreage
which, in the opinion of the Secretary, may be reasonably required for the
support of a family upon the lands in question; also of the charges 'which
- shall be made per acre upon the said entries, and upon lands in private own—
ership which may be irrigated by the waters of the said irrigation project, and
the number of annual installments, not exceeding ten, in which such charges
shall be paid and the time when such payments shall commence. The said
charges shall be determined with a view of returning to the reclamation fund
the estimated cost of construction of the project, and shall be apportioned
equitably: Provided, That in all construction work eight hours shall constitute a day’s work, and no Mongolian labor shall be employed thereon.
SEC. 5. That the entryman upon lands to be irrigated by such works shall,
in addition to compliance with the homestead laws, reclaim at least one—half
of the total irrigable area of his entry for agricultural purposes, and before
receiving patent for the lands covered by his entry shall pay to the Government the charges apportioned against such tract, as provided in section four.
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No right to the use of water for land in private ownership shall be sold
f01 a tract exceeding one hundred and sixty acres to any one landowner, and
no such sale shall be made to any landowner unless he be an actual bona _de
resident on such land, or occupant thereof residing in the neighborhood of
said land, and no such right shall permanently attach until all payments
therefor are made. The annual installments shall be paid to the receiver of
the local land of_ce of the district in which the land is situated, and a failure
to make any two payments when due shall render the entry subject to cancellation, with the forfeiture of all rights under this Act, as well as of any
moneys already paid thereon. All moneys received from the above sources
shall be paid into the reclamation fund. Registers and receivers shall be
allowed the usual commission on all moneys paid for lands entered under
this Act.
SEC. 6. That the Secretary of the Interior is hereby authorized and directed
to use the reclamation fund for the operation and maintenance of all reservoirs and irrigation works constructed under the provisions of this Act. Provided, That when the payments required by this Act are made for the major
portion of .the lands irrigated from the waters of any of the works herein
provided for, then the management and operation of such irrigation works
shall pass to the owners of the lands irrigated thereby, to be maintained at
their expense under such form of organization and under such rules and
regulations as may be acceptable to the Secretary of the Interior: Provided,
That the title to and the management and operation of the reservoirs and
the works necessary for their protection and operation shall remain in the
Government until otherwise provided by Congress.
SEC..7. That where in carrying out the provisions of this Act it becomes
necessary to acquire any rights or property, the Secretary of the Interior is
hereby authorized to acquire the same for the United States by purchase or
by condemnation under judicial process, and‘to pay from the reclamation fund
the sums which may be needed for that purpose, and it shall be the duty
of the Attorney General of the United States upon every application of the
Secretary of the Interior, under this Act, to cause proceedings to be commenced for condemnation within thirty days from the receipt of’the application at the Department of Justice.
SEC. 8. That nothing in this Act shall be construed as affecting or intended to affect or to in any way interfere with the laws of any State or
Territory relating to the control, appropriation, use or distribution of water
used in irrigation, or any vested right acquired thereunder, and the Secretary
of the Interior, in carrying out the provisions of this Act, shall proceed in
conformity with such laws, and nothing herein shall in any way a_ect any
right of any State or of the Federal Government or of any landowner, appropriator, or user of water in, to, or from any interstate stream or the waters
thereof: Provided, That the right to the use of water acquired under the
provisions of this Act shall be appurtenant to the land irrigated, and bene_cial use shall be the basis, the measure, and the limit of the right.
SEC. 9. Thatit is hereby declared to be the duty of the Secretary of the
Interior, in carrying out the provisions of this Act, so far as the same may
be practicable and subject to the existence of feasible irrigation projects, to
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expend the major portion of the funds arising from the sale of public lands
within each State and Territory hereinbefore named for the bene_t of arid
and semi-arid lands within the limits of such State or Territory: Provided,
That the Secretary may temporarily use such portion of said funds for the
bene_t of arid or semi-arid lands in any particular State or Territory hereinbefore named as be may deem advisable, but when so used the excess shall
be restored to the fund as soon as practicable, to the end that ultimately, andin any event, within each ten-year period after the passage of this Act, the
expenditures for the bene_t of the said States and Territories shall be equal—
ized according to the proportions and subject to the conditions as to practicability and feasibility aforesaid.
SEC. 10. That the Secretary of the Interior is hereby authorized to perform any and all acts and to make such rules and regulations as may be
necessary and proper for the purpose of carrying the provisions of this Act
into full force and effect.
Approved, June 17, 1902.
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