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EXCERPT from "THE (OLORADO RIVER™ e
Interim Report of the Secretary of the Interior

July 1947 ,

United Statss Department of thie Interior

Jo A. Krug, Secretary
Bureau of Reclamation

Micheel W, Streus, Commissioner

Little Colorado Division

Flowing northwest to Join the Colorsdo River midwey in. its long courese
to the sea, the Little Coloredo River drains 25,000 square miles in northe
eastern Arizona and west - central New Mexico. Crystal - clear tributary
stresms rising in the mounteins ars repidly absorbed by the thirsty sends
of the lower chennelse FKali: is infrequent but sometimes falls with great
intensity. ac such times the streams become raging, chocolate-colored tore
rents, carrying to the main Colorado in 1 year the equivalent of 9 inches of
top s0il f‘rom an entire tuwwnship,

Vegetation over the basin a2 e whole is scant, Luxuriant bgrowtha. how=
eveyr, are found along river courses where water is availabls throughout the
year, apd they consume large quantities of water, It is estimated that over
98 percent of the rein falling in this division is consumed by plants, is

lost by evaporation, or percolates underground and does not reappear within

the basin,

Water Rcsources

Surface water. = The following table summarizes the average annusl flows

past those points where sufficient information is available to permit their

computation,
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Table LXXIV = Average annual stream
flowe in the Little Colorado divieicn

N “Average Annual Flowe

b 4
s+ Period of: : (Acre=fect) =
Station s Record : For period @ For L1981=40

3 : of rocord @ period

: : t

‘ Little Colorado River at Grend 1 : 2
Falls, Arizoneeccsecsacceseset 1926-43 : 236,700 t 199,000

£ Chevelon Creek near Winslow, ! 3 t
: ( APLZOD0oeeeeoserrrononnasenneet 1930-43%%: 58,800 3 57,300
Clear Creek near Winslow, Ariz..t 1930-43*%%: 89,300 ] 61,600
; Hoenkopi Wash near Tuba, Ariz.e.sz 1927-43 : 16,600 2 13,700

** Records incomplete.

The foregoing atations, except thet on Chevelon Creek, are downstiream
from all diversions and repressnt the sur lus flows of the sireems in question.
During the period of record the irrigated acrsuge within the basin has been

virtually constant,

TR P T i e P B ek,

“tream=flow characteristice over the basin as a whole are similar, The

chamnels contein water the year-round in the higher elevations but receive

LT 2

only intermittent flows in the lower altitudes, Flowe over ths entire ares

are erratic and subject to flash floods of great magnitude. The lerger part

oS o

f‘ _ of the snnuel run-off from the northern tributaries usually ocours durlng
, the summer monthe, while that from the south 1z somewhat retarded by the
3 heavily vegetated highlands of the Mogollon Rim,

Lpproximately 65 percent of the average anmml flow of Little Colorado

River at Grand Fells, Ariz., down-stream from ell major tributaries except

Moenkopi Wash, ocoure during the months of Februsry, March, and April, whila

only 36 percent comes during July, August, and September, Extremes in
fluctuation ocourreld in 1938 when there wae no flow in the stream for 213
days, while in Marxch of that year a flood of 38,000 second-feet was recorded.

Undependable stream flows make hold-over storage & preraquisite for maximum
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irrigation development.

Ground water, ~ Little is known about the ground water rescurces of the
basine Tho scarcity of existing wells and the abeence of saccursate data on
wells preclude definite conclusions as to the location and extent of ground
waterse The very fact that no exploitation has beern made of this resource in
a country where watear is such a valuable commodity would indicate the lack
of possibilities,

Small artesian areess are known to exiet in some portions of the basine
Two such areas are found south of the Little Coloredo River, ons southwest
of Holbrook, Arii,, and the other northwest of Hunt, Arizs In the absence
of more complete geological and water level information, it is impossible to
determine accurately the extent of thnse areas or the existence of other
artesian belts, or to predict potential yieldss It appears, however, that
the artesian water resources are small and cannot be expscted to furnish
any large quantities of irrigetion water,

Nonartesian water is often found in sandstones, in lava flows, and in
sands and gravels along me jor streums. Frequently water is at great depths,
particularly when found in the sandstones, All known pumpud wells are used
for domestic, public, stock watering, or railrcad purpozes. Irrigation with
pumped water is not practiced to any appreciable extent in the division,
There is no evidence which indicates thet the ground-waetor resources of this
basin are of sufficient importance to be considered as a potential source
of water for irrigetion development.

