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SUPERINTENDENT OF (RRIGATION.

DEPARTMENT OF THE INTERIOR,

UNITED STATES INDIAN SERVICE,

Albuquerque, N, ¥. November 23 1908.

( 'W. H, Code, Chief Fngineer,

" 522 Bumiller Building,
an;Angelea,Acél.

Dear'Sir: S

On taking charge of the work of this district last spring
I;;ogn4ﬁinwthe{o:f;¢é rileg;gpecitic direct;ohg tc make the neo~

essary surveys and investigations for a storage reservoir near

RIS
o irped

the new schdql at Leupp, Arizona, to store waters of Canyon

3.

Diablo, and:-use them for thé irrigation of lands lying in the

f valley of the Little Colorado river, in what is known as the

” . s, .
et 2 ST s T
oLt Tl L o XL

Navajo Exteﬁsion.

k -
"

i s

oy
i

I personally looked over the proposition and deemed 1t
of sutficient importance to werrant a complete topographical

survey, ‘80 @ith your approval, I put a rlane~table party in the

field uhde: Asst. Png. R. G. Bush, vho rmade a aurvey of the res-

f. ervoir site, making a map with two feet contours in the reservoir

and with five feet contours of the land lying under the reservoir,

.and along the river as far down as Tolchaco, nine miles below,

AR

TN et oL

I now ﬁake feport on the project.

I S

i THE RESFRVATION. The Navajo Extension lics in Northern Arizona,
and fncludes Townships 21-22-23-24 nortk and Ranges 12-124-13-14
and a part of 15 Rast, G. & 8. R. B, & ¥., all unsurveyed land

excertithg the part in Range 15. It is the southern part of what

\

o
L

NNOO7760
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is known as the Painted Desert, and is entirely arid and untim-
bered,

It lies at an slevation of from 4500 to 6000 feet, The
greater portion being between 4800 and 5000 feet. It is‘prac-
ticelly unwatérad with the exception of the Little Colbfado River

vhich crosses it from the southeast to the northwest corners.

‘This stream has a shallow, sandy bed, carrying wator about nine

‘months in the year, often torrential in character. The balance

of the year it is entirely dry. Canyon Diablo withvits drdinage

~enters:the Little Colorado about the center‘of the Rehdyiﬁfidn;'

Its characteristios are described under another head. With this
exception there is practically no water or watering places on the
Reservation. The agency and schivol at Leupp, and a trader and
¥ission at Tolchaco, a trader at Canyon Diablo and the railroad
agent and section men at the lotter place and at Sunshine, are
the only inhsbitents of this zrea excepting the nomadic Névajo
Indicns, of whowm: there are arcut 450 on this reservation proper
end e number off the reservation to the east,

They are entirely dependent on their flocks, and while
they would do some apgricultural work if they had a chance, there
is no place on the entire rescrvation where they can, with their
lizited number and lack of means, get waler on the lands.

Tﬂe rainfall is slicht; probably not to exceed & inches
per annum. The records of [{olbreok, on ihe Little Colorado and
about fifty miles east of Leupp, will be about the same as would
records kert at the latter place,

DRAINAGE ARFA, Uelther the Little Colorado nor Canyon Diablo are

<mSEAIH38V T/NOVIVN 3HL 1Y a30N0A0ud3Y

2501




RETOEY N

S L

-

e e ik L

410

.

3

living streams the ontire year., The former is dry ét this point
from two to four months each year, while the Canyon is dry seven
or eight rnonths of the twelve.

I have notAigen able to ascertain with certainty the
drainage area bf{the Cenyon, The entire east slopes of the San
Franoisco’mounjéins and all of the gsuntry on thé'sputh,to Chﬁves
and Sunset Paqé, 8ls0 drains into the wvarious tributary canyons.

(8ee map)
Iwom.the -naps of the Uv 8. Geo‘og*cal Survey, the drailn-

“;age area to the topa of all of fhe dividea show about 1550 square

riles, but this includes tha drainage of Yormon Lalke, which I
understand has no outlet, and the drainage of River de Flag, the
drainage cf which iz cut off by a dam and reservoir near TFlag-
staff. omitsi g this erea, which is in doubt,. . we still have
about 1220 square mileg.

The drainage is effected by Locust and Walnut Canyons,
which, ocming together from the west, forms what is known as the
San Frgneclsco Vash; Canyon Diatlo and Canyon Padre, from the
south”.ail forming a junction some miles above the reservoir
site.1 ‘

;Pelow!this point of junction the Canycen is ebout 250 feet
desp withfprécipitous sides, about 600 feet wide on the top and
e maximqﬁlwidtg-of a courle of hundred on the bottom.

YAYER SUPPLY,| The drainage area of this reservoir site lies al-

RAINFALL ATD ﬁost cntirely above the 5000 foot contour; 79 to
RUNOFF. - §8Qﬁ above 6000 fzet, wkile the highest point

reached is the to of tha San Y¥rauacizco Yis,, an elevation of

12794 feect.

CV-6417-201

L« SIATHOWY TYNOIIYN 3HL 1V 030N00¥3Y

NNOO7762



The only rainfall data on the water-shed is that of Flag-
staff - though we have that of Holbrook about 50 miles east of
the Reservoir site and on the "desert®, at an elevation of about
; 5000 feet, - . :
{ o 7
: The highest flow line of Canyon Diablo is well defined

<2 SIATHOYY IYNOILVYN 3HL LV 030Naou3A

by drift wood at sbout elevation 518, At the dam'aite,;fhs~
a . present main channel is about 140 feet wide and 8 to 9 feet deep.
On the west side is an alluvial deposit that has grbwths on that

would indicate 20 years or more since it vas distur%ed. ,All

drift found at the elevation of 518 to 512 18 old, dry and

1

; weather worn, but what has occurred before is liable to occur

3' again. At a narrow point in the channel above the dam site, the
E cross section is about\é900 square feet, the fall of the canyon
2 \ is ghout 3 feet per mile. This would give a velocity of about

5.78 and & discharge of 15606 second feet, using ¥ = ,03%0
f The Weather Bureau furnish the records of rainfall at

™lagstaff from Oct. 1899 to Dec. 1905. During that time the

annual rainfall was as follows:

i 1899 19.3%2
{ 1900 16.57
f 1901 21,48
| 1903 25.05
1: 1904 20,07

1905 g4.53
Yean « 20

( The monthly means have been as follows:

January 1.69
FPebruary 2.92
rarch 2.53
April’ 1.55
ray 1.25

SB417-201 NNO007763
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June .57
July 2.20
Augnst 3,63
September 2.07
October 1.23
Hovember 2.22
December .70

The average annual precipitation is 22,56 inches, divid~

ed as follows: Spring, 5.33 inches; summer, 6,44 inches; autumn,
5.52‘inchea, and winter, 5.31 inches. The greatest monthly pre-
cipitation was 8.77 inches, in August, 1904, and the greateet

amount of precipitation recorded in ‘any 24 coneecutive hours was

" 2.95 inches, on March 31 and April 1, 1903. The average season-

gl snowfall is 87 inches. The greatest amount of snowfall re-
corded 4in any 24 consecutive hours was 24 inches, on February
1-2, 1901, ©Snow has been known to fall in every month of the
year, except July and August.

