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T
HIS edition of THE COLORADO RIVER is 

issued in advance if its publication as a Congressional 

Document in response to an urgent public demand for 

copies, many of them for qfjicial review . The document has 

not been transmitted to the Congress for consideration, nor will 

it be, until certain States and Federal qfjicials who are now 

reviewing it have added their written comments to the text 

that appears here. When the report is published as a Con

gressional Document these comments 'Zvill be included, or will 

appear in a supplementary volume. 
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Proposed Report 

of the Secretary 

of the Interior 

"[This] report includes a description of the basin's 

resources, its needs and problems, and its present and 

potential development. . . . 

''Upon clearance with the affected States and with the 

Secretary of War, copies of the report, together with com

ments, if any, of the affected States, and of the Secretary 

of War, will be submitted for your [the Secretary of the 

Interior's] transmittal to the President and, subse

quently, to the Congress." 
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GRAND CANYON IN ARIZONA- Carved by the Colorado River 



Proposed Report of the Secretary of the Interior 
UNITED STATES 

DEPARTMENT OF THE INTERIOR 

BUREAU OF RECLAMATION 

WASHINGTON 25, D. C. 

The SECRETARY OF THE INTERIOR. 
jUNE 6, 1946. 

SIR: I submit herewith a report dated March 22, 1946, 
on the Colorado River, which is a comprehensive report 
on the development of the water resources of the Colorado 
River Basin for irrigation, power production, flood and 
silt control, and other beneficial uses in the States of Ari
zona, California, Colorado, Nevada, New Mexico, Utah, 
and Wyoming. 

The report includes a description of the basin's re
sources, its needs and problems, and its present and po
tential development. Projects for future development of 
the water resources within the natural drainage basin are 
listed and their over-all results and benefits summarized. 
Projects for the exportation of water from the Colorado 
River Basin to adjacent basins are also discussed. 

There is not enough water available in the Colorado 
River system for full expansion of existing and authorized 
projects and for development of all potential projects out
lined in the report, including those possibilities for ex
porting water to adjacent watersheds. The formulation 
of an ultimate plan of river development, therefore, will 

~ require selection from among the possibilities for expand-

ing existing or authorized projects as well as from among 
the potential new projects. Before such a selection for 
ultimate development can be made it will be necessary 
that, within the limits of the general allocation of water 
between upper basin and lower basin States set out 
in the Colorado River Compact, the Colorado River 
Basin States agree on suballocations of water to the in
dividual States. 

I concur generally in the recommendations of the re
gional directors as summarized in paragraph 70, page 22, 
of their report.1 I hope that the Colorado River Basin 
States will recommend for construction, as the next stage 
of development, projects for which the stream flow deple
tions will assuredly fall within the ultimate allocation of 
Colorado River water which may be made to the in
dividual States. I hope that the States of the Colorado 
River Basin will agree on suballocations of water within 
the limits of general allocations made by the Colorado 
River Compact. In addition, I suggest that arrangements 
be made for Federal participation in any conferences 
among States relating to suballocations of water. This 
will be important to insure that the Federal interest in 
over-all development is served fully. 

The 134 potential projects or units of projects as de
scribed in the report are in addition to the existing and 
presently authorized projects or extensions of projects. 
Their estimated current construction costs are as follows: 

1 These recommendations appear on page 21, Regional Directors' 
Report, this volume. 

Potential projects in the Colorado River Basin 

Project and unit I Location of project I Source of water supply I Purpose to be served 11 Estimateq current constructiOn costs 
-----Upp:; basin ______ ------------------~--------------------------~------------~-----------

Sublette_~------------------- Wyoming _______________ Green River_ _____________________ ' I, F, p ______ _I $58,400,000 
West Side________ __ _ __ do _________________ . do I F l 

J1~~1s .. ~dy !! t~f~~~~ > I!~F r ,!, .. l.oo 
Lyman______________________ _ __ do ________________ Blacks Fork, Smiths Fork __________ I, F______ 6, 928,000 
Henr:ys Fork _________________ Wyo~ing, Utah _________ Henrys J!ork ______________________ I, F____________ 2, 352,000 
Flammg Gorge _____ ---------- ____ do _________________ 

1 

Green River_ _____________________ P, F, H, S______ 16,000,000 
R~d Canyon______________ Utah _______________________ do ___________________________ P, F___________ 6, 560,000 
Little Snake River____________ Wyoming, Colorado ____ _f Little Snake River tributaries_______ I, P, F ________ -1 34, 400, 000 

See footnotes at end of table. 
3 



4 THE COLORADO RIVER 

Potential projects in the Colorado River Basin-Continued 

Project and unit Location of project I Source of water supply j Purpose to be served r ;!~;~~~~i~;{~~~~~ t 
----- ------ ---------·- ---------- ----- --·---------------------- ---1- - - ---- ----- - - ----- - .-

Upper basin-Continued 

Upper Yampa_____________ ___ Colorado____ ______ ___ __ Yampa River ____ ____ _____ ___ ___ _ 
Wessels ______ __ _____________ _ _____ do ______________________ do ________________________ __ _ 
Mount Harris ________________ _____ do _____ _______ _____ Tributaries of Yampa River _______ _ 
Great Northern ________ ____ _______ do ____________ _____ Elkhead Creek and Elk River_ _____ _ 
Yellow Jacket_ ___ ___ ______ ________ do _________________ White River and Milk Creek _______ _ 
Deadman Bench ______ _______ _ Colorado, Utah ____ _____ Yampa River_ _______ ____________ _ 
MaybelL___ _______________ __ Colorado __ ___ ___ ______ ______ do ______ ____________ --- _____ _ 
Cross Mountain ____ - ____ _ - ______ - _do ___ -_- __ ---_ -- --- _____ do _________ -----_------------
Lily Park ___ ____ ____________ _ _____ do ___ - - ---- _____________ do ____ ________________ --- __ _ _ 
Josephine Basin ___________ ________ do ______ ____ _______ White River_ __ _____ __ ___________ _ 
Piceance ________ _____ __ ___ ____ ___ _ do_______ ___ _______ Piceance Creek ________ - - ____ ___ __ _ 
Moon Lake extension __ _____ __ Utah __ ____ __ ____ _______ Duchesne River and tributaries _____ _ 
Fruitland ____________ ______ ___ ___ _ do _____________ -- __ Red Creek ______ ------- - ____ __ - __ 
Castle Peak ___ ______ _____ _____ ____ do______ ____ __ _____ Duchesne River_ ______________ ___ _ 
Mosby ____________ ______________ _ do ____________ ___ __ Deep Creek, Whiterocks River_ ___ _ _ 
VernaL _____________ _____ ___ ____ _ do_______ ______ _ _ _ _ Ashley Creek ________ ___ ___ _____ _ _ 
Jensen ___ __ ___ __ ______ ____ __ _____ do __________ _______ Brush Creek ___ ______ ____ ________ _ 
Minnie Maud ___ ____ ______ ___ _____ do __ ____ ________ ___ Minnie Maud Creek __ ______ ___ __ _ _ 
Green River Pumping ___ ___ _______ _ do ______ _____ ____ __ Green River_ ___ _____ ___ ___ ___ ___ _ 
Echo Park__ _________ _ _ _ _ _ _ _ _ Colorado ___ __ ___ __ . _________ do ____ __ ___ _____ ______ _____ _ . 
Split Mountain ___ ___ ________ _ Utah ___ __ ____ ___ ___ ____ _____ do _____ ___ _____ - - ___ __ ____ . __ 
Emery County __________ __ ___ ____ _ do _____ __ ___ ___ . _ _ _ Cottonwood Creek ___ _______ __ . ___ _ 
Buckhorn _____ ___ ____ ___ ___ ____ ___ _ do___ _______ ____ ___ Huntington Creek ____ ____ __ ____ __ _ 
Gunnison Valley _____ ________ _ _____ do ____ ___ ___ ___ ____ Green River_ _______ _____ __ ____ __ _ 
Desolation Canyon ________ ___ ____ _ do ___________ ______ __ ___ do _____ ___ __ ____ ______ ____ __ _ 
Rattlesnake Power_ ____ __ ___ ___ ___ _ do ____ ______ ________ ____ do ___ ___ ____ ___ _____ __ ____ _ _ 
Troublesome_______ _______ ___ Colorado __ __ .. _ _ _ _ _ _ _ _ _ _ Troublesome Creek __ ____ ___ _____ _ _ 

~o~~dOa~;~~-~~===== ==== == === =====~~===== = = ====== = === ~o~g~d~Ji~e~~~=========== = = == === Fourmile _______ _____ __ _________ __ do____ __ _ _ _ _ _ _ _ _ _ _ _ Fourmile Creek ________ ____ ____ __ _ 
Cattle Creek ____ ___ ___ ______ __ __ __ do___ ___ ____ __ ____ Cattle Creek __ _____ ____ _______ ___ _ 
Capitol Creek ____ __ __________ ____ _ do____ ___ ___ ___ ___ Snowmass Creek _______ __ __ __ ____ _ 
Woody Creek __ ____ ___ ____ _______ _ do______ ______ ____ Roaring Fork ____ ____ ____ __ _____ _ _ 
Silt ___ ______ __________ _____ ______ do___ ___ ________ __ Rifle Creek __ ____ ____ ____ __ ____ __ _ 
West Divide ___ _______ ______ _ ___ __ do____ ___ ____ ____ _ Middle Willow Creek_ __ ____ __ ____ _ 
Hunter Mesa ______________ ___ ____ _ do______ __ ____ ___ _ Buzzard Creek ____ __ _______ _____ _ _ 
Roan Creek ___ __ ___ ___ ___ _____ ____ do ______________ ___ Carr Creek ____ ___ ___ ______ ___ __ _ _ 
Collbran _____ ____ ____ _______ __ __ __ do ____ ___ ___ _____ __ Plateau Creek ____ _____ _____ __ ____ _ 
Grand Vallev Extension __ ___ __ ___ __ do _____ __ ____ ______ Colorado River_ ______ ______ __ ____ _ 
Cisco-Thompson ____ ____ ___ __ _ Colorado, Utah _____ _____ Colorado River 2 _____ _ _ _ _ __ _ _ _ ___ _ 

Tomichi Creek _____ ____ ___ ___ Colorado____ ___ ___ __ ___ Tomichi Creek __ ____ ___ ____ ___ ___ _ 
Coehetopa CreeL __ ____ _________ __ do___ __ ____ ________ Cochetopa Creek __ ___ _________ ___ _ 
Ohio Creek ____ __ ____ ___ ____ _ ___ __ do _____ ____ ___ ____ __ Anthracite and Castle Creeks ______ _ 
Lake Fork ___ ___ ___ __ ______ __ ____ _ do __ ___ _____ ____ ___ Lake Fork _____ _____ ___ ____ ___ __ _ _ 
Sapinero _______ __ ___ _______ __ __ ___ do ___ __ _____ __ __ ___ Gunnison River _____ _____ __ ______ _ 
Fruitland Mesa __ ____ ___ ___ ___ ___ __ do ___ _______ ____ ___ Curecante and Sapinero Creeks _____ _ 
Smith Fork __ ____ ____ ___ ___ __ ___ __ do ___ _____ ___ ____ __ Smith Fork __ ___ ____ ____ ___ ___ _____ , 
Paonia ____ _____ ______ __ ____ __ __ __ do ______ _______ __ __ East Muddy Creek and North Fork_ 

~~~~~s~~~e-k _-= = = = = = = = = = = = = = = = = = = =~~= = = = = = = = = = = = = = = = = ~~:~r~~s~~e~:~:~ = = = = = = = = = = = = = = = = = = l Grand Mesa ____ ____ ____ __ __ __ ____ do____ __ ___________ Currant, Surface , and Tongue I 
Creeks. 

Ouray ________ ___ _____ __ ___ ___ __ __ do ____ ___ _____ _____ Uncompahgre River _________ ___ __ _ 
Redlands ____ ______ ________ ___ ____ do___ __ ____________ G':mniso~ River_ ____ ____ _____ ____ -J 
Saucer Valley ____ ___ ____ ___ ___ __ __ do __ ___ ____ __ _______ Drsappomtment Creek. _____ ___ __ _ _ 
Nucla ____ ___ ____ __ ___ ____ __ _ _____ do ___ __ __ ____ _____ _ Horsefly and Cottonwood Creeks ___ l' 

San MigueL __ ___ ____ ___ __ ____ __ __ do_____ ___ __ ______ Anderson, Naturita and Dry Creeks, 
and San Miguel River. 

\Vest Paradox ___ ______ ______ _ ____ _ do _______ ___ _____ __ \Vest Paradox, Deep, and Geyser 
Creeks. 

~~~~~~~~~~= ==== === === ===== == ~= ~:;~~=== ==== ========== ~~:~~~~~~~~~======== = === = ==== = = Hatch CreeL ____ ____ __ ____ __ i __ ___ do ____ ____ _ _ _ _ _ _ _ _ Hatch Creek. ____ _____ _____ ______ _ 
Dulce-Chama-Navajo _ _ _ _ _ _ _ _ _ Colorado_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Navajo River_ _______ __ __ ____ __ __ -J 
South San Juan ____ ___ _____ __ New Mexico .. _______ ___ San Juan River_ ______ __ ____ ____ __ _ 
Carracas_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Colorado ____ ____ __ _____ __ ___ do __ _____ ___ ___ _______ ______ _ 
O'Neal Park_ ___ ____ ___ ___ ___ ___ __ do _____ ___ ___ ___ ___ Piedra River_ _____ ___ ___ _________ _ 
Hammond ___ ______ ___ ____ ___ New Mexico ____ __ ______ San Jnan River ____________ ___ ___ _ _ 
Shiprock __ ____ ___ ___ __ _______ _ _____ do ____ __ _____ ·-- - -- San Juan River _______ ______ ___ __ _ 
EmerP.ld Lake __ ____ ____ ___ ___ Colora do__ ___ ___ ____ __ Pine River ___ __________ ______ ___ _ _ 
Pine River Extension ______ ___ Colorado, New Mexico ___ __ ___ do _______ _________ ____ ___ ___ _ 
Florida_____ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Colorado __ ____ ___ ___ ___ I Floridll River __ ___ __ ___ __ __ ______ . 
Animas-LaPlata_ _ _ _ _ _ _ _ _ _ _ _ _ _ Colorado, New Mexico___ Animas and La Plata Rivers __ ___ __ _ 
McElmo ______ ____________ __ .. Colorado .. ____ ______ ·-- __ McElmo Creek ______ _______ ____ __ _ 

See footnotes at end of table. 

I, F ___ ___ _____ _ 
I, F _____ ___ ___ _ 
I, F _________ __ _ 
I, F _____ ____ __ _ 
I, F _____ __ ____ _ 
I, P, F, H, s ___ _ I _________ ___ _ _ 
p _____________ _ 
P, F __________ _ 
I _____ ________ _ 
I, F _____ ______ _ 
I, F _____ ___ __ _ _ 
I, F _____ ____ __ _ 
I, F _____ __ __ __ _ 
I, F __ ____ ___ __ _ 
I, F ____ __ ___ __ _ 
I, F _____ ______ _ 
I, F __ ___ __ __ __ _ 
I _____ ______ __ _ 
P, F, H, S ____ _ _ 
P, F, H, S ___ __ _ 
I, F ___ ______ __ _ 
I, F _____ _______ _ 
I ___ ___ _____ __ _ 
P, F, H _____ __ _ 
P, F, H ____ ___ _ 
I, F __ ___ _______ _ 
I, F ___ __ ____ __ _ 
p _____ ______ __ _ 
I, F ______ ___ __ _ 

L~--====== == == =r I _______ __ ____ _ 
I ,,F ___________ _ 
I, F _________ __ _ 
I, F _____ ____ __ _ l 
I , F __ _________ _ 

L~~ -~~~~====== I 
i,· j~~·- ~·-~=== = I I, F __________ __ ., 
I , F __ ___ ___ ___ _ 
P. F ___ _____ ___ . 
P, F ________ __ _ 

I. F--- - - - --- - - -I, F _____ __ __ _ _ 
I, F __ __ _____ __ _ 
I , F--------- -- - , 

i: ~== = = = == === = ~I 
P, I , F _______ _ 
I, F ___ ____ ___ __ _ 
I, F __ __ ___ __ __ _ 
I, F _____ ____ __ _ 
I, F ____ ___ ____ _ 

I, F __ ___ ____ __ _ 

P , F, H, 8 ___ __ _ 
P, F, H, S _____ _ 
I, F ___________ _ 
I, F __ _______ __ _ 
I, F _____ ____ _ 
I, F _____ __ - --
I ____ _______ - -- - -
I ____ - --- --- ---! ____ _________ _ 
I,F __ _ ·· · - -- --
P, F ___ __ __ __ _ 
I ____ _____ - ---
I, F __ _____ ____ _ 
I, P, F , S ____ __ _ 
I , F __ ___ ___ ____ _ 

$3,680,000 
1, 760,000 
5, 280,000 
4, 320, 000 
7, 520,000 

38,080,000 
1,120,000 
8, 000,000 
3,040,000 

480,000 
1,280,000 

12,640,000 
640,000 

8,480,000 
1, 760, 000 
2, 400, 000 

480,000 
160,000 
640,000 

68,800,000 
36,800,000 
4,000,000 
1,920,000 
1, 760,000 

33,600,000 
36,800,000 

3, 536,000 
800,000 

6, 080, 000 
960, 000 
688,000 
208, 000 
272,000 

2, 112,000 
2,080,000 
2,400,000 

976,000 
3,104,000 

664, 000 
54,784,000 

2, 976,000 
1, 840, 000 
1, 728, 000 
2, 080,000 

12, 480, 000 
5, 600, 000 
3, 520, 000 
2, 240,000 
1, 312, 000 
4,480, 000 
3,072, 000 

6, 560,000 
587, 000 

1, 504, 000 
2, 400, 000 

10, 544, 000 

1, 024, 000 

60,800,000 
15, 840,000 

1, 240, 000 
640, 000 

2,603, 200 
56, 000, 000 

57,600 
1, 408,000 
1, 16o; ooo 

33, 825, 600 
9,920,000 
2,936,000 
3, 604,000 

101,654,400 
624, 000 
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Potential projects in the Colorado River Basin-Continued 

------~_:~ct and u~~----- - - --Location of proj:~--- -----~::of water supp~-----1-P---ur---p--o-se __ t_o __ b_e _se_rv_e_d_• 1 _!_~_ti_~_~c_t~-~--~--~--:se_~--t 
Upper basin-Continued · 

·Montezuma Valley Extension __ _ Colorado ___________ ___ _ Dolores River______ _______________ I, F _________ __ _ 
Dolores ___________________ ___ Colorado, Utah _____ ____ _____ do ____________ ____ ___________ I, F, s _______ __ _ 
Blanding ______ ______ ---- ____ _ Utah_____ ___ ______ ____ __ ____ _ __ Recapture Creek___ ____ ___ ____ ___ __ I, F _______ _____ __ __ _ 
Navajo Indian Project _____ ___ Colorado ___ __ _______ ___ San Juan River_ _______ ____ __ ______ I, F, S _______ __ _ 
Bluff _________ ------ - _______________ Utah ________ ____ ______ ------- __ __ _______ do ______ __ __ -- -- -- _-- -----____________ ___ P, F ____ -- --- ___ ---
Goosenecks _________ __ ____ __ ______ __ _ .. do ___ ____ ______ ____ - ___ ___ ___ do_ _____ ______ ____ __________ ___ ______ ___ P, S, F, H ____ __ __ 
:Slick Horn Canyon _____ ____ __ _____ do ___ ___ ___ ____ ____ __ __ _ do ______ ____ _____ _____ __ __ ___ P, S, F, H ___ ___ _ 
Great Bend ________ ___ __ __ __ _ __ ___ do __________ _______ ___ __ do ____ __ __ ___ ___ __ __ ___ __ ___ P, S, F, H ___ __ _ _ 
Fremont ___ __ _____________ ____ __ __ ____ ____ __ _____ __ do___ ___ __ ______ ___________ Fremont River__ _ __ __ _ _ __ __ _ __ __ __ _ _ __ __ _ _ __ I, F ________ __ _____ __ __ _ 
Torrey _____ ____ ___ ______________ _____ __ _________ do _________ _____ ______ __ _____ ____ _____ do_______ _____ ____ __ ___ __ ____________ __ _______ __ _ I, F _______ __ __ __ __ __ __ _ 
Escalante __ ______________ __ __ ____ ____ ____ __ ___ ____ do_ ____ ________________________ Escalante River______ ______ ____ ___ ______ __ ___ I, F _______ ___ -- __ ___ __ 
Dark Canyon ______ ___ _____ ___ ____ do __ ___ __ __ _____ ___ Colorado River_ ____ __ __ ___________ P, F, S, H ______ _ 

¥!:~s~~~~~~-G-rld~ ~ = === === = = ~ __ ~~~~~~~~ ==-- ~ ~ = = = =~ ====-= ==== =~~== = = === ===== ~ = === === = === === __ =~--~·-~·--~--------=== ~ 

$2,080,000 
19,520,000 

907,200 
4, 656,000 

30,400,000 
8,320,000 

10,080,000 
16,000,000 

1,280,000 
320,000 

1,440,000 
168,000,000 
102,400,000 
255,000,000 

Subtotal, Upper Basin ___ - -------- - ---- - -- - - -- - -- --- -- ------------------- - ----------- -- - - ------------------- 1, 471,227,200 

Lower basin 

:::lnowflake _____ __ ___ ___ _____ __ __ __ do _________ ____ ____ Showlow and Silver Creeks ____ ____ __ I, F, S _____ __ __ _ 
Black Creek ______ _________ ___ __ __ do ______ __ _____ __ __ Black Creek ___ _______________ ____ I, F, S __ __ ___ __ _ 
Holbrook __ _______ __ __ ____ ___ _____ do __ __ __ ________ ___ Little Colorado River ___________ __ _ I, F, S, C ___ __ _ _ 
Winslow ______ ________ __ ___ ___ _____ do __________ ____ ___ Clear and Chevelon Creeks ____ ___ ___ I, F, S _________ _ 
Kanab Creek _______ ___ __ __ ____ __ __ __ __ _ do ___________ __ __ -- - -__ __ Kanab Creek ___ ______ _____ ____ ____ __ -- --- -- L _____ __ -- --- __ -- __ __ 
Hurricane _____ _____ __ ____ __ _ Utah, Arizona ________ ___ Virgin River ___ ___ ___ __ __ _________ I, P, S, F ____ __ _ 
Santa Clara ___ _____ ____ ___ ___ Utah _______ _____ _______ Santa Clara River_ ______ ___ ____ ___ I, F, S ___ ___ __ _ 
Panaca Valley ___________ _____ Nevada __ ___ ___________ Meadow Valley Wash _______ __ _____ I,F _____ ____ __ _ 
Moapa Valley _____ __ __ ____________ do __ ___ _____ _______ Muddy River_ _____ ________ ___ ____ I, F, S ______ __ _ _ 
Moapa Valley Pumping ____ ___ _____ do _____ ____________ Lake Mead __ ______ ____ ____ ____ __ _ !_ ____ _ __ ___ __ _ 
Marble Canyon-Kanab Creek __ Anzona ____ ____ _____ ___ Colorado River _____ ____ __ __ __ __ __ _ P, F, S, H ______ _ 
Coconino ______________ __ ___ ______ __ __ ___ _____ do_ ____ __ __ ____ ____ ___ _____ Little Colorado River____ _____ __ ___ ____ __ ___ F, S, H _______ ____ _ 
Bridge Canyon __ _______ ___ __ __ ____ do ______ _______ ____ Colorado _______________ __________ P, I, F, S, H ____ _ 
Virgin Bay Pumping ___ ____ __ _ Nevada __ ___ ____ ___ ____ Lake Mead __ ______________ ____ ___ !_ ______ _ __ ___ _ 
Las Vegas Pumping ____ __ _____ _____ do ___ ___ ____ ____ ___ __ ___ do ____ _____________ __________ I, M _______ __ _ _ 
Davis Reservoir Pumping __ _____ _______ do_ __ __ __ __ _____ ____ ___ Davis Reservoir ____ ____ __ ____ _____ __ --____ L __ - -- - - ___ __ _ 
Big Bend Pumping ____ __ __ __ _ _____ do _____ ____ __ _____ _ Colorado River_ ____ ___ ___ __ _______ !_ __ __ ___ _____ _ 
Fort Mojave ___________ __ _____ ____ ____ do __ _____ ____ _________ ___ ___ do__ _____________ ____ ______ ____ ____ I ______ ____ __ _ _ 
Mojave Valley _____ ___ _______ Arizona __ ___ ____ ___ ___ _ __ ___ do _______________ _____________ I_ __________ _ _ _ 
Alamo _____ ------- ________ __ _____ __ _______ do_ ______________ __ __ Bill Williams River__________________ F, P, H ______ ____ __ 
Palo Verde Mesa __________ ___ California ______ ____ ___ _ Colorado River_ __ __ ________ _______ !_ ______ ____ __ _ 
Wellton-Mohawk__ ______ ___ __ __ __ Arizona ________________ __ ___ _ ---_do ___ ------ - ---- -- ------------------- L ______ -- ------- __ 
SentineL __ ________ ___ __ _____ ____ _ do ________ ___ _____ _ Gila River __ _________ ___ ___ _______ F, H __________ _ 
River rectification and controL_ California, Arizona________ Colorado River_ __________________ -_____ F _________________ __ 
Central Arizona ____ ___ ________ Arizona ________ __ _____ _ _____ do _____ ___ ____ ____ ___ ______ __ I, F, P, M, U ___ _ 

Salt River 
Paradise Valley 
San Carlos 
Charleston 
Safford Valley 
San Francisco 
Duncan-Virden Valley 
New Mexico 

·Chino Valley ___ ____ ____ ___ __ __ ____ do ___ ______________ Granite and Willow Creek ___ ____ __ _ I_ ____________ _ 

¥:~~~~:fo~1- Grid:==== == ===== = = = ==~~= = == = = = = = = = ~ = = = = = __ ~--~
8 

.. 
8

~=~~~~-~~~~~ ~ ~ = == = = = = = = = = = = = _ ~·- =----==~ ~ = = = = = = 
Subtotal, Lower Basin ___ ____ ____________________ __ __ _______ ____ ____ __ ___ ______ __ __ -- -- -- ------- - --
To~~~in~olorado River ____ __ ____ __ __ __ __ ______ _______________________ __ ____ ____ ___ ___ __ __ _____ _____ ______________ ____ ___________ _________ _____ ___ 

1 

4,160,000 
2,880,000 
2,080,000 

30, 400, 000 
320,000 

14, 720,000 
2, 720,000 
2,080,000 
1,120,000 
4, 480,000, 

611, 200, 000 
6,400,000 

234,400,000 
2,080,000 

13,440, 000 
800,000 

1,120,000 
1, 280,000 
3,040,000 
5,120,000 
4, 960,000 

16,960,000 
24,000,000 
8,000,000 

692,480,000 

240,000 
10,640,000 

288,150,000 

1, 989,270,000 
3,460,497,200 

1 Symbols used: !=Irrigation, F=flood control, P=power, H=hold--over storage for ri ver regulation, S=silt retention, M=municipal, U=underground water recharge, C= 
channel improvement. In addition many potential reservoirs would have value for recreation and fish and wildlife conservation. 

' Half the water required for this project would be diverted from the Gunnison RiYor by exchange. 

Estimates of the annual benefits from construction of 
the above potential projects have been made for illus
trative purposes to show the probable economic justifica
tion of the ultimate comprehensive development. On the 
basis of average annual benefits and annual costs based 
-on current prices the ratio of benefits to costs is approxi
mately 1.00 to 1.00, which is a conservative estimate. 

There are, in addition to the projects listed in the 
foregoing table, six existing Indian projects which now 
have an irrigated area of 2,470 acres. It is planned to en
large these projects (Fort Mojave, Havasupai, Hualapai, 
Hopi, Moapa, and Uncompahgre) by an additional irri
gable area of 30,200 acres which, when completed, could 
cause an estimated depletion of 73,000 acre-feet annually. 
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Sufficient data concerning these projects were not availa
ble to warrant their inclusion in the table, but their deple
tions, which represent less than one-half of one percent 
of the total depletions, should be considered in any al
location of water. 

The Geological Survey has broad programs of geo
logic investigations and topographic mapping in the ba
sin similar to those outlined to obtain basic hydrological 
facts which will contribute importantly to sound economic 
development. These surveys and investigations should be 
prosecuted actively so that data secured will be represent
ative and adequate for the needs of planning and develop
ment. 

The report is submitted to you pursuant to section 9 
of the Reclamation Project Act of 1939 (53 Stat. 1187) 
and pursuant to section 15 of the Boulder Canyon Proj
ect Act (45 Stat. 1057). Upon clearance with the af
fected States and with the Secretary of War, copies of the 

THE COLORADO RIVER 

report, together with comments, if any, of the affected 
States, and of the Secretary of War, will be submitted 
for your transmittal to the President and, subsequently, 
to the Congress. 

I recommend that you adopt this report as your pro
posed report and. that you authorize me, in your behalf, 
to transmit copies· of this letter and of the attached pro
posed report to the affected States of Arizona, California, 
Colorado, Nevada, New Mexico, Utah, and Wyoming, 
and to the Secretary of War in accordance with the re
quirements of section 1 of the act of December 22, 1944 
(58 Stat. 887). 

Respectfully, 
WILLIAM E. WARNE, 

Acting Commissioner. 

Approved: June 7, 1946. 

OscAR L. CHAPMAN, 
Acting Secretary of the Interior. 

···· "~· 
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Using 

the 

Water 

"This chapter describes the nature and extent of 

present water uses in the Colorado River Basin and out

lines potential projects for beneficial use of all of the 

water of the entire river system. 

"All beneficial uses, including the irrigation of land, 

the production of hydroelectric power, the preservation 

of fish and wildlife, and the enhancement of recreational 

areas, together with the control of floods and silt, and 

the restoration of ground-water levels were taken into 

account in formulating the potential projects." 
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Regional Directors' Report 
UNITED STATES 

DEPARTMENT OF THE INTERIOR 

BUREAU OF RECLAMATION 

MARCH 22, 1946. 

From: Regional Director, Region III, Boulder City, 
Nevada. 

Regional Director, Region IV, Salt Lake City, 
Utah. 

To: The Commissioner, Bureau of Reclamation. 

Subject: A comprehensive report on the development of 
the water resources of the Colorado River Basin in 
Arizona, California, Colorado, Nevada, New Mexico, 
Utah, and Wyoming. 

1. This letter is a report in brief form on the develop
ment of the water resources of the Colorado River Basin, 
which lies within the States of Arizona, California, Colo
rado, Nevada, New Mexico, Utah, and Wyoming. The 
substantiating material on which the report is based has 
been prepared as a presentation of the Department of 
the Interior, sponsored and coordinated by the Bureau of 
Reclamation. That material is attached. 

Scope and Purpose 

2. In order to show how the people in the basin and in 
the Nation can best be benefited by further development 
of the water resources of the basin, the report includes 
a description of the basin's resources, its needs and prob
lems, and its present and potential development. Some 
134 projects or units of projects are listed as possibilities 
for future development of the water resources within the 
natural drainage basin of the Colorado River. Estimates 
of costs, benefits, possible reimbursability and depletory 
effect on stream flow of these developments are presented. 
The report also discusses present and potential projects for 
the export of water from the Colorado River Basin to 
adjacent basins, but no estimates of construction costs, 
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benefits, or reimbursability are presented. Because of 
the limited water supply all of the potential projects can
not be constructed and all of the existing and authorized 
projects expanded to the possible extent of their ultimate 
potentialities. The potential within-basin projects as a 
group are an index of the over-all results and benefits to 
be expected from the development of all the water re
sources of the basin. This report, with its substantiating 
material, provides a basin-wide perspective for planning 
development on a sound basis. It is intended to serve as 
a medium through which the Congress may be apprised 
of the potentialities for the development of the basin's 
water resources and as a guide in the selection of projects 
that ultimately will comprise the comprehensive plan for 
the utilization of the waters of the Colorado River sys
tem for irrigation, electrical power, and other purposes. 

Authority for the Report 

3. This report is authorized to be made by virtue of 
the Reclamation Act of June 17, 1902 (32 Stat. 388) 
and acts amendatory thereof or supplementary thereto, 
particularly the Boulder Canyon Project Act ( 45 Stat. 
105 7) and the Boulder Canyon Project Adjustment Act 
(54 Stat. 774). 

Cooperation and Acknowledgments 

4. The preparation of the report has been a joint effort 
of numerous Federal, State, and local governmental agen
cies, all looking toward the formulation of a comprehen
sive plan of ultimate development of the basin's water 
resources. The Geological Survey, National Park Serv
ice, Fish and Wildlife Service, Grazing Service, Bureau 
of Mines, Office of Indian Affairs, General Land Office, 
and Burq.u of Reclamation, all within the Department 
of the Interior; the Federal Power Commission; and the 
Forest Service of the Department of Agriculture have pre
pared reports which are appended hereto as substantiat
ing material. The experience and data files of the Corps 
of Engineers, War Department, and of the Soil Conserva-
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tion Service and Bureau of Plant Industry, Department 
of Agriculture, have been drawn on heavily through con
sultation with their personnel and free use of their 
publications. 

5. The States of the basin have contributed materially 
to the report, formally through the Committees of Four
teen and Sixteen, which reviewed critically and con
structively the initial draft of the substantiating ma
terial upon which this report is based, and less formally, 
but most usefully, through free access to their data and 
ready consultative services of their engineering and ad
ministrative personnel. The helpful services of many 
local governmental and private agencies, too numerous 
to be listed here, are gratefully acknowledged. 

