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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

SILT IN THE COLORADO RIVER AND ITS
RELATION TO IRRIGATION

By Samusn Forrvign, Senior frrigation Engineer, and Harnvy F. BLANEY, Associale
Irrigation linginecr, Division of dAgriculiural Engineering, Burean of Public
Ronds
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INTRODUCTION

Whilo silt is the creator of much of the agricultural wealth of the
lower Colorado River Basin, it is also the greatest menace to irriga~
tion developmoent and water control. When irrigation water con-
baining silt is applied to fields, the main portion of the silt is deposited
near the upper end. From time to time the farmer is compelled to
move the deposited silt to lower portions of the field in order to
keep the land surface below the level of the irrigation diteh. It is
estimated that tho annual expense to the farmers of Imperial Vulley
on account of silt averages $2 per acre. During the next decade
vast sums of money are likely to be expended in building structures
to control and utilize tho waters of the Colorado River, and in the
design and location of these structures the silt problem will receive
much attention,

This is a preliminary report which does not undertake to offer &
complete solution of the silt problem. The data it presents, while
basic, do not remove the need for further extensive and thorough
investigations of the sources of silt throughout the entire basin, the
lessening of soil erosion, the devising of more efficient desilting
facilities, and the impounding of silt behind permanent dams.

Many of the data on which this bulletin is based were obtained
cooperatively by the Division of Agricultural Engineering of the
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Burean of Public Roads,! the California State Department of Public
Works, and the Imperial irrigation district.* They have been supple-
mented by the results of Investigations carried on independently
by the Burcau of Reclamation, the Geological Survey, the Imperisal
in’i%at.ion district, the Division of Agricultural Engincering, and
J. B. Pock. Because the intercsts of the investigating agencies
wers limited to the lower section of the Colorado River most of the
worle was done there, bu$ since much of the silt carried into the river's
lower reaches is developed in the middle and upper sections, the whole
stream has been studied in the preparstion of this report.

A strong inducement to enlargoe 1ts scope developed as the study
progressed. At first, main dependence for a solution of the problem
of disposing of the silt carried by the river was placed in the design

and conscruction of suitable structures at the diversion points and in
the channels, as well as in the design and installation of equipment
that would cheaply and effectively remove silt {rem artificial water-
ways, but the results of the experiments soon suggested that the most
economical method was to retain the silt behind masonry dams in
the main river and its tributaries. Accordingly, this report has a
twofold purpase, one being to eid the irrigators of the lower basin in
the better consro! of silt, and the other to pave the way for a more
complete control of silt by means of storage reservoirs in the middle
and upper sections of the Colorado River system.

SUMMARY AND GENERAL CONCLUSIONS

The Colorado River Basin with its varied physical features is
nearly ns large as the State of Texas. Those portions which have
an annusl precipifation of 20 inches or enough to maintain tree
growth, are at elevalions from 6,000 to 11,000 feet where the soil
is too rough and rocky for cultivation, and much of the lower ares
is too arid or otherwise unfit for profiteble farming without irrigation.
These limitations, coupled with the cost of providing irrigation water,
are likely to confine the reclaimed area to about 7,000,000 acres—
less than & per cent of the total area. The lower basin, however,
posscsses exceptionul agricultural advantages on account of its mild
winter climate, long growing season, and resultant diversity of soil
products, as well as exceptional natural facilities for the complete
control of the river system by means of impounding reservoirs and
the utilization of the water supply for irrigation, power, and other
PUrPOSES.

The economic remedial measures feesible of application to the con-
trol of silt in the Colorado River are as follows: (1) The storage of
silt in & large reservoir located near the lower end of the canyon
section, supplemented by the storage of silt in smaller reservoirs
located on tributary streams; (2) the forming of settling basins and

| The ircleation work of the United States Doparli eut of Apriraltore was originaily conducted under
the st pers isiun of the Oftics of Experi ot Statlons and design \toni uR * rrigution iovestigatives.”  Later,
soder u reorennization of Lhe depart  ent, this and other agrlculiural epgineering aetivilles wers grouped
tn & jvision of sgriotiiurmi enginceting nod i sia 2 pRTL of the Bureau of Public Roads,
' Froty W07 to april, 125, the auoperative lnvestigntions wers under Lhe geoers! supervislol of Basiiel
Fortlor with Clarenee E, Tait fo dlrect charga wplo the tno of his death o April, 1623, Since Aril, 1625,
LA, W MeLaughilin, ossoclste chief of the Division of agrictitural Engineering, hag su rvised the work.
Mr. Tult wos pssisted sl vartous thries by Harry ¥, Dlaoey, F. 13, Bowlus, 11, M. Lukens, a0 F. I
Velbmeayer.
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the installation of dssilting structures at or near the intakes of
diverting canals; and {3) the exercise of efficient control over the
growth and maintenance of native grasses and other vegetable cov-
ering with the twofold object of providing more forags when needed

iessen'mg the injurious effects of soil erosion

for domestic animals gnd
and siit formation.

As discussed in this report, the silt transported by the Colorado
River consists of finely pulverized rock with a variable proportion
of organic matter, Its color and character vary more or loss with
the watershed and formation from which it is derived. Normally,
the speeific gravity of this silt is 2.65, but the weight per unit of
volume varies within wide limits. After the river emerges from the
canyon section and flows on flatter grades, the heavier silt is deposited
or transported as bed silt. The suspended silt transported into the
lower basin of the Colorado River is fine in texture, and its particles
are of fairly uniform size, {ully 50 per cent passing a standard sieve
of 200 meshes to the inch.

The aggregate quantity of suspended silt in the main tributaries
when supplemented by the estimated sggregate quantity in the
smaller tributaries, falls far short of equaling the normal load of
suspended and bed silt iv the Colorado River at Yume, Ariz., indi-
cating the presence of bed silt in the tributaries and the formation
of silt in the canyon scction by the action of water and wind.

The finer silt, or that wlich passes 2 200-mesh sieve, may be
transported long distances in both natural and artificial channels if
the mean velocity of the curreut exceeds two-thirds of a foot per
second, with a fair uniformity of silt content throughout any vertical
section, although there is a tendency for the heavier particles to
approach or reach the bed. Thus, any velocity that is practical for
an irrigation canal will earry in suspension most of the finer silt of
the Colorado River.

While great quantities of silt are removed annually from the Im-
perial Valloy canals by mechanical means it is mainly bed silt, the
quantity of suspended silt deposited being a small portion of the total
quantity carried in suspension. Usually the suspended silt entering
the main canal of Imperial Valley is transported throughout the
system. The water delivered to the irrigators retains most of this
silt content, which is deposited in farm laterals or on the irrigated
fiolds. The estimated average annual cost of silt disposal and con-
trol in its various forms in Imperial Valley canals is about $1,000,030.

By properly designed settling basins, sluiceways, and desilting
structures at the intakes of diversion canals it is possible to rid the
water of half its suspended silt and most of the bed silt.

Formulas held to be applicable to the transportation of silt in the
channels of foreign countries, particularly thoss of India, do not
sRopm to apply to the water channels of the lower basin of she Colorado

iver.

Determinations of silt content of river water are usually made on
& weight basis, which is more prectical for research work then s
volume basis, ““Percentage of silt by weight’” is equivalent to the
grams of dry silt cont&ineg in 100 grams ofwater, and is derived by
weighing the water, then the dry silt, and taking the proportion of
the latter to the former. It is believed that the dry sediment in 1
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cubic foot of suspended silt as carried by the Colorado River below
Laguna Dam would weigh, on an average, about 62.5 pounds.
this estimabe is correct the percentage of suspended silt by weight
equals the percentage by volume.

The dry weight per cubic foot of Colorado River sediment vartes
widely. Tine silt deposited in settling basins in Imperial Valloy
averaged 40 pounds per cubie foot. The average dry weight of
gilt froshly deposited on irrigated land and in farm laterals does not
axceed 50 pounds per cubic foot. The average weight of suspended
silt approaches that of water, or 62.5 pounds per cubic foot. The
average unit weight of dry silt in a cubic foob of river deposits near
Yums and Laguna Dam was 84.5 pounds. Bed silt in the canals of
Imperial Valley averaged 97 pounds per cubic foot.

The average weight of silt deposited in a large reservoir would
depend on the thoroughness with which the fine silt was mixed with
the coatse. If the two grades were deposited separately in the
proportions commonly catried by the stream, the mean weight of dry
silt contained in a cubic foot of moist sediment would approach 70
pounds, whoreas if mixed the weight would be greater by reason of
erenter density, bubt owing to the preponderance of the finer and
Yight.er particles, the average weight would not cxceed 85 pounds.

As closely as it can be estimated, the normal quantity of silé
annually transported to the lower end of the canyon section is
253,628,000 tons, or 137,000 acre-feet, on the basis of an average
weight per cubic foot of 85 mounds. This figure is approximately
37 per cent higher than previous estimates have indieated.

Preventing silt from entering canal systems is a prime factor in
the success of irrigation enterprises in that it eliminates the present
high annua! expenditures for silt disposal and control in the canal
system and upon the land, provides a freer passage of water through
canals, renders structurcs serviceable and operative, and protects
fields from depositions of fine silt which impairs the texture and
productivity of the soil. Means to accomplish these purposes have
30 far consisted in (1) desilting structures at the intakes of canals;
(2) wasteways dischurging into settling basins; (3) mechanical removal
of silt from canal beds; and (4) distribution of silt over the surface
of cultivated fields; but experience has shown these to be temporary,
unsatisfactory, or ouly partially effective. )

The most feasible and economical means of solving the silt problem
nf Imperial Valley is to impound the river silt behind a high dam such
as is proposed at Boulder Canyon. Partial resilting of the river
undoubtedly will occur for some time below such a dam, but the
regulation of the flow will permit the water users to divert the surface
waters only, and as the channel scours, the quantity of silt entering
diversion channels will become negligible in time.

Thus far no feasible method has been devised to measure bed silt
directly, but as accurately as it can be estimated at this time by
indirect means, about 20 per cent of the total load of silt in the
Colorado River at Yuma, Ariz., is bed silt.

Owing #o the magnitudo of the normal quantity of silt transported
into the lower basin, it would bo unwise to attempt to control the
river by a relatively low dam located below the canyon section, since
a reservoir of 12,000,000 acre-feet capacity would have one-third
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of its capacity taken by silt in 30 years, if no other reservoirs wore
built above it during this peried. r

In order that the capacity of & reservoir formed in Boulder or
Black Canyon may not be reduced by the deposition of silt more than
two-thirds in 100 years of operation, it will be necessary to impound
water to o depth of over 500 feet, if no other reservoirs ara built
aboveit. The construction of additional reservoirs and the increased
uso of water in the upper basin will tend to prolong the life of such o
roservoir.

No ovidenco is at hand to indicate that the life of a storage reservoir
mey be oxtended as u result of increasing hydrostatic pressure com-
pacting the silt while deposits deepen. It is the belief of the suthors
that the hydrostatic pressure on each particle of deposited silt would
be balanced and, acting cqually in all directions, would have no
effoct in compacting the deposited material. Hence, so far as this
aspect of storage is concerned, the silt deposited on the floor of a
shallow rescrvoir would retain the same consistency as that deposited
in a reservoit of much greater depth.

COLORADO RIVER BASIN

In considering the formation and transporiation of silt in Colo-
rado River Basin (fig. 1), attention is drawn to certain physical
features which cause crusion of surface material covering extensive
arcas. The aridity of the climate and the consequent lack of vege-
tation is one of the main causes. Because the territory is sparsely
scttled, relatively few climatic records have been kept, and in many
parts the precipitation is not known accurately. Houghly estimated,
40 por cont of the total area of the basin has a precipitation of less
than 10 inches a year, in 50 per cent the precipitution ranges from
10 to 17 inches, and 1n the remaining 10 per cent it is from 17 to
25 inches and higler in the high mountains. Fuily one-half of the
basin is either bare or but scantily covered with desert shrubs and

rasses. In a morve northerly latitude, with lower temperatures and
ess evaporation, the upper limit of annual precipitation of 10 to 17
inches might suppo.t » growth of nonmerchantable timber as well as
shrubs and nutritious grasses, but in the lower and warmer portions
of the basin much of the rainfall is speedily evaporated, leaving an
inadequate supply of meisture for trees and a relatively short grow-
ing scason for grasses. It is only in thosc areas where soil has been
formed and the yearly precipitation appronches 20 inches or rises
ahove it that a good growth of commeorcinl timber exists.

The greater part of the basin, and more particularly that part
below the mouth of the Green River, is subject to sudden violent
rainstorms, and resulting Nloods erede and carry off the unprotected
surface soils. Most of these storms deluge small areas and their
erosive action is proportionally limited, but c.ecasionally extensive
areas receive downpours causing floods in several streams, which
transport large quantities of débris,

The depth and aggregate length of the canyonz in whick the
Colorado River and many of its tributaries flow are also extraordi-
nary. From the mouth of Green River in Utah to Fort Mohave in
Arizona, a distance of over 650 miles, the river traverses s high
platenu which has been deeply trenched by run-off. Likewise, many
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of the tributaries, as thay approach the main channel, flow in desp .
gulches, the aggregate length of which is greater than the canyon
portion of the mein river. The gradients of stream channels in the
canyons are steep. The water is frequently loaded with sand and
flows during its medium and high stages with great turbulence.
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i3, 1.—The Colorade River Basin

Uunder such conditions not only is the transported débris soon reduced
to powder, but the beds of the canyons are rapidly croded; also the
deposition of silt is not distributed. It is all or nearly ell carried to

the lower basin.

Wind is also an active agency in supplying silt. Wind-laid materia]
is casily eroded and sand storms are of frequent occurrence through-
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out the more arid portion of the basin. (§) 3 Describing the effect of
wind in the Navajo Reservation, Gregory says that

rocks polished and eteched by wind-blown sand, vegetation buried waist deep,
and felds of corn with leaven cut inke shreds, are everyday sights. Sand storms
are frequent and whirling columns of dust reaching high into the ‘air mpy be
counted by the dozens on clear summer days.

Many observers have reached the conclusion thet erosion in the
Colorado River Basin and throughout the West has been much more
widespread nnd destructive since occupancy by the white race than
previously, and they advance much supporting evidence; for example,
the fuct that in pioneer days numerous narrow mountain valleys
were dotted with frrm homes and thickly covered with grasses and
trees. Through these valleys clear water flowed in shallow beds,
wherenss in more recent tiznes the shallow streams have been con-
verted into deep and wide arroyos, much of the fertile soil with its
vegetable covering has been washed away, and farmsteads that were
onco well caved for are now abandoned. The extensive observations
of Mecker * in Colorado, New Mexico, Utah, and Wyoming during
the past 25 years are summed up as follows in a letter to Samusl
Fortiei.

Prior to the ndvent of the white man, eroaion was a matter of minor importance
tu the arid southwest. At that time there was generally an excellent grass carpet
which retarded run-off and prevented erosion.

Overgrazing by the cattle and sheep industry has depleted, in fact almost
exterminated, the grass carpet over larpe areas, resuiting in erosion and

denudation.
Rapic restoration of over-grazed areas has taken place during a series of wet

years following a series of dry years or where stock have been withdrawn for &
number of vears.,

Deforestation by axe and fire have increased erosion only in limited areas and
generally the destruction of forests has been a minor cause of denudation.

Considering the extent of the Colorade River Basin, its agricultural
resources are limited. Two clements essential to successful farming—
water and soil—are either deficient or ineffectively combined. In
the elevated parts of the watershed which have sufficient precipita-
tion to grow crops, the soil with rare exceptions is too shallow, rough,
and rocky to be cultivated, and i the lower parts where arable soil
has been formed, the natural precipitation is too scanty to support
any vegetation other than desert plants. Therefore, the growing of
crops depends upon artificial moistening of the soil. _The only source
of waier supply for this purpose is the Colorado River. In 1920,
1,530,000 acres were irrigated in the upper basin and 1,130,000 acres
in the lower basin, including the ares irrigated in Mexico and the Gila
Basin (6). The available data are tco meager to warrant other than
rough estimates as to the ultimate area that can be irrigated in either
division of the basin. Estimates made recently by the Bureau of
Reclamation limit the area that can be reclaimed by irrigation in the
upper basin to 4,080,000 acres, and in the lower basin, including irri-
gated lands in Mexico and the Gila Basin, to 2,850,000 acres, or
6,930,000 acres for the whole basin. Since 1920 the State engineer of
Nevada has roported that an additional avea of 80,000 acres is possi-
gly'irrignble in that State, of which 50,000 acres are in the upper

asin.

3 Italic nunbers i parentheses rofer to * Litoraturs cited,” p. 93,
» Raiph 1. Mosker, speeial deputy State engineer of Colorado.

.




8

TECHNICAL BULLETIN 67, U. 8. DEPT. OF AGRICULTURE

Table 1 shows the approximate sreas drained by the tributaries of

the Colorado River.

TAnLE 1.— A pprozimale areas drained by fribularies of Colorado River

! Dralna :. - !
ge ! Propertion Dralnaga | Proportion
Tributary : aren - of totel aven Tributary - area [of total ares
b
e ’ .S;_.._. - Ii___ T Sqﬂ_ _c_ _
uare : . {14
l Mmitex Per cent 'l v qmiler Percent
{roont RIVeT e ccee e e : 44,900 | W03 5 Ofla River. o oo ocveeaee e 57, (40 23.
Yppor Colorado River__.; 26, 680 18,65 | Other stronms ... . ..., 54, 000 2213
Sun jurn liver.. .....-..l 26, D00 1 10.65
Little Colorndo iver____ 20, 000 | 10.65 Total ol I 244, GO0 100, 60
Virgin RIVOF... omumnonon [ 11,000 | 4.5l :
. 1
For the past 20 years the waters of Salt River have been stored

in Roosevelt Reservoir, and the farmers of Salt River Valley who
have used the stored water during this period have not been much
troubled with silt. It iz believed that the silt problem for the
4,250,000 acres yet to be reclaimed by the waters of the Colerade
Biver likewise can be solved effectively and cheaply by the building
of storage reservoirs. Nature has provided o superabundance of
excellent reservoir sites on the Colorade River system. There are
so many sites that most of them have no cconomic value since tha
utilization of ons is likely to submerge several others equally good.
With so many sites from which to make & selection, it wil({ be possible
ultimately to control the ensire dischiarge of the river and make use
of the stored waters for agricultural, municipal, and industrial
purposes.
CHARACTER OF SILT

As discussed in this report, the silt transporied by the Colorado
River consists of finely pulverized rock with & variable proportion
of organic mabter. Its color and character vary more or less with
the watershed and formation from which it is derived. When violent
rainstorms occur on the barren watersheds of the Little Colorado,
San Juan, or Gila Rivers, the silt which is carried down by the floods
is reddish in color and so fine that when settled 1t 1s nearly impervious,
whereas the silt deposits from the more elevated areas drained by the
Green and Upper Colorado Rivers, the surfaces of which are better
protected by trees, shrubs, and grass. are grayish in color though
tinged with red, more porous, contain & larger percentage of organic
matter, and are less froublesome to the water user.

The only classiication of much significance in the present study
is thet which distinguishes between suspended silt and bed silt,
the latter being characterized mainly by its larger snd heavier
particles. Suspended silt is transported within the water prism
of the river or cansl, its distribution throughout any cross section
being fairly uniform, particularly as regerds the finer particles.
Bed silt is transperted along or near the bed of the river or canal
with & rolling motion or in sand waves or dunes. There frequently
exists & neutral space in the water prism adjncent to the bed of the
channel in which bed silt is “emporarily suspended, and suspended
silt is entrained in the bed wilt. This condition direets attention
to the fect that the division of silt into these two classes ig neither
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constant nor permanent, since to a large extent they aro inter-
changeable. As will be pointed out elsewhere, under conditions
favorable to such conversions bed silt becomes suspended silt, and
the coarser and heavier grains of suspended silt become bed silt.
The suspended load is greatly increased in o swiftly flowing turbulent
stream, while o smoothly flowing stream of slow or medium velocity
tends to decrease it.

Tn the upper reaches of the Colorado River and its main tributaries
where the watersheds are protected by timber, brush, and native
erasses, thers is little erosion, and the run-off is fairly clear and
free from sediment except during flood sessons. In the lower and
more arid portions of the besin violent rainstorms erode from un-
protected hillsides lorge quantities of earth and rock material, which
are carried by flood waters to tributary channels and thence o the
main river. In consequence of this difference in the climatic and
physical conditions of the more clevated part of the basin on which
snow lodges in winter, and the lower and more barren part, which
is subjected to heavy autumnal and winter rains, the percentage
of silt transported by melted snow is much less than that transported
by rainstorms.

There i3 no basis upon which to estimate how much dust and
sand are catried by the winds which sweep across the arid and barren
plains and plateaus and into the canyons of the river system, but
the volume i1s undoubtedly large.

The silt in the lower reaches of the Colorado River is characterized
by tho uniform finoness of the particles, All silt-laden streams earry
fine material, usually mixed, however, with coarse sand, gravel, and
ocoasionally bowlders. "This is truc of most of the tributaries of
Colorado River. During flood periods, large quantities of débris,
including bowlders weighing many tons, are rolled, pushed, or carried
by walls of water moving rapidly down steep stream channels.
The main river not only transports this maberial but reduces it to
fine silt. Through the action of the fast-moving water, sand, gravel,
and bowlders alilko are ground to a fineness approaching that of
Portland cement. In the thousands of samples of water which have
boen taken from the lower Colorado River and its diversions, little
silt has been found which could be classified as coarse sand.

For the purpose of determining the size of silt particles cerried in
suspension in both the water of the Coloredo River and that of the
canals of Imperial Valley, samples of water have been taken at
different depths from each source and the silt content of each has
been separated into grades according to size.

In msking sieve analyses, sach sample of muddy water was weighed
to the necarest tenth of » gram snd then poured on sieves 214 inches
in diameter, which had standard gradusted meshes. The silt, while
passing each sieve, was agitated by & fins stream of water, snd the
finess silt was collected on filter paper. Each grade of silt was then
dried out 2t 110° C. and weighed to the nearest thousandth of a gram.
The results of the mechanical anealyses of samples taken in the Colo-
redo River at Yuma (Table 54 of the appendix) indicate that most of
the suspended silt was too fine to be retained on a No, 300 sieve, the
particles being less than 0.0017 inch in diameter, and none was found
coarser than the interstices of a No. 40 sieve; that is, 0.015 inch in
diameter. The percentage of silt passing & No. 300 sieve seamed to
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d}?crgaselas the depth increased, while all other grades increased with
tho depth.

An examination of Tables 49 to 51 of the appendix, giving the
results of tho mechanical analyses of bed silt as found in the beds
of Imperial Valley canals and also in the bed of the river, discloses
the fact that bed silt is considerably coarser than suspended siit.
Three sets of samples taken at 47-day and 76-day intervals from the
bed of Alamo Canal sbout 1 mile from the intake showed (Tabla 19)
that an averags of 7 per cent passed a 200-mesh sieve and as high
as 33 per cent was retained on a 60-mesh sieve. At points in canals
distant 48 to 104 miles from the intake, the percentage of the coarser
silt was less. The finer silt which passed & 200-mesh sieve varied
from i0 to 60 per cent, while the conrser silt retained by a 60-mesh
sievo varied from O to 8.50 per cent. TFour samples of bed deposits
taken from the channel of the river between Lagune and Parker
contained more fine siit than those taken from canals. An average
of 40 per cent passed the 200-mesh sicve, and none was retained on
a §0-mesh sieve.

Analyses of the chemical ingredients in the water of the Celorado
River indicate that the quantity present depends on the stage of the
stream flow and the watershed from which the bulk of the water is
derived, spring flood water caused by melting snow containing much
less than that in floeds caused by fsll and winter reinstorms through-
out the lower basins,

Breszeale (2) and others have likewise found that the chemical
sction of certain salts tends to group or flocculate the finer particles
of silt and in this way increase heir size and weigh$, while that of
other salts tends to separate or divyerse the particles and cause them
to be held in suspension. Calcium and magnesium salts flocculate
silt, whereas sodium and potassium salts disperse it.

The value to agriculture of the soil-fertilizing ingredients of silt
should net be overlooked or minimized. While nitrogen is found
in solution in the river water, phosphoric acid, potash, and nitrogen
are slso found in the silt deposits.

In approximate numbers, Forbes (6) found in the silt content of
an acre-foot of water of the Colorado River at'Yuma, Ariz., from 2 to
44 pounds ol phosphoric acid, 15 to 445 pounds of potash, and from
1 to 17 pounds of nitrogen, the variations depending chiefly on the
season. Long-continued irrigation with desilted water would doubt-
less somewhat decrease the productive capacity of the soil but the
nitrogen in solution, amounting to over 40 per cent of the total,
would still be of considerable fertilizing value.

Soils vary in weight from less than 30 pounds to over 110 peunds
per cubic foot, and silt, heing classified as soil, has likewise a wide
variation in weight. The results of deterininations, as given In
Tables 39 to 49 of the Appendix, indicate that the silt which is
transported into the lower basin of the Colorado River may range
from a minimum of 32 pounds to over 105 pounds per cubic foot,
depending on such main factors as size of particles, composition,
manner of mixing, consolidation, and more particularly moisture
content.
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SILT-SAMPLING EQUIPMENT

THE. TOPOCK SAMPLER

The devies for taking samples of river water hereafter called the
“'Topock sampler,” consisted of a piece of 2144-inch standard pipe
61 inches long and capped at both ends. To the
lower cap were bolted seven iron weights each 3 inches
in diameter and 1 inch thick., A 54-inch hole was drilled
in the upper cap to admit the sample of water and silt,
the sampler being lowered and raised by a rope attached
to a batl. (Fig. 2.) The welght of the sampler when
empty was 20 pounds and its eapacity 505 cubie cen-
timeters.

In taking samples of river water the river at the sta-
tion was divided into four equal sections, making sub-
stations for vertical observations at the horizontal cen-
ter and quarter points of the channel. At each of the
three substations three samples were talen at depths
near the top, at the centor, and near the bottom. These
nine samples constituted a set for any one measure-
ment, the measurements being made at semimonthly
intervals beginning August 1, 1917, and ending July 15,

1918,
Each sample of muddy water, containing very nearly i

500 cubic centimsters, was weighed to the nearest tenth
of o gram and poured on a sieve 214 inches in diam-
eter, which hed 200 standard meshes to the inch. The
finer silt, which passed through this sieve, was collected
on filter paper, and the coarser silt which was retained

Fra. 2 —&eetion ot
5jit snmpler
usad by the Bu-
reau af Publle
Roads at To-
pock, Ariz.

was further divided by passing the finer portion through a sieve of

Fin. 3.—Soction
of silt sumpler
used hy Lhe
Burenw of Hee-
lamation ot
Yuma, Ariz.

100 meshes to the inch. Thus the silt in each sample
was graded as follows: (1) The portion which passed
the 200-mesh sieve and that held on the 200-mesh sieve;
(2) that held on the 100-mesh sieve. These three silt
samples were then thoroughly and separately dried at
110° C. and the weight of each was determined to the
nearest thousandth of a gram and expressed as a percent-
age of the sample.

THE YUMA SAMPLER

The sampler used at Yuma consists of a piece of stand-
ard iron pipe 2 inches in internal diameter end 1034
inches long, capped at each end. A Y4-inch hole drilled
through the upper cap admits the sample of water and
silt, and an eyebolt fastened to the same cap (fig. 3)
provides a means of attrching s rope or wire. The
capacity of the sampler is 575 cubic centimeters.

Samples of river water were teken by the Yumse sam-
pler twice a week at the top, middle, and bottom of
cach of three stations across the stream, which were

approximately at the center and ab the quarter points. When the
water in the tiver at the gaging station was 2 to 3 feet deep, the mid-

dle sample was not taken.

When the water was less than 2 feet

deep, only one semple was token at about half the depth. During
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periods of high water the samplor was attached to a 125-pound
weight and lowered and raised by means of & windlass. At such
times, because of the greater depth, it requires about 5 seconds to
lower the sampler from the surface of the water to within 6 to 8
inches of the bed where the bottom sample is taken and about 60
seconds to fill the sampler. Iach sample of water and silt was
poured inte a bottle and sllowed to settle for 24 hours, after which
two-thirds of the clear water was poured off. The remaining mixture
was well shaken and poured on filter paper, and the bottle was rinsed
with clear water to remove eoll silt. DBefore being used, each flter
paper was weighed to the nearcst hundredth of & gram, and its
weight marked on the paper. After receiving its quota of silt, it was
allowed to dry thoroughly in air and then weighed. The difference
between the weight of the filter paper and that of both paper and silt
was the woight of silt.

No doubt the method of taking samples at Yums is satisfactory,
but the laboratory practice of air-drying and not oven-drying the
samples is subject to criticism. Experiments made in Imperial Valley
show that filter papers are subject to changes in weight as a conse-

Braas failpiece & thick

Fia, 4,—Talt-Binckioy snmpler

quence of atmospheric conditions, even in & dry climate. The error
thus causcd may be considerable, espocially if the asmount of silt to
be measured is small.

What is known as the Tait-Binckley sampler was used in part of
the investigations in order to compare the resulis with those obtained
by the use of other samplers. The methods adopted by the Bureau
of Public Reads and the Bureau of Reclamation in determining the
sil4 content were likewise compared.

THE TAT-BINCKLEY SAMPLER

The Tait-Binckley sampler consists of & ¢ylinder 1334 inches long
and 2% inches in inside dismeter mounted horizontally on & brass
frame. (Fig. 4.) Attached to the rear of the frame is o 15-inch tail-
piece, which serves to keep the axis of the sampler parsllel to the
stream current. The cylinder is made up of five sectional parts.
Each of the two end sections is of brass, 174 inehes long and welded
to the frame. The middle section, 614 inches long, is also of brass
and, while fastened to the frame, is free to rotate on its longitudinal
axis when tension is applied to a rope fastened to the section and
wound arcund it three-quarters of a turn. The three brass sections
are connected by two tubes of pure gum rubber,
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The sampler is designed o trap 500 cubic centimeters of silt-laden
water in & horizental columm uader natural conditions at points
desired in thoe vertical scction of a stream. It is held in place by &
Lalf-inch brass tube screwed to the {frame and marked in feet and
tenths of feet. TFor large streams a sieel cable and suitable weight
is used In place of the brass tube.

.The sampler is opcrated by pulling the rope, which retates the
middle section while the ond secilons remain stationary. The
connecting rubber scetions are twisted so that the middie section
containing the sample becomes a water-tight compartment.