The records from Holbrook, while entirely out of the
drainage area are given, as they will probably be approxiuately

what the precipitation is on the land that is to be irrigated

from this reservoir, if built.

The records of the Weather Bureau are from 1882 to 1900
inclusive and from 1904 to 1908.

The total annual rainfall has been as follows:

1888 10.82
1889 7.60
1890 12.34
1891 6.76
1892 5
1893 7
1894 6

0

7

Y

O N~I\n
H\OW V]

1319) 1
1896

1897 7.20

£ SIATHONY _IVHOILVN 3HL 1Y 03ONCO¥d3Y
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1898 8.21 z
1899 4,58 -
1904 5.20 A
1905 lg.65 z
1906 .72 =
1907 1%.1 2
. Yean .69 %
‘The monthly means have been as follows: =
m
January 0.77 LR
February 0.67
March 0.69
April 0.52
June 0.14
July 1.38 , :
August 1.42 :
September S 0.7% : :
Ootobver 0.65
) Yovember 0.93
2 December 0.63

AN

The greatest monthly precipitation was in March 1905

~.

when there was 2.98 inches of reinfall.

S
-

I have no record of the heaviest single precipitation.

-
P

ol el g CEERG bt

To approximate the amount of water discharged through

the canyon and which will be available for this reservoir, we

may assume that the maximum flood was caused by the heaviest

rainfall of record.

This maximum rainfall was 2,95" for 24 consecutive hours,

REE S0 1o T Lo 4

which is 81.5 cubic feet per second per square mile, (Using 1220

8q. niles as drainage area).
The maximun discharge of the canyon as shovn above was

15,606 second feet, or 12,79 pecond feet per square mile of

drainage. This would indicate that the runoff is 15.6/ of the
rainfall. 7From figures made on the Zuni drainage by Supt.

Harper and ¥r. Schuyler, the maximum runoff per square nile was

e AR TR T o SE A T A
e S R el
N >

NNOOQO7765
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21.6 cu, ft, per second, and the next larger flood gave 14,7 cu.
ft, per sccond. The drainage area of the Zuni Reservoir is not
more than one-half that of the Leupp Reservoir, and the snaller
*he drainage area the quicker the runoff occurs and the maximum

,; . crest is greater,

« SIATHOUY TVNOILVN 3HL 1V G3ON00Yd3Y

Taking the average rainfall, 22.56" and the runoff as

15%, the total runoff for the year would be 220,170 acre feet

approximately.
Teking the minimum rainfall recorded, 16.57%, and the

O R N NN bl e Kot L

egmgipercgntage;*the total runoff would amount to 161,722 mcre

feet, The first would £111 the reservoir to the 37 ft. contour
nearly 19 times during the year,'assuming the rains came at the
proper times, and the latter, a little less than 14 times,

0f course, this is making considerable assumptions of

~

conditions, for the rainfall over considerable of the area
@ will be much less, and the runoff percentage smaller, though on
4 the mounteins both will be greater.

Assuming the total area to be irrigated to be 8000 acres,

and the amount of water necessary to be 3.5 acre feet; the

capacity of the reservoir at the 57 foot contour 1is 11,617 acre

feet; the amount of water to serve the 8000 acres is 23,000 acre

feet, or 2.4 times the capacity of the reservoir, These figures

will give a factor of safety of almost 6 with the minirmum rain-

fall recorded, which should make it safe. ‘“the fact that while

the rainfali is evenly distributed, the runoff may not be, the

greater ebsorbtion and evaporation of the swamer making the sun-

 NN007766
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ply smaller at that season,

In this connection I copy a letter frowm ¥r. J. E. Maxwell

superintendent in charge at Leupp, regarding his observations

of the flow of the Canyon.

Leupp Training School,

ILeupp, Arizona ¥ov. 5th 1908;”

¥r, H, ¥, Robinson,
Superinténdent of Irrigation,
Al‘buquerqug, H. Y. .
Sir:- |

I heve your letter of recent date requesting a statement
as to the amount of water that flows through the San Francisco.

wash at\%he propoced site of the Teupp reservoir.

I have resided in this comrunity for four years and have
had opportunity, during that time to observe the amount of water
trat hes flowed through the wash. Ifost of the vater comes in
the spring or late in the winter. Part of this time the stiream
flows a torrent but for several weeks, varving from three to six
weeks, it flows a stream about 40 feet wide and from 2 feet to
4 feet deep.

There is sometimeg e flow of water in the late summer that
will last for a week or sometimes two weeks. This flow generally
begins with a torrent and gradually subsides until it entirely
ceapes, Another flow sometimes occurs in November or December

and continucs for alout the same length of time,

mhese later flows do not always core but the spring flows

IYNOLIVN 3HL LV GIONCO¥d3Y

s STAIHOWY

CV-6417-201

NNOO7767



have not failed for many years.

I have had no instrument to messure this vater, nor have

I even kept a record of the different stages and the height of

the water at each stage, I am of the (uinion, however, that

+ SIATHOWY TYNOILYN 3HL 1Y Q30N00ud3Y

there is sufficient water flows through the wash at thié point

to £ill the proposed reservoir at least once each year.

Hoping that this letter will be of service to you, I am

-

Very respectfully,
- Joseph E. Maxwell.
Superintendent.
Mr. Faxwell's observations will not bear out the as-
sumption of rainfall and runoff made above, a8 they are simply

from casual visits, and their value is to be taken in connection

with any other facts that may be available.

Should we assume that the average rainfall is the mean
between that of ¥lagstaff and thal of Holbrook, we find .hat this
mean is 15.62", or very near the minimum figured above from the
Flagstaff records. The mean of the minimuua of the two Places is
10.88 or just 657 of the minimum figured above.

Should this all come during the winter and spring, of

course most of it would be wasted for lack of use and storage

Bt st 2o . AT, AL Mt . i L2

capecity,
SILT. Notwithstanding the large drainage area, I am informed

that very little 8ilt is carried by this wash, With the water

taken from the recservoir at the 16 foot contour, there will be

quite a large caracity below this contour for the accumulation

™ CV-6417-201 NNOO7768
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of the small amount that may be brought down.
RESERVOIR. The reservoir is in 35° 17! Hoxth TLatitwde and the
111 ° mexridian passes through it. It lies about 1+ miles from

 the school and agency at Leupp, on the Navajo extension} and 12

miles from the A, T. and S. F. Ry. at Sunshine, Arizona.
There are six requiréﬁenta for a reservoir storage pro-
Ject, viz:

1. Bufficient water supply.
. A good basin.
3., Good dam site.
4, @Good foundation for dam.
5. @Good materials at hand for construction.
Sufficient good land, .

The water supply has already been discussed under a

_Beparate heading.

The second - & good basin. In the present case the
canyon widens out suddenly into a basin. (See map). The south

and west walls are cliffs of red sand stone lying on a bastard

lime stone. The north and east sides are rolling hills of gravel

and carth lying on red sand stone.