Description of Area 

6. The Colorado River rises in the Rocky Mountains 
of Colorado and Wyoming, flows southwest about 1,400 
miles and enters the Gulf of California. It drains an area 
of 242,000 square miles in this country-one-twelfth of 
the area of continental United States. The Salton Sea 
Basin in southeastern California, which includes the 
Coachella and Imperial Valleys, is discussed in this re
port because of its intimate relationship to the Colorado 
River. 

7. In its course from the high peaks of the Rocky 
Mountains, the Colorado River traverses the mountain 
valleys of Colorado and Wyoming; flows through spec
tacular canyons, of which the Grand Canyon of the 
Colorado is the outstanding example, in southeastern 
Utah and northern Arizona; and finally, below Lake 
Mead, it courses through broad, alluvial valleys inter
spersed with mountain chains. 

8. Climatologically, the basin has the extremes of 
year-round snow' cover and heavy precipitation on the 
high peaks of the Rockies and truly desert conditions, in 
which precipitation is a rarity, in the Yuma area. Tem
peratures range from the temperate, affording only a 
90-day growing season in the high mountain meadows of 
Colorado and Wyoming, to the semitropical with year
round cropping in the Yuma-Phoenix area. Develop
ments by man within the basin are likewise startling in 
contrast, ranging from none in the remote plateaus of 
southeastern Utah and northern Arizona, inaccessible by 
highway or railroad and seen only by an occasional sheep
herder, to the intensely developed suburban and agricul
tural areas surrounding Phoenix and Yuma and within 
the Imperial Valley. 

9. The basin is important in the Nation's economy. 
Agricultural products include cattle and sheep from the 
vast range areas and the irrigated hay meadows of Wyo
ming, Colorado, New Mexico, Utah, and Arizona; 
temperate-climate fruits from Colorado; and citrus fruits, 
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winter vegetables, livestock, and hay from the Phoenix
Yuma and Imperial Valley areas. There are now un
der irrigation 2,260,000 acres in the Colorado River 
watershed and an additional 416,000 acres are irrigated 
with Colorado River water in the Salton Sea Basin of 
southern California. In addition to the water used for 
this irrigation, 184,000 acre-feet annually are being ex
ported to other adjacent stream basins in Colorado and 
Utah to supply requirements for irrigation, power, and 
domestic and municipal purposes, and 63,000 acre-feet 
were exported in 1945 to serve the Metropolitan Water 
District of Southern California. 

10. Enormous beds of bituminous and sub bituminous 
coal within the basin in eastern Utah, southern Wyoming, 
and western Colorado are estimated to contain nearly 
one-fourth of all the coal reserves in the United States. 
Mines in these areas now supply most of the coal require
ments in the Rocky Mountain and Pacific Coast areas, 
including transcontinental railroads and the Utah and 
California steel industries. Vast deposits of oil shale and 
bituminous sandstone are undeveloped but, with coal, 
are becoming increasingly important as petroleum re
serves approach exhaustion. Natural gas from basin 
fields in Wyoming, Colorado, and New Mexico supplies 
local needs and is piped to industrial areas outside the 
basin. Mines in Utah and Colorado are the leading do
mestic source of vanadium, uranium, radium, and molyb
denum. Since 1910, Arizona has consistently led all 
States in copper production through mines and ore re
duction mills within the basin. Gold and silver and sev
eral other metals, largely byproducts of copper mining, are 
mined in important quantities. Great beds of thinly
covered phosphate rock centering around the corner com
mon to Utah, W yarning, and Colorado provide a basis 
for a potential fertilizer industry. 

11. Present development of hydroelectric power also 
presents a contrast as between areas in the basin. In the 
upper basin, that is, the basin above Lee Ferry, Arizona, 
only about 60,000 kilowatts of hydroelectric power have 
been developed. In the lower basin, on the other hand, 
the Boulder and Parker Dam power plants, those on the 
Salt River near Phoenix, and other lesser hydroelectric 
developments have ·an aggregate installed capacity of 
1 ,258,000 kilowatts-roughly 50 percent of the depend
able capacity available to the southern California-Arizona 
area. In 1945 Boulder and Parker Dam power plants 
alone produced 6.1 billion kilowatt-hours-about 60 per
cent of the energy consumed in that area. Further in
stallation of 580,000 kilowatts of hydroelectric power is 
authorized or definitely planned. 

12. The basin is important to the Nation from a recre
ational standpoint. Rocky Mountain, Mesa Verde, 
Bryce Canyon, Zion, and Grand Canyon National Parks, 
many National monuments, and the Boulder Dam Na
tional .Recreational area lie wholly or partly within the 
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basin. These areas formally withdrawn for recreational 
purposes, together with the mountain streams and their 
unmatched trout fishing, the big game hunting, the In
dian reservations, and the painted deserts of northern 
Arizona make the basin a National playground. 

13. The construction of Boulder Dam by the Bureau 
of Reclamation was a great step in the control and de
velopment of the Colorado River. It has changed the 
character of a 565-mile section of the river from Grand 
Canyon to the Gulf of California. The dam controls 
destructive floods that formerly harassed farms and com
munities far downstream,. and releases a controlled 
stream as needed for power development and municipal 
purposes and to irrigate lands in the lower Colorado 
River, Imperial, and Coachella Valleys. As a result of 
construction of Boulder Dam the domestic water supply 
of 14 cities 250 miles west of the Colorado River in the 
vicinity of Los Angeles is being augmented through the 
Colorado River Aqueduct of the Metropolitan Water Dis
trict of Southern California. A new recreational area 
that attracts more than half a million people a year has 
been created by the dam and Lake Mead in an area for
merly forbidding and unvisited. The lake is stocked with 
fish and has become one of the important features in the 
migration flyways for wild waterfowl. Power from 
Boulder Dam has made possible the vast industrial ex
pansion of the Pacific Southwest, including the great 
shipyards, aircraft factories, and light metal refineries 
that helped so much to shorten the war. 

Problems of the Basin 

14. Substantial as is the contribution of the basin to 
the National economy, a much greater contribution can 
be made when its existing problems are eliminated and 
its potentialities developed. The basin's 900,000 people 
are less than one percent of the Nation's total but they 
occupy eight percent of the country's land area. Para
doxically, however, population pressure in parts of the 
basin forces young people to migrate elsewhere for oppor
tunities. In this arid and semiarid area optimum use of 
the vast land resources is dependent on water being avail
able for irrigation. Crop production without irrigation 
is possible in only a few areas and is of negligible impor
tance. A stabilized and increased irrigation supply 
would permit a shift to more intensive types of farming 
in some sections thus providing agricultural opportunities 
for more people. The practical limit of water resources 
development by private enterprise has been reached. 
Development of the vast mineral resources is awaiting the 
low-cost power that can be generated at multipurpose 
dams which will serve also for irrigation and flood and 
silt control. The recreational resources-no inconsider
able asset-will be further realized as the basin's other 
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resources and attendant community improvements are 
developed. 

15. More specifically, inability to produce sufficient hay 
to winter-feed livestock has prevented optimum use of the 
fine range land of Wyoming, Colorado, and northern 
Utah; and lack of winter feed in southern Utah, New 
Mexico, and Arizona has forced use of the range the 
greater part of the year, possible because of the milder 
climate, and vast areas have been overgrazed with at
tendant erosion and destruction of national import. 

16. Intensive irrigation farming is carried out in various 
parts of the upper basin, notably in the Grand Valley 
area in Colorado and the Uinta Basin in Utah. Several 
Federal Reclamation projects provide a fairly adequate 
irrigation supply in some areas but construction of addi
tional projects is needed to supplement irrigation sup
plies for inadequately irrigated lands, permit more lands 
to be irrigated, and provide for substantial improvement 
in domestic water facilities. 

17. Examples of lack of developed land and water 
resources to sustain existing communities are found in the 
Virgin River and Little Colorado River Basins. In the 
Virgin River Basin, somewhat isolated commercially and 
dependent almost exclusively upon an agricultural econ
omy, the average area per irrigated farm is about 30 acres. 
To supplement his income the farmer has been forced 
to overstock the range, with the result that it has become 
denuded. Economic distress in the midst of undeveloped 
land and water resources prevails. The same conditions 
hold in the Little Colorado River Basin. 

18. Population pressure, with its attendant demand for 
farm homes, has resulted in an overdevelopment of the 
water resources of the Phoenix area. Irrigators first re
lied on surface waters of the Gila and Salt Rivers, but 
expansion of irrigated areas led next to pumping of ground 
waters for purposes of drainage, and finally to overdraft 
of the ground water supply for irrigation. Ground water 
levels are being continually lowered, and pumping lifts 
already have become so great that substantial acreages in 
this very rich valley have been abandoned. Ultimate 
abandonment of as much as 200,000 acres is indicated 
unless a new supply of irrigation water is brought into 
the area. 

19. Only by substantial drafts on Lake Mead storage 
has the southern California-southern Arizona power mar
ket area been able to meet its electric energy requirements 
during the war years immediately past. Normal load 
growth will require that this area, its oil and natural gas 
fuel supplies being seriously depleted, look to further hy
droelectric power development on the lower Colorado 
River. Likewise expanding power loads in Utah, Colo
rado, and Wyoming focus attention on hydroelectric 
power possibilities in the upper basin. War emergency 
construction with the installation of 100,000 kilowatts of 
steam generating capacity in the Salt Lake City area 
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was necessary despite the importation to that area of a 
substantial amount of energy from Idaho and Montana. 

20. The Colorado River carries a tremendous volume 
of silt, depositing annually approximately 13 7,000 acre
feet into Lake Mead. The silt discharge of the river does 
not portend immediate serious effect on the useful life 
of Lake Mead, a tremendous reservoir, but the service of 
this reservoir would be prolonged with upstream silt con
trol. The small potential reservoirs at Bridge Canyon and 
Marble Canyon immediately upstream from Lake Mead 
would retain most of the silt now carried into Lake Mead 
but would soon be filled. Dams on heavy silt-carrying 
tributaries above these sites for the control of floods and 
silt, aided by proper watershed management, would do 
much to prevent impairment of the value of these 
main-stream reservoirs for river regulation and power 
development. 

21. The Colorado River has always been an unstable 
stream through the alluvial plains and its delta area be
low the site of Boulder Dam. Recent rising of the river 
bed from silt deposition in the Needles-Topock area has 
required continuous raising of levees to prevent destruc
tive flooding. In building its delta, the river has placed 
itself on a ridge, building it ever higher and continually 
threatening to break through protective works. In 1905 
the river broke through and flooded the Imperial Valley, 
vastly enlarging the Salton Sea, and substantially dam
aging irrigation works, agricultural lands and improve
ments, and the roadbed of the Southern Pacific Railroad 
Co. before it was turned back into its channel in 
1907. With desiltation of the river at Lake Mead, the 
channel downstream is undergoing a change in adjust
ing to the new regime. For the first 88 miles below Lake 
Mead the channel has been progressively lowered with 
most of the material being deposited in the 32-mile 
stretch next downstream. Control of the river channel 
below Boulder Dam is an important and difficult prob
lem which will require attention for many years. 

22. Although Boulder Dam provides full flood con
trol of the Colorado River at Black Canyon, the area be
low is still subject to floods of lesser degree originating in 
the watershed areas of the Colorado, Gila, and Bill Wil
liams Rivers below Boulder Dam. Above the dam there 
are no flood-control structures of significance to the river 
system as a whole. Local damage occurs frequently along 
tributary streams. For hundreds of miles above Boulder 
Dam the river and the lower stretches of its tributaries are 
confined in deep and barren canyons where floods can do 
no damage, but it is from these regions that most of the 
silt is carried into the river. 

23. Flows of most tributary streams from which irriga
tion diversions are made recede in late summer to such 
an extent that crops suffer seriously from lack of water. 
Numerous reservoirs are needed to store flood flows for 
release as required for irrigation. The construction of 
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Boulder Dam temporarily has solved the water-supply 
problem for main-stem diversion in the lower basin, 
but as expanding uses in all parts of the basin deplete 
available supplies, additional main-stream storage reser
voirs will be necessary for the holding of water from wet 
to dry years and to permit it to be metere~ out to the 
manifold interests having rights in the stream. Dams 
built primarily for river regulation could serve also for 
power production, flood control, silt retention, fish and 
wildlife propagation, recreation, and other purposes. 

24. The treaty between the United States and Mexico, 
which became effective on November 8, 1945, requires 
construction of Davis Dam (already authorized) by the 
United States within 5 years of that date, and necessitates 
certain facilities and arrangements for delivery of water 
to Mexico. 

25. Numerous small projects now divert water from 
the Upper Colorado River Basin and convey it by tun
nels or transmountain canals to ad joining watersheds for 
irrigation, domestic use, and power production. About 
184,000 acre-feet are now being exported each year. The 
Colorado~Big Thompson project in Colorado and the 
Duchesne Tunnel of the Provo River project in Utah, 
both under construction by the Bureau of Reclamation, 
together with possible expansion under existing projects 
will provide for the exportation of an additional474,000 
acre-feet from the upper basin. There is a growing de
mand for more water from the Colorado River from 
water users in the adjacent North Platte, South Platte, 
Arkansas, Rio Grande, and Bonneville Basins. An ulti
mate diversion of 3,380,000 acre-feet annually from the 
upper basin is physically possible apparently at reason
able cost but the exportation of this amount would sub
stantially limit potential within-basin uses. 

26. The All-American Canal and the Colorado River 
Aqueduct are now exporting about 2,500,000 acre-feet 
of water from the Lower Colorado River for use in Cali
fornia. Potential expansion of these diversions to 5,300,-
000 acre-feet is possible but would likewise conflict with 
potential uses within the basin. 

27. These major problems and others of smaller degree 
but nonetheless important to the economy of the basin 
and the Nation have prompted the preparation of this 
report. 

Water Supply 

28. In its virgin condition, before diversions were made 
by man, the Colorado River is estimated to have carried 
an average of 17,720,000 acre-feet of water annually 
across the International Boundary into Mexico. The an
nual flow varied from about 5,000,000 acre-feet to 25,-
000,000 acre-feet. Under the Mexican Treaty it is esti
mated that Mexico will receive 1,500,000 acre-feet 
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annually, leaving for consumption in the United States an 
average of 16,220,000 acre-feet plus such water as was 
consumed under virgin conditions by natural losses, pre
ventable in part with full basin development. 

29. Present water uses in the United States are esti
mated to deplete the virgin water supply at the boundary 
by about 7,120,000 acre-feet annually, leaving an aver
age of about 9,100,000 acre-feet to meet expanding uses 
under existing or authorized projects and to supply new 
demands for potential projects within the Colorado River 
Basin States. 

Division of Water 

30. The Colorado River Compact, signed at Santa Fe, 
N. Mex., November 24, 1922, and made effective by sub
sequent ratification by the seven basin States, and by en
actment of the Boulder Canyon Project Act ( 45 Stat. 
105 7), apportions the waters of the Colorado River sys
tem between the upper basin and the lower basin and 
provides that the States of the upper division (Colorado, 
New Mexico, Utah, and Wyoming) will not cause the 
flow of the river at Lee Ferry to be depleted below an 
aggregate of 75,000,000 acre-feet for any period of 10 
consecutive years. The compact also provides for a di
vision of surplus waters after October 1, 1963. There 
is no final agreement among the States of the Colorado 
River Basin as to the amount of Colorado River water 
to be allocated to individual States nor have all of the 
States made final allocations of water among projects 
within their boundaries. There is not complete agree
ment among the States regarding the interpretation of 
the compact and its associated documents (the Boulder 
Canyon Project Act, the California Self-Limitation Act, 
and the several contracts between the Secretary of the 
Interior and individual States or agencies within the States 
for the delivery of water from Lake Mead). This report 
makes no attempt to interpret the Colorado River Com
pact or any other acts or contracts relating to the alloca
tion of Colorado River water among the States and among 
projects within the States. 

Future Development of Water Resources 

31. Ultimate development of the water resources of 
the Colorado River will involve the investigation and con
struction of such projects as will fully utilize for irrigation, 
power production, flood control, and other beneficial pur
poses all the water in the Colorado River system available 
to the United States. Looking toward the formulation 
of a plan for comprehensive development, this report pre
sents for consideration 134 potential projects or units of 
projects, mostly multiple purpose, for use of water within 
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the natural drainage basin of the Colorado River. Po
tential projects for the export of water from the Colorado 
River Basin to adjacent basins are also discussed. The 
inventory of potential projects in this report and substan
tiating material is intended to be of use in the selection of 
projects which will comprise ultimately the final compre
hensive plan. It is not intended that the listing of projects 
in this report will preclude th~ consideration of others that 
additional investigations may show to be desirable. In the 
formulation of the ultimate plan, however, consideration. 
must also be given the possibilities for expanding projects 
now existing or authorized. Because of the limited water 
supply, it is not possible for all the potential projects to 
be constructed and for all the existing or authorized proj
ects to be expanded to the possible extent of their ultimate 
potentialities. Each development can deplete the stream 
flow only insofar as permitted by the Colorado River 
Compact and other legal limitations. The formulation 
of an ultimate plan of river development, therefore, will 
require selection from among the possibilities for expand
ing existing or authorized projects as well as from among 
the potential new projects. Before such a selection of 
projects can be made it _will be necessary that the seven 
Colorado River Basin States agree upon their respective 
rights to deplete the water supply of the Colorado River 
or that the courts apportion available water among them. 
Each State also will need to select from the potential 
projects within its boundaries those it desires to have con
structed to consume its allocation of water. The many 
decisions and selections to be made require a vast back
ground of factual information. To assist the States in 
the selection of projects the several agencies which have 
prepared this report stand ready to make available their 
consultative services and all information presently at 
hand. A great amount of engineering and economic in
vestigational work has been required to assemble and 
evaluate the information from which has been prepared 
this inventory of potential projects. Detailed information 
is available for a substantial number of potential develop
ments and only data of a reconnaissance nature for others, 
but from all the information available it should be possi
ble, prior to a final settlement of water rights, to select 
a group of projects which are urgently needed, or which 
will be key units of the comprehensive plan for construc
tion as the next stage of the development. 

32. Although there would be enough water in the 
river system to serve all of the 134 within-basin projects 
or units of projects if no further exportation of water is 
made, it may be found more economical and the States 
may elect to forego construction of some irrigation proj
ects within the natural drainage basin in order to make 
water available for exportation to adjacent watersheds 
within the basin States. When final allocations of water 
are made, moreover, some States may be unable to use 
their full amount unless part is exported. Power projects 



14 

do not consume water except by evaporation from power 
reservoirs, but most of these reservoirs serve multiple pur
poses and are required for full river regulation and con-
trol. · 

33. If all the 134 within-basin potential projects or 
units of projects were constructed, they would deplete the 
flow of the Colorado River by more than 6,000,000 acre
feet annually. New possibilities exist for the exportation 
of an additional3,000,000 acre-feet annually to areas out
side the natural drainage basin but within the boundaries 
of the Colorado River Basin States, as permitted by the 
Colorado River Compact. If all existing or authorized 
projects were constructed to the possible extent of their 
ultimate potentialities, they would increase present deple
tion by approximately 4,000,000 acre-feet. With present 
uses depleting the stream by about 7,000,000 acre-feet, 
the total depletions would aggregate more than 20,000,-
000 acre-feet, or about 25 percent more than the 
estimated amount of water available. Predominant 
among existing or authorized projects which could be fur
ther developed are those in the lower basin made possible 
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by the construction of Boulder Dam. Possible future de
velopment of these enterprises would increase present 
river depletions by about 3,600,000 acre-feet annually, of 
which 2,800,000 acre-feet would be used in California 
outside the natural drainage basin of the Colorado River 
and the remainder would be consumed in Arizona or 
California or lost by reservoir evaporation. In the upper 
basin completion of existing or authorized transmoun
tain diversion projects would further deplete the river by 
474,000 acre-feet annually and expansion of within-basin 
projects would cause a depletion of 82,000 acre-feet. 

34. The depletory effect on stream flow of all within
basin and export diversion projects, including existing or 
authorized projects and potential projects, is shown in 
table 1. The depletion shown under existing or author
ized projects include present depletions resulting from 
projects in operation and possible depletions which would 
result from the extension of existing projects or the con
struction of authorized projects. Depletions are shown 
for the 134 potential within-basin projects and for the 
new export diversion possibilities. 

TABLE I.-Present and potential stream depletions in the Colorado River Basin 

Basin and State 

Estimated average ann ual depletion (acre -feet) 1 

Existing or authorized projects 

Present 
depletion 

P ossible 
increase 

Potent ial 
projects 

Total 
ul t im>lte 
depletion 

------------------- ----------------- --------- - ------------------ ---------1------------ -------
Upper Basin 

Arizona ___________ __ ______ __________ --_--_--- _- --------------- - __ __ __ 10, 200 _________ __ _ 
Colorado ___ ________________________ --------- - --------- - ------_---_ ___ 1, 231, 300 507, 000 
New Mexico _______ ___________________ --- - ___ -_-------_---------_ - ____ 68, 400 ___________ _ 
Utah ______ ______ __________ _________________ - - --- _____ ---- - _--_______ 515, 900 32, 000 
Wyoming __ ___________________ ______________ -_-_-_-- ___ ----_--_______ 374, 000 17, 000 
Main stem reservoir losses ____________ - --- - -- __ - ___ -- ____ - ___ --- ___________________ _ _______ ____ _ 
Pasture irrigation __________________________ ______ ______________ _______ (•) (•) 

39,000 
2, 522, 000 

450,000 
1,462, 700 

576,000 
831,000 
500, 000 

SubtotaL ______________ ________________________ _ - -- _- _ _ _ _ _ _ _ _ _ _ 2, 199, 800 556, 000 6, 380, 700 

49,200 
4, 260, 300 

518,400 
2, 010, 600 

967,000 
831,000 
500,000 

9, 136, 500 
I========== I========= I========== I========== 

Lower Basin Arizona _____ ________ _______________________ ____________________ _____ _ 1, 407, 200 571,000 2, 015,400 3, 993, 600 
California __ _______ ________ ------ ____ ____ ____ __________ ~---- _____ ____ _ 2,680,000 2,946,000 176,000 5,802,000 Nevada _____ ______ ___________________________________ _______________ _ 43, 800 --- --------- 213,000 256, 800 New Mexico ______ __ _______ ___ _______________ ____ _________________ ___ _ 29, 000 --------- --- 8,000 37,000 Utah __ __________ __ __ _______________________________________________ _ 45, 000 ------- -- --- 56, 300 101,300 
Main stem reservoir losses ____ ___ -- ____ ------ __ _____ ____ _________ ______ _ 713,000 66,000 91,000 870,000 

Subtotal ____ ________________________________________________ __ _ 4, 918,000 3, 583, 000 2, 559, 700 11,060, 700 
1==== Total _________________________________________________________ _ 7, 117, 800 4, 139, 000 8,940,400 20, 197, 200 

Average flow available lor depletion in tbe United States, 16,220,000 acre-feet. 

Potential Projects 

35. The 134 projects or units of projects included in 
the inventory of potential projects for development of the 
water resources of the Colorado River Basin are all lo
cated within the natural drainage basin of the Colorado 
River, 100 in the upper basin and 34 in the lower basin. 

' Includes both uses within th e natural basin and export diversions to adjacent 
watersheds. 

' Included in depletions shown by States. 

(See par. 41, table II.) These within-basin potential 
projects considered as a group indicate in general the ulti
mate potentialities of future development. For that rea
son these projects are summarized in the following para
graphs. If similar basin reports for ad joining basins or 
individual project reports indicate the need and desirabil
ity for exporting water from the natural drainage basin for 
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use within the Colorado Basin States, as permitted by the 
Colorado River Compact, this would result in a corre
sponding reduction of within-basin uses. New possibilities 
for exportation of water to adjoining watersheds, such as 
the Blue River-South Platte and Gunnison-Arkansas proj
ects in Colorado and the Central Utah project in Utah, 
are mentioned in the substantiating material but are not 
tabulated and summarized in the inventory of potential 
projects presented in this report. 

36. If all of these 134 projects or units of projects should 
be constructed they would benefit 2,656,230 acres of land, 
1, 734,980 acres in the upper basin and 921,250 acres in 
the lower basin. Of this total 1,533,960 acres would be 
new land brought into cultivation, 1,230,810 acres in the 
upper basin and 303,150 acres in the lower basin, and 
1,122,270 acres of inadequately irrigated land would be 
furnished a supplemental supply, 504,170 acres in the 
upper basin and 618, 1 00 acres in the lower basin. (See 
par. 41, table III.) In addition to these lands vast areas 
of natural pasture lands in the upper basin would produce 
more abundantly under irrigation. These pasture lands, 
located mostly on gentle mountain slopes, have not been 
surveyed and consequently specific projects have not been 
planned to bring water to them, but in summarizing po
tentialities for new developments an ultimate river deple
tion of 500,000 acre-feet annually has been allowed for 
pasture irrigation. 

37. These potential projects include 38 hydroelectric 
power plants with a total installed capacity of more than 
3,500,000 kilowatts. (See par. 41, table IV.) Twenty
nine of the plants would be in the upper basin, mostly on 
tributary streams. The combined installed capacities of 
the upper basin plants would total 1, 713,000 kilowatts 
and the annual energy output 9.2 billion kilowatt-hours. 
This is more than the anticipated requirement for power 
in the upper basin and would leave some for transmission 
to adjacent areas. The 9 new plants outlined for the 
lower basin would have installed capacities totaling 1,945,-
400 kilowatts and would produce 10.2 billion kilowatt-
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hours of additional energy a year. This would satisfy 
all expected demands in the lower basin and the adjacent 
West coast power market area until 1960, at which time 
additional power developments would be required to meet 
growing demands. The potential power output in both 
the upper and lower basins could be maintained substan
tially even with full development of the river system for 
irrigation and other purposes. 

38. Potential power and irrigation reservoirs would 
make a substantial contribution to flood control in the 
basin, but the extent of that contribution cannot, of course, 
be determined until the projects to be constructed have 
been selected. Some of these reservoirs would permit use 
of a greater part of Lake Mead's capacity for irrigation 
storage and power production. 

39. Reservoirs provided for irrigation, power produc
tion, or flood control would have incidental value for fish
ing, boating, and other recreational purposes. Reservoirs 
could be operated to maintain or improve the fishing in 
mountain streams. Specific projects are described which 
would furnish municipal supplies to Tucson, Ariz., and 
the Grand Valley area in Colorado. Future water re
quirements for growing municipalities and industries 
could be provided as needs arise. Many of the reservoirs 
would have storage capacity for retention of silt and miti
gate that menace for a great many years to come. 

40. Construction of all these potential projects for use 
of water in the natural drainage basin, including transmis
sion grids, is estimated to cost $2,185,442,000 with expen
ditures divided $930,142,000 in the upper basin and $1,-
255,300,000 in the lower basin. These preliminary esti
mates are based on costs as of January 1940. 

41. These 134 potential projects or units of projects, 
together with their locations, sources of water supply, pur
poses to be served, and estimated construction costs are 
listed in table II. Potential irrigation and power develop
ments that would result from the construction of these 
projects are summarized in tables III and IV, respectively. 

TABLE H.-Potential projects in the Colorado River Basin 

Project and unit I Location of project Source of water supply 

---------------~-~---------------

Upper basin 
Sublette_________ _ _ _ _ _ _ _ _ _ _ _ _ Wyoming_______ _ _ _ _ _ _ _ _ Green River- -- - -- - --- ------------

West Side ____________________ do __________________ -_--do_-- --- ----- - --- ---- --------
DanieL ______________________ do ______________________ do_---_----------------------
Elkhorn ______________________ do ______________________ do ____________ --------------
Paradise _______________________ do___________ _ _ _ _ _ _ New Fork River _____ - ------ --- ----
Eden _________________________ do___________ _ _ _ _ _ _ Big Sandy Creek_ ___ ------ --------

t~13:~g!~~-~~~~~== === = === =====~~===== == = = == = = ====~-L~B~r~~-c~~~k:~== = =::: = =:::: =:: :== Fontenelle ____________________ do _________________ l Fontenelle Creek _________ - ------
Seedskadee ___________________ do _________________ Green River _____________________ _ 

OpaL ____________________________ do_________________ Hams Fork _____ ------------------

I 
Purpose to be served t Estim.ated construc

tiOn cost' 
' 

I, F, p_________ $36, 500,000 
I, F _________________________ _ 
I, F _________________________ _ 
I, F, P ______________________ _ 
I ______________ --------------
I ______________ --------------
I ______________ ··-- ---------. 

L ~-= _= ~ = = = = = = = = = I= = ~ = = = = = = = = = = = I, F____________ 3, 600,000 
Lyman ___________________________ do_________________ Blacks Fork, Smiths Fork __ ---- .. ---
Henrys Fork _________________ Wyoming, Utah _________ Henrys J!'ork ______________________ l 
Flaming Gorge ____________________ do___________ _ _ _ _ _ Green R1 ver- --- ----- - - - ----------

I, F ___________ -~ 4, 330, 000 
I, F____________ 1, 470,000 
P, F, H, S------ 10,000,000 

See footnotes at end of table. 
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TABLE H.-Potential projects in the Colorado River Basin-Continued 

Project and unit Location of project Source of water supply 

Upper basin-Continued 

Red Canyon _________ -_______ Utah_____________ ____ __ Green River _____________ ________ _ 
Little Snake River_ ___________ Wyoming, Colorado _____ L1ttle Snake River tributaries ______ _ 
Upper Yampa _____________ ___ Colorado _______________ Yampa River_ _____________ ______ _ 
Wessels _____________________ _ _____ do _________ _____ ___ ____ . do ____________________ ______ _ 
Mount Harris _______ ________ _ ____ _ do _____________ __ __ Tributaries of Yampa River_ ______ _ 
Great Northern ____ ______________ _ do__________ _ _ _ _ _ _ _ Elk head Creek and Elk River ______ _ 
Yellow Jacket_ ______________ _ ____ _ do _________________ Whi te River and Milk Creek _______ _ 
Deadman Bench _____ _______ __ Colorado, Utah _____ ____ Yampa River_ _______ ___ _________ _ 
MaybelL _________ ____ ____ ___ Colorado ________ ______ _ ___ __ do ____ ______________________ _ 
Cross Mountain ________ ------ _____ do _________________ ____ .do ___ _______________________ _ 
Lily Park ___________ _________ ____ _ do ______ ---- - - - - - - _ __ __ .do ________________ ____ ___ ___ _ 
Josephine Basin ________ _____ _ _____ do __________________ ____ do __________________________ _ 
Piceance ____________ ____ __ _ - - _____ do__________ ______ _ Piceance Creek _______ ____ ____ ____ _ 
Moon Lake Extension ________ _ Utah _______________ __ __ Duchesne River and tributary _____ _ 
Fruitland ___________ _____ ____ ____ _ do__________ ______ _ Red Creek _____________ ______ ____ _ 
Castle Peak ____ --------- ----- __ ___ do__________ _______ Duchesne River ______ ______ ____ __ _ 
Mof\by _____ __________ _____ __ __ ___ do____________ _____ Deep Creek, Whiterocks River ___ __ _ 
VernaL ___________________ - _ ____ _ do__________ _____ _ _ Ashley Creek_ ___________________ _ 
Jensen _____________________ __ ____ do ______________ ___ Brush Creek _____________________ _ 
Minnie Maud _______ ________ _ ____ _ do ____________ ___ __ Minnie Maud Creek ____ __________ _ 
Green River Pumping __ ___________ _ do____________ _ _ _ _ _ Green River _____________ ____ ____ _ 
Echo Park ___________________ Colorado ____________________ do ____________ ______________ _ 
Split Mountain ________ _______ Utah __________________ _ __ ___ do ________________ __________ _ 
Emery County--------- __ - - - - - - - - _do________________ _ Cottonwood Creek ______________ _ ~-
Buckhorn_-----_--------_---- __ -_ .. do __ ----____ _______ Huntington Creek ______________ __ _ 
Gunnison Valley ________ - ___ ._- __ __ .. do_________________ Green River _____________ ____ ____ _ 
Desolation Canyon _______ __ - _ _____ do _____________________ .. do ________________ __________ _ 
Rattlesnake Power _____________ ____ do ______________________ do _____________________ ___ __ _ 
Troublesome .. __________ --_ - -_ Colorado .. _____________ _ Troublesome Creek _______________ _ 
Muddy Creek ______________ - __ ____ do________________ _ Muddy Creek ___________ _______ __ _ 
Gore Canyon_-------- ___ --_- - ____ .. do_________________ Colorado River _________ ________ __ _ 
Fourmile _______ ------- - -- - -- ___ __ do _______ ------____ Fourmile Creek ____ ---------- - ___ _ 
Cattle Creek _______________ - ______ do ___ ·---______ _____ Cattle Creek _________________ ____ _ 
Capitol Creek _________ ______ _ _____ do _________________ Snowmass Creek ________ _________ _ 

;;;~~~~~ _ ~~~~~ ~ ~ ~ = = = = = = = = = = = = = = = = = = ~~ = = = = = = = = = = = = = = = = = ~?::ic~e!~~~ ~ ~ ~ = = = = = = = = = = = = = = = = = = West Divide ___________ ______ _____ do________________ _ Middle Willow Creek_-- - --- - - - ___ _ 
Hunter Mesa __________ ------ - -- ___ do_ __ ___________ ___ Buzzard Creek ___________________ _ 
Roan Creek _______________ -- __ __ __ do__________ _______ Carr Creek __________________ ____ _ 
Collbran __________________________ do _________________ Plateau Creek _______ ______ _______ _ 
Grand V~lley Extension ____ _______ _ do __________ ____ ___ Colorado River_ __________ ____ ____ _ 
Cisco-Thompson________ _____ _ Colorado, Utah __________ _____ do. a _________________________ _ 
Tomichi Creek___________ ___ _ Colorado____________ ___ Tomichi Creek _____________ _____ _ _ 
Cochetopa Creek _____________ _____ do__________ _______ Cochetopa Creek _______ ________ __ _ 
Ohio Creek ________ _____ __________ do ________________ _ Anthracite and Castle Creeks ______ _ 
Lake Fork _________ ___________ ____ do ________________ _ Lake Fork _______________________ _ 
Sa pi nero_---- __________ - __ - ___ ___ _ do________________ _ Gunnison River ________________ __ _ 
Fruitland Mesa ___________________ _ do______________ ___ Curecante and Sapinero Creeks ___ _ ·--
Smith Fork _______________________ do _________________ Smith Fork ____________ ______ ____ _ 
Paonia _____ ______________________ do __ __________ ____ _ East Muddy Creek and North Fork __ 
Minnesota _____________ - ___ - - ____ .do .. _______ ________ _ Minnesota Creek ___________ .. _____ _ 
Leroux Creek ____________________ _ do________ _ _ _ _ _ _ _ _ _ Leroux Creek ____________ ________ _ 
Grand Mesa _____ - ______ - __ -- - __ __ do_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Currant, Surface, and Tongue Creeks_ 
Ouray ______________________ ___ ___ do_------___ ______ _ Uncompahgre River ______________ _ 
Redlands ____________ _________ ____ do ____ ·__________ ___ Gunnison River __________ ________ _ 
Saucer Valley __________ - ___ __ ____ _ do__________ _______ Disappointment Creek __ ____ ______ _ 
Nucla ___ __________ __________ _____ do ____________ _____ Horsefly and Cottonwood Creeks ___ _ 
San MigueL ________________ _ ___ . _do__________ _______ Anderson, Naturita, Dry Creeks, 

and San Miguel River. 
West Paradox __________ _____ _ ___ __ do __________ _______ West Paradox, Deep, and Geyser 

Creeks. 
Dewey ____________ ________ - - Utah_-------_______ ____ Colorado River_ __________ __ ------ -
Moab __________________________ __ do __________ ____ ___ _____ do ______________ . ____________ _ 
Pack Creek ____________ _____ __ ____ do_________________ Mill Creek ___________ ____ . __ . __ __ _ 
Hatch Creek ______ ________ __ _ _____ do ______________ ___ Hatch Creek _______ ______________ _ 
Dulce-Chama-Navajo____ ___ __ Colorado___________ ___ _ Navajo River _______ _____ ______ __ _ 
South San Juan ______ ____ ___ _ New Mexico _____ _______ San Juan River_ _____ __________ __ _ 
Carracas __ _______ _____ ______ _ Colorado ________ _______ ____ _ do ______ ___ ___ __________ ____ _ 
O'Neal Park _______ ______ _________ do ________ ________ _ Piedra River ____________ ____ ___ __ _ 
Hammond ___________ __ ___ ___ New Mexico _______ _____ San Juan River_ ____ __ _______ ____ _ 
Shiprock __________ ________ __ _ ____ _ do ______________ ___ ____ _ do ____________ ______________ _ 
Emerald Lake _____________ ___ Colorado __________ __ ___ Pine River _________ ____________ __ _ 
Pine River Extension ________ _ Colorado, J\ew Mexico ________ do __________________ ________ _ 
Florida ______ .________ ____ ___ Colorado______________ _ Florida River __________ _______ . __ _ 

See footnotes at end of table. 