The main advantages of the Tait-Binckley sampler are as follows:
The water is trapped 1n the natural state; the bearings do not “silt up”
in muddy water snd stop the operation; snd sataples may be taken
st any point in the stroam. The sampler was designed especially for
the Burcau of Public Roads for silt investigations in Imperial Valley,
by George 8. Binckley and C. E. Tait after several existing types of
sutomatic samplers had been tested and found unsatisfactory. It
would be better adapted to river work if made of heavier material.

CANAL-BOTTOM SAMFPLER

In order to take samples of canal bottom deposits in Imperial
Vealley canals while the latter were carrying water 10 or more feet
in depth, a sampler with a sharp-cutting edge was de- :
sicned. (Fig. 5.) This consisted of a brass fube 2.7 ] v
centimeters in dismeter and 15.2 centimeters long. At
the bottom was astached a sharp-steel cutting edge to .
penetrate the hard canal bed. The upper cnd of this
tube was threndod into the bottom of & funnellike en-
largement, the shoulders of which prevented the brass
tube from sinking into the canal bed beyond the required
depth. Tho upper end of the sumpler was & heli-inch
pipe, jointed together in short sections, the number of
sections used depending upon the depth of water in the
canal. TIn taking & sampls, the tube was pushed into
the boittom deposit as far as the shoulders would per-
tnit. The half-inch pipe was then filled with water,
and an sir-tight cap was screwed on the upper end,
When the tube was withdrawn a partial vacuum was
formed which held the sample in the tube.

i'Pilw

SILT IN TRIBUTARY STREAMS

In what follows, tho physical features of the larger | St
tributaries of the Colorado River are outlined and the g
results of & {ew silt determinations given. These were
made by the United States Geological Survey, the Bu- g s Canai-
reau of Reclamstion, and other agencies previously ;
mentioned. Only silt in suspension was collected in the samples
taken, end judging from the low percentage of silt found in most
cases as compared with that in the main river in the lower basin, the
samples were probably ‘taken near the surface of the stream. Be
this &s it may, the monthly quantities of suspended siit found in &
number of tributaries are smell in comparison with the monthly
quantities of suspended silt in the lower reaches of the Colorado
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River. Similer preliminary silt investigations were made on Salt
River, a tributary of Gila River, before its waters were stored in
Roosevelt Reservoir, and the results indicated a low percentage of
st {4), yet during the past 20 years, the quantity of silt annually
deposited in the reservoir has averaged about 5,000 acre-feet.

UPPER STREAMS

GREEN RIVER

Green River and its tributaries drain 44,000 square miles in western
Wyoming, northwestern Colorado, and castern Utah. After flowing
nearly 700 miles it joins Upper Colorado River about 43 miles south
of its junction with San Kafaal River.

As s rule, merchantable timber, with pine, spruce, and fir pre-
dominating, covers the higher elevations of the basin in Wyoming
snd Colorado and slso the Duchesne tributary in Uteh, from which
clear water flows at all times of the year excapt during spring foods.
The forest covering and granitic formations of the hicher slopes,
coupled with glacial lakes, keep the runoff fairly free of silt. = At
elevations ranging from 4,000 to 6,000 feet the precipitation is much
less than' in the higher altitudes, the country is more barren, black
sage, salt sage, and rabbit brush forming the ehief vegetation, and
the sbundance of sandstones provides conditions favorable to erosion .
and the fransportetion of silt. Some streams, like Price and San
Rafasel, have clear water near their sources, but their lower tributuries
drain barren areas and bring in more or less silt, so that Green River
in its lower reaches is seldom clear. With few exceptions, the flood
period of Green River and its tributsaries occurs in June, when about
31 per cent of the year’s normal run-off is discharged. Although
the proportion of silt in the river is low, the stream’s Jupe discharge
is so large that during the month & masimum monthly quantity of
silt is carried. On account of erosion caused by October reains, the
silt content for that month also is high, but from December 1 to
March 1 there is little silt in the river.

UPPER COLORADC RIVER

Upper Colorado River, formerly known as Grend River, has its
sources in the high peaks of the Rocky Mountains in north-central
Colorado and flows southwesterly 423 miles to its junction with
Green River. Its main tributartes are the Frazer, Blue, Eagle,
Williams, Roaring Fork, Guunison, and Doloves Rivers. The drain-
age nren 1s approxunately 26,000 square miles, about half of which
is very high and rugged, the clevations ranging from 7,000 to 14,000
feet. The precipitation, which over the more elevated portion varics
from 20 to 27 inches, mostly in the form of snow, supports & fine
growth of conifers, such as lodgepole pine, yellow pine, spruce, and fir.
At the lower elevations, over which the precipitation is lighter, are
scattersd parks of pifion and cedar, with oak brush, aspen, sage-
brush, andp native grasses. Over two-fifths of the yearly flow of the
Colorado River et Yuma, Ariz., comes from the Upper Colorado and
its tributaries. A large part of this annual flow occurs in the spring
during the period of melting snow. In April or early in May the
run-off begins to increase, and the peak of the discharge is reached
late in May or during the first half of June. Usually the spring
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flood ends during the last weck in July. The percentage of silt
carried during spring floods is small In both the Upper Colorado and
Creen Rivers, but owing to the large run-off from both basins the
two streams actually carry considerable quantities of silt, nccounting
very largely, in fact, for the heavy silt load in Colorado River during
the spring floods. .

SAN JUAN RIVER

The basin of San Juan River includes southwestern Colorado,
which is drained by such tributaries as the Los Pinos, Las Animas,
La Plata, Picdra, Blaneo, Navajo, and Mancos Rivers. It includes
also northwestern New Mexico, drained chiefly by the Chaco, Blanco,
and Largo tributaries. Little water is added to San Juan River
from the extensive Navajo Indian Reservetion in Arizons, sad the
tributaries in southwestern Utah also are small.  Although the basin
has about the same area as that of the Upper Colorado River, the
run-off is much less, the mean for the Upper Colorado being 6,870,000
acre-feet a year whils that of the San Juan River is 2,350,000 acre-
feet, the greater part being derived from the high slopes of the Needle,
San Juan, and La Plata Mountains in scuthwestern Colerado.  From
Farmington, N. Mex., where the La Plata and Las Animas Rivers
join the main stream, it ffows westerly to the mouth of Mancos
River in & broad, sandy channel bordered by terraced mesas. From
the mouth of the Mancos River to Bluff, Utsh, the river bottom
narrows, and the bluffs on each sile become steeper. From Bluff
to its mouth, 133 miles as the water runs, the river flows in a box
canyon, 2,500 feet below the surrounding surface, with an average
fall of 7 foet to the mile (I7).

The precipitation is less than 7 inches a year in the lower paris
of the basin, about 14 inches st intermediate elevations, and 25
inches or more at the higher elevations. The entire basin, partic-
ularly the lower and more arid portion, is subject to violent thunder-
storms which erode and transport large quantities of débris.

The headwaters of many of the tributaries in southwestern Colorado
aro protected by fine growths of pine, spruce, and aspen. Farther
south scattered pines and pifions with sagebrush dot the landscape,
while the greater part of the basin in New Mexico, Arizona, and
Utah has little vegetation to protect the surface {rom erosion.

Heavy downpours of rain on one or more tributary basins produce
floods in the main river which ususlly transport very lerge quantities
of silt, composed mainly of red sand. A sample of water taken by
Pierce (22) from the canyon portion of the river during a July flood
contained 9 per cent by weight of silt. Ths percentage of silt car-
ried at times is so high that 1t produces sand waves in the San Juan
River, which Pierce describes as follows:

The usual length of the sand weves, crest to erest, on the deeper sections of
the [San Juan] river is 15 to 20 feet, and the height, trough fo crest, is about
3 feet. However, waves of a height of at least § feet were observed. The
sand waves are not continuous, but follow a rhythmic movement * * * At
onc moment the stresm is running smoothly for a distance of perhaps several
hundred yards. Then suddenly a number of waves, usually from 6 o 10, appear,

They reach their full size {n a few seconds, flow for perhaps fwo ar threc minutes,
then suddenly disappear.
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LITTLE COLORADD RIVER

The drainago basin of this tributary is about as large as that of
upper Colorado River or San Juan River, but because of low annual
rainfell and the high annual ovaporation mesager records indicate
that it contributes less than 200,000 acre-feet of water a year to
Colorado River. This volume is only 2.9 per cent of upper Colorado
River’s contribution.

About four-fifths of this basin is in northeastern Arizona, the
remsinder in westorn New Mexico. It consists chiefly of a plateau
over 5,000 feet in elevation, extending from the Continental Divide,
in New Mexico, to the hoadwaters of Gila River in Arizons. Cloud-
bursts are of frequent oceurrence throughout the drainage area,
and tho floods they produce carry large quantities of silt. How-
ever, the run-off is so light that the quantity of silt annually dis-
charged into the Colorade River is small as compared with that
transported by San Juan River.

QUANTITY OF BUSPENDED SILT IN THE UPPER STREAMS

During 1905 the United States Geological Survey made deter-
minations, by weight, of the suspended silt in several tributaries of
the river. Kqual volumes of individual samples were united to
form composite samples representing the average for a week or
other short period. The results (25) were published in terms of
milligrams per liter, which have been converted to percentages by
weight. Where datn were available, the flow of the river at or
near the place where the samples were taken has been used in deter-
mining the total quantity of silt carried.

Table 2 gives the mean percentages of suspended silt by weight
in Green River at Juasen, Utah; upper Colorado River at Palisade,
Colo.; and Little Colorado River at Woodruff, Ariz., for vartous
months in 1905. Where possible quantities of silt have also been
expressed in tons,

TaroLE 2.—Proportion of silt, by weight, ond quantities of suspended sill carried
by the Green, upper Colorado, and Little Colorado Rivers during 1906

Green | Upper Colorado River, | Little Colorado River,
River. Palisade, Calo. Woodrufl, Ariz.
Jensen, | _ ___ __ .
MMonth . Giah: pro- |
portign of | Proportion ; Quantity t Proportion | Quantity
o slit by of siit of silt of silt of silt
welght by weight | carried | by welght | carrled
Mean Mear ¢ Mean
v per cent per eent Per cint Tona
March ——— ! 0. 0540 00012 | |ieeeeeeeas
April . L2160 1. G 1, (H2, (00
MAY o e L1250 2. 0700 101, 400
B LML . 2580 31, 30G
Jaly ... I . AT . 5402 8, 400
ANMBUSE . il . 1. 1630 511, 000
Seplam ber, L4240 10, 003
Qetobar____ .
November.
Decomber_ .

The Burean of Reclemation determined the percentage by weight
of suspended silt in some of the tributaries of the Colorado River
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during 1914 and 1915. The method followed consisted in taking
about a quart sample of water every few days and determining the
percentage of silt which it contained. These experiments have been
summarized in Table 3, which gives by months the mean percentage
and the quantity of silt in tons when the stream-flow data were
available, for Green River near Green River, Utah; upper Colorado
River near Cisco, Utah; and San Juan River abt Bluff, Utah.

Tanre 3.—Proporiion of silt, by weight, and quantities of suspended sill carried by
tie Green, upper Colorado, and Sar Juan Rivers, 1914-i5

‘Green River near Oreen Upper Colorade River | San Juan River st
i Hiver, Ueni near Cisva, Utah i Bhuil, Utah

Aonth

. : 1

i Proportion  Quantiiy | Propertion Quantity . Proportion| Quantity
of silt  ~ ofsile of slit of silt 1 ofs3ilt of siit

. by welght carried by waight corrled by weight | eurrled

Mean Ifean Mear
ey cenl per cent Tora per cend
13, 503 g
ST
S0 ..
1.
2

S@3H

o
SBRE
i

July___.
August

| For portion of month,

That determinations of the quantity of suspended silt in the
Colorado River or any of its tributaries do not represent the total
lord of silt carried is strikingly exemplified by the accumulation of
silt in the Zuni (23) reservoir in the channel of the Zuni River, a
tributary of tho Little Colorado. This reservoir of 10,230 acre-feet
capacity is formed by a combination rock-and-earth dam. The
stored water is used for irrigation on lands of the Zuni Indien Reser-
vation in western New Mexico. Zuni River is typical of the flashy
streams of the Southwest, its bed being dry & considerable portion
of the yoar, but it is subject to sudden and short-lived floods produced
by heavy rains which transport large quantities of débris produced
by the run-off.

Between the time of closing the gates in the dam in midsummer
of 1906 and January of 1920—about 1314 years—the total quantity
of silt deposited in the reservoir was 7,433 acre-feet, 72.7 per cent
of its original capacity. During this period the total run-off entering
the reservoir was 373,252 acre-feet. All of this volume was not
stored. A considerable part escaped through the valves when it
became nocessary to open them to flush out the silt lodged around
their inner frce and another portion, partially desilted, was allowed
to pass over the wasteway. The above data indicate that the averags
silt content of the river was 2 per cent by volume during this period.

$2560--28—2
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The Gila River Basin is similar in several of its characleristics
to the Colorado River Basin, of which it forms the southeastern
pert. Iach has its elevated areas over which the precipitation is
sufficient to produce a forest covering from which ciear water flows
in steep strenm beds most of the year. Each has also its extensive
doserts sparsely covered with desert plants, while between the two
are high tablelands, mesas, and eanyons in which the run-off with
its load of eroded material is carried to the sea. The Gila Basin
in oxtent is more than 23 per cent of that drained by the entire
Colorado River system, but besause of its greater aridity its average
yvearly run-off is litfle more than 6 per cent of that of the larger
stream. .

The Gila is distinguished by & lack of regularity in the regimen
governing the quantity of water carried and the seasonal or yearly
occtrrence of its floods. In 1503, the discharge of this tributary
into the Colorado River at Yuma was 61,000 acre-foet, waile in 1916,
as a result of two floods, it was 4,490,000 acre-feet. One or more
destructive floods may occur within a few months or several vears
may clapse without any. Only a scanty run-off leaves the basin
during the six-months period from June 1, or earlier, to the close of
November, while the months of greatest run-off are, in the order
camed, March, February, January, and April. An exception to the
normaily low October run-off oceurred in 1916, wheit & crest flow
of 107,870 sccond-feet entered the Gila from one of its main
tributaries.

The principal tributaries of the Gila are San Francisco, Selt,
Apus Frin, and Hassayampa Rivers which enter from the north,
and San Pedro, and Santa Cruz Rivers, which c¢nter from the south.
Each has a large number of tributaries; San Francisco River, for
example, with a wWatershed of 2,895 square miles, has 65 branch
streams,

A consideration of silt in Gila River leads back to the rainfall,
which usually varies from & fow inches a year at the lower elevations
to 20 or more inches at the higher. With & few exceptions, the
mountains and high tablelands are too low In elevation and the
climate teo warm for the lodgment of enough snow to canse floods.
There is, however, a direet connection between rainfall and silt.
Tho vielent rainstorm which usually covers a relatively small area
and may affect the flow of only one tributary stream is followed
by 2 sudden and short-lived flood which causes erosion, and erosion
in its turn creates silt. The flood may subside before the eroded
material is carried far from its source, but such temporary deposits
are certain to be picked up by the next flood and carried » short
or n long distance depending on its magnitude and duration.

A number of times in each decade a viclent rainstorm spreads
over a large area, causing floods in several main tributaries which,
when combined, create floods in the lower Gila and occasionally in
the Colorado itself. During the past 21 years four such floods have
occurred; viz, in 1905, 1906, 1916, and 1923. The highest of these
was on January 22, 1916, al Yuma, when the estimated discharge on
the Colorado was 240,000 second-feet, derived almost wholly from
abnormal rainfall on the Gila River Basin. In such storms and
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floods enormous quentities of eroded meterial arve transported to the
Gulf of California or deposited in the beds of the main streams.

Olmstead, in writing of conditions on Blue River and its watershed
(21), which 1s typical of the highest and best timbered portions of the
‘Gila Basin, has this to say:

Trom an elevation of 9,000 feet in the Datil Mountfains, which form the divide
between the Gila Busin and that of the Little Colorada, the Blue River deacends
to an elevalion of 3,550 feet at its month, o fall of 5,170 feet, or an average of
78 faet to the mile, * * *

About 400 square miles, or 66 per eent, of the watershed is timbered, the density
of vegetation being grenter about the headwaters and rapidly decreasing toward
the mouth of the river, where large arcas have only a desert growth, The
yellow pine, pifion, juniper, oak, and cettonwood of the upper portions of the
watershed give place in the lower to mesquite, yucea, greasewood, bear grass,
and cactusca,

The slopes of the Blue River have but little sod.  Upon the mesas and moun-
tain slopes well hack frem the river a fair sod still exists, but the entire watershed
has suffered greatly From overgrazing, though in recent yenrs, under the stricter
gupervision of the Forest Service, less than formerly.

Nhite gramna gnss, an excellent fornge plant, atteining a height of 30 inches,
once grew lusurinntly over all the open country, and pine grass covered the
woodlands, These grasses defied the cucronchiment of weeds, but since the sod
hias been injured and sometimes destroyed by overgrazing and the evils that
attend and follow after it, weeds of wany kinds have obtained a foothold and
taken the place of the native grasses. ¥ *

Thirt{ years ago the Blue River flowed through a sodded or cultivated bottom
land. ¥ = To.dny [1916] the wottom i1s a wide wash * * * and
repregents less than 8 per cent of the original arable area.

QITANTITY OF BOSPENDED SILT

During part of 1895, W. Richins made daily silt determinations of
the flow of the Gila River at the Buttes, 12 miles east of Florence,
Aria. (716). The samples of water were allowed to settle in glass
tubes for several days, when the volume of silt was deterimined.
Soveral laboratory experiments established the ratio of volume of
dry solid matter to volume of mud, which averaged about 1 to 5,
and this ratio was used to reduce the daily mud content to solids.
The United States Geological Survey made similar silt determina-
tions during part of 1899. The monthly results based on daily
records are summarized in Teble 4.

Tavre 4.—Monthly discharge of suspended silt and water in Gila River al the
Buttes during a parl of 1585 and 1898

Monthly discharge

Month '
]

Water Mud Solids

Acre-feel Acre-feel
2913

. 11,07
Boptembar.. \ 1,679
October... . 1 15, 152 3,032
November, ... : 2,273 554

Jannary
Fobruary.
¥arch
April..
May
Juna...
Tuly...
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R. H. Forbes, of tho Univarsify of Arizons, made some silt deter-
minations of Gila River both on tho volume and weight basis in
1899 and 1900 (6). Dueily samples were taken from the surface
water and combined in sets of seven. Sempling during flood periods
showed silt ranging from 1.94 per cont by weight ko 9.41 per cent,
while the percontage on the volumc basis varied {from 9.2 to 36.4
per cent after setéling one day. In Table 5, which gives the results
of thesc tests, the unit “parts per 100,000” has been reduced to
per cent by weight.

TaBLE 5.—Proportion of silt by weight in Gile River nsar head of the Florence
Canal, November 28, 1899, io Novcmber &, 1900

Pronoriion . Proportion
TPeriod of silt . Period of siit
. by welght by walght
I — H
1308 i Prreent 108—Conlinved Per cent
MNov. Bto Dec. BO73 7 Apg. Lto Ao Tl 7.534
Dee, & to Dee, 11 - .05 - Aug. 8to Ang, 14 . 4,380
Dew. 12 10 Trec. 1 - L0320 ¢ A, 1510 Aul. 2., | . 158
Drqe, 10 {0 Deg, 25, ' (358 I Aug. 22 to Aug. 28 75
Der. 2toJan. 1__ LG78 - Bept. 1 Lo Seftk. 7. 2 950
' © Sapt. 8 to Sent. 14 S, 106
1000 i Sopt, 1510 Sepb. Qoo 7,620
Jan 2toJan B o iiciceieeas i .055 . Sept. 22 to Sepl. 28, .. 1847
dno, i to Jnn. 180 - .030 . Sept, 20 1o Oet. ¥ 028
Feb. I to Fab. 7.____ ae S8 T Oet. BtoOct, M s 028
Foby, 8 to Feb. 14__ 1 L0090 | Oct, 15 to Oct. 2] . 052
Fair. 1510 Feb 21__ LO16 C Cek. 220 Oet. 28 . . 406
Feb. 22 1o Feh. 28_ i W08 Ocl, 20t Wov. 5ol . 763
Mar. )l to Mar. 7__ . 012 -

‘Fhe United States Geological Survey took samples of water from
Gila River nenr San Carlos, Ariz., during part of 1905. The results
are given in Table 6.

TipLe 6.—Mean proporiion &f suspended silt by weigh!, monthly discharge, and
monthly quantity of sill in Gila River at San Carlos, Ariz., during the last half

of 1805
Mean pro-| pennshiv | Monthl
¥
Month pg?féatfyof {I1} dis- quantity
wolght charge of siit
1905 Per cend Aere-feet Fons
June 0. 0971 15, 200 20, 460
. 5603 &, 100 46, 800
. 4065 7, 100 651, 00
. 3140 32, 4% 138, 800
L4332 8, 200 5, 400
. 5683 1312, 000 BEO, 000
December, - L1126 53, 600 81, 700

A few samples of Gila River water were taken by the Bureau of
Reclamation 4 miles above Yuma, and the silt contentwas determined.
In Table 7 are given the mean percentage of silt by weight for each
period, the discharge, and the quantity of suspended silt for each
period, in Gila River near its mouth.
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Tasre 7.—Mcan proportion of silt by weighi, monihiy discharge, and monthly
quafnmy of silt in (fila River 4 miles abore Yuma, Ariz., during part of (914
and 1816

SILT IN COLORADOQ RIVER IN RELATION TO IRRIGATION

Alean nro-
" portion of
1 ool silt by
waight l

1

Quantity

Dischargo of silt

Prrimd

Acre-feet
23, By
25, 400
3, K00

1,600

Aug. dlo Ane. Mo ce———
Aung. 20w Bopl. Mo ...
Septb. 20 to Oet. 1l e e e iie e
Cet, 1t to Cet. 15, - nim aaae e

Per coutl
6.12 :

10
Cet. 1MloOet I8 .0 ovin i coias e 20, 800
Get. 18 o Qet. 30. L. hemAmm e ivemmemmssssan s e e mm e il 3, 800
R B L _ 200 9, 900

A board of Army engincers in reporting on the San Carlos irrigation
project, Ariz., in 1914, estimated the percentage of silt in the Gila
River at the San Carlos reservoir sito and the total quantity of silt
that would be annually deposited in the proposed reservoir.
According to their report (11);

The avnilable data show that at San Carlos, considering all the years in which
observations have been made, about 40 per cent of the yearly run-off (of the
Gila River) is in the months of July—October and carries about 214 per cent {hy
weight) of silt, while the run-off for the remainder of the year earries hardly
ong-half per cent. This indicates that 1.3 per cont is a liberal figure to be applied
to the Lolal yearly run-off, * * *

The volume of silt per year based on a mean annual flow of
346,568 acrc-feet in the Gila River and an average percentage of
silt of 1.3 per cent is 4,500 acre-fect but it is estimated that about
one-sixth would escepe, leaving only 3,750 acre-feet, with an average
unit weight of 70 pounds per cubic foot, in the reservoir.

As coucerns this report, SBalt River is the most important tributary
of the Gila for the reason that the greater part of its discharge has
been stored in Rooscvelt Reservoir since 1905, and its silt content
determined by surveys of silt deposition in the reservoir.

In 1901 the percentage of silt by velume in Salt River was de-
termined by the United States Geological Survey. From January 1
to April 18 the samples of water were taken at McDowell, Ariz.,
located on Salt River one-third mile above its junction with Verde
River, and from April 18 to December 31 they were talten at what

is now the site of Roosevelt Reservoir, The results are given in
Table 8 (4).

Tasre 8-—8ilt conient of Salt River for stated periods throughout 1901, af McDowell
and Rooscvelt Reservoir sites, Arizona

Volume
of silt

Volumo
of silt

Acre-feet
Janunry. ! 27 ] 1 X
Fobruary 1-15........
Febriary 10-28

Mareh_ .. . JTT T

April 1-18

April 19-Mny 26
May 27-31....
Juun,

Taotal for yaar

Dacomber e
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The dischargs of Salt River at the reservoir site during 1901 was
477,704 acre-feet, much below the normal; but the silt content was
less than 7 per cent of the average quantity annually deposited in the
reservoir during the past 20 years. This wide difference may be
accounted for in one of two ways: (1) That there was little silt in
Salt River in 1801; or (2) that the method followed in determining
ﬁh?i sillt content included the suspended silt only and excluded the

ed silt.

A report mads by Cragin 3 to the Bureau of Re~iamation, October
15, 1925, states:

The present silt survey (1925} is the last of four since Roosevelt Dam was

buiit, the others being made in 1914, 1916, and 1918, The following is & summary
of the siit data:

!

Yenr f Siilt;!;?n- Iserease

Acre-feet Arre-feet
I oo e ammmmm e mmmmmmm e m s mar T r s A—sAsamANemansmammm - nm——— k] ]
2 ¥, 000 27, 000
{1 T 62, 000 35, 000
1 PN 62,000 0
1 e cm e mmmeemsmea s mmr cmam o ——aAeseitmmmas.mssemmemen = 10, O6N3 38, 000
P OAL PETHO e e e eoemcmem oo e e ememse ommmmsaammmasammemnemeenee I 101,000 101,000

The association has just completed n silt survey of the reservoir, showing a
total accumulalion of silt in the 20 years since the dam was begun of 101,000
sere-feet.  This is # reduction in the capacity of the reservoir of less than one-
sixtecnth of Lhe toful, and at that rale it would take 320 years to completely
£l the jake. While it would scem a% first thought that the present generation
need have little concern as to the uscfuiness of the reserveir being greatly de-
erensed * ¥ * thig iz not the case. "The use of 100,000 acre-fect of water
gtored in Roosevelt Reservoir has a very high value for power alone. Run
through the entire power system of the project, including the Hovse Mesa and
Mormen Flat piants, this wounld represent some 35,000,080 k. w. h., or o value of
around $250,000. This amount would be available on an average overevery
three-year period, Thercfore from this standpoint slone the loss of power revenue
would make decrense in storape eapacity at Roosevelt 2 sericus consideration to
the present day waler user. A nofe of warning should be sounded in connection
with the question of protection of the watershed from overstocking. The amount
of erosion and consequently the amount of silt earried in water from the watershed
will be greably focreased if stock are allowed to erop the grass close. 1t is therefore
of greatest importance that stock grazing should be strictly limited to an extent
that will guard sgainst washing surface soil from the slopes into thestreams
feeding the reservoir. .

SILT IN THE LOWER COLORADO RIVER

SILT IN THE RIVER AT TOPOCK

Silt investigations were carried on by the division of agricultural
engincering at Topock, Ariz., from August 1, 1817 to July 31, 1918.
Topock is a railroad stetion on the east bank of the Colorado River
15 miles below Needles and about 206 miles ebove Yuma. It was
considered the best available site near the lower end of the canyen
section of the river, affording an opportunity to determine the dis-
charge and the percentage by weight® of suspended silt. Some

15, O, Crnein, geners! seperinterndent and chicl engineer, 2ult River Valley Waoter Users® Assovinlion,

§ In thesn investigations at Topoek, bercentages ware derived by welghing the siity water, then the dry
silt, nod takizg Lhe %roporllon of the fatter fo the formmer. Thre reintion of weight to volums of sit
is dlscussed Iater in ihis roport. )
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uncertainty exists as to where the canyon section ends and the lower
basin begins, but if the formation of permanent deltas and irrigable
lands exceeding 5,000 acres in extent in the flood plains of the river
may be taken as a determining factor, the upper end of Mohave
Valley in Mohave County, Ariz., some 32 miles above Topock,
may be regarded as the dividing line. .

It was assumed that the river after it emerges from the canyon
section carries a maximum load of suspended siit and a minimum of
bed silt, since little sil}, if any, is deposited permanently in the canyon
section becnuse of its steep grades, many rapids, narrow and deep
channel, and high-water velocities. Furthermore, the silt in the
river in tho vicinity of Topock is transported more uniformly as
regards time and quantity than at other points of the river not in
the canyon secction because a larger percentage is in suspension.
Between Mohave Valley and Yuma the river flows through a succes-
sion of valieys bordered by hills and low mountains and separated
from each other by relatively Jow, narrow gorges. As compared
with the canyon section, the grade of the river bed is here much
flatter and ita channel wider, the average grade between Topock and
Yuma being 1.5 fect per mile, while that between Topock and the
mouth of Green River, nearly 700 miles, is 5 feet per mile. The
width of the river channel under normal discharge below Topock
varies from a few hundred feat to about half a mile; that of the canyon
gection varies from about 100 to 1,200 feet, with the exception of a
ghort stretch near the mouth of Virgin River. In general the river
is only & few hundred feet wide in the canyon section.