. Quality of water. - Surface flows of water in this division are of good
quality near their points of origin. As the water progreeses downstream,

however, it flowe through formations that are high in soluble salts, thus

i
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becoming unsuited for irrigation use ncar the mouths of the strsams. Mineral

springs, in placss, contribute large quantities of dlssolved salts to the
weters of the streams, Near Winslow, Ariz... several springs discharge an aver-
age of 20 toms of salts daily into the flows of both Chevelon and Clear Creeks,
Salt concentrations in the waters range from virtually zero near the head-

waters to as high as 3,000 and 4,000 parts per million in the lower Little
ittle Colurado are of questionable quality———~

e m—- N ——— e -

Colorade River. Waters of ths L

betweon St.. Johus-ana Holbrook, Arlz.; and are-entirely unsuited for.lrrige="

T

tion use below the latter town. _ ..

The quality of the ground water in the basin varies widely with location.

Chemical analyses show water from different wells varying fram 100 to 6,000

parts per million total dissolved solids. The more saline wate : .ot sult-

sble for irrigation use. In general, wells containing the pooresc quality

water are located in shale=-sandstone formetion or in the sands and gravels of

Cottoxwood Tash, Leroux Wash, or the Little Colorado River bottmms,

Present NDeveloment of Vater Resources

Genoral. = Barly settlers in the division learned through bitter experience

that it was impossible for them to control the rivers except in a few selected

localities, Settlers gradually migrated to the more readily irrigt ted areas,

- and development progressed without a coordinated plan and without knowledge

of tho wide variations in annual stream flow to which the rivers are subject,

During wet periods far more land was brought under irrigation than could

possibly be supplied during periods of drought. Subsequent years of defloient

stroam flow brought economic and even physical sufferinge This was especially

true in the upper Little Colorado River area, where over=development progressed
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to the point where a court deoree was necessary to establish relative priori-
ties. As a result, virtually all of the waters of this area have been appor-
tioned. Only during extreme floods does any water escape the region.
Develomment of the surface water resources on the Indlan reservetions
has followed a somewhat different pattern. Irrigation projects have been
planned, construoted, and operated under the supervision of the Office of
Indian Affairs. Agricultural development has been adapted, insofar as possible,
to the needs and temperesment of the Indians. Individual holdings are small,
and dry farming is practiced to some extent with little sucoess, Flood=-
irrigated lands, or areas which receive water only during times of flood, are

extensively cultivated. Despite the planning, supervision, and assistance

of the Office of Indian Affeirs, serious problems have arisen because the

Indian population is continually increasing.
Irrigation. ~ The climate of the basin is such that irrigation is essen-

tial for successful agriculture,
The principal areas irrigated in division are:

Acres irrigated
Littls Colorado River above ! Johns 15,180
Silver Creek Basin , . . . . . 4,360
Noodruff ared « « o o o o o 520
Holbrook=-Joseph City area . 1,520
Winslow ares. o« « o o 610
Upper Zuni River . . 6,770
Scattered areas + « « 19,040

Total . * 48,000
* Inoludes Indian lands: 5,560 acres in the upper Zuni River
Basin, 2,540 acres in scattered areas, and 16,500 acre~ under
flood irrigation.

Irrigation is accomplished chiefly by gravity diversions from the main

stream. About three-fowrths of the white irrigated land is served through
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the fé.cilities of 13 irrigation companies. The remaining one-fourth is irrie-
.gated by individuals. .

There is no import or export of water by transmountain diversions.