Purpose to be served 1 Esti"l~~~g~f~truc· 

P, -F ________ __ _ 
I, P, F ________ _ 
I, F ___________ _ 
I, F ___________ _ 
I, F ___________ _ 
I, F ______ __ ___ _ 
I, F ___________ _ 
I, P, F, H, S ___ _ I ____ _________ _ 
p _____________ _ 
P, F __________ _ 
I _____________ _ 
I, F _________ __ _ 
I, F ___________ _ 
I, F _________ __ _ 
I, F ___________ _ 
I, F ___________ _ 
I, F __________ _ 
I, F ___________ _ 
I, F _______ ____ _ 
I _____________ _ 
P, F, H, S _____ _ 
P, F, H, S _____ _ 
I, F ___________ _ 
I, F ___________ _ 
I _____________ _ 
P, F, H _______ _ 
P, F, H _______ _ 
I, F ___________ _ 
I, F ___________ _ 
p _____________ _ 
I, F ___________ _ 
I, F. __________ _ 
I _____________ _ 
!_ ____________ _ 
I, F ___________ _ 
I, F ___________ _ 
I, F ___________ _ 
I, F _________ __ _ 
I, F, M~-------I _____________ _ 

P, I, F, H, S ___ _ 
I, F ___________ _ 
1', F------------I, F ___________ _ 
P, F __________ _ 
P, F __________ _ 
I, F ___________ _ 
I, F ___________ _ 
I, F _________ __ _ 
I, F _________ __ _ 
I , F ___________ _ 
I, F _________ __ _ 
P, I, F ________ _ 
I, F _________ __ _ 
I, F ___________ _ 
I, F _________ __ _ 
I, F _________ __ _ 

I, F ___________ _ 

P, F, H, S ____ _ _ 
P, F, H, S ____ _ _ 
I, F _____ ______ _ 
I, F ___________ _ 
I, F ___________ _ 
I, F ___________ _ 
I _____________ _ 
!_ _ ________ _ __ _ 
I _____________ _ 
I, F ___________ _ 
P, F ________ __ _ 
I _____________ _ 
I, F ___________ _ 

$4, 100, 000 
21,500, 000 

2, 300, 000 
1,100, 000 
3,300,000 
2, 700, 000 
4, 700, 000 

23,800,000 
700, 000 

5, 000, 000 
1, 900,000 

300,000 
800, 000 

7, 900,000 
400,000 

5,300,000 
1,100,000 
1, 500,000 

300,000 
100,000 
400,000 

43, 000,000 
23,000,000 

2, 500,000 
1,200,000 
1,100,000 

21,000,000 
23,000,000 

2,210,000 
500,000 

3,800,000 
600,000 
430,000 
130,000 
170,000 

1,320,000 
1,300,000 
1, 500,000 

610,000 
I, 940,000 

415, 000 
34,240,000 

1,860,000 
1,150,000 
1,080, 000 
1, 300, 000 
7,800,000 
3, 500,000 
2, 200, 000 
1, 400,000 

820,000 
2,800,000 
1, 920,000 
4, 100, 000 

367,000 
940,000 

1, 500,000 
6, 590,000 

640,000 

38,000, 000 
9, 900, 000 

775,000 
400, 000 

1,627,000 
35,000, 000 

36, 000 
880,000 
725,000 

21, 141, 000 
6, 200,000 
1,835, 000 
2, 290, 000 
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TABLE H.-Potential projects in the Colorado River Basin-Continued 

------~:~~~:r~~~------ ----~:~~~~~:~~---- -------~~~:~~~~~~~: _______ !~~~:~~~~:~~~ ~~ti~~~~£::: 
Upper basin-Continued I 

Animas-La Plata ____ _________ Colorado, Kew Mexico ___ Animas and La Plata Rivers _____ ___ \ I, P, F, S ___ __ _ _ 
McElmo___ __ _ _ _ _ _ _ _ _ __ _ __ _ _ _ Colorado_______ __ ______ McElmo Creek _______ ___ ________ __ I, }<' __ _________ _ 
Montezuma Valley Ex tension ___ ____ do__ _______ _ _ _ _ _ _ _ _ Dolores Ri vcr _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I, F __ __ _______ _ 
Dolores __ ____________ __ ___ ___ Colorado, Utah ____ __ __ _ _____ do ___ ___ __ ________ ____ ____ ___ I I, F,_S ____ ____ _ 
Blanding____ ___________ _____ Utah____ __________ _____ Recapture Creek_________ ____ __ ___ I, F _______ ____ _ 
Navajo Indian Project _____ ___ _ Colorado ______ _____ ____ San Juan River_ __ _____________ ___ I, F, s ____ ___ _ _ 
Bluff__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Utah_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ do __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ P, F __________ _ 
Goosenecks __________ ____ _________ do _________ ____ __ _______ do ____ __ ._________ ___________ P, S, F, H ____ _ _ 
Slick Horn Canyon ____ ____ ___ _____ do __ _________ ____ __ _____ do ______ __________ ____ _______ P, S, F, H _____ _ 
Great Bend ______________________ _ do ________ ______ ___ _____ do ____________ ______ ______ ___ P, S, F, H __ __ _ _ 
Fremont ____________ __ ___ _____ ___ _ do _________ - ___ ____ Fremont River _______ _____ _____ ._ _ I, F ___ ____ ___ ~ _ 
Torrey ___ ________ ___ ___________ __ do _____________ __ __ ____ _ do ____________ ----------- - -- I , F _______ ____ _ 
Escalante ___________ ___ _______ ____ do ________ ________ .. Escalante River____ ____ __________ _ I, F ___________ _ 
Dark Canyon ___________ _______ ___ do ____________ _____ Colorado River_ ________ __ ___ ______ P, F, S, H ___ __ _ 

~;~~s~~~~~-Grid== = == = = === = = _ ~~~~~~~= = === == == === = == = == = ==~~= = = = == === = ==== == = = == == = = === _ ~~ -~·- ~~ ~== = === 
Subtotal, upper basin ____ ____ __________ _____ ____ _______ ____________ ___ _________ ___ ________ _______ _ 

Lower basin 

Snowflake ____________________ Arizona _________ _______ Showlow and Silver Creeks __________ I , F, S ________ _ 
Black Creek _________ __________ ___ _ do ________ ______ ___ Black Creek ______________________ I, F, s ______ __ _ 
Holbrook ___________ ___ ___________ do __ ______ _________ Little Colorado River_ __ ________ __ _ I, F, S, C ______ _ 
Winslow ___ _______ ____________ ____ do ______ ____ _______ Clear and Chevelon Creeks _________ I , F, S ____ ____ _ 
Kanab Creek _______ __ _____________ do ___ ___ _______ . _ _ Kanab Creek______ ______________ _ L ------ ______ _ 
Hurricane ____________ _______ Utah, Arizona__ __ ___ ___ Virgin River___________ ___________ I, P, S, F ______ _ 
Santa Clara___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Utah__ ___ ___________ ___ Santa Clara River______ __ _________ I, F, S ____ ____ _ 
Panaca Valley---------------- Nevada _________ ______ _ Meadow Valley Wash ___________ __ _ I, F ___________ _ 
Moapa Valley _______ ____ _____ ______ do __________ _______ Muddy River_ _____ _________ ___ ___ I, F, S ________ _ 
Moapa Valley Pumping ____ ________ do __ ___ ___ _________ Lake Mead ________ ____ __________ _ !_ __ ________ __ _ 
Marble Canyon-Kanab Creek __ Arizona __________ __ ____ Colorado River_ ________ ___________ P, F, S, H ___ __ _ 
Coconino _____ _____________ ________ do ____ ________ _____ Little Colorado River_ ____ ________ _ F, S, H ______ _ _ 
Bridge Canyon ____ __ ______________ do ________ ________ _ Colorado ____ ____ ____ _____________ P, I, F, S, H ___ _ 
Virgin Bay Pumping ___ _______ Nevada ____ ___ ___ ______ Lake Mead ________ _____________ __ !_ __ __________ _ 
Las Vegas Pumping ___ ___ __________ do _________ __ ___________ do __ ___ _______ _______________ I, M ______ __ __ _ 
Davis Reservoir Pumping ____ _______ do____________ _____ Davis Reservoir_ __ ----_ ___________ I _________ ____ _ 
Big Bend Pumping ______ __________ do ________ _________ Colorado River ____________________ !_ ____________ _ 

' Fort Mojave ________ ____ ___________ do __________ ____________ do ____ ___ ___ ___ _____________ _ ! __ ____ _______ _ 
Mojave Valley________________ Arizona __________ __ _________ do_______ _____ ______ _________ L ___ _____ ____ _ 
Alamo ____ __________ ______________ do ________ ________ _ Bill Williams River ________________ F, P, H _____ __ _ 
Palo Verde Mesa _____________ California ________ ____ __ Colorado River_ ____ __ _____________ }_ ________ ____ _ 
Wellton-Mohawk_____________ Arizona _______ ________ _ _____ do___________________________ L _________ __ _ _ 
SentineL _____________ ____ ________ do________ _________ Gila River_________ _______________ F, H __________ _ 
River rectification and controL_ California-Arizona_ __ ____ Colorado River_____ __ ____________ F _____________ _ 
Central Arizona: ________ ______ Arizona ___ _______ __ _________ do ____________ _________ ______ I, F, P, M, U __ _ 

Salt River. 
Paradise Valley. 
San Carlos. 
Charleston. 
Safford Valley. 
San Francisco. 
Duncan-Virden Valley. 
New Mexico. 

Chino Valley __________________ ____ do __ _______ ___ ___ ._ Granite and Willow Creeks _________ }_ __ ____ ______ _ 
Hassayampa ______________________ do ________ ______ ___ Hassayampa River _______ _________ I, F _________ __ _ 
Transmission Grid _____________ ________ _______ __ _________________ __ ____ __ ____________ ___ ____ ___________ _ 

$63,534,000 
390, 000 

1, 300, 000 
12, 200, 000 

567, 000 
2, 910,000 

19, 000, 000 
5,200, 000 
6,300, 000 

10,000,000 
800, 000 
200,000 
900, 000 

105, 000, 000 
64,000,000 

170, 000, 000 

930,142,000 

$2,600,000 
1,800, 000 
1, 300, 000 

19,000, 000 
200,000 

9, 200,000 
1, 700,000 
1,300,000 

700, 000 
2, 800,000 

382,000,000 
4,000,000 

146, 500, 000 
1, 300,000 
8,400,000 

500,000 
700, 000 
800,000 

1, 900,000 
3, 200,000 
3,100,000 

10,600,000 
15, 000, 000 

5,000, 000 
432, 800, 000 

150, 000 
6,650, 000 

192,100,000 

Subtotal, lower basin ____ ----- - ------------- - - -- - ------ -- - - - - --- --------- - - - ------------------- - - - - - 1, 255,300,000 
Total, Colorado River 

Basir.. ________________ ----- - ---------- - ------- ----------- - ------------------- - - - -- ----------- - -- 2, 185,442,000 

1 Symbols used: !=irrigation; F=flood control; P=power; H =hold-over storage for river regulation; S=silt retention; M=mnnicipal; U=underground water recharge· C= 
channel improvement. In addition many potential reservoirs would have value for recreation and fish and wildlife conservation. ' 

• Preliminary estimates based on construction costs Jan. 1, 1940. 
a Hall the water required for this project would be diverted from the Gunnison River by exchange. 
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TABL E IlL-Potential irrigation development in the Colo
rado River Basin 

Area to be benefited (acres) 

Basin and State 
New land 

Furnished I 
supplemental Total 

watrr 
~----·-

6, 000 II 24, 680 
226, 550 670, 610 

15, 100 240, 060 

Upper basin 

~~i~~~do~~~~~~~= = ==-~== = = j 4!~: g~g 
Utah ___ __ _______ _____ ____ 251 , 780 161 , 160 412, 940 
Wyom ing______ __ _________ 291,330 95, 360 386, 690 

N ew Mexico ___ ___ __ ______ !' 224, 960 

'------1-------1-
Subtotal, upper basin ____ /1, 230,810 

·- - - -

Lower basin 

Arizona ________ ____ __ ___ j 
California ____ ____ __ __ .. __ __ : 
Nevada ____ ____ ___ .. _. ___ -~ 
New M exico ___ _____ ____ _ _ 
Utah _____ _____ __ ________ _ 

504, 170 
------'- - -----

229. 050 
16; 000 ' 
43, 100 1 

2, ooo I 
13, 000 I 

303, 150 1 

I 
I 
I 

594, 600 I 
0 ' 

4, 500 I 
10, 800 
8, 200 I 

618, 1oo I 
- - - -

1, 734, 980 

823, 650 
16,000 
47, 600 
12, 800 
21, 200 

921, 250 Subtotal , lower bas il L --- -1 
T otal, Colorado River l 

Basin __ __ __ ___ ______ _ - il , 533, 960 11, 122, 270 i 2, 656, 230 

TABLE IV.-Potential power develojJment in the Colorado 
River Basin 

Basin and State stalled capacity t ion (kilowatt-I 
Power plant in- ~ Annual firm genera-

Upper basin ---!-- ~k~l:~att~)- -~~"-

Arizona__ ________ _____ __ ___ ___ 400, 000 ,2, 188, 000, 000 
Colorado _______ ___ ______ _____ 325, 500 1, 661 , 000, 000 
New Mexico ___ ___ ______ ___ ___ _______ ____ ___ ____ __ _____ _ 
Utah_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 986, 000 5, 383, 000, 000 
Wyoming_____ __ _______ ______ 1, 500 9, 000,000 

Subtotal, upper basin_ _______ _ 1, 713,000 9, 241,000,000 

Lower basin 

Arizona_____ _____ ____ ___ ___ __ _ 1, 937,800 10,182,000, 000 
California __________ _______ ____ ______ _______ __ ___ __ __ ___ _ 
N evada __ __ __ ___ __ _____ ______ .. ______ ______ __ ___________ _ 
New Mexico______ ______ ______ _ 3, 000 8, 000,000 
Utah _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 4, 600 15, 000, 000 

Subtotal, lower basin_ ________ 1, 945, 400 10, 205, 000, 000 

T otal , Colorado River Basin___ 3, 658, 400 19, 446, 000, 000 

1 Net firm generation, exclusive of replacement power. 

Summary of Annual Benefits and Costs 
of Potential Projects 

42. A definite analysis of basin-wide development of 
water resources cannot be presented until a final selection 
of projects has been made. The following estimates and 
approximations are based on development of all potential 
within-basin projects summarized in the report. This 
analysis is presented to indicate the economic feasibility 
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of a comprehensive plan for ultimate development of the 
water resources of the basin. All projects are considered 
integral units of a basin plan and as such their economic 
feasibility is comprehended by the finding of feasibility 
for the over-all basin plan. To accommodate ultimate 
development to the available water supply, those projects 
which further investigations show to be the less desirable 
will be eliminated from the ultimate plan. If some States 
elect to use part of the water to which they are entitled in 
out-basin or export diversion projects, a corresponding 
elimination of within-basin projects will be necessary. 
The ultimate effect of this selective process undoubtedly 
will be an even more favorable showing of economic justi
fication for the over-all basin development. 

43. It is expected that an allocation of costs as pro
vided in section 9 of the Reclamation Project Act of 1939, 
and acts amendatory thereof or supplementary thereto, 
would result in an equitable and appropriate distribution 
of allocable costs among the purposes to be served. 

44. Estimates of benefits from irrigation, power pro
duction, municipal water supplies, and flood control are 
summarized in the following table. The increase in gross 
crop income is taken as the measure of the benefits from 
trngation. For the purpose of illustration, power bene
fits are determined as the gross income from the sale of 
electric energy at an assumed rate of four mills a kilowatt
hour, delivered at load centers. Returns from the sale of 
water for municipal purposes are not subject to a precise 
analysis but a gross annual return of $500,000 is assumed 
as a measure of the municipal benefits. Flood control 
benefits resulting from the construction of numerous dams 
and other structures are measured by the decrease in 
average annual flood damages along the Colorado River 
and its tributaries. These benefits indicate that a basin
wide plan for full development of the water resources 
could return to the Nation $1.30 for each dollar required 
to construct, maintain and operate the projects. 

Annual benefits 
Irrigation benefits _______ _____________________ _ 

P ower benefit s --------------- - - - -------- ------
Flood control benefits---- - -- - ---------------- - -
Municival benefits ______ __ _____________ __ _____ _ 

$65,000,000 
72,000, 000 
1,000, 000 

500, 000 

Tota l measurable annua l benefits__ ____ ____ 138, 500, 000 

A nnual costs 

Operation and maintenance______ ______________ _ 23,000, 000 
Amortization of construction cost ($2,185,442,000) 

in 50 yea rs a t 3 percent_ _____ __________ ______ _ 85, 000, 000 

Total annual costs _____ __ __ ______ _________ 108,000,000 

Ratio of benefits to costs 
R a tio of annua l benefits to annual costs ________________ 1. 3: 1 

Extended Benefits. to the West and to the Nation 

45. The beneficial effect of complete control and util
ization of waters of the Colorado River would be far-
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reaching. Some benefits are tangible and are subject to 
measurement in monetary terms with a considerable de
gree of accuracy while others are less tangible and are not 
subject to accurate measurement. For example, a stable 
agriculture and abundant low-cost power together pro
vide a sound basis for industrial and commercial expan
sion and thus are important to the region and the Nation 
but are not readily susceptible of dollar evaluation. Still 
other values would grow from better control of silt in the 
stream channels, from improved conditions for fish and 
wildlife, and from the enhancement of recreational facili
ties. A few of these less tangible benefits to the West and 
to the Nation are cited in the following paragraphs. 

46. In the Colorado River Basin arable land without 
water is worth $1 to $5 an acre. Improved and irrigated 
it would be worth $75 to $300 an acre. The reclaiming 
of 1,500,000 acres would probably add more than one
quarter billion dollars to taxable values and supplemental 
water for 1,100,000 acres would further expand the tax 
base from 50 to 100 million dollars. This would pro
vide increased return to State and local taxing institutions 
thus permitting improvements in the various services nec
essary to the welfare of the people. Increased earnings 
would also reflect favorably on income-tax receipts. 

4 7. An increase in gross crop income estimated at 
$65,000,000 a year at prewar prices would in substantial 
measure represent feed for livestock. Conversion of these 
crops to beef, mutton, hides, wool, poultry, and dairy 
products would result in a much higher gross farm in
come. The increased revenue to the farmers would be 
spent in part for domestic and professional services, for 
common and skilled labor, for transportation and utili
ties, and for processing and packing. The thousands of 
farm families and an appreciably greater number who will 
provide services for the people will have increased pur
chasing power for services arid commodities provided 
from nearly all parts of the Nation. 

48. The availability of an abundance of low-cost elec
tric power would stimulate industry in the entire power 
market area and, like expanded irrigation, would result 
in the creation of new taxable values, new opportunities, 
and increased purchasing and consuming power. Elec
tricity could partially replace the West's diminishing oil 
reserves as a source of fuel and energy in homes, factories, 
and railroads. It would stimulate further the extraction 
and processing of the Colorado River Basin's vast mineral 
resources including metals, fertilizers, and the . coal and 
shale which in the not-far-distant future may replace 
petroleum as the Nation's major source of oil and gaso
line. 

49. Increased production of food and fiber on basin 
farms would help to meet the increased demands of a 
growing Nation. The livestock and livestock products, 
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citrus and other fruits, vegetables, seeds, sorghums and 
other agricultural produce from Colorado River Basin 
farms as a rule are not produced in this country in suf
ficient quantities to satisfy domestic needs. Foods pro
duced in the basin are predominantly of a variety needed 
to improve the national diet and assure good health. The 
crops are supplemental to, rather than competitive with, 
crops produced on agricultural lands of other sections of 
the country. Full development of the water resources of 
the Colorado River will actually increase the demand for 
the products of farms in the great midwestern and south
ern farrp. belts. 

50. Reservoirs will add scenic beauty and have recrea
tional value. They will become the habitat of fish and 
wildlife. By affording control of stream flows they can 
be operated to improve fishing in the Colorado River and 
its numerous tributaries. Improved roads constructed to 
remote reservoirs, power plants, or tunnel portals will 
make accessible great scenic wonders, fishing spots, and 
hunting areas not now reached by modern travel. 

51. Construction of the many projects would provide 
widespread employment. Less than half of the amount 
spent for labor would go to workers at project sites and the 
remainder to workers at producing centers, principally 
east of the irrigation States. As the projects are placed 
in operation many thousands of people will find employ
ment opportunities in agriculture, industry, and the nu
merous associated and dependent enterprises that will. be 
expanded or created as a result of these developments. 

52. The Nation will more nearly approach economic 
self-sufficiency in the production of food and in the mining 
and processing of minerals. Vast facilities for increasing 
the national strength with food, power, industry, and 
mineral development, constructed in times when labor 
and materials are abundant, will stand ready to produce 
with a minimum expenditure of effort in time of war. 

Reimbursement and Flood Control Allocation 

53. The total estimated construction cost of all the 
potential within-basin projects outlined in this report is 
$2,185,442,000, based on January 1940 prices. Costal
locations to some benefits of a public character cannot 
appropriately be considered repayable by the water users 
under reclamation laws. Of the total cost, it is estimated 
that an allocation of $25,000,000 may reasonably be made 
to flood control. It is further estimated that gross reve
nues collectible from irrigators, power users, and munic
ipalities will amount to $57,500,000 annually in excess 
of costs for operation and maintenance. The latter sum 
could be applied toward repayment of those reimburs
able costs resulting from the allocations made to the 
various benefits. 
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Construction Program 

54. There is need for proceeding at an early date with 
the construction of certain of the potential projects. In 
areas such as would be served by the Animas-LaPlata, 
Hurricane, and Snowflake projects, existing distress result
ing from the lack of opportunities in irrigated agriculture 
should be relieved as promptly as practicable. The power 
markets of southern California and southern Arizona will 
shortly require the construction of a major hydroelectric 
development on the lower river; similarly, the load growth 
in Utah and western Colorado will require construction 
of power developments in the upper basin. An existing 
economy in the Salt and Gila River Valleys in central 
Arizona is threatened with serious losses through overdraft 
of its water supply from underground sources. Key de
velopments necessary in many instances before lesser de
velopments can proceed, should be constructed at an early 
date in order that those dependent projects may follow 
in logical order and basin-wide development be under
taken in stages. 

55. To activate a construction program, it is suggested 
that the affected States decide from among the known 
potentialities which projects they desire to have the Bu
reau of Reclamation consider for construction and that 
such projects as are selected for construction comprise the 
next stage of development. The economic feasibility of 
the group of projects included in this next stage of devel
opment would.be comprehended in the finding of feasi
bility for the over-all ultimate development of the basin. 
The group of projects should include those for which 
there is an immediate need and for which adequate water 
rights consistent with the Colorado River Compact and 
its associated and dependent documents are assured. As 
has been stated, the agencies which have prepared this 
report stand ready with their consultative services to assist 
the States in this selective process. When the next stage 
of development has been decided upon, it may be pre
sented to the Congress as a program for authorization of 
construction. 

Related Investigations 

56. Various Federal agencies having an interest in 
development of resources in the basin have collaborated 
in the preparation of this report. These agencies have 
cooperated to the extent of funds and personnel available, 
and their specific comments are found in chapter VIII 
of the substantiating material attached. 

57. The Geological Survey has furnished basic data 
on stream flow, ground-water supplies, quality of water, 
water utilization, minerals, and mapping. In order to 
obtain additional basic facts related to both surface water 
and ground water of the Colorado River Basin, the 
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Geological Survey has outlined a 3-year investigational 
program estimated to cost about $650,000 a year. The 
basic water facts obtained by the Geological Survey are 
needed for use not only in the design, construction, and 
operation of potential projects but also in the planning, 
construction, operation, and administration of other struc
tures, present and future, involving the use of water in the 
basin. Surveys and investigations should be prosecuted 
actively so that data secured will be continuous and 
representative. 

58. The National Park Service has surveyed the recre
ational possibilities of the potential projects and has made 
a number of specific recommendations which will enhance 
their recreational value. The Bureau of Reclamation 
concurs in the objectives of these proposals. The N a
tiona! Park Service, however, questions the advisability 
of the Moab power project on the ground that it "would 
inundate the lower slopes and bottom of an unti~.U¥ ·· ---..-... 
scenic canyon and eliminate the existing road which runs 
through the canyon between Moab and Dewey, Utah." 
A road could be constructed along the edge of the reser-
voir, and in all probability this would add to the scenic 
attractions of the canyon. Such differences do not rep
resent conflicts between the purposes of these agencies 
both of which desire to secure maximum over-all benefits 
for the people of the basin. 

59. The Fish and Wildlife Service has made prelim
inary studies of the potential projects reported herein and 
has made a number of specific recommendations which 
will assure the restoration and conservation of fish and 
wildlife resources. The Bureau of Reclamation concurs 
in principle with these recommendations. Owing to very 
limited stream flows which prevail during dry years, how
ever, it would be impracticable to maintain the minimum 
releases of water which are desired. As detailed project 
plans are prepared, the interest of the Fish and Wildlife 
Service can be correlated into a unified program. In 
order to provide the increased fish stocking required for 
the new reservoirs the Fish and Wildlife Service should 
develop and expand its present facilities at Springville, 
Utah, construct a new combination trout-bass fisheries 
station near Page Springs in Oak Creek Canyon, about 
40 miles south of Flagstaff, Ariz., and supplement the 
facilities of this new hatchery by further developing the 
Williams Station for necessary incubation of trout eggs, 
as recommended in its report. 

60. The Grazing Service has outlined the objectives of 
its range improvement program and the benefits that will 
result from potential projects in stabilization of the live
stock industry and conservation of natural resources. Re
sults of the proposed Reclamation program in the Colo
rado River Basin will be favorable from a Grazin.g Service 
viewpoint. 

61. The Bureau of Mines has probed the minerals of 
the basin to discover how they might best be mined, proc-
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essed, and utilized to support the metallurgical and in
dustrial economy that is envisioned. "The mineral in
dustries in the Colorado River Basin cons~itute one of the 
most obvious outlets for power generated at multiple
purpose dams." 

62. The Office of Indian Affairs has outlined projects 
that will benefit the Indians of the basin. 

63. The General Land Office, which administers about 
6 million acres of public land in the Colorado River Basin, 
has outlined a program to obtain optimum use of these 
public lands and to coordiate their utilization with the 
development of water resources. 

64. The Forest Service has emphasized the need for 
careful management of water on the national forest lands 
to insure adequate safeguarding of the water yields. 

65. The Federal Power Commission has furnished data 
upon which power utilization and market trends are based 
and has commented generally on the power resources of 
the basin. 

66. The interest and cooperation of State and local 
groups, as well as other Federal agencies in the basin, are 
reflected throughout the report. 

Conclusions 

67. Future development of the water resources of the 
Colorado River Basin is needed to relieve economic dis
tress in local areas, to stabilize highly developed agricul
tural areas, and to create opportunities for agricultural 
and industrial growth and expansion throughout the Colo
rado River Basin. Such development should be compre
hended in a basin-wide plan for ultimate development 
of all water resources of the basin. The potential projects 
outlined in this report will form the basis for future de
tailed investigations and the selection and construction of 
sound projects. Considered as a group, these projects are 
an index of the over-all results and benefits to be expected 
from the development and utilization of all the available 
waters of the Colorado River system. They indicate also 
the engineering feasibility and economic justification of an 
over-all plan for basin development: Planning has prog
ressed sufficiently to make possible a selection from among 
the potentialities of a group of projects to comprise a con
struction program for the next stage of basin development. 
These projects should be key features of or should fit into 
the final comprehensive plan to be developed through con
tinued investigations and planning. 

68. There is not enough water available in the Colorado 
River system for .full expansion of existing and authorized 
projects and for all potential projects outlined in the re
port, including the new possibilities for exporting water to 
adjacent watersheds. The need for a determination of the 
rights of the respective States to deplete the flow of the 
Colorado River consistent with the Colorado River Com-
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pact and its associated documents therefore is most 
pressmg. 

69. It is concluded that future development of the 
water resources of the Colorado River Basin would benefit 
the National and local economies and a plan for develop
ment of all the water resources of the basin should there
fore be effectuated, that the selection of a group of projects 
comprising the next stage of development would represent 
a logical step in effecting that plan, and that detailed in
vestigations to develop the succeeding stages should be 
continued. 

Recommendations 

70. The following recommendations are made in view 
of the fact that there is not enough water available in the 
Colorado River system to permit construction of all the 
potential projects outlined in the report and for full ex
pansion of existing and authorized projects, and that there 
has not been a final determination of the respective rights 
of the Colorado River Basin States to deplete the flow of 
the Colorado River: 

( 1 ) That the States of the Colorado River Basin, 
acting separately or jointly, recommend for construc
tion, as the next stage of development, a group of proj
ects, the stream-flow depletions of which will assuredly 
fall within ultimate allocations of Colorado River water 
which may be made to the individual States. 

( 2) That the States of the Colorado River Basin de
termine their respective rights to deplete the fl.'ow of 
the Colorado River consistent with the Colorado River 
Compact. 

( 3) That additional investigations, summarized be
low, and appropriations to the Department of the In
terior for use by the various agencies within that De
partment for these investigations, be approved. 

(a) The Bureau of Reclamation to continue and 
expand its detailed investigations of potential projects 
within the States of the Colorado River Basin to obtain 
adequate information by which the Department of the 
Interior in cooperation with the basin States can for
mulate a comprehensive plan for use of all the water re
sources of the basin and select and recommend projects 
for successive stages of development. 

(b) The Geological Survey, National Park Service, 
Fish and Wildlife Service, Grazing Service, Bureau of 
Mines, Office of Indian Affairs, and General Land 
Office to initiate or continue to conduct such investiga
tions and studies as required by the Secretary of the 
Interior to formulate and carry out the comprehensive 
plan. 

E. A. MoRITz, 
Regional Director, Region III. 

E. 0. LARSON, 

Regional Director, Region IV. 
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BOULDER DAM 

World's highest dam only partly harnesses the wild Colorado River 
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Foreword 

Yesterday the Colorado River was a natural menace. 
Unharnessed it tore through deserts, flooded fields, and 
ravaged villages. It drained the water from the moun
tains and plains, rushed it through sun-baked thirsty 
lands, and dumped it into the Pacific Ocean-a treasure 
lost forever. Man was on the defensive. He sat help
lessly by to watch the Colorado River waste itself, or at
tempted in vain to halt its destruction. 

