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REPORT ON IRRIGATION

~ THE COLORADO RIVER BELOW ~I ARIZONA,

~ PUMPING VB. GRAVITY CANALS.

by

Jae. D. Schuyler,
Cons. Hydraulio Engineer.

Los An~eles, Cal.,'Nov.25th, 1901.

E. IT. Rollins & Sons,
335 Pine St.,

San Franoisoo, Cal.

Dear Sirs:-
In response to your request of 4th inst., re-

ceived at Rooky Ford, Colo., I stopped at Yuma on my return from
Colorado to examine the conditions under which irrig~tion has
been practioed on the Algodones nrant with a view to determining
whether or not gravity oanals are likely to prove feasible for
the general irrigation of that district, as against pumping.
The following report haa been prepared to embody my conclusions
n the matter.

The territory in question comprises a tract of
50,000 to 60,000 acres of alluvial bottom lands extending some
25 miles south of Yuma to the Mexican boundary, and lying be-
tween the Colorado river and the Mesa lands to the east. The
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lands are extremely fertile and produotlve, and oapable of pro-
duoing enormous orope when provided with a sufficient supply
of water for irrigation. The induoement offered for a satis-
factory solution of the irrigation problem is therefore quite
extraordinary as the soil of the r&gion 1s oertainly unsurpassed
in produotive power by any lands in the United states. The
water supply of the Colorado river, flow1ng alongside the lands
is practioally unlimited. the lands have a suffioient slope to
enable them to be irrigate~ readily, the Bubdrainage of the
Boil is good, and the soil takes water freely when applied to
the surface. All of these oonditions are quite aa favorable
as could be desired. There are only three unfavorable 00n-

dltions whioh render the problem one of difficult solution. and
these are:

(1) the wide range of fluctuation in the height of
the river between high and low water:

(2) the slight (all of the river, and
(3) the heavy load of sand and silt carried by the

water in suspension.

FIJUCTUATION OF THE RI •--=....;..;.;:.~

The acoompanying diagram of the maximum and minimum
monthly gage heights at Yuma sinoe 1882 illustrate the fluo-
tuations which occur, and Show that the minimum is as low as
elevation 113.2 ft on the gage and the maximum as high as eleva-
tion 128.3 ft. - an extreme range of about 15 feet. The gage
1s placed with its zero 100 teet above sea level. As 1rr1ga-

ion in that region 1s praotioally oontinuously required the
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year round a gravity oanal to be of effeotive service must be
taken out at Bome point lower than elevation 113. The
depth of water carried by the oanal, whether it be 3, 4 or 6
faet, WQul~ therefore require it. bottom to be that muoh lower
than elav. 113. at its bead. In order that a gravity canal
shall be able to get out upon the surfaoe and serve lands within
a distance of 6 or 8 miles frGm its head it is necessary to
start as high up the river a8 possible, involving deep cutting
at the head, and expensive headworks. Practically the
entire tract is subjeot to overflow in extreme flaods, whioh
introduoes art added element of danger to canals 50 constructed
as to receive water solely by gravity from the river, subjeot-
ing them to destructive washing of their banks. or filling by

the deposit of sand. Moreover the river is a caprioious
one, and is liable to shift its ohannel entirely away from the
most elaborately o0nstructed headwork5.

GRADE OF THE RIVER.--
The Colorado bas a fall of but one foot per mile,

whioh 1s quite suffioient for a stream of that Size, but is
not enough for a oanal of moderate oapacity to enable it to
carry along the load of silt reoeived from the river, and any
gravity canal built low enough to receive water all the year
through. muat be built on the grade of the river or a lesser
grade. and under these conditions must rapidly fill with lilt
deposi~ed from the water, unleBs the water be returned to the
river below. This latter expedient could be resorted to at
oertain times when the water was most heavily charged with silt,
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and the oanal kept scoured out in that manner, provided all other
conditions of stability wer6 maintained.