The basin is not complete, for on the north side are five

openings in the hills, across which it will be necessary to builad

earthen dykes, to raise them to el. 542, With this done, the
woter can be raised 37 feet above the bedrock at the dam site.
Third. Dan site. The dam site is fairly wwell cdapted
for the purpose, though not an ideal site,
The side walls are of red sand stone, shaly on the out-

side, but al a depth of a couple of feet are hard. The cast

side rests on the liie stone, fully exrosed, which extends across
) ]

- we SIA THONY_IVNOLLVN 3HL 1V 030NQ0Ud3Y
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a portion of the canyon bottom., The distance beitween the walls :j

e

m.

; is about 516 feet at the bottom and at el. 541 is 760 feet. z
; >
{ . ol
| Fourth. It is proposed to build the dam on this lime- g
!

{ ¢ stone ledge., The west side of the canyon bottom is of earth. %
3 ‘ . z
[ Test pits were sunk to determine if the limestone extended agross &

on the same level, and these pits were sunk 18 feet, or eight
feet lower than the exposed ledge without finding rock. It was
impo_z_s.sible to dig deeper without rigging & well digging outfit
a.vnd‘ curbing the pit, and !*r. Bush finished the other work and.

" left without 'lg'oving' deeper. The rock probably is there within a

] few feet, as it is exposed above and below the dam site entirely

* across the channel, though it is problematical.

~—.
<

But asgsuming that it is & soft bottom, the type of dam

: recomeended as good construction at this site, can be built on

et i & soft bottom.

Fifth. As the type of dawz selected is of reinforced

concrete, the wmaterial needed is gravel or broken stone, sand

and the reinforcing steel., The limestone crops out and can be

i T N R SR i

easlly quarried within 300 feet of the dan, and with a rock

R

crusher will make the best of broken stone and sand. Gravel is
not to be had near, and the sand is both fine and dirty. Vater
can also be gotten without excessive cost, and probably the
easlest way would be to pipe it from the water tank at ILeupp,

about 1¥ mile, fThe pump at Teupp is ample to suprly both the

school and any plant that would be erected at this point.

Sixth., Sufficient good lands., This question will be

-1
-

CV-6417-201 - NNO07770




discugsed later,

TYPE OF DAM. The type of dam that I believe to he the best to

use at this point is a reinforced concrete dam of the.gravity

type, and particularly the typec that is exploited by the Amhursen
Hydraulic Construction Company. ltyiintereat in this is purely

&S3IAIROUY IYNOLLYN 3H1 1V G30N0Q0UI3N

|
k

from an engineering standpoint. viith this typé;* we secure a

maximum of strength and stability with a minimum of material.

This ie an object when construction is being done at some dis=

tance trom the ‘base of supplies,

To avoid taking mp- time a.nd space in a deacription of

this type, I enclose printed matter covering ‘same,
Buttressed Dams of the gravity type are also discuased
by R. C. Beardsley in Eng. News, VOl 59, No.17, p. 4-52. April

j ¢ 23, 1908,

R The type of construction suggested (see drawing), 1s of
the follway type. The crest to be at elevation 537, length of -
rollway 456 feet, total length over all 760 feet, although 124

feet of this length amounts to very little, The details of con-
) struction are shown very plainly on the drawing,
DETAIL OF DA¥. Por details of the construction of the proposed

da.m,' I have consulted with the Ambursen Hydraulic Construction

Y

gompany, and I herewith give a copy of their letter and estimate

in the matter which seems to cover every point and detail

‘ nece ssary.,

el i e T T o o™ | o o (7 g5
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Boston, Sept. 15, 1908,
¥r, H. ¥. Robinson,

Supt, of Irrigation, U.S. Indian Service,

J Blackrock, MNew Ifexico.

Dear Siri-

« SIATHOYY TYNOILIVN 3HL 1V Q30N00843n

We are sending you under another cover preliminary
. design for the Leupp dam. I need not call your atténtion to the
faot that while the information you have given us is unusually
complete and clear, yet we are at a,disadvantage- in not having

. béen on the ground. You will therefore appreciate that there

mey be nmany points of design and many items of estimate which

would be changed when we had actually inspected the site and

worked over the problem with you. I therefore find it necessary
to make a number of comments as foll‘ows.

Joesssiszmia: Ve accept your suggestion that the portion of the dam

q over the earth deposit should be made with a floor. A great deal
} however depends unon just what the nature of that earth denosit

is. We have assumed that in any case it is excavated down to the

level of the rock in the river channel. 7Possibly by the tiume we

have got down to that point it may prove to have some sustaining

character of its own. In fact although we have built one or two

' daus on sand and on clay, we have never yet found a case which
called ‘for piling, as we were always able to spread the floor

' sufficiently to et a load of from 1.2 to 1.5 tons per square
foot. It is o pretty poor foundation that will not carry this

with safety. If the muterial is anything at all in the nature

of gravel or clay it would carry this Yoad without any further

CV-6417-201 - NNO0O07772
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provision. If, however, it is a sirict alluvial deposit the case
may be quite different as some alluviums will compress like a
feather bed. You'sec therefore that we are quite in the dark on
this important_ point, |

If, ﬁowever, the alluvium is so bad as 1o be unable to
carry the loaqvand yet rock wae to be obtained at Any reasonable
depth, say 30 ft. or 40 ft. below the grade of the channel, then
we have a'apec-ié.l method of sinking walls or piers, of which we
have seoured control from one of the leading engineers in the
country making a specialty of difficult founda.tions. :By thia
method we can at very moderate cost and with very little excava-
tion sink a cut-off wall clear down to the bed rock and at a
very low cost per yard. We would sink one of these walls under
each buttiress which would of course be a virtual extension of
the buttress to the bed rock, We would use the same method to
gink a cut-~off wall to bed rock and probabvly a second one at the
dovin streanm toe of the dam. This particular method I cannot
describe now as we have not yet prepared our litcrature on it,
but it enables us to enormously cut down the cost of such work
over the old methods.

If there is no rock bottom to be reached the same
method enables us to sink either walls or piers under each butt-
ress to such a depth and of such dimensions that they act as ade-
quate piles to carry the computed load. The possession of these
fecatures enabling us to overcome the difficulties of this class

of work niakes our tyve of conmstruction peculiarly adanted to

« SIATHOUY TVNOILVN 3HL 1V 0IONQ0Hd3YH
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your conditions, I will refer to this again in the estimate,

The section on the rock would terminate at the toe as

shown in the drawing. The section on the soft foundation would

¢ probably be extended so as to form a long tumbling hearth for a

SIATHOYY TYNOILYN 3HL 1V 332NQ0¥d3d

sufficient depth below the dam to safely take care of ‘the plunge

L5

of the water and receive the standing wave, We should probably

extend it _at'least 30! below the dam. This apron is filled_with

- ' reinforcement so it cannot break under the action of fhe water,

There are & lot of other variations which might ‘be

introduced when we have inspected the conditions. You migiif
wish for instance to alter the pitch of the upstream deck; to
produce a wmore vertical resultant on certain_classes of founda-
Ei tion. All this however cannot be discussed in a preliminary way

end would not have any very great, if any, effect on the cost.