Today this mighty river is recognized as a national re
source. It is a life giver, a power producer, a great con
,tructive force. Although only partly harnessed 
by Boulder Dam and other ingenious structures, the Col
orado River is doing a gigantic job. Its water is provid
ing opportunities for many new homes and for the grow
ing of crops that help to feed this nation and the world. 
Its power is lighting homes and cities and turning the 
wheels of industry. Its destructive floods are being re
duced. Its muddy waters are being cleared for irrigation 
and other uses. 

Tomorrow the Colorado River will be utilized to the 
very last drop. Its water will convert thousands of addi
tional acres of sagebrush desert to flourishing farms and 
beautiful homes for servicemen, industrial workers, and 
native farmers who seek to build permanently in the West. 
Its terrifying energy will be harnessed completely to do an 
even bigger job in building bulwarks for peace. Here is 
a job so great in its possibilities that only a nation of 
free people have the vision to know that it can be 
done and that it must be done. The Colorado River 
is their heritage. 

In 1902, Congress established a fund, "known as the 
Reclamation Fund, to be used in the examination and 
survey for and the construction and maintenance of irriga
tion works for the storage, diversion, and development of 
waters for the reclamation of arid and semiarid lands in 
the" public-land States, and authorized and directed the 
Secretary of the Interior "to make examinations and sur
veys for, and to locate and construct * * * Irnga
tion works for the storage, diversion, and development of 
waters, including artesian wells, and to report to Congress 
at the beginning of each regular session as to the results of 
such examinations and surveys, giving estimates of the cost 
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of all contemplated works, the quantity and location of the 
lands which can be irrigated therefrom, and all facts rela
tive to the practicability of each irrigation project; also 
the cost of works in process of construction as well as of 
those which have been completed." (Act of June 17, 
1902, 32 Stat. 388.) 

Responsibility for planning the control, improvement, 
and utilization of the Colorado River was assigned spe
cifically to the Secretary of the Interior in the Boulder 
Canyon Project Act of December 21, 1928, which author
ized and directed the Secretary "to make investigations 
and public rep-orts of the feasibility of projects for irriga
tion, generation of electric power, and other purposes in 
the States of Arizona, Nevada, Colorado, New Mexico, 
Utah, and Wyoming for the purpose of making such infor
mation available to said States and to the Congress, and of 
formulating a comprehensive scheme of control and the 
improvement and utilization of the water of the Colorado 
River and its tributaries." (Sec. 15, 45 Stat. 1065.) 

The Boulder Canyon Project Adjustment Act of July 
19, 1940, further directs the continuation and extension, 
under the Secretary of the Interior, "of studies and in
vestigations by the Bureau of Reclamation for the formu
lation of a comprehensive plan for the utilization of 
waters of the Colorado River system for irrigation, elec
trical power, and other purposes, in the States of the 
upper division and the States of the lower division, in
cluding studies of quantity and quality of water and all 
other relevant factors." (Sec. 2, 54 Stat. 774.) 

In compliance with the law and in fulfillment of the 
public trust the Bureau of Reclamation sponsored the 
preparation of this report. With a view to determining 
how the people in the basin and in the Nation can be 
benefited by further development of water resources, the 
report surveys the resources and traces the economic de
velopment in the basin. It includes a discussion of pres
ent water resources development and descriptions of many 
potential projects. These projects indicate potentialities 
for ultimate development of all the water resources of the 
basin. Alternative projects are included in order that 
relative merits of all possibilties can be weighed, and 
those projects most likely to yield the greatest good to the 
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greatest number of people can be selected for construction. 
All beneficial uses, including the irrigation of land, the 
production of hydroelectric power for the development 
of mineral resources and other industrial purposes, the 
furnishing of domestic and municipal water supplies, the 
preservation of fish and wildlife, and the enhancement 
of recreational areas, together with the control of floods 
and silt, and the restoration of ground-water levels were 
taken into account in formulating the potential projects. 

This comprehensive report provides a basin-wide per
spective for planning coordinated development on a 
sound basis. From time to time as additional detailed 
investigations of particular projects are completed and 
as various intrastate, interstate, and international prob
lems are solved, modifications and changes will be indi
cated to assist in the selection of projects and the shaping 
of the ultimate development plan. Intrastate and inter
state problems, to be solved by the citizens and States of 
the Colorado River Basin, and international problems, 
to be solved by the United States and Mexico, are inter
related, the solutions of some being dependent on the 
previous solutions of others and on additional investiga
tions and construction in the basin. Such problems are 
being and will be solved in an orderly manner as needs 
arise. Further investigations and construction in the 
basin will be undertaken as authorization is given and 
appropriations made by the Congress. 

Although the water supply available for potential proj
ects for exportation of water outside the natural basin of 
the Colorado River is discussed in this report, no attempt 
is made to evaluate the costs or benefits of such projects. 
They will be evaluated separately or in connection with 
basin reports of importing watersheds. 

In the preparation of this report various agencies of 
the Department of the Interior that are involved in the 
development of the Colorado River Basin cooperated 
with the Bureau of Reclamation to assure that coopera
tive planning for water development would be keyed to 
the welfare of the people of the basin. Their cooperation 
is reflected throughout the report and their specific con
tributions included in chapter VIII entitled "Cooper
ating Interests in the Basin." The Bureau of Reclamation 
is the agency of the Department of the Interior authorized 
to plan, construct, and operate projects for the 
reclamation of arid land, the production of hydroelectric 
power, and other beneficial purposes through the devel
opment of water resources. The Geological Survey has 
supplied valuable information on water supply, classifi
cation of mineral lands, mineral resources, and mapping. 
The National Park Service, concerned primarily with the 
preservation of parks and areas of historic and scenic in-
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terest for enjoyment of the American people, has indi
cated and evaluated possible benefits of the potential 
projects to recreation. The Fish and Wildlife Service has 
jurisdiction over Federal game refuges and is the Federal 
custodian of the fish and wildlife resources in the basin. 
The Grazing Service, administering the Federal grazing 
lands in the basin, is protecting watersheds from over
grazing, erosion, and other abuses, and is interested not 
only in securing adequate water supplies for stock but in 
the production of more irrigated crops to supplement 
range forage. The Bureau of Mines is engaged in the 
exploration and development of mineral resources and 
has a vital interest not only in flowing streams as a source 
of water necessary for mining, milling, and extracting 
metals or minerals from ores but in the availability of 
low-cost hydroelectric power for further development of 
mineral resources. Guarding the interests of the Indians 
in the basin is the Office of Indian Affairs which manages 
all Indian matters, including economic development, for
estry and grazing, irrigation, education, and other activ
ities. The General Land Office, which has jurisdiction 
over unappropriated and unreserved public domain, has 
outlined a program for the Colorado River Basin that 
consists largely of land classification, cadastral surveys, 
and investigation of mineral claims. 

Other Federal agencies that have an interest in devel
opment of the basin also have made substantial contri
butions which are included as a part of chapter VIII. 
The Federal Power Commission has assisted in the study 
of power resources of the Colorado River Basin. Close 
cooperation with the Forest Service of the United States 
Department of Agriculture is important because increased 
irrigation development will require intensified watershed 
management on the National forest lands to insure ade
quate safeguarding of their water crop. The Corps of 
Engineers, United States Army, has submitted plans and 
suggestions for some flood-control projects, such informa
tion being included in the supporting data for the report. 

Throughout the preparation of this report the Bureau 
of Reclamation cooperated with the various States and 
local agencies concerned with development in the basin. 
A tentative draft of the report was submitted to the Com
mittees of 14 and 16, which committees represent the 
Colorado River Basin States and the Boulder Dam Power 
allottees, for their review and suggestions for revisions. 
Financial assistance has also been received from the 
States. 

Eieven maps showing water resources development in 
each of the seven Colorado River Basin States, existing 
and potential power developments, conservation areas 
and facilities, and mineral resources are an appendix to 
this report. 
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Following is a list of terms that appear in the report, and their definitions: 

lrrigable land.-Land suitable for irrigated farming 
included within an existing project or within a potential 
development that reasonably could be furnished a water 
supply. 

New lands.-Irrigable lands which could be irrigated 
after project development. 

Stream flow.-The flow in a stream channel. The 
volume of flow is measured in acre-feet. The rate of 
flow is measured in second-feet. 

Acre-foot.-A unit of measure of volume. It is equiv
alent to the quantity of water that will cover 1 acre 
( 43,560 square feet ) 1 foot deep. 

Second-foot.-A unit of measure of the rate of stream 
flow. It is the flow of 1 cubic foot ( 7.48 gallons) of 
water passing a given point per second of time. 

Discharge.-The rate of flow; commonly expressed in 
second-feet, gallons per minute, acre-feet per day, etc. 

Run-off.-The precipitation that appears as flow in 
streams. It is usually measured in volume per unit of 
time, such as acre-feet per day, month, or year. 

Return flow.-That part of diverted stream flow re
turning to the stream. 

Stream depletion.-The reduction in stream flow due 

to man-made improvements as they affect the virgin 
water supply of the Colorado River at Lee Ferry and at 
the International Boundary. 

Silt.-The solid matter or sediment transported by a 
flowing stream. 

Active storage capacity.-That space in the upper 
part of a reservoir normally utilized in regulating stream 
flow for purposes of irrigation, power, flood control, etc. 
Sometimes referred to as live storage. 

Inactive storage capacity.-That space in the lower 
part of a reservoir not emptied in normal operation. It 
may be provided for a sedimentation pocket, to develop 
and maintain a power head, to establish a permanent 
lake for fish culture, recreation, etc. Sometimes referred 
to as dead storage. 

Firm power.-Power that can be made available at any 
time to meet load demands. Production of firm power by 
hydroelectric plants is limited by water supply during 
years of low stream flow. 

Kilowatt.-A unit of measure of rate of producing 
electrical energy. 

Kilowatt-hour.-A unit of measure of quantity of elec
trical energy. 
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one-twelfth of the area of continental United States

and 2,000 square miles in northern Mexico. Tribu
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CHAPTER I 

The Nat ural Setting 

The Colorado River rises high in the snow-capped 
Rocky Mountains of north central Colorado, flows nearly 
1,400 miles southwest, and empties into the Gulf of Cali
fornia in Mexico far to the south. It is the second longest 
river in the United States outside the Mississippi River 
system. This mighty river has gouged the rock of the 
mesas into gorges and chasms, most spectacular of which 
is the world-famous Grand Canyon in Arizona, a titanic 
cleft over 200 miles long, as much as 12 miles wide, and a 
mile deep. 

The Colorado River drains a vast area of 244,000 
square miles, 242,000 square miles in this country-one
twelfth of the area of Continental United States-and 
2,000 square miles in northern Mexico. The basin from 
Wyoming to below the Mexican border is some 900 miles 
long and varies in width from about 300 miles in the 
upper section to 500 miles in the lower section. It is 
bounded on the north and east by the Continental Divide 
in the Rocky Mountains, on the west by the Wasatch 
Range, and on the southwest by the San Jacinto Moun
tains, a range of the Sierra Nevada. Tributaries extend 
into seven of the large Western States including Arizona, 
California, Colorado, Nevada, New Mexico, Utah, and 
Wyoming. 

The Salton Sea Basin, an additional area of 7,800 
square miles which includes the Coachella and Imperial 
Valleys in southeastern California, is discussed as part of 
the Lower Colorado River Basin. It is, however, to be 
distinguished from other lower Colorado River areas be
cause whatever Colorado River water reaches it cannot 
return by gravity flow to the parent stream. 

Physical Characteristics 

The upper or northern portion of the Colorado River 
Basin in Wyoming and Colorado is a mountainous pla
teau, 5,000 to 8,000 feet in altitude, marked by broad 
rolling valleys, deep canyons, and intersecting mountain 
ranges. Hundreds of peaks in these mountain chains 
rise to more than 13,000 feet above sea level and many 
exceed 14,000 feet. There are many picturesque moun
tain lakes in these headwater sections. The southern por-

tion of the basin is studded with rugged mountain peaks 
interspersed with broad, level, alluvial valleys and rolling 
plateaus. 

The main stream and its principal tributaries in Colo
rado flow, for the most part, in deep canyons. The 
Green River, primary tributary of the Colorado River, 
flows in similar canyons in Wyoming, Colorado, and 
Utah and its chief tributaries, Yampa and White Rivers 
from the east, and Duchesne, Price, and San Rafael 
Rivers from the west, flow through rolling hills and 
canyons to reach the Green. 

The San Juan River, a large tributary of the Colorado 
River from the east, drains mountain slopes and plateaus 
in southwestern Colorado, northwestern New Mexico, 
and northern Arizona and flows through a formidable 
canyon in southeastern Utah, joining the Colorado in 
Glen Canyon. The Glen Canyon section of the main 
stream and tributaries thereto are in deep canyons, drain
ing a series of plateaus and mesas. 

Below Glen Canyon is the awesome Grand Canyon 
where the Colorado has carved an unparalleled chasm. 
This canyon yawns above an inner gorge, rising in gi
gantic cliff-steps to the Colorado plateau, a mile above 
the stream bed. This great central plateau is a rolling 
expanse of brightly hued crags and cliffs, huge canyons, 
painted deserts, and extensive almost inaccessible barren 
areas. Elevations on the mesas of the plateau section 
generally range from 4,000 to 6,000 feet. The principal 
tributaries in this section are the Little Colorado River on 
the east and the Virgin River on the west. 

Emerging from the canyon country at the southeast 
corner of Nevada, the Colorado River courses through 
broad valleys bordered by mesas. The Gila River, main 
tributary in this section, rises in the mountainous region 
of southwestern New Mexico and drains most of southern 
Arizona. 

Southwest of the Gila Basin the Colorado River con
tinues through its great delta area to the Gulf of 
California. 

Physical characteristics suggest seven main divisions of 
the Colorado River Basin in the United States, three in 
the upper basin, or the drainage area above Lee Ferry, 
Arizona, and four in the lower basin, or the drainage 

31 



32 THE COLORADO RIVER 

JUNCTION OF GREEN AND COLORADO RIVERS 
The Colorado (left) is joined by the Green (right), its largest tributary 

BOW-KNOT OF THE COLORADO RIVER 
The Colorado meanders hundreds of miles through deep canyons in Utah and Arizona 
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COLORADO RIVER BASIN 

Divisions of upper and lower basins 

area downstream from Lee Ferry to the Mexican border. 
The Green division includes that part of Wyoming, Colo
rado, and Utah drained by the Green River. The 
Grand division is that part of Colorado and Utah drained 
by the Colorado River above the mouth of Green River. 
The San juan division takes in that part of Utah, Colo
rado, New Mexico, and Arizona drained by that section 
of the Colorado River between the mouth of the Green 

River and Lee Ferry. The Little Colorado division in
cludes that part of Arizona and New Mexico drained by 
the Little Colorado River, excluding that part below 
Moenkopi Wash. The Virgin division covers that part 
of Utah, Arizona, and Nevada drained by Kanab Creek 
and the Virgin and Muddy Rivers. The Boulder divi
sion includes the Imperial and Coachella Valleys in 
southeastern California and that part of Arizona, Nevada, 
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and California tributary to the Colorado River below 
Lee Ferry, excluding that part of those States tributary to 
the Little Colorado River above Moenkopi Wash, Kanab 
Creek, Virgin River, Muddy . River, and the Gila River 
above Sentinel. The Gila division comprises that part 
of Arizona and New Mexico drained by the Gila River 
above Sentinel and small independent drainage areas in 
Arizona and southwestern New Mexico. 

For convenience in presenting some of the data and 
information in this report, reference is made to these seven 
divisions, detailed descriptions of which follow. 

GREEN DIVISION 

From glacier-capped peaks on its Rocky Mountain rim 
to the barren wastes of its lo~er valleys and plateaus, the 
Green River Basin is one of great contrasts in topography. 
Wooded upland slopes are flanked with' fertile grass-cov
ered valleys, which in turn give way to dry and eroded 
badlands and deserts. 

Rising in western Wyoming in the Wind River Moun
tains on the Continental Divide, the Green River also 
drains the northwest corner of Colorado and discharges 
into the Colorado River in southeastern Utah, 350 miles 
south of its origin, its meandering length totaling 730 
miles. It drains 45,000 square miles, an area as large 
as the State of Pennsylvania, 39 percent of which is in 
Wyoming, 37 percent in Utah, and 24 percent in Colo
rado. Elevations in the Green River Basin range from 
3,876 feet above sea level at the mouth of the Green 
River to 13,785 feet at Gannet Peak in the Wind River 
Mountains. Large areas of desert plateau contribute 
practically no water to the stream. Numerous small gla
cial lakes head the Green River and its higher tributaries. 

The Yampa and White Rivers, tributaries from the east, 
both originating in Colorado on the western slope of the 
Rocky Mountains, flow westward and generally parallel. 
Much of the drainage area consists of rolling hills, but 
several prominent peaks rise within and between the 
basins of the two streams. 

Duchesne, Price, and San Rafael Rivers, tributaries 
from the west, head on the eastern slope of the Wasatch 
Mountains and flow southeast to Green River. 

GRAND DIVISION 

The Colorado River above the mouth of the Green 
River was known to earlier generations as the Grand 
River. For that reason the area drained by the upper 
Colorado River is called the Grand division. A 200-mile 
strip of the Continental Divide through central Colorado 
forms the eastern boundary of the division, which in
cludes the basin of the upper Colorado River and its 
tributaries down to the junction of the Colorado and 
Green Rivers in Utah. 

THE COLORADO RIVER 

The Colorado River rises among lofty peaks in the 
northwest portion of Rocky Mountain National Park, 70 
miles northwest of Denver. Flowing southwest to Green 
River, it has an air-line length of 265 miles and a mean
dering length of 420 miles. It drains 26,500 square miles 
an area larger than West Virginia. Only 11 percent or 
4,300 square miles of the area are in Utah while 22,200 
square miles are in Colorado. Elevations range from 
3,876 feet above sea level at Green River to more than 
14,000 feet at mountain peaks. On this western slope of 
the Continental Divide are rugged mountains and high 
plateaus where the river and its numerous tributaries have 
become deeply entrenched in steep rugged canyons and 
relatively narrow valleys. 

Main tributaries in the first 160-mile length of the 
Colorado River's southwest course, above Grand Junc
tion, are Fraser, Williams, Blue, Eagle, and Roaring Fork 
Rivers from the south and Willow, Troublesome, and 
Muddy Creeks from the north. Gore Canyon, 80 miles 
above Glenwood Springs, is of special interest. Here the 
river tumbles through vertically walled canyons, dropping 
360 feet in 5 miles in the steepest fall on the river. 

Gunnison River, principal tributary of the upper Colo
rado River, has its headwaters draining the Continental 
Divide, and flows northwest to meet its parent stream at 
Grand Junction. North Fork and Uncompahgre River 
are the largest tributaries of the Gunnison. 

Dolores River, rising on the western slope of the San 
Juan Mountains, flows generally southwest and is joined 
by the San Miguel River and other lesser tributaries be
fore flowing alternately through canyons and narrow 
valleys to the Colorado River in Utah. 

SAN JUAN DVISION 

This area is rich in prehistoric Indian ruins, in natural 
wonders, and in spectacular scenic beauty. The area, 
with an elevation difference of more than 2 miles be
tween the lowest and highest points, is one of extreme 
contrasts in topography. High tree-dad mountain areas 
with numerous clear, fish-stocked streams and small lakes 
rapidly give way to fertile foothill valleys, which merge 
into a vast, broken and barren, but picturesque and 
highly colored, plateau. 

Deeply entrenched in this plateau the Colorado River 
meanders southwestward for 220 miles from the mouth 
of the Green River to Lee Ferry, an air-line distance of 
130 miles. This section of the river, together with its 
tributaries, drains 39,000 square miles, an area almost as 
large as Ohio. Forty-three percent of this area is in Utah, 
25 percent in New Mexico, 17 percent in Arizona, and 
15 percent in Colorado. · 

The main tributary to this stretch of the Colorado River 
is the San Juan River. Second largest tributary of the 
Colorado, the San Juan River heads on the western slope 
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BLACK CANYON OF THE GUNNISON RIVER 
The river has cut through crystalline rock to a depth of 3_.000 feet 
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of the Continental Divide in southwestern Colorado and 
flows west, entering the main stream from the east 80 
miles upstream from Lee Ferry. 

Three small rivers, Fremont, Escalante, and Paria, ris
ing on the Wasatch and Escalante mountainous plateaus, 
join the Colorado from the west. The streams in this 
division are erratic with violent fluctuations of flow in 
their lower reaches. In the deep canyons cut through the 
plateau areas these streams turn into raging silt-laden tor
rents during periods of heavy or continued downpours. 

LITTLE CoLORADO DIVISION 

A region of spectacular beauty with a wealth of scenic 
splendor, the Little Colorado division embraces an area 
of 25,000 square miles, 81 percent of which is in north
eastern Arizona and the remainder in west-central New 
Mexico. Barren stretches of arid wasteland, petrified 
forests, painted deserts, rolling ranges, stately timber, and 
lofty mountains characterize the area. 

The Little Colorado River rises among the evergreen 
forests of the White Mountains at elevations above 9,000 
feet, flows through canyons that widen at intervals into 
valleys, enters a generally broad, sandy channel with low, 
steep, side walls, then cascades into a deep rock canyon 
and continues to the Colorado. 

Northern tributaries of the river head in canyons in the 
Kaibab and Fort Defiance Plateaus and Black Mesa. As 
they approach the main valley floor, the channels widen 
to broad, flat sandy washes with low vertical side walls. 
Creeks draining the southern part of the basin rise as 
crystal mountain streams in the wooded highlands of the 
Mogollon Rim and flow through steep-walled canyons in 
their lower reaches. 

South and west of the river the basin is dominated by 
the Mogollon Rim and the volcanic features of the peaks 
and cones near Flagstaff. Most of this area is a gently 
sloping plain with a few prominences and canyons to 
break the continuity. 

North and east of the river at higher elevations lie for
ested plateaus, isolated mountains, mesas, and sloping 
plains broken by volcanic plugs. Painted deserts and bad
lands predominate in the lower altitudes. 

Elevations in the basin range from 4,100 feet above sea 
level below Moenkopi Wash to 12,611 feet on the lofty 
San Francisco Peaks. 

VIRGIN DIVISION 

Virgin-new, fresh, untouched-a significant name 
aptly applied by the early explorers. It is an area beau
tified by the forces of nature and only slightly touched by 
man. This typical mountain-desert country with its 
characteristic stretches of sand and sagebrush, its cloud-
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less sky and scorching sun, is the center of volcanic 
eruptions and geologic displacements. 

The Virgin division totals approximately 12,700 
square miles, of which 3,600 square miles are in soutn
western Utah, 3,600 square miles in northwestern Ari
zona, and 5,500 square miles in southeastern Nevada. 
Elevations range from 1,200 feet above sea level at Lake 
Mead to 10,000 feet at the headwaters of the Virgin 
River. 

The terrain is extremely rough and broken. The dom
inating structural feature is the Hurricane Fault escarp
ment which marks the western boundary of the high 
plateau region. From a point near Beaver, Utah, 
it extends south for a distance of some 200 miles, crosses 
through the Virgin River Basin at Hurricane, Utah, and 
extends beyond the Colorado River. Deep gorges and 
rugged, massive erosional forms make up the striking and 
colorful attractions of Zion National Park and Monu
ment located in the area. Comparatively recent lava 
flows and volcanic cones are salient features in parts of 
the division. 

Kanab Creek heads in the Pink Cliffs along the south
western rim of the Paunsaugunt Plateau in Utah at an 
elevation of 9,000 feet and flows 90 miles south to the 
lower end of Grand Canyon, where it joins the Colorado 
at elevation 1,880 feet. Johnson Creek, its principal trib
utary, heads in the same locality and roughly parallels 
Kanab Creek until it enters Arizona, where it turns south
west to join the main stream 5 miles southwest of Fre
donia, Ariz. Above Kanab, Utah, the drainage area is 
rough and hilly and is covered with sagebrush and juni
pers. Streams are confined to narrow valleys and gorges. 
Below the confluence of the two creeks the stream plunges 
into the Colorado River through a deepening gorge cut 
into the north-sloping Kaibab and Uinkarat Plateaus. 

Virgin River, heading along the southern rim of the 
Markagunt Plateau in Utah, flows across the southwest 
corner of Utah, crosses the northwest corner of Arizona, 
and discharges into Lake Mead in southeastern Nevada. 
The length of the river from its headwaters to its mouth 
is about 200 miles. Perennial tributaries, of which the 
Santa Clara River is the most important, head in the high 
plateaus and mountains to the north and flow south to the 
main stream. The river and main tributaries generally 
are confined in deep gorges or narrow valleys. Bench or 
mesa lands fringe the main stream and tributaries in some 
places. 

Muddy River, originating in the Sheep Mountains, 
flows southeast for some 60 miles to enter Lake Mead near 
the settlement of Overton, Nev. Prior to the formation of 
Lake Mead by construction of Boulder Dam, Muddy 
River was tributary to Virgin River about 25 miles up
stream from the confluence of Virgin and Colorado Riv
ers. Now, however, the two streams flow separately into 
Lake Mead. Meadow Valley Wash, the principal Muddy 
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GOOSENECKS OF THE SAN JUAN 
A favorable site for a dam has been found on San juan River below Bluff, Utah 

LONG-RANGE VIEW OF GRAND CANYON 
This panorama was photographed from Navajo Watch Tower 
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River tributary, flows from its headwaters south about 
· 130 miles to its confluence with Muddy River near 
Moapa, Nev. 

BouLDER DIVISION 

The Colorado River enters the northeast corner of the 
Boulder division at Lee Ferry, weaves its way west and 
south for 350 river miles to empty into Lake Mead, then 
flows south 358 miles to the Mexican border. The di
vision embraces an area of 48,600 square miles, including 
the Salton Sea drainage basin of 7,800 square miles. Of 
this area 32,900 square miles are in Arizona, 11,300 
square miles in California, and 4,400 square miles in Ne
vada. Throughout the division great blocks of land have 
been lifted, forming plateaus and mountainous ridges. 
Other blocks have been depressed, forming valleys which 
later filled with material washed from the elevated areas. 
Elevations range from below sea level to more than 12,-
000 feet above sea level. 

For the upper 280 miles, from Lee Ferry to Grand 
Wash Cliffs, the Colorado has cut through an elevated 
area. As the plateau rose slowly during geologic time, the 
river wore its course progressively deeper through the 
rock, forming Grand Canyon, a region of scenic grandeur. 
The most impressively beautiful part of this canyon is the 
105-mile stretch set aside as Grand Canyon National 
Park. 

Grand Wash Cliffs at the west end of Grand Canyon 
is one of the major escarpments in the United States. 
Here the plateau drops abruptly and is succeeded by al
ternating mountains and valley fills to th~ upstream end 
of Black Canyon. Through this stretch the Colorado 
dug its channel across the Virgin and Black Mountain 
ranges on a grade of3.2 feet a mile, compared with 8 feet 
a mile in Grand Canyon. The narrowness and depth of 
Black Canyon afforded a favorable site for a high dam. 
Upstream from Black Canyon the river channel together 
with the Virgin River and Las Vegas Wash side valleys 
formed an ample basin for water storage and silt deten
tion. The upstream end of Black Canyon was the site 
chosen for Boulder Dam. 

Williams River, a flashy discharge tributary of the Colo
rado, comes in on a steep grade from the east just above 
Parker Dam, falling 500 feet in 32 miles. This stream 
is formed by two branches coming together some 36 miles 
above the mouth, the north branch, Big Sandy River, and 
the east branch, Santa Maria River. 

From Headgate Rock to the Mexican border, the Colo
rado River falls an average of 1.4 feet a mile. The flood 
plain is several miles wide near Parker, Ariz., Blythe, 
Calif., and Yuma, Ariz. Bench lands, as those near Blythe 
and Yuma, are at moderate elevations ( 500 feet or less) 
above the Colorado River. 
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Across a range of sand hills west of Yuma is the Salton 
Sea Basin, a depression below sea level about 85 miles 
long and 20 miles wide. In the deepest part is the Salton 
Sea, 20 miles long and 10 miles wide. The surface of the 
sea is 241 feet below sea level. The Imperial Valley is 
considered as the delta sloping from the Colorado north 
to the Salton Sea. Coachella Valley lands slope south to 
the Salton Sea. The Imperial and Coachella Valleys are 
in large part alluvial deposits from the Colorado River. 
On the east, west, and north, however, the river deposits 
are overlaid on the edges of the valleys by coarser detrital 
material washed from surrounding mountains. 

Gila River, the lower reaches of which are in this di
vision, enters the Colorado River just east of Yuma. 

Gn.A DIVISION 

Broad, smooth valleys, mountain chains, desert wastes, 
flowing water-this is the Gila division, a land of extremes 
and contrasts. It covers an area of 53,000 square miles, 
47,380 of which are in south-central Arizona, and 5,620 
square miles in western New Mexico. Run-off from the 
high mountains of eastern Arizona and western New Mex
ico forms the perennial flows of the Gila River and its 
tributaries. No lakes of any appreciable size are found 
in the basin. Elevations range from 530 feet at Sentinel 
to 12,600 feet at Humphrey's Peak in the San Francisco 
Mountains, near Flagstaff, Ariz. 

Gila River flows for half of its course in steep, precipi
tous canyons alternating with relatively flat valleys. Both 
canyons and valleys are flanked by mountain ranges ris
ing 7,000 to 10,000 feet above sea level. 

Sari Francisco River, most important tributary of the 
Gila River before its confluence with Salt River, drains 
mountainous regions of southwestern New Mexico and 
southeastern Arizona. 

San Pedro River rises in Sonora, Mexico, and flows 
north to join the Gila River some 20 miles below Coolidge 
Dam. Although most of its course is in open valleys, 
its tributaries drain several small but high mountain 
ranges. 

Santa Cruz River, heading in the Patagonia and 
Huachuca Mountains of southern Arizona, flows into 
Sonora, Mexico, back into Arizona at a point near the. 
border city of Nogales, and from there northward some 
130 miles, spreading over the desert, with only occasional 
large flood flows reaching the Gila. 

Salt River, largest tributary of the Gila River, is formed 
by the junction of Black River and White River, which 
rise in the high, timbered White Mountains of east-central 
Arizona. After being joined by Verde River, its prin-: 
cipal tributary which rises in the northern Arizona pla
teau, the Salt Riv.er flows for 40 miles through fertile, 
open plains to the Gila. 
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Other tributaries of the Gila includ~ the Agua Fria 
River, rising in the timbered Mingus Mountains of cen
tral Arizona, and the Hassayampa River, heading in 
Prescott National Forest near Prescott, Ariz. 

Geologic History 

Rocks of all ages from those of the Archean Age, the 
oldest known geological period, to the recent alluvial 
deposits, including igneous, sedimentary, and metamor
phic types, are found in the Colorado River Basin. The 
high Rocky Mountains which dominate the topography 
of the region are composed of granite, schists, gneisses, 
lava, and sharply-folded sedimentary rocks. Many peri
ods of deposition and erosion have played a part in the 
present structure of these mountains. Ancient seas set
tled in the basin countless times, depositing beds of lime
stone, sandstone, and shale. Each time crustal forces 
of the earth elevated the region above sea level, erosion 
again began cutting it down. 

During a relatively late geological period, called the 
Pleistocene or Glacial Age, glaciers occupied the high 
watershed of all the mountains in Colorado, Wyoming, 
and. Utah. The Rocky Mountains in Colorado, the 
Wind River Mountains in Wyoming, and the Uinta and 
Wasatch Mountains in Utah, all have been materially 
affected topographically by these ancient bodies of ice. 

In contrast to the folded rocks of the mountains which 
fringe the basin, the plateau country of southwestern Wy
oming, eastern Utah, and northern Arizona is composed 
principally of horizontal strata of sedimentary rocks. 
Many formations of hard sandstone and limestone sepa
rated by softer shale, often highly colored, have resulted 
in topographic and geological formations found in no 
other locality. 

Slow but constant elevation of the land area has al
lowed the Colorado River and its tributaries to cut nar
row deep canyons into the flat-topped mesas. This 
unique type of erosion reaches its culmination in the 
famous Grand Canyon. Here a broad area has been 
arched several thousand feet higher than the surrounding 
country, but the horizontal structure of the rock largely 
has been maintained. The river has cut through all the 
sedimentary rocks down to the oldest Archean granites. 

The topography of the southern part of the basin is 
characterized by broad flat valleys separated by low 
ranges. The valleys are filled by large accumulations of 
alluvial gravels which all but bury the mountains. The 
ranges are mainly of igneous origin with granites and lava 
predominating. These rocks are part of the oldest known 
formation, the younger sedimentary rocks having been 
removed by erosion. Many mountain ranges are un
doubtedly buried beneath the detrital material. 

The present Gulf of California once extended much 
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farther north than at present and filled what is now the 
Imperial Valley of California. The silt of the river was 
distributed far and wide in this sea which was partially 
cut off from the broad Pacific by a chain of islands. · Dur
ing and after the Glacial Period, when precipitation is 
believed to have reached its peak, the river had its great
est volume and-transporting power. The stream then, as 
now, laden with the silts from the slopes of the Rocky 
Mountains and the Grand Canyon of Arizona, gradually 
built up a great delta which finally completely cut off a 
vast inland sea of brackish water. This ancient sea, 
known by geologists as Lake Cahuilla, covered an area of 
about 2,100 square miles. 