Tho investigations were made at the gauging station of the United

States Geological Survey 134 miles below the railroad bridge ab
Topock. The river channel in the immediate vicinity of the sta-
tion 1s

straight above and below gauge. Above the gauge the channel is wide and the
bed of loose sand is constantly shifting., At low stages large sand bars form
numerous istands hetween Topock and the pauge. Below the gauge the river
enters a stecp-walled rock eanyon and the channel rapidly narrows from about
800 foet to 400 feet. The bed in the canyon shifts during floods.  After floods
it probably gradually regains its normal condition, which is mainteined until
the noxt rise when it agein scours out. The control is indefinite (9, p. 18).
During the 12-month period of observations at this station there
were po noteworthy abnormal occurrences in either the drainage
arca or tho river which materially aflected the run-off. The drainage
arca above Topock is 171,000 square miles, and no excessive rain-
storms or {loods oceurred to cause wide departures from the normal
regimen of the main river. The discharge at Yuma for the 12-month
period was approximately 16 per cent below the average of 24 years.
The quantity of suspended silt transported during this period as
measured nt Yuma was 38 per cent below the average of 18 years.
The flow of the Colorado River was measured at Topock by the
United States Geological Survey from August 1, 1917, to July 31,
1918, and the maximum, minimum, mean,, and total monthly dis-
charges expressed in acre-feet for this 12-month period are given in
Table 9. In this table arc also given the average monthly percent-
ages of suspended silt by weight derived from Table 60, and in the
last, columns the totel monthly quantity of dry silt in the river,
expressed in tons, as well as the amount of fine and coarse silt.
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Tanre 9.—Monthly discharge and sill content of Colorade River, near Topock,
Ariz, August, 1517, to July, 1918, inclusive

i Dlschinrge t Suspondoed sitr
S v —— T,
i : i No.200 | r i
; : i Run-orr] 0O i No, 20 sievo -
Month i . 1 @, p. I.'Jj‘ sleve : ' i
| Maxi-! Minl- 10, p. 15 . i e g meed
fnum e Alean . | 1o Total . Totnl
’ ; r:-iss'i tnin- Passing | Retnined |
£ :
| . ) ; [} i
,.l o S R e T B
|Sc:.-ft.i Sec.ft.| See.-ft.| Acre-feel | P.oct. | P ct.{P. el Tons Tang Tons
Adguast_ | H, 'lDfIi 12,7001 50, 400] 1, 19, 000] 0. 780 §. 332 L 113 12 835, 200| & 378, 000| 18, 013, 200
Buplember, ... 15, 600° 0,450 12, FLL 000 L 240 L TSSi 2031 2,301, 000 17, 349, (000] 19, 740, 000
Oclober____ 588, 000 . 30B| I L2k L407) 2,045 500| 1,030, 700] 11, 982, 200G
Novomber o, 000 L 148| 1315 L4631, D0, 000] §, 084, 100] 14, ¥4, 000
Drocainbor 53, 0001 |17 . ﬁ30] L 808 1,315 T0U| 4,050, 700) 5, 872, 400
memry-. L 528, 000 . 10| ,2A0] 479 842, 500] 1,361, 500) 2,724, 000
Fabruary 11, SUCI{ 400 8 3004 401, 0000 100 .037; 136 033, 300 232, 200 B, 000
March___ o M A0 10, GERY Lo, TOO] O, 0OOF L 945 L 240! 1185 12, W35, 200 3, 234, 300! 15, 869, 500
April._. L R 3!]0[ 11,000 17,000} L, OI0, 000 _340] .3581 .708| 4,705, 300| 4, 635, 700 9,734, 000
May... | 56,000 14, 100 38,200 2,350,0000 L Aa08 L1V L4750, 724, 800! 6, 470, 2007 15, 105,000
Junn__. L0 03 DN 32, 200 60, B 3,000, 0000 200 .53 . 701 13, 950, 00028, 551, 5000 42, £31, 500
TNy 87, K M, 0001 45,1000 2,770,000 1137, 246 1, 386] 42, 572, 400; 9, 339, 000) 52, 261, 400
Yenrly total.o.fooooo oo o115, G35, 000 (O 05, 034, 300,00, 778, 500,205, 763, 200
Percontage. ..t oo P S L O 51, 5] 4 100

3,5]

SILT IN THE RIVER AT YUMA

Silt determination ¥ have been made for the waters of the Colorado
River at Yuma by the Bureau of Reclamation since 1909. Prior
to July 1, 1911, samples wore taken at somewhat irregular periods,
but since that date sets of nine samples each have usually been
talen twico a weel. The cross section of the river from which
samples are taken is 600 feet below the old Southern Pacific Rail-
road bridge at Yuma, the work being done from a car suspended from
tho cable of a current meter gauging station.

The drainage area of the river at Yuma is nearly 42 per cent
larger than at Topock mainly because the lower watershed ineludes
that of the Gila River, which joins the Colorade 114 miles above
Yuma; and there is also the drainage arca of Williams River which
joins the main river 41 miles below Topock. However, the Gila
River contributes only nbout 6 per cent of the average yearly run-
off of the Colorado River.

Boetween Topock and Yuma the river is further influenced by
diversions for three irrigation projects, viz., the Colorado River
Indian Reservation, the Palo Verde, and the Yuma.

The average percentages as determined by the Bureau of Recl-
mation for each month of each year from 1910 to 1925, inclusive,
are given in Table 10.

' Dato furnished by Porter J. Preston, superintendent of the Yuma'Project.
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TanLs 10.—Monthly mean proportion of sill, by weight, itn Colorade River ar
Yuma for :910-1925, inclusive, staled in percentages
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f Loza than four sots of nine samples takon duriog month,

Tho date given for the years 1912 to 1916, do not always agree
with those a{ready published in the Trensactions of the American
Society of Civil Enginecrs, beeause the latter (12, 24) appear to
have been taken from a theoreticel silt-discharge curve, while data
given in Table 10 are monthly everages of actual observations.
Pletting the results of semiweekly sampling at Yuma shows that
there i very little basis for the assuinption that the relation between
percentages of silt by weight and river discharge is more or less
constant and that a silt-discharge curve is feasible.

In Table 11 are given the average yearly percentage by weight
of suspended silt in Colorado River at Yuma, the discharge of the
river to the nearcst thousand acre-feet, and the computed weight
of silt in tons for each of the years 1911 to 1925, inclusive. To these
iteins has been added a like summary of the silt determinations made

. by the United States Geological Survey at the same station during
tho years 1903 and 1905, and by R. H. Forbes for 1004. The silt
content for these 18 years averages 183,759,000 tons a year., This
average is used in this report to represent the normal load of suspended
silt in the river at Yuma.

Tavue 1l—dAmount of suspended silt in Colorads Ariz., for

18 years

River at Yumae,

« ATerngo
i vyoarly
propar-
thon af
aiit by
waight

+

Drischnrge

!

Aere-feet |
11,323, 000 I
10, 118, G !
19, 712, 000
17, 831, 60
15, 405, 00D *
i1, 708, 060
20, 655, 000 .

20, 598, 600 |
13, 158, 060 ;

Suspended -
silg Y Year

i

i

Tons
1116, 748, 060
* 120, 963, 000
¢ 308, 728, 006

245, 152, 000

81, 348,000 |

t Computed frem monthly discharges.

Averago 4
yenrly |
onCT | Discharge
! siltoy .
| weight i

Suspendoed
ailt

Aere-fect
10, 747, 000
.78 | 21,444,000
.70 1 18, 428, 000
71 L 17 004, 000
.05 | 17,848, 0A0
.83 | 11,348,000
LB5 | 12,452,000

Percent |
0.87

Tons

197, 275, 000
227, 047, 000
185, 125, 000
164, 438, 00G
230, 508, 460

17, 310, 060
144, 077, 000

- 3,307, 605, 000

183, 750, 000
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The datailed results of determinations made at Yuma by the Bu-
reau of Reclamation from July 30, 1917, to July 29, 1918, are shown
in Table 61 of the appendix fo establish & comparison with similar
results obtained at Topock during the same period. It should be
noted, howaver, that at Yuma
the suspended silt was not sepa-
rated into grades, only the total
percentage being given.

&
subpoy Kq_us_ 40 juscioc

!
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COMPARISON OF SILT LOAD AT TOPOCK

N Ell g/ WITH THAT AT YUMA

AR ARY == =l A comparison of the quantity
Iy RaNE of suspended silt in the Colorado
2 A River at Topock with that at

Yuma, during the same 12-month
period, lends support to the be-
lief that as the river emerges from
the canyon section it is carrying
what may be regarded as ifs
greatest load of suspended silt,
and that in its course through the
lower basin part of the suspended
load is dropped and becomes bed
silt. A relntively small part of
the suspended siit which drops
to the bed of the river channel
between Topock and Yuma is
deposited permanently. The re-
sults of other investigations dis
cussed later lead to the conclu-
sion that when conditions sare
favorablefor such transportation,
the greater parit of the bed silt
is carried farther and farther
downstream.

Curves in Figure 8 show the
gauge heights, mean depth, dis-
charge, and percentage of silt by
weight at Yume. The semi-
monthly percentage of silt by
weight at Topock is also indi-
cated. The rise and fall of the
bed of the river at Yuma as &
result of scouring is ecleatly
™ shown.

)% The quantity of water diverted
SETEREES 5 e %t ifliullsl. Hé(ziad, A(Ji‘iz.},lfor g'loha.v?
S T e alley lands and that diverted
wnor TS eerse atb Palrr'ker, Ariz., for those of the
Colorado Indian Reservation were so small that they may be dis-
regarded without appreciable error in estimating the outflow and
inflow of Colorade River between Topock and Yuma during the 12-
mounth period ended July 31, 1918. The intake of the Palo Verde
(Blythe) irrigation project is about 100 miles below Topock. During
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the 12-month period under consideration, ebout 160,00¢ acre-feet of
water was diverted for the irrigation of lands in this projeet, while
the diversion at Laguna for the Ywma project was 457,254 acre-feet.

The only inflows were from Willinms River and Gila River. The
flow of the former from August 1, 1917, to July 81, 1918, was esti-
mated to be 64,000 acre-feot, and measurements made by the Bureau
-of Reclamation on the latter showed a discharge for the 12-month
period of 356,600 acre-feet. During this same period Colorado
River carried past Topock 15,635,000 acre-feet, while at Yuma it
carried 13,919,000 acre-feet. That this condition of flow is not con-
fined to the period under consideration is shown by the fact that
the average annual flow of the river at Topock from 1917 to 1925
i. 16,588,000 acre-feet, while that at Yuma for the same period is
15,319,000 acro-feet.

A comparison of the quantity of suspended silt at Topock and
Yuma for the 12-month period ended July 31, 1918, is given in
Table 12, which shows that for the period the total quantity at
Topock was 205,763,200 tons, while that at Yuma was 113,943,000
tons, or 44.6 per cent less. If it be nssumed for the sake of argument
that there was no deposition of silt between the two points, then the
larger quantity of silt might be looked for at Yuma, as & result of the
influx of silt from Williams and Gila Rivers and the desilting effected

at the intakes of the diversion eanals,

TarLve 12.~—Average smonthly proportions of suspended silt by weight and monthly
guaniities of silt at Topock, Ariz., and Ywma, Aviz., for the 12-monlh poriod
ended July 31, 1518

|
! Topock Yuma

Ut ————

L

Yoar nud month Propoc- Propor- | Monthly
tion of | Monthly | Suspended | tional | discherge | Buspended

siit hy | dlseharge st silt by | {8, p. 2L sile

walght weight ' | 10, p. I7)

1517 Percent | Acre-feet Tong Acre-feel
Angnsb . 1172 18, (1™, 200 1, B 1,440, 000
Baptomber D} 19, 740, 000 . 536, 000
- 11, 682, 200 . 405, 000
Novemhor___ - . 10, 774, 000 N 422, 000
Dacamber. . £, 672, 400 . 420, 000

42, 531, 500
§2, 261, 400

I ll 205, 703, 200 .| 113,843,000

1 Averoge of U, 5. Buresu of Recimnation measorements, taken from Table 10.

THE SILT PROBLEM OF THE LOWER BASIN

For hundreds of miles the Colorado River flows in canyons which
at most places are several thousand feet deep, and this part of its
gystem has been appropriately termed the canvon section. At an
air-line distance of about 220 miles from its mouth, or 360 miles
measured along the stream, the river emerges froma the deeper
canyons, the grade of its bed becomes flatter, and alluvial soil has
been formed in the flood plain of the river in past geologic times in
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saveral valleys of variable extent above the upper margin of the main
delta. In this report reference to the “lower basin’ ® means that
part of the river system and deltaic formations located below the
canyon sechion.

Owing to the high transporting power of the river in the canyon
section, practically no silt is permanently deposited there. All the
water-borne sediment and débris carried into the upper reaches of
the main river and tributaries sooner or Iater pass fhrough the
Grand Canyon on their way to the lower portion of the basin and
the Gulf of California.

If Colorado River carried no silt there would be no delta and
no rich farming lands. Where bountiful crops are now produced,
high waves would roll over an arm of the Pacific Ocean or dash
against a barren shore. On the other hand, many of the ways in
which the silt injuriously affects the agriculture of the lower basin
are so obvious as to require no more than brief mention in this bulletin.

A high bed in the lower reach of the river renders contro! of the
river expensive and hazardous. Ior ages the Colorado meandered
over the delta without human interference. When one channel
becams too high for the passage of water, a new one was formed
at & lower elevation until it in tnrn became clogged with silt. This
natural process continued until about a gquarfer of a century ago
when an attempt was made not only to utilize for irrigation purposes
a part of the river's flow, but also, In a measure, to control its course -
to the gulf. Since then, although $7,500,000 °* has been expended
in building control levees much of the wealth created by the diverted
water has been repeatedly menaced and damaged by the failure
of structures to hold the river in check. TFrom dJune, 1905, to
February, 1907, practically no control could be exercised at the
diversion points. The cost of closing the breaks during this period
and restoring the river to its old channel was more than $2,000,000 (5).

The Bureau of Reclamation has expended a large amount of
money in building headworks to prevent the heavier silt from enter-
ing the Yuma irrigation system, but it has not been feasible to prevent
the finer sediment from being transported to the ditches and fields
of tho farmers. The Imperial irrigation district also has spent
money for a similar purpose, but the skimming and sluicing processes
so successfully carried out on the Federal project could not be put
in effect during the low stages of the river because the district is the
lowest water user, On account of the scarcity of water, the lower
intake gates must remain open, thereby affording an oppertunity
for all the suspended as well as the bed silt to enter the canal system..
The authors are indebted to M. J. Dowd, general superintendent
of the Imperial irrigation district, for the following tabulation giving
the sums expended by the district in 1923 and 1924 in removing
silt at the intake and throughout the cansl system: '

! Tha lower basin of tho Colorado River, ns defined in the Colorato River conipact, jocludes *thoss
prrts of the States of Arizona, Califortifa, Nevada, New AMoexico, nod Utah withic aod front which waters
naturally drain ioto the Coloratdo River system below Lees Ferry, and also all parts of said States locatod
without the drainago ares of tle Colorado River system which are now or shall hereafter be hanaflcislly
served by waters diverted fron: tha system below Lees Ferry,™

# Tnpublished roport to the Toited Siates Bureau of Reclatnation by F, BE. Woymouth, 1524,
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194
$33, 343
100, 331
Secondary canals and wasie ditches 304, 4063
New River and Salton Ses 30, 835

579,502 559, 132

Unfortunately the problem is not disposed of by the removal
of part of the silt from the main and secondary channets. Much
of the suspended load is carried through the system and deposited
In farm ditches and on nrigated fields. Mr. Dowd says:

The irvigation district delivers waicr to the high corner of each 160-acre tract
from which point the owner at his expense conducts it to his farre. The amount
and frequency of cleaning supply and head ditches which o farmer must do,
varies with the location and clevation of the farm. There are many eases in which
the farmer must clean his supply ditch after each irrigation and his head ditches
three or four times o year.  In 2 considerable number of other cases, the supply
diteh has to be cleancd from one to three times a year and the head ditches
& similar number of thmnes, \

In pussing over the land the waler drops mosé of its silt, the main portion being
deposited at the head of ench ficld, thereby building up this part. In three
years time, on an average, the head of each field or strip near the opening of the
head diteh musté be lowered by moving the deposited silt to other parts of the
field. The first time this is done it is not, as & rule, necessary to move the silt
far, but at cach removal it must be moved farther at a corresponding greater
cost:l To-day (1925} a large number of farmera are moving sitt an eighth of
a mile.

In addition, the silt in the water increases the diffieuities of raising certain
kinds of crops. In the case of alfalfa grown on the harder type of soil with little
fall to the land, the siit depositing in & thin film seals the ground surface, thus
ingreasing the length of time the water stands on the land after an irrigation, and
during the hot summor this results often in the sealding of the alfalfa. In the
easc of letbuce and canfaloupes which are furrow-irrigated, it is a common
accurrence for o farmer fo run water in g furrow for several days trying fo “sub”
the mwisture to the top of the hill and often before this is aceomplished it is
necessary to shut off the water, break up the fllm of deposited silb on the bottom
and sides of the [urrow, and then turn the water on again.

It is estimated that the annual expense to the farmers of Imperial
Valley caused by silt averages 32 an acre. Applying this cost to the
acreage irrigated in 1924, and adding thereto the cost of canal clean-
ing, brings that year's cost of silt disposal and control in its various
forms ahove $1,333,000. .

Another probiemi has developed recently. Waste and drainepe
waters from Alamo and New Rivers, upon merging with the still and
salty wators of Salton Sea, immediately precipitate their silt load,
forming deltas which obstruct the natursl flow and cause the water
to back up and flood the near-by farming lands. In 1924 the Imperial
district spent about $31,000 in dredging at New River outlet.

SILT INVESTIGATIONS IN IMPERIAL VALLEY

The delta of the Colorade River—in past geologic times s part
of the Gulf of Californis—was formed by the alluvial deposits of
the river which diked off the upper end of the gulf. The area extends
from the present head of the gulf in & northwesterly direction nbout
140 miles, and is from 10 to 40 miles wide. Except at the southeast,
the delta is surrounded by mountaing. The northwestern part of the
delta is known as Coanchella Valley and the central part as Imperial
Valley. Separsting these two valleys is the somewhat variable
expanso of Salton Sen.
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From the notes and reporis of explorers and the traditions of the
Indian tribes in the vicinity, Linke Cahuilla, as Salton Sea was for-
merly calied, has been subject for centuries.to sudden enlargements
resulting from excessive floods in the Colorado River, followed by
long periods of recession to a dry basin cansed by evaporation, The
largest flood entering this basin within recorded times occurred in
1905 and 1906, when the intakes of the Imperial Canal system were
washed away and littie or no control could be exercised to prevent
the entire discharge of the river from entering the lake. When
control was regained in February, 1907, Salton Sea was 45 miles
long and 17 miles wide. The water surfeee at that time was 198
fect below sea level, but by 1925 it had dropped to 250 feet.

More than ono-third the area of the deita lies in Mexico. In
this portien are found many old river channels, the chief of which
are the Alamo and Pescadero. The chennel heading in Voleano
Lake and made by the overflow of ithe Colorade River into Salton
Scu from 1905 to 1007 is called the New River., The permanent
outlet to Volcano Lake, however, is Hardy River, ‘he course of
which is soutlhicasterly, whereas that of New River 1s northwesterly.

When the Californie Development Co., later merged in the Impe-
rial irrigetion district, underiook in 1600 to construct a canal system
to irrigate lands in Imperinl Valley and delta lands in Mexico, it
was {ound that a caval on United States territory would be diffieult
and costly to construct because of an intervening range of sand hills,
some 15 miles in width, which terminated several miles below the
Mexican line.  Accordingly, it was deeided to build the main canal
in Mexican territory and to utilize in part the old natural channel
called Alamo River. A temporary wooden intake known as the
Chafley gate was built on the right bank of the river 500 feet north
of the international line, and 14 miles of canal was cxcavated to con-
nect the intake with Alamo River. TFrom this point the main canal
was located and built in this old channel, by straightening the sharp
bends and deepening and strengthening the channel where necessary.

The present Imperial Valley enterprise is loecated in Imperial
County, Calif., and in Lower California, Mexico, and covers about
1,000,000 acres of land, all of which, however, is not irrigable. In
the Imperial irrigation district in California there are 605,000 acres,
of which 515,000 acres are considered irrigable. The area irrigated
varics somewhnt each year. The maximum recorded was in 192(,
when 603,440 acres in the United States and Mexico were supplied
with water. In 1925, the lmperial irrigation district operated 137
miles of canals in Mexico, 1,669 miles of irrigation canals and laterals
in the United States, and many miles of drainsge canals,

Water for the irrigation of the valley is diverted from the California
siide of the Colorado River at Rockwood heading, about 8 miles below
Yuma. There is no permanent diversion dam, and a temporary one
must be constructed for low-water periods,

The main Imperial canal, known as the Alamo, has a maximum
capacity of 7,100 sucond-feet and in some dry periods carries the entire
flow of the Colorado River. The Alamo Canal passes from the
United Stetes into Mexico shortly after leaving the intake and follows
mainly the old Alamo River channel for about 46 miles. Before reen-
tering the United States, it is divided into scveral canals which supply
the east, central, and west portions of Imperial irrigation distries.
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SILT AT THE INTAKES

Principally because of the deposition of silt, the location of the
intako on the river has been changed from time to time, and new
structures have heen installed. In 1806, Hanlon hending was built
at Andrade or Pilot Knob, near the right bank and about 2,000 lzet
notth of the boundary line; and 2,000 feet of fore bay connectcd the
intake with the river. The hcndlnn' consists of seven openings, ench
10 feet wide, controlled by guates. Rockwood heading (pl. 1), the
present intake was constructed in 1818 at a point on the river 7,000
feet above the Mexican boundary. This is & conerete structure over
700 fcet long.  lis face is purallel to the river bank, and there are 75
openings, 8 leet center to conter, controlled by flashiboards. The
sills of 48 gates are 106.7 feet snbove sea level, and those of the
remainder are 8.1 feet lower, the purpose of this arrangement being to
divert the water by skimming the surfece and thus prevent the heavier
sediment from entering the cans! system. The new intske is con-
nected with the old Hanlon heading by a channel 6,000 feet long,
and the old fore bay has been abandoned. The distance from
Yuma to the Rockwood intake is 8 miles. Depending on the volume
and mean flow, it takes from one and one-half to six hours for the
water fo traverse this distance.

In order to determine the grade and percentage of suspended silt
by weight at the Hanlon and Rockwood intalkes of the Imperial
irrigation district and te compnre the amount of silt found there with
suspended silt passing Yuma in the Colorado River, investigations
were carried on from time to time between 1917 and 1920, the results
of which are summarized in Tables 64 to 69, inclusive, of the Appendix.

The general conclusions that may be drawn from these resuits are
as follows: .

{1} Prior to October, 1818, when operation of the Rockwood intake
was begun, thiere was but a slight difference (less than 10 per cent)
between the quantity of suspended silt entering the Alamo Canal and
that in the river at Yuma.

(2) With the Rockwood intake in operation the quantity of sus-
pended silt entering the Alamo Canal decrensed at times by as much
8s 47 per cent an(% also increased at other times in o greater ratio
depending, seemingly, on the stage of the river and manner in which
tho intake flashboards were opornted.

{3) About 90 per cent of tho suspended silt entering the Alamo
Cenal passed a 200-mesh sieve, and only one-third of 1 per cent was
retained on a 60-mesh sieve.

(4} The finer suspended silt, or that which passed a 200-mesh
sieve, was fairly evenly distributed throughout any vertical section
of the canal, but the smell quantity of heavier silt present tended to
gravitate toward the botom.

{5} Although not measured, large quantities of bed silt entered the
Alamo Canal when the lower flashboards of the intake were removed.

The studies of the silt problems of Imperial Valley by the division
of agricuituisl engineering began in 1307, and were continued at
various intervals thercafter. Some of the investigations were con-
ducted cooperatively with the Imperial irrigation district, while
otliers were made independently. Vsaluable assistance was given in
this work by J. E. Peck, R. 8. Cerberry, and many other members
of the Imperial irrigation district stafl.
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DISTRIBUTION OF SUSPENDED SILT IN CANAL SYSTEM

The investigations started in 1907 sought to determine the amount
and distribation of the silt in the canal system. The eight sampling
stations shown in Table 13 were selected {rom aniong aﬁ those com-
prising the system. The firs} six were on a continuous 80-mile run
of water. The several mutual water companies owning the distribut-
ing canals and the California Development Co. owning the main
cnnal rendered valuable aid by arranging for their zanjeros to take
the water samples at the stations. The equipment for takin
samples was placed in ¢ small locker at each station and consisteﬁ
of a 2-gallon domijohn to contain the water as it accumulated through-
out the month, a 1-quart bucket with bail and rope to raise the water
from the canal, a hall-pint cup o measure the amount of water to be
saved each day, and a funnel. The samples were dipped from the
turbulent water below the gates where no silt was being deposited.
Presumably the solids were well mixed in this agitated water. The
bucket was shaken to keep the silt in suspension when the measure
was filled. Tho daily samples of equal amount were put iuto the
sante demijohn to give a composite for cach calendar month, At the
end of cach month the full demijohns were collected and empty ones
left in their places.

The monthly ¢omposites were taken to the office of Imperial Water
Co. No. 1, where they were placed in tubes to settle for 30 days, a
period adopted as the standard for comparative purposes. The sedi-
ment after 30 days was found to be quite small, and this period facili-
tated the work with only a few tubes, because o new set of samples
was ready every 30 days. The demijohns were shaken violently to
mix the silt and sand thoroughly with the water when the tubes
wero baing filled. The first tubes used were one-guarter inch inside
diameter, but later tubes of three-quarter inch inside diameter were
used, and these were found more convenient if not more accurate.
The tubes weore of specially drawn glass, 42 inches long, and were
selected for even bore. The bottom of each was corked and sealed
with paraflin. A scratch on the tube 1 meter above the top of the
cork marked the height to which the tube was filled. After the mud
had settled for 30 days the height of the mud column was read.in
contimeters, which gave the percentage Ly volume directly. The
results are given in ’J%a.blc 13.

Tante 13.-——Proportion of sill by volume in water from I'mperial Valley canals,}
October, 1907, to Seplember, {905, inclusive

] .

' © Dis- - Froportion af aflt by volumo

I : trﬂnce T

AT b Chanal i fromn . .
' Colo- & Geto. | N& ! Docemn{ Jonu- | Febru-
River | ber | g © ber 1 my | sty
i [

: Afites  Per cnlt! Per cenl* Der ccn![ Per cend] Per cent
1Tanlen bendInE e e e b Alomo. ... 12 1.0 [ L0 DAt L4 L3
Sharpa Bending e m e eanteenas L+ S, C 45 1.6 L0’ L .2 N:
Ten-fool dropa...--. Contral main.. . al LO: -8 - ] 1.0
Dahlin heading . o e i cafemaas do..... - 5. L3¢ Lt Ly .3 )
Imperinl Water Co. No. 4 headgnle, | Browlay__. ... W Lii Lo .0 ] .5
Lalornl pite near Brawley . oo Brawley moin 80 l ........ [P N .3 .3

oxtupalen. i : H
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Tanve 13.—Proportion of silt by velume in waler from Imperial Valley canals
October, 1907, (o September, 1908, tnclusive—Continued

FProportlon of silt by valume

Btation ;

i March | April | May | June | July | August tesn'; " .| Mean

' Per cent) Per cent) Per cent] Per centl Per cent] Per cent| Per cendl Per cent
Hanlon Beading. ..o ool Poag L& 12 i1 0.9 3.8 17 1.8
Bharps houding... ! L§ LD -8 .4 4 i 3.3 L4
Ten-loot drop 4.9 1.0 W4 N . B 4.5 1.3 1.4
Dahblin hending 1.4 .8 -8 N A 16 3.4 1.3
Imperinl Water Cs,, No. 4 bondgato__; L7 .4 .4 .6 .4 +.0 1.5 L1
LmomLimte nenr Brawlay. ... | 1 3 .6 .7 4 81 | 1 ) PO
Imperinl Water Co., Wo. 5 hendgute, . L2 .8 N .5 N 50 3.2 L3
Lateral gnto vear ] Centro. ... : 1.4 L0 .8 .6 4 1.5 4.0 L0

Water did not flow continuously through the lateral gate near
Brawley. The figures that appear suspiciously high such as the
amounts for Sharps heading in November, Ten-foot drop in March,
and lateral gate near Brawley in August may be incorrect on account
of one or more of three causes: Error, temporary natural sluicing, or
dredging above the stations at the time, probably the latter. No
record of dredging during the period wasobtained. It is quite possible
for these extremes to occur without gross error being involved. |

It will be noted that no great change in the amount of silé took
place throughout the length of the camﬁ. The Hanlon samples from
near the intake show the highest average, and the lateral-gate samples
taken near El Centro, 65 mﬁes from tha river, show the lowest average
amounts, but the measurements made at the stations throughout the
middle part of the system are not; materially different. The deposits
in the tubes indicated the difference to be due mainly to a greater
amount of sand toward the intake without much difference in the
finer silts. This sand was the first to settle and occupied the bottom
of the tubes. Although great quantities of silt are cleaned out of the
canals each year this would be a small proportion of the amount
carried by the water running for 365 days. The great portion of the
gilt entering the canal reaches the lands irrigated.

MSTRIBUTION OF SUSPENDED SILT IN 1914

For the purpoese of determining the silt confent at the mtake and
at several division points of the canal system of Imperial Valley, the
receiver of the California Development Co. (subsequently the Impe-
rial irvigation district) authorized the taking of water samples daily
throughout 1914, at Hanlon heading, the intake of the main canal
which is called the Alamo; at Allison heading, 45 miles below the
nteke; and at No. 5 heading, 53 miles below the intake. The work
was in charge of J. E. Peck. The maximum, minimum, and mean
percentages of suspended silt by weight for each month at the three
designated points of the canal system are given in Table 14.

It should be noted that the Colorado River at Yuma carried a high
content of silt during 1914, the average for the year being 1 per cent
of suspended silt by weight, while Alamo Canal at its head, for the
silme. peoriod, had an average of 0.9 per cent, 90 per cent of that in
the river.

82560—25——3
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Considering the aval'a%;zs for the year, it will be noted that the load
of suspended silt varies but little in its passage through 53 miles of
main and secondary canals.

TanLs 14.-—Proportions of sill by weight ot three stations in the main I'mperial
Valley canal system in 1814

Tanlen heading Alison heading No. 5 hesding

Menth
Mazi- | Mbilni-

Munrd- | Mini- { 4, Maxi- | Mlal-
fum | Ty Meas

Mean Unum | mem mum | mom

Moan

Per cenflPer cend) Per centjPer centl Per cent]Per cent] Per cent|Per eend
. 245 L7798 | 0.2215 | 0,4882 { L7598 | 0. 1588 | 0.3003
L4144 CBOHT | LA284 | L4042 LR34 | L5830 | L4358 L7818

LB870 ) L3083 29N | G412 | 13308 1 2, 1304 | L0060 | 1.3722

. ¥ . 1. GEa2 Nl 8 H
LT L1518 - 5162
258t 11 . 1899

1. 2858 1T A3

1. 8172 . 0984 1, 1480

1, 8732 LM 1. Gi32

2.5T40 .30 1. 1508

L3140 | 2840 . 6510

2. 8830 | . 2290 . 0408

DISTRIBUTION OF BUSPENDED SILT IN 1317 AND 1918

Two years later an agreement wes entersd into between the
Burcau of Public Roads and the Imperial irrigation district providing
for the resumption of the investigations on a somewhat broader scale.
In order to determine the distribution of suspended silt throughout
the censl system, 18 stations, the locations of which are indicated in
Figure 7, were selected.