THE SILT PROBLEM.----- •...- ....••...-
'The disposal of the silt and sand oonstitutes the

chief difficulty in irrigating from the Colorado river. The
peroentage of silt carried by the river varies very greatly,
and the amount of it has never_ to my knowledge, been very
definitely deter.mined. It 1s greatest in high water, and
ordinarily it consists of very fine sand. When the Gila river
is in flood, however, the charaoter of silt is changed to a
very tenaoious. plastic clay. The sand 1s easily removed
from the canals by sorapers, and teams can enter upon it at
onoe upon turning out the water. The clay mud is muc_ mora
difficult to handle, and must be allowed to dry out for weeks
before one oan walk over it. The heads of the Farmers and
Ludy Canals have been filled with this mud for the past year,
to a depth of 3 to 6 feet, and it is most discouraging and
expensive stuff to get rid of, as it is so very stioky and
tenacious.

EXISTING GRAVITY CANALS.
There are two gravity oanals taken from the river

for the irrigation of these lands whioh have been in use the
past year during the higher stages of the river. The Farmers
Canal heads within half a mila of Yuma, and has its headgate
looated about 3/4 mile down the oanal from the river. This
canal delivered water sucoessfully during high water, but has

•
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been dry for several months, and the only water received by

the Fa ere is from the Rollins pumping plant. As heretofore
stated the upper portion of the canal is so badly silted as
to require a very heavy expense before it oan again be used. At
the present stage of the water, with gage reading 17' 6ft, I
am inclined to doubt if' it could draw water from the river even
if it were oleaned out to its original grade. If water were
flowinp: freely through it the elevation of the ground is such
that the water could not be brought out t~ the surface within
six miles of its head. It oan never» therefore, serve lands
nearer to Yuma than this distanoe, and oan only be available
further d0wn the traot. I regard this canal as a practical
failure from every point of view, and can see no way in whioh
it is likely to be improved so as to overoome the constant
tendency to interruption of its flow.

The Ludy Canal hea.ds about rour miles down the river t

and ia oarried into a long narrow lagoon, beginning 3 or 4
miles below ita headgate, where the silt is intended to be
deposited. A large sum of money, $200,000 and upwards, has
been expended upon this canal, which I was told is owned by

partie,S li.ving in the state of Washington, and I was informed
that the ultimate intention is to irrigate mesa lands in Sonora.
The bed of the oanal for the upper mile or two, at the time of
my visit, was sema two feet higher than the level of water in
the river, although the river is liable to go down two to four
feet lower still. A small, temporary suotion dredge waB

being operated, outting out the silt in the bed of the canal
below the headgate to give & depth of about 6 feet of water.
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To float the dredge a pond had been made by throwing a low dam
across the canal at the river and another below the dr~dge, the
water being pumped into the pond by a centrifugal pump at the
river. This pond was about two :feet hi~her than the river.level. The dredge therefore wan cutting tlJe canal bed down to
about extreme low water level. As long as the river bed re-
mains in its present position at the head of th~6 canal and
the water is kept flowin.9'through it in large volume I have
no doubt that it can be successfully used for the irrigation of
the lower half or three fourths of the traot in question,
through the greater portion of each year. The most questionable
featUres of the Work are in the ability to permanently maint in
the headworks in the unstable alluvial formation of the river
banks, and the ability to hold the river bed from switching off
to the opposite side of the valley, leaving the headworks high
and dry. There seems to me to be an enormous risk in building
and maintaining irrigation canals under such conditions, and
while they may be opArated sucoessfully for a few years they
are constantly liable to disaster.

STABLE GROU1IDFOR RlM.DWORKS.-
The only firm and stahle ground for the location of

permanent headworks for a gravity canal on this entire section
of the river is embraoed within the limits of the military re~
servation at Yuma, a tract of 40 acres, throuGh which you have
ri~~t of way granted by Act of Congress for two canals, one of
which is oonstructed and used for the carria86 of p'k~ped ~ater
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from your pumping plant to the Algadonee Grant lands. The

other right of way, 200 feet w1de, has not yet been utilized.
The bank. of the river is here oomposed of indurated SWld,SG

firm and .olid as to resist erosion, and against which the main
,

channel of the river flows • I am of the opinion that a canal
built with substantial headworks of concrete masonry in this
material. located at a point a little above the pumping plant.
and constructed on a grade sufficient to oarry ailt without
material deposit, can be made as a permanent construction for
the irrigation of the lower 40,000 to 50,000 acres of bottom
lands, and that no other is likely to prove permanently feasible.
Such a canal is feasible and qught to be built, and in my
judgment the value of the distlict as farming lands will warr-
ant such an extensive and costly canal as it is likely to be.
It Should be made large enough to irrigate the entire traot
covered by its flow, and be used as the main source of supply
for all but the upper 10,000 acres adjoining Yuma, which is
too high to be reached by a gravity canal, and must always de-
pend on pumping alone. To give it suffiOient grade to clear
itself of silt it would seem advisable to lecate its head
considerably above low water level, and supplement its flow in
the low water seasons by pumping. into it.