After shifting channels countless times, sometimes dis
charging into the gulf and sometimes into the lake, the 
river finally became better stabilized in channels empty
ing into the gulf. With the loss of a water supply Lake 
Cahuilla gradually decreased by evaporation to remain 
as the present Salton Sea. 

Native Plant and Animal Life 

The flora and fauna of the Colorado River Basin are 
many and varied, including typical desert and alpine 
species. 

The higher areas are covered with forests of pine, fir, 
spruce, and silver-stemmed aspens, broken by small 
glades and mountain meadows. Pinon and juniper 
trees, interspersed with scrub oak, mountain mahogany, 
rabbit brush, bunch grasses and similar plants grow in 
the intermediate elevations of the mesa and plateau re
gions. Scattered cottonwoods and chokecherries grow in 
the canyons with the cliff rose, the redbud, and blue 
columbine. A profusion of wild flowers carpet many 
mountain "parks." In the lower region large areas are 
almost completely devoid of plant life while other sections 
are sprinkled with desert shrubs, Joshua trees, other Yucca 
plants, and saguaro cacti, some of the latter giant plants 
reaching 40 feet in height. Occasionally cottonwoods or 
desert willows are found along desert streams with mes
quite and creosote bush or catclaw and paloverde. 

The Colorado River Basin is the natural habitat of 
the bighorn sheep, ptarmigan, and wild turkey. Deer, 
elk, and antelope are found in the forested and more 
pnm1t1ve areas. Mountain lions, wild cats, lynx, and 
other predatory animals are fairly common in remote 
areas. Coyotes inhabit the plains country where they 
prey upon gophers, cottontails, jackrabbits, and other 
smaller mammals. Fur-bearing animals in the moun
tains include beaver, fox, badger, ermine, muskrat, skunk, 
and mink. Ducks, geese, snipe, white-wing pigeons, 
quail, dove, and other birds are numerous. Snakes and 
lizards with other reptiles and amphibians are frequently 
found in the desert areas. 
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DESERT FLORA 
Vast areas are sprinkled with f oshua trees, Yucca plants, and desert shrubs 

DESERT SCENE 
A view of Superstition Mountains with typical sage brush and cactus lands in the foreground 
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Under 10 inches .. 
10 to 20 inches . . 
20 to 30 inches . . 
30 to 40 inches . . 
40 to 50 inches . -. 
50 to 60 inches . . 
60 to 80 inches . . 
80 to 100 inches . . 
Over 100 inches .. 
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LAND AREA, 
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28,898,105 
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2,915,712 
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1----JI Under 10 inches 
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- 20 to 30 inches 

I-_ _Jl30 to 80 inches 

- 80 inches and over 
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The cold, clear mountain streams abound in trout, the 
most common varieties being rainbow, eastern brook, 
native, and Loch Leven. Bass, crappie, and bluegill 
prefer the lakes and reservoirs to the moving waters of 
the streams. 

Climate 

Climatologically, the Colorado River Basin has the 
extremes of year-round snow cover and heavy precipita
tion on the high peaks of the Rockies, snow-capped 8 to 
10 months a year, and tmly desert conditions with very 
little rain in the southern area around Yuma, Ariz. The 
wide range of climate in the basin is caused largely by 
differences in both altitude and latitude and to a lesser 
extent by topographic features. 

Extremes of temperatures in the basin range from 50° 
below zero to 130° above zero. The northern portion 
of the basin is characterized by short, warm summers and 
long, cold winters, many mountain areas being blanketed 
by deep snow all winter. A peculiar climatic condition 
exists in the Grand division in Colorado where high 
mountains tend to divert east-bound storms either to the 
north or to the south over lower passes in the Continental 
Divide. The southern portion of the basin has long hot 
summers, practically continuous sunshine and almost 
complete absence of freezing temperatures. Summer heat 
is not so oppressive as temperatures would indicate be
cause of the low humidity. Summer nights, typical of 
the desert, are seldom too warm for comfort. The little 
Colorado River Basin is noted for its high percentage of 
sunshine-about 80 percent of the total possible. 

709515-46-4 
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The entire basin is arid except in the extreme high alti
tudes of the headwater areas. Rainfall is insufficient for 
the profitable production of crops without irrigation. 
(See map "Average annual precipitation.") Along the 
Mexican border the annual precipitation averages only 
about 2.5 inches while in the higher mountains in Col
orado, Wyoming, and Utah, the average is around 40 
inches. In the northern part of the basin most precipi
tation falls in the form of winter snows and spring rains. 
Summer storms are infrequent but sometimes of cloud
burst intensity in localized areas. Winds of high velocity 
are common in some sections. In the more arid southern 
portion the principal rainy season is in the winter months 
with occasional localized cloudbursts in the summer 
and fall. 

Climatological data for representative stations in the 
basin are summarized in table I. 

The length of the growing season varies from about 
80 days in the higher elevations of the northern moun
tainous sections to year-round in the lower semitropical 
southern areas. In the northern sections hailstorms and 
late spring and early fall frosts occasionally damage crops. 
Although the growing season of the higher agricultural 
areas in the Grand division is short, air drainage in local
ized sections along the foothills of the lower valleys is 
favorable for the growing of such fmits as peaches, pears, 
cherries, apricots, and berries. Because of the long grow
ing season in the lower regions of the southern portion of 
the basin double-cropping is commonly practiced in the 
principal farming districts. Crops in some southern 
areas are seldom damaged by frost, by hail and by warm, 
dry summer winds. 
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TABLE 1.-Weather records at representative stations, Colorado River Basin 1 

Precipitation 
Elevation Years of ------------

Division and station above sea record Average Average 
(feet)· annual May-Sep-

(inches) t.ember 
(inches) --- --------------- ------- ------

Green 

Kendall, Wyo _______ _______ 7, 600 20 17. 2 6. 94 
Green, R., Wyo ____________ 6,083 39 7. 7 3. 54 Vernal, Utah _______________ 5,266 43 8. 93 3. 82 
Meeker, Colo ______ __ ______ ll, 500 42 15. 9 7. 23 Green R., Utah _______ _____ 4, 087 43 6. 1 3. 03 

Grand 

Gunnison, Colo _____ _______ 7,' 683 48 10. 1 5. 29 Collbran, Colo ____________ _ 6, 200 46 15. 7 6. 74 Norwood, Colo ____ ____ ____ _ 7, 017 13 16. 6 -- --- - ----Grand Junction, Colo ________ 4, 587 51 8. 7 3. 91 Moab, Utah ________ __ _____ 4, 000 54 9. 4 3. 83 

San Juan 

Pagosa Spgs., Colo __________ 8, 150 16 26. 1 9. 63 Ignacio, Colo _______ _______ 6, 425 30 16. 1 8. 49 
Northdale, Colo _____ _______ 6, 482 14 14. 8 -- - - ----·--Shiprock, N. Mex_ _____ ____ 4,950 16 8. 1 5. 72 
Escalante, Utah _______ . ____ 5, 258 35 12. 2 5. 96 

Little Colorado 

Winslow, Ariz _________ _____ 4, 880 36 18. 10 7. 38 Holbrook, Ariz ________ _____ 5, 069 52 9. 13 4. 88 St. Johns, Ariz _____________ 5, 650 36 11. 60 6. 67 Tuba City, Ariz ____________ 4, 593 40 6. 73 2. 98 Flagstaff, Ariz _____ __ ___ ___ 6, 922 51 21, 12 8. 89 Gallup, N. Mex_ __ __ _______ 6, 785 19 11. 94 - - --------

Virgin 

St. George, Utah _______ ____ 2, 880 54 8. 66 3. 27 
Springdale, Utah ___________ 4,048 36 14. 91 5. 14 Kanab, Utah ______________ 4,925 36 13. 03 4. 36 Alton, Utah __________ _____ 7, 000 29 16. 31 6. 62 Logandale, N ev ________ ___ _ 1, 400 36 5. 21 1. 59 Caliente, N ev ___ __ ____ _____ 4,407 21 7. 16 0. 96 

Boulder 

Yuma, Ariz ______ ___ _______ 138 74 3. 37 1. 13 Kingman, Ariz ______ ___ ____ 3, 435 40 11. 14 3. 83 
Grand Canyon, Ariz ________ 6, 930 37 16. 71 7. 58 Las Vegas, N ev ____ ___ ____ _ 2,033 37 4. 75 1. 81 Needles, Calif_ ____ ____ ____ _ 480 50 4. 72 1. 61 Brawley, Calif. __ ___ _______ -119 35 2. 62 0. 42 

Gila 

Phoenix, Ariz ______ ___ _____ 1, 107 47 7. 76 2. 84 Prescott, Ariz ________ ______ 5, 022 73 18. 76 8. 22 Tucson, Ariz ________ ____ __ _ 2, 423 74 11. 51 6. 36 Gila Bend, Ariz ____ __ ______ 737 49 5. 96 2. 30 Globe, Ariz ______ ____ ______ 3, 510 42 16. 60 7. 32 Wickenburg, Ariz _____ ______ 2,072 42 10.89 4. 15 

'Data from records of U. S. Weather Bureau. 

T emperature 
----- - - -----------
Mean annual M aximum Minimum 

(degrees) (degrees) (degrees) 

-------- --- ---- --------

33. 3 103 -52 
43. 5 103 -40 
45 106 -38 
43. 1 103 -43 
52. 5 112 -42 

37 105 -47 
46 100 -30 
46 99 -29 
52 105 -21 
54. 7 113 -24 

41. 2 98 -39 
45. 7 101 -38 
44. 8 103 -42 
52. 5 109 -18 
45. 7 102 -22 

54. 9 107 -19 
54. 6 106 -21 
52. 3 104 -22 
55. 1 110 -15 
45. 7 102 -30 
48. 5 98 -20 

59. 7 116 -11 
60. 0 112 -15 
52. 6 106 -20 
44.8 94 -20 
65. 4 120 6 
53. 0 110 -31 

72. 2 120 22 
61. 5 117 6 
48. 3 103 -22 
23. 2 118 8 
71 125 18 
72 121 19 

70. 2 118 16 
52. 9 110 -21 
67. 2 118 0 
72. 2 123 11 
62. 6 110 10 
64. 9 115 11 

Average 
frost-free 

period (days) 

---- ----

53 
104 
118 
117 
156 

95 
160 
119 
190 
172 

84 
110 
118 
157 
136 

172 
169 
159 
181 
123 
158 

194 
199 
153 
114 
235 
160 

331 
213 
141 
229 
302 
322 

301 
144 
240 
288 
231 
231 

Average 
growing 

season (days) 

-------

91 
155 
179 
143 
203 

114 
178 

----------
185 
228 

115 
155 

----------
202 
183 

21 
20 
19 
23 
15 

6 
9 
4 
2 
9 

----------

24 
27 
20 
17 
35 

3 
9 
7 
0 
0 
0 18 

36 
32 
18 
30 
36 
36 

36 
20 
36 
36 
36 
31 

5 
0 
1 
5 
5 
5 

5 
2 
5 
5 
5 
7 
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''Man's claiming of the Colorado River Basin has 

provided a colorful chapter in American history-and 

one which is not closed. . . . It taxed the courage and 
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CHAPTER II 

Claiming the Basin 

Man's claiming of the Colorado River Basin has pro
vided a colorful chapter in American history-and one 
which is not closed. Whether people came as mission
aries to the Indians, seekers of gold, trappers and traders, 
explorers, immigrants crossing to more attractive areas, 
or as pioneers and settlers, the basin presented a chal
lenge. · It taxed the courage and resourcefulness of the 
people themselves. Those who survived to claim the 
basin as their home are vigorous Americans, who earned 
their "stake" in the land and its future. To them and to 
their children and to others who will elect to make this 
land their home, the challenge remains. What further 
use will be made of the basin, rich in resources of land, 
water, minerals, power, and recreational opportunities, 
is for them to determine. They are the empire builders. 

Accumulating evidence shows the basin to have been 
widely populated thousands of years ago and here and 
there to have been intensely cultivated under irrigation 
systems. Spaniards came as early as the sixteenth cen
tury seeking gold or bringing the gospel to the Indians, 
but most of them failed to establish a lasting civilization. 
The immigrant waves which started rolling to the Pacific 
in the gold rush of 1849 hurried through the bleak plains 
of Wyoming to the north and avoided the hostile Indians 
and scorching deserts of the south. Permanent occupa
tion of the basin by American settlers dates from the mid
dle of the last century. Although settlement and devel
opment of the basin have slowly and steadily progressed, 
today it is still one of the most sparsely settled regions of 
the United States. It has a total population still below 
a million people, an average density of fewer than four 
persons to a square mile, and only two cities of more than 
20,000 people. 

This chapter deals with the people-who they are, why 
they came, where they settled, what towns and cities they 
established, and other related factors. A study of the 
human resources is fundamental to an understanding of 
the problems, the needs, and the opportunities for future 
development of this great basin. 

Primitive Peoples 

Archeological evidence indicates that the southern part 
of the Colorado River Basin was inhabited by ancient 

peoples-cave, cliff, and mud-house dwellers-eight to 
ten thousand years ago. Indian legends relate that these 
people were forced to leave the region because of volcanic 
eruptions in the vicinity of the San Francisco Peaks near 
Flagstaff, Ariz. 

Ruins of dwellings and storehouses, and the remains 
of pottery, arrowheads, and other artifacts scattered 
throughout the Colorado River Basin bear mute evidence 
of the existence of scattered Indian tribes, many of whom 
had disappeared before the coming of the white man. 
Some of these, like the present-day Hopi, developed a 
simple agriculture and lived in permanent compact vil
lages adjoining their cultivated fields. Some, like the 
Pima-speaking tribes of southern Arizona, harvested seeds 
and fruits, irrigated their lands and had small village set
tlements. Others, like the Utes and Paiutes of the pla
teaus to the north, lived an open, roving life, depending 
for a livelihood on hunting animals and collecting herbs. 
They built crude shelters of bark or skins, and seldom 
resided permanently in large settlements. Dwellings in 
the valleys were mostly of adobe but other pueblos near 
and on the cliffs were made of stone. Virtually four
storied apartment houses containing hundreds of rooms 
have been found. 

The present Navajos and Apaches entered the basin 
as roving bands about 600 years ago and established a 
civilization which has persisted to the present day. The 
Pimas, Maricopas, and Papagos of the lower Gila Valley 
are among the most advanced Indian tribes found in the 
United States. The Chemehuevi ("Digger Indians") of 
west-central Arizona are among the least progressive. 
(See chapter VIII, Office of Indian Affairs.) 

Farming by irrigation as now practiced in the Gila and 
Salt River Valleys may be a modern revival of an ancient 
agricultural development. Present canals are found to 
follow closely the route of an ancient canal system and 
the valleys contain numerous ruins of the villages and 
storehouses used by a people whose history is still in 
doubt. Extensive remains of the old agricultural de
velopment are found throughout almost the entire Gila 
River Valley. The ancient canals probably were capa
ble of serving as much as 250,000 acres in all, though the 
area actually under cultivation at any one time may have 
been comparatively small. Primitive construction tools 
restricted the size of irrigation works. All irrigation was 
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done by direct diversion. As the low-lying irrigated lands 
became waterlogged, the community moved to another 
location and developed new land. The numerous ruins 
are believed to be the evidence of those successive migra
tions. The cause of the final exodus of the original tribes 
from the region is not known, but is believed to have 
been severe drought. The present modern irrigation 
works are simply making more efficient use of the same 
streams which at one time made possible the agriculture 
which supported a primitive people. 

Explorations 

The deep canyons, . obstructing cliffs, and desert wastes 
long hindered travelers in penetrating the Colorado River 
Basin. The Spanish conquistadors, exploring north 
from Mexico, were the first white men to enter the basin. 
In 1539 the Spanish explorer Francisco de Ulloa sailed 
to the head of the Gulf of California and because of the 
turbid water inferred that a stream entered the gulf in 
that vicinity . . H~ did not see a river, but drew a rough 
map s~~:n.V,ing its suppdsed lbcation. 

· Tll:t! ' Colorado River actually was discovered in 1540 
by Hernando de Alarcon, who explored the stream from 
its mouth to a point near the present site of Ehrenberg, 
Arizona, about 100 miles above the mouth of the Gila 
River. Two years later Lopez de . Cardenas discovered 
the Grand Canyon but was unable to descend its sheer 
walls. . To traverse the country and to obtain food and 
supplies · seemed so hopeless to early explorers and mis
sionary priests that 2 centuries elapsed before a crossing 
was made in the canyon section. 

In the sixteenth century, Spanish explorers forded the 
Little Colorado River near the present site of Holbrook, 
Ariz. · They named the river "Rio Alameda" or "River 
of the Groves," which would indicate that the stream flow 
characteristics at that time must have been materially 
different from the erratic flow of the present. 

Father Escalante's expedition crossed the Virgin River 
in 1776 near St. George, Utah, after an unsuccessful 
search for an overland route from Santa Fe, N. Mex., to 
Monterey, Calif. 

As time passed, stories of these early Spanish explorers 
·combined with Indian legends grew into fabulous tales 
of this unknown land. It was said that the Colorado 
h~d great falls and whirlpools and that it ran under
ground for hundreds of miles. So formidable were the 
actual conditions that the Colorado River was long con
sidered a dangerous obstacle to be circum toured. 

Spanish explorations continued. to the beginning of the 
nineteenth century, the region being covered rather thor
oughly. During this period two missions were built along 
the Colorado River, both of which were later destroyed 
by Indians. Some encouragement was given to Indian 
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agriculture, but the Spaniards' main interest in the area 
lay in the exploitation of its mineral resources. 

Venturesome traders, trappers, and explorers entered 
the area during the period 182~1840. Beginning in 
1824 General William Henry Ashley with a large band 
of expert trappers explored part of the Green River can
yons. Other trappers and explorers who visited the basin 
during this period were James 0. Pattie ( 1825), R. W. 
H. Hardy (1826), Jedediah Smith (1826), Kit Carson 
(1826), Ewing Young (1827), William Wolfskill 
(1830), Capt. Benjamin L. E. Bonneville (1832), and 
Thomas J. Farnham ( 183 9) . By the year 1840 this 
wilderness had been traversed throughout by white men 
except for the deep canyons of the Colorado. 

The trapping of wild animals for their pelts was the 
first exploitation of the resources of the basin by Ameri
cans. From 1824 to 1840 General Ashley's fur company 
and its successors, eventually the Rocky Mountain Fur 
Co., met other trappers and Indians at annual rendez
vous on the Green River. The trappers traded furs to 
Ashley's company for ammunition, whiskey, and various 
supplies and trinkets. The trapper's life was extremely 
arduous and hazardous, and few trappers survived for 
many years the attacks of hostile Indians. After 1840 
the beaver was so depleted that trapping was no longer 
profitable. 

In 1843 Jim Bridger established a trading post on a 
branch of the Green River. John C. Fremont's explora
tions of the Colorado and the West covered the period 
1842-46. 

The historic march of the Mormon Battalion, a group 
of 500 officers and men mustered by the Mormon Church 
for service in the war with Mexico, crossed the southern 
part of the basin in 1846, marking a wagon road from 
Santa Fe to San Diego. 

The treaty of Guadalupe-Hidalgo, signed in 1848 at 
the end of the war with Mexico, and the Gadsden Pur
chase in 1853 gave to the United States much of the 
territory now included in the seven Colorado River Basin 
States. 

In 1849 after gold was discovered in California at 
Sutter's Mill, adventurers began to pour across the Col
orado River at two main points, one near Yuma, Ariz., 
and the other at "The Needles" about 200 miles farther 
north. The gold seekers also used a northern route 
which crossed the Green River in Wyoming. At the 
same time the Mormons were crossing the upper part 
of the basin en route to the Salt Lake Valley in Utah, 
and many emigrants following the Oregon Trail trav
ersed the Green River country. 

With the establishment of Fort Yuma on the lower 
Colorado River in 1851 steamboating on the river began. 
Navigation was the first use made of the main Colorado 
River. 



CLAIMING THE BASIN 47 

CANYON COUNTRY 
Deep narrow canyons of the Colorado afford excellent power sites 
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Before the coming of the railroads, all freight for the 
interior of Arizona was carried by sea-going ships to the 
head of the Gulf of California; there it was transferred 
to the river boats of the Colorado Steam Navigation Co. 
and shipped to various points along the lower river 
whence it was carried overland by wagon train to its 
final destination. 

In 185 7 the War Department dispatched Lt. J. C. I ves 
to proceed up the Colorado River by boat as far as navi
gation was possible. He ascended in his steamboat only 
as far as Fort Callville near the head of Black Canyon, 
about 400 miles above the mouth of the river. It took 
him 5 days to navigate the last 20 miles. 

In his report to the War Department, Lieutenant I ves 
said: 

The region last explored is, of course, altogether valueless. It 
can be approached only from the south, and after entering it, 
there is nothing to do but leave. Ours was the first, and doubtless 
will be the last, party of whites to visit this profitless locality. It 
seems intended by nature that the Colorado River along the greater 
portion of its lone and majestic way shall be forever unvisited and 
unmolested. 

In 1869, Maj. J. W. Powell succeeded in leading a 
river expedition down through the canyons of the river. 
In traveling by boat from Green River, Wyoming, to the 
mouth of the Virgin River in Nevada, a few miles above 
where Lieutenant I ves had been stopped, he achieved 
the hitherto impossible feat of traversing a thousand miles 
of unknown rapids and formidable canyons. He became 
the first white man to gaze up the sheer walls of the Grand 
Canyon throughout its entire length and live to tell the 
tale. 

Subsequently, Major Powell and others made addi
tional voyages to explore the canyons. With the river 
explored, active investigation began to make it useful for 
man. 

Settlement 

Settlement of the Colorado River Basin has slowly but 
steadily progressed. Rural settlements have been scat
tered along streams. Towns and cities have grown up 
mainly near farms and mines and at important railroad 
points. 

The early settlers endured many hardships in carving 
homes from the wilderness-the rigors of an arid climate, 
the depredations of Indians and wild beasts, and the 
arduous and wearisome existence of frontier life. 
· Missionaries influenced early settlement in the basin. 

Father Kino, a Spanish priest, founded the first settle
ments subsequent to his visit to the region in 1691. 
Spaniards established resident fathers in the Santa Cruz 
River Valley as early as 1 700, and soon after several 
missions were constructed on the banks of the stream. 
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Among the early colonizers of the basin were Mormon 
pioneers, who settled in small agricultural communities 
along river valleys, cultivated the more favorable farming 
lands adjacent to streams where irrigation water was 
readily accessible, and grazed livestock on nearby range 
lands. Old Fort Supply in Wyoming and Santa Clara, 
Utah, were established by Mormons in 1854. Mormon 
settlements spread into other parts of Utah, and in Ari
zona and Nevada in the 1860's and '70's. 

The lure of gold was a chief factor influencing early 
settlements. Many a pioneer settler came seeking his 
fortune in the gold rushes, but, finding that his dreams of 
easy riches would never materialize, stayed to raise live
stock or to farm. 

Several rich mines were discovered throughout the 
basin by transient prospectors and these discoveries were 
responsible for a temporary population influx. Miners 
and prospectors pushed over the mountains from older 
mining districts on the eastern slope of the Continental 
Divide. The placer ground at Breckenridge, Colorado, 
near the crest of the divide attracted the first settlers to 
this region in 1859. Within the next decade other min
ing camps were established near the mountain tops. 
Some miners turned to farming and found a lucrative 
business in supplying agricultural products to the mining 
commumt1es. Settlement grew downward from the 
mountains into the valleys in this western slope section of 
Colorado, the advance being slowed somewhat by the 
hostility of the Indians who occupied the territory. 

The greater part of the Uinta Basin in Utah was 
established as an Indian reservation in 1861. 

Mining was active in southeastern Arizona from 184 7 
to 1860 under protection of the Federal Government, 
but during the Civil War hostile Indians caused nearly 
all of the early mining settlements to be abandoned. 
After the Civil War mining was resumed. 

The establishment of amicable relations with the Indi
ans and the construction of railroads through the basin 
finally made permanent settlement possible. The Union 
Pacific Railroad was completed to Green River, Wyo., 
in 1869. The Southern Pacific Railroad reached the 
Colorado River at Yuma, Ariz., in 1877, and the Atlantic 
and Pacific Railroad crossed the river at Needles, Calif., 
in 1883. With the coming of the railroads, navigation 
soon declined. Other than by railroad, early transpor
tation was by horse and mule, pack train, or freight wagon 
traversing trails and primitive roads. 

For many years mining was the leading industry in the 
Colorado River Basin but declined in relative importance 
with the development of irrigated agriculture. Many 
rich gold and silver lodes pinched out. Aspen, Telluride, 
and Silverton in Colorado, once prosperous cities pouring 
out gold and silver, became dozing towns. Production 
of copper, lead, and zinc became more important, and 
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Arizona displaced Colorado as the leading producer of 
minerals in the basin. Where valuable mines were dis
covered, towns sprang up in their immediate vicinity, and 
where possible, irrigated agriculture was practiced nearby 
to supply the demands of local markets. 

Cattlemen were attracted to the expansive grazing 
areas of the basin and in many sections were the first 
settlers. 

Colonization in the basin has been accompanied by a 
continual search for a satisfactory irrigation water supply. 
Settlers migrated to areas more readily irrigated and con
centrated along river courses. A few small settlements 
were made in favored isolated areas. 

The history of early settlement along the lower reaches 
of the Colorado River is a story of community struggles 
with destructive floods. Many towns were established 
only to be abandoned later when it became evident to the 
settlers that it was impossible for them to control the 
rivers. Dams were repeatedly washed out, crops with
ered and died in time of drought, and flash floods ravaged 
the fields and towns. 

Private and community efforts were responsible for 
the establishment of early settlements. Some present
day settlements, however, followed in the wake of Federal 
Reclamation developments. These projects, making 
available new areas of fertile farm land and attracting 
many new settlers, have been the nuclei around which 
farming communities and trade centers have evolved. 

Population 

Referred to as an area of "wide open spaces", the 
Colorado River Basin is sparsely populated. On the 
basis of the 1940 census, which reported fewer than a 
million people in the basin, the average population 
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density of the entire area, including urban centers, was 
3.6 persons a square mile, as compared with a national 
average of 44.2 persons a square mile. 

POPULATION GROWTH 

Except for short-lived surges resulting from mining, the 
population of the Colorado River Basin has steadily in
creased since its colonization. At the beginning of the 
Twentieth Century the basin supported only 261,197 
persons, or little more than an average of one person a 
square mile. The population has more than tripled in 
the first 40 years of this century. 

The first settlements which grew into permanent com
munities were largely the result of farming. But farm
ing was slow to develop into a stable industry, and in 
the early stages it was not adapted to the support of sizable 
centers of population. Urban communities began to 
rise with the development of federally financed irriga
tion projects. The city of Phoenix, Ariz., grew rapidly 
in the decade 1910-20 when great strides were taken in 

. the development of irrigation in the immediate vicinity. 
The relatively high rate of natural increase, the im

provement in transportation facilities, the opening of 
scenic features of the country to tourists, the accessibility 
of outside markets, and migrations from the Middle West 
have been largely responsible for the increase in popula
tion during the 1930-40 period. 

Population growth has not been uniform throughout 
the basin. Between 1900 and 1940 the Lower Basin 
increased its population five times while during the same 
period the upper basin little more than doubled. A 
phenomenal growth was experienced by the southern 
California area where the population increased more than 
12 times in the same 40-year period. 

The people of the Colorado River Basin are predoin-

TABLE H.-Population growth in the Colorado River Basin 

Division 1900 1910 1920 1930 1940 

- - --- - ------------------- -------- -----·- - --------- ----- --- ------ -----------
Upper basin Green __ ____ ________ _______ ___________ _______ ___________ _ 

Grand _____ __ _____ __________ __________ ________ ________ __ _ 
SanJuan _________ ____________________________ ________ __ _ 

42, 110 59,450 85, 320 93, 330 99, 710 
57, 050 84, 590 84,380 84, 050 105,450 
32, 340 47,890 53, 450 66, 920 81, 290 

Total ____ ____ __________________________ __________ _ 131, 500 191,930 223, 150 244, 300 286,450 

Lower basin 

Little Colorado River __ ____________ ___________ _________ __ _ 19, 057 34, 631 44, 146 60, 986 75, 341 Virgin ___________ _____ _____________ ______________ _______ _ 9, 569 10, 305 11, 706 13, 879 17,213 
Boulder ___ ~ -- ------ - - -------- - - ------ - - - ----- - - - ----- - - -Gila ________________________________ ___ _______ __________ _ 10,414 33, 871 79,899 111, 558 127,568 

90, 657 161,969 275,433 363,466 411, 497 
Total ___________ _______________ _________ __ _______ _ 129,697 240,776 411, 184 549, 889 631, 619 

Colorado River Basin __________ ________ ________ ___ _____ __ _ 
Southern California _________ ____ _______________ __________ _ 
United States _______________ ________ ____ ________________ _ 

261, 197 432, 706 634, 334 794, 189 918,069 
282,090 703, 675 1, 253, 800 2, 791, 927 3, 524,860 

75, 994, 575 91, 972, 266 105, 710, 620 122, 775, 046 131, 669, 275 
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inantly white, almost 90 percent of the population being 
so classified in 1940. Of the nonwhite races, Indians 
are in greatest number, both in the upper and lower 
basins, and are concentrated in vast Indian reservations 
scattered throughout this area. Indian and Negro popu
lations are increasing. 

DisTRIBUTION OF PoPULATION 

Approximately 69 percent of the 1940 population of 
the Colorado River Basin was classified as rural. This 
means that approximately 630,000 people lived either in 
the open country or in towns and villages of fewer than 
2,500 population. Only 28 percent of the total popu
lation lived on farms and approximately that proportion 
was directly dependent upon agriculture for a livelihood. 

Urban centers are scattered throughout the basin. 
Largest settlements in the upper basin are mining, agri
cultural, and railroa dcenters. In the lower basin con
centration of population is mainly where irrigation is 
extensive, although recreational and scenic attractions 
have been responsible for the location and growth of 
many c1t1es. Conforming to a National trend, there is 
an increasing concentration of population in urban cen
ters. Principal towns and cities in the basin are: 

Popula- Po pula· 
D ivision t ion Division tion 

(1940) (1940) 

Green Little Colorado- Con. 

Rock Springs, Wyo __ __ 9,827 Winslow, Ariz ________ 4,577 
Price, Utah _________ __ 5, 214 Holbrook, Ariz ________ 1, 184 
Helper, Utah _________ 2, 843 
Green River, Wyo ____ 2, 640 Virgin 
Craig, Colo _______ ____ 2, 123 
Vernal, Utah _______ __ 2, 119 St. George, Utah ______ 3, 591 
Kemmerer, Wyo __ ____ 2, 026 Hurricane, Utah ______ 1, 524 

Caliente, Nev __ _____ __ 1, 500 
Grand Kanab , Utah ____ _____ 1, 365 

Pioche, Nev _________ _ 1, 182 
Grand Junction, Colo_ 12,479 
Montrose, Colo ______ _ 4, 764 Boulder 
Delta, Colo _________ __ 3, 717 

11, 718 Glenwood Springs, Brawley, Calif_ ______ _ 
Colo __ ___ __ ________ 2,253 El Centro, Calif __ ____ 10,017 

Gunnison, Colo ____ ___ 2, 177 Las Vegas, Nev ___ ____ 8, 422 
Fruita, Colo ______ __ __ 1, 466 Yuma, Ariz ____ __ ____ 5,325 
Rifle, Colo ___________ 1,373 Williams, Ariz __ ______ 2, 622 

San Juan Gila 

Durango, Colo ________ 5, 887 Phoenix, Ariz _________ 65,414 
Farmington, N. Mex __ 2, 151 Tucson, Ariz ___ ___ ___ 36,818 
Shiprock, N. Mex ___ __ 2, 131 Douglas, Ariz ____ _____ 8,625 
Escalante, Utah _____ _ 1, 106 Prescott, Ariz __ __ ___ __ 6, 018 

Bisbee, Ariz ____ __ ____ 5,853 
Little Colorado Nogales, Ariz _________ 5, 135 

Silver City, N. Mex __ 5,044 
Gallup, N. Mex _______ 7, 041 Safford, Ariz ____ __ __ __ 2, 266 
Flagstaff, Ariz _____ ___ 5,080 

PoPuLATION MovEMENT 

The towns first established in the basin were little more 
than temporary camps, and a look at a map of 40 or 50 
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years ago will reveal names of communities which are 
today but memories of a romantic past. 

From the beginning the population possessed a high 
degree of mobility, particularly in the lower basin. Al
though the number and size of permanent communities 
have increased since the turn of the century the popula
tion has not lost its trait of mobility. The University of 
Arizona found from a recent study of population trends 
in Arizona that while the decade 1930-40 brought 
134,000 people into the State, the net population gain 
was only 63,000 persons, of which 32,000 could be at
tributed to the natural increase in the resident population. 
Some 103,000 people had claimed Arizona as a place of 
residence during that decade but had failed to become 
permanently established. 

Economic depressions and disasters in other States have 
dislodged many people from permanent moorings, and 
those thus affected have moved aimlessly about the coun
try. The droughts and dust storms which occurred in 
the Middle West in the 1930's resulted in such migra
tions. Hearings before the House of Representatives 
Committee of the Seventy-Seventh Congress investigat
ing migratory labor problems revealed that 63 percent of 
all migrants into Arizona and southern California during 
this period came from the Middle West. The committee 
found that while 66 percent of the group investigated 
had been farm operators or owners prior to migration, 
less than 15 percent became owners or operators of farms 
in their new locations. The majority of the migrants 
from the Middle West became farm laborers or joined the 
ranks of the semiskilled or unskilled workers, depending 
on seasonal or other temporary employment. 