Power Development, = The character of the stream flow in the area does
not lend itself 1, th1 development of power. In addition, there is little market
fof power owing to the scattersd population and the lack of industrial develop=-
ment, There are only two hydroelectriq g-nerating plants in the Little Colorado
division capable of producing firm power, The combined installed capacity of
these plants is 125 kilowatts. Steam and Diesel plants soattered through the
area have a total installed capzcity of approximetely 3,000 kilowatts,

Drainage, - Some areas of the division have beocme waterlogged and have

bsen taken out of production. As these areas should nsver have been in pro-

duction, no effort has been made to drain them. On a whole the topography hes

reduced drainage problems to & minimum on most of the irrigated areas,
Flood ocontrol. = Most of the lands lying in the {lood plains of this
division are undeveloped and unimproved. Hence, the rampant floods to whioh

the area is subjeot ocause relatively little demage except for occasional

removal of diversion dams. In only a fy independent areas do floods endenger

developments. The swollen streams, however, transport large quantities of

s8ilt into the Colorado River. Existing reservoirs in the Little Colorado

division were neither constructed nor are operated for flood control; however,
they afford a certain amount of protection,
Summary. - The folldwing tables summarize present develomment of water

resources in the Little Colorado division:
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Table LXXV. = Existing reservoirs in the Little Colorado division 1

Reservoir

Source of water

Location

Purpose served

Capacity
(acre=foet)

Lyman. « o

Lake Mary.

l.one Pine,

Udall., . . .
Daggs. o o .
Upper Lake Mary. .
Soldiers Annex leke,
Chevelon , ¢« ¢ o o o

White Mountain No. 1

River No, 3. . «
New Scott, o «
Iakeside , , .
Concho Lake, ,
Hog Wallow No.
Pine Leke, ., .
Zmi [ ) L ] [ ] L ] *
Rescad o o « o
R&m&h- o o o o

Little Colorado River,
Welnut Creek . e o @
Showlow Creek,
Carrizo Wash ,

Silver Creek .,

Walnut Creek

Canyon Diablo, .
Chevelon Creek , -
Hall Creek., . . R
Little Colorado Rlve
Porter Creek , + &
Showlow Crsek,

Concho Creek ,

South Fork . »
Showloy Creek,
ZlmiRiwroo

e o dO o o ¢
oodO‘o.Oo

Irrigation « « o
Manicipal, o o o
Irrigation s s e o

"Irrigation, stock.

Irriga‘tion “ o o o
Hﬁnioipalo e o o o
Irrigation, stock.
Irriga‘tion s o s o
e e840 ¢ o 0 ¢ o o
e 0d0O o o o ¢ o o
o «d0O ¢ o o o ¢ o
Irrigation, power.
Irrigation, stock.
Irrigation e o o o o
e o0 ¢ 2 s o o 9+ o

* * do L ] * L * L * L ]
Damestic, irrigation
Domestic, 8tocke. w w

21,900
18,900
14,000
9,530
5,170
5,080
5,000
4,300
2,390
1,670
1,200
1,200
1,200
1,000
1,000
13,000
8,720
1,170

Inoludes only reservoirs with capacities of more than 1,000 acre-feet.,




Table LXXVI. = Present irrigated areas in the Little
Colorado division

Aores irrigated

' Tew
Area drizona Mexioo Total
Silver Creek Basine « s « o o o o o 4,360 e : 4,360
Holbrook=Joseph City area « « o o o 1,520 0 1,520
Winslow AreQ, ¢ « o o ¢ ¢ o s o » @ 610 ' 0 610
other.o.oootoooooooo 32,740 8,770 41’510
Totale o o o o ¢ o 6 o o o ¢ o 39,230 8,770 48,000

Table LXXVII. = Bstimated percent average annual
depletions in the Little Colorado division
Depletions (acre~feet)

Area ) New
Arizona Mexico Total
Silmr Creek B&Sin. ® [ ) [ ) L] * o L] L ) 6.500 0 6’500
Holbrook=Joseph City area « « « o o 2,300 0 2,300
Winslow ATre8. « ¢« o« ¢ ¢ ¢ o ¢« ¢ o o 900 0 900
Other « ¢ ¢ v ¢ ¢ ¢ s o ¢ ¢ ¢ 0 ¢ o 49,000 13.000 62,000
Tot8le o ¢ @ o ¢ o ¢ o o o ¢ » 58,700 15,000 . 71’700
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Potentiel Development of Water Resources

Opportunities for develommentwsin the Little Colorado division are largely
oconfined to four areas, One potential projeot is outlined for each of these
areas, The potential Bridge Canyon project on the Colorado River, discussed
in this chapter under the Boulder division, would bring pcver into the Little
Colorado divisione.