By this plan I think that the practical difficulties
of irrigating the tract oan best be overcome, and the problem
of providing water be put upon the chea.peat and most practioable
basis. In short, it does not appear to me essential that all
water for the tract l1lust necessarily be pumped, but that both
pumping and gravity should be used jointly.
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IRRIGATORS.
The unsettled oondition of land ownership and titles,

and the irresponsible character of the class of settlers oc-
oupying these lands appear to offer more serious difficulties
in the way of solving the irrigation problem than the physical
oondltions to be overcome6 The Algodones Grant has been
thrown open to settlement but a few months and but few of the
settlers have titles to their lands. orne have entered them

under the Homestead Law and Bome by the Uesert Land Act, and
the time when they will receive title a.nd can offer adequate
security in making contracts for waier may be quite remote.
They are inexperienced irrigators, they have no stable organ-
ization with which capital cq,n deal in making contracts, their
l&ld is raw and requires ~uch work in olearing and levelling
to prepare it for irrigation, and as a class they are very poor.
Nevertheless their lands are very rich and with oultivation will
rapidly give the settlers adequate means for making pa.yments,
and the field really seems a promising one ror the wise expen-
diture of capital in supplying the needed element for extraoting
the wealth from the s011, provided the settlers be dealt with
diplomatically and fairly.

TRF, ]1(JTURE OF PU1,JiPIHG.-- -
The portion of the tract lying nearest to Yuma is

naturally tha~ which is most valuable, and which would first
come under irrigation. As heretofore pointed out there is an
area of some 10,000 acres which must always depend upon pumped
water for a supply because of its elevation, althouPft at higb
water nearly all of this can be renched by gravity for a few
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months of the year. This portion of the tract is smoothest,
is least out up by depressions and the slougm left by over-
flow of the river. and is most readily levelled and prepared
for irrigation • At the time of my visit and for tW0 months.or m0re previously every aore of land irrigated in the entire
distriot was drawing its supply exolusively from your pumping
works. The far.mers have oome to depend upon it very largely
and would probably rely exolusively upon it if the plant were
inoreased in oapaoity and improved in a permanent way. They

~ have failed with their QWD pumping plant and are ready to go

..

out of the business of trying to do their own pumping with
their own plant. The present arrangement whioh you have with
them i8 one which is evidently intolerable, and oannot longer
continue, as you are getting no returns on your capital in-
vestment and are wearing out your maohinery to provide them
with water at or below cost. By enlarging and improving the
plant there 1s no reason why you should not control the water
supply of the valley and seoure a fair interest on your in-
vestment.

TI!!! VOLUME Q! WATER REQUIRED !QE. IRRIGATION.

It has been extremely difficult to arrive at an
approximate idea of the velume of water applied in irrigation
in this valley, or the amount aotually needed,although same
estimate 1s needed 1n attempting to proportion the size of plant
required to Bupply the domand. Mr. W. S. Ingalls told me that
they were applying a depth of 8 to 9 feet per annum, although
I could soarcely oredit any suoh extravagant use of water in
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a region wher the subsoil moisture is always within about 5
to 6 feet of the surfaoe. In the Salt River Valley. where
the hIDn.idity is even less than at Yuma, but where longer ex-
periance has taught the fanmers to use water with Borne degree
of economy,the average depth applied is from 3 to 4 feet.
According to the reports of the Dept. of Agriculture the
a.verage depth received by the land under the Mesa Canal in-
cluding rainfall was as follows:

1996 4.92 feet.
18\17 4.93 It

.L898 4.08 It

1899 3.26 "
These figures indicate a tendency to use less water each year.
In my judgment less water is required in the valley of the
Colorado than in the Salt River valley, beoause the water plane
i6 generally higher, nd the soil is more retentive of Moisture.
Three to 4t in depth Should be an ample annual allowance •