I enclose our preliminary estimate sheet. In this
estimate I have taken account of the fact that you work under an

eight hour day and have assumed moreover that the Indian labor

azounts the same in efficiency as vhite labor at {2.50., I am
1 free to say that if we undertake the work I think we would be

able to send out a large force of Italian laborers at no more

than ¢2.00. We use great numbers of Italians who as a rule siay

with us and move from job to job, who receive in the cast £1.75 a

day, and who will be very glad to go to the far west for 25 cents

additional., I believe however it is the nolicy of the govern-
ment to ewnloy the Indiins so far as possible, I therefore make

this susirestion for what it is worth at this time.

" TNN007774
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I will comment on the estimate quite fully by numbers.

(2) Your climate may 3>érmit of the uge of tents and
coneiderably reduce that item,

(3) We have enlarged this item somewheat on aooount of
the high price of luzber and timber for bins, towers, etc.

(5) This item is only the ordinary cost of a cpr'off'
wall when tﬁé foundation vis in fairly impervious gra_.vel. If we
have to sink a cut-off wall to the rock by the process a‘bove
alluded to, 1t of course will introduce an additional item but
not nearly 88 .xa.rge a one aa you might imagina. By the apecial
process which we have, the cut-off wall need not bemore than 12%
thick and well‘ reinforced, It is simply a vwater barrier and has
no relation to the principal structure of the dam.

(6) This item covers the excavation down to the grade
of the river bed. This is all the excavation there would be, as
if we had to go to bed rock we should use the special process
above alluded to which requires no excavation.

{(7) This merely relates to the preparation of the
Tfootings for the buttresses where they rest on rock. Of course
the precise nature of the rock surface is not known by us but
the itew is a small one anyway,

(8) This item and all other items involwving labor are
abnormally high as compared with our cost records here, due to
the eight hour dey and the high price of labor,

(9) I thought it sufer to assw.e that we nmight have

to crush our sand out of the rock.
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deposit excavated to grade will carry the structure without

28
17 53
85
(13) 1In the east this item would not run over $1,80 x5,
T4
but I think the figure used is safer under your conditions of i R
-
labor. g ;
: £ 8
¢ (16) I have assumed eight months as the time of com~ 3 R
. . : S
‘ pletion of the work, on the further assumption that the alluvial 3§ :

further preparation. Would say however that we ought to beat

this time a month or more if your weather conditions are'gtgble

at the time the work is undertaken. Of course I cannot Judge'hpw

long it would take to put down the aub-foundatioﬁsytbtfbakxﬁﬁ%il' o
we.know the depth of the rock and the grade of the over-lan |
The vprocess above referred to however is nearly as rapid as pile
driving so that the extra time would not be a serious item,

5 (7a) We have scveral designs for gates which have
worked out excellently in practice and which enable all the

handling of the gates to be done frow inside the .dam, while at

the swase time decreasing the cogt, The genceral idea of this

gate is ghown on page 29 of the Fllsworth booklet which we sent
you., The gates may be handled by hydraulic vressure, motor
drive or hand power, The latter I nreswne would be employed in
Your case on account of the fluctuations of level and the com-
parutively low heights of dam, We generally like to nut in a
number of small getes as it gives us a better graduation of -the
flow for irrigution work which I assume is the purpose of this
damn,

(10a) You did not say whether the cost of $4.50 per

ton for coal includes the haul or not. I nave assumed that it

’

e e e .
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does and our estiuate is made accordingly. » O
(13a) In this item I have allowed a rough sum of $5000 %} :

for wooden sheet piling if the character of the s0il proves that é, _;: j
- c this would answer the purpose, If it was better to use the con- é! %
| crete wall this item would disappear and the concrete wall be % 5:3
substituted at not very much, if any, greater cost, m;é
(14a) We shall proba.bly not use log piling anyway but

I have left this entire item out having commented on it above,
as there is no use figuring on-it until we know precisely the

.5

""':"conditions. S

l

(15&) It may be that the government is already the

owner of abundant plant for this class of wdrk. If so this item
would disappear, Otherwise it would remain to cover the de-

preciation on the plant in executing the work.

(17a) We get our insurance at a very low rate, namely

27 on the pay roll. I do mnot know whetler the government insures

its labor or not but I have at least allowed the item. The

governmenl can take advantage of this special rate of ours if
they wish, |
(22a) I have allowed liberally for contingencies, this

being an item thaut usually absorbs all th¢g unknovn quantities,

Our cost accounts, -~ which by the way we think are kept in better
shape than any other concern in the country, = show that thus
far we have very rarely tirenched upon oui"con?‘t_‘ingency iten to
any very considerable cxtent,
Our own comuission of 1)‘/ is the re.'gulur charge which

we gel on all our work.
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The sum total seems to indicate that the cost of the
work will run out at about $180,000. We have been extraordi-
narily successful in our estimates, as witness the enclosed sheet
covering a group of seventeen of our jobs finished last year.

We have dong even better this year. Please underastand however
tliat the present estimate is a preliminary and we would nét wish
to make a final estimate until we had thoroughly been over the
work on the ground. |

You will note that our estimate 1s itemized very fully
and 1t is my belief that 1t covers ‘everything in €this case a8
described by you, excepting the sub-foundation work necessary
when the nature of the alluvial over-lay is discovered. I would
add noreover that if we find w\e\ gink each buttress clear dowm to
the rock by the process ahove alluded to, this will do away with
the necessity of a floor and so far as concrete is concerned the
one item will approximately balance the other, leaving only the
labor which} is not a large item,

Ve do not usually nake a nractice of sending out our
estinate sheets as you can recognize that this is information of
a very intimate and confidential character. We however do so
with pleusure in your case as out iack of precise knowledsme makes
it necesgsary that you should obzerve the lines along which we
have estitated and draw your own conclusions vwhether we huave
varied materially from the fucts. You ere quite at liberty to
shov this estiuate to any of your ussociates but I will merely
agk that you otherwise keep it confidential as agzinst rarties

who right be our competitors.,
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This job is one of very particular interest to us in
view of the nature of the foundatiana._ %e ghould mske a nmost
conspicuous success in attacking the problem you have presented
as our experience along these lines has probably not been enjoyed
by any other concern in 1ike~bﬁsiness. We have now builﬁ«forty-
one dams and very many of these have been on foundations of
treacherous character, - and it is needlesslto say every one has
been a pronounced engineering success.

I do not know the next procedure to gel closer to this

\

' fﬁofk; If the matter is referred back to Washlngton I would be

glad to go down at any lime and meet the Devartment there for
discussion,

If on the other hand the matter is determined on the
ground the proper step would be for our general superiﬁtendent
to come out on an appointuent and go over the whole matier care-
fully with you. Very possibly‘this ought to be done anyway
before we saw the ¥Waushington authorities.

In privale work we have heen uccustoned to charge our
actual travelling expenses on inspection trips of this charactier
with no charge for time., The amount of inspectiosn work which we
do in the course of a year runs up a very formidable vill for
travelling expenses, which we have for a ycar or two back assesg-
ed on each party served, to the satisfaction of all, If heowever
there is anything in the government regulations which precludes
this paynent of travelling expenses we will waive the matter,

As stoted in a Tformer letter I understznd thati our

business rethods coincide exactly with the rejquirerents o the

«SIATHONY IVNOILYN 3HL LV 03ONCOuAIY
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Department, We should make you a lump sum charge of say $23,000
or whatever other swn would be finally deternined after all the
sub-foundation conditions are knovwn. This swn would be paid to
us in equal nonthly installments extending over a time sufficient
to absolutely insure the completion of the work,

If you wish us to furnish plent, the preciée nature of
that plant would be determined and we would then furnish it eiths;
for a fixed depreciation charge or a per diem rate as you prefer.