At cach station the equipment consisted of & water sampler, a
%lass funnel for holding the filter paper, & cover for the funnel, a cup

or entching the filtered water, and a week’s supply of weighted filters
in envelopes. (Pl 2, A.) Thke sampler consisted of a narrow-necked
bottle, with the neck ground off $o give a capacity of 500 cubic centi-
meters, to which was attached a leaden sinker, & bail, and arope. The
filters and their envelopes were dated chronologically in advance and
placed in ovder in the locker. The following procedure was observed
ench day by the zanjero nt the sampling station: Any waterin the drain
cup under the funnel was emptied, The filter used on the preceding
day was removed from the funnel, folded, and placed in its envelope,
which was sealed and left on the locker shelf. Tho filter for the date
was placed in the funnel. The sampler was filled from the turbulent
water below the gates and the water poured through the filter. The
first water passing the filter, if slightly eolored, was poured a second
time through the filter. The funnel was covered to prevent dust
from settling on the filter, and the moist filter was loft to dry until
the following day. The dried silf clings to the filters tenaciously
and can bo removed only by screping, but the sand when dry has &
tendency to drop off. The sampler used was found well adapted to
the needs of the work. The small neck of the bottle made it easy
to take a full, accurate, and uniform sample each day. The paper
offected n ready filtering, which was necessary to avoid delaying
the zanjero. The entire squipment was found to be very satisfactory.
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In 1916 a few tests were made to determine whether or not the
exact point of sampling at a cansl structure affected the result. It
was expected that samples from water violently agitated, as for in-
stance, below the gates, would show moresilt than those from the sur-
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Fig. 7.-Map of Imperial Valloy, showlug locations of sompling statlons

fuce, and less than those from the bottom in quiet water. Table 15
gives the results of two of these tests. No marked differences are
shown, but more accurate results might have been obtained had calcu-
Intions beon made on the weight basis.
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TaBug 15.—Resulls of tesis on point of sampling in canals

Placo Polnt of sampling after

i

i of silt
i

|

L}

Rottom of strueture o overPonl o oo ecoe oo emcmanaas
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50 foet below grtcs in qulet wauler..
.i Abovo gatoes fg quict water____
10 OVeIrpOUr . o enamamaamaa
Below gates in rough water_ _.

Teble 16 was the outcome of tests made to ascertain whether the
manner of handling the 500-cubic-centimeter bottle sampler had
any effect on the results. The percentage of totsl silt is sh'ghtly
greater in the samples obtained when moving the sampler up and down
than in those obtained when holding it in one place, except for the
one bottom sample.

TasLs 16—Resulls of tests on use of 500 cubic cenlimeter botlle silt sampler

[ Froportion of silt by weight

Daoto Flaco FPaint of sampling E Siove No, 200 Aversge
Total

Passing | Retalned

Percent | Per cend | Percend | Per amd
0. 324

Tuno 19, 1018. .| Dablln hesdlog. Burface of cemel at mater . 013 0337
bridge. 3312
Do O ennnan oo e i .87 L2 280
Doesnnas o Same, moving ssmpier up 0 .05 375 L8785
and down.
June 20, 1818..| Central main | Meter bridgs at boundary, L2344 . 037 LB
canal. surface. i 206
Samne, mid dopth. ..o ooooe. booLem|  Loms . 287
Same, bottom . ___ . . 308 053 881
8ame, up eod down . 206 052 MR } 242
sdo s 1 L3801 035 338 "

The two muein operations in the laboratory consisted of (1) weighing
and preparing the filters for sending out to the stations and {2}
weighing the used filters and calculating the results after collecting the
filters from the field. Wheatman’s No. 2 filters, 32 centimeters in
diameter, were used. The filters were folded twice and weighed
to0 the nesrest centieram on a balance of high accuracy. It was
found that the weight of the filters varied with the amount of moisture
in the atmosphere, thut they were not uniform in weight, and that
the heavier papers absorbed the most moisture. Most weighed 6 or 7
grams, but some 4 and 10 grams. From each bunch of papers, two
papers of extreme weight (one heavy, the other light) were selected,
weighed, and their average weights used as checks in making correc-
tions for effect of moisture. Each couple of check papers were marked
with their weights and numbers 1 and 2, 3 and 4, etc. The date of
weighing was recorded on the filters and the numbers of the check
papers on the onvelopes. One set of check papers was a month’s
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supply of filters at:all the stations. After collecting the used filters
from tho field the number of the stution and date of the sample were
marked on each. About 75 filters were all that could be handled
advantageously at one time, and these were chosen so that only one
set of chock papers would be weighed with them. All were dried in
an electric oven at 110° C. for one hour. The temperature of the
oven was govornod automatically. After the papers had been spread
out in a desiceator and cooled for 30 minntes, they were weighed, and
the final weights were recorded on the filters below the original
weights. A curve was plotted with weights of the two check papers
agninst the differences in weights, from which the correction for any
given weight of filter was read at once.

This greatly facilitated the making of the corrections. The essen-
tial datn for cach filter were recorded on a card, pnd the cards were
filed in chronological order by stations.

The monthly average percentages are given in Table 17. For the
12-month period from July 1, 1917, to June 30, 1918, the suspended
silt in the Colorado River at Yuma averaged 0.39 per cent, while
the average in the Alamo Canal a$ Hanlon heading was 0.26 per cent,
or about 67 per cent of that in thoriver. These figures, if considered
with those for 1914, account for the large quantity of silt entering
the Imperial canal system in 1914, as compared with that which
entored from July 1, 1917, to June 30, 1918. However, before any
definite conclusions are based on this comparison the fact should be
considercd that during 1918 a channel about 6,000 {ect long and sev-
eral hundred feet wide was built to comnect the mew Rockwood
heading with Hanlon gate. This reduced the velocity above Hanlon
hending materially, and undoubtedly some of the suspended silt
becamse bed silt before reaching this sampling station.

Samples obtained at station 2. farther down the Alamo Canal, may
be more representative of suspended silt entering the system. The
average for the 12-month period at this point was 0.35 per cent, or
90 per cent of the silt in the river at Yuma, this being the same ratio
found in 19i4.




TABLE 17.~—Average monthly proportions of suspended silt by weight at sampling stations on Imperial Valley canals, July, 1917, to June, 1918,

inclusive
Station i ! :
| Sep- No- De-- -
: Dis- : July | August| tem- obc;x?‘ vem- | cem- Jﬁu F:?r'u- March| April | May | June | Mean
N, tance Canal ! Tocation ber ber ber | 8TY ry
No. rom C ' catio
river i

NMiles ! Per cent{ Per cenl .Ptr cent Per cenl Per cent! Per cem Per cent} Per cent] Per cent| Per cent| Per cent| Per cent] Per cent

1 Alamo. .. PR I!unlon heading .. ooevuencicion. . 23 0,574 : 0.1 0.371 © 0.111 % 0,080 ; "0.088 {-0.083| 0.609! 0.286 ] 0.266 | 0.267 0.259
2 d { Cudahy (.hel.k__. 363 680 400 L1280 L1585 . L1381 .139 .6 . 405 .402 365 .354

3 Alamno Mocho.... a7 .622 1377 146 119y F O ) 118 5 375 .372 .310 . 306
4 L2680 . 692 .303 LJIBS 2300 L 119 .123 . 5631 355 .203 . 276 . 316
5 175 . 605 13 L2412 0139 L1563 , 897 . 350 .319 .20 304
(1] . 188 679 L3600 L1490 090 L1490 162 . 651 .381 . 318 . 287 . 313
7 a7 . 598 L3250 121 .091 PR B 7. 2% SO . 5581 .231 . 336 .312 . 201
8 .23 . 676 AT VT 083 ! . 100 2125 .620 436 . 305 .310 . 320
9 .323 6T .420 L4 11800 0123 L1811 . 635 < otT . 486 .479 .376
10 \ do.. No. 12 L 276 L6238 L401 f14 S100 0 .080 L0810 473 .338 . 270 .1 . 274
11 76 Bru\vley No. 4 delivery L2473 . 657 281 L1137 L0750, 005 J11b e 618 .433 . 342 L343 L3153
12 56 § West side main. . Wisteria checl L112 120 L1056 f L0200 075 ¢ 128 038 . 200 L0 247 .132 141
13 165 ... 0 ....... International bound ¥ .181 119 . 162 i . 052 L0541 . 081 L0800 L 204 . 201 .213 .172 . 148
14 1101 L. No. 8 delivery_....... .41 L1756 L2400 L187 . 005 P 085 JH46-. 0,205 . 145 2130 175
1511104 'I‘rlfnhum ! No. ¢ heading._.._.. .282 .08 L5 L0007 . 069 + 070 L1165 .230 . 206 277 . 203 L2110
16 53 1 No. dmaini.. coveeeea In&p«lzlrml Water Co. . 264 . 570 .312 14 . 087 11 J138 . .806 . 307 .302 317 .312

eHvery.
17 60 | RoSIAS cem o cnman SO Heading. o ooivuaenninmmncunan . 302 . 515 . 335 L5071 220 .22 . 189 . 188 ? . 682 408 A0 .411 377
18 83 | Northend.ooaeinoilauoad do . 355 . 350 404 . 854 ! 2802 Jomeemee e . 266 I .33 466 . 601 (486 Loiaol
l ]

1 Twelve miles farther, via Cerro Pricto Canal,
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By referring to Table 17 and to Figure 7, it will be seen that the
stations cover the main ¢enals of the Imperial Valley system. Sta-
tions 1, 2, 3, and 4 are on the Alamo Canal, through which sl the
wator for the valley flows. Station 1 is near the intake, while
stations 2, 3, and 4 are in Mexico. Before entering the United
States, the water is divided so as $o cover the eastern, central, and
westorn portions of the valley., Stations 5, 6, and 7 are on east side
main cenal and the distance of station 7 from the intake is about
86 miles. Stations 8, 9, 10, and 11 are on the central main system,
gtation 11 being about 76 miles from the intake. Stations 12, 13,
14, and 15 are on the west side cannl system, and stasion 15 is about
104 miles from the intake.

For portions of the season the west side canal received water by
the way of Volecano Lake, and this accounts in some instances for
the lower percentage of silt found in this portion of the system.
Stations 17 snd 18 obiain water diverted from the Alamo River;
hence they are not directly comparable with other stations.

The percentages of silt appeering in Table 17 for the other 17
stations on the system below station 1 show amounts varying both
above and below this station, and in general they show no appre-
cinble reduciion, thereby indicating that while great quantities of
sitt are annually remoyged from the cansls by mechanical means, the
amount deposited in them is a very small portion of the totel amount
carried in suspension, and that most of the suspended silt entering
the cnnals passes on to the irrigated lands. Frequently e lower
station shows an increass in percentege over an upper station,
indicating seouring instead of deposition, the influence of dredging,
or possibTy that diversions to laterals take the clearer water at the
top of the trunk canel, leaving undiverted the more heavily silt-
laden water at the bettom. This may be the result salso of evapora-
tion or seepago losses,

These facts may be more clearly illustrated by iracing the per-
centage of #ilt in different portions of the valley for July, 1917,
Starting at station I, at the intake, there is 0.232 per cent. A maxi-
mum percentage of 0.363 for the month appears at station 2 which
is 27 milos farther down on the Alamo Canal. Station 7, at the
lower end of the east side main conal, 86 miles from the intake, has
0.237 por cont of silt, Following down the cenfral main cansl, a
percentage of 0.273 is found &t station 11, near the lower end, which
18 76 miles from source; while at station 15, the lower end of the
west side main canal, the percentege is 0.282. December’s record
indieates that although the Fercant.age of suspended silt entering the
system at station 1 was small, enough scouring occurred before station
2 was reached to increase the amount of silt about 94 per cent; then
the lond varied throughout the lower stations, dependmg mainly on
whether the channels were scouring or silting.

AMOUNT OF SILT CARRIED TO IRRIGATED LANDS

By far the gresator part of t.he;totn.l silt in suspension in the irriga-
tion canals of Impertal Valley is fine material that passes the 300-
mesh sieve, which is the finest screen obtainabla, The silt is finer
than Portland cement. In all cases thiz material was found to be
equally distributed throughout the verticel section for all velocities
under which tests were made, including mean velocities of less than
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two-thirds foot per second in small ditches. In other words, any
velocity that is practical for an irrigation canal will carry in sus-
pension the groater part of the silt transported by the waters of
Colorado River, and most of it, therefors, passes on to the irrigated
land. The amount of suspended silt deposited in the canals is a
very small proportion of the total amount in suspension, notwithstand-
ingrthe fact that large quantities of bed silt are removed each year.

he manner in which the silt is distributed on the land depends
upon the kind of crops, the method of irrigation, and the slope of
the field. If the grade is fairly flat, a large portion will be deposited
near the point of diversion from the supply ditch or on the upper
part of the field, while on the steaper slopes it will be distributed
more uniformly,

Station 10, mentioned in Table 17, was on one of the smaller
laterals. Tests indicated that about 90 per cent of the silt carried
in suspension reached the fields irrigated. On the average, this
would amount to about 0.25 per cent of silt by weight at this station
for the year. At this rate an acre-foot of water applied would carry
3.4 tons of dry silt to the land.

It is difficult to calculate the depth of silt deposited on an irrigated
field, as in most enses the distribution is not uniform and the weight
of dry silt in a cubic foot of deposited sediment varies considerably.
Samples carefully taken indicated that 1 cubic foot of silt deposit,
still moist but dry enough to crack, contained 46 pounds of dry silt.
On this basis and agsuming 3 acre-feet of water per acre containing
0.274 per cent of silt, as at station 10, Table 17, applied per year,
about one-eighth (0.122) inch of moist silt would be deposited
uniformly over a field.

In the latter part of September, 1916, tests were made to determine
the nmount ang distribution of silt carried to the land by one irriga-
tion. Four typical tracis were selected in verious parts of the
valley. Samples of water were taken at the upper, middle, and.
lower ends of the flooded borders. The percentage of silt by volume
was obtained by shaking the sample well, placing it in a glass tube
100 centimeters long and 2 centimeters in diameter, and allowing
it to settle 68 days.

Tract 1 was 2 miles south of El Centro. The irrigation border
was 1,000 fest long. The percentage of silt at the upper end was
2.7, at the middle 1.5, and at the lower end 0.55.

Tract 2 was at Bonds Corner, n the southeast portion of the dis-
trict. The border was 4,290 feet long and had & slope of about 8
feet to the mile. The percentage of silt by volume at the upper
end was 3.45, at the middle 2.6, and at the lower end 2.25.

Tract 3 was near Meloland. The border tested had a length of
1,080 feet. At the upper end the percentage of silt by volume was
5.3d5, at the quarter point 4.8, at the middle 4.5, and at the lower
end 4.

Tract 4 was situated several miles west of El Centro. The border
had a length of 1,320 feat. The percentage of silt by volume at the
upger end of the border wes 2, at the middle 1, and at the lower
end 0.4

Alt.hc:ugh all the samples were teken within & few days of each
other, there is & wide variation in the percentage of silt carried to
the lands. This is because the water, in some instances, was diverted



http:stati.on

AL appmeaten gsed inogking il smnpes, BHT1S
B, iew of enst sile tnin ennal, showing Led sill




SILT IN COLORADO RIVER IN RELATION TO IRRIGATION 41

from small laterals at some distance from the main canal, and the
slower velocities had permitted some of the silt to deposit before it
could reach the land.

A _grerter portion of the silt was found at the upper ends of the
borders in tracts 1 and 4 than in tracts 2 and 3. This difference
wes caused by the flatter slopes of tracts 1 and 4, and the reterding
action of the crops, which slowed down the velocity and caused the
gilt to deposit more rapidly.

Assuming thet the amount of silt found in the water at the various

oints in the flelds settles there with the same volumes as indicated
In the glass tubes, the depth of deposit in inches is shown in Table 18
for a 4-inch irrigation and for a 3-acre-foot average annual use of water.:

TasLe 1B.—Depth of wet silt deposiled by irrigation water at three points of a field

Singla irrigation Tatal for year

Tract No.

Upporond | Middle |Lowerend | Upper end | Middla | Lowar end

frch Tnch Inch Inches Incher Inches
.11 Q.06 0.02 . 0.97 0. 54 0.20
M .10 8 124 L4 .BL
. 18 .18 1.62 1. 82 144
-8 {4 .02 .72 L0 .14

MOYEMENT OF BED SILT

In order to determine the character of silt in canal beds both at
the head of the main ¢anal and in the lower reaches of the system,
samples of bottom deposits were taken and analyzed by J. E. Peack.
The results are given in Tahle 19.

Tavre 19—Mechanical analyses of material deposiled on Imperial Canal botloms

Proportion of silt passing and retained on sieve
with specified nnmber of meshes per loch N
Dis- . wﬁgt Spe-
tﬁg:ﬁ Loeation Date | "per ¢¢ | Poss- | Pass-| Pass- | Pass- | Foss- | Pass-
river cnbic g{t ing ing ing {ng ing ing | Paas
foot Y | 10, re-| 20, r6-{ 40, re- | 08, re- | 80, ve- | 100, re| ing
tained |tained |toined [tained |tained {tained | 200
on 20 | on 40 | on 80 | on B0 |on 100 on 2D0
Afifes Mo 1d |22 o g | 0| Toros | T |an 05 | 2560 2440 | 250
Mar. 14 |aoeaeaas . 71 0. N . N .
1 [{Hanlon bonding, {Mnr 1110277 | 2685 | .00| 76| 5.08 ] 48.59 | 16.00 | 17.07 | 1215
""" July 15 |.oeo-..| 2653 | 18.00 | 20.88 | 33.13 | 20.58 | 134 | 4.20] L72
48 } Check No. 1, East )
Side Cannl._..___ July 16 | 103.28 |.caeees .00 .60 L0G | 3.30 | 20.00 ] 50.50 ( 24.70
71 | Myrtle check, East
Sido Canal___..__ July 18 | 101.70 | 2.641 LO00| 310| B.50(40.50 | 2210 I0.50 ) 9.30
B | Juncticn Interal,
East Side Conal__| July 10| 99.02 | 2019 .00 L00 2201 910 | 4.10]23.00 ] 81.60
50 | Heading, DI'ablia
Ceonl_._...____. July 16 |ooaee-s 2. 502 .00 .00 .30 .00 W50 | 5480 | 4440
G2 | Lotercl No. 12,
Dohlia Canal..._. July 17| 03.22] 2831 .80 1 00 i .65 | 7B.30 | 20.00
76 | No. 4 delivery,
Brewley maln, do 4 2.6%0 .00 LO0| LeD| 4.8k{ 1276|5010 | 30,80
1M | No. 6 heading, Tri-
folium Cangl. . ... IOy 1 |emeeeae- 2,651 00 G0 70| 4761 7.90(60.90 | 28,00 |
53 { MNo. 5 heading, No.
Smafn.......... July 17 | 1013 | 2600 .00 | .0G L0 11010 | 44,90 | 3250 | IL 50

As shown by mechanical analysis, the character of the bed silt
a8 regards size of particles, in the bed of the Alamo Canal, varies with
the discharge of the Colorado River. Thus, during February and
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March, 1917, the mean flow of the river was 9,065 sacond-feet, and
the sieve analysis for March 14 of that year showed only 0.05 per
cent of the recently deposited silt in the bed of the Alamo Canal
coarse enough to bo rotammed on a No. 40 sieve, very little on a No. 60
sieve, and 42.1 per cent passing a No. 100 sieve. On July 15, 1917,
11 days after the passing of the peak of the spring flood carrying
143,000 second-foet, the recent deposits in the bed of Alamo Canal
were much coarsor in grain. At that time 18.1 per cent was retained
on a No. 20 sieve, 20.9 per cent passed the No. 20 but was retained on
the No. 40 sieve, 33.1 per cont passed the No. 40 and was retained
on the No. 60 sieve, while 7.3 per cent passed a No. 80 sieve. These
results indicate that bed silt is transported and that the high waters
bring in most of the heavier silt.

Some appreciable time would, of course, be necessary for the
heavier silt to travel down to the lower reaches of the canal system.
If this fact is kept in mind and the July 15 analysis of the Hanlon
heading samples is disregarded, no great difference will be apparent
between the character of the bed silt near the intake and that in
the lower parts of the system.

TRANSPORTATION OF SILT

It is obvious that much of the coarser inorganic material, usually
termed ‘‘débris,” eroded during flood periods and carried by water
into the main and tributary channels of the Colorado River, differs
from the silt present in its lower reaches. 'The coarse sand, gravel,
cobbles, and bowlders contained in such débris undergo a long-
continued grinding process in their passage through the canyons of
the lower tributaries and the main river. This natural rock-grinding
mill is so efficient that the texture of only a small proportion of the
output is large enough to be classified as medium sand.

It is equnﬁ obvious that the greater part of the fine sediment
eroded by melting snow and rain and carried into the river system
by spring floods and summer rains undergoes little change in the
course of its passage to the Gulf of California.

Since this report deals mainly with silt in the lower basin of the
river, only meager data have been given to indicate the character
and quantity of débris transported by the*various tributaries. Each
has its peculiar débris problem, which should be treated separately.
The building of storage reservoirs and the more complete utilization
of the waters of a tributary stream for trrigation, power, and other
purposes will necessitate thorough studies of this nature to prevent
mistakes in planning such development.

The suspended silt in the Colorado River as it flowed past Topock,
Ariz., was somewhat arbitrarily divided into two grades as to fineness
of particles. That which passed through a sieve of 200 meshes to
the inch was regarded as the finer silt and that retained on this
sieve the coarser. More than half the total load of suspended silt
at Topock was of the finer grade. This classification was also adopted
in many other silt measurements, although occasionally when neces-
sity arose for a more complete grading, other standard sieves were used.

Repeated efforts were made to coordinate the movement of silt
in the lower Colorado River and in diverting channels with the
laws and formula held to be applicable to the movement of silt in
othar streams, but while there was agreement in some features there
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was disngreement in others, so that on the whole few satisfactory
conclusions could be drawn, largely beeause of the character of the
silt and the chemical activity of certain salts in the waters of the
river. 'The preponderance of fine silt held in suspension, and the
fact that in its movement downward or parallel to the grade of the
channel it seems to obey physical laws different {rom those governing
bed silt, led fo the conclusion that any formula applicable to one
kind would not apply to the other. Furthermore, it 1s not generally
fonsible te apply two sets of laws or formulas to the same portion
of n channoel, since silt suspended at one time and place may become
bed silt elsewhere at another time. Conversely, more or less bed
silt may become suspended silt.

It was not dificult to trace the relation between the movement of
the finer silt and the veloeity of the current,  All velocities in excess
of about two-thirds foot per second transported the finer silt, not only
in the river but also in the canals. The chief difficulty arose in deter-
mining the velocities and other hydraulic elements that would cause
the transportation of bed silt and the heavier grade of suspended silt

EENNEDY'S SILT THEORY

One of the best-known and most widely used formulas in foreign
countries for caleulating the transportation of silt is that developed
by R. G. Kennedy while executive engineer, superintending engineer,
and chief engineer of the irrigation hranch of the public works depart-
ment of the government of the Punjab, India. Mr. Kennedy’s inves-
tigations of silt in Indian rivers and canals began in 1890 and con-
tinued for some 16 years. The results were published from time to
time in both India and Great Britain (18). In Hydraulic Diagrams
(second edition), he seys:

If the bed sand of any canal system is analyzed, it is found $hat it becomes finer
and finer as ene goes dewn the canal, near the head being coarser than that in the
river, and in the lower reaches much finer, at any rate in the low supply season,
when the clear water has been ab work picking up the canal bed sand left in the
flood seasen, and carrying it forward af varying rates. The same action is found
to take place in rivers, the sand on the bed of the river near the hilla being much
coarser than well out on the plains, and still more so compared with that near the
deltn.

The finer grandes of sand enter the eanal in the flcod seasen in such immense
guantities, that annual clearances of branches and distributarics weuld be im-
possible, because of the long closures necessary, and the cost; and it therefore
beeomes cssentinl to grade all channels so as to carry this sand down to and into
the water-courses, from which it can be easily clearcd out by the cultivators
themselves, at such seasons and during the closure rotations which are most
convenient to themselves. The purpose of the silt data here given is therefore
to obtain this desideratumn, viz, that cach channel shall be so designed as to its
seetion and slope, that it shall be able to earry forward its full quota of sand silt,
without cither deposit or erosion.

Between 1890 and 1894 experiments were made on 30 channels
varying in bed width from 8 t¢ 91 feet and in depth from 2.2 to 7.3
feet, to determine the mean velocities necessary for channels of
varicus sections and discharges so that each should earry its full
share of sand-silt, that is, be fully charged. All of the channels
selected were in permanent regimen and varied from 26 to 1,700
second-feet in capacity. Their beds were self-silted and each had
the option of picking up more sand from the bed or dropping the
overcharge. On each was observed the bed width, depth, and mean
velocity, and on tabulating these it was seen that the width had no
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effect on the velocity, but that the depth had. Hence, depth and
mesan velocity were plotted as coordinates, and the resulting relation
was found to be

V,=0.84 d°¢

where V, is the critical or nonsilting mean velocity in feet per second,

and d is the depth in feet. The generel equation for Kennedy's

formuls is :
V,=dn

where (' increases frora a value of 0.82 for light sandy silt to more
than 1 for coarse silt, and m decreases in value with an inerease in the
size of the particles.

Kennedy’s formula expressed in metric units becomes

V,=0.55 g*&

The engineers who investigated the silt problem in the waters of
the Nile River in Egypt modified Kennedy’s formule so that it
‘became in metric units :

V,=0.36 4**

At o still later pericd when the formula was applied to tke silt-laden
streams of Siam, the modification adopted was

V,=0.35 &*%

In the earlier silt investigations of Imperial Valley, experiments
were conducted from time to time with the object of applying Ken-
nedy’s formuln to the canals of the valley, These were not successful,
and the officials in charge suffered keen disappointment over their
failure. The silt problem of the valley is now better understood, and
without seeking to disparage the excellent work done by Kennedy and
of the value to the world of his silt theory, truthfully it can be stated
that 1t is of no practical value to the farmers and cansl operators of
Imperial Valley. Kennedy’s purpose was to transport the entire
silt load through the canal system and dump it into the field ditches
and on the fields of the Hindu farmers. The farmers of Imperial
Valley not only own the irrigated land, but they also own, maintain,
and operate the canal system. They have learned from costly ex-
perience that it is much cheaper and essier to dispose of as much ss
possible of the inflowing load of silt at or near the intake than to
take care of it after it reaches the farms, 8ilt at the intake of the
main canal can be removed by means of a suction dredge; silt in the
main canal by a drag-line dredge; and silt in the secondary canals
and laterals by an ordinary dredge, at a lower cost to the water
users than is required to dispose of like quantities in farm ditches and
on cropped lands. In other words, the landowners of Imperisl
Valley are seeking relief from the present burdensome silt nuisance
in & manner directly opposed to that recommended by Kennedy
to the Government of the Punjab for the canals of that territory.

From the data at hand i$ is believed that the character of the silt
in some of the Colorado’s tributaries bears a closer resemblance to
that present in some of the rivers of India than that in the lower
reaches of the Colorado, and the purpose and essential elements of
Kennedy’s theory are here given so that it may not be overlooked in
future investigations on other parts of the river system.
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THE SILT LOAD IN IMPERIAL YALLEY CANALS

Experiments indicate that the flowing water in all the main and
secondary canals of the Imperial Valley have sufficient velocity to
koep in suspension the finer silt or that which passes a 200-mesh
sieve, and that the distribution of this par$ of the silt load is practi-
cally uniform over the system and in any canal section. The usual
percentage by weight of this suspended load varies from 0.05 to
1 per eent and depends primarily on the quantity of this kind of
silt entering the canal system. It has been shown, under the heading
Silt Investigations in Imperial Valley (pp. 29 to 42), that for two
years tho proportion of suspended silt in the main canal was 80 per
cent of the suspended silt content found in the Colorado River at
Yuma. Assuming that this ratio holds trus over a period of years
and that a cubic foot of suspended sitt contains 6214 pounds of dry
material, Table 20 has been prepared to show the annual load of
suspended silt entering the Impertal Valley Canal system from 1912
to 1925, inclusive.

TaeLe 20—Estimaled suspended sill load eniering Imperial Valley Canal system
1912 lo 1985, inclusive

Tatal water Total water
divertad at | Praportion diverted at | Proportion
Imperlal of silt by | Suspeaded Imperial of silt by | Suspended
heading from | welght slit heading ftoin | weight silt
Colorado  |(estimated} - Colorado |{estimntad)
River River

Acrefeet i Acre-feet Per cent Acre-feet
ngo 3, 01, 000 0.70

Acre-feet Pereent
1, 4433, £0D 0.60 , O, 21, 700
1. (07, 300 N i . 14, 000

. . 18, 500

28, 200

17, W

24, 300

3,158, 700
aloan. i .............. 17, 760

The results show that the maximum suspended load during the
period was 28,200 acre-feet, the minimum 8,600 acre-feet, and the
average 17,700 acre-feet. Silt messurements at various stations
during 1907-08 ,1914, and 1917-18 show that the suspended silt
content of the water is about the same throughout the main canal
systam. Thus, very little of the suspended silt load is deposited in
the main canals but passes on to the secondary canals, irrigated
land, and wasteways. The water reaching the irrigated lands con-
tains about 85 per cent of its original suspended silt content. in
addition to the suspended silt load entering the Imperial Canal
intake thero is a large quantity of bed silt.

The normal annual silt load in the Colorado River at Yuma is
253,528,000 tons, of which 20 per cent is estimated to be bed silt.
It is evident from the character of the material periodically removed
from the beds of canals, as determined by mechanical analyses, that
the material deposited in the canels is composed chiefty of bed silt or
send, us it is conmumnonly termed. Judging, too, from the large quan-
tittes of such material annually removed from the canal system of
Imperial Velley, correspondingly large quantities of bed silt must
enter the system and be transported in the canals in diminishing
quantities as the distance from the intake increases.

To describe bed silt as sand which rolls along the stream bed,
would be misleading. It would be more nearly correct to state that
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bed silt moves down stream in several ways and combinations of
ways, one of which is by rolling along the bed. If the paths of
individual particles could be traced it would probably appear that
fow had not ut one time been bed silt and at another time suspended
silt. As to whether a particle journeys the greater part of the way
as bed silt or in a state of suspension depends on its relative size
and the veleciby of the water near the bed. If the velocity is rapid
enough to lift the particle from the bed, it will be carried forward
in suspension for a time at least. If the vertical components of the
current fail to raise a particle some other mode of transportation
is followed. Usually the bed of a channel which is carrying a heavy
load of silt assuimes the form of a series of steps rising with a gradual
slope and dropping on the downstream side with a steeper slope.
As the current scours the long upstream slope and doposits the
scourings on the steeper downstream slope, each step or wave inoves
forward in & marner somewhat similar to send dunes under the sction
of air currents. When some of these waves resch & certain height,
they begin to cub away rapidly on the downward slope and move for-
ward in a mass. The sudden displacement of such masses causes boils
and waves in the canal. A view of the east side main canal {pl. 2, B}
taken February 28, 1925, shows the choppy appesarance of the bed of
the canal when bed silt is transported iz the manner described.