The population of the upper basin has been less af
fected by immigration than that of the lower bsin. In
stead of growing from migration, Utah lost by outward 
movement of its residents from 1920 to 1940. Many 
young people left the State to seek work and opportunities 
in larger industrial centers and metropolitan areas. De
spite its outward migration, Utah has had a net popula
tion gain each decade because of its high birth rate. In 
1930 Utah had the highest rate of natural increase in 
the Nation. 

The rise of war industries during World War II 
brought to the area its most rapid influx of people. The 
most significant movements were to southern Nevada and 
central Arizona. Las Vegas, Nevada, tripled in popula
tion during the war period, and the city of Phoenix, Ari
zona, increased approximately 130 percent. At the same 
time, thousands of young men left the area to join the 
Nation's armed forces. Thus, the war induced move
ments into and out of the basin. 

The relatively undeveloped state of the basin and its 
store of natural resources indicate that by no means has 
the population reached its peak growth. 
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CHAPTER III 

Dividing the Water 

As more people claimed the Colorado River Basin for 
their home, they came to realize that the extent of the 
ultimate habitable area was determined by the limita
tions of the dependable water supply and that the Col
orado River was increasingly important as a national re
source. 

How to divide the waters of the Colorado River for 
beneficial use presented complications. Because the 
watershed reached into seven States in this country inter
state problems required solution before any comprehen
sive development could be undertaken. Since the river's 
lower delta and its mouth extend into Mexico interna
tional problems also were presented. 

In the history of the development of the Colorado River 
the early 1920's was a significant period. By that time 
the use of water in the lower river area had reached the 
maximum possible without ·extensive storage regulation, 
and demands for additional water had created a critical 
situation which finally resulted in the Colorado River 
Compact, the Boulder Canyon Project Act, and subse
quent acts pertaining thereto. 

In this chapter the history of irrigation development 
is traced to this critical period and problems are pre
sented that pressed for solution in the development and 
use of the Colorado River for irrigation, flood control, 
power production, and other beneficial uses. The Col
orado River Compact which divided the water between 
the upper and lower Basins, other legislative acts per
taining to the development of the Colorado River, and 
the Mexican treaty allocating certain of the waters of the 
Colorado River to the sister republic are briefly outlined 
with no attempt at legal interpretation. 

Fundamental to a division of the water is a knowledge 
of the quantity, quality, and flow characteristics of the 
water available. Virgin conditions of the Colorado River 
are considered for this purpose. 

Virgin Conditions 

The Colorado River, draining 242,000 square miles 
in this country, has the largest watershed of any stream 

in the United States outside of the Mississippi River Basin. 
Beginning high on the Continental Divide it empties into 
the Gulf of California at sea level. 

Rain and snow fall in abundance on the Rocky Moun
tains rimming the upper part of the Colorado River 
Basin, but great expanses in the lower areas are compara
tively dry. The average annual precipitation for the 
entire drainage area of less than 15 inches is near the 
lowest for the major river basins of America. Nearly 90 
percent of the moisture that falls returns again to the 
atmosphere through evaporation, and only about 10 per
cent flows in the river channel. Yet about 10 percent of 
the scanty precipitation on so vast an area makes up the 
flow of the mighty Colorado River. The river grows al
most to its full size from contributions of tributaries in 
the upper half of its drainage area, above Lee Ferry in 
Arizona. Below that only minor contributions are made 
by the Little Colorado and Virgin Rivers, and between 
Black Canyon (site of Boulder Dam) and the entry of 
the Gila River near the Mexican border inflow is insuffi
cient to offset evaporation losses in the desert region. 
From an analysis of all available data, average virgin 
flows at various points are estimated as follows: 

TABLE IlL-Estimated Virgin flows in the Colorado River 
Basin 

Stream Location Average annual 
flow (acre-feet) 

Green River_ _______ __ At mouth __ --- -- - - - -- -- 5, 903, 000 
Colorado River______ _ Above mouth of Green 7, 289, 000 

River. • >: ~· '' · 
Do ___ _____ _____ _ Lee Ferry in Arizona ____ 1 16,270,000 

Little Colorado River__ Near the mouth___ ______ ; 338, 000 
Virgin River_________ Littlefield _----_____ __ __ -~PIO, 000 
Colorado River _______ Boulder Dam _____ ___ ___ 1 17,330,000 

Do ___ ___________ Laguna Dam ______ ___ __ 1 16,450,000 
Gila River____ _______ Dome_____________ _____ 1 1, 270, 000 
Colorado River_ ____ __ International boundary ___ 1 17, 720, 000 

• See appendix I, " Water supply, Colorado River." 

Before man built the existing structures providing par
tial river control, seasonal flows of all streams fluctuated 
greatly. In the spring the Colorado River fed by melting 

55 



56 

snow was a mighty, raging torrent, reaching flood peaks 
of 250,000 second-feet or more. Below the canyon sec
tion it overflowed its banks and inundated the country 
for miles around. In summer in years of low run-off its 
flow became a mere trickle by comparison, sometimes 
dropping to 2,500 second-feet. The only sustained sum
mer flow of most tributaries was the outflow from numer
ous mountain lakes fed by the melting of perpetual snow 
banks. The northern tributaries had greater sustained 
flows than those in the southern region, but they too were 
subject to great fluctuations. 

The flow of the river also fluctuated greatly from year 
to year. At Lee Ferry, under virgin conditions, annual 
flows probably ranged from as little as 5,500,000 acre
feet to as much as 25,000,000 acre-feet. Flows of tribu
tary streams were characterized by even greater varia
tions, especially those of the lower region. Under virgin 
conditions the average annual flow of the Gila near 
Phoenix is estimated to have been 2,282,000 acre-feet, 
of which probably only about 1,270,000 acre-feet reached 
the Colorado because of losses in the lower river area. 

The creeks and streams at higher elevations generally 
bring clear, pure water into the main Colorado River, 
although they become roily during the spring run-off. 
Soluble salts in quantities damaging to plant growth 
occur in isolated tributaries but the injurious effects are 
local and generally unimportant. Diluted by larger 
streams of the system, these soluble salts of tributary 
streams cease to be harmful. Water of the main river 
becomes progressively more saline as it moves downstream 
and receives return flows from irrigation and drainage 
from basin lands but is considered suitable for irrigation 
at the lowest diversion. (See Ch. VIII, Geological Sur
vey "Quantity and Quality of Water.") 

Tributaries entering the middle and lower sections of 
the Colorado River, notably the San Juan, Little Col
orado, and Virgin Rivers, have highly erosive watersheds 
and hence contribute great quantities of silt to the main 
stream. At normal flow stages little silt is carried, but 
more is picked up in spring and early summer when flows 
become high and turbulent. Occasional summer cloud
bursts cut into unstable earth sections, flushing large 
amounts of mud and silt into the streams. 

Early Development of the River 

IRRIGATION 

The first white irrigators in the Colorado River Basin 
were the Jesuits who established themselves at the old 
missions of Cuevavi and San Xavier in Arizona in 1732. 
In the period 1768 to 1822, considerable irrigation was 
practiced along the Santa Cruz River near the missions 
and the Spanish presidios of Tubac and Tucson. 
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After the Gadsden Purchase in 1854, a number of 
Americans-military followers, stragglers from the immi
grant stream to California, and others, pioneers by in
stinct-began to settle and develop irrigation in Arizona. 
Thomas H. Blythe moved to the Palo Verde Valley in 
1856 and commenced the first recorded use of the Colo
rado River in California. In 1877 he made the first fil
ing on Colorado River water in California. About the 
same time the first modem irrigation works were being 
constructed in Wyoming, Utah, and Colorado. In 1854 
Mormon pioneers began to irrigate from Blacks Fork, a 
tributary of Green River, in Wyoming. Irrigation in the 
basin in Colorado began in the 1860's and 1870's when 
prospectors and miners came over the Continental Divide 
from the older mining districts on the eastern slope of the 
Rockies. The Federal Government first attempted to 
reclaim arid lands .on the Colorado River Indian Reser
vation in 1867. In 1883 the Grand Valley Canal, a pri
vate development, was started to irrigate a relatively large 
area in Grand Valley on the western slope of the Rockies 
in west-central Colorado. 

The possibility of exporting water from the Colorado 
River to the Imperial Valley of California by a simple 
diversion canal passing in part through Mexico was rec~ 
ognized even before the Civil War. In 1876 Lt. Eric 
Bergland made surveys on the lower river for the War 
Department for the purpose of investigating flood condi
tions and to determine the feasibility of diverting water 
from the Colorado River to the Imperial Valley through 
a canal wholly within the United States. He reported 
unfavorably on such a canal but efforts continued for a 
water supply to the Imperial Valley. Despite the diffi
culties and undesirability of a canal through Mexico for 
the irrigation of Imperial Valley from the Colorado River, 
construction of an international canal was finally begun 
in 1902 by the California Development Co. By Septem
ber 1904 nearly 8,000 people had settled in the valley; 
700 miles of canal were in operation; and 75,000 acres 
of land were cropped. 

After passage of the Reclamation Act by Congress in 
1902, the Reclamation Service (Bureau of Reclamation 
since 1923) of the United States Department of the In
terior began investigations to determine the feasibility of 
constructing large irrigation works in the West. Some of 
the early projects constructed in the Colorado River Basin 
by the Reclamation Service were the Uncompahgre and 
Grand Valley projects in Colorado, the Strawberry Val
ley project in Utah, and the Yuma and Salt River projects 
in Arizona. 

Irrigation continued to expand in both the Upper and 
Lower Basins. In 1922 the approximate irrigation de
velopment in the entire Colorado River Basin, according 
to a report by F. E. Weymouth, then Chief Engineer of 
the Reclamation Service, was as follows: 
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TABLE IV.-Irrigation Development in the Colorado River 
Basin (1922 ) 

Area irrigated Area irrigable Total (acres) (acres) (acres) 

Upper Basin ______ _____ 1, 450, 000 2, 750, 000 4, 200, 000 
Lower Basin ______ ___ __ 950,000 1, 350,000 I 2, 300,000 

Total in United 
States ____ _____ 2,400, 000 4,100,000 6, 500,000 

Mexico_"-- ________ ___ _ 200, 000 800,000 1,000,000 

TotaL ___ ___ ____ 2, 600,000 4, 900, 000 I 7, 500, 000 

1 Includes 430,000 acres irrigated and 400,000 irrigable in the Gila River Basin. 

Irrigation in the upper basin was mainly in scattered 
small developments on the main stream and many tribu
taries. General farm crops predominated, and in a large 
portion of the irrigated area, particularly in much of the 
Green River country, wild hay for livestock feed was the 
principal crop. At that time a total of 115,000 acre-feet 
of water annually was being exported from the Upper 
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Basin for irrigation in adjoining basi' The Strawberry 
Valley project was diverting water fr ;raw berry River, 
a tributary of Duchesne River, to t'.mish Fork in the 
Bonneville Basin in Utah. Several Jcher small diversions 
were being made into the South Platte and Arkansas 
watersheds in Colorado. Additional large diversions, 
amounting to over 400,000 acre-feet, were being consid
ered for development in these States, including transmoun
tain diversions for the municipal water supply of Denver. 

Topography and the high cost )f projects, as well as 
climate and lower crop values, were limiting the rate of 
irrigation expansion in the upper basin. 

Development in the lower basin, with its climatic 
conditions favorable to intensive cultivation of semitrop
ical fruits, cotton, lettuce, and melons, was being hampered 
by limited low-season stream flows. Irrigation on the 
Gila was well advanced by 1922. The Imperial Valley, 
which then had over 400,000 acres under irrigation by 
direct diversion from the Colorado River without storage 
regulation, suffered a water shortage in each low-water 

YUMA PROJECT 

This early reclamation development on the Colorado illustrates how irrigation water conveyed in canals like that 
shown in the picture transforms desert (foreground) into citrus grove (background) 
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year. The canal serving Imperial Valley lands also sup
plied water for the irrigation of 200,000 acres or more in 
Mexico, thus exporting some 3,000,000 acre-feet annually 
out of the basin for use in both countries. 

FLoon CoNTROL 

Uncontrolled the Colorado River was a natural menace. 
Before the construction of Boulder Dam, the lower 
stretches of the river were annually subject to long sus
tained floods from the melting snows of the high moun
tains in Colorado, Wyoming, and Utah. Floods originat
ing in the lower tributaries were of shorter duration but 
extremely erratic and perhaps not less damaging. The 
tragic menace from floods, however, was not fully realized 
until 1905. Then the Colorado, swollen by flood waters 
from the Gila, broke through a cut which was made 4 
miles below the international boundary by the California 
Development Co., operators of the Alamo Canal. For 16 
months the Colorado poured its entire flow into Imperial 
Valley's sunny fields and flourishing communities. It en
larged the Salton Sea to a lake 76 feet deep and 488 square 
miles in area, and threatened permanently to engulf the 
entire valley. The break was finally closed with great 
difficulty and expense, but about 30,000 acres of arable 
land had been inundated, farms ruined, homes destroyed, 
highways washed away, and railroad tracks wrecked. 
Miles of mainline track of the Southern Pacific Railroad 
had to be moved to higher ground, and tangible damage 
into the millions of dollars was sustained. Here, in the 
need for flood control, was the prime motivating reason 
for the construction of Boulder Dam. 

Protection of the delta lands lying principally below the 
level of the Colorado had required the building of levees 
in both United States and Mexico. Each year these were 
lashed by silt-laden floods. The levees were built higher 
and stronger. Maintenance of the levees was an ex
pensive burden and was complicated by international 
problems. 

Levees constructed to protect the Yuma project on the 
Colorado just north of the international boundary line 
had broken several times with disastrous local results. An
other similar flood occurred in 1922 when the levees along 
the Palo Verde Valley in California were broken. To 
protect the lands on the lower river, 150 miles of levees 
were maintained. Although many additional breaks oc
curred, the major levees were intact in the early 1920's. 
Defensive measures, however, became more and more bur
densome. From 1906 to 1924, 10Y4 million dollars were 
spent by various agencies on levee construction and main
tenance on the lower Colorado River, including protec
tion for Imperial Valley. Even this large expenditure did 
not eliminate the menace. The continued threat of a 
major break from some unexpected river change still re
mained and 100,000 people lived in fear that the 
river might overwhelm them. ~ 
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SILT PROBLEMS 

The difficulty of maintaining an adequate levee system 
was aggravated by siltation. Each year the Colorado 
River was depositing over 100,000 acre-feet of silt in the 
delta region, lifting itself higher and higher and making a 
larger and continuous expenditure necessary to maintain 
levees protecting the Imperial Valley. In 1923 and 1924 
the Imperian irrigation district was spending over $500,-
000 annually to remove silt from its canal systems. In 
addition, it was estimated that Imperial Valley farmers 
expended about $1,000,000 to repair damages from silt 
deposits on their farms. 

HYDROELECTRIC PowER 

In the early 1920's the existing hydroelectric power de
velopments in the Colorado River Basin were largely con
fined to the tributaries of the Colorado River. Thirty-six 
plants with a combined capacity of about 37,000 kilo
watts were in operation, the largest being the Shoshone 
plant of the Colorado Power Co. on the main stream above 
Glenwood Springs, Colo., and the plant built by the Bu
reau of Reclamation at Roosevelt Dam on the Salt River 
in Arizona. Each of these plants had an installed capac-
ity of approximately 10,000 kilowatts. . 

In 1922 the Salt River Valley Water Users' Association 
started the construction of a series of three dams below 
Roosevelt Dam on the Salt River for irrigation storage and 
power production to help supply the needs of the Phoenix 
area. 

In the early 1920's the southern California coastal 
plains centering around the Los Angeles metropolitan area 
were experiencing a phenomenal growth, the population 
more than doubling from 1920 to 1930. A great poten
tial power market thus was being created. Serious con
sideration was also being given to the electrification of 
railroads in the Colorado River Basin. Although the 
power uses within the basin at that time were small in the 
aggregate and the sparse population needed little power 
development for ordinary local uses, the rapidly growing 
market in the southern California area combined with 
advancement in electric power transmission had created a 
demand for a large amount of additional power. The 
growth of the power load was rapidly exhausting the avail
able hydroelectric resources of southern California and an 
additional source of power was much needed for its grow
ing industrial development. 

MuNICIPAL WATER SUPPLY 

With no large cities in the basin, the needs and develop
ments for municipal water supply within the area had been 
small, but in the early 1920's it was becoming increasingly 
evident that the rapidly growing southern California 
metropolitan area would soon demand a new source of 
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water. Los Angeles was utilizing fully its Owens Valley 
water and had studied other sources from which water 
could be obtained. The only adequate practical source 
appeared to be the Colorado River, whose floodwaters, if 
properly conserved, could be made available for such use. 

The need for a source of domestic water supply became 
an additional and potent reason for urging the develop· 
ment of the Colorado River. In 1923 the first recon
naissance for an adequate route from the Colorado River 
to the southern California area was undertaken by the city 
of Los Angeles. The general feasibility of such an aque
duct was soon established, and on June 28, 1924, the city 
of Los Angeles made a filing with California State author
ities on a flow of 1,500 second-feet of water from the 
Colorado River, or 675,000 gallons per minute. 

Summary of Conditions in the Early 1920's 

By 1920 the population of the Colorado River Basin 
was 634,334 persons, with the lower basin growing more 
rapidly than the upper basin. In the early 1920's mining 
was being replaced by irrigated agriculture as the leading 
industry in the basin. Livestock grazing was important, 
lumbering was a lesser industry, and the tourist trade was 
just starting to develop. 

Several important national parks had been found in the 
basin, the most important being the Rocky Mountain N a
tiona! Park, established in 1914, and the Grand Canyon 
National Park established in 1919. The Fall River Road 
over the Continental Divide in Rocky Mountain National 
Park was completed in 1920. By that time health re
sorts and scenic attractions in the basin along the trans
continental railroads long had been en joyed by the 
traveling public, but automobiles and the rapid develop
ment of a network of good highways were just beginning 
to make accessible generally the basin's more remote areas. 

Large sections of land in the basin had been set aside as 
Indian reservations. Over 17,000,000 acres in Arizona 
alone were under the jurisdiction of the Office of Indian 
Affairs. The Indian population, which was about 80,000 
in 1920, had remained practically constant for years, but 
began to increase materially during the 1920's. 

Livestock grazing continued to be an important industry 
in the basin. By 1920 control of large grazing areas by 
the Forest Service was stabilizing and making more profit
able the livestock industry. 

Irrigation development in the upper basin was con
sidered to be lagging behind that in the lower basin, 
where rapid progress was being made in the Gila River 
Basin. Main stream developments on the lower river, 
however, were being impeded by lack of storage facilities; 
existing developments were suffering frequent shortages 
and, rn.oreover, were being threatened by continued flood 
hazards aggravated by silt problems. 
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Thus by 1920 the situation with respect to the Colo
rado River had become very tense. Increasing upstream 
depletions were accompanied by increased requirements 
for irrigation development in California and Mexico. 
The constant threat of an unmanageable break of the 
river into Imperial Valley during flood stages was also 
becoming more serious with the rising level of the river 
and its flood plains within the levees protecting the Im
perial Valley. Meanwhile the rapid growth of the metro
politan district of the southern California coastal region 
was creating a great demand for a large block of power 
and for additional municipal water supplies. Similar de
mands for municipal water for the growing city of Denver 
in the adjacent Platte River Basin were anticipated. 

About the same time a keen interest in the Colorado 
River was displayed by various public and private 
agencies, seeking the right to develop hydroelectric power 
but proposing to provide storage and flood control 
incidentally. 

An extensive investigation by the Bureau of Reclama
tion to develop ways and means of meeting all of the 
various needs resulted in the recommendation for the 
construction of a dam either in Boulder Canyon or Black 
Canyon for flood control, navigation improvement, irriga
tion storage, silt control, and power development. The 
long standing need for a canal wholly within the United 
States also was recognized and it was recommended that 
such a canal connecting the river at Laguna Dam with 
the Imperial Valley be constructed and thus eliminate all 
international complications. 

Between the Upper and Lower Basins 

FoRcEs AcTivATING INTERSTATE AGREEMENT 

For a number of years prior to 1922 the lower basin 
area, growing more rapidly in population than the upper 
basin, had pressed for development of the lower river and 
the upper basin and objected. In 1919 and again in 
1920 bills were introduced in Congress for Federal as
sistance in building an all-A,merican canal. In April 
1922 a third bill had proposed not only the building of an 
all-American canal, but also the building of a storage dam 
on the main river below the mouth of the Green River. 

It was rapidly becoming apparent that the normal flow 
of the Colorado River would not be adequate to supply 
all of the uses envisioned by the Colorado River Basin 
States. The proposals for storage in the lower basin 
without guaranties to the upper basin States were re
garded by the latter as threatening to establish priorities 
which would preclude later use of the water in the upper 
basin. 

The law respecting rights to the use of waters of inter
state streams was not well settled. Each of the various 
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States claimed exclusively the right to regulate the ap
propriation of water within its boundaries. At the same 
time claims were made that the Federal Government had 
jurisdiction over the waters of interstate streams. It was 
argued that no reasonable regulation of the flow of the 
Colorado River by storage appeared to be feasible except 
with the approval and the control of some authority higher 
than the States and that the Federal Government logically 
should effect the regulation of Colorado River develop
ment. The lower part of the stream was or had been 
navigable and, therefore, was subject to jurisdiction by 
the United States. At the same time the desire prevailed 
to obtain Federal aid in the financing of the huge multiple
purpose development considered necessary for the utiliza
tion of the stream flow of the lower Colorado River. 

Some form of an agreement between the various fac
tions was essential before comprehensive development of 
the Colorado River could proceed. Each State ap
proached the problem individually. The conception of a 
division of water as between the upper and lower basins, 
which was finally adopted, instead of an apportionment 
among the individual States, crystallized slowly. The 
common desire for a solution gained momentum and 
finally resulted in an interstate compact. 

The lower basin States favored a compact because they 
wished to enlist the support of the upper basin States in 
securing legislation by the Congress for main stream de
velopments which were urgently needed for further ex
pansion in the lower basin. States in the upper basin 
favored a compact because they desired to feel secure in 
their rights to further development of water uses, believ
ing that they would be deprived of such rights by prior 
appropriations and uses downstream if they did not enter 
into a special agreement. 

The States of both areas desired to retain control of 
water rights within their respective boundaries and thus 
were willing to enter into an interstate agreement to avoid 
the complete Federal control of the Colorado River that 
otherwise possibly would result. 

Another significant motivating factor leading up to the 
Colorado River Compact was the desire of the people in 
the Colorado River Basin to give agriculture priority over 
power in the use of water. 

NEGOTIATIONS LEADING TO THE CoMPACT 

In 1920 at a meeting of representatives of governors of 
Western States, a novel proposal by Delph E. Carpenter of 
Colorado that the States exercise their treaty-making pow
ers was endorsed as a means of extricating the Colorado 
River Basin States from their perplexing predicament. 
After this proposal was approved by the governors, the 
respective legislatures of the seven Colorado River Basin 
States adopted appropriate legislation authorizing the ap-
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pointment of compact commissioners, and on August 19, 
1921, the Congress approved this proposal. The Colorado 
River Commission was organized in Washington, D. C., 
on January 26, 1922, with Herbert Hoover, then Secre
tary of Commerce, representing the United States and 
serving as chairman, and commissioners representing each 
of the seven basin States, as follows: 

Comn~issioner State 
W. S. NorvieL _________ ______________________ Arizona . 

W. F. McClure __ ___ ________ ____________ __ Cali fo rni a. 
Delph E. Carpenter_ __ __ _______________ ______ Colorado. 
J. G. Scrugham ___ _____________ ______________ Nev.ada. 
Stephen B. Davis, Jr __ _______________________ New Mexico. 
R. E. CaldwelL __ ____________________________ 'Ctah. 
Frank C. Emerson __________________________ __ Wyoming. 

Following its organization meeting and numerous ex
ecutive sessions held in Washington, the Commission met 
for public hearings in Phoenix, Los Angeles, Salt Lake 
City, Grand Junction, Denver, and Cheyenne in 1922. 
Final sessions, held at Santa Fe during November of the 
same year, culminated on November 24 in the signing of 
the Colorado River Compact by the commissioners of 
each of the seven basin States and the representative of 
the United States. The compact, however, was subject 
to ratification by the legislative bodies of the States in
volved and by the United States. 

The compact was approved during the following year 
( 1923) by six of the seven basin States, Arizona declining. 
As the compact provided that it would become binding 
only upon approval by the legislatures of each of the 
signatory States and by the Congress of the United States, 
it became necessary for the six approving States and the 
United States to enact laws waiving the provision of the 
compact requiring approval by all seven States and pro
viding that the compact would become effective as to 
approving States if six States, including California, con
curred. Such legislation was enacted and in 1929 the 
compact became binding upon all of the basin States ex
cept Arizona by a provision of the Boulder Canyon Project 
Act. Arizona did not ratify the compact until February 
24, 1944. 

THE CoLORADo RivER CoMPACT 

The Colorado River Compact provides principally for a 
division of the available water of the Colorado River 
system between the "Upper Basin" and the "Lower 
Basin" at Lee Ferry, which is defined as a point on the 
Colorado River 1 mile below the mouth of Paria River. 
The nearest stream gage to this point on the Colorado 
River is at Lees Ferry, which is above the mouth of the 
Paria River. Lee Ferry, a few miles below the Arizona
Utah boundary, is a natural point of demarcation. Here 
all the waters of the entire upper system, including the 
Paria River and return flow from irrigation diversions, 
converge to form a single stream. The total stream flow 
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NEAR LEE FERRY-The dividing point 

at Lee Ferry is computed by adding the flow of the Paria 
River to the flow of the Colorado at Lees Ferry. 

The compact (art. Ilia ) apportions to each of the 
upper and lower basins in perpetuity a total of 7,500,-
000 acre-feet for beneficial consumptive use annually and 
(art. IIIb) grants the further right to the lower basin to 
increase its beneficial consumptive use by 1,000,000 acre
feet annually. This division does not apportion the total 
annual water yield of the system, but (art. IIIc) estab~ 
lishes the basis for supplying any right later recognized 
in Mexico and (art. II If) leaves the apportionment of 
any excess among the States after October 1, 1963. 

The compact also divides the basin States into two 
divisions: the "States of the Upper Division," including 
Colorado, New Mexico, Utah, and Wyoming; and the 
"States of the Lower Division," including Arizona, Cali
fornia, and Nevada. By the terms of the compact (art. 
IIId), the States of the Upper Division cannot cause the 

flow of the Colorado River at Lee Ferry to be depleted 
below an aggregate of 75,000,000 acre-feet for any period 
of ten consecutive years. Since the State boundaries do 
not conform to the actual drainage basin boundaries of 
the upper and lower basins, two of the States of the 
Upper Division, New Mexico and Utah, have a part of 
their territory in the lower basin. Arizona, one of the 
States of the Lower Division, also had a part of its terri
tory in the upper basin. 

By a provision in the compact, the Colorado River Basin 
includes "All the drainage area of the Colorado River sys
tem and all other territory within the United States of 
America to which the waters of the Colorado River sys
tem shall be benficially applied." Other provisions limit 
the use of Colorado River water to the seven basin States. 
Thus the exportation of waters from the actual drainage 
basin to adjoining areas is authorized "if such diverted 
water is to be used within the boundaries of the States 
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THE COLORADO RIVER BASIN STATES 
... within the boundaries of which the waters of the Colorado River System shall be beneficially applied 

through which the Colorado River system extends and if 
such use is not in excess of that allowed by the compact." 

The compact recognizes the Colorado River as a nav
ligable stream, but (art. IVb) holds that its use for 
navigation shall be subservient to its use for domestic and 
agricultural water supply and for power purposes. 

* * * water of the Colorado River system may be impounded 
and used for the generation of electrical power, but such impound
ing and use shall be subservient to the use and consumption of such 
water for agricultural and dome~tic purposes and shall not inter
fere with or prevent use for such dominant purposes. 

In addition, the compact (art. VII) provides that: 
Nothing in this compact shall be construed as affecting the obliga

tions of the United States of America to Indian tribes. 

With respect to Mexico the compact (art. III) reads: 
(c) If, as a matter of international comity, the United States of 

America shall hereafter recognize in the United States of Mexico 
any right to the use of any waters of the Colorado River system, 
such waters shall be supplied first from the waters which are surplus 
over and above the aggregate of the quantities specified in para
graphs (a) and (b); and if such surplus shall prove insufficient for 
this purpose, then the burden of such deficiency shall be equally 
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borne by the Upper Basin and the Lower Basin, and whenever 
necessary the States of the Upper Division shall deliver at Lee Ferry 
water to supply one-half of the deficiency so recognized in addition 
to that provided in paragraph (d). 

The Colorado River Compact cleared the way for 
legislation authorizing the construction of major projects. 
It removed the cause for rivalry in the development of the 
upper and lower basins. Prior development in the 
lower basin would create no prior right to the use of water 
in that basin as against the use in the upper basin. This 
left the upper basin free to develop in the manner and 
time required. 

EvENTS LEADING TO THE BouLDER CANYON PROJECT 

AcT 

Long strenuous efforts were involved in obtaining con
gressional approval and authority to undertake major 
developments on the Colorado River. In 1914 Congress 
made a special appropriation for more intensive study of 
Colorado River problems by the Reclamation Service and 
followed this with additional allotments. Reconnaissance 
studies were made of reservoir sites, irrigation projects, 
and water rights within the basin. Engineer John T. 
Whistler in Reclamation Service reports, made in 1918 
and 1919, concluded that there was sufficient water in 
the river to supply all future irrigation requirements within 
the drainage basin if storage capacity of 10,000,000 to 
12,000,000 acre-feet were provided, and that proposed 
storage for irrigation also would provide a large degree 
of flood protection and would be of material benefit to 
water power development. The principal reservoir sites 
considered were on the Colorado River in the upper basin. 

In 1918 two agreements were made between the Im
perial Irrigation District, successor to the California De
velopment Co., and the United States, providing for 
surveys and the appointment of a joint board ( All-Amer
ican Canal Board ) to plan the construction of an All
American canal from Laguna Dam. The first Kettner 
bill, to authorize construction of such a canal, was intro
duced in Congress in June 1919. Neither this bill nor 
its successor, introduced in the second session of the same 
Congress, was enacted. 

The Kinkaid Act in May 1920 authorized and directed 
the Secretary of the Interior to make an examination and 
report on the condition and possible irrigation develop
ment of Imperial Valley. One-half of the cost of this 
examination and investigation was to be paid by the 
United States and the other half by local interests. 

The principal reservoir sites discussed in the Whistler 
reports, being located above Grand Canyon, would not 
provide the flood protection which was the essential and 
most urgent need of Imperial Valley. Accordingly, in
vestigations by the Reclamation Service were transferred 
to the lower basin. Topographic surveys were made of 
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the Colorado River upstream from Bulls Head by the 
Geological Survey. The Reclamation Service made a 
detailed survey of dam sites in Black and Boulder Can
yons, and because of their interrelation with the prob
lems of the Imperial Valley, a general review of the condi
tions and water resources of the entire Colorado River 
Basin was also undertaken. 

A report by A. P. Davis, director of the Reclamation 
Service, to the Secretary of the Interior in July 1921 gave 
the results of investigations demonstrating the feasibility 
of Boulder Dam from the construction standpoint and 
presented studies on flood control, water supply, and 
hydroelectric power showing conclusively that the develop
ment of a reservoir of such capacity as would be possible 
by the construction of a dam at one of these sites was the 
key to the problem of proper and orderly development of 
the water resources of the Colorado River Basin. This 
report was the first to propose a dam of such un
precedented height as 600 feet. 

The Secretary of the Interior in transmitting his re
port, popularly known as the Fall-Davis report, to the 
Senate on February 28, 1922, included among his pro
posals the following two recommendations: 

It is recommended that through suitable legislation the United 
States undertake the construction with Government funds of a 
highline canal from L aguna Dam to the Imperial Valley, to be re
imbursed by the lands benefited. 

It is recommended that through suitable legislation the United 
States undertake the construction with Government funds of a res
ervoir at or near Boulder Canyon on the lower Colorado River to 
be reimbursed from leasing the power privileges incident thereto. 

Two months after the Fall-Davis report was transmit
ted to the Senate, Congressman Phil D. Swing and Sen
ator Hiram Johnson, both of California, introduced bills 
seeking to authorize the construction of a project for 
Colorado River development which would embody the 
recommendations of that report. These were the first of 
four Swing-Johnson bills introduced successively in the 
Sixty-seventh, Sixty-eighth, Sixty-ninth, and Seventieth 
Congresses, the last of which became the Boulder Canyon 
Project Act. 

Meanwhile, influential groups of lower basin citizens 
urged construction by the United States of Boulder Dam 
and the All-American Canal. There was also consider
able opposition to these proposals, especially from those 
who were against public power development. 

In February, 1924, the results of 2 years' additional 
work under the Kinkaid Act were embodied in a report 
made by Chief Engineer F. E. Weymouth of the Bureau 
of Reclamation, which stressed the immediate need of 
flood protection and for storage to prevent shortage of 
water and crop losses in the Imperial Valley. He con
cluded that the urgent problems of river control and util
ization in the Colorado River Basin could be solved by (a) 
construction of a dam in Black Canyon to raise the water 
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605 feet and form Boulder Canyon Reservoir with a 
capacity of 34,000,000 acre-feet; (b) reservation of 8,-
000,000 acre-feet of capacity at the top of the reservoir 
for flood control with the provision for a decrease of 4,-
000,000 acre-feet, dependent on adequate upstream de
velopment; (c) provision for irrigation to receive priority 
over power in the use of remaining storage; (d) construc
tion of a powerhouse with 1,200,000 horsepower installed 
capacity; and (e) construction of an All-American canal 
from Laguna Dam to Imperial Valley. The report sub
mitted preliminary designs for a dam in Black Canyon 
and fully demonstrated advantages of this site. 