We would furnish the expert resident sgperintendepﬁ and

if you desire it, all the rest of the executive force., In this

particular (excepting only the superintendent) we should of

course accomodate ourselves to your wishes.

Ve would fufﬁioh skilled or unskilled labor to any ex~
tent as desired by you and I wish to emphatically state that
everything to be furnished, be it labor or anything else, is fur-
nished at its exact cost to us. In fact you assume the labor on
your pay roll and pay it direct, including the superintendent
end executive force, 1In other words our entire profit is con-
tained in the commission which we charge and there arc no con-
cealed profits or rebates of any sort throughout the estimate,
Everything furnished by us is on strict wvoucher subject to audit.
It follows therefore that you and we would be co-operating to
onc end, namely the completion of the work in the quickest pos-
sible time and at the least pogssible cost. You recognize that
the latter incentive in its effect on our business reputation is
a most powerful one, It is very rare indeed that we do not beat

our own time estimates., In fuct we huve just collected a bonus
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foﬂ,
from the City of Pittsfield, Mass., which became due under a 2
-
XI
speciael time contract, ;‘!
I would add further that if one of us comes out to §
! e discuss this matter with you, we shall wish to bring ons of our %
] ‘construction books on’ some completed job so as to show you- in é
2

detail the thoroughness with which our cost accounts é.rew‘kept,

and the results exhibited as the work progresses.

I will be pleased to hear from you at your convenience

.with g._c;m_owlgqug'eﬁment ¢r the receipt of the blue printé. I have

| I stated already that this work interests us greatly., I will be

PG

’ glad if you will so put us in connection with the proposition

that we will not faill to secure it through any lack of diligence

on our own part,

Avaiting your further favors, we are,

Yours very truly,

AYBURSEN IIYDRAULIC CONSTRUCTIOY¥ CO.

¥. L. Church

President.
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Preliminary Detaill Fstimate. ; :
¥Tor Proposed Dan at ILeupp, Arizona. r—:é
Ambursen Hydraulic Construction Company. 3
. £
( , Boston, Mass. Sept. 14th, 1908, &
Classification Quantities  Unit Costs  Totals o
: ) | o o ]
1. Clearing Site not included N '
2. New Buildings o - § 2500,
3. Ereation of Plant 2000,
_ Hauling .. " o 1000,
‘4, Coffer Danm pro‘bably nomin;:.l o say R \5'00.‘ v

Pumping included above

‘5. Cut off Trench 3250 yds. 3. 1050,
6. Rarth Excavation dooo v .30 2400.

' 7. Rock Excavation 200 2.50 500.
8. Crushed Stone

or Gravel . 6000 * 1,50 9000,

Boulders 1rrobably none

9. Sand (crusher) 3000 " 1.50 4500, f;‘
10. 3ixing Concrete 6000 45 2700.
11, Placing Concrete " " .55 3300. :
! 12, Placing Steel 455000 1bs. .00%5 2275,
' 13, Yorm Work on Dam 6000 yds. 2.50 15000.
Other Form Work none ‘;
? ‘. 14, Blackemithing 8 400. 3200,
15. Cement Cartage 7500 bbls. .50 3750.

Cement Handling
and lost bags " " : 750.
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16, Superintendent 8 mo. $300. $ 2400. 2
.—‘
Assistant Superintendent 8 » 200. 1600. ;f
Engineer 8 » 200. 1600, g,
>
Clerks (2 g n 200. 1600. -
A (2) e, g
. 17. Cartage miscellaneous .- 1000. =
| 18, Earth Embankment none ¥
19. Paving Slope none
| 20. Dismantling Plant . | 1500.

2;;_Rqadajgnd<Approaches not included

‘2é.:3;6£ M1 none

la. Stone or Gravel see above

fi 2a, Sand see ahove ;
il : ;

, ( 3a., Cement - at 1fill 7500 bbls. 1.10 8250.
Freight L 2.00 15000.
4a. Rough Lumber 50 B.M. 35,00 1750. ’

Dressed ¥ 50 " 45,00 2250.
3 5a. Hardware ' 1200.
? 6e. Steel Reinforcement 455000 1lbs. .02 9100.
? Freight and cartage .015 6825,
; 7a, Gates = Head and Waste an allowance of 3000.

8a, Explosives see rock excavation

9a. Racks and Screens none
10a. Fuel, 0il, Vaste say 5000,
1lla. Flashboards none

Closing Dam none

CNVBAT7-201 NNOOTT83
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. 3
l3a. Sheet Piling (possibly none) an allowance of $ 5000, =
m.
l4a. Log Piling not included _ z
15a. Use of Plant 50% on 24000 12000, g
¢ 16a. Freight on Plant say _ : 5000. ‘%
17a. Insurance 2% on pay roll  say N 2ooo.' ‘ﬁ
18a. Traveling . .2000.
’ 19a. Power House . none
? 20a, Electric Equipment none
.215. Hydraulic Equipment none. | e
22a, COntingenoiea : 1Q%-° : 14500,
23a, Flume and Canal . none
Commission 15% 88Y 23000,
- 817
j (
r ‘ LENGTH OF As a portion of the reservoir banks consists of dykes,
N SPILLWVAY. the length of the spillway is of vital importance. The
question of maximum discharge has been roughly ascerteined to be

approximately 15,006 second feet. Should this maximum flood come
with the reservoir full, as at the end of a wet season or the

last of the spring floods it would all have to go over the spill-

W&y .

The formulas usuelly used to provide for a spillway in

)
«
{
i
i
i

wetter countries will not work here under the conditions obtain-
ing. This maximw: flood would be discharged over the spillway of
456 feet with a depth of 4.7, using the Francis formula., As a
longer spillway will lessen the heights the dykes will have to be

* built for safety, a longer one might be preferable., With a length

. P - . . . . . L . o . ST,
. ) . e . . . -
l ' , I i
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of 525 fect the flood assumed, would have a depth on the crest of
4,3 feet; should we make the length 575 feet, the depth would
then be 4.05 feet, .

With 4 feet over the crest, the additional storage of
the reservoir would not be less than 6000 acre feet which would
act as a great equaliger and safety valve. |

It was thought, as an additional measure of safety, to
build Dyke No, 3 two feet lower than the other ones, and should

the floods reach a stage where the spillway over the dam could

"ndf[q;séhéfgéJiﬁ'tépidly enough without gndangering'the safety

of the dykes, No. 3 would be topped, and probably go out, re-
lieving the pressure at once. The objections to this would be
that such a volume of water nmight flow to the school and agency
buildings at Leupp and damage them, although I believe that it
would be cared for by the lower lands both east and south. There
would also be the loss of the water stored in the reservoir down
to the 526 contour. It might be advisable to put in some kind
of a spiilway at this point that could be topped without going
out, I would suggést in this connection a concrete core wall or
a row of Bteél sheet piling. Thesec are details that would of
necessity have to be worked out later if the project is built,

Computations of the amount of material in these dykes at
various heights have becn made, to enable comparisons to be made
but if the dam is built to el. 537, the dykes should be to el,
h42,

If lower heights of dam are used, the storage capacity

will be nulerially decreascd.

o
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LAND AVAILABLE AND The land available comes in three separate
NECESSARY DITCHES. tracts, or rather under three ditches.
the south side ditch there is & total of about 1760 acres, some

of it rather indifferent quality. This ditch will be ten miles

long to cover this amount of land. .