It follows from what has been siated that the total silt load in a
stream or canal may be divided inte three genersl classifications in
sccordance with the method of transportation of each: (1) The
suspended load, (2) the fraction load carried by the vertical com-

onents of the upward currents rising from the bottom, and (3) the
oad which is carried along on the bottom by rolling or by short skips,
forming either plane beds or dunes. The finer silt is naturally
separated and forms the first group, while the heavier and coarser
particles of sand form the other two groups. With this classification
1t mind, i may be stated that with very few exceptions the canals
of Imperial Valley ars “silting up.” W-:ter, with its load of silt, is
diverted from the Colorado River, but as its velocity in the river is
greater than in the canals, deposition begins at the intake and con-
tinnes throughout the entire system so long as the velocity is decreas-
ing and there is heavy silt to drop. A caneal that is “silting up”
is nlways dropping the largest particles first. With diminishing
velocities all the so-called sand msay be dropped. On the other hand,
if sufficient velocity is maintained to transport some load of sand,
and the canal has & self-siited bed, it can either pick up or deposit
sand and hence will always be af its capacity for any given veloeity.
Close observation of the silt in watber samples taken from near the
surface of canals disclosed that many particles were of odd shapes.
Some were smooth and flat, others angular and flat, while still others
were light in weight, the lightest being composed of vegetable matter.
The size of these particles prevented their passage through a 200-
mesh sieve; slthough since they were carried in suspension they
belong to the [iner grade, and would have been so classed if the silt
had been graded by the method of elutriation instead of sieving.

SOME RELATIONR BETWEEN \’ELOCITSYEE,?I?JNDISSTRIBUTION OF SILT IN CANAL CROSS

Many experiments were made on canals of various dimensions
and capacities in Imperial Valloey with the object of defermining for
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different sonsons in 1917 and 1918, the distritbution of the two grades
of silt (passing and retained on a No. 200 sieve) throughout the
canal cross sections, and to throw some light on the relation of the
velocity of water and the movement of particles belonging to each
grade. The method adopted was to divide each canal at the place
of measurement into & number of vertical sections by horizontal
stations. From each station samples of water were taken at various
depths with the Tait-Binckley sampler (fig. 4), and at each place and
time of sampling, current meter measurements ware made to de-
termino the velocity of the water, the two operations being carried
on by two operators simulteneously. The samples at the lowest
depth were taken as close to the bottom as possible, but extrems care
was necessary so as not to disturb the bed of the canal. Iach sample
was separated into two grades—that which passed a No. 200 sieve
and that which was retained on it, by methods previously described.
Thon the percentage by weight of dry silt was determined. Many
tosts were made, but only the date obtained from each of four typical
canals appear in Tables 21 to 24, inclusive.

Tanve 21.—Distribution of silt tn cross section of Central main canel at a poind
west af the Southern Pacific Railroad crossing, Seplember 11, 1817

['The eanal iz 40 feat wide and its middle depth is 5 feat]

1 Distance Proportion of 3ilt by welght

| botwoen . - -
: Total | Depthto s
daptht snanple Velacity Sieva No. 200

Passing | Retained

Feel per
xecond Per cent | Per cent

PN, NEIR, NSRRI

B I I M h D A~ S I S = En I EN I N Ot D Ch S ch DG S E I RO oWt eo

BIIN, SISO, IR, BEIN, REN, BRI,
SRR PO A 19 1O 1 P PO 6O N RS SO PO LY 19 £ 59 £ B0 60 00 6 ] G5 3 A A S0 63
SRR RTEREEESRE AR RRERTERE

w |

i Percenlago rotained an the 200-mesh steve not recorded.
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Tanun 22,—Distribution of sill in cross seclion of Dahlic Canal, 800 feet below
heading, Seplember 18, 1917

I'The canal 13 15 foat wide, 1.2 feat desp at the center, and has m gradient of 0.63 foet par 1,000 {eet|

» Proportlon of silt by waight
]t?l.%tml.'a
otwesn
Total |Depthto
st:;iém depth | sample Veloclty Bleva No. 200
bank — ~—| ‘Total
Posalng | Retained|
Feet per
Fu!n F-ieta Feel teconid FPer cent | Per cent | Per cent
15 1.8 0.2 L84 | Goss o0l | o080
Nl .30 . (82 053 . 135
1.40 1.05 . (8% 211 . 300
4.5 1.2 -] LM 081 . 013 O
.72 1.68 083 1R L2
1.00 1.5 . 089 . . BBY
7.5 1.2 ] 213 . 088 Ruk 103
.12 .08 03 el . 168% .
1.00 L5 123 LT3 .85l
W5 1.2 20 lL.ed4 .08 07 N
.72 198 . 105 L111 -8
1 1.69 . 083 . 495
13.5 1.0 4] L44 .30 012 .02
.80 1.49 +CBL 45 128
] 1 L0 . 308 L4002
15 La | . Z ———

TasLe 23.—Distribution of wilt in crose gection of Elder Canal, March 28, 1918
|'The ennal ia 10 feet wide, 3.5 fect deep at the center, and has s gradient of 0.725 fect per 1,000 feet]

Proportion of silt by weight
E::mnce
woeM
Tota! [ Depth to,
gtatln H ley .
t:;[dn depth | safuple | Valoclty i Bleve No, 200
bank : i Tatal
i Passing | Retained,
i i
Feet per .
Ftetn Feazto Feet recond E Per cent | Per cent | Per cent
1 3.1 0.2 L70 | 0,637 2.002 0. =20
1.0 f 208 648 002 - G40
20 L9g [ 652 | 008 .55
25 182 | .61 ! .00 .54
29 11§ 857 005 . 662
a 3.4 .2 238 | oe | ooz | Ceas
L0 2,40 | BB | 005 . 853
2.0 290 1 .Gl | l003 .654
5 253 L6862 003 B85
3.2 L9 653 1,008 . 661
& 35 W2 279 .63 008 534
1.0 3.45 . 637 .02 639
9 3.0 . B48 D03 L6510
i 2.5 2,60 .668 004 <670
3.0 2. 55 . 655 i) B
2.3 2.8 . .h0a . 658
T a3 .2 2,86 (1} 002 )
LG 3,50 Nt -0 4B
20 3.01 651 002 . 653
2.4 287 LGB0 002 . 082
a1 1. 9% L641 002 )
9 a1 .2 20 .BE1 003 B804
1.0 10 B35 . 003 L858
2.0 270 | .e88 |, .00 . 668
25 218 ¢ 853 . D2 - 843
20 143 © les@ 003 . 662
10 -0 SR [ R -
' ! '

t Pereentago passing 200-mesh sfeve not recorded.
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TanLE 24.—Disiribution of silt {n cross section of Rositaz Canal, 150 feet below
heading, March 28, 1818

[The canal ia 22.5 feet wide, 2.2 feot deep at the center, end hng a gradient of 0.4 feet per 1,000 [eet)

Proportion of allt by weight

Veloclty Eleve No. 200

Tgtal
Passing | Retained

Feel per
gecond Per cent | Per cent | Per cent
1.58 X 0,002
1.63 . 688 012
011
047

2.2

22

20,25 2.2

RN, R, B, B B
SO NOMORNOMSWWONOMNOTh O R
R PR R
SERNESEESEEREEREASR

43, 50 2.2 . J

I Pereentage retained en 200-mesh slova not recorded.

The results shown in Tables 21 to 24 inclusive indicate that there
is very little if any difference in the amount of fine silt (passing No.
200 sieve) at different points along any horizontal in the cross section
of & canal and that the amount carried by water at higher velocities
at the middle of the stream is not appreciably greater than that
carried by the water of slower velocities near the banks at the same
elevation. In the upper sections of a canal thisis generally true of
the total amount of silt carried, which includes the coarser material
{that retained on No. 200 sieve). In most cases the fine silt was
fairly evenly distributed throughout the entire section considering
that on the larger canals several hours were required to take a com-
plete set of samples; but the distribution of coarse silt was quite
uneven in any vertical of a stream.

The experiments further indicate that neither the depth nor the
velocity in the same canal has an appreciable effect upon the per-
centago of fine silt carried, once the material is in suspension. On the
other hand, the percentage of coasrser silt or sand increases as the
bottom of the canal is approached. The effect of the velocity,
however, is not so apparent.

RELATION OF YELOCITY AND DEPTE TO THE QUAMTITY AND SIZE OF SILT
TRANSPFORTED
Since the experiments to determine the distribution of silt in the
cross section of canals indicated that the total percentage of silt
carried in any particular vertical of the channel increased with the

82560—28—4
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depth, the subsequent experiments were confined to obtaining more
data on the vertical distribution and the size of particles, By the
use of sieves ranging from 10 to 300 meshes per inch, the silt samples
were graded for fineness, but no silt particles were found coarse
enough to be retained on a No. 40 sieve. Silt and velocity measure-
ments were made at more points in the vertical than in the previous
experiments, and most of the tests were made in the center vertical
of the canal. Samples were taken with the Tait-Binckley sampler
at depths ranging from the water surface to as near the bottom as
was possible, without disturbing the bed of the canal. Many
experumnents were made. A few of the typical examples are shown
in Tables 25 to 28,

Tapre 25.—Proportion of sill in each of 13 grades al various depths in Briar
Canal al Boundary, Moy &, 1919

{Samples were taken from the centor vertieal, which hnd a dapth of 3,7 feet and a mean velocity aof 242
feat per secand]

Proportlon of sllf by weight passing ang retained on sieve with specified number of
muoshes per inch

Dopthat | oo | 82 ig. |88 |o2 S5 ge |sg lsa o gz |o=
which sample [ 5& 5 85 |85 |55 8¢ 'g,g §° &° J° = ° s
wantpkon | 221850 2 2 7% a BB B 2 2 &
‘g | woted wl (uE el 28 lwd wd wg lwh (w8 F,
28158 lhdslsdeis i s Scifdpi it cEab daRBal8E =3
195198 19:8933(428 7229 28(4S5 4ERIE=8|92R(358 3 | 2
ST RS R V.- i P &~ [ ir.‘... -9 o M B
i : :
Feet PPl Poet | Boet | Poet) Poet| Pt | Poet. | Pt | P, d.lP.cJ. P.et. [Pl |\ Poot,| Poot,
C.000 [0, 0. 003 [0.003 j0, 007 0. 007 (0, 003 0. 005 \0.027 0,053 |0, 020 (0. 720 | O.5LO
015 | .006 {016 | .00B | 007 ; 016 |.038 .07 |.020 | .740 | .03
LOo17 |, 012 . 023 | 010 | 012,000 {041 | 022 | .020 | .735 | .024
27014 | 0261 012 008 ) L 004 | L0468 | 020 | L025 | L7400 | w52
L29 | La15 | LT [ LGl 012 ] o013 | o045 | .027 | .031 | .724 | 001
t .

Tanre 26.—Proportion of sill in eack of five grades at various depths in the Aash
Canal al Boundary, June 25, 1920

[Somplea’wore taken from tha conter vertleal, which had s depth of 3.2 feet and a moan velocity of 3.22 foat
por second.  The canal was 20 feot wlde an the discharge was 190.7 second-feet]

. o
i Proportion of 511t, by welght, passlng snd retajned on siave,
! PO with specified number of meshes per Inch

Dopth at which sample wad - Velocity i |
taken "ot point | Passing | Passing | Pnssing | Passing
. 40, te- | G, te- . 100, re- | 200, ro- | Passing | oo

tained tained tained talmed ! 300
an 80 on 109 on 2{) oan 300 i

i Feel per

!

! second | Percent | Perocent I Per cent | Per cent | Pereent | Per cend

' 3,55 0. 000 0.000 0.000 o.028 ! 0.2:32 . 260
4.31 - 006 001 014 L5 0 L 308
4.36 000 . 001 022 L 053 . 258 L334
411 -0 .12 L(H8 D85 . 257 . 382

10 1001 2! o V8, L208 4T3

T

3
297 . 005 -0l 064 100 2N . 503
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TaBLE 27.—Proportion of sill of vach of five grades at various depths {n the Birch
Cunal one-half wile easl of Calezico, Calif., June 80, 1920

['The samples were tnken from the center verticnl, wiilch had & depth of 1.8 {eet and a mean velocity of 2.21
feat prer secomd.  ‘The conwd wos 3 feet wide, and tho discharge wos 19.14 sacond.feat]

! Proportion of 3ilt, by weight, passing and rotslned on sievs,
with speehiled nimbor of meshiea por inch

Depth nt which samiple was H Velocily i !
token Ut polut | Passing | Possing l Possing | Passing
40, re- 60, re- 100, re- | 200, re- | Passlng
300

tiined tpinad tained talned
on 60 on 100 on 200 on 300

Feet per
arcni?d Per cent | Fer cent | Per cent | Per eend | Per tent

] 0.00G 0.003 0.017 0,334 , 354

. B} 003 (25 342

002 D018 028 37

. 008 i H] Rirs 400
N 134 009 Al

Tanry 28.—Proportion of sill in cach of five grades at various depihs of Alame
. Canal near Hanlon heading, July 26, 1920

{Tha samples were takea 120 feet fram the sast boulk of the canal, which was 180 feat wida and 10 fest deep
and hod a dlscharge of 5,749 sncond-feot and mean velooity of 4.1 Kat per second]

) Proporticn iogz siit, by welght, passing and retslned cn sleves,

with spoclfied mumber of meshes per ineh

oken at polnt  Passing t Posslog | Passing | Possing
40, re- a0, re- | 106, re- | 200, re- | Passing

teined talned tained taled 300

on &0 on 100 on 200 on 300

Depth at w?iﬁh sample was i Yelogity
|
1
|
I

Per cent Per cent
0. 005 0. . 033 0.208

293
- 801
. 318
L3056
. 207
.30z
-32L
. 284
302

BE

e o g e e e
BEERREG

The results in the preceding tables indicate that the percentage of
gilt in suspension increases from top to bottom, alse that the coarser
the particles the greater their proportion becomes as the bottom of the
channel is approached; the finer they are the more equel their distri-
bution in the vertical. Specific gravity of the silt material as well as
degres of fineness influences its distribution, but variation in specific
gravity was found to be small. At most ordinary canal velocities
material coarse enaugh t6 be retained on & No. 60 sieve was confined to
approximately the lower tenth of the depth of the water, while that
fine enough to pass a No. 100 sieve would, in small percentages,
reach to the surface of the waier. The greater part of the total
amount of silt in suspension in the irrigation cansals was fine material
that passed the No. 300 sieve. This material was usually found fo

-be fairly equally distributed throughout the vertical for all velocities
in which tests were made, including in some instances mean velocities
of less than two-thirds foot per second in small laterals. In other
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words, any velocity that is practical for an irrigation canal will carry
in suspension the greater part of the silt transported by the waters
of Colorado River. Although it requires very littls velocity to trans-
port the silts of the Colorado the- material in auspension usually
settles rapidly when the water is brought to rest, as in a reservoir,
sebtling. basin, or tube. This is undoubtedly greatly influenced by
the r,ihemical composition of the water whic%. produces floccule-
tion {2).

QUANTITY OF BILT TRANSPORTED BY COLORADO RIVER

From a practical standpoint, the quantity of silt transported is
of more importance than the manner in which it iz transported.
Some of the data previously presented are reviewed in the following
paragraphs with the object of forming an approximate estimate of the
normal quantity of silt which is transported annually into the lower
basin of the golorado River, and a like estimate of the normal
quantity of bed silt annually transported in the river at Yuma.

It will be recalled that the quantity of suspended silt during a
12-month period ended July 31, 1918 (see Table 12), in the river at
Topock wes, in round numbers, 205,763,000 tons. During the same
period the quantity of suspended silt in the river at Yuma, 206 miles
downstream, was 113,943,000 tons. The methods used in taking the
samples and determining the silt content were practically the same
at both points. The diversions for irrigation during the period about
equal the quantities of inflow water derived from the Williams River,
Gila River, and other sources. The fiow of the river at Topock was
1,716,000 acre-feet more than &t Yuma, While a small part of this
difference may be due to evaporation, it is believed the major part
is due to infiltration in the porous material forming the bed of the
channel and flood plain. That this condition is not confined to the
period under consideration is shown by the fact that the average
annual flow of the river at Topock for eight years ended September
30, 1925, 1s 1,269,000 acre-feet more than at Yuma. It is Lkewise
true that the greater silt lIoad found 2t Topock can not be accounted
for in any large measure by the greater discharge.

At first glance, one would be led to conelude that the normal silt
load in the Colorade River at Yuma, including suspended and bed
silt, would be greater than it is at Topock, inasmuch as the Gila
River dumps its load into the main channel & few miles above Yuma
and desilting processes are applied to most of the water diverted into
the canals above Yuma. On the other hand, reasoning from the data
-available, it would appear that the greater load of suspended silt
found at Topock can be rightly attributed to the steeper grades,
higher velocities, and churning effects of the canyon section, and that
after the river emerges from deep-walled canyons and flows on flatter

rades with much %ess disturbance, the heavier silt is temporerily
sposited and transported as bed siit or rests on the bed of the channel
until & flood carries it farther downstream.

Judging from the manner in which silt is transported by water in
motion, 1t is believed that some bed silt in addition to suspended
silt is carried past Topock, but with the data st hand there is no
means of ascertaining its relative quantity. There is also known to -
be permanent silt deposition between Topock and the mouth of the
Gila River, but the quentity can not be computed. If these two
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unknown quantities were equal, they would counterbalance each
other, and the totel load of suspended silt at Topock would be
approximately equal to the total load of suspended and bed silt at
the mouth of the Gila River.

The Gila River contributes about 6 per cent of the normasl flow of
the Coloredo River, and the results of silt measurements show that
it carrios about double the percentage of silt in the main river at
Yumn. Accordingly, there would be about 12 per cent less silt in
the Colorado immediately above its junction with the Gila than af
Yums. Roducing the normal suspended silt load of 183,759,000
tons at Yumea by this amount gives 161,708,000 tons as the normal
lRoy.d of suspended silt exclusive of that contributed by the Gila

iver.

Furthermore, since the quentity of suspended silt in the river
during the period under consideration was bslow normal, it is neces-
sary to increase the quantity of silt found at Topock during the period
August I, 1917, to(ﬁuly 31, 1818, from 205,763,000 toms o year o
253,628,000 tons & year, to bring 16 to normal.

Comparing this load with that at Yuma exclusive of the Gila
would indicate that 36 per cent of the silt load at Topock either
passed Yuma as bed silt or was temporarily deposited in the river
chennel or flood plaing sbove Yuma.

The estimate just set out eliminates from consideration the silt
carried by Gila River for the reason that the Gila’s silt will net con-
tribute to the scdimentation of any reservoir built above Topock,
which is the metter of principal concern in the present discussion.

No practical method was found for messuring the total amount
of bed silt moving in the river channel, but minimum and maximum
cross sections at Yuma gauging station shown in Figure 8 indicated
& scour of about 1,600 acve-feet per mile during the flood of 1916.
Furiher indications that large quantities of bed silt sre shifting is
shown (fig. 6) by the rise and fall of the river bed at Yuma. The
All-American Cansl Board (I} estimated that there were 12,000
sore-feet of bed silt in & total silk load of 102,000 acre-feet at Yuma
or nbout 12 per cent bed sils. This was based on movement of bed
silt in Imporial Valley main canal. Silt measurements at Topock
from August, 1917, to June, 1918, inclusive, show that 37 per cent
of the suspended silt was cosrser than o No. 100 sieve, and because
of the decroased relative quantity of this grede of suspended silt
found at Yuma it is believed that more than one-hslf passes the
latter point as bed siit.

A consideration of all the available data on this subject leads to
the gencral conclusion that of the total normal load of silt passing
Yuma 80 per cent is suspended silt and 20 per cent bed silt. -

DESILTING PROCESSES

Desilting the waters of the Colorado River may be seid to begin
oo tributary basins and in tributary streams. The so-called cloud-
burst, an intensive rainfall covering relatively small areas and usually
lasting only an hour or two, is & common occurrence throughout the
greater part of the Colorado River Basin. As & result, small streams
are suddenly swollen to a high flood stage, and while flowing bank-
full at a high velocity, pick up and trensport lerge quantities of
débris. However, as & general rule the flood subsides nearly as




94  TECHNICAL BULLETIN 67, U. 8. DEPT. OF AGRICULTURE

quickly as it rises, and the débris is deposited to await a similar flood
or one of longer duration.

It has likewise been pointed out that the two classes of silt herein
considercd—suspended silt and bed silt—are to a large extent inter-
changeable and consequently do not remain cen.tant under changin,
hydraulic conditions.  Where water is confined to Nnarrow, roug
channels and flows at a rapid rate, the ratio of suspended silt to bed
silt is greatly increased, but when water flows at & low velocity
broad, shallow channels, temporary or permanent desilting results
from the dropping of the heavier particles. By this process and
under conditions prevalent in the lower basin, the lighter silt is
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F1e. 8.—Maximum snd minimum cross sacticns. Calarado River at Yuma, Ariz., 1916
{NeTE.—One hundred feet sdded to gauge beights to avoid minus readings)

separated from the heavier and carried in suspension to the gulf,
deposited_on irrigated land, or is carried off in wasteways. Of the
total load of silt in the waters diverted from the river to supply
the needs of Imperial Valley irrigators, exclusive of waste waters,
about 85 per cent is deposited on the land irrigated or in farm ditches
haying less than a mean velocity of two-thirds foot per second.
With the exception of the earlier structures, all the intakes built
for the purpose of diverting water from the Colorado River in the
lower basin are provided with some kind of desilting equipment
designed to prevent the heavier silt from entering and being dis-
tributed within the diverting channel. The intakes of Imperial
irrigation district are described in another part of this report; those
iegcribed below are at Potholes, Calif. (Laguna), and near FParker,
Tiz.
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DESILTING AT POTHOLES, CALIF.

The intake nt Potholes, Calif., is located on the Colorade River
about 12 miles above Yuma. A diversion weir, known as Laguna
Dain, raises the water about 10 feet. It is diverted thence into a
canal systam which eonveys water to the irrigable lands on the Cali-
fornia stdo of tho river, erossing the river at Yuma through an inverted
siphon, nnd serving the lands in the Yuma Valley and on the Yuma
Mesa below the town of Yuma, which comprise what is known as the
Yuma project. This project, one of many Federal irrigation systems
built, operatad, and Tnaintained by the Bureau of Reclamation under
the terms of the reclamation act of June 17, 1902, comprises an
irrg, able area of about 110,000 acres in Yuma County, Ariz., and
Impel ial County, Calif. The 95,000 acres of irrigable land on the
Arizona side is made up of 50,000 aecres of river-boftom lands, pro-
tected by levees and supplied by gravity canals, and 45,000 acres of
mesa lands, to which water is to bo pumped through an average
height of 80 feet.

A distinctive feature of the Laguna Dam and ifs accessories is the
effective manner in which the larger and heavier particles of silt are
prevented from entering the intake of the project main canal. To
accomplish this exelusion the heading on the California side has a
sluicoway channel in solid granite rock around the end of the dam,
regulated at the downstream end with three Stoney roller gates, and
an overflow skimming structure consisting of 35 regulator gates, con-
trolled by means of horizontal flashboar ds. The slulccway channel is
128 feet wide at the top, 116 feet at the bottom, and 18 feet deep.
At the downstream end it contracts to a lecmnrrulm cross section 116
feet wide, which is divided into three sluice-gnte openings, each 33
feet 4 inches wide, by two piers 8 feet in width, each opening being
regulated by a Stoney roller gnte. The channel of the stream extsnds
about 650 feet above the sluicewny.

Generally the S].IHCG ates are closed when water is being supplied
to the mamn canal. The siuicewny channel thus acts as a settling
basin, the slow velocities during this period encouraging the deposition
of silt. About once a week or every other week, depending upon
conditions, the sluice gates are opened so that the deposited material
may be scoured out. Thoe flow of water over the canal gates may also
be regulated by the sluice gates.

The head gate for the main eanal is a simple strueture with 35
openings, each 713 feet in the clear, between concrete piers. (Pl 3,
A.) On these piers rests a concrete footbridge from which the flow
of water is regulated by the use of flaskboards. The water is skimmed
off the top and drops into the cenal over these flashboards, so that
only a surfece stream about a foot deep, which is relatively free from
silt, is admitted. Experiments indicate that an average of 50 per
cent of the silt is removed from the canal water. This desilting proc-
ess keeps out of the canal practically all of the bed load of the river,
together with the coarser particles of the suspended load.

The capacity of the main canal is about 1,600 second-feet. The
full cepacity of the California slulceway is about 15,000 second-feet,
or about four times the ordinary low-stage flow of the river, and the
sluiceway has a scouring velocity around 10 feet per second. Vhen
the sluice gates are closed and the water is entering the main canal
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the velocity in the settling basin formed in the sluiceway channel is
ﬁﬁnarally less than 1 feot per second, which permits most of the

eavier silt to deposit. When the sluice gates {pl. 3, B) are opened
the diversion of water into the canal cesses, and the canal is empty
for about a day, while the sand and silt which have been deposited
in the desilting channel are washed through the sluice gates back
into the river below Laguna Dam.

Experiments were carried on to determine the effect of desilting
and sluicing at Laguna Dam on the suspended silt and flow of water
in the Colorado River at Yuma, 12 miles below. The summarized
results are given in Table 29,

Tasrs 29.—Effect of sluicing al Laguna Dam on sill conlenl and discharge of
Colorads Ziver at Yuma, Oclober 7, 1918, to January 18, 1917

Y

Measurements of Colorado River at Yuma

Date Siulce pates opaned | Pro

at La Dant i pot-
Funs Time :’53:"5“‘“‘ Discharge] Area | Volocity ;{f‘nb‘;f
I weight
Square | Feet per
» Hour Seet second | Per cent
Oct. 7, IM0. I8 M mos Ip 2,503 ilég U.;g
. ap. 2,715 N .
Nov, 3, 1916 el S WA - I ‘.11‘30 2 ?35% ! g‘;’g liﬁ
: . 31 3 .
. 4. & 001 a.27 1.8
Nov. 1, 1016 ... fa.mo ... ?.30 z, g;? 5. 52 1. ;‘:1!
. p. 2z, 0. 64 .
[ * 3.30 2,477 8,18 .2
Jan. 12, iHI7 .. .... 0D Mo 2. 1,#2 4.15 .20
fa. 1, 5.35 .38

Jan, 18, 1007l

These results and observations indicate that sluicing operations at
the Potholes intake materially affect both the silt content and dis-
charge of the Colorado River at Yuma. In four Lours on October 7,
19186, there was an increase at Yuma of 0.27 in the percentage of
gilt and 4,400 second-feet in the discharge of the river. In the first
three and one-half hours on November 3, 1916, the silt content at
Yuma increased 0.07 per cent, while the discharge increased 5,200
second feet. On November 10, the first three and one-half hours of
sluicing at Laguna Dam resulted in an increase of silt content at
;fuma of 0.38 per cent and an increase in discharge of 4,700 second-
ect.

The purpose of another set of experiments was to determine the
relationship at any given time of the siit content in the Colorado
River above the Laguna Dam and that in the sluiceway, as well as
in the intake of the main canal. The percentage of silt at various
depths in a vertical section of the Colorado River in midstream above
the Laguna Dam is given in Table 30, while Table 31 gives the pro-
J%ortion of silt at each of three sections in the sluiceway—section

, 150 feet above canal intake; section X, at the upper end of the
canal intake; and section Y, at gate No. 10 of canal intake.
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PLATE 3

A.--Tlauigates of moin canal, Yumd project
B.—Rliicegtes at the head of e main canal, Y project
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TaprLe 30.—Proportion of silt in the middle of Colorade River above Laguna Dam,
August 2, 1918

Proportlon of silt, by weight

Depth Sleve No, 200

Pessing }Retalnod

Per cent | Per cent | Per coni
0,438 0.601 . 438
A1

L133

Surfaen

Bottom_..

Taeve 31.—Proportion of silt, by weight, in sluiceway, Laguna Dam, August 2, 1918

Section D Section X ' Section ¥

i P . i IO
One- ! Two- | One- Three- ;
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While Table 30 shows some silt in the river coarse enough to be
retained on a No. 200 sieve, no silt of this grade was found in samples
taken i the sluicewsay or canal. The heavier silt is doubtless de-
posited soon after leaving the river and is carried back into the river
below the dam during sluicing periods.

The average velocity in the center section of the river at the time
of making the tests was about 3.5 feet per second; in the sluiceway,
0.9 foot per second; and in the canal 2.5 feet per second.

The average silt content in the river above the dam was 0.682 per
cent, while that in the channel leading from the river to the sluiceway
averaged 0.062 per cent at the surface and 0.683 at the 8-foot depth,
the measurements in the connecting channel being made about 300
feet above the canal intake.

Samples taken in the main canal below the intake indicated that
the percentage of silt throughout the vertical section was more uniform
than in the sﬁuiceway. The sverage was 0.252 per e¢ent, or about 37
per cent of the amount in the river, indicating that about 63 per cent
of the silt had been removed from the water.

The percentage of silt carried near the surface of the river is 0.439,
0.062 in the connecting channel and only 0.025 in front of the intake
gate. This indicates that the silt is deposited rapidly after leaving
the mein river channel. Upon reaching the intake gate the surface
water has been desilted about 94 per cent. Although water entering
the main canal consists of surface water about a foot in depth, the
percentage of silt found in the cansl is about ten times that in the
surface water admitted. .

Additional tests indicated that when water was admitted into the
head of the main canal of the Yuma project irrigation system by
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allowing a relatively thin sheet of surface water to flow over the flash-
boards of the gates, much more silt was found in the canal than was
present in the top stratum of water above the flashboards. ‘To find
the explanation of the disagreement, & large number of water samples
were taken, and a series of tests were made, upon which the following
conclusions were based:

(1} Flashboards which can readily be removed and replaced are not
silt-tight. Silt passes around the ends and between the edges, espe-
cially near the bottom of the gate where the water pressure and silt
content are greatest,

{2) Because the silt lodged sgainst the upper side of the fiashboards
is of the finer grade (passing & No. 200 sieve), upward currents and
eddies tend to transport it over the tops of the flashboards,

{3) When 800 second-feet of water is entering the canal over the
flashboards, the velocity of upward currents near the upstream face
of the {lashboards averages about 2 feet per second.

{4) When the flashboards nre placed in front of the butiress walls
the quantity of silt passing is materially reduced.

