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E. H. Rellins & Sons,
335 Pine St.,
San Francisco, Cal,
Dear Sira:-

In response to your request of 4th inst., re-
¢aived at Roocky Pord, Celo., I stopped at Yuma on my return from
Colorado to examine the conditions under which irrigation has
been practiced on the Algodones OGrant with a view to determining
whether or not gravity caznals are likely to prove feasible for
the general irrligation of that district, as against pumping,

The following report has been prepared to embody my conclusions
n the matter,

The territory in question comprisesg 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 lyine he-

tween the Colorado river and the ¥Wesa lands to the eagst, The
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lands are extremely fertile and productive, and capable of pro-
ducing enormous orops when provided with a sufficient supply
of water for irrigation, The inducement offered for a satisg-
factory solution of the irrigation problem is therefore quite
extraordinary as the 20il of the region is certainly unsurpaaaed
in productive power by any lands in the United States, The
water supply of the Colorado river, flowing alongside the landsa
is practically unlimited, the lands have a sufficient slope to
enable them to be irrigated readily, the subdrainage of the
soil is good, and the soil takes water freely when applied to
the surface, All of these conditions are quite as favorable
a8 could be desired, There are only three unfavorable con-
ditions whioh render the problem one of difficult sBolution, and
thess are:

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

(2) the slight fall of the river, and

(3} the heavy load of sand and silt carried by the

water in suspension,

FLUCTUATION OF THR RIVER,

The accompanying diagram of the maximum and minimum
monthly gage heights at Yuma since 1882 illustrate the fluoc-
tuations which ocour, and show that the minimum is as low &8
elevation 113,.2 £t on the gage and the maximum as high as eleva-
tion 128,3 ft, - an extreme range of about 15 feetf, The gage
is placed with its zero 100 feet above sea level, As irrige-
tion in that region is practically eontinuously required the
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year round a gravity ocanal to be of effective service must be

taken out at some point lower than slevatlion 113, The
depth of water carried by the canal, whether it be 3, 4 or 6
fzet, would therefore require its bottom to be that much lower
than elev, 113, at its head. In order that a gravity canal
shall be able to get out upon the surface and serve lands within
a distance of 8 or 8 miles from its head it 18 necessary to
start as high up the river as possible, involving deep cutting
at the head, and expensive headworks,. Practically the
entire tract is subject to overflow in extreme fleods, which
introduces an added element of danger to canals so constructed
a8 to receive water solely by gravity from the river, subject-
ing them to destructive washing of thelr banks, or filling by
the depogit of sand. Moreover the river is & capricious
one, and is liable to shift its channel entirely away from the

moet elaborately constructed headworks,

GRADE OF THE RIVER.

The Colorado has a fall of but one foot per mile,
which i8 quite sufficient for a stream of that size, but is
not enough for a canal of moderate capacity to enable it to
carry along the load of silt received from the river, and any
gravity canal built low enough to receive water all the year
through, must be built on the grade of the river or a lesser
grade, and under these conditionas must rapidly fill with silt
deposited from the water, unless the water be returned to the
river below,

This latter expedient could be ressorted to at

certsin times when the water was most heavily charged with s8ilt,
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and the canal kept scoured out in that manner, provided all other

conditiong of stability weré malntained.

THE SILT PROBLEM,

‘The disposal of the silt and sand constitutes the
chief difficulty in irrigating from the Colorado river, The
percentage of silt carried by the river varles very greatly,
and the amount of it has never, to my knowledge, heen very
definitely determined. It is greatest in high water, and
ordinarily it consists of very fine sand, When the Gila river
is in flood, howevar, the character of silt is changed to a
very tenaclous, plastic clay. The sand 1s easlly removed
from the canals hy scorapers, and teams can enter upon it at
once upon turning out the water. The elsy mud is much more
difficult to handle, and must be allowed to dry out for weeks
befere one can walk over it, The heads of the Farmers and
Iudy Canals hsve been filled with this mud for the past year,
to & depth of 3 to 6 feet, and it is moat discouraging and
expenslive stuff to get rid of, as it is 80 very sticky and

tenacious.

EXISTING GRAVITY CANALS.