Al+though the Coconino dam site is located on the Little Colorado River
dovmstream from the Little Colorado division, construction of a dam at this
gite would form & raservoir extonding into the division. The Coconino Dem is
discussed in this chapter under the Boulder division,.

Snowflake projects. = This development in Silver Creek Basin would include
the diversion of water from Showlow Creek through a 2-mile tunnel into a
storage reservoir of 25,000 acre-feet capacity at the Shumway site. At the
reservoir the waters of Showlow Creek would be commingled with those of Silver
Creek and distributed to about 6,700 acres of new lands lying on both sides
of Silver Creek in the vicinity of 3nowflake, Arize. A portion of the 2,000
aores now irrigated would be supplied water through the facilitles of the new
systemes The irrigation structures planned would have some incidental flood-
control benefit,

Black Creek project. = Construction of a ressrvoir at the Black Creek
site near Houok, Ariz., would provide 48,600 acre=feet of irrigation storage
capacity. Releases to the natural channel of Black Creek would be diverted
into a canal north of the Puerco River. A siphon crossing of the Puerco
River would convey the water to a distribution system serving 4,000 aores
along the south bank of that streame This project is an alternative to an
upstream irrigetion development within the Navejo Indian Reservation in
Arizona and New Mexico, for which the Office of Indian Affairs holds prior

7
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water rights. Elther plan would have about the same depletory effect upon

strean flowse

Holbrook projacte = Along the Little Colorado River near Joseph City,
Ariz., are 1,800 acres of new land and 600 aores now inadequately irrigated
which would reoceive water from this projeoctse Storage would be provided in e

reservoir at the Fork site on Little Colorado River just below the mouth of

Silver Creek, Of its total capaocity of 117,000 acre~-feet, 75,000 would be
for silt retention., A ocanar diverting from this reservoir would paraliel
the river on the south side to a poini: ¢ miles west of Holbrook, where &
siphon would carry the water across the river into a canal lsading to the
project lands. Inoidental channel improvements resulting from construetion

of this project, together with the repulatory effeoct of silt and irrigation

storage, would provide some flood protection for downstream propertye.

Winslow projects =~ This development would utilize the waters of Clear

and Chevelon Creeks for the irrigation of 19,750 acres of new lands, inocluding
5,000 acres of Indian lands end 14,750 acres of white-owned lands, all on the
north side of the Little Colorado River in Arigzona, Construction of the
Willow Creek Dam on Clear Creek would provide for storage of 45,000 acre-feet
of water, and constructior of 7ildecat Dam on Chsvelon Creek would impound
another 49,000 acre-fleet for irrigacion use., Because of the steep-walled
canyons in which the streams are entrenched, tummels heading at diversion
weirs would be necessary to convey water to the canals leading to the project
lends, In addition, a siphon crossing under the Little Colorado River would

be required,
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The following tables summarize potential develojment in the Little |
Colorado division, showing various purposes to be served by potentiai pro=-
Jects, estimated construction costs, potential reservoirs, and preéent and

potential stream depletions,

CV-6417-201

NNO001470



Table LXXVIII
Potential projeots in the Little Colorado divislon
(8

Yocation of Purpose Estimated con-
Project * projeot Source of water Suppy serveg8 struction cost®

‘ Snowflake . o | Arizona. |Showlowr and Silver Creek | I, F, S | $2,600,000

( Black Creek o | o « do o |Black Creeke « o+ o « o | I, F, 8 1,800,000
' Holbrook. « » o o« do o 1ittle Colorado River. . T, F, §, C 1‘300,000
Winslow « « g - e do . |Clear and Chevelon Creek | I, F, S | 19,000,000

TOtal [ ' ® & ¢ ¢ ¢ o le s o o o @& ¢ o & e & ¢ & & o o 0 24,700’000

1Symbols used: I - Irrigation, P - power, ¥ = flood control, S ~ silt
retention, C = channel improvement.
Preliminary estimi.es based on construction costs of Jan. 1, 1940.