.--.w.Ioo.~ ~ HI!''' ts*='~

Five feet would be an outside figure in my opinion, although
the "farmers may think they need more. If water were sold to
t.hem by volume ra,ther than by the acre requirement annually

there would be a.n inducement for them to exercise economy in
its use, and enable them to bettJ9r afford to pa.y a fa.ir Drice
for hat they aotually used. It seems to be the cneral
opinion of the people there fa iliar ' 1th local conditions that
the farmers c~n well afford to pay £5.00 per acre per annlllnfor
the water they use. If they used as much as 5 B.ere-feet per
acre the cost would be $1.00 per acre-foot. At this prioe
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water can be pumped and delivered into the head of the oanal
at a profit, !md it seems to me a reasonable basis for oontraots
for delivery of water - $1.00 per acre-foot at the ptuuping
station, the farmers to stand whatever loss might occur in the
di tche s , .

From Mr. W. S. Ingall's records of his operation
since he took charge of the pumps March 27th,1900, I have
endeavored to form an estimate of the amount of watar pumped
vp to the date of my visit. The rates of disoharge of the
pwnps given in the following table arc not based on actual
measurement, except during the tests made in June last to
determine tb8 comparative efficiency of oil and wood as fuel.
but Ilre the best judgment of Mr. Inga_ls, based on his know-
ledge of the height of lift and the speed of the pumps.
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Tab1~. o!,_fpproxirnate Amount of Wa.t~ Pumped ~Y the

Rollins Fum in Plan~ a't!,. Yuma,Arizona,during 1900
and 1901.

·~J:J.e

onth Houre of Hours of Approximate Total cubic ft. Total acre-tt,
fire under actual rate of pump- pumped. pumped ,

, boilers. pumping. ing.~als.per (approx)
" - ·rrl minute.
I :;I{ • b_~'·

O. ,
~{ M.rOh 72 68 30,000 17,280,000 396

},lr11 387.5 379 24,000 '72,000,000 l{,,50
IT .t. e ay 427.3 418.4 24,000 80,000,000 1836

una 285.5 282.§ 20,000 45,000,000 1030
.i.GJ~ ..•• t •.••1 I , uly 15? 155.5 18,000 23,500,000 539

\At' • 456. 444.7 20,000 71,000,000 1630
lnn~J 'b I Ipt. 2.66. 356.5 20,000 57,000,000 1309 .

• ot. 180.5 172.4 19,')OO~
"!'/{J t fro Jot. 50. 6,000, 28,000,000 643

~OT • 260. f.,000 12,500,000 287
.i:>~.L _0. 1 0. 0,000 8,600,000 197

UOJ..
M.ny. 234. 6,000 11,000,000 252
~ehy• 30. 6,000 1,150,000 26
aroh 142. 6,000 8,800,000 156
~pr11 150. 6,000 '7,000,000 161
·Y 152. 6,000 7,000,000 161
une 84. 8,000 3,800,000 88

July 208. 6tOOO 9,600,000 220
Augt. 182. 6tOOO 8,500,000 195
14ept. 294. 6tOOO~t1ept. 60 18,000 21,900,000 503
Oat. 223. 6.000?
Oot. 61 15,000 17,300.000 397
Nov. 53.2 l8,OOO~N~v. 12. 6,000 7,700,000 177
Total 470'7 516,5~O)')OO 11~853.
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If the figurPB in the. feregoine; table are carr ct,
and I assume that they are approximately 50, as Mr. Ingalls
has kApt a careful record of his work, they show a very 1nter-
eatine difference between the demand for 1900, of 9500 acre-

,
fpet, and that of 1901 of 2353 acre-fflet. I aaeume t,ha1~ tbie

was due to the partial suocess of the Farmers Gravity Canal
during the high water pflriod of 1901 in supplying their demende
for water.

I estimate the actual cost of this water to the
farmers on the basis of the data furnished by Yr. Ingalls as
folloW's:
2450 hours run with big pump at 75rj per hour $1837.50
2200 " " " sme.ll pum at $10.00 per day 920.00
867 corda of wood used to .run big pumPJat 8 1/2

cords per day414 If " " " " tf small pump, at 4 1/2
cords per day

Total. 1281 cords at $3.00
Total cost

3843.00

$6600.50

:'his amount divided by the 11,853 acre-feet of water pumped
gives an average of 55.68 cents per acre-foot,

or 1.28

0.17 II

'n" 1000 cubic-feet.
IOOO gallons.IIor

PUMPING PLANT ~.