There are two gravity canals taken from the river
for the irrigation of thesse lands which have been in use the
past year during the higher stages of the river, The Farmers
Canal heads within half a mile of Yuma, and has its headgate
located about 3/4 mile down the canal from the river. This

canal delivered water sucoessfully during high water, but has
*
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been dry for eeveral months, and the only water received by
the Farmers ie from the Rollins pumping plant, As heretofore
stated the upper portion of the canal is sgo badly silted zs
to require.a very heavy expense before it can again be used, At
the present stage of the water, with gage reading 17! 6", I
am inclined to doubt 1f it could draw water from the river even
if it were cleaned out to its original grade, If water werse
flowing freely through it the elevation of the ground is such
that the water could not be brought out to the surface within
gix miles of its head. It can never, therefore, serve lands
nearer to Yuma than this distance, and can only be available
further down the tract. T regard this canal as a practical
failure from every point of view, and can see no way in which
it is likely to be improved so as to overcome the constant
tendency to interruption of its flow.

The Ludy Canal heads about four miles down the river,
and 1a carried into =2 long narrow lagoon, beginning 3 or 4
miles below its headgate, where the silt is intended to be
deposited., A large sum of money, $200,000 and upwards, has
baen expended upon this canal, which I was told is owned hy
parties living in the State of Washington, and I was informed
that the ultimate intention is to irrigate mesa lands in Sonora,
The bed of the cansl for the upper mile or two, at the time of
my visit, was some two feet higher than the lsvel of water in
the river, although the river is liable to go down two to Tour
feet lower still, A small, temporary suction dredge was
being operated, outting out the silt in the bed of the canal

below the headgate to give a 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 dredge, the
water being pumped into the pond by a centrifugal pump at the
river, This pond was about two feet hifher than the river
level, The dredge therefore was cutting the canal bed down to
about extreme low water lavel, As long as the river bed re-
maing in its present position at the head of thims canal and

the water is kept flowing 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 tract in question,
through the greater portion of each vear, The most questionable
features of the work are in the ability to permanently maintain
the headworks in the unstable alluvial formation of the river
banks, and the ability to hold the river bed from switcehing 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 mainteining irrigation canals under such conditions, and
while they may be operated successfully for a few vears they

are constantly liable to disaster,

STABLE QROUND FOR HEATDWORKS.

The only firm and stable ground for the location of
permanent headworks for a gravity canal on this entire section
of the river is smbraced within the limits of the military re-
servation at Yuma, a tract of 40 acres, through which vou have
right of way granted by Act of Congress for two canals, one of

which is constructed and used for the carriage of pumped water
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from your pumping plant to the Algadones Grant lands, The
other right of way, 200 feet wide, has not yet been utilized.
The bank: of the river is here compoesed of indurated gand, 80
firm and solid as to resist eresion, and against which the main
channel 6f the river flows, I am of the opinion thet 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 carry silt without
material deposit, can be mads as a bermanent 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 ought to be buillt, and in my
Judgment the value of the district 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 tract
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 & gravity canal, and must always de-
rend on pumping alons, To give it sufficient grade to clear
itself of silt it would seem advisable to locate its head
considerably above low water level, and supplement its flow in
the low water seasons Ly pumping into it.

By this plan I think that the practical difficulties
of irrigating the tract can best be overcome, and the problem
of providing water be put upon the oheapest and most practicable
basis. In short, it does not appear to me essentvial that all
water for the tract must necessarily be pumped, but that both

pumping and gravity should be used Jolntly,
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THE IRRIGATORS.

The unsettled condition of land ownership and titles,
and the irresponsible character of the class of settlers oc-
oupyving these lands appear to offer more gerious difficulties
in the way 6f solving the irrigation problem thean the physical
gonditions to be overcome, The Algedones CGrant has heen
thrown open to settlement but a few months and but few of the

gsettlers huve titles t¢ thelr lands, Scme have enterad them

' under the Homestead Law and some by the Desert Land Act, and

the time when they will receive title and can offer adequate
gacurity in making contracts for water may be quite remote,

They are inexperiencsd irrigators, thay have no stable organ-
1zation with which capital can deal in making contracts, their
land is raw and requires much 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 ocultivation will
rapidly give the settlers adequate means for making psyments,
and the field really seems a promising one for the wise expen-
diture of capital in supplying the needed alement for extracting
the wealtﬁ from the soil, provided the settlers be dealt with

diplomatically and fairly,.

THE FUTURE OF PUMPING.