On the north side of the river we find most of the good
land., Within two miles and a half of the dam is a compaét:body
of land of about 1204 acres.
it all the main ditch would ‘go to about mile 4%, or a little
more than 5% miles rrom *ae dam. Below this is about 200 acres
of poorer land and below still further is another body of 220

acres of excellent land., Below the 10 mile point is a body of

;;er 5000 acres of good land, the map shows about 3400 acrc¢s of
it being covered by the ditch to its 14 mile point. To cover
the balance of the land in this tract will nced an ektension of
the ditch, or the building of several miles of main laterals.
The land that lies around the School and Agency at Leupp
can be irrigated from the Keservoir when it has water standing
nmore than 6 feet above the main tunnel discharge. By taking
water from a point at Dyke No. 2 at elevation 522 any of the top
15 feet of water may be drawn from this gate. There is probadbly
1000 azcres of land that can be watered from this gate of which
it is estimated 600 acres can be considered good land, though
IT all of the

gsorie of it will need more or less leveling.

ditches ure built ag shown on map - Proposition No. 1, and the

necagsary laterals, we will have

CV-6417-201
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On north side of River 7044 acres

" gouth n oo 1760 »
Under high outlet 600 "
Total 9404 "

Milea main canal 24,

It proposition FNo. 2 is built, (see below), carrying the
north side ditch only to mile 4%}, and leaving out the 420 acres
of land lying between that point and mile 9% we will have
On north side of River. 5624 acres

" south ® LI 1760 *
Under high outlet 600 "
Total 7984 n -

Miles main canal 207 miles.

The land on the north side of the river is slightly
rough in places; in others, can be irrigated with a minimum of
leveling or other preparation. On the so&th side it is not quite
g0 good, The quality of the soil is not quite equal to most of
that on the nortk side, and near Tolchaco there is some alkalil
in the soil.

TWO0 PROPOSED The two propositions are as follows:

DITCH SYSTEXMS. Proposition o, 1 is to build the ditches as shown
on. the map in solid lines, carrying the full awmount of water from
the dam to the mouth of the canyon. At this point the ditches
branch, One, the larger one, will cross the river by means of

an inverted siphon, using wooden stave pipe, and extend dowm on

the north side of the river a distance of 14 miles from the

hl_-
CV-6417-201
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forks, covering 5024 acres of land. From about B84 miles to 10
miles the canal will be in the canyon of the river and would be
in rock largely, and subject to overflow during extremes of high
water,
dam and would cover 1760 acres of land. In this prprSition,
the north side ditch would be the main one.

In Proposition ¥o. 2, and the one that is considered the
better one, the north side ditch will only be built to mile 4%,
and would cover 1204 mcres of land, and would only need to. be a
emsll ditch. The mouth side ditch ‘then would become the large
one to a point at about 74 miles. At this point & cross ditch
‘would be built as shown by the broken line, crossing the river
with a siphon, and connect with the north side ditch at a point
94 miles from the junction. This would add about two miles on
the gsouth side and eliminate about $ miles of heavy construction
on the north side, and also add a second siphon, By using fhe
second proposition 420 acres of land is left out, bul this can
be reached at any time by Puilding a lateral from the north side
ditch. |
RECAPITULATION. In brief, this is a project to store the water
of Canyon Diablo in a reservoir, near Leupp, that will have a
capacity of 11,617 acre feet, and an area of water surface of
oli0 acres.

The reservoir is made by & dam, preferably of the gravity
or buttress type, with a srillway over wmosl of its length, and
five earthen dykes closing goars in the ridee along the north of

the reservoir site,

The south side branch would be ten miles long from the ..
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The weter to be cari.ed in open ceanals. The land lies
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along the Little Colorado River, on both sides, the larger body

being on the north or side opposite from the reservoir.

4V _YNOILWN

The river will be crossed by two wooden steve pipes, if

proposition No, 2 is followed, and there will be 207 miles of

- SIATH

main canal; the largest 10 feet on the bottom and the smallest
3 feet, .

The total area of land below the reservoir and under the
proposed ditches will bg abput 7384 acres, with an additional A
"ares of 2000 mcres that can be reached by & small extension of
the ditch systen,

There will also be about 600 acres around ngpp that can
be reached by a high line discharge and ditch taking water 6 Teet
above the vpoint that the main system will discharge.

This will give a totszl of approximately 8000 acres that
cen be covered by the proposed system, and to have sufficient
woter for this area, with a duty of water at 3.5 feet, the res-~
ervoir should be filled 4; timcs each year, Yith the swall
amount of knowledge of the discharse of the canyon there is no

certainty whether there is this anount of flow at the right

times of the year, although it is presunmed that there is several

tizes this discharge during each year.
USE. The basls for the value of any proposition is its beneficial
use, In the case under coneideration its beneficial use would
have to be provided for by inducing the Indians to farm, dbring-
ing in Incdiang from other places end teaching them how to use the

vgter,
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The last published report of the Commissioner of Indién
Affairs gives the population of the Navajo Extension as 450,

On the basis of five to the family, this would give 90 families
that l1ive in the reservation ~ with say 100 able bodied men,

If ten acres was allowed each family, or rather'éach
able bodied ﬁan, about 1000 acres wbuld be used.

The same report puts the total number of Navajos on the
entire Navajo Reservation under four superintendents as 20,450
and' the number of Hopi Indians as 2 155 Theae Indiana all in-
‘habit the country to the north of thls project, and 1t ia very
probable that quite a number of the 22,000 Indians could be in-
duced to move south and settle on this land and cultivate it,

It is a fact, however, that the Navajo is not, and never
will be, at least for generations, a farmer. IHe 1s a herdsman,
and 8 nomad, Those of the tribe who now cultivate the soil do
it as a side issue to their stock interests, and cannot be in-
duced to raise nore than they need for the actual consumrtion of
their owm immédiate families, But the returned students that
have been to the non reservation schools where agriculture is
taught could undoubtedly be induced to setile where they could
be assured of a chance to have a nice farm and assured water
supply.

The llopi Indian is‘more of a farmer, and the reservation
on which they live is an absolute desert, and it is a serious
probler: how to assist them to

becoue nore progressive and self

gsupporting. Sone of ther: are now at Tuba, on Yavajo land,

where they can get water from Reservoir Canyon that is now being

417-201
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: developed for them, and I believe that others of the tribe would >
; be glad of the chance to settle here, 2
1 . | | It 18 a fact that on the entire Reservation of hoth of §
F these tribes there is not more than a few hundred acres that can 1%
2 l; be farmed at any'one place with the exception of along ihe San .;%
( . . Juan River in the northern part of the Reservation, and this %

\ - project in the southern,

X . ' Should the Department decide that it would be a good plan
E ) ‘ 7" to build this Reservoir, and could only plaée Indiana on part of

l fthe area, the balance could be 'sold.to white aettlers,~if‘1t was

deemed wise to open the resefvation, and the money derived from
the sale of the lands, used to reimburse the Treasury for the pro

rata cost of the project. It

( CO8ST AND

OTHER DETAILS. For detailed cost sheet and other details see the

following pages where it is tabulated under various heads.