EFFICIENCY OF DESILTING OPERATIONS AT HEADING

In 1918 the division of agricultursl engineering made experiments
on the efficiency of desilting operations at Laguns Dam. Top and
bottom samples were taken in both the river and the canal. The
river samples were taken in about the center of the main stream before
the water enters the channel leading to the sluiceway and overpour
gates. The samples in the canal were taken in the center below the
intake. The results are summarized in Table 32. The amount of
desiltation ranged from 33 to 72 per cent and averaged about 57 per
cent.

Tanue 32.—Amount of desiliation al Potholes headgates in August and Oclober, 1518
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The desilting efficiency of the headworks at Leguna Dam was
determined for the Bureau of Reclamation by Raymond A. Hill, who
carried on experiments and collected data at intervals during several
years. These data have not been published, but Table 33 summarizes
the results he obtained, by comparing, for each experiment, the silt
content of the water in the river above the Laguna Dam with that
in the main canal at its head. The amount of desiltation ranged from
18-to 70 per cent, with an average of 50 per cent.
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Tasun 33.—Comparison befween sill conient in Colorade River al Laguna Dam
and in project main canal
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DESILTING AT PARKER, ARIZ.

Tho irrigation project of the Colorado River Indian Reservation is
mainly in Yuma County, Ariz., with a small part in Riverside County,
Calif. The irrigable lands, estimated to contain 110,000 acres,
axtend from Parker to Ehrenberg, Ariz., a distance of 37 miles. At

} 2\ Main

-

4~ canal

COLORADD RIVER ——e

Fin, 2.—Desilting baslo used at Parkor project, Colorade River Indian Reservation, Ariz. Cintes
1 snd 2 nro closed when by- -puss {s in use

resent an arca of about 6,000 acres is jrrizated by pumping 7 to 14

eot from s sump into which water enters from the Colorado River
through gates controlled by flashboards. A settling basin is near
the pump house. (Fig. 9.) The pumped water from 1921 to 1925,
the quantity of which varied from 15,000 to 26,000 acre-feet a year,
was desilted in the basins. These basins were sluiced out about
onco a week. It is claimed that 50 per cent of the suspended silt
in the river has been removed by this process before the water enters
the main canal.

From 1900 to 1918 water was diverted from the Colorado River
into the Alamo Canal, which is the intake of the Imperial irrigation
district, without the instailation of any special structure designed
to desilt the admitted waters, The resuits of silt measurements
at the head of the Alamo Canal showed fully 90 per cent as much
suspended silt as was found in the river at Yuma.

One of the purposes of Rockwood heading, which was completed
in 1918, was to admit the surlace waters of the river and prevent the
heavier silt {rom entering the Imperial Valley canal system. How-
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ever, this is not slways possible on account of the scarcity of water
at the extrems low stages of the river. During these periods the
lower intake gates must remain open, and practically the entire flow
of the river is diverted into the main canal, thereby affording an
opportunity for all the suspended silt as well as & large amount of
bed silt to enter the caznal system,

Notwithstanding the lack of continuity in the desilting process,
that it was effective to some extent in cheeking the entrance of sus-
pended silt is shown by the following figures.

On October 14, 1918, there was 0.39 per cent of suspended silt
in the Colorado River at Yuma, and on the same date the mean
proportion of silt passing through the gates of the Rockwood heading
was 0.292 per cent. On February 13, 1919, the percentage of sil$ in
the river above Rockwood heading was 0.143, while that st the head-
ing averaged 0.138. Before the mstallation of Rockwood heading
the average proportion of silt in the Alamo Canal for the year 1914
and again in 1917 and 1918, when compared with the amonunt of silt
in the river at Yume, indicated that the canal was desilted one-tenth.

While the utility and economy of the desilting appliences at the
intakes of the irrigation systems of the lower basin are generslly
conceded, they have solved only a part of the silt problem. The
finer and what the farmer considers the most injurious silt is trans-
ported through the entire canal systems and deposited on the irrigated
fields. Accordingly, desilting appliances are being regarded more
and more rs temporary expedients, and the users of water from the
lower Colorado River are hopefully anticipating the time when the
entire silt load of the stream will be deposited in one or more largs
reservoirs. In the opinton of the authors, such reservoirs offer the
only satisfactory solution of the silt problem, but foresight and good
judgment will have to be exercised in the selection of the reservoir
sites and the construction eof dams.

Some may contend that the abandonment of present river intakes
of the Imperial Valley irrigation system and the diversion of all water
from Laguna Dam would solve the silt problem so far as this district
is concerned. The silt at Lasguna Dam, however, would in all
probability have to be removed by sluicing operstions, and these
would necessitate shutdowns of the system during periods of maximum
water demand, which would cause serious demsge to irrigators;
besides, desilting processes as thus far perfected, would not exclude
the finer silt.

While £ dam and reservoir such sas are proposed at Boulder Canyon
will effectively desilt the Colorado River at that point, it should be
kept in mimf that perhaps for many years the clear water after
leaving the reservoir will pick up a new load of silt from the bed of
the river. The resilting of the river water below the Ilephant
Butte Reservoir on the Rio Grande in New Mexico is a good example
of what may fake place. During the past 12 years the floods from
the upper Rio Grande Basin have been retsined in this reservoir.
The water leaves the reservoir practically clear, but within 50 miles
it is again turbid, and a$ El Pase the river carries considerable sus-
pended silt despite the fact that the flow has been regulated.

On the supposition that a high dam of this type is urgently needed
and will be built in the near future at the lower end of the canyon
section, & question of far-reaching importance arises as to how soon
the efficiency of the reservoir created will be greatly reduced by the




SILT IN COLORADO RIVER IN RBLATION TO IRRIGATION 61

deposition of silt. 'To answer this question, it is necessary to convert
the normal load of siit in the river from the basis of weight to that of
volume. It has been shown that 253,528,000 tons is a fair estimate
of the totsl norma! silt load carried by the river through the canyon
section. It has also been shown that the weight of dry silt contained
in a cubic foot of Colorado River sediment varies greatly. This finer
silt deposited on irrigated land weighs less than 50 pounds per cubic
foot, while tho weight of this silt in the beds of irngation and river
channels approaches 100 pounds per cubic foot. In the case of silt
deposited in a reservoir, the finer grades may be mixed with the coarser
but since there is & preponderance of fine silt, the combined weight
per unit of volume may be expected to be considerably less than that
of bed silt, In estimuting the weight of silt deposited in a reservoir
incated near the lower end of the canyon section of the river, 85
pounds of dry silt per cubic foot of sediment would seem to be & fair
averago, ott the assumption that it is mixed. On this basis there
wouldnbe an aversge of 137,000 acre-feet of wet sediment deposited
annunlly.

Someyof the estimates made by others of the smount of silt frans-
ported by the Colorado River are shown in Table 34.

TapLe 34.—Some previous cstimates of amaunt of silt transporied annually by the
Colorado River
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Attention is drawn to the fact that the estimate made in this report
is 137,000 acre-feet, whereas the previous estimates made by others
range from 80,000 to 113,000 acre-feet annually. In this connection
it is to be understood that the present estimate includes both sus-
pended and bed sils, whereas, with one known exception, the earlier
astimates do not include bed silt. They are based on the suspended-
silt records at Yuma, whick have been converted from a weight to a
volume basis by using dry weights of silt ranging from 85 to 100
pounds per cubic foot. These weights are too high for suspended
silt, although they may be correct for a mixture of bed and suspended
silt as deposited in g reservoir.

Measurements of suspended silt in the Colorado River at Topock
and Yuma indicate that most of the heavier suspended silt i the
river near the end of the canyon section is deposited before reaching
Yumae, and undoubtedly « large portion passes this point as bed silt.
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The following estimate of the total silt load in the river above its
junction with the Gila River is based on the silt measurements at

uma and is made as a cheek. It will be shown in the Appendix
under the heading of “Relation of volume and weight of silt” that
in the lowsr reaches of the river 62.5 pounds would be a fair average
weight of a cubic foot of suspended silt (not including bed silt) after
being thoroughly dried. On tnis basis the normal suspended silt
load of 161,708,000 tous at Yuma, exclusive of that from the Gila River,
would be equal to 119,000 acre-feet. Assumiing that this represents 80
per cent of the total load and that the additional bed silt has a dry
weight of 100 pounds per cubic foot, there would be a bed load of 19,000
acre-feet, which when added to the suspended load, gives a total silt
load of 138,000 acre-feet in the river at Yuma exclusive of the Gila.

Alfter giving the matter careful thought, the authors consider that
137,000 acre-feet is a [uir estimate of the average amount of silt
which would he deposited annually in s reservoir located near the
lower end of the canyon section of the river. On this basis, in 100
years the silt would occupy a space in the reservoir equivalent to
13,700,000 acre-leet. However, the construction of additional
reservoirs, together with o more regulated flow and the increased use
ol water in the upper basin, will prolong the life of such a reservoir.

The quantity of silt transported through the canyon scction is
believed to be nbout 37 per cent larger than previous estimates have
indicated. Should this larger estimate be found to be approximately
accurnte, it would be a waste of money to attempt to store silg,
prevent [loods, and provide water for both power and irrigation by the
mmpounding of a relatively small quantity of water. The building of
o dam on the Colorado River near Topock to store some 10,000,000
acre-feet of water hins been advocated, but if the quantity of silt
annually deposited in this proposed reservoir is 137,000 acre-feet,
it would not be long until its effectiveness for flood control and water
storage purposes would be seriously impaired.

If it be true that the Colorado River transports so large a normal
load of silt to the lower basin, the necessity for providing an artificial
lnke of the largest practical dimensions, in which the water may be
desilted and the silt stored, becomes of first importance. The pro-
posed Boulder or Black Canyon Dam if built to a height of 550 feet
nbove mean low water in the river, would store approximatel
26,000,000 ncre-feet of water. In view of the larger quantity of silt
to be stored, carnest consideration should be given to raising rather
than Jowering the height of this proposed structure, for the prineipal
reason that water can be stored in the upper levels of such a reservoir
at 1 cost not exceeding 75 cents per acre-foot of storage.

The subject of removal of silt from proposed reservoirs on the
Colorado River was not investigated, but it deserves consideration.
In order to determine proper means for preserving the required
capacity of the San Carlos Reservoir (to be crested by Coolidge
Dam) on the Gila River, n United States Armny board made an exten-
sive study of various methods of desilting. The conclusion reached
was that “the most promising method, indeed the only practicable
method is dredging,” but it was estimated that dredging would cost
5 cents per cubic yard or about $80 per acre-foot. Such a cost would
be prohibitive on the Colorado River where there are'many reservoir
sites in which additional storage capacity could be furnished at o
much lower cost.
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APPENDIX
RELATION OF YOLUME AND WEIGHT OF SILT

The earlier siit investigations carried on by the division of agricultural engi-
neering were baged on volume, The method generally followed was to pour eac.:
sample of river water into a glass tube and allow il to settle until the top part
was clear. Then the clear water was decanted and the balance transferred to a
smpller tube graduated in cubic centimeters, enough water heing added to cover
the silt to & depth of about 7 inches. The usual time of settling in the graduated
tube was one week, OQOwing to the difficulty and cost of abtaining glass tubes,
relatively few of the samples were allowed to zettle for 30 days or longer.

Sueh silt determinations, made on southwestern rivers ({8, 19, 20) from May,
1899, to June, 1902, gave basis for the conclusion that 100 units of volume of
silt ns mensured in the tubes at the end of ona week would shrink to 90 uuits
at the end of & month and to about 75 units at the end of a year. For a few
samples the relation between percentages of weight and volume ai the endof
one yenr was also cdetermined.  The meun of these determinations for the Brazos
River in Texas indicates that the volume percenlage is approximately three
times the weight percentage. The resulls of these investigations likewise indi-
caled that there is no definite relation between the proportion of silt in the water
and the discharge of Lhe stream, and that the time required to settle silt in still
water depends mainiy upon the character of the silt, its degrce of fineness, the
chemicnl content of the water, and the watershed from which it is derived,

When, in 1907, the division of agriealtural engincering began to investigate

silt in Lthe canals of Imperial Valley the determinations were made on a volume
basis, bubt the methods and equipment wsed differed somewhat from those of
grc\'ious years, ‘These studies have been deseribed in detail in the section on
filt Investigntions in Dimperial Valley (p. 20).  Of the eight stations at which
saniples were taken, at only one—Ne. <, Dahlin heading—wnas a comparison
mude between Lhe volune and weight of silt.  The results given in Table 35 show
tho monthly silt average by percentages of volume and weight and their ratio.
In these delerminations the monthly ratio of volume percentage to weight per-
centage ranged from 1.4 to 4.5, the mean far the year being 3.25.

Tasue 35.—Relation between monthly silt proportions by voliwme and by weight
in conal water ab Duhiie heading, Qclober, 1807, to Seplember, 1905
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Tor the purposc of determining the rate of scttlement of suspended silt in still
water when analyses were being mede on a volume basis, samples of water were
taken from several farm laterals in Imperial Valley., Each smnple was well
shaken and poured into a plass tube, 2.5 contimeters in diameter, Lo the height
of 100 centimeters. At the end of the first hour the percentage of silt by volume
wos measored, ‘Lhis was continued at different intervals for 1,628 hours. The
results for four different samples are shown in Table 36. Samples A, B, and C
were taken from a farm lateral 6 miles cast of El Centro, at Bonds Corner, and
at a place 2 miles south of 131 Centro, respectively; while sample B was taken
from the center of a field being irrigated, 2 miles west of El Centro. Table 36
and Figure 10 show the rate of settlement of the silt,  These fests and mony
?tllers telicated that silt analyses based on the voluwe method are not sntis-

actory.
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The volumo and weight of silt in the water entering the Alamo Canal during
19t4 a3 determined by Peck are shown in Figure 11,

In comparing these it will be noted that the volumes vary widely while the
corresponding weights nre fairly constant, and there is no delinite ratio besween
weight and volume,

Draily samples of the Colorado River water were taken at Parker, Ariz., by
the United .%tates Tudian Serviee, September, 1915, to August, 1918, The
pereentages of silt by weight and volutne were determined.  The average monthly
percentage by volume of saturated silt after 24 hours scttlement. ns deiermined
in test tubes 134 nehes in diameter and 8 inches Ligh, and the percentage by
weight of dry sill Tor the period are given in Tabic 37,
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Fra. 11, —Diselwrge of Colornlle River and amounts of silt possing isto Alamo Ceonl during 1914

Tanne 37.—Proportions of silt by weight and volume in Colorado River ai Parker,
Ariz., Seplember, 1915, to August, 1518
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September 4.7 L3l .0 1.94 6.3
Oclober. 5.5 122 4.5 3.5 LB 4.4
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’ ‘¢ L3 .25 5.2
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The results in Table 37 iliustrate clearly that there is 1o constant ratio between
percentage by volume and perceniage by weight.

Cl ({Jngubi!shud report, UL 8. Inding Service, Reselts of Sit Investigations on Colorade Raservation, by
A, Rhifle,

32560—28. 5
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My, Engle's report says: “All volumetrie percentnges depend upon iime of
gettlement, depth, dinmeter and shape of testing apparatus, proportion of voids,
size and shape of silt parbicles, their specific gravity, cte.  The most saiis-
factory method that has been proposed for expressing the silt content of water
is bhe porecoinge by weight of dry silt”

Forbes (¢) determined the silé content in the waters of Gila River ncar the
head of the Florence Canal in 19090, in percentages of both voluine and weight.
The resuits of his tests nre summarized in Table 38,

Tanue 38—8ilt contenl of Gila River water expressed tn weighis and corresponding

volumes
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With the limifed data available in 1807, silt determinations expressed in per-
centages by volume were difficult to interpret and classify, since there seemed to
be no fixed relation bebween volume and weight.  Volumetrie percentages vary
with size of lesting tube, thne of scitloment, salt conient, specifie gravity, and
shape and size of silt particles.  Then, too, the proportion of silh commonly
varies weekly, with Lthe scason, and yearly, depending on the part of the Colorado
River drainage area from which it is derived. Bamples of silt taken at the same
sime but at different deptlis of the same verfieal seclion also differed widely.
Besides requiring a large nuwnber of tubes the experiments involved 8 much
incresscd cost when tho resulls were determinsd by volume. It was fAnally
decided that determinations by weight were more practical to research work
than those by volume, and since 1908 all resuits have heen caleulated on a weight
basis. )

Notwithstanding this deeision and tiic sonndness of the reasons which prompted
it, the fact remaing that neacly all those who have to do with silt think of it in
toerins of space and volume and not in terms of weight and density.  This is frue
of the farmer using muddy woter, who notes with some concern when an sifalfa
fieldd is covercd wilh scdiment a half-ineh deep, or realizes how much higher the
bed of his lateral ditch is compared with its height 10 years ago.  Likewise the
opoerators of canal systems diverting silt-laden waler reckon the eubic yards of
malerinl which periodically have to be removed from the channels, and those
who arc finpneially interested in hydranlic sinicing or the building of dams to
impound waler estimate the materinls to be moved in volumme. When a large
s of moncy is expended in creating an ardificial lake, all contributors {o the
building fund wish to kuow when its effectiveness will be eurtailed or destroved
by deposits of silt.  In short, to mect an almost universal demand, the results
of silk sampling when expressed in weight of silt must be converted into voluines
in order to become usable and valuable.

The following summarized results arc submitted with the objeet of casting
more light on the relationship botween vohime and weight of silt in the waters
of the Colorndo River,

RIVER AND CANAL DEPOSITS

Between December, 1615, and April, 1916, 15 samples of freshly deposited wet
silt were taken from a 2-mile strefch of the Colorade River bank in the vieinity
of Yuma by the Bureau of Reclamation. In taking the samples 3-inch cubes
were cut from deposits still wet bub firm enough to be handled, All samples
were homogeneous throughout and free from drift, gravel, and shrinkage eracks.

The resulis of the weight determinations are given in Table 39,
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Tanve 38—Weights of Colorado River siil deposits, near Yuma, Ariz.,, 1915-18

|
| ‘Waight per cubie fogk
Duto Location of samples ;
¢ Natural
b state Dry
I |
1B15 l Pounds Puaunds
Dee, 3 T2
2.0
Do, 70
Twee. . 85.0
Dee. 19, L5
Tio. B3l
L |
RIS Soldiersemapoe._ooooeee o o7
i) Back of Burcny of Reclamptiog 30017 85.5
Dee, Qauke, old Seuthern Paefile R. R, bridge. ... . .77 6.8
Narth on of Southern Pacific R. T, bridge__ ..o ... 982
California side, opposite Custom House__. . 59, 4
Fel, 2 Wost enel of electrie ﬁrlrmt ______________ 1400
Fol. 4 Foot of highway bridge, south sidg___ 75,5
Alar. 1 Dack of Bureau of Reclammation shop_ 913
Apr, & T 7 - , WM. 5
8.4

|
!

During the same period the Bureau of Reclamation also took five samples of
canal-bed deposits at Yuma, Ariz., the weights of which are shown in Table 40.

Tante 40.—Weights of canal-bed deposils al ¥uma, 18915-16

Weight per cubie foot

Data ! Lovation of samples

T
Matural
| stato Dry
| |
1915 i . | Pounds Pounds

! AMuin cunal, hendouarters bridge i 11B.5 87.7
L I ; Afnin canal, First Street brirlge. . . . 1081 B

06 "
Jam, 6o ... Maino eann], California L1 o 86,7
Bo.. -| Main cannl, California siption gafc_ . 8k 1
Jan, 27 .| Spiltway, Porter™s house_.____ ..ol 0TTT 8.7
Menn._: _______________________________________________________________________________ B4

On February 27,1925, the division of agriculiural engineering tock seven samples
of recently deposited moist silt from the banks of the Colorade River immediately
above the Potheles heading, two samples from a sand bar in the river at Yuma, and
one sample at Rockwood heading. Samples No. 6 and 7 in Table 41 were taken by
the method cutlined in the previous paragraphs, and these, with sample Ne. 10,
contained a larger percentage of fine silt than the others, Fach of the remaining
eight snmples was obtained by leveling the surface and forcing an accurately
calibrated tin eylinder into the silt deposit. The sample was removed by exca-
vating the surrounding material. The end was then trimmed and the volume
and weight determined. The dry weights of all samples were obtained by driving
off all moistnre Ly heating in an elcetric oven at a temperature of 110° C,
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Tapne 4} —Weights of silt deposits in the Colorado River at Laguna Dam, Yuma,
and Rockwood heading

Wedght por cuble fiot
Sample Na, l Loestion of spmpling
Nularnd ey
stuta i S
Pau iy Porady
o, 5 0. 7 | sbwve Polholes hewdiog ot surfnce.
10} 81.0 | Above Potholes hending, 4 inches below surfoce.
853 | Above Matlicles hending, 5 to 8 inthes balow surface.
0.9 | Above Potheles heading, ¥ to 12 inches helow surface.
2.3 | Abpve Potholes heading, 16 to 18 inches below surfnce.
73,7 | 50 feat nbove Lagunn Diamn ab surface.
.4 [N
a0, 1 | Sane bar st Ywma bridye st surfnee.
e mvm—camaman a6, 2 | Sand bar at Yiunes dridge, 12 to 15 inches below surface.
L T, 7.6 | At Rackwoud hendiog, nt surface.
M. o LR
1

The following day {(Febraary 28) five snmples were obtpined i1t a similar manner
from bhe beds of canals of the Imperisl Valley system. This material, which
was chicfly bed silb transported in waves in the bed of the canal, was markedly
different from bhab obtained from the river, which was a mixture of bed silé and
sediment formerly carricd in suspension taken from the river’s edge where it had
been deposited ab o low stage.

Sunples 1, 2, and # were taken from the East Highline Canal about 42 miles,
48 miles, and 75 miles, respectively, from the intake abt the Colorado River.
Samples 4 and 5 were takeu, respectively, from o small 1ateral 8 miles west of the
Joast Highlino Canal and from aboub 86 miles from the intake. The weights of
these materine are given in Table 42,

Tanpe 42.—Weights of bed siti in canals of Fmperial Valley
Weight per cibie foat
Sample No. T Location of snmpling

) ’ ¥
| Natural | .
1,r state Dry

Panmls Poinds
it 3

| S 12062 Eavd Highline Canal, three-fourths mile north of Lawrence head-
X ing.
e 105.2 Dest Highline Canal, 1,000 foet perth of Osage iateral,
1495, 5 97.1 Fast Highline Cazal, Fetween Nettlo nnd Nureissas lateral.
1302 106, 1 Jasters! B, 8 miles west of Eust Highline Canal,
o 4 5.5 ¢ Da.

!
H
1

Mexm_-j 128.5 00,7

During 19017 many samples of bed silt were teken by Mr. Peck from the bot-
tom f fhe Alamo Canal nesr Haonlon heading. The weight of dry silt con-
tained in & onbic foob of wet materizl varied from 90 to 110 pounds, averaging
aboub 108 pounds. Table 43 shows the weights of the samples taken on May 1,
witic}t are typical. The samples were taken in the same cross section.

TaniE 43.— Weights of bed silt in Alame Canal, at Hanlon, May I, 15817

Woight pe i Weight per ceblo
Distance betwees | goonpo ol ;Q%tr cubie Distanse between | o0 una S;ODI?
station and bank g?avcity o station and bank grpnvihy e o
(feot? | | Wet vy {feel) Wet Dy
© Poumds | Fonmis Pounde | Pounds
2.657 1 125,62 eI S e 2.716 127,48 104,12
2o | 13373 110.35 {| 85 a3 | 128131 18360
agps | 124 101,88 || 95...0. 7,676 | 122,72 98, 40
2696 1 195,19 164.35 B 105 2,683 | 125.47 02,70
2725 | 1R.O2 105,90 B 115 o _.- 7,083 | 11462 91,21
2780 0 190,40 16 40 i
w0 | s | 127 Mcnn._-..-_.l 2,684 | 125,64 | 102.24
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During 1917-18 situilar samples of bed silt were taken about once a month at
12 places (fg. 7) on Imperial Valley eanals.  Thé avernge weight results of the
sampling al ench station for the entire period, when wet and when dry, are
given in Toble 44.

Tavne 44— Average welghts of bed sill in Tmperial Valley canals, 1947-18

i Weight per cubie foat
Snevific o

pravity

T
Statlon | Distance !
Cannl from i

river
Wt Dry

|
!

Mnme » intakn
i

Check Moo Lo o : - 2
Myretly check_, 1 Con 41, i, 01
Junetlen lateral. Lilo : i . 2 1043
Tun-foot drop_ .. : i

Pxalidln headiog,
No, 17 heading
wo. 4 eading. No, g min..
No. 8 lieading. Na. 8 malin.
No. 6 hending. I rifulivng.
Na. & heguing. Na. A mnin.
Hositas hending. LusTias
North end bt

DPannds
94,50

Menn

V2 apdles furtber, v3 Cerro Priceo Canal,

To determine the varintion from the menn of the wet and dry weights of silt
saniples as well as their moisture content and spevific gravity, Peck, in February,
1918, teok 15 sumiples from the botitom of Lriar Canal, Imperial Valley, ol as
nearly as practicable, the same places and the satne time.  The results of the
tests are given in Table 4.

Tanue 45— Welghts of semples taken from the bottam of Briur Canal, February 16,
1918, showing simifarity of results when somples are laken at (he geme fme and
plece

. i
Varin- Dr;‘m_j Varin- i
tion m" : lion | Bpocific
frenn L gravity
e

Wl
weight
ner
cubie
feot

Bry

v Wet
weighl,

weight
.er
cubic
1 Tooi

Viria- } :

Hoa j Speciiie . Snnple
from | gravity i No.
Toment |

i :

Varin-
Lign
froin
ngan

Snnple
o Hr
enhic
foot

E . 1 o
Faunds| Per cend; Pownds Fer cent; N Prarands] Per cemd Pavwds: er cont
o | 4L 88 | w4 204 115,99 37,73! ~{. 5L
16,37 .y . LIs _ 11548 L83

117,85 .24 L1900 LMY .. 118,21
(R AN 4. . B L O < 1 O B Y [T
117,35 L X 119 116, 42 )
1682 7. H . H B . L3 BAAL G T
"1, Gi i 3 o ‘ —— i \
iR . RGBS L BMeon  HITLD2 . ... 8818 1_....--..
114, 50 L BT, 70 ¢ LU Nk l | |

~ Datin on the weight of silt deposils in the Gila River are very meager. D, E.
Hughes (1) while condueting investigations on the Sun Carlos irrigation project
for the United States War Department, found that the average of 15 samples of
Gila River deposits gave a weight of 74.2 pounds of dry silt per cubie foot of sedi-
ment. To be eongervative, 70 pounds was used in eslimating the deposits which
would sceur in o reservoir created by the Coolidge Dam now under construction
near SBan Carlos, Ariz.

The foregoing results show that the 25 samples of Colorado deposits taken
near Yumn aud Lagunn Dam in 1915, 19106, and 1925 varied in dry weight of
gilt per eubic foot of sediment frem 715 to 100 pounds, averaging 84.5 pounds,
The series of samples of canal-bottom depesits taken during 1917-18 period
{sce Table 44) in Limperial Valley, gave dry weights of silt per cubic footb of wet
material varying from 90.1 to 101.4 pounds, the average being 97 pounds.
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SILT DEPOSITS IN SETTLING BASINS

Many of Lhe domeslic waterworks systems of Imperial Valley have settling
hasing which afford an opportunity to determine the weight and voleme of
deposited silt.  Water for domestie purposes is generally supplied from o second-
ary canal, and mosb of the silt is still in suspension but is very fine, TFor this
reason Lhe deposits should be somewhat similar in charncter o those on farm
lands aod those in the downstreamn portions of large reservoirs.

On January 24, 1910, the division of agricultaral enginecring took two silt
samples apicce from the sebtling basins of 151 Centro mul':lmperial, two towns of
DImperinl Valley. The deposits at 1l Centro were somewhat firm and of pure
silt. Those at Fmperial were from the deposits in the supply ditch ab the setbling
busin and were very tine, soft, nnd freshly deposited.  The snmpler consisted of o
thin ahuminmn eylinder 7.6 centimeters in dinmefer and 4.8 centimeters high,
which could be easily pushed into the silt, and both ends of the saunple trimmed
off withoul disturbing the compucetness of the material.  The dry weight was
determined by drying Lhe samples ab 110° . The results are given in Table 46.

Tantn 10 —Weights of silt deposils in settling bosing of EL Cenire and I'mperial

Weight per cubic fuot

Hmnple No. . El Centro Imperigl
E Wet . Dry | Wer Thy
Pounds i Pounds t Founds | Pounds
U 0243 | 43, 96 I B BT 3747
- R e Cmmareasememmeemeoemmem—m-am e —————— U0 R TN | 84,30 T

DO oo e e em e e eme e e o B 38,10

Bminple No. I, {aken-at Imperial, afier being theroughly pulverized and
screened through u 200-mesh sieve, geeupied & volume of 145 gnbic centimeters.
Enough water was added to bring it up to its wet volume when taken. After
24 hwours the volume of silb was 170 cubic centimeters on top of which was 48
cubie eentimeters of elear water.  The silb and water were thoroughly mixed by
being shaken, and after 24 hours the voluine of silh was 202 eubie centimeters
topped by 19 cubic contimeters of clear water,  Thus there was still 16 cubie centi-
meters of water to be absorbed before thie sample reached its original state.

A fow days inter Mr, Peek took 14 similar samples at cach of the setiling basing
of Kl Centre, Imperial, and Calexico, The results are shown in Table 47.

Tarug 7. —Weights of silt deposits laken from I'mperial Valley seitling basins

Bl Contro | i Imgpecial I Calexien
L i o
R ' : e
i . N ! . . : B - i
Sample No. W Ist!:lt}igf[iﬁt per | Snmple No. | w i‘éﬁ‘i}?g ?élottper ", Sample No. “eﬂ‘ésﬁr@oi per
' ! i
.. —_—— b L o 1
; _ :
Wwa Lry ©oWet  Dry | Wet | Dry
[ e rrerem e ! f o
© Poindy  Powmiy C Poumds  Powmde Founds % Pounds
2] a2 T . 858 . 36.1 . BB 323
.3 ] J6 7 1.9 g7
96 3846 2.0 7.8
464 8.5 &7.0 a8, 2
LN 35.1 Bh. & 307
58 M5 Bi7 3.5
L 86.9 80,5 30.6
844 .8 85. 48 T
313 37a ! 57,3 40,0
85.4 3.6 4| §7.1 30.9
C 884 38 : .\Ienn..-l 85,0 37.7
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Samples 1, 2, and 3, taken at the El Centro settling basin, were fairly well
compacied. The deposits showed eracks 2 inches wide and 4 inches deep.
Sammples 4, 5, and § were taken just above the water, and the cracks were not so
large. Sumples 7, 5, 9, and 10 were taken below the water and were soii.