The portion of the tract lylng nearest to Yuma is
naturally that whicl is most valuable, 2nd which would firat
come under irrigation. As heretofore pointed out there 1s an
area of some 10,000 acres which must always depend upon pumped
water for a supply because of its slevation, althouph at high

water nearly all of this can be reached by gravity for a few
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onthe of the year. This portion of the tract ies smoothest,
is least c¢ut up by depressions and the sloughs left by over-
flow of the river, and is most readily levelled and prepared
for irrigation, At the time of my visit and for two months
or more pfeviously every acre of land irrigated in the entire
district was drawing its supply exciusively from your pumping
works, The farmers have come to depend upen it very largely
and would probably rely exolusively upon it if the plant were
inereased in capacity and improved in a permanent way, They
have failed with their own 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 cannot longer
continue, as you are getting no returns on your capital in-
vestment and are wearing out your machinery to provide them
with water at or below cost. By enlarging and improving the
plant there 13 no reason why you should not control the water
supply of the valley and secure a fair interest on your in-

vestment.

THE VOLUME OF WATER REQUIRED FOR IRRIGATION,

It has been sxtremely difficult to arrive at an
approximate idea of the volume of water applied in irrigation
in this valley, or the amount actually needed,although some
estimate 18 needed in attempting to proportion the size of plant
required to supply the demand. Mr, W, S. Ingalls told me that
they were applying a depth of 8 to 9 feet per annum, although

I could scarcely oredit any such extravagant use of water in
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& region vhere the subseil moisture is always within about 5
to 6 feet of the surflace, In the Salt River Valley, where
the huaidity is even less than at Yuma, but where longer ex-
perience has taught the farmers to use water with some degree
of economy,the average depth applied is from 3 %o 4 feet,
According to the reports of the Dept. of Agriculture the
average depth received by the land under the Mesa Canal in-

cluding rainfall was as follows:

1896 4.92 feet,
1897 4,935 ¢
1898 4,08
1899 3.26 =

These figures indicate a tendency to use less water each year,
In my judement less water is required in the valley of the
Colorado than in the Salt River valley, because ths water plane
is generally higher, and the soil is more retentive of moisture,
Three to four fesei.in depth should be an ample annusal allowance,
3ivg feet would be an ggtside filgure in my opinion, although
the farmers may think they need more,. If water werae sold to
them by volume rather than by the acre requirement annually
there would be an inducement for them to exercise economy in
its use, and enable them to better afford to ray & fair vrice
for what they aotually used, It seems to be the general
opinion of the people there familisr with local conditions that
the farmers can well afford to pay $5,00 per acre per asnnum for
the water they use. If they used ag much as 5 sere-feet per

acre the cost would be $1.00 per acre-foot, At this price
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water can be pumped and delivered into the head of the canal

st a profit, and it seems to me & reasonable basis for contragts
for delivery of water ~ [1,00 per acre-foot at the pumping
station, the farmers to stand whatever loss might occur in the
ditches,

From Mr., ¥. &, Ingall's records of iis operation
since hé took charge of the pumps farchk 27th,1900, I have
endeavored to form an estimate of the amount of water pumped
up to the date of my visit, The ratea of dlscharge of the
pups gziven in the following table are not based on actual
meagurement, except during the tests made in June last to
determine the comparative efficiency of oil and wood as Tuel,
but are the best judgment of Mr. Ingalls, based on his know=-

ledge of the height of 1ift and the speed of the pumps,
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Table of Approximate Amount of Water Pumped by the

Rollins Pumping Plant at Yuma,Arizona,during 1900

and 1901,

- e R e
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fonth FHours of Hours of Approximate Total cubic ft, Total acre-ft,

ire under actual rate of pump- pumped. pumped.
boilere, pumping. ing.pcals.per (approx)

minute,

72 8 30,000 17,280,000 96

387.5 379 24,000 72,000,000 1650

427.3 418.4 24,000 80,000,000 1836

285.5 282.5 20,000 45,000,000 1030

N 157, 155:5 18,000 23,500,000 539

456, 444 .7 20,000 71,000,000 1630

it 266, 356,56 26,000 57,000,000 1309
180.5 i72.4 19,0002

50, 6,000) 28,000,000 643

260, €,000 12,500,000 287

180, o, 000 8, 600,000 197

234, 6,000 11,000,000 252

30, 6,000 1,150,000 26

142, 6,000 8,800,000 156

150, 6,000 7,000,000 181

152, 6,000 7,000,000 181

84, 8,000 3,800,000 88

208. 6,000 9, 600,000 220

182, €,Q00 8,500,000 193
294, 6,000%

60 18,000 21,900,000 503
223, 6,000;

A1 15,000 17,300,000 397
Nov. 53,2 18,000%

Nov. 12, 6,000 7,700,000 177

Total 4707 516,530,700 11,853,
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If the figures in the foregoing table are correct,
and I assume that they are approximately 80, as Mr., Ingalls
has kept a careful record of his work, they show a very inter-
esting difference between the demand for 1900, of 9500 acre-
feet, and that of 1901 of 2353 acre-feet. I aseume that this
was due to the partial success of the Tarmers Gravity Canal
during the high water period of 1901 in supplyine their demends
for water,