Table IXYIX. :
Potential reservoirs in the Little Colorado division

1 Projeot served Total capacity
Neme of site”] Source of Wfier supply directly (acre=feet)
Shumway . . | Showlow und Silver Creeks | Snmowflake o & o o o 4 25,000 {"‘
Black Creek |Bleck Creek . + « « » o« o | Black Creek , . . o { 48,600 - R
Forks , . . |Little Colorado . . . o o | Holbrook, . . ... 4 117,000 i+
Willow Creek | Clear Creek « « o o o « o | Jin8loW ¢ o' o o o 45,000

'Wildoat s @ Chevelon Creek. [] L) s e L) Vfinslw ® o '3 ] e o ) 49.000

Total e p o e o e © o & 2 o o 8 & 0] & o o e & o & @8 o o 284’600

1211 in Arizona.

Mias S R ) PRI ETION R e L ST e oo
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Table LXOX. = Potential irrigation dewvelopment
in the Little Colorado division

Area to be benefited (sores)
( : New land supplementeal Total
d water
’ Snowfleke ¢ ¢« o ¢ o ¢ o o 066 0 o @ 6.700 0 6,700
‘ Black Cre6k + ¢« ¢« ¢ ¢« ¢ o o o » 2 o 4.000 0 4,000
| Holbrooke o o ¢ ¢ ¢ o o o ¢ ¢ ¢ o o 1’800 600 2,400
‘ WInslow o o ¢« ¢ o ¢ o ¢ ¢ 0 0 o o o 19,750 0 19,750
Totale ¢« ¢« ¢« ¢ ¢ o o o o o o o 32, 250 600 32, 850
Iliz projects in Ard zona,

, Table LXXXI. = Present and potential streeanm
: . depletions in the Little Colorado division.

Estimated average annual depletion
(acre-feet)
State subdivision
Present Potential | Total ulti-
depletion inorease | mate depletion
Arizonag;
Silver Creek Basin + « o o « o 6,500 10,000 16,5600
Black Creek Projects « ¢ o ¢ o 0 6,000 6,000
Holbrook-=Joseph City area. . 2,300 2,700 5,000
Winslow are « o o o ¢ o o o o 900 30,000 30,900
Other are8sS. ¢ « o o« o ¢ o o o 4:9,000 0 4'9,000 f
Subtotale « o o o o o o o 58,700 48,700 107,400
New Mexioco (81l areas)e o« « o o o o 13,000 0 13,000
TotBle o ¢ o @« 0o o ¢ o ¢ o ¢ o 71,700 48,700 120,400
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Chapter VIII
COOPERATING INTERESTS IN THE BASIN
Office of Indian Affairs

"Indian Projests in the Colorado River Basin®

gy& 264
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Nave. jo. =~ On the Navajo Reservation within the St’ate-of Arizona are
about 45 small irrigation developments aggregating 13,740 acres. Iwenty of
these units totaling about 5,000 acres lie within the Little Colorado River
watershed and 25 units with an area of about 8,740 acres are within the San
Juan River Basin, It is plammed to provide irrigation faocllities for an
additional 31,530 aores which will make the ultimate irrigable aresa within
Arizona approximately 45,270 acres, about 23,265 acres of which will bs in the

1ittle Colorado River watershed and 27,005 acres in the Juan Juan watershed,

The water supply is secured by direct diversion framn miscellaneous streams anc.
the present annual diversion is estimated at 68,7C0 acre-feet, of whioh 25,000
acre-feet is from tributaries of the Little Colorado River and 43,700 acre-

feet from tributaries of the San Juan. The average annual diversion require-

ment for the ultimete area is eztimated at 226,350 acre-feet of which 116,325
acre~-feet will be from the Little Colorado River watershed and 110,025 acre=-
feet from the San Juan watershed.