On the prelirinary estimates, the dam is estimated to

cost $178,000. The dykes, ditches and other werk, including two

miles of distributing lateral ditches is £$104,786., a total of b
$282,736,

__h,

This would give a cost of $35.39 per acre for the langd

covered, and if later, it is found that the waler supply just-
ifies it, 2000 additional acres may be included at a cost not to
C exceéd $10.00 per acre,
The estimates are only preliminary as neither ditches nor
dykes huve becn cross sectioned, but it is believed that the

vardage is morc than will be found on actuval location, so the

CV-6417-201 NNOOT70"




question of costs on the estimates will be governed largely by

the unit costas used.

A¥N 3HL 1Y 030N00¥d3Y

CONCIUSIONS. 1In conclusion I would say, that owing to the magni- 2
tudg of the project, the lack of definite knowledge of the water g‘

: o . _ - z
supply, both as to quantity and season of runoff, as well as the 3

‘distance of the main body of land from the reservoir, I prafer

to submit this report, without any recommendation,

, Respectfully submitted, .

" superintendent of Irrigation.
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Report of Assistant Engineer R. ¢. Bush.

Albuquerque N, M,
Sept. 10th, 1908.

Mr, H. F. Robinson,

sdperintehdent of irrigation,

Albuguergue, N, M,

Bir: i
As instructed by you, I have made a topographical survey

'-or a reservoir site and land to be'irrigat@d thérefromuafglgupp,

Arigzona, Herewith is my report on same .

The proposed dam across Canon Diablo will be approximdte-

ly 600 feet long. Using the bottom of the canon as a base for
levels and building a dam %7 feet high, the reservoir will hold
11,617 acre feet., TFor a dam this height, four dykes will have

to be built.
Dyke No. 1 will be at an el. of 540 feet, length, 1600

feet, maximum height 8 feet, material required 3441 cubic yards

approxinately.
Dyke No. 2 will be at an el. of 540 feet, length 3750

feet, maximum height 18 feet, material required 28,769 cubic

yards, approximately.
Dyke No. 3 will be at an el. of 53%% feet, length 380

feet, maximvm height 12 feet, material required 3909 cubic yards

approximately,
Dyke Yo. 4 will be at an el. of 540 feet, length 200

feet, maximum height 12 fect, material required 3029 cubic yards

approximately.

CV6417-201
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This makes a total of 39,140 cubic yards, (approximately)
of material required for dykes with dam 37 feet i1 height.

Vith a dam 35 fect high, the reservoir will hold 9742

‘ _ ¢ o acre feet, TFor a dam this height, four dykees will have to be
{ - ‘ . built, | |

4o STAIHOYY TYNOILVYN 3HL 1Y (030N00Ud3Y

'Dykéino. 1 will be at an el. of 538 feet, length 1300
feet, maximum height 6 feet, material required 1349 oubic yards
approztimately.
Dyke No. 2 will be at an el, of 558 feet length 5500

feet maximum.height 16 feet material required 1,,,87 cubic

yards, approximately.
LoE | | Dyke No. 3 will be at an el. of 536 feet, length 350

feet, maximum height 10 feet, material reduired 2807 cubic yards

' 5 ( approximately.

Dyke No. 4 will be at an el. of 538 feet, length 380 .

feet, maximum height 10 feet, material required 1967 cubic yards

approxinutely.

This makes a lotal of 26 ,110 cubic yerds, (approximately)
of material required for dykes with dam at 25 feet in height.
\ :__ If it is decided that dykes built to the height stated
: above do not give a sufficient factor of safety and if it is
thought best to build dykes two feet higher - then,
Dyke Yo, 1 will be at an c¢l. of 542 feet, length 2050
{ feet, wmaximuwa height 10 feet, material required 6271 cubic yards
avproximately,
Dyke Yo, 2 will be at an el. of 542 feet, length 3900

feet, maxirnus height 20 feet, material required 39,5958 cubic

‘;‘_ A R o ' _ _ L oy
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yards, approximately.

Dyke No. 3 will be at an el. of 540 feet, length 390
feet, maximum height 14 fect, material required 4050 cubic yards
approximately. | ' |

Dyke No. 4 will be at an el. of 542 feet, length 1150 -

‘feet, maximum height 14 feet, material required 4716 cubic yards
approximately.' |

Dyke No. 5 will be at an el. of 542 feet, length 1650
feet, maxignm height 4 feet, material required'1775'oubic.yg?ds

f apprbgimafeiy; | ; e P

This makes a total of 56,368 cubic yarde (approximately)

of material required for dykes dbuilt to the above heights,

If at any time; water backs up in reservoilr to such a

height as to put the dykes in danger, then Dyke No. 3 will go

out, Hence the reason for making this dyke (2) two feet loawer

in each of the above cases.

The acore feet were obtained on the supposition that

water would be taken out of the reservoir at an elevation of

51

(o)

feet,
Ir. Yaxwell, tne agent at Leupp, says that a great deal

of water comecs down the Canon Diablo every year.

The drift line follows approzimately the 51% contour.

Ags to material for building the dam,”
sand for concrete can be obtained within % mile of the dam site.
Rock for concrete cun be obtained within a few hundred feet of
It will be nercssary to put in a rock crusher and

the dam site.

to quarry this rock. There is no gravel in the vicinity that is

b

CV-6417-201
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fit for concrete, Water for concrete can be obtained by boring
a well at the site. Sufficient water can be got within 20 or 40
feet of the surface. Water can be piped frou the tank at Leupp,
which igs something like a mile and a half away. The capacity of
the pump that f;llé,this tank is about 2005 gallons per hour,

Canon Di&bio drains & very large area, but from the in-
formation giveﬁ me by the pebple at Leupp, very little,gilt is
washed in,

The proposed dam site is situated between bluffs on each

Lﬁsidg}bfathé;éandq; A rock ledge extends abouﬁ 170 féet'aérqab

part of the site. Test pots have been put down 18 feet'béyond
this ledge and found nothing but made dirt, So the greater
portion of fhe dam must be figured on as héving a soft foun-
dation. |

Yaterial for the dykes can bhe borrowed alongside with
only a berme left between toe of dfke and borrow pit.

A gate can be pul in Dyke No. 2, which can be uscd to
irrigute a school farm; but waicr cannot be taken from this gate
when water in the reservoir is low.

As to the lands to be irrigated.

The accompanying map shows approximately 6500 to 7000 acres of
land available, The ditch ic to be taken out at an elevation of
516, This ditch will go down the canon to the Little Colorado
River. On the south side of the river the ditch is 10 miles in
length with a drop of 2% feet ver mile and covers approxinately
1700 acres. Only a very small sart will reguire any rock work.,

About half of the land on this side of the river is very poor,

YNOILVN 3HL 1Y G32000ud3y
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The other half is fairly good land. To put a ditch down the
north side of the river mukes it necessary to siphon the river
Just below the mouth of the Canon Diablo. In putting the ditch
across the river the loss of head caused by the siphon has been
taken at'three feet, There will be no rock work on this ditch
as far as mile five, The area covered to this pbint amounts to

approximately 1204 acres, all of which is good land.