I estimate the actual cost of this weter to the

farmers on the basis of the date furnished by ¥r, Ingells as

follows:
2450 hours run with big pump at 75¢ per hour $1837,50
2200 ¥ " " smsll pump at £10.00 per day 920,00

867 cords of wood used to.run big pump,at 8 1/2
cords per day

414 = v  m " % ¥ gmall) pump, at 4 1/2
cords per day

Total, 1281 cords at $3.00 3843,00

Total cost $6600, 50
ihis amount divided by the 11,853 acre-feet of water pumped
gives an average of 55,68 centa per acre-foot,

or 1.28 " " 1000 cubic-feet,

or 0.17 i " 1000 gallons,

PUMPING PLANT THST.

A test of the pumps was conducted 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 pumped
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during the 82 hours pumping was 18,500,000 oubic feet, or 425
acre~feet. The average delivery of the large pump, {(whic 3
the only one used during the test,) was 228,000 oubic feet per
nour, or 3760 cublic fset (28,300 gallons) per minute, The
fuel eonsﬁmption was 19 bbls. of 0il and 33 cords of wood,
lubricating oil used: 47 qta, engine oil, and 20 gts, of
cylinder oil, The total cost of the teat, estimating fuel

oil at £1,50 per bbl., and wood at $3.,00 per cord, was about
$219,00 resulting in an average cost of 52 cents. per acre-foot
delivered, ¥ith inereased 1ift the cost of puwupling would be
greater by the increased amount of fuel used. The maximum
1ift of 15 fest at extreme low water would probably increasse
the cost to about 80% per acre-foot, with the present pilant,
Vith the improved plant the fuel consumption would he materially
reduced, A8 an average for the varylng 1lift reguired during
the year it may be fair to assume that the cost would he about
65 cents per acre-foot, This would he exclusive of interest

on the investment or depréciation of plant.

IMPROVEMENT OF PRESENT PLANT,

In considering the improvements which are desdirable
to introduce in the present plant I have made some computations
of the capacity needed for providing water for an area of
10,000 acres, I apsumne that five feet depth is sufficient,
as hsretofore discussed, and that the plant should have a
capacity of 50,000 acre-feet per annum, of which 207 may be
galled for in any one month, or 3%3 acre-feet per day. This

is equivalent to 30,000 gallons per minute, The pumps you now
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nave installed are easily equal to the delivery of this amount

when in good running erder, No new pumps are therefore needed

until the demand for water exceeds the amount stated. The

improvements which seem to me to be required are the following: -

1.

B

A substantial forebay in the river bank in which to
piace the suction pipes, so constructed as fo draw off the
Burface waler only at all stages of the river, This can
be made of redwood, but preferably of concrete, with
movable flash boards over which the water would he taken

in from the river,

Reset the larcge pump, and engine, rigidly connecting
them on one substantial base of conecrete, plzecing them
about six feet lower than at present, and scvmewhat further

back from the river hank,

Dispose of the three uncovered boilers, and provide

a duplicate of the single large boller, set in adobe,.

Arrange to burn oll 28 a permanent substitute for
wood, saving the expense of firemen and wood "swampers,"
The test showed that if the oil can be delivered at Yuma
in tank cars at $1,50 per bbl, it is a chsaper fusel 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, etc., for pumping
the o1l from the tank cars to the storage tank, whence it

will flow by gravity to the boilers,
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5, Reconmtruct the delivery flume, which 1s rotten and
out of repair, sudatituting for it a2 larger flume placed
on piles along the river bank, and arranged to serve as
4 settling baslin for ths heavier sand, with cutlets at the

#ide for sluiocing the sand back inte the river,

6. Reconastruct the building to suit the alterations made
in machinery.

If these changes are made and the plant shovn to be
arranged for permanently doing a large business, it is believed
thut the farmers will patronize it liberally and proceed with
suoii dmprovements as will make them permanently dependent upon
ths plent in the future to the extent, at laast, of the area
aboveé the reaoh of gravity canals, Contracts should be ge-
oured on a hasis of $1.00 per acre-foot, or a8 ne.r that
fi ure as the farmers can be brought to pay.

Trusting that I have clearly presented views on
the ‘ubject, I beg to remain,

Very Sincerely Yours,

WMM,

Consulting lydraulic Fngineer,
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