A test of the pumps was oonducted from June 22nd to
27th inclusive during which the water delivered was carefully
measured. The river gage reading during the test was 23' 6",
and the lift about 7 feet. The total volume of water ptL~ped



. b ,it 't

• "r , . 't

-14-

during the 82 hours pumping was 18,500.000 oubic feet, or 425
acre-feet. The average delivery of the large pumP. ( hich wa3
th~ only one used during the test,) was 220,000 oubic feet per
~our, or 3760 cubic feet (28,300 gallons) per minute. The
fuel consumption was 19 bbls. of oil and 33 corda of wood.
Lubricating oil used: 47 qta. engine oil, and 20 qts. of
cylinder oil. The total cost of the test, estimating fuel
oil at 1.50 per bbl. and wood at $3.00 per oord, was about
$219.00 resulting in an average cost of 52 cents. per acre-foot
delivered • With inoreased lift the cast of pumping would be
greater by the increa3ed amount of fuel used. The m imum

lift of 15 feet at extreme low water would probably increase
...'"~''' the cost to about 80¢' per acre-foot, with the present pla.nt•

11

1 \~ '~oT

c aJ: ,t i

.1th the improved plant the fuel consumption would be materially
reduced. As ~1 average for the varying lift required during
the year it may be fair to assume that. the cost would be about
65 cents per acre-foot. T'lis would he e.x:clusive of inter It

on the investment or depreciation of plant.

IMPROVEMENT 2! PRESENT PLAlTT.

In considering the improvements which are des. rable
to introduce in the present plant I have mad$ some ccmput'tiOhS
of the capacity needed for providing water for an area of
10,000 acres. I aeswne that five feet depth is sufficient,
as heretofore discussed, and that the plant should have a
capacity of 50,000 acre-feet per annum, of which 20% may be
called for in anyone month, or 333 acre-f et per day. This
is equivalent to 30,000 gallons per minute. The pumps you now
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bave installed are easily equal to the delivery of this amount
h in good running 0rd0r. No new pumps are th~refore needed

until the demand fGr water exoeeds the amount stated. The
improvements whioh seem to me to be required are the following:

1. A sUbstantial forebay in the river bank in whioh to
place the suotion pipes, eo censtructed as to dral off the
surfaoe water only at all sta.ges of the river. This can

be m de of redwood, but preferabl;y' of ooncreto, with
rnovable flash boards over which the water would be taken
in from the river.

2. Reset t.he 1 r,:.;epump, and engine, rigidly connecting
them 0n one substantial b se of concrete, placing them
about six feet lower th~n at present, and sOluewnat further
baok from the river hank.

;3, Dispose of the three uncovered boilers) and provide
duplioate of the sinRle large boiler, set in 1ldobe.

4. Arrange to burn oil as a permanent substitute for
WOOd, saving the expense of fireman and wood "swampers."
The test shewed that if the oil can be delivered at Yuma
in tank cars at $1.50 per bbl. it is a che per fuel than
the mesquite wood at $3.00 per cord, aside from the
saving in labor. This change will necessitate the con-
struction of a storage tank of 200 to 300 bbls. capaCity,
and pipe lines, small air compressor, eto., tor plnnp1ng

the oil from the tank cars to the storage tank, whence it
will flo uy gravity to the boilers.
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Recon.truot the d~livery flume, which is rotten and
,.ut uf repair. Bubatitut1ng for it a larger flume placed
on piles along the river bank, and arranged to serve as
• settling basin for the heavier sand, with outlets at the
.ide for Ilu10ing the sand back into the river.

Reoonstruct the building to suit the alterations made
in maoh1n rYe

If he ae ohanges ar e made and the plant shown to be

ar .nsed for permanently doing a large business, it is believed
th.t the farmers will patronize it liberally and prooeed with
Slh)U 114provements as will make them permanently dependent upon
th. pla.nt in the future to the extent, at least, of the area
abov the reaoh of gravity canals. Contraots should be ae-
OlU·.rt on a basia of $1.00 per acre-f'oo , or as n e.cr that
f1 aro a.s the farmers ca.n be brought to pay,

Trusting that I have clearly presented my views on
\ubject, I beg to remain,

Very Sincerely Yours,
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