In 1924 late summer flow in the Colorado River was 
so low that the Imperial Valley in California for a few 
weeks received barely enough water for domestic and 
stock-watering purposes and suffered severe crop losses. 
The immediate construction of Boulder Dam was then 
demanded. 

Preliminary surveys indicated the practicability of an 
aqueduct from the Colorado River to supply municipal 
water to the Los Angeles metropolitan area. In 1925 
the electorate of the city of Los· Angeles authorized the 
issuance of $2,000,000 in bonds to provide funds for a 
more intensive and detailed study of the possible use of 
Colorado River water for a municipal supply, having in 
mind a plan that would benefit metropolitan southern 
California. 

In the committee hearing on the third Swing-Johnson 
bill in 1926, congressional consideration for the first time 
was given to this proposal to use the Colorado River for 
a domestic water supply for southern California. As ad
ditional engineering work for a Colorado River aqueduct 
was performed, it became evident that any practicable di
version from the river would involve pumping, which 
would would require a large amount of low-cost power. 
This created at once a potential market for a substantial 
part of the power from a major river development. When 
these facts were laid before the Congress, support for the 
Swing-Johnson measure became more general. 

After long debate the Boulder Canyon Project Act 
(Swing-Johnson bill, H. R. 5773) was passed by the 
House on May 25, 1928. Four days later the Congress, 
by joint resolution, authorized the appointment of a 
Colorado River Board and directed it to report on several 
vital questions concerning the proposed .Boulder Canyon 
project. Thereupon the Secretary of the Interior ap
pointed to this board Charles P. Berkey, Daniel W. Mead, 
Warren J. Mead, Robert Ridgeway, with Major General 
William T. Sibert, as chairman, all eminent engineers 
and geologists. 

On November 24, 1928, the board submitted its re
port which declared that a proposed dam across the Col
orado River at Black or Boulder Canyon was feasible, that 
the Black Canyon site was preferable to the Boulder Can-

THE COLORADO RIVER 

yon site, and "that a growing demand for power in south
ern California when considered on a conservative basis 
will be sufficient to absorb the probable power output of 
the proposed hydroelectric plant." 

In its report the board prescribed changes in plans 
which increased the estimated cost of the dam, but it had 
satisfied the Congress of the feasibility of the project. 
Many of the recommendations were incorporated in 
amendments to the bill, finally becoming a part of the 
Boulder Canyon Project Act. 

The bill as finally amended was passed by the Senate 
and the House and signed by President Coolidge on De
cember 21, 1928, thus ending the long campaign for leg
islation providing for the first major Colorado River 
development. 

BouLDER CANYON PROJECT AcT 

The Boulder Canyon Project Act (sec. 1) provides: 
That for the purpose of controlling the floods, improving navi

gation and regulating the flow of the Colorado River, providing for 
storage and for the delivery of the stored waters thereof for rec
lamation of public lands and other beneficial uses exclusively with
in the United States, and for the generation of electrical energy as a 
means of making the project herein authorized a self-supporting and 
financially solvent undertaking, the Secretary of the Interior, sub
ject to the terms of the Colorado River Compact hereinafter men
tioned, is hereby authorized to construct, opera te, and maintain a 
dam and incidental works in the main stream of the Colorado River 
at Black Canyon or Boulder Canyon adequate to create a storage 
reservoir of a capacity of not less than 20 million acre-feet of water 
and a main canal and appurtenant structures located entirely with
in the United States connecting the Laguna Dam, or other suitable 
diversion dam, which the Secretary of the Interior is hereby author
ized to construct if deemed necessary or advisable by him upon 
engineering or economic considerations, with the Imperial and 
Coachella Valleys in California, the expenditures for said main 
canal and appurtenant structures to be reimbursable, as provided in 
the reclamation law, and shall not be paid out of revenues derived 
from the sale or disposal of water power or electric energy at the 
dam authorized to be constructed at said Black Canyon or Boulder 
Canyon, or for water for potable purposes outside of the Imperial 
and Coachella Valley : Provided, however, That no charge shall 
be made for water or for the use, storage, or delivery of water for 
irrigation or water for potable puposes in the Imperial or Coachella 
Valleys; also to construct and equip, operate, and maintain at or 
near said dam, or cause to be constructed, a complete plant and 
incidental structures suitable for the fullest economic development 
of electrical energy from the water discharged from said reservoir; 
and to acquire by proceedings in eminent domain, or otherwise, 
all lands, rights-of-way, and other property necessary for said ·pur
poses. (45 Stat. 1057.) 

The Boulder Canyon Project Act (sec. 2a) also set up 
the Colorado River Dam fund as a special fund to carry 
out provisions of the act. An appropriation not to exceed 
$165,000,000 was authorized to·be repaid with 4 percent 
interest except $38,500,000 to be used for the construc
tion of the All-American canal. Before any money could 
be appropriated or any construction work done the Sec
retary of the Interior (sec. 4b) was required to make pro-
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vision for revenues, by contract or otherwise, which in 
his judgment would be adequate to pay all expenses of 
operation and maintenance and repay with interest at 4 
percent within 50 years of the completion of the project 
all money advanced by the Federal Government for the 
construction of the dam and incidental works. 

The contract between the United States and the Im
perial Irrigation District, entered into on October 23, 
1918, for the construction of the All-American canal en
tirely at the expense of the district, was recognized in the 
act (sec. 10 ) but the Secretary was given authority to 
modify such agreement with the consent of the district. 

The Secretary (sec. 15) is authorized and directed to 
make investigations and public reports on the feasibility 
of projects for irrigation, power, and other multiple uses, 
for the purpose of formulating a comprehensive scheme of 
control and the improvement and utilization of the water 
of the Colorado River and its tributaries. A sum of $250,-
000 was authorized to be appropriated from the Colorado 
River Dam fund for such purposes. 

The Boulder Canyon Project Act also (sec. 4a ) pro
vides that the act shall not take effect, and that no work 
shall be begun and no moneys expended nor water rights 
claimed thereunder, unless and until, within 6 months all 
seven of the basin States had ratified the Colorado River 
Compact or, as an alternative, unless and until six of the 
seven States, including the State of California, had rati
fied the compact, and the State of California, "as an ex
press covenant and-in consideration of the passage of" the 
Boulder Canyon Project Act, had agreed to limit its an
nual consumptive use of Colorado River water to not to 
exceed "4,400,000 acre-feet of the waters apportioned to 
the lower basin States by paragraph (a) of article III 
of the Colorado River Compact, plus not more than one
half of any excess or surplus waters unapportioned by said 
compact, such uses always to be subject to the terms of 
said compact." Wyoming, Colorado, New Mexico, and 
Nevada had ratified the compact on a 6-State basis in 
February and March of 1925. In March of 1929 Califor
nia unconditionally ratified the compact as a 6-State 
compact, and Utah's ratification followed immediately. 
On June 25, 1929, President Hoover issued a proclama
tion pursuant to the provisions of the act, stating that all 
prescribed conditions under the second alternative men
tioned had been fulfilled and that the Boulder Canyon 
Project Act was effective as of that date. 

CoN TRACTs F"OR PowER AND WATER 

Negotiations for power contracts were started by the 
Secretary of the Interior in 1929, and the next year two 
contracts, carrying an obligation to take and pay for all 
of the firm energy to be generated at Boulder Dam, were 
signed at Los Angeles. The first was a lease of power 
privileges to which the United States, the city of Los 
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Angeles (through its department of water and power), 
and the Southern California Edison Co. were parties. 
The second was a contract for the purchase of electric 
energy to which the United States and the Metropolitan 
Water District of Southern California were parties. 

On July 3, 1930, President Hoover signed an act, 
carrying an appropriation of $10,660,000 for starting 
construction of the Boulder Canyon project which auto
matically placed the power contracts in effect. Prepara
tions for construction of Boulder Dam were started im
mediately as the first step in the actual carrying out of the 
primary intent of the Boulder Canyon Project Act......,.."To 
convert a natural menace into a national resource" by 
harnessing the mighty Colorado River. The dam was 
completed and the first water stored in Lake Mead in 
1935. 

Under the terms of a contract between the United 
States and the Metropolitan Water District of Southern 
California made in 1930 and amended on September 28, 
1931, the United States undertakes to deliver to the dis
trict 1,100,000 acre-feet of water annually from storage 
in Lake Mead. Delivery is made in accordance with the 
priorities fixed in a schedule agreed to in August 1931 
by the Metropolitan Water District of Southern Califor
nia, Palo Verde Irrigation District, Imperial Irrigation 
District, Coachella Valley County Water District, the city 
of Los Angeles, and the city and county of San Diego. 
The agreement defined the rights of the parties named and 
also those of the portion of the Yuma project in Califor
nia. A charge of $0.25 per acre-foot is made for water 
delivered to the Metropolitan Water District of Southern 
California and to the city and county of San Diego. 

The Metropolitan Water District of Southern Cal
ifornia is a public corporation organized in December 
1928. The original organization included Los Angeles 
and 10 other cities. The district now includes 14 cities. 

Under the terms of another contract between the 
United States and the Metropolitan Water District of 
Southern California, signed February 10, 1933, tne 
United States built Parker Dam on the Colorado River 
below Boulder Dam with funds provided by the district. 
The dam is owned and operated by the United States and 
provides regulation for diversion of water into the Colo
rado River Aqueduct which was constructed by the dis
trict to carry Colorado River water to the southern Cal
ifornia coastal plain. 

Beginning with 1930, numerous contracts were made 
by the United States with California, Arizona, and Ne
vada interests for the use of water stored by Boulder Dam 
and the power produced at Boulder and Parker Dams. 
Each such contract, including the one with the Metro
politan Water District, makes the delivery of water and 
power subject to availability under the terms of the Col
orado River Compact and the Boulder Canyon Project 
Act. 
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BouLDER CANYON PROJECT ADJUSTMENT AcT 

The Boulder Canyon Project Adjustment Act, signed 
by President Franklin D. Roosevelt on July 19, 1940, re
moved competition as the basis for rates and charges for 
power . from the Boulder Canyon project and specified 
that power income must be sufficient to operate and main
tain the project; to provide certain specified annual sums 
for payment to the States of Arizona and Nevada and in
to the Colorado River Development fund; and to repay 
to the United States with interest at 3 percent during a 
50-year period the advance made to the Colorado River 
Dam fund, less $25,000,000 allocated to flood control 
and deferred beyond 50 years. 

This act set up the Colorado River Development fund 
and provided for the transfer from the Colorado River 
Dam fund 

the sum of $500,000 for the year of operation ending May 31, 1938, 
and the like sum of $500,000 for each year of operation there
after, until and including the year of operation ending May 31, 
1987. * * * R eceipts of the Colorado River Development 
fund for the years of operation ending in 1938, 1939, and 1940 
* * * are authorized to be appropriated only for the continu
ation and extension, under the Secretary of studies and investiga
tions by the Bureau of Reclamation for the formulation of a com
prehensive plan for the utiliza tion of waters of the Colorado River 
system for irrigation, electrical power, and other purposes, in the 
States of the upper d ivision and the States of the lower division, in
cluding studies of the quantity and quality of water and all other 
relevant factors. The next such receipts up to and including the 
receipts for the year of opera tion ending in 1955 are authorized to 
be appropriated only for the investigation and construction of proj
ects for such utilization in and equitably distributed among the four 
States of the upper division. Such receipts for the years of opera
tion ending in 1956 to 198 7, inclusive, are authorized to be appro
priated only for the investigation and construction of projects for 
such utilization in and equitably distributed among the States of 
the upper division and States of the lower division . * * * 
Such projects shall be only such as are found by the Secretary to be 
physically feasible, economically justified, and consistent with such 
formulation of a comprehensive plan. Nothing in this act shall 
be construed so as to prevent the authorization and construction of 
any such projects prior to the comple tion of said plan of compre
hensive development; nor shall this act be constru ed as affecting 
the right of any Sta te to proceed independently of this act or its 
provisions with the investigation or construction of any project or 
projects. (54 Stat. 774.) 

Between United States and Mexico 

At the time of the Gadsden Purchase, the Colorado 
River was considered to be valuable for navigation only. 
But as time passed and the West was settled, thriving com
munities were established in the United States and in 
Mexico, wholly dependent upon diversion of Colorado 
River water for irrigation. Their continued existence and 
future growth we~e limited strictly to the extent water 
might be diverted and consumed for irrigation purposes. 
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This irrigation development had been made without any 
international agreement or treaty providing for irrigation 
use of the water of this important international river and 
without either country insisting upon the maintenance of 
navigability in the border regions of the Colorado River 
envisioned in early treaties between the two countries. 
Both Mexico and the United States now recognize that 
the best interests of the peoples concerned were promoted 
by diversion of water for irrigation rather than by main
tenance of the river as a navigable stream. 

The All-American Canal system has replaced the Al
amo Canal diversions to California lands and also for the 
most part Laguna Dam diversions to the Yuma project. 
Mexico, however, continues to use the Alamo Canal, 
which diverts from the Colorado River at a point 1 Y2 

miles within the United States, and also makes a number 
of diversions from the Colorado River farther down
stream. 

The Colorado River compact, as previously quoted, 
provides that if the United States recognizes that Mexico 
has any right to the use of any waters of the Colorado 
River system that such an amount shall be supplied from 
water which is surplus over 16,000,000 acre-feet per an
num and in case such surplus water should be insufficient 
that each basin from its apportioned share shall supply 
one-half of the deficiency. 

THE TREATY WITH MEXICO 

A treaty between the United States of America and 
the United Mexican States relating to the division of the 
waters of the Colorado and Tijuana Rivers and of the 
Rio Grande, was signed by representatives of the respec
tive Governments at Washington on February 3, 1944. 
The treaty (Executive A, 78th Cong., 2d sess.) the pro
tocol (Executive H, 78th Con g., 2d sess.) signed Novem
ber 14, 1944, and clarifying reservations to the treaty 
were ratified by the United States Senate on April 18, 
1945. The treaty was ratified by the Mexican Senate on 
September 27, 1945. 

By its provisions (art. 2 ) the general administration of 
the treaty is entrusted to the International Boundary and 
Water Commission, designated to be the successor of the 
International Boundary Commission created by the con
vention of the two countries on March 1, 1889. 

The Commission shall in all respects have the status of an in
ternational body, and shall consist of a United States section and a 
Mexican section. The head of each section shall be an en
gineer commissioner. Wherever there are provisions in this treaty 
for joint action or joint agreement by the two governments, or for 
the furnishing of reports, studies, or plans to the two governments, 
or similar provisions, it shall be understood that the particular mat
ter in question shall be handled by or through the Department of 
State of the United States and the Ministry of Foreign Relations 
of Mexico. 
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Each government is to accord diplomatic status to the 
commissioner and certain other officers of the section of 
the other government. 

The treaty (art. 10) allots to Mexico from the waters 
of the Colorado River: 

(a) A guaranteed annual quantity of 1,500,000 acre-feet to be 
delivered in accordance with certain conditions and specifications 
as to point and rate. 

(b) Any other quantities arriving a t the M exican points of di
version, with the understanding that in any year in which, as de
termined by the United Sta tes section, there exists a surplus of 
waters of the Colorado River in excess of the amount necessary to 
supply users in the United States and the guaranteed quantity of 
1,500,000 acre-feet annually to M exico, the United States under
takes to deliver to M exico * * * additional waters of the Col
orado River system to provide a total quantity not to exceed 
1,700,000 acre-feet a year. M exico shall acquire no right * * * 
by use of the waters of the Colorado River system for any purpose 
whatsoever, in excess of 1,500,000 acre-feet annually. 

In the event of extraordinary drought or serious accident to the 
irrigation system in the United States, thereby making it difficult 
for the United States to deliver the guaranteed quantity of 1,500,-
000 acre-feet a year, the water allotted to M exico under subpara
graph (a ) of this article will be reduced in the same proportion as 
consumptive uses in the United States are reduced. 

The water of the Colorado River to be furnished Mex
ico by the United States under the treaty (art. 11) "shall 
be made up of the waters of the said river, whatever their 
origin," and shall be delivered by the United States in 
the boundary portion of the Colorado River, except that 
until 1980 Mexico may receive 500,000 acre-feet an
nually, and after that year 375,000 acre-feet annually 
through the All-American canal as part of the guaran
teed quantity. 

Other provisions (art. 12) of the treaty provide that 
the two governments agree to construct the following 
works: 

M exico shall construct at its expense, within a p eriod of 5 years 
from the date of the entry into force of this treaty, a main diversion 
structure below the point where the northernmost p art of the in
ternational land boundary line intersects the Colorado River. The 
Commission shall thereafter maintain and operate the structure 
at the expense of M exico. Regardless of where such diversion 
structure is located, there shall simultaneously be constructed such 
levees, interior drainage facilities, and other works, or improvements 
to existing works, as in the opinion of the commission shall be neces
sary to protect lands within the United States against damage from 
such floods and seepage as might result from the construction, oper
ation, and maintenance of this diversion structure. These protec
tive works shall be constructed, operated, and maintained at the 
expense of M exico by the respective sections of the commission, or 
under their supervision, each within the territory of its own country. 

The United States, within a period of 5 years from the date of 
the entry into force of this treaty, shall construct in its own terri
tory and at its expense, and hereafter operate and maintain at its 
expense, the Davis storage dam and reservoir, a part of the capacity 
of which shall be used to make possible the regulation at the bound
ary of the waters to be delivered to M exico in accordance with the 
provisions of article 15 of this treaty * * * · 
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and 

shall construct or acquire in its own territory the works that may 
be necessary to convey a part of the waters of the Colorado River 
allotted to Mexico to the Mexican diversion points on the interna
tional land boundary line referred to in this treaty. Among these 
works shall be included: the canal and other works necessary to 
convey water from the lower end of the Pilot Knob Wasteway to the 
international boundary, and, should Mexico request it, a canal to 
connect the main diversion structure * * * with the Mex
ican system of canals * * * Such works shall be constructed or 
acquired and operated and maintained by the United States section 
at the expense of M exico. Mexico shall also pay the costs of any 
sites or rights-of-way required for such works. 

The Comipission shall construct, operate, and maintain in the 
limitrophe section of the Colorado River, and each section shall 
construct, operate, a nd maintain in the territory of its own country 
on the Colorado River below Imperial Dam a nd on all other carry
ing facilities used for the delivery of water to Mexico, all n eces
sary gaging stations and other measuring devices for the purpose of 
keeping a complete record of the waters delivered to Mexico and 
of the flows of the river. All data obtained as to such deliveries 
and flows shall be periodically compiled and exchanged between 
the two sections. 

Another provision (art. 13) of the treaty directs that: 

The commission shall study, investigate, and prepare plans for 
flood control on the lower Colorado River between Imperial Dam 
and the Gulf of California, in both the United States and Mexico 
* * * The two Governments agree to construct through their 
respective sections of the commission, such works as may be recom
mended by the commission and approved by the two governments, 
each government to pay the costs of the works constructed by it. 
The commission shall likewise recommend the parts of the works to 
be operated a nd maintained jointly by the commission a nd the parts 
to be operated and maintained by each section. The two govern
ments agree to pay in equal shares the cost of joint operation and 
maintenance a nd each government agrees to pay the cost of opera
tion and maintenance of the works assigned to it for such purpose. 

The protocol, which is an integral part of the treaty as 
ratified, provides that: 

Wherever * * * specific functions are imposed on, or ex
clusive jurisdiction is vested in, either of the sections of the In
ternational Boundary and Water Commission, which involve the 
construction or use of works for storage or conveyance of water,. 
flood control, stream gauging, or for any other purpose, which are 
situa ted wholly within the territory of the country of that section, 
and which are to be used only partly for the p erformance of treaty 
provisions, such jurisdiction shall be exercised, and such functions, 
including the construction, operation, and maintenance of the said 
works, shall be performed and carried out by the federal agencies of 
that country which now or hereafter may be authorized by domestic 
law to construct, or to opera te and maintain, such works. Such 
functions or jurisdictions shall be exercised in conformity with the 
pcovisions of the treaty and in cooperation with the respective sec
tion of the commission, to the end that all international obligations 
and functions may be coordinated and fulfilled. 

Ratification of the treaty is a step forward in interna
tional cooperation. A 98-year point of dispute over allo
cation of the waters of the Colorado River and other rivers 
rising in the United States and flowing into Mexico should 
be settled. 
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Developing 

the 

Basin 

''Present developments are indicative of future possi

bilities. A growing Nation ... is demanding full 

development and use of all its resources . . . . 

''Millions of acres of dry fertile lands yet are idle and 

most irrigated areas are not producing maximum yields 

because of water shortages, . . . flood waters still un

controlled flow destructively to the Pacific Ocean and are 

lost for beneficial use. Control of these waters will re

quire cooperative planning and systematic development 

involving construction of huge structures, mostly beyond 

the financial range of private enterprise . ... 

''Prosperity in the Colorado River Basin brought by 

full development of water and land resources will have a 

stimulating beneficial effect on the economy of the entire 

country." 
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CHAPTER IV 

Developing the Basin 

Water holds a key position in developing the resources 
of the Colorado River Basin. It is the "critical material" 
because of its limited supply and great demand. Develop
ment and utilization of other resources in this arid land 
depend upon the availability of water. Crops must be 
irrigated; cattle on the vast ranges must be partially fed 
from hay produced on irrigated land; towns and cities 
must be located within distance of dependable domestic 
and municipal water supplies; and mining and many 
other industries depend to an extent on the availability of 
hydroelectric power. 

The use that has been made of the basin's resources by 
those people who have claimed this land as their home and 
the needs and problems confronting them must be un
derstood before any solution or plan can be suggested to 
improve present conditions and create additional oppor
tunities. For that purpose this chapter includes a sur
vey and appraisal of the basin's resources and economic 
activities. 

The Colorado River Basin is a part of America's fron
tier. It is, perhaps, as little developed as any comparable 
area in the United States. Yet it is known. that here lie 
buried one-sixth of the entire world's coal reserves, bil
lions of barrels of oil in shale and sand (equivalent to 
many times the known petroleum reserves in all the oil 
fields of the United States) and vast treasures of other 
minerals including petroleum, natural gas, copper, lead, 
zinc, gold, silver, rare hydrocarbons, vanadium, molyb
denum, phosphates, and many others. For only a few of 
these can it be said that development has had even a good 
beginning. 

Crop production in the basin is dependent almost 
wholly on irrigation. More than 2 y-2 million acres
much with an inadequate late season supply-are now ir
rigated. Development of the basin's land and water re
sources is little beyond the half-way mark toward ultimate 
potentialities. Livestock raising is the basin's principal 
agricultural pursuit, but the numerous herds of cattle and 
sheep that graze the vast ranges and forests are dependent 
on supplemental feed from irrigated farms. 

Only in the last two decades has a good start been made 
in exploiting the possibilities of the Colorado River for 
generating hydroel~ctric power. Construction of Boulder · 

Dam to control the flow of the lower river was the first 
big development. Even with completion of all present 
and authorized construction which will give to the river 
system installed generating capacity of 2 million kilowatts, 
only a little more than a third of the basin's water power 
will be harnessed. 

Extending more than two-thirds the distance across 
the Nation, from Mexico to Canada, the Colorado River 
Basin is crossed in an east-west direction by several trans
continental railroads and highways. North-south trans
portation is dependent very largely on a few highways. 
The improvement of highways and transportation facili
ties characterizing this generation has bettered living con
ditions in the basin and has increased the basin's economic 
contributions to the Nation. Some important agricul
tural and mineral areas, however, are today a hundred 
miles or more from railroads. Further improvement and 
expansion of transportation facilities within the basin 
would be a national asset. 

Practically the only manufacturing in the basin is the 
processing of farm and forest products on a limited scale. 
Most of the food, fiber, and minerals produced or mined 
in the area is shipped away in raw state. In recent years 
the Los Angeles metropolitan area has become one of the 
Nation's principal manufacturing areas due in large meas
ure to low-cost power produced at Boulder Dam. 

The spectacular natural beauty, shrouded in the ro
mantic aura of frontier adventure, delights the tourist and 
health seeker. The basin is fast becoming a national play
ground. Rocky Mountain, Mesa Verde, Bryce Canyon, 
Zion, and Grand Canyon National Parks, the Painted 
Desert, Petrified Forest and Boulder Dam National Recre
ational Area as well as many national monuments lie 
wholly or partly within the basin. · Unmatched trout 
fishing in mountain streams and lakes, big-game hunt
ing, and Indian reservations add to the basin's outstand
ing attractions. 

The people on the basin's irrigated farms and those 
in the cities and towns that rise on the commerce created 
by irrigated agriculture and by mining exercise purchas
ing power that establishes markets for automobiles, farm 
machinery, and other products manufactured and grown 
in all parts of the country. 
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Permanent settlement of this frontier region is ap
proaching the end of a century, but only in small measure 
have the basin's bounties been applied to man's use. 
Present developments are indicative of future possibilities. 
A growing Nation and a world power is demanding full 
development and use of all its resources. 

UPPER BASIN 

Agriculture, particularly livestock raising, and mining 
are the principal industries of the upper basin. Oil re
fining, lumbering, transportation, trade, recreation, and 
construction are of lesser but growing importance. 

Growth and distribution of population were discussed 
in chapter II. With its 1940 population of 286,450 dis
tributed over 110,500 square miles, the upper basin's 
average of 2.6 persons per square mile is only one-seven
teenth of the national population density. Sparse settle
ment and great distances between communities create 
special economic and social problems. Goods and services 
are more difficult to obtain and more costly than in 
thickly populated areas. A few ranch homes are 100 
miles from medical, dental, and hospital facilities. Many 
families are located long distances from schools, churches, 
and trading centers. Opportunities for many forms of 
recreation and social and educational activity are re
stricted. 

In such a large, sparsely settled area difficult problems 
arise in providing and maintaining roads and other pub
lic services. Many local roads are poor and during parts 
of the year impassable by motor vehicles. Some rural 
homes are without electric service, but power lines are 
being extended to small communities, farms, and ranches, 
thereby adding to the convenience and comfort of the 
people. 

LABOR FoRCE 

The economy of a region is affected more by the labor 
force, employed workers and those actively seeking work, 
than by any other segments of the population. It is this 
group that is the highest in both production and consump
tion of goods. 

The labor force expands or contracts with changing 
economic conditions. In good times its ranks are swelled 
by young people leaving school before completing their 
courses and by housewives, retired persons, and others 
who normally are not employed. The sizeof the labor 
force also is influenced by the composition of the popula
tion. Where the percentage of children or old people is 
above average the labor force is likely to be small. Em
ployable persons who make up the labor force are most 
likely to migrate to areas where economic opportunities 
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are greater. The percentage of the total population in the 
labor force generally is an index to the economic pros
perity of a region. 

The United States census for 1940 shows a male labor 
force, over 14 years of age, of 7 2,317 in the upper basin, 
equivalent to 25 percent of the total population, compared 
with 40 percent for the Nation as a whole. Thirty-four 
percent of the upper basin's workers were employed in 
agriculture, 13 percent in mining, and 35 percent in 
other regular occupations. The other 18 percent were 
either employed on Government "relief" projects or were 
seeking work, the proportion of the labor force in this 
group being larger than for the average of the Nation. 

TABLE V.-Labor force in selected employment groups in 
upper basin (1939) 1 

Percent of labor force 

Gainfully employed Em- Numbefin State area played labor force on Seeking 

Agri- 1 ¥in- I 0f~~r emer- work 
gency 

_:lture_ ~ ~~ work 
------ - --- -

Wyomin g ____ ___ 18 28 41 4 9 9, 890 
Colorado _____ ___ 35 10 38 6 11 43, 329 
Utah ___ _____ ___ 36 15 27 10 12 14, 720 
Kew Mexico ___ __ 61 2 22 6 9 4, 378 
Upper basin __ ___ 34 13 35 7 11 72, 317 
United States ____ 20 2 63 5 10 39, 944, 240 

'Male persons over 14 yea rs of age. 

The income from many farms was insufficient to sup
port the farm operator, making it necessary for him to find 
supplemental employment. In 1939, a year of average 
farming conditions, about one-third of the farmers worked 
away from their farms for pay an average of about a third 
of their time. Mining and public work provided most of 
the outside employment, which required many farmers 
to leave their families. Most of the farmers who worked 
away were no doubt the operators of small part-time 
farms. 

TABLE VI.-Supplemental employment of farmers in upper 
basin (1939) 

State area 

Farmers working away 
from their farm s 

Percent of all 
N umber farmers in 

labor force 

Average days 
per year each 

farmer worked 
away from his 

farm 

- - - - ------ ---- - - - - --- - ----
Wyoming ____ __ ____ ______ _ 
Colorado __________ ____ __ _ 
Utah __________________ __ _ 
New Mexico _________ ____ _ 
Upper basin ____ __ _______ _ 

369 
3, 683 
2, 084 

392 
6, 528 

38 
29 
45 
16 
32 

123 
138 
129 
151 
131 

Additional irrigation water would expand and stabi
lize farming and create greater agricultural opportuni
ties for upper basin people. Fewer farmers would be 
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required to find other employment, and in periods of 
economic distress fewer workers would be seeking 
"emergency work." 

LAND OwNERSHIP AND UsE 

Of the land in the upper basin only about 22 percent is 
privately owned, 78 percent is owned by either county, 
State, or Federal Governments or by Indians and yields no 
tax revenues. The pattern of land use in the upper basin 
is approximately as follows: 

Irrigated land ____ __ __ ____ ______ __ _ 
Cult ivated without irrigation ___ ____ _ 
Grazing land: 

Publicly owned ____ ___________ _ 
Privately owned __ _______ _____ _ 
State and county owned _______ _ 

. Indian reservations _______ __ ___ _ 
K ational forests _____ _____ ________ _ 
N a tiona! parks and monuments ____ _ _ 
Miscellaneous areas ________ ___ -·- __ _ 

Acres 

1, 325, 000 
272, 000 

29, 221, 000 
8, 775, 000 
2,860, 000 
8, 775,000 

13, 378, 000 
586, 300 

5, 503, 700 

Percent of 
total area 

1.9 
.4 

41. 4 
12. 4 

4. 0 
12. 4 
18. 9 

.8 
7. 8 

1- ---------
TotaL _____ _____ ____ __ _____ 70,696,000 100. 0 

About 70 percent of the total land area is classed as 
grazing land in the tabulation. Grazing is also extensive 
on national forest lands and on other areas so that much 
more than 70 percent of the total area is actually grazed. 
The 1940 United States Census reported 285,000 acres of 
irrigated land used as pasture. 

The better grazing lands are in the higher stream val
leys and on the mountains and foothills. These lands · 
are used for summer grazing of cattle and sheep, and the 
scanty vegetation in the lower desert areas provides win
ter range for sheep. 

Crop land, both irrigated and dry-farmed, comprised 
only 2.3 percent of the total acreage in 1939 and only 
1.9 percent was actually cropped. 

Farming without irrigation is generally unsuccessful in 
the Upper Basin because of the uncertain rainfall. It is 
practiced, however, to some extent in the Yampa and 
White River Basins, and favorable climatic conditions in 
the past few years together with high prices have encour
aged expansion of dry farming in the Dry Side area of the 
La Plata River Basin and on the upland mesa between 
Cortez, Colo., and Monticello, Utah. In general, at alti
tudes where rainfall is sufficient during the summer to 
grow crops without irrigation, the season is too short for 
crops to mature. 

SOILS 

The entire upper basin is underlain with sandstones, 
limestones, and shales composing the parent rock frorh 
which the soil forming material has been derived. Four 
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types of soil are found: ( 1 ) alluvial soils made up from 
stream-deposited materials; ( 2) glacial soils in the form 
of glacial deposits or out-wash plains derived partly from 
granites and other igneous material of the higher moun
tains; ( 3) residual soils formed in place by the weather
ing of surface rocks but altered in places through deposi
tion from higher residual lands; and ( 4 ) aeolian, or wind 

. deposited soils, appearing in a few places as sand dunes 
and other formations. 

In the upper valleys lands suitable to agricultural de
velopment are largely composed of alluvial soils and are 
confined to the bottom lands, terraces, and valley fills. 
These soils are high in organic matter and are inherently 
fertile. They are generally of sandy loam to loam in tex
ture. Most of these soils have good natural drainage 
provided by light textured soil over gravelly subsoil and a 
moderate slope. With the exception of small localized 
areas the soils in the upper valleys are free from harmful 
accumulations of alkali. The depth of the soil and the 
amount of rock on the surface usually determine the suit
ability of the lands for agriculture. 

Mesas, plateaus, basin-like depressions caused through 
erosion, and narrow valleys along the various streams 
characterize the lower sections of the upper basin. The 
broader valleys and depressions that have been covered 
with alluvial soils are more suitable for cultivation where 
soil is of suffi.cientdepth. Vast areas of residual soils are 
too shallow or too alkaline for agricultural development. 
Extensive drainage is often necessary in the lower valleys 
where irrigation is practiced. 

Wind formed soils are not extensive. Some are found 
in small areas south of the San Juan River along the 
northeastern sides of ridges or other topographic uplifts 
which break the winds and harbor the deposited materials. 
The largest area of arable aeolian soil is east of Chaco 
River on the high benches south of Farmington, New 
Mexico. 

AGRICULTURE 

Types of farming.-All farms are classified by the Bu
reau of Census into types according to the major source of 
income. In the upper basin livestock farms predominate. 