Prom mile 5 to mile 87 the ditch will cover approximately

440 acres. There will be no rock work on this portion. Also
200 adres of this 1and is very poor} | .

From mils 8§ to mile 10 2000 feet the river goes between
rocky bluffs. The bank is very narrow. This portion of the
ditch will bve moétly rock work and will bve very expensive and

will be subject to overflow every year. Fron mile 10 2000 feet

to mile 14, the end, the ditch will be easy construction and will

cover approxinately 3400 acrés. It can be extended, provided
.there is sufricient water to cover betlween 1000 and 2000 acres
L.ore land than is shown on tne map. All of this is gooud land
and the greater part will need no clearing or smoothing off in
order for it to be cultivated.

To eave building ditch on north side of river from mile
47 to wile 9.

starting at mile 7 5500 feet of the ditch on the south
side of the river and building ditch around the hill as shovm on
the map for o distance of 1 mile 3800 feet. Siphon the river at
tnis point connecting with ihe original ditch on the gouth side
This will give 7

at iile 9. feet to allow for loss in sighon,

L—f
CV-6417-201
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This way will necessitate building the ditch on the south

side as far as mile 7 3300 feet larger than it would be if the

gecond siphon wes not put in.

But 34 miles of ditch will be saved entirely. Also the
ditoh on the north side from siphon No. 1 to mile § will,'then ‘be
smaller and & gp;allér si’phoh can be put in at the firs-'f: ‘Croési‘ng‘.
go a'a far as _the work of building ditches is concerned, ,thi_;xgs
will about balance with the exception of 3} miles of ditch saved

entirely. It would surély be cheaper to build the two siphons

“.and lose the 440 mores of land that would be irrigated on the,

north side from mile 5 to mile 832 if that part of the lditch"was.
built,
Respectfully,
R. G. Bush

Assistant ¥ngineer,

CV-6417-201
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Contour,

16
18
20
22
24
26

28

18

Capaci‘ty of Reservoir at each contour

for Dam heights of 37 and 35 feet,

Area in square feet
for each contour,

4,768,000
7,444,000
11 154 000
16 422,000

B

04,000
31, 516 000

35,137,000

37,049,000
20828000
42,717,000

~§oégo§2szoo
- 5

Area of Reservoir full,

Averazge depth,

4,768,000
7,444,000
11,154,000
16, ,422,000
19 554 000

, 972,000

04,000
51 516 009
35,137,000
37,049,000
58 38 000

424

Area of Reservoir full,

Average depth,

Dam 3% feet high.

Dam 37 feet high., -

12, 212 aoo
418 598 000
27 576.000

6,256 ‘000
43,806 ooo

72 1 ,\000
77. 77‘900
200 |
Total Ob 203 ;Q

x

980 acrels.
1185 feot,

sy
N

S
p)

12 212 1000
18! 598 000
27, 576 '000
36, 256,000
43,806;000
50, 776y000
58,320,000
66, 653 000
72 10 6 000

993750

Total 43- (Up()o

0 Q742 ucre fect

10.75 feet,.

11617 acrs. 't'é-;et '

90Y acros.

Cape.city in: cu‘bic feet
_for eaoh contour.;_
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DYKES, - Length, Maximum Height and Contents.

No. 1.
Elevation 38

Laength 1300!
Maximum Height 6!

_ Material : 1349 cubic yards

Flevation 40

‘Length 1600!
‘Maximum Height 8!

Material - 3441 cubic yards

' Flevation 42

Length 2050

¥aximum Height 10!

Material 6271 cubic yards
No. 3.

Flevation 36

ILength 350!
Maximun Height 10!
Material 2807 cubic yards

Flevation 38

Length . 380!
Yaximum Height 12°!
aterial 3909 cubic yards

Elevation 40

Length 390°F
Yaximum Height 14!

Material 4050 cubic yards

No. H.
Elevation'42

Length 15650!
laximun Height 41

Yuterial 1773% cubic yards

3HL 1Y G30N00dd3Y

No. 2. 'z

3

Elevation 38 2
3500° 3
16t o

K

19987 cubic yards
Rlevation 40 |

3750
18
28765 ocubic yards

Rlevation 42
3900!
20"
39558 cubic yards
No., 4.
Elevation 38
380"
10!
1967 cubic yards
Elevation 40
300!
12!
3025 cubic yards
Elevation 42
1150°

141
4716 cubic yards
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STRUCTURES.
From the map it looks as if the cross ‘dréinage_ would
have to be provided for in eight places, this seems ra.ther &
q small number, However have estimated 8 @ $250. ee.ch, or 32000.

;o SIATHOYY TYNOLLYN 3HLI 1V 033000ud3Y

‘on the ditch line; and for the two siphons 150 yards conorete
@ $20., per yard or $3000, Total 35000.
TLateral Headgates or Turnouts. e
Estimated Number 25.
7 unitcost  $40,. .
"  total Amount $1000,
' Por Bridges, Flumes, etc., have added $1000., making a
total for structures §7000.

.

For slope paving it is assumed that the paving will be
g ~ one foot thick, and the total slopes of all of the dykes is

11,886 square yards. The total quantity of rock needed will he
3,962 cubic yards.

V-6417-201
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PROPOSITION No., 2.
Estimate in detail with unit costs,

Dykes, to sel. .42
Farth - 50 368 cu., yds. @ 25 cents cu. yd. 14,092,
Slope paving - @ 50 %  gq. yd. 5,943,
Y . Outiet at high elevation - estimated 300.

L

Ditches.
Excavation Class I
105,800 cu., yds. @ 25 cents cu. yd. 26,450,
3200 cu, yds. wet @ gl1. cu, yd. 3,200.
Excavation Class III -
15,500 cu, yds., @ $1, ou,yd, 15,500,

Sivhons,.
No. 1. \
Concrete, reinforced =~ .
75 cu, yds, £20. cu, yd. 1,500,
Stave Pipe = 350! (24n) $4. ft. 1,400, DA
F.xcavation, wet - e
_ - 1200 cu. yds, @ §1, - cu, yd. 1,200, - YR
No. 2. R T L
Concrete, reinforced - ‘ SR G
7% cu. yds, $20, cu. yd, ‘
_ 'Stave Pipe -~ 700! (30%) $4.,50 £t. - 3,150.
) '~ Exéavation, wet ~ »
’ 5000 cu, YdB. @ slo cu, }’d. 5’0001* ;l;

XS]

Btructures. , , 1 )
. Cross drainage = 250, each 2,000, S
. Iateral headgates - 25 49, " _ 1,000,
1Br1dgen and flumea - estimated -~ = 1,000, .

88

g ‘.-_Contingencies. 104 Lo | , . 26. '.

 Dam, see detail Ambursen letter  178,000.
' ' Estimated -total cost 252:‘7’8‘5‘,"

Estimated cost per acre $35.35

- T YTt L 6t tan s em annr s e Ym————
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