ﬂya 264

New lMexico

LU R

Navajo. = Within tho Navejo Reservation in New Mexico are sbout 30 smell

irrigation develomments and several additionel smell projeots are proposc .

for develomment. The present irrigated area aggregates 12,000 acres and the

'rw, 1509
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proposed additional developmments total 10,500 aores making a total aggregate
ares of 22,500 acres. The water supply is secured >rom the San Juan River

and mmerous miscellaneous streams tridutary to th: San Juan River. The pre=
sent average annual diversion is 60,000 acre-fect and the average annual
diversion requirement for the uitﬁnate irrigable area iz estimated at 112,500
acre~feet. The development cost of these small projects including subjugating

the land is estimated at about $2,000,000. Although additional surveys ara

required to define the arees and prepare acourate cost estimates, the cost
of such additional studies will be approximately $10,000,

Shiprocks = Within the Navajo Heservation in the vieinlty of Shiprock
is a compact area of reasonably good land comprising 70,000 aocres. Irriga=-
tion of this area would require the construction of a storage reservoir on
the San Jvan River together with & canal and lateral system. The Buresu of
Reclemation has studied the possibility of constructing a storage dem on the
San Juan River near the Colorado-New Mexico State line to form a 125,000 acre=
foot reservoir, a diversion dam nsar Blanco, and a gravity conduit extending
about 75 miles to the land. A pumping 1if%t of about 100 feet would bs required
to irrigate part of the area which lies above ths conduit locatione The
average annuel diversion requirement for this project regardless of the plan
adopted would be approximately 350,000 acre~feet, The estimated cost of the

development is $21,000,000 or about $300 per acre.

Sumpary - Navejo

The nced for the full and early development of all feasible irrigation
projsots on the Nevajo Reservation is acute. “1lthin the Navajo Reservation In

Arizone and New Mexico there are approximately 30,000 aores now provided with

Fw._ 1560
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irrigation facilities. Some of the many separate develo;inents ere merely
floodwater projects and are of little value during years of ;axtreme drought.
Additional storage is required to provide & depundable water supplye. Addi-
tional subjugation work also needs to be done in order to conserve water and
make 1. possible for the iadians to oarry on farming operations. With the
full development of &ll feasible irrigation units on the Navajo Reservation
in Arizona and New Mexico including the Monument Rocks area, the Shiprock
area, and the miscellaneous small projeots there would be a {otal of approxi-
mately 135,000 to 150,000 acres of irrigable land availeble for use by these
Indians, "The estimated cost of the new developments including the subjugation
of land is $27,000,000 or en average of about $260 per acre for the new
aoreage.

Living on and adjacent ro the reservation are approximately 52,000
Navajo Indians praotically .1 of whom are full-bloods. This popusation
camprises abcut 11,000 familiss, It is the oblligation of the Govermment %o
provide these people with resources svfficient for them to attein economio
independeince at a reasonable standard of livinge The present carrying
capacity of the grazing range available to them is estimeted at 611.000
sheep units., This would permit the grazing of approximately 70 sheep per
family whereas at least 400 sheep per femily are required to provide a
ninimu standard of living. Assuming that 3,000 of these Indian families
will find their way int industry or otherwise secure their living off the
reser-ation there remein 8,000 families to be provided fore. With the range
land divided equally they could each have not to exceed about 76 sheep per

family., With the rull development of all potentially irrigable lands

toteling 135,000 to 150,000 acres it would be possible to assign an average

k"m_nm:—m_
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of 15 to 20 acres of irrigable land to each of the 8,000 femilies in addition
to which each family could graze an averape of 75 sheeps This would not solve
all the econamic problems of the Mavajo but would ralse his present standard

of living considerably. Many of these Indians were in the armed services and

many more were engaged in war werk. How the war is over these people must

ine ;itably return to the reserwvations., 7Unless detail plans can be developed

and construotion work started on these proposed irrigation developments immei=-
iately,,the conditions on this reserwvation will be such as to requirs the
expenditure of large sums for relief or "made"™ work; this alternative must be
avoideds.

Zuni. = 77ithin the Colorado Ruver Bas.n is the Zuni Pueblo. On the
pu~blo lands 6,200 acres are now provided with irrigation facilities and it

is proposed to expand the irrigated area to 10,000 acres., Water is secured

from the Zuni River, a tributary of the Little Colorado River. The present

average annual diversion is 31,000 acre-feet and the average annual diversion
requirement for the ultimate area is 50,000 acre-feet. Additional surveys
and studies are necessary in order to define the ultimate irrlgeble area and
prepare cost estinates,

*OK Ok %
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