At the Imperinl Water Works, sninples 11 to 20 inclusive, were taken from soft
deposits in the end of the supply diteh. However, they were solid enough to
retain Lhair shape.

Water had been rermoved (rora the Cealexico settling basin a few hours before
the time of sampling. Samples were taken from the side above water, The
deposit showed no eracks bub was solid cnough to refain its shape,

TI'he results obtained at the Imperial Valley settling basing indiente that the
dry weight of silt in o given voluize depends almost entirely on the amount of
moisture centained at the time of sampling.  The dry weights of silt per eubic
foot of sediment ranged from 32.3 pounds for the softest material to 32.4 pounds
for the most compact material with an average of about 40 pounds.

ILxperiments were condueted by €. A. ngle, of the United States Indian
Irrigation Serviee, on deposition of silt from water punped from the Coloracu
River al Parker and then passed through cxperimental settling basins, The
weight of o eubic foot of material deposited in o basin by water flowing with a
velociby of (.08 font per seeond is shown for & series of saimples in Table 48.

Tanwe A8, —Weights of Colorads River sift deposits in settling basins at Parker, Ariz.

Weight of silt per
cubie foot

Saturated © Dry

Poeris Pgundy
5. 5 .
101 5
]
107. 9
50.9

186 E

I Mean,

Regarding the dala given in o le 48, it gheuld be borne In mind that sinee the
water is pumped from the river, .o material deposited represents thab carried in
suapension and probably does not include any bud silt, It also consists mainly
of the hesvier suspended sils, beeause the Jighter and finer material, even with
siuch slow velocity, passes through the basin ana is deposited in the laterals or
on the ficlds. Practically all the silt remaining in the water alter it had passed
through the basin was » fing clay slime, which, when preecipitated, contained voids
of 60 to 80 per cent. One sample, when dried, weighed 28 pounds per eubie foot.
The weight of «dry silt contained in o cubic [oot of web deposit taken [rom the
settling basin varied from 42 to 77.7 pounds and averaged 57.5 pounds.

SUSPENDEL SILT

The results obtained from samples from the sebtling hasins at Parker show the
average dry weight of suspended silt as 57.5 pounds per cublc foot. This weight
is an indieation of the weight of silb carricd in suspension by the river. Other
data indicate thab the dry weight of suspended silt as found in the river may vary
greatly. The finer deposiis of suspended silt as taken from the scttling hasins in
Imperial Valley have an average dry weight of 40 pounds per subie foot, while
judging from the river deposits found at Laguna Dam and Yuma, the heavier
suspended silt may have an average dry weight of abeout 85 pounds per cubic
foot. The 12-months record at Topock shows that ahout 50 per cent of the silt
carried in suspension was finc enough to puss through a No. 200 sieve.  Assumning
that these statements are correet, it is the opinion of the authors that the average
welght of dry silt contained in a cubic foot of suspended silt as carried by the
lower Colorado River would be approximately 6214 pounds. This weight, while
only approxitate, simplifies the conversion of the silt content of water from a
weight to o volume basis in that the pereentage of silt by weight cquals the
percentage by volume. In converting the silt coutent in the river at Yuma from
a weight to o volume basis the weight of suspended silt should be used, as the
anmples do not include bed silt.
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RESERYOIR SILT DEPFOSITS

Sift deposits in a reservoir on the Colorado River will consist of materia)l
carried in as suspended silt and as bed silt. The finer grades may be mixed
with the coarser, and the resulting mixed deposit may, therefore, be denser than
cither waterial separately, but singe there is a preponderance of the finer and
lighter silt, the combined weight per unit of volume may be expected to be con-
siderably less than that of bed silt. The presence of clay and colloidal particles
will tend to decrease the weight per unit volume. Howover, this mny be offset
eventually by the increased density of sediments due to settlement in the bed
of the reservoir. Typieal samples of river deposits taken in 1915, 1916, and
1925 show an average dry weight per cubie foot of 84,5 pounds. 'T'o converb
the total load of silt deposited by the river in a reservolr, from a weight to o
volume busis, it is necessary to know the dry weight of silt per cubic foot. The
average weight of silt deposited in a large reservoir would depend on $he thor-
oughness with which the fine silt was mixed with the coarse.  If the two grades
were deposited separately {n the proportions commonly earried by the stream,
the mean weight would appraneh 70 pounds per cubic foot. 1f mixetl, the
average weight would be greater, but the Yuma and Topocek determinations of
silt as deposited indicate that it would not exveed 84.5 pounds. In estimatin
the weight of dry silt contained in a eubic foot of sediment in o reservoir located
near the lower end of the canyon scetion of the viver, 85 pounds would seem to
be o fair average, since there would be o little greater bed Ioad of silt than at
Topock and Yuma.

SILT ANALYSES

MECUANICAL ANALYSES OF BEDR-5ILT DEPOSITS
From Jnoe, 1917, to February, 1918, the division of agricultural engineering
coopernted with the Tmperinl ivrigation distriet in taking similar samples of bed

deposits about once a month at 12 stations in the Imperial Valloy caual system,
as shown on thewap,  (Fig. 7.) A summary of the resultsis given in Table 49.

Tanni 49— Mean resulls of analyses of bed sili in Tmperiel Valley canals, 191718

| ; ;
Slation | . I Proporlion of silt pnssing and reinined ou sieve with specified number
" ; : i of tieghes per inch
P R L -
{owelght  Speeifie 1 ' : i
Lis- ipercubic. gravity | Pnssing * Passing | Pussing | Passing | Passing | Passing
Np, lehes o foot 10, re- Wy re- o 40, re- B0, re- 50, re- 160, re- | Possing
B from trined + toined : tained ; tained tainel tnined 200
river | onll . gnd0 ! an gl | an B0 on 100 on 230G
I .
H s ¥
Mites ‘ Pounids | Per cenl « Per cemt | Percenl | Per cent | Per cent | Per cent | Per centl
& 18 | 5. 50 2. C4a 0. 00 0.2 0.52 | 2. 55 5.02 ! 06, 14 23. 40
] Tl 201G N 1. 50 4,12 23.42 5 4. 78 10. 88
7 Bl I 2 658 L00 L0 . 6% a7 1.22 4353 A0, 54
§° 52 2. 654 LI -] A7 6.0% &. 08 61k 67 17.47
1 i I 2877 L U 44 L6 1.70 &4AT a2.37
8- 69 2,034 L0 .07 | 02 .36 .38 6270 36,37
il i ] 2. 650 N I 00 1 L34 1.43 378 B4, 1% 26. 1%
Moo 2. i .00 : 00 .20 | .53 430 T80 2097
14 tIH ! 2035 L0 4,52 372 0. 04 1.48 480,73 31. 05
i6 hi 2658 FLLIEN .01 06 7Ll 23.04 50, 10.25
17 G 2,60 1 .00 .08 S 4.0l 5.5 G5, 0 14. 44
18 83 260 ) .00 R 2,87 10.30 2.25 46, 23 38.18
| ! i i

¥ 12 miles Inrbler, via Corro Prleto Canal.

Ttis diffieult to compare the silt deposits in the main canal near the intake with
those in the lower reaches of the system, as the samples were not taken over o
long enough period at the heading.” At some seasons the canal heds are shifting
rapidly downstream. No practical way was found fo meastire this shifting;
morecover, some of the canals pass through sand dunes, and the wind-blawn sand
changes the charneter of the deposits in themn,

The menn results shown in Table 49 are for stations within the Imperial irriga-
tien distriet and at distances varying from 48 to 104 miles from the intake on
the Colorado River. The proportion of silt deposit passing the No. 200 sieve
varies from about 10 to 50 per cent, while that passing the No. 100 sieve ranges
frem about 65 per cent to 89 per cent.  This would indieate that most of the hot-
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fom deposits in the lower reaches of the system are fine snough to pass through
No. 100 sieve, which hag 0.0055-inch inlerstices, The dry weight of boitom
deposites ranges from 90.11 to 10143 pounds per cubie foot. The low values
found ab stafion 10, which is on a smail canai, and station 18, at the North End
Dam, are perhaps not representative.  The resulés indicate that the weight of
cannl bottom deposits is [nirly uniform throvghout the system, especially when it
i3 remembered that Colorado silé has o wide variation in weighé per cubic foot.

On April 17, 1919, samples of bottom deposits were taken from g small canal
near Brawley.  Charles ¥, Shinw, of the University of Califoruiz, made mechanieal
analyvses by the usual United States Bureau of Soils method., The resulis are
shown in Table 50.

TABLE 50 —>Mechanical analyses of deposils in e small canel near Brawley

; . .

: Dlameter C Test A ! Test B

; Milimicters . Per ceni .I Per eent

Flne gravel oo ccevucaanan. P, : 0.0

Coarso Siumd__.__ : f Ni] K]
Mocdiven gl ... ) . . Nt .38
1,740 0 1,342
TLOIG TR0
15318 1 14. 456
4,712 0 4.Tad

|

Samples of bed deposils have likewise been taken from the channel of the
Colorado River at various places. The results of the mechanieal analyvses of
four of these snmmples are given in Table 51, Sample No. 1 was taken August
2, 1818, {from Lhie bed of the river in midstream one-half mile above Laguna Dam.
Sample No. 2 was taken December 17, 1918, at the intake of the Palo Verde
Canal, about 108 miles above Yuma, Samples No. 3 and No. 4 were taken from
a sand bar in the river o4 Fhrenberg, Ariz., February 2, 1916, The specific
gravity of the four samples averaged 2.645. .

Tanuy 3l.—Mechanical analysis of deposits in bed of Colorado River

i Uroportion of sHE passing aml retgined on sicve with speeificd pumber of meshes per inch

ég!égiég ég:aﬁ é% 25 ig g2 éslégiég écéég g

e oo la S| SR8t ST 2 gt g g G el gt on i gh | o
Sample No. g S5125(5g 22 2z 8 2g Ky g 2282185 §5:3g(8¢ &
I STigv|Hn - EHz EBo § ET Yo HYlEcoi¥e, BFo Bg o |Hq| B
£35.-25188 |85 Bg g2 '9% 4% IE[cg|(o08. 88 d%.9%9 28| £
42 331@5 g3 23 BE F RS 'Ea Q,E ‘:Emau.'%n mE Gz |wE| 8
83183 a3 af ] 3 8E1'p81958 .29 Be G508 &
£ 89,2548 &5 88 & A8 29 g3 52!533;5 362|881 &
- e Pl I e e e B
Pt Pk By CFS‘ Pogl, Poel, Boef, Poel. Poet Poel, B cf,if‘ e, I CL:P. el Poet, Pl | Poeh | Poet,
Deveieeee 0 002 LA0'233040.75 B TG e __ o PN S
T TR 1 T S 2,00 E7.30 15, §6.20. 70! 7. %) 1362} 5. 72| 7706
N oL A6 R0520.05 05 22. 300 6. 40(16.06

13
11,

.45 2,86 &, 5l.|l& SG]

MECHANICAL ANALYSES OF EYPICAL SOILG OF IMPERIAL VALLEY

Table 52 gives the results of analyses of typical soils of Imperial Valley {ormed
by the deposition of silt in the Colorado River, as made from time to time by the
United States Bureau of Soils.

Tager 532 —Mechanivel analyses of iypical soils of Imperial Valley (14)

i B 1 ' :
i Fing | Conrse © Mediyn + Fine |[Veryfingi 8iit Clay
Seil Lyne bogravel ! el samed 0 Fand snnd | {0.05 to | {6.005 to
- ¥ 210l ({lteds ' (Bate (0S5 t0 (Litg | 0.5 0.0001
mend 0 man) 03 ma) 00 men} 005 mun))  mang min.)
— o o - -
o ereent Pereent Poreent Pereent | Pereend t Pereent | FPercent
Imperind very fine snad y lonm. . il 0.0 4.7 03, 28 9,
Tmperin! ey lonmo o oo ooen. ! LI L1 L0 0 371 10.4 328
Imperink silLy elny RN [N 34! 2.2 7.6 6.6 5.6 28,7
Tinperkal Ay oo oo : G: 2.1 1.0 T 3.8 43.6 43.2
Lindtwille vory Hne seady bonm o 4! .8, L0 1.4 33.5 6.1 &4
Holtvlolonm. . oonin caeeean] 0l NN N 19 1] 34.2 48,1 8.2
oltvilie silty oluy lonm ., - - i W, Nt 2.8 5.6 44.0 25,8
AT A1) T T P, I g Ay 3 1.9 15,9 48,1 33,8
' ' .
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MECHANICAL ANALYHES OF SUSPENDED SILT

OnNovember 15, 1917, samples were tuken with the Topock sampler, at the
top, middle, and bottom depths of the river in midstream, at Topock. The
river wag earrying about 9,000 second-feet and was eutbing sand buars which had
been deposited above the station by previous high waters. The average content
of suspended silt in the river was 1.485 per cent, which was sbout 10 time the
amount recorded ut Yuma the following day. The samples were not representa-
live of average conditions nt Topock heoruse of the large amount of coarser silt
being eurried in suspension ns u result of the culting action of the river above.
The results of the sampling nre shown in ‘Table 53,

Tanue 83~ Mechanical analyses of suspended sill al fop, middle, and bollom
depths, al Topock, driz., November 18, 1817

[
¢ Troportiou of 2ilt passing and retalnod on sieva with specitied
nunther of iwcshoes per incl

Depth

Tussing | Possing  Passing | Pussivg | Passing
0, ro- 40, to- 0o, re- 80, re- 100, rg- | Pnssiog
tidnl | tained - tui'nl:d thined tnined 200

i

on4f on 00 ¢ on B0 on 10 ot 200

-
|

. Peroceni l Percent ' Percent | Percent | Pereent | Per cend
[0 20 4. 32, 03 &5, 88 647
[t} 387 . 20. 70 Aal4i 20,17 4,31
q i B4 4186 315 14. 53 4.27

For o similar purpose many samples of water were taken during the summer of
1620, at various depihs in the Coloracdo River at Yuma, and in the eanals of
Imperinl Valley with & Tuit-Binekley sumpler, The results of the mechanical
analyses of these snmples indieate that most of the suspended silt was too fine to
be retained on a No. 300 sieve, the particles boing less than 0.00L7 inch in dism-
cter, nud none was found conrser than the intersiices of & No. 40 sieve, or grenter
than 0.045 inehin disneter. The pereenloge of sith passing a No, 300 sieve scemed
to deerease as the depth increased, while all other grades inereased with the
depth.

Tubles 54, 55, and 508 give resulls of some typieal anulyses of the river silk at
Yumuy, the Alamo Canal abont 1 mile below bhe river intake, and the Brawley
main about 65 miles farther down the eanal system.

Tavwne 54, —Mechanicel annlyses of suspended sill ab various depths neur the middle
of the Coloredo River al Yuwme, July 27, 1920

[Brepsth, 10 feet; discharge, 23,500 secongd-feel; malin river velocily, 4.52 foet per Foconid]

Troportion of silt passing s relnined on sicve with deslg-
nated numiber of meshes per inch

. -+
Velopity - iurnpnr[- -
iiddte MR O [ i N getote L Tieal 3 e
septlng | Sk b o Passing Passing ¢ Possing | Possing | Passing | .

) 4 wofght , -, o,y 10, 200, I'nssing
' retained  relnined | relained § relained | retningd 300
on) L oon o on 0 | on K0 o1 31

Deph (feel)

=
=

Fect prer | . :

secoud - Pereend | Pereend Perecnt | Pereead o Peroeend © Per eent | Per eend
402 0,310 1] ] .07 ! - 10,14, 8. B0
10 SAB o] 1,06 A0 15,72 17,50 ! .78
5,54 TS 1] A 140 4 LLAa7 it ,l 50, 40
5. G} i L0l t n 108 .12 i 1, 82 RN 1 5l.75
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Tanne 55— Mechanical analyses of suspended silt at varicus depths in the Alamo
Canal, ol Hanlon, 120 fect from east bank, July 26, 1920

|Cotat wadltl:, 180 feel; tepth, 18 feel: discharge, 5,718 second-feet; mesn veluclty, 4.1 feet per second]

l Proporlion of sl1t prssing and retalhed on sieve wllh specified

H numher of meshes per inch

 Propor- [ . . .

tiosy of | ' .

silt by | Passing | Passing  Passing | Passlng | Passing .

welght m, bood - 60, 100, 200, Passing

s retained @ retaine] - retadned | ratabned | retained Pkl

; ‘| Coby 4o ll Ly 0 by W0 ) by 200 | by 300

. T R et e

i Meet pre i i i ; 1,

| gecond . Pereent’ Pereend o Peroemd Prreend
A0 0347 - 0.t 147 ¢ 0. 30 85,02
boH2 LAl 0, o 08 4.8 913 2. 0%
4. 16 - L3tk | g - ] 1.9 . B4l B0. 60
.00 . i L] j 0! .4l 4,38 i, 150,38 62,02

Depih (foet}

|
|
!
g

i
Velacity |

Percent | Percent | Per cenl

Tanue 56.—Mechanival analyses of suspended silt al variows depths in the center of
the Brawley Cunal, 500 feet above the 16-foot drop, June 26, 1520

| Canal widlh, 20 feel; depth, 4.4 feet; discharie, 2312 secotnd-feels mean velocily, 2.08 feet per second]

Proportion of silt passing and retained on sieve with speeifled

winmier of racshies per inch
Tropor-
Depth {foet) Velovity iE?l.ni:;{ |
weight l
i

T ¥
Pussing  Passing - Passing ! Passing | Passing | .
W, . 40, hg, 1560, a0, | Passing
retpinerl  retained retained jretofned ;rotained | 300
R ] ondd | on 100 | on 20 an 300
' !

. i i

Fect per : . : l B

secainl Dereent | Pereent Pereent o Pereent - Pererut ' Per cemd ) Per rent
0 e Q 000 .25 0. 40 &12 0. 64

303 i . L0 L300 3,16

2. R : L LA 1,02

Y] L2 . 858G 13, 58 17.38

A 5-gallon sample of Colorado River water was taken ncar the surface ot the
Imperinl icrigation distriet intake February 28, 1025, when the discharge of the
river was about 6,380 sccond-feet.  Another was taken June 8, 1925, when the
river was lowing 52,900 sceond-foet, or at about the peak for the yenr, Edward
V. Winlerer, of the {Tniversity of Culifornia, made the analyses shown in Table 57
by Lhe Oden method of conlinuous sedimentation,

Tarur 57 —Mechanical anelyses of suspended silt in the Colorada River at Imperial
rrigation district intuke

t
l'mglnrl ian of 5ily l - Troporlion of silt
1y weight ! by welght
Linmeter of particles : Drinmeter of particles . —_
(mitlimesers) ! {millimeters) '
* Febo 280 June R, © Fel. 25, Junes8,
:[ 1025 13 1025 14925

" Pereent | Pereeat " Peroent  Perocent
134 2,07 7.28

A 14
32,40

B2




76  TECHNICAL BULLETIN 67, U. S. DEPT. OF AGRICULTURE

CILBMICAL ANALYSES

Ab various times during the past third of w cenbury analyses have been made
of the ehemical ingredients of the water in the Colorade River end its tributaries
and in typical irrigation ennals of Imperial Valley, The results show consider-
able variation, apparently due mainly Lo the stage of the stream flow when the
samples were faken nnd ithe watersheds from which the water was derived.
Ross * found in 1900 thal the main river during the October and November
floods oecurring in the southern part of the Colorado River Basin containecd
nearly four times more chemieals than those borne by the May and June floeds
from the upper basin.

Several chemieal analyses have been made of the suspended silt in the waters
of Colorado River. Collingwood (8) took daily samples of the river water at
Yuma lor Lthe seven-month period from August, 1891, to February, 1892, The
nverage resulls sre given in Table 58.

Tanne 88, —Arerage chemical anulysis of Colorado River silt at Yuma, August,
1891, to February, 1582

' i
Conztiluent i I'er gent Constituent j or cent
Sami-sillen, combdnative of waler and . Soddn soluble in water 1.18
orpanie mather i 71,18 . Hoda seloble In pefd.. 1.2
Oxltle af iron... - 3.32 ;. Patushosoluble in wat N
Alnmlina (Al .1 1401 - Potnsh solubie in acid. . 1.05
Ll (Cald) ... . 7.153 . Phosphorie aubydelda A7
Mapgnesia (Mptd.... .. : 240 11 NILrogen {N) o aaae e ; .09
i ! i

A series of chemieal analyses of silt in the waters of the Colorado River was
made in 1907 and 1908, by the University of California for the Bureau of Public
Roads. A sample of waler with ils quoia of silt was taken daily from one of the
Imperial Valley canals at Dahlia heading from October 1, 1907, to April 30, 1908,
and the silt was analyzed in composite lots.  The average results for the period
arg given in Table 59,

Tanbe 59 -—Average chemicel analysis of combined sediments from daily composite
weater semples tuken ab Duliic heoding, Tmperial Valley, from Oclober, 1007, io
Aprif, 1808, inclusive :

Constituent ~ Percent : Constitusnt Por cent

A

:
Tosolubla matler 3150} Peraxide of {ron (FesCs).. 626
Solnlle silice. M, 12 : Alumina {AlyDg) 13.02
Totash {Ki) 1.18 | Phosphoric acld (PaCa)_ . .13
Socdn (Naz} . .57 E Sulphburic aphydride (S0 M
Lime (Ca0} 335 | Cnrbonic anhydride{CO). 10,82

3
Mnpnesin (MpOd o e ameenae | 150 | Whater nod organic matter..
Drown exide of manganese (MmO ..o Q

SILT MEASUREMENTS IN RIVER
TOPGCK, AUGUST L, 1917, TO JUGLY 15, 818

Measurements of the quantities of suspended silt in the water of the river at
Topock were made bimonthly from August 1, 1917, to July 15, 1918. Each sam-
ple of silt taken was separated into three grades as regards size of particle. Table
60 shows for cach sample the proportion of sitt by weight.

By averaging the total number of snmples faken near the surface of the river
and those tuken at the middie and fhose taken near the bed the following per-
centages by weight of silt in the river are obtained: Near the surface, 0.8398; at
the middie, 0.967; near the bed, 1.148,  Of the silt which did not pass through
o sicve of 200 meshes to the inch average percentages by weight were as follows:
0.498 near the top, 0.576 at the middle, and 0.713 near the boftom of the cross

W, T, Ress, of the Tndversity of Ardzona.
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section of the river at the gaging station. Of the perceniage by weight of the
finne silt which passes throngh u sieve of 200 meshes to the inch, the foilowin
averages appeer: Near the top, 0.4 per cent; at the middle, 0.391 per eent; an
nenar the bottom, 0.435 per cent.

Tanue BQ.-—Suspended sill in three seclions of the Colorade Eiver at Tapock, Ariz.,
al top, middle, and bollom depths, August, 1917, to July, 1918

Palnt of river cross section in which

snnple was taken Troportion of 81 by weight

Yaule of sampling i Hetnlned on—
} 'nssing
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. .87 ] L 144
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Hpoinl.. ..., ... 2 To)
{ Middle, ..
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AN ..
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1
i
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1
i

Ll

|
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1
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Tanue 0.—Suspended silt in three sectivns of the Colorado River at Topock, dAriz.,
at top, middie, and bottom depths, August, 1817, lo July, 1818—Continued

l Proportion of silt by weight
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Tasue 60.—Sus
al lop, midd

!

sended sill in lhree secltions of the Colorado River at Topock, Aviz.,
2, and bottom depths, August, 1917, to July, 1918—Continued
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TanLe 60.—Suspended silt in three scciions of the Colorade River ub Topeck, Anz.,
wl lop, middle, and boltom aepu., ugust, 1917, o July, 1818—Continued

- . .
TPoint of gmflrp?éo;sn:ef‘:ﬂ%g in which Proportion of silt by weight
Dote of sampling Rotalned on—
Pnssing
1lorizontal Yertienl MNo. 20 | Tatal
slove Mo, 200 1 No. 100
sigve siove
i

1018 Per cent | Percend ] Percent | Per eent
LY - I B ¥ 111 1] | S 1y L, 1. 770 Q.007 - 1577
Midile - H ]
Botlom.. 2103
[T ‘Top.., - i L7
Y A L OO SO I S SO
ietlom 2239
pointo Tl eaas 2087
i Alidddle. . 2 5
i Boll oI e e caaae 1. 782

The results of the investigntions at Topock show that for the 12-month period
81,5 per vent of the silt earricd in suspension was fine encugh to pass through
a No. 200 sieve.  The records for the amount of silt retained on o No, 100 sieve
were not complete for the year, but for the period of 1t months the records showed.
57,157,000 tons of such material or 37 por cent of the total susp. nded-siltt load
for thut period.

YUMA, JULY 30, 117, T0 JULY 29, 1918

To permit a comparison with the measurements made at Topock the results
of somewhat similer mensurements mace during the same period at Yuma are
given in Table 61,

TasLe OL—Proportien of sill by weight al three slations in the Colorado River
at Yuma, at top, middle, and boitowm depths, from July 30, 1917, to July 29,
1218

i
I Proportion of silt by weight L
Date Statinn : Brepth — | Diizcharpe ‘.g;{:é’iw
: Top Widdle | Dottem !
Second- | Feel per
mm7v Feet i Fest Fer cent § Per cent | Per cent feet 1 mecond
Tuly 80 160 8.0 042, 055 oo 44,500 | & 10
360 4 1L & L840 i
0 6.0 40 42 ).
AR A it e 150 l 20.0
3600 10,5
o 5.0
Aug. B 1350 | 15,0
350 1.5 |
520 2.0
ANE I e 150 18.5
360 156
&0 3.3
RN 150 18, 5 |
' 30 10.0 |
A T e e 160 14,0,
0 8.5
Awg 200 100 12 5 .
0 8.0,
500 L5
ANB. 23 areaaa L] 12,0
30 8.0
440 50
Y T 140 120
30 8.4
450 50
AN 3t e i 100 18
O Ta
440 3.0
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Tante 6l.—FProportion of silt by weight at three stalions in the Colorado River
al Ywma, ab {op, middle, end boltom depihs, from July 80, 1817, tn July 29,

I'roportion of silt by weight

1918—Continued
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Tasue Gl.—PFProportion of sitlt by weight af three stalions tn the Colorade River
at Ywma, et top, middle, and boltom depths, from July 80, 1917, to July 29,

{818~ Continued
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TaBLE Gf.—Proportion of silt by weight al three slations in the Colorude River
at Yuma, ab top, widdle, and bottowm. depths, from July 30, 1817, to July 20,
1218—Coontinued
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TanLe Gl.—Proportion of silt by weight i three siations in the Colorado River
al Yuma, at top, middle, and botlom depths, from July 30, 1817, to July £9,
1918—Continued

Troportion of it by weight M
. [, e e dean
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530 E. 5
Jume 10 . il 150 s
kL) 13.5
0 5.0
June M. ... 150 | 24. 5
3060 § 14.0
540 54
BT T | 140 I 2. 5
34l 19. 5
530 w51
PARTET- T N 140 350
A0 224
At 10
June Mol e ana———. 130 aLn
w0 il
b} | LA
June 28__._ e .. 130 #0. 5
0 Ky
- H50 18.
Jualy b e 140 37.Q
ki) 3.5
330 7.0
Tl B 140 6. 5
350 3.0
530
Ty S . 169
310
520
July 120 e . 170 .
50 .
&30 A .
July 15, e eeeaas 170 25 .
350 13.5 ! .
330 6,0 : . -
July 10 e 170 L5 I. ) .
I S50 15.0 1,29 167 1.4
i i 7.3 Lad | 1 f& 1. 42
July 23 el 170 22,0 L&Y | 1, L3
i 340 1.0 178 ‘ 215 1.04
! &t i, 0 L8 1,08 200
B T Y. 170 4.0 L. 42 I 169 LG5,
! 350 00 14 1,66 1.42
510 a8.4 ll 170 1. 44 1. 58
July 200 e 170 n.q .04 L1 1.2
. 350 (B .02 1.2 1.28
; 30 S0 1L.03 [ 1.04 111

BARLY SILT DETERMINATIONS AT YUMA

For o period of seven months heginning August 1, 1892, C, B. Cellingwoed,
of the University of Arizona (3) took samples of the Tolorado River water from
the railroad bridge at Yuma., A pint of water was taken daily from the river.
A dry-silt content was shown, ranging from 1.031 per cent by weight in Qctober,
1892, to 0.163 per cent in Jonuary, 1893, the average being 0,258 per cent for the
seven-month period.

For over n third of a century samples of the Colorado River water at Yuma
have been taken at various periods, and the silt eontent has heen determined.
The enrlier measurements were made by the University of Arizona Agrieultural
Experiment Station and the United States Geological Survey. Later the Bureau
of Reclamation began taking samples regularly and is still doing so. Tor this
reason the division of agricultural engineering confined its silt investigations at
Yuma to specinl studies. The results obtained by the dilferent agencies are
given briefly.




SILT IN COLORADO RIVER IN RELATION TO IRRIGATION 835

Under the direction of 1, II, Forbes, director of the Arizona Agrieultoral
Experiment Station, samples of Colorado River water were taken from fthe edge
of the river ab Yumn near the left bank from Janvary 10, 1900, to Jonuvary 24,
1901, “The samples were combined in sets, six consceutive samples forming a
sek, nnd the dry-silt content ot each set was determined. The results renged {rom
& mininuun eontent of 0.033 per cent by weight, September 8 o 13, 1600, to o
maximum of 2.072 per eent October § to 18, 1900, the menn for the penod bemg

278 per cent (7).

The study was resunied at Yuma by Forbes, January 1, 1904, and continued
throughout Lhe eaiendar year., The percentage by weight of dry silé in the
samples taken varied from 0.084 to 3.263 (7).

The United States Ceological Survey, in cooperation with the Bureau of
Reclamation, determined the content of Suspcndcd silt at this point Shroughoutb
1603, The maximum and minimum quauntitics of dry silt obtained expressed in
pereenbages by weight for ench maonth rre given in Table 62, which also shows the
mean monthly flow of the river in acre-feet for 1903, and an a;)prcximate estimatc,
by the present authors, of the mean monthly content of silt, oxpressed in per-
centages and tons.

Tanue 62 —Monthly discharge and sifl conlent of Colorade River af Yuma, Ariz.,
8 1

Proportion of silt by weight
Mouth - Discharga ¥ ) Silt content
Musiowmm | Minbmem | Moon? .

Perreml er ccn! Per cent dAere-feet Tons

3 .G755 0 01'.‘13
Febeunry, . LGS
Murch.. 14468
1.4i59

September. . . !

Cetobiar__ . Mifiis LT . 529, 000 I

November . ] 326,000
Drecembar. . L1362 . . y 257, 000 423, 00

Catad for the year.. .AA.____._____.5_______,_._-.|_ 18,335,000 | 310, 746,000

;\-:‘u,mbied lmm unpuhhhhs‘(i repards in Yome ijcct. oftfiee, U. 5. Bureau of Reclamation.
3 gstimntel fromn nmsimun d inbohinien monthls percentages.
T For 1903, tie disehnrge of Colorado River at Yumn was 63 por cent of the normal fiow,

During 1905 the United States Geologicri Survey (25) took daily seniples of the
water. In making the analyses three individual samples were combined fo form
composile sumpies.  The resuits were given in ferms of “milligrams per Hter.”
This unit has been reduced to percentage by woeight L Fable G3.

Tanue 63.—Monthly discharge and sill conlent of Colorade River al Yuma, Ariz.,

Proportion of st by woight for
periad

Period e e e o e ) Discliazge

per moath

Maximun | Migitpum | Meso

I
ESIIE content
3

Per cent Pereent | Percemt Aere-feet
Jon. 1 Lo Jun. 31, 0.816 ¢ Q0741 4 0. 2570 ),
Fib, 2to Feb. 2 2 330 L3080 . 3009
Mar. 1 1o Mar. 5050 LBIG§
Mar, 31 to AMay L L L4080 |
May 2 to dlay 3. 3 N
Juna 1 Lo Jung 30 . L1610
July 1o Al 1 5
Aug. 4 in Avg. 3
Ang, 2l to Oct,
Oct. 3 tp Nov. 2
Nov. 4 lo Nov
Dee. tto Dee. 30,

Totnl for year.

1 For 1005, tho dlschargc. or Colorndo River al Yuing was 118 per cent of the normal Oow,
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BILT MBASUREMBENTIDS AT IMPERIAL IRRIGATION DISTRICT INTAKE

The suspended sitt in the weter entering the Tinperial irrigntion distric{through
the Alamo Canol under varving discharges of the Colorndo River and intnke
control was determined s to quantiby and chrrneter by nine sets of messurements
between Seplemnber 28, 1817, and July 206, 1920, The results of typical sets are
given in Tables 64 to 69,

On Septomber 28, 1017, the flow of the Colorado River st Yuma was 10,160
sccond-feek, and the percentage by weoight of suspended silt was 0.8, The
next day the Alamo Cannl at Hanlon heading was earrying 5,008 sceond-feet.
The ennal was 119 feet wide where the samples were tnken, and its maximum
depth was 13.3 feeb.  Rockwood intake was not then in operation, and all the
gates of the Ianlon intuke were wide open. The figures given in Table 64
show Lhat almost ail the =ilt enlering the exnal was fine enough to pnss a sieve
of 200 meshes Lo the inch, and that the Lotal quantity did nof dilfer materially
from that enrricd in the river 8 miles above Lhe intake.

Taswe Gh—Proportion of silt by weight wb cach of 35 points in the cross section of
the Alumo Canal imomediviely below Hanlon inluke, Sepiember 28, 1517

Proportion of sHt by weiglit :

- “epthta, VoloelLy T i
Stntion surepiic . ol peinl Nip, U1 sleve -
: [OOSR B k1111
. i
1 Passing < Retaimemd
Feel per ;
Feet  © Feet secamd b Perernt | Percent | Perocent

8.5 {11 I B 81 T 0.7
.6 . Rt P11 I L. L
4.8 2488 I g2 L . 4K
6 L N L2 N
L 107 Nir- . -kl R int]
LA 3 407 Lus L B2 R
L4 4.2 LUBa Bl . En
7.5 datr LN it AR
| 4 @ i Nk Bire
i 128 183 T L 5 L HE2
f A o 4.4 REE L2 L85
| %6 1.4 it 062 -8
| .8 doa Rkr) -0 LG5
: W 4 R L. LJHT ) L 4ai
: I L S .41 il
: ALg 3 587 ) it LB
! 1 T 4. i L2 L2 B
AL 24 JHE LT LD
KL Sz 2 LD iz
[ 2 U7 gt L Rk
O] W4 B LW 002 Lo
1 .4 4. 8% L2 1 L0 ]
[ 357 F3h G L
HERE | Lt LG M8 i
120 §.42 $1 L LHE
#3.5 .3 4,40 Bk W02 A
p 4,54 L 085 L .06
7.8 1,01 cpn b ees b a7
10, 4 4,22 [ TI 7 TR T 1
2.0 3,02 S LG LY
185 ol Ysp 00 | ooz i L

Ly 380 (.o
Al 304 I
6.3 207 LB03 LM | L 36
i T3 L2 B3 006 0 880

On October 14, 1918, similar investigntions were made at the Rockwood intake.
The Coluradoe Iiiver was then at a low siage, the flow at Yuma being 5,800
sceond-feet, of which 4,400 sccond-feet was being diverted through the Alamo
Canal while the remainder wns passing through 2 femporary weir below the
Rockwood heading,

The gates of the Rockwood heading weore open, and a stream of water about
§ feet decp was flowing through each of ibhe 48 higher pates. Samples were
taken at various depths as ithe water entered the second and twentieth gate of
the higher sevies from ihe souwbhwest end.  The results of the sampling are
given in Table 85,
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Pawte 65.—Proportion of sill, by weight, crlering Rockwood heading, Oclober 14,
1848

1 H
, Heeotl gate from southwesh
ed {menn veloolly, S06

feel i seroil)

Degrth (feel)

No. ZH) sieve

Pussing

. Pereent
) G, ub2
L7
L
et
PRt

N

Hetanined

Per cent
a0
LG
i)
018
R
LU

‘Patal

Per eent .
£, L

R IR

H L JtHi 4

1k
AL

B e

Twenbleth galo from sputh-
' west end (uenn velocity,
2. feet per second)

Depth (feet) T
™o, 200 sieve

: Tassing

Per et
B 2y

Loz |

T
RoTl]
L
B

Rutained i

- Perocent
0. !

Total

Per cent

The sume day o fow snmples were {aken ab the center of the tenlh gate of the
The semount of fine silt passing o 200-nesh sieve varied

lower series of 27 gales,

from 0.216 to 0.32 per cend, while that of Lthe coarser silé retained on the sieve
varied from .02 to 0.081 per cent. The menn veloeify of the water was 1.5 fect
per seconidd,

On OQetober 15, 1918, two sets of samples were taken in the Alamo Caual, one
380 feek nbove Hanlon gate znd ancther 300 feetl below the gate. The resulis of
the smmpling are given in Tnble GO,

Tante B0.—Proportion of silt, by weight, in Alamo Cenal at Hanlon gate, Oclo-
ber 15, 1948

5K fect helow galo

NG {eat above gaic 1

Depth {feel) Mo, 200 sieve Doplle {feet) Mo, 200 steve
Fatal Totsal

' Retoined

Pussing

Passtog i Retalned .

b N

¢ Fereend Per cent

0,482 -
481
LE0
I
AT
Lald
L G52

o Fercent b Peroeonl
0,190 Q. 2
Lotk Lt

" Percent | Per cent
: 0. 443

1 ol nvallnble.

Several samples taken at Rockwood intnke on October 15 showed an average
silt percontage of 0.52, indienting that the amounnt had increased considerably
over that during the previous days.

On October 19, 1618, 19 samples of weter were teken at various depihs at
Rockwood heading. The sand {or that sediment held on the No. 200 sicve)
varied from 0.001 to (.013 per cent, averaging 0.604 per cent.

_Snmpies were taken nt Rockwood intake February 13, 1918, with the results
shown in Table 67.
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Tanuu 67.—Proportion of sill, by weight, al Rockivood heading, February 13, 1919

i i
: Trepth No. 200 sleve !
i - of water ; e s
Locnlinn of snnple taken 1 1xepth aver | I‘ Tatnl

Eé'::,‘é I Passing | lelaitied

- [ . ; :
i Inelies : DPereent | Pereemt’ Pereent
River, 18 feet from shera. oo .. ..o . BT S | Y 5 [ohici] 1. 148
U PR 1 I SN e ' NYi N 148
Norllwast end of heading .o ... .. .. HFA Ty (40 P ] L1 L 143
P B 1Y o1 S LiE L0030 LT
oo, o i eiiiiimamieeeoaoaoa ] Bobtom. A L0140 v
Center of heading.. . oo oL oo .. ood Burfice.. 1} L7 ]
L pmrmeee o Bottom, ] L0135 L LS
Southwest el of hewding. - cvemee 2 Burfee.. 127 L H 13l
L T cavanao-b BoTiom, it -0 .1m
Cenler of bepding. ... o0 .. v -vaea] Surinee.. - 138 .03 151
B et icmarc et ana cese--.-| Bottom, k]| L01a - LG
Below heaellng.. ... i Surfsee...__. ... 127 Rt -1t

On June 30, 1920, samples ware taken at the current meter station of Alamo
Cannal 1,000 feet bzlow Hanlon gate. There the canal was 160 feet wide, had a
maximum depth of 12 feet, and was currving 4,611 second-fect.  The velocities
in the vertienl section varied from 1.77 feet per sccoud near the bhottom to 4.18
feet per serond ub 3 foet below the surface,  The river discharge at Yuma was
160,000 eubic feet per second.  The gaties af llockwood heading wore elosed, hut
water was flowing over the top.  Water was going over the top of gates at Han-
lon and all but one of the gates were closed. ” Table 63 shows the results of the
gampling.

Tanve 68.—Proportion, by weight, and grede of silt entering I'mperial system at
Hanlon, June 13, 1920

T

| Propartion of silt passing nnd retained on slove with specifled

| number of meshes per inch

Depth to sampla (feet) Veloeity | . l |
r b at peint | Possing | Possing | Pussiog ! Possing |
-0, 30, 100, | 200, Passiog | qyy0
retoined | retaioed | retained ¢ rotained 280
1 om i on 1 on 200 I nn 250
Feet per ' E
agcomd | Percent 1 Percent | Per cent t Lev eend | Per,cent | Per cent
JL1 ¢ DU 160 ¢ 0.400 E L Q02 0 002, 0.008 .202 0.304
I LR 000 ; QoL .003 ; Q19 L 208 .318
PRl : 001 ¢ 04 .05 | 017 L2090 LA
... 000 . DL L0038 | 13 . a0l
..... - 000 .00l o0nd 019 ¢ 402 , 325
0.._.. [l afl U .18 3 253 JH
6. Lot i .00z L018 287 38
305, .00 102 R .028 A8 LT
Jl.. R Nl .00l 020 .31 338
JL&, 0ay Bl o2 L0311 .0 374
by Y. B 001 i .00l 043 | .0l4 427 440
*
1.2 oot above eonal bod. '

Bamples of water entering Rockwood heading were taken July 25, 1920, at
various depths in front of the structure.  Abouf 26,000 sceond-feet wns flowing
in the river, and 5,700 second-feet was entering the heading. Table 69 shows
the result of the sampling,
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TanLe 69.—Proporiion, by weight, and grade of sill entering Rockwsod heading
Suly 25, 1820

i
! Proportion of s{it passing aoil retained on sieve with specifled
1 number of meshes per inch
Valoefty § { : !
Dopth to sample (feet) ot point | Possiog | Possing | Passing Pn.ssim,1 i
A, A 5 ; Passing Tatnl
 relained | retained | retnined | retaitded {400 H
onGd | om0 | on®0Q | op 40D il :
; ! : —— o,
T . : T i
Feel per | .
Feean Feer ceut : Per cenl | Per eent ' Percent | Farocomt 3 Per cent
7 ! 0.000;  0.000 0.001 0. 003 l 0.204 1 0.208
H . 0oo . (00 gL 003! i il
.aoo .00 oo - 005 ¢ . 210
(o . 040 L00d - L0l L2H
i} R L0068 ! L018 . 270
L001 .005 L0017 .029 - 308
N 00T O LD .315
Lo01 . Ol 012 .029 - 288
L0n2 023 .38 L4 . 374
Lol - 007 QLT - 04 L a4l
LOp N 2 JHE .3a2
.00l . ooT L0286 - 031 L322
: i :

10,2 Jugt sbhove b,

SILT IN THE YUMA PFROJEUT CANALS

The results of a number of silt delerminalions of the water of the Colorado
River immedintely above Laguna Dam and of the water in the main canal of the
Federal project at Yumsa, Ariz., showed that over half of the suspended silt was
removerd from the water during its passage through the settling basin and sluice-
ways. While Lhis intake is Lthe most effeetive that has been installed to date on
the Colorado River, in ridding tlie water of its heavier silt {t is creating a soil
problem that may be diffieult to solve. By the desilting process the elays and
colloidal material are separated from thc sand in the sily and deposited on_the
irrigated land,  This annual deposition is bringing aboud a change in the char-
acter of the surface soil, making it more sticky, harder fe cultivate, and meore
impervinus,

The results of sampling August 1, 1918, in the main canal at mcter stations §
and 6 below the intake and at hendguarters, 15 miles farther down the canal are
shown in Table 70.

TanLg T).—Proportion of sill, by weight, and velocities in the Yuma prefect main
canaf, dugust 1, 1918

(Velocity ot middle depth, 2.5 fect por second}

+ Bluter stallon g 1 Meter station at i |
© o intake No. o ! intake No. 6 i i ‘,‘;;‘n“(}?
Depli {feat) I Sttt i Depth {feet} ————— Deptly {feet) qunrtcrs,
i ! silt con-
Sﬂéﬁ‘zn' P Veiogity l, Siitﬁ?“‘ { Veloalty Ji {: Lent
—— ' R ! b
: 1 v =l i
i i et per - . el per | i
: Per cent y seeoml Pereent sccond ; . Percemd
. 100 e TP Y088 2. 466 l L S ' 0.320
; 27 1 3.00 | Middle-._._._.¢ e
X 280 | Botlom '
77 a0F o :
2 B4 [
267 A L
L | 1 .
101 I

I Bottom.

On August 2, 1018, the average pereenfage of silt in the project maln canal at
the intake was 0,252,
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_On August 3, 1918, tesls were mads on some of the lower canals.  Their loca-
tions and the average pereentage of silb found at eseh are shown in Figure 12.
Table 7L gives o summary of the results of the sampling.

! ( SomerTon l

Furi, 12, Loeation of SEIL tests on spme of the lower canals of the
Yuma'project aned the avernge percentage of 5ilt in each

TasLi 7T1.—Proportion of silf, by weight, ol middle dapths in the fower Yuma
project canal system, August 8, 1818

Bample
Cannl Location e wenem a— = ——— | A vaTREe

i Fereent | Per cend | Percenl
7 0. 258

Profect main. ... ©imme ewmee| Hendnuarbers_ oL . 0. 370 0. 246
Emst Miio e e e e Figheh Stroet. . ! LB 254 L250
Dom aeicmmsmcme e aen aes Easl of Somerto 274 L272 73
Ceulral main.. e eemeaad Aventwe Bo___ L o060 L2hd 25T
Do ... eeieer ieee e Wust of Bomerton 117 u7z 117
West minln. . e e . .| Elghh BEtreet.. ... L ] It L]
Do, eean e i Wesl of Semerton_ L ... . 056 052 054

Adl the silb was fine cnough to pass a 200-mesh sicve.  The variation in the
pereentage of silt in the east tnain canal was not very great.  In the central main
canal over half the silt was dropped belore it could reach the scotion west of
Somerten, while in the west main canal the silt at the lower point was little more
than one-fifth of that at Tighth Streek, higher up.

The results of these tests and these made in 1915 and 19186, indicate that the
amount of silt earricd in the main canal af the Intake is about the same as that
found in the system near Yuma, :

From Novembear 4 to Desember 17, 1015, samples were faken at onc-half the
depth of water flowing avee gutes No, 1, No. 15, and No. 36 of the intake to the
main canal. The results are shown in Table 72,
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Favue 72.—Proportion of silt, by weighl, entering main cancl intake al Lagune
Dam, November 4 to December 17, 1915

1 1 H ) T " n
November _o.oo..._ . + 15 (] VIR L T S | ] I i 1 18 %) o ,' A w0 oA
. i i .
1 L
Pt Pl Poet, 1Y rt.- P.CLIEP‘ el Pt £ rr.ff‘.c:‘.l}‘.c!‘ Poet\ Pl | Pl Poel| £.ct.
Gnta No. 1 ..., L 002005 005 002 0,05 0.00 0.20 0,20 0,10 |._.-. 0,80 |0, 14 0,35 0.22 | 0.30
Gnle No, 15.. .0 Lm0 20 012 0038 L3 Lo 313 .
Oate No. 3. ........ D PR R 1 C O Tt B 1 l.'.‘U; L En-... L3020 ,301,21. AT
; - ‘. ! ! .i . R e
Decemtera...... 1 ] 2 % 0 ] T, § 9 - 15 10 I 17
; ; ! : i
— =l . ) : e r -
P Per rL!I‘zr iy Fer oo Per of [ Por el Per et Per ool Per ool Per ol [Per el Per ot Per el
Gate No. 1..... [ R B T | U . o [N V] Oy Q12 Q2] 004 0.00
Cinte Mo, 185, IO | AT .14 I .21 g , - =i} -1l 1 .12
Oote No. ... i1 AN 5 E L3 L L B 1 R PRTIE £ .12 L4 1 L4
I ) | i

Trom October 4, 1915, Lo Juiy 26, 1916, samples were taken io determine the
amount of silt being earried In suspension at various points in the main canal
from Laguna Dam to Yuma, a distance of about 14 miles. Table 73 gives the
resulis of these delerminations. :

TavLi 73.~Proportion of silt, by weight, in Yuma project main canal, from inluke
to Yuma, Ocleber 4, 1015, to July 26, 15916

, . .
I Tyig i 1414 E 1916
“tngn’ e N [P
Clrmn H H 1 ; i
rlvers Oetober Novenber N oo
! eon- e e o e Dige Jan, (M A pr, May, Tuly
¢ brol {7 e 1|2 s
sehorkl 4 fa3 o : l R
A ol
; ; i i { | !
P Miter Do P B dPe|PetPeiPoe P
Intake, head of leves.... . : T LTE O8O, 0,07 1,38 0.60( 0.40° 0.29
Woest siile nbove tmn U L6 as) .43 27
At Qunery bridge.. ... .03 1,00 1,15 .14, .81
Ltlver-conrod clieek: !
Main eind e oo 0% L0 L4 P
Loservior mnlbe ... .- LSOO I3 L35 L10 ..
N L 3 PR I R, (R
I P < T < Y T
J 1 B
L1 &
1 O S
L03 I.UBE 1.43
Pleeotio . omen-.ne s : REENTHERT

ADOVD UTY . e o eame : L0500 145

Pelow o). cee e - in 1.00= . i)
L. W03 085 12 20 .38 - S

Powell. o ierrmreeeeae ' i . H . M . 030 113) 113
: H . [ P R 1] R

Califoruin drof. _oeeeno—- . . ; . [ B . .ﬂ?} W22
Headqunrters bridge. : ieen 400 4,95 .2
Calarade River...._.__ -5 L NI 2.'--l L0t

T

Oun Junc G, 1917, samples of water were taken ab eight stations of the Yuma
irrigalion system, beginning at the sluicewny leading from the Colorado River.
The loeation of ecach station and the propoertion of silt found at the top and
bottom of the edges and center of cach canal are given in Table 74,
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Tanve 74— Distribution of silt ol various slations of the Ywma project irrigution

sister

n, June 8, 1817

Statlon

Slulcowny stakion A
Sliticowny statlon I3, .
Projeet moin catinl, st Pollioles, ..
Trojeet imain canal, at Ilc'ulmu\r ors.
I*roduct mnin unnnl at beundary ___
Contra] ennnl, nb Ilcmilm.._._._.-. .
Cuntrad eansd, ot lower ened oo oo....

West main cmml, nb Jloxiean boundury.

Results of similar investigations made nt subsequent dules in 1917

in Table 75.

Tanue 76— Proporiion of silt, by weight, ul different poinis of the

Proportlon of silt (by waight)
Enst sitle E Center West alle Mean
Tap 1 !iottum]l 1'op iIiiJI.r.mn Top }Bottom
H I
P - . B
i!’rr crnr Py eend Per cfnt Pcr cent, Per cenl Per cent Per cent
..\r: Q.00 | LHJS 0. 06 410 09 0.10
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.03
.03
.05
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Yuma project
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Sept, 13, 1917

|

Dot-

Sept. 28, 1017

Qct, 10, 1927

1lol- . . Bot- - Tot-
tom  TOP gm 1 TOP gy Tep gy
Per cemt Per vent Per cent Per centjPer cendy Per cent, Pcr cend
0.65. G| 00t 1U0[ 0% .50
TSP A .10 .33




(1}
2
(3)
4

LITERATURE CITED

Arc-Asmsricay CanNat Boarp,
1020. THE ALL-AMERICAN CANaL. 9S8 p., illus. Washington, D, C,
BusazsaLg, I. F.
1026, A STUDY OF THE COLORADO RIVER s5ILT. Ariz. Agr. Expt. Sta.
Teeh. Bul. 8, p. 165-185.
Countigwoon, G B,
1892. sois aND warens. Ariz. Agr, Bxpt. Sta. Bul. 6, 8 p. +
Daviz, AP
1903. WATRER STORAGE ON SALT WIVER, antzoNa. U, 8. Geol. Survey
Waler-Supply Paper 74, 54 p., illus.

(5) ———

©

(M

1922, PHROBLEMS OF IMPRRIAL VALLEY axp viciNrey. U, 8, Congress,
67th, 2d sess., Senate Doc. 142, 328 p., illus,
Fonunrs, T, H
1602 LIE RIVBR-IRRIGATING WAPERS OF ARIZONA=-THEIR CHARACTBR
Axn grreers. Aris. Agr. LBxpt. Sta. Bul. 44, p, 147214, illus.

1006. IRUIGATING SEDIMENTS AND THEIR EFFECTS UFON CROPS. Ariz,
Agr, Lxpt. Sta. Bul. 53, 98 p., illus,
Giircony, H, 18
1016, “rue xavalo countny. . 8. Geol. Survey Water-Supply Faper
350, 219 p., illus.
Guoven, N. C.
1921. SURFACE WATER SUCPLY OF THE UNITED STATES, 1017, PART IX.
coLorADO RIVEYR Basiy. U, 8. Geol. Survey Water-Supply
Pnper 459, 192 p,, illus,

1022, SURFACE WATER BUPFLY OF TIE UNITED STATES, 1HS, PART IX.
colLonApg rmiver mnasiN. U, 8. Geol. Survey Water-Supply
Paper 478, 189 p., illus.

Husnus, 1. I8,

1914, SAN CARLOS IRRIGATION PHOJECT, ARIZONA. APPENDIX G.
AMOUNT OF SILT THAY WODULD RE DEFOSITED IN A RESERVOIR AT
sAaN carnos. U, B, Congress, 83d, 2d sess., House Doe. 701,
p 117-140.

Keury, W.
1925. THE COLORADO RIVER rronLes, Amer. Soc, Civ, Engin. Trans.
$R: [306]-347, ilus. (Diseussion, p. 348—437.)
Kexuroey, . G,
[1007]. HYDRAULIC DIAGHAMS FOR CHANNELS IN EArTH. BEd. 2, [6] p.,
illus.  [Edinburgh?]
Tocnsr, A. I, Canvpster, 5. ., Deav, W, C,, Ssrrh, A, Cosey, 8. W,
and Wax K, M. BE.

1923, soOIL SURVEY OF THE BHAWLEY AREA, cattromrdta, U, 8. Dept.
Agr., Dur, Soils, Field Oper. 1920; 641-716, illus. {Advance
shenls.)

Li Rueg, I C. :

1816, COLORADO RIVER AND ITS UTILIZATION, U. 3. Geol. SBurvey YWater-
Supply Paper 395, 231 p., illus.

Lierincorr, J. B.

1900. STORAGE OF WATER ON GILA RIVER, anizoNA. U, 8. Geol. Survey

Water-Supply Paper 33, 98 p., illus.
Miser, H, D.

1024, THE SAN JUAN GANTON, s0UTHEASTERN vran. UL B, Geol. Survey

Water-Supply Paper 538, 80 p., iilus.
Naague, J. C.

1902, PROGHRESSZ REPORT ON SILT mmEasumemenTs. U. S. Dept. Agr.,

OIF. Expt. Stas, Bul, 104: 203-324, illus,

1902, SECOND 'ROCRESS REPORT ON SILT MEASUREMENTs. U. S, Dept,
Agr., OIF. Expt. Stas. Bul. 119: 365-892, illus.

93




04 TECHNICAL BULLETIN 67, U, 8. DEPT. OF AGRICULTURE

(20} Naouz, J. C.
1004, TUIRD PROGRESS REPORT ON DISCHARGE AND SILT MEASUREMENTS ON
TEXAS STREAMS. U, 8, Dept, Agr., Off. Expt. Stas. Bul, 1331
196-217, illus.
(21) Oumsreap, T, H.
1919, GIuA RIVER FLOOD GONTROL. 11, S. Congress, 65th, 3d Sess.,
Senate Doc. 436, 94 1., illus,
(22} Pignen, . C.
1910, THE MEASUREMENT OF SILT-LADEN stREaMs. U. 8. Geol Survey
- Water-Supply Paper 400: 39-51, illus,
{23} Ronivsow, I, F,
1421, ‘B s1LT PROBLEM OF THE 2UN! RESERVOIR, Amer. Soc. Cliv.
Engin. Trans. (1919/20) 5§3: [868]-878, illua. (Discussion,
B 870-892.)
(24) Rotusay, 8. L.
1923, A RIVER DIVEHSION ON THE DELTA OF THE COLORADO IN RUELATION
TC IMPERIAL VALLEY, GALIFORNIA. Amer. Soc. Civ, Engin.
Trans. 8G: [1412]-1438, illus. (Discussion, p. 1439-1447.}
(25) Bravimn, H.
1511, SOME STREAM WATERS OF THE WESTERN UNITED STATES, U, S.
Geol. Burvoy Water-Supply Paper 274, 188 p.

OTHER PUBLICATIONS RELATING TO THE SILT PROBLEM

Cony, H. T,
1813, [HRIGATION AND RIVER CONTHOL IN THE COLORADO NIVER DRELTA.
Amer. Soc. Civ, Engin. Trans. 76; [1204}-1453, iilus. (Discus-
sion, p. 1454-1571.)
Fonnere, W, W,
[1M37] siLT IN THRE RIO GRANDE. 102 p-, illus. [Washington, D. C.]
(U. 8. Dept. State, Internntl. Boundary Comn., U. §. and Mex.)
Giunear, G, K.
1014} THE TRANSPORTATION OF DUBRIS DY RUNNING WATER. U. 3. Geol.
Survey Prof. Paper 86, 263 p., iHlus.
Hooker, I, H.
180G. THE $SUSPENSION OF SOLIDS IN FLOWING WATER. Amer Sag. Civ.
Engin. Trans. 36: [239]-324, illus. (Discussion, p. 325-340.)
Iewyeny, R. G.
1803, THE PUEVENTION OF SILTING IN IRRIGATION cANALs., Inst. Civ. Engin.
[England], Minutes Proe. 1i9: 281-290, illus.
Li Ruz, B C. '
1625. WATER POWHR AND FLOGD CONTROL OF COLONADO RIVEL BELOW GREEN
RIVER, uran, U, 8. Geol. Survey Water-Supply Paper 556, 176 p.,
illus.
Lawsow, L. M.
1916, Tmi; YOMA PROJECT SILT PROBLEM. Reelam. Rec. [U. 8.] 7: 358-359,
illus.
Panwen P&, D,
1913, TIE GONTUOL OF WATHER AS APILIED TO IRHIGATION, FOWER AND TOWN
WATER SUPPLY PURPOSES. 1055 p., illus. New York.
TavLor, T. U.
1900. Tu;ag AUSTIN DAM. U. 8. Geol. Survey Water-Supply Paper 43,
p., illus.
1023, RESERVOIR LOSES 4% OF STORAGE CAPACITY IN NINE YRARS. Engin.
News-Rec. 91: 380-382, illus.







ORGANIZATION OF THE
UNITED STATES DEPARTMENT OF AGRICULTURE

February [7, 1928

Seercary of Agriculture W. M. Jarpine.
Assistand Secrelary.. . . _______..__. R. W. Du~vap,
Dirveclor of Scientific Work A T, Woobs.
Director of Regulalory Work Warren G. CamprELLn,
Diirector of Exlension C. W. WarsurToxN.
Dircclor of Personnel and Businesy Adminis-

tration W. W. 8P0CKBERGER.
Director of Imformuation NersoN AxtRiv Crawromp.
Solicitor R. W. WirLriaus,

CuarLes F. Marvix, Ohief.
Bureaw of Animud Industry Joux R. MorLer, Chief.
Burewn of Dairy Industry L. A. Rosens, dcling chief.
Bureau of Pland Industry Wivniax A. Tavuor, Obief.
Farest Servien W. B. Grueney, Chief.
Buvean of Chemistry and Seils____________ H. G. Krianr, Chief.
Bureau of Entomology C. L. Marrarr, Chief.
Burean of Biological Survey Paon G. Remxcroxn, Chief.
Bureaw of Public Roads Tresas H. MacDoxawd, Chief.
Bureaw of Agricultural Econowmics Lroyp 8. Texxvy, Chief.
Burceu of Home Economics Louise Sranwey, Chief.
Federal Hortieultural Board C. L. Manvarr, Chairman,
Grain Futures Administration J. W, T. Dover, Chief.
Food, Drug, and Insecticide Administralion. Warter G. CaMPBELL, Direclor of
Eegulatory Work, in Chargs.

Ofiice of Experiment Statipns . W. Avnen, Chisf.
Ofiice of Covperaiive Extension Work C. B. Sanrn, Chigf.
Library CrariBel R. Barxerr, Librarian

This bulletin is & contribution from

Bureau of Public Roads Tromas H. MacDownanp, Chief.
Division of Agricultural Engineering___. 8. H. McCrory, Chief,

95

ADDITIONAYL QOPIES

O 1THIS TUBLIGATION WAY BE PROGURED PROM
THE SUPERINTENDENT OF DOCUMENTS
VB.GOVERNMENT PRINTING OFFICE
AT

20 CENTS PER COPY
v