TABLE VII.-Types of farms in upper basin (1939) 

State area 

Wyoming ____ ________ 
Colorado ______ ___ ___ 
Utah _______ ___ ______ 
New Mexico _________ 

Upper basin _________ 

Types of farms according to major source of income 
(percent of total number of farms) 

Livestock 
and 

livestock 
products 

77. 8 
35. 7 
39. 8 
27. 9 

37. 6 

Field 
crops 

7. 8 
32. 3 
19. 2 
21. 0 

26. 9 

Other 
crops 

0. 3 
9. 8 
1. 1 
5. 5 

6. 9 

P roducts 
used in 

household 

14. 1 
22. 2 
39. 9 
45. 6 

28. 6 

Total 

100 
100 
100 
100 

100 
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In 1939, livestock and livestock products accounted for 
7 5 percent of the total value of the products sold and 
traded in the upper basin. Livestock alone amounted 
to 55 percent and wool to 10 percent of the total. Com
pared with the Nation as a whole the upper basin farm 
income from animals and wool was greater, while in
come from dairy products, poultry, poultry products, and 
crops was less. A considerable part of the crop income 
was from the sale of feed to local livestock men for winter 
feed of breeding stock. 

TABLE VIII.-Value of farm products sold or traded in 
upper basin (1939) 

State area 

- -------

Wyoming ____ _ 
Colorado __ ____ 
Utah ______ ___ 
N ew Mexico ___ 

Upper basin ___ 

United States __ 

Live
stock 

---· 

66 
53 
53 
40 

55 

26. 6 

P ercent of t3tal value of farm products 

Total 
P 1 Wool and 

Dairy ou try other live-
products and poultry stock prod-

products ucts 
Crops 

- -- ---- - --- - - - - ---

5 1 25 3 100 
6 2 8 31 100 
9 5 17 16 100 
3 2 15 40 100 

6 3 11 25 100 

16. 8 8. 4 1.6 46. 6 100 

In the Wyoming portion of the basin only 3 percent of 
the income was from crops while in the New Mexico area 
40 percent was from crops. 

The farms of the upper basin produce primarily meat, 
hides, and wool, supplies of which are inadequate to meet 
the Nation's needs. 

The livestock industry in the upper basin is based upon 
vast areas of grazing land unsuited to more intensive agri
culture. Much of this land belongs to the Federal Gov
ernment and is in either forest reserves or grazing districts. 
The rest is privately owned or belongs to the States. By 
reason of differences in elevation and climate some of 
these lands can be grazed only during summer months and 
others only during the winter, spring, and fall. By mov
ing livestock with the changing seasons of the year, some
times long distances, some animals are grazed the year 
around. This is particularly true of sheep. The carry
ing capacity of range lands varies. The summer grazing 
lands normally carry more stock per acre than do the 
spring, fall, and winter lands. Because of this and the 
necessity of providing supplemental feed from crop lands 
to carry stock over extremely severe winter periods and 
abnormally dry summer periods, the use of crop and range 
lands is interrelated. Maximum use of grazing lands is 
not possible without forage from crop lands, and much 
of the crop lands would have little value except in con
junction with the use of grazing lands. 

Range lands of the basin have been stocked at the 
maximum for a long time and in local areas damage has 
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resulted from over grazing. Much of the damage resulted 
from a lack of sufficient forage from irrigated crop lands 
to balance natural range production. Although corn and 
other concentrated feeds are shipped into the basin each 
winter to carry sheep through severe storms and other 
critical periods, these imports do not eliminate the need for 
local forage from irrigated crop lands for cattle. 

An increase in the production of farm produced forage 
would avoid damage to range lands by over grazing and 
by keeping livestock off grazing land until vegetation has 
a good start in the spring; enable livestock men to feed 
breeding stock through drought periods without losses, 
and thus avoid liquidation of breeding stock because of 
inadequate local feed supplies; and permit, in many cases, 
more liberal feeding of breeding stock and calves to in
crease the calf and lamb crops and reduce losses from 
death. 

Livestock.- -With such a large proportion of the upper 
basin lands usable only for grazing livestock, range live
stock production has become the dominant industry. Al
though the number of farms has continued to increase in 
the area, the grazing resources were fully utilized prior to 
1910. Since that time the total number of cattle and 
sheep has remained about the same, increasing and de
creasing slightly as a result of livestock cycles and climatic 
conditions. The number of dairy cows, however, has in
creased proportionately with the number of farms. Many 
of the cows classified as dairy cows are of beef breeding 
and hence the average milk production per cow is low. 
Trends in the number of cattle and sheep in the upper 
basin for the period 1890-1940 are shown on an accom
panying chart (fig. 3 ) . 

Compared with the average farm in the United States 
in 1940 the average farm in the upper basin had about 
12 times as many sheep, and 2.5 times as many cattle, but 
fewer dairy cows, swine, and chickens. While livestock 
production is the dominant enterprise not all livestock 
farms are operated on a large scale. In the Utah area 
most of the cattle operations are small, but in Wyoming 
cattle ranches are generally large. 

TABLE IX.-Livestock in upper basin (I 939) 

Wyoming __ ____ 13. 1 5. 8 83. 0 440. 6 1.5 35. 5 
Colorado _______ 4. 7 3. 2 22. 0 53. 1 3. 2 35. 7 
Utah _______ ___ 4. 0 3. 6 15. 0 86. 7 3. 4 32. 9 
New Mexico ____ 3. 5 .8 3. 6 55. 2 1.0 12. 4 

Upper Basin ____ 4. 8 3. 1 21. 2 79. 0 2. 9 32. 4 

United States ___ 3. 2 3. 9 6. 0 6. 6 5. 6 55. 4 

The livestock enterprise in the basin is largely restricted 
to the production of feeder cattle, feeder lambs, and sheep 
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HEREFORDS ON THE RANGE NEAR MOAB, UTAH 
Range lands have been stocked at the maximum and overgrazed 

HAY HARVEST ON EDEN PROJECT, WYOMING 
Production of more hay on irrigated land will permit optimum use of the range 
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and wool. Most of the animals are sent to the Corn 
Belt, where they are finished for market. Livestock oper
ations in the basin thus complement those of the Middle 
West. A few grass-fattened cattle, lambs, and sheep are 
shipped directly to slaughter markets. Except in favor
able years, however, forage is inadequate to fatten more 
than a small proportion of the animals. 

Crops and yields.-Of the total cropped acreage har
vested in the upper basin in 1939 about 83 percent was 
irrigated and 17 percent was dry-farmed. Most of the 
dry-farmed crops were produced in Colorado and con
sisted mainly of wheat and dry beans. 

The land harvested totaled only 1,073,130 acres. Al
falfa hay, the most important crop, amounted to 28 
percent and all hay 64 percent of the total. Other crops, 
including corn, oats, barley, and some wheat, raised the 
total amount of the harvested land used for feed crops to 
more than 80 percent. Row crops grown for cash income 
included potatoes, sugar beets, and dry beans. The beans 
are grown largely on dry land in the San Juan River area 
and make up a considerable part of the cash crop acre
age. The Grand Junction area and other smaller areas 
of Colorado are important fruit producing areas. 

Compared with most irrigated areas and with many 
nonirrigated regions, the average yields per acre of many 
crops in this basin are low. This is due partly to the 
fact that much of the land has an inadequate :irrigation 
supply and precipitation is insufficient for satisfactory 
yields without irrigation. The growing season is short 
for most crops. Often two cuttings of hay per season 
and sometimes only one are obtained. Some lands with 
soils too poor to produce high yields are now being 
cultivated. 

TABLE X.~Yields of major crops in upper basin (1939) 

Average yield per acre 

State area Tens Bushels 

Alfalfa I Wild Dry·land Irrigated Barley 
hay wheat wheat 

------------ - ---------- -------------
Wyoming __________ __ 1.2 0. 9 11. 6 20. 0 28. 5 
Colorado __ __ ___ ___ __ 1.8 1. 1 12. 7 22. 2 26. 0 Utah ______ ________ __ 1.6 1.2 17. 1 25. 6 32. 6 
New Mexico _________ 2. 8 .7 10. 6 30. 0 13. 9 

Upper basin __________ 1.7 1.0 13. 1 25. 1 28. 0 

Number of farms.-By 1910 range lands of the upper 
basin were being fully utilized and irrigation had been 
developed so far as possible by private enterprise, yet since 
then the number of farms has continued to increase 
(fig. 4). The rate of increase, however, has slowed down 
materially. New farm units have provided only for the 
natural increase of local populations and not for new 
settlers moving into the area. Recently many new farms 
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have been established in z.reas where the acreage and other 
resources per farm are smallest, forcing in some instances a 
change to a more intensive type of farming. With graz
ing privileges on public lands fully utilized, new farmers 
in most cases have had to follow a type of farming for 
which the area is not well adapted. Especially is this true 
in areas of high elevation and where the irrigation water 
supply is uncertain and inadequate. This has also re
sulted in a large number of part-time farms in localities 
with little opportunity for supplemental work away from 
the farm. 

TABLE XI.~Number of farms in the upper basin (1939) 

Year 
State area 

1880 1 1900 1920 

Wyoming ___ _ _ _ _ _ _ _ _ _ _ _ _ _ 90 
Colorado_ _________ ______ _ 230 
Utah____ _________ _____ __ 122 
New Mexico ____ _______ ______ __ _ 

Upper Basin _______ ____ ___ 442 

556 
5, 699 
1, 759 

492 

885 
13, 024 

3, 969 
874 

8, 506 18, 752 

1\140 

966 
12, 668 
4, 660 
2, 383 

20, 677 

Size of farms.- Although the number of farms has been 
increasing without a· corresponding increase in available 
farm land, census reports paradoxically show the size of 

· -the average farm in the upper basin to be increasing also 
(fig. 5). The apparent but largely unreal expansion of 
the farm area has resulted in part from the transfer of 
public grazing land into private ownership. The average 
size of farms in the basin is relatively large as would be 
expected from the type of farming practiced, but there 
are also some small farms. According to the 1940 census, 
27 oercent of all farms cons;sted of less than 50 acres. 
With some types of farming, 50 acres would constitute a 
large farm but in this basin 50 acres are entirely inade
quate except in a few localities such as those where fruits 
and vegetables are grown successfully. There were 1,304 
farms of less than 10 acres, nearly all operated, no doubt, 
on a part-time basis. Farms are largest in the Wyoming 
portion of the basin where stock raising is dominant and 
smallest in Utah, where a high population pressure results 
from a birth rate near the highest in the Nation. 

TABLE XII.~Sizes of farms in upper basin (1939) 

Percent or total number or farms in various size ~'l'oups 
------- --- -------- ·---

State area Less 700 or 
than 50 50- 99 100 -170 180 379 380 799 more Total 
acres acres acres acres Beres acres 

-- ------ - ---- - ------
Wyoming ___ ___ __ 8. 3 6. 1 15. 9 17. 0 17. 9 34. 8 100. 0 
Colorado _____ ___ 28. 1 15. 4 18. 3 16. 2 9. 8 12. 2 100. 0 Utah ____ ____ ____ 28. 3 19. 2 21. 4 14. 6 6. 6 9. 9 100. 0 
New Mexico ___ __ 26. 9 9. 4 9. 9 14. 2 12. 9 

26. 71 
100. 0 

Upper basin ____ __ 27. 1 15. 2 17. 9 15. 6 9. 8 14. 4 100. 0 
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PEACH ORCHARD NEAR GRAND JUNCTION, COLO. 
Grand Valley is an important fruit-producing area 

TOMATOES FROM GRAND VALLEY PROJECT 
Additional irrigation will make possible more intensive agriculture 
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UPPER COLORADO RIVER BASIN 
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FIGURE 3.--Trends in animal units, 1890-1940. 
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FIGURE 5.--Size of farms , 1890-1940. 
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The 27 percent of farms with less than 50 acres per 
farm contained but 1.1 percent of the total land area 
and harvested but 5.9 percent of the cropped acres in the 
upper basin. At the other extreme 14 percent of the 
farms had 7 5 percent of the total land and 36 percent of 
the harvested acres. Farmers of small tracts do not have 
enough land to make a living from livestock and in most 
instances water is insufficient to enlarge and intensify 
their farming operations. The small farmers in the area 
would benefit greatly from irrigation development. More 
intense farming through irrigation would develop small 
economic farm units. 

TABLE XIII.-Farm land available in upper basin (1939) 

I Type of farm land available (awrage number of acres 
1 

per farm) 
i----------------------------

1 

Irrigated Total Irri- All agri-

~~~~~~t!~ !:~~ ~:~"£ c;~~~~g cy~~d~l 
Etate area 

~;y~::~~~~~~]---~~- -~~~- --;~- -~. 204- -~~~398 
Colorado_ ---------1 43 65 53 1, 551 1, 616 
Utah ______________ ! 30 45 44 3,469 3,514 
New Mexico _______ ~· 11 19 11 1, 315 1, 334 

Upper basin_______ 43 52 57 2, 360 2, 412 

I Includes public land used for grazing. 

Value of farm property.--The average value per farm 
in the upper basin as reported in the 1940 United States 
census was $7,805. This was about $1,000 more than 
the average for all farms in the United States. As com
pared with the average of all farms in the Nation the aver
age basin farm has a little more invested in land, has less 
in buildings, and more than twice as much in livestock. 
Many of the livestock operators in the upper basin use 
land belonging to the Federal or State Governments in 
which they have little or no investment (fig. 4) . 

TABLE XIV.-V alue of farm property in upper basin ( 1939) 

Average value per farm 

State area 
Land Buildings Livestock and 'l'otal 

, machinery I 
Implements 

---------- _____ i ______ ------------

Wyoming ______ $11, 142 $2,013 $7, 778 $898 $21, 832 
Colorado ______ 4, 777 1, 366 1, 712 626 8,481 
Utah __________ 2, 759 720 1, 618 360 5,457 
New Mexico ___ 1, 809 509 593 20.8 3, 120 

Upper basin ___ 4, 278 1, 152 1,846 530 7, 805 

United States __ 3, 811 1, 707 747 502 6, 767 

The average farm valuation in Wyoming is much higher 
than in other States because practically all of the farms in 
the Wyoming area of the Colorado River Basin are spe
cialized livestock ranches involving large acreages. In the 
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other States there are more crop farms and many live
stock farms that are too small for efficient operation. 

Farm income.-The total value of agricultural prod
ucts sold or traded in the upper ~asin in 1939 amounted to 
$40,000,000 according to the 1940 United States census. 
Livestock and livestock products accounted for three
fourths of this amount (fig. 8). 

TABLE XV.-Average income from farms in upper basin 
(1939) 

Income per aero of bar-
Income vested land 

State area Income per capita 
per farm of farm ------------

population Total farm Crop 
income income 

----------------------- -----------

Wyoming ______________ $4, 392 $954 $23. so $0. 72 
Colorado _______________ 1, 699 360 30. 71 9. 60 
Utah __________________ 1, 127 264 34. 56 5. 43 
New Mexico ____________ 555 107 37. 64 15. 17 

Upper basin _________ -- 1, 564 335 30. 13 7. 65 

United States ___________ 1, 089 217 20. 68 9. 63 

These statistics of farm income strikingly show the im
portance of the livestock industry in this region. The 
income per farm and per capita population is about 50 
percent higher than the average for the entire United 
States. This is because livestock operations are con
ducted in large-scale units for greater efficiency, and the 
farm labor requirement is low. The total farm income 
per acre of crop land harvested was also higher than the 
average of the Nation, but the crop land income per acre 
was lower because of the relatively large acreage of live
stock and grazing lands. 'Vyoming, where livestock 
raising is of greatest relative importance in the upper 
basin, is in marked contrast with New Mexico where farm
ers are dependent to a larger extent upon crops. 

Farm tenancy.-The upper basin in common with all 
of the Mountain States has relatively few tenant-operated 
farms (fig. 8). In 1940 there was slightly more than 
half as many tenant-operated farms in the upper basin as 
in the United States as a whole, mainly because livestock 
farming is not well adapted to a tenancy. The economic 
age of the upper basin also may be a contributing factor. 
The risks to the livestock farm owner are too great with 
tenancy. Most of the tenancy that does exist is in the 
nonlivestock types of farming. 

Part-owner-operated farms are more common in this 
area than in the country as a whole. This has resulted 
from the frequent ownership by inheritance, homestead
ing, or unwise purchase of. tracts too small for an economic 
unit. Because these cannot be economically operated 
independently they are often leased to livestock men to 
supplement their own holdings. 



80 

MINERALS AND MINING 
1 

The most extensive and commercially most important 
mineral resources of the upper basin are coal, oil, and 
natural gas. The upper basin is the leading domestic 
source of vanadium, uranium, and radium ore, and also 
molybdenum. Zinc, lead, silver, and gold are commer
cially important. Metals of minor interest include copper, 
manganese, bismuth, and antimony. Among the non
metallic or industrial minerals and rocks, gypsum, salt, 
and limestone are abundant and accessible but have not 
been developed extensively. Potash and magnesium de
posits are possible future sources of supply. (See ap
pendix, maps entitled "Mineral Resources, Colorado 
River Basin.") . 

The remoteness of large portions of the upper basm 
from established industrial and transportation centers 
has been responsible for the restricted character of in
dustrial developments based on minerals and has also re
tarded intensive exploration for new mineral deposits. 
The important discoveries of carnotite ores and carnallite 
made during the war period are indicative of new develop
ments that can be expected with continued intensive ex
ploration. Recent success in an expanded oil d~illing 
program is highly encouraging. Some of these n:mcral 
resources may not be developed to a large extent Imme
diately, but with improved technological p:ocesses to
gether with increased demands and.the depletiOn of more 
economical sources of supply, the time may not be far 
away when large scale developments will take place in the 
upper basin. 

Mineral fuels and other hydrocarbons 

Coal.-The upper basin contains enormous reserves of 
coal, mostly of bituminous and subbituminous grade. ~e
serves here are much larger than those in any other sectwn 
of comparable size in the world and amount to approxi
mately one-third of all of the coal deposits in the United 
States and one-sixth of those in the entire world. Some 
of this coal is below present mineable depths, but mine
able reserves alone are nearly one-fourth of the Nation's 

' Based in part on information supplied by Geological Survey. 
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total deposits. Coal reserves within the upper basin are 
roughly estimated at 400 billion tons. . 

The importance of these vast reserves Is enhanced by 
the almost complete absence of any coal deposits in the 
States west of this region. The only exception of any con
sequence is the coal deposits of ~he State of W a~hington, 
but this coal is inferior in quahty and more drfficult to 
mine than the coals of the upper basin. Large quantities 
of coal from the upper basin are now shipped west, north, 
and sometimes east. These coals can be mined more 
cheaply than those in most other regions and may provide 
the basis for much of the future industrial development of 
the western part of the United States. 

Mine entries above ground level are possible for a large 
portion of the deposits. Thick.beds, rangi.ng from 8 feet 
to a maximum of 90 feet and virtually honzontal, can be 
mined with comparative ease. 

Bituminous coals from the upper basin are considered 
the highest quality bituminous coals on the western ma_r
ket. They are low in ash arid moisture, extremely low m 
sulphur and highly volatile with a high heat value. L~rg
est coal mines in the upper basin are in the Rock Spnngs 
and Kemmerer districts in Wyoming, served by the Union 
Pacific Railroad, and near Price, Utah, on the Denver & 
Rio Grande Western Railroad. Most of the coal mined 
in the Colorado area is bituminous but some good grade 
anthracite is mined in Gunnison County. 

Coal production in the upper basin increased more than 
50 perc~nt in the period 1940-43. Part of the increase 
was in coking coals mined near Sunnyside, Utah, for new 
steel plants at Geneva, Utah, and Fontana, Calif. The 
new completely mechanized mine located near Sunny
side has a capacity to produce 8,000 tons of coking coal 
per day. Other important deposits of coking coal are 
located near Crested Butte, Durango, and Norwood, Colo. 
Coal in the Willow Creek area, Wyo., was found recently 
to be suitable for blending with other coal in the manu
facture of metallurgical coke. 

The increased coal production to meet war demands is 
indicative of future expansion in the industry, which no 
doubt will be accompanied by additional heavy invest
ments in modern mining equipment. As coal is used 
more economically, especially through effective utilization 

TABLE XVI.-Coal production in upper basin 

Tons mined 
State area 

1920 1930 1935 1940 1943 1 

- - ---- ----- - - - - - - - - - - - -------
6, 212, 000 4, 577, 000 3, 800, 000 4, 660, 000 2, 446, 125 
2, 037,000 1, 641, 000 ] '491, 000 1, 827, 000 5, 699, 837 
5, 881, 000 4, 168, 000 2, 919, 000 3, 504, 000 6, 896,817 

3, 000 7, 000 7,000 34,000 73,717 

'Vyoming _ ___ __ __ ____ ____ _________ - ----- - ___ - ---- - ------
Colorado __ _________ ___ ____ ___ __ ___ ___ __ __ ____ ___ __ __ __ _ _ 
Ctah ____ _____ ___ ________ __ __ _____ __ _____ ___ __ ___ ___ ___ _ 
New l\1exico _____ ____ _____ - - - _- - -_-:- - - - - - - - - - - --- - -- - --- _____ _____ _ _ _____ ____ ________ _ 

Upper basin ____ ___ __ ____ _________ _____ ______ ____________ 14,133, 000 10,393, 000 8, 217, 000 10, 025, 000 15, 116,496 

1 Estimated. 
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COAL MINE NEAR SUNNYSIDE, UTAH 
Coking coals are mined here for western industries 

LEAD-SILVER MINE 
Power zs supplied from Boulder and Parker Dam 

power plants on Colorado River 

GOLD MINE 
Additional low-cost power is needed to develop vast 

mineral resources 
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of the volatile substances, satellite industries are expected 
to increase. 

Petroleum and natural gas.- Oil and gas have been 
discovered in 40 widely distributed fields in the upper 
basin. Most of the fields, however, are located in north
western Colorado and in an area in southwestern Colo
rado and northwestern New Mexico. Wells now being 
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Other Colorado crude oil is refined at Craig and Denver. 
Gas from both the Baxter Basin field in Wyoming, one of 
the largest in the world, and hom the Hiawatha field in 
Wyoming and Colorado is piped to Salt Lake City, Ogden, 
and other places in Utah as well as to several towns in 
Colorado and southwestern Wyoming. Oil from wells in 
the San Juan River Basin is refined at Farmington and 

UTAH OIL REFINING COMPANY 
Oil from Colorado and Wyoming is piped to refineries in Salt Lake City 

drilled near Vernal, Utah, may prove to be the beginning 
of the first major oil field in Utah. Proved reserves of 
petroleum in the upper basin were estimated at 43,200,000 
barrels as of October 1, 1943. Production in 1943 ex
ceeded 3,250,000 barrels of oil and 21 billion cubic feet of 
gas, 60 and 70 percent respectively coming from north
western Colorado. 

Oil from Wyoming wells and from wells in the Rangely 
field in Colorado is piped to refineries at Salt Lake City. 

Bloomfield, N.Mex. Natural gas from this area is piped 
to Durango, Colo., and Shiprock, Farmington, Bloom
field, Albuquerque, Santa Fe, Belen, and Bernalillo, 
N.Mex. 

Oil shale.--The upper basin also contains the largest 
deposits of oil shale in the United States. The reserves of 
this potentially important mineral fuel account for ap
proximately 82 percent of the 7 5 billion barrels of re
coverable oil in shale in the United States, which is equal 
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to four or five times the known reserves of petroleum in all 
the oil fields of the Nation. The extraction of the oil 
from shale will require the establishment of plants near 
the deposits. Whether oil shale or coal or both are 
utilized to meet future needs for oil and gasoline, these 
mineral fuels are of great potential importance. 

Bituminous sandstone and rare hydrocarbons.-An
other oil-bearing material of great potential importance 
is bituminous sandstone. At the present time it is being 
used as a road surfacing material. Large deposits are 
worked near Vernal and Sunnyside, Utah. The Vernal 
deposit contains about 2 billion tons averaging between 
8 and 15 percent bitumen by weight, but most of it can 
be recovered only by underground mining. The deposit 
near Sunnyside is also very large; a sample of it averaged 
11 percent bitumen by weight. 

The only known deposits of gilsinite, elaterite, wurtzi
lite, and ozocerite are in the upper basin. In normal 
times these materials are mined from veins and shipped 
to all parts of the world for use in the manufacture of 
roofing, insulating materials, and such articles as ink and 
switch handles. 
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The gilsonite deposits occur mainly in the Uinta 
Basin in Utah. Annual output during the 10-year 
period 1934-43 averaged 35,996 tons valued at $852,636. 
Reserves have been estimated at 25 million tons. The 
annual output of ozocerite and wurtzilite in Utah amounts 
to only a few hundred tons. 

This array of mineral fuels and carbonaceous materials 
is not approached by any region in any other part of the 
world. The extent to which these materials may provide 
the basis for future mining and mineral processing within 
the basin and in contiguous areas cannot be foretold 
definitely, but it is certain that their effect on future in
dustrial development will be important. 

Nonferrous metals 

The upper basin has contributed more than 8,000,000 
ounces of gold, 300,000,000 ounces of silver, 1,000,000 
tons of lead, 500,000 tons of zinc, and 160,000 tons of 
copper to the total mineral production of the Nation. 

The production of these nonferrous metals for typical 
years since 1920 has been as follows: 

TABLE XVII. - Mineral production in upper basin 

1920 

Gold (oz.) __ ___ __ . __ __ __ _____ . _. ______ ___ 102,350 
Silver (oz.) ___ __ __ - -- - . - - 3, 374, 000 
Copper (tons) __ __ . _ -- -- - - --- -. - - - -- -- - 1, 469 
Lead (tons) ____ 

- --- --~ - - --- - . - - - - - --- - 16,275 
Zinc (tons) _____ ________ ______ - -- - - - - - - · - - - - 14,690 

The limited production and reserves of gold, silver, cop
per, lead, and zinc are confined to several small areas, 
mainly in southwestern Colorado. The production of 
these metals will increase in the future, no doubt, with ad
vancement in operational techniques. At present nearly 
all of the metal ores mined in the basin must be shipped 
to outside mills and smelters. 

Gold and silver.-A number of districts in the San Juan 
Mountains, Colo., have been important sources of gold 
and silver derived from ores relatively near the surface, 
but deeper ores in the same districts are now contributing 
lead, zinc, and copper as well as gold and silver. Large 
quantities of gold and silver have also come as byproducts 
of base-metal ores in the zinc-lead districts .. 

Copper.-Copper has been mined in substantial quan
tity along with zinc and lead at Gilman, Colo., and has 
been a byproduct of zinc, lead, and precious metal ores 
elsewhere. Substantial reserves of ore, mostly of low 
grade, are present in sandstone in the Colorado Plateau, 
but only small quantities of high-grade ore have been 
shipped. 

Zinc and lead.--Deposits of zinc and lead in the upper 

1925 1930 1935 1940 1942 

91, 950 55,370 61, 920 93, 620 53,000 
2, 501, 000 2, 951, 000 3, 762, 000 8, 361, 000 1, 706, 000 

1, 052 4,475 7, 165 11, 724 865 
22, 393 13, 742 2, 734 8, 410 9,941 
26, 157 24, 726 272 4, 520 27, 838 

basin are practically confined to western Colorado. The 
leading district is at Red Cliff and Gilman in Eagle 
County, from which 170,000 tons of zinc and 66,000 tons 
of lead, together with some silver and gold, have been 
mined. Its reserves of zinc are estimated to be about 
525,000 tons and those of lead 105,000 tons. 

Other districts that have contributed substantial quan
tities of zinc and lead are the Breckenridge and Kokomo 
districts in Summit County, Aspen district in Pitkin 
County, Rico district in Dolores County, Telluride dis
trict in San Miguel County, closely spaced districts in 
Ouray County, and the Eureka district in San Juan 
County. 

Ferro-alloy metals. 

Molybdenum.-The Climax molybdenum district, the 
largest single metal-mining operation in Colorado and the 
largest molybdenum district in the world, is situated close 
to the Continental Divide in northeastern Lake County, 
Colo. Mining there began in 1918, and from then until 
1943 the total output has amounted to 268,618,190 
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pounds of metallic molybdenum contained in concen
trates. The quantity of ore mined daily during 1942 and 
1943 ranged from 15,000 to 20,000 tons. 

Molybdenum-tungsten deposits in the Gold Hill dis
trict, Gunnison County, Colo., first became productive 
during World War I, when a few hundred tons of ore 
containing 4.5 percent of molybdenum sulphide and 100 
tons of ore containing 11 percent tungstic oxide were 
mined. They have been worked for tungsten during 
World War II. Reserves include 60,000 tons of relatively 
high-grade molybdenum ore and from 100,000 to 200,000 
tons of ore containing not more than 0.5 percent molyb
denum sulphide. No estimate of tungsten reserves has 
been made. 

Vanadium, uranium, and radium.-Deposits of vana
dium-bearing sandstone are widely distributed in western 
Colorado and eastern Utah, and are also present in north
ern Arizona and New Mexico, but output thus far has 
come principally from those in Colorado and Utah, which 
constitute the leading domestic source of vanadium, ura
nium, and radium. Vanadium from Paradox Valley in 
Colorado and Utah was a source of bombastic uranium, 
used in the manufacture of the atomic bomb. Deposits 
near Placerville, Colo., were discovered in 1899. From 
1911 to 1923 the ores of the region were intensively mined 
for their radium and uranium, but from 1915 to 1923 
some vanadium was produced as a byproduct. Mining 
practically ceased in 1923 when pitchblende from the Bel
gian Congo began to supply radium. Since 193 7 the ores 
have been mined for vanadium. From 1909 to 1943 the 
output amounted to 23 ,000,000 pounds of elemental va
nadium contained in mill products. From 1907 to 1920 
about 202 grains of radium were recovered, equivalent to 
about 1,000 tons of uranium oxide. 

Reserves of inferred ore total many million tons, but 
because of spotty distribution and high cost of develop
ment only a small fraction of these reserves could be con
sidered commercially available under conditions prevail
ing in 1943. The indicated and measurable reserves do 
not exceed 500,000 tons of ore. The region, however, 
should continue to be an important source of vanadium, 
and contains the largest domestic reserves of uranium and 
vanadium. 

Manganese .- Although small bodies of manganese ore 
are widely distributed throughout much of the upper 
basin, particularly in Utah, they do not constitute an im
portant resource. A manganese ore body, estimated at 
over a million tons and containing 16.8 percent manga
nese and 11.3 percent iron is located on the northern slope 
of the Uinta Mountains in Utah. Estimated reserves in
clude about 15,000 tons of 30-percent ore, only a part of 
which can be profitably mined even at wartime prices; 
about 100,000 tons of 10- to 30-percent ore, and about 
350,000 tons of 4- to 10-percent ore. Since 1901, when 
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the first shipment was made, about 12,000 tons of ore con
taining 40 to 45 percent manganese have been shipped. 

Tungsten.-Tungsten deposits in the upper basin oc
cur only in western Colorado and are of very little com
mercial interest. Output has been extremely small, even 
when wartime prices prevailed. Estimated reserves are 
as follows: 

Indicated ore 
County, Colorado 

T ons Units 1 

' Gunnison _____ ____ ____ _ 1, 000 2, 400 
Ouray ___ _____ _________ ___ ____ ______ __ _ 
San Juan_ _ _ _ _ _ _ _ _ _ _ _ _ _ 100 400 
San .MigueL__ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ __ _ _ 
Summit____ ___ ___ _____ _ 150 950 

1. 250 1 3, 750 

1 A unit amounts to 20 pounds oftungstic oxide (W03). 

Minor metals 

Inferred ore 

T ons 

1,900 
500 
800 
250 
175 

3, 625 

U nits t 

3, 850 
750 

1, 650 
500 
900 

7, 550 

Antimony.-Antimony is present in small deposits in 
Dolores, Gunnison, Ouray, Pitkin, San Juan, and San 
Miguel Counties, Colorado, but not in commercial quan
tities as an ore of antimony. Lead-antimony deposits 
have been mined but owing to the penalty for high anti
mony content in lead ore, these ores are generally avoided. 
Many of the complex base- and precious-metal ores in 
the San Juan region contain some antimony, part of which 
is recovered as a smelter or refinery byproduct. 

Bismuth.-Bismuth is also found in many districts in 
western Colorado, but not in commercial deposits of bis
muth ore. Part of it is recovered in the smelting and 
refining of base- and precious-metal ores. 

Nonmetallic (industrial ) minerals 

Though there is almost no industrial utilization of in
dustrial minerals in the basin, there are potential resources 
that are either known to be large or, if adequately ex
plored, may prove to be large. These include phosphate, 
potash, and sodium carbonate deposits in Wyoming, salt 
and associated potash deposits in southeastern Utah, and 
salt and associated gypsum in southwestern Colorado. 
Limestone and dolomite are present at several places in 
Colorado, Wyoming, and northwestern New Mexico. 
Deposits of helium and carbon dioxide gases also occur 
in the upper basin. 

Phosphate rock.-Only a relatively small portion of the 
great western field of phosphate rock is in the upper 
basin. It occurs in the Salt River and Wyoming ranges 
and around the flanks of the Uinta Mountains in Utah. 
The beds ih Wyoming are mainly thin and comparatively 
inaccessible but of moderately high grade. Those in 
Utah are generally of low grade and vary greatly in thick-
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ness. The nearness of large hydroelectric power sites, 
however, and the possibility of mining the rock by open 
pit methodsmay lead to extensive development of this 
rock as a fertilizer. Estimated reserves of phosphate rock 
amount to 1,616,000,000 long tons averaging 40 to 50 
percent calcium phosphate. · 

Potash.-Large deposits of leucite, a mineral contain
ing potash and alumina, in the Green River Basin in 
Wyoming may eventually prove to be a feasible source of 
potash. The possibility of its development would be 
greatly enhanced by the production of fertilizer materials, 
especially phosphates, in nearby areas. Reserves of pot
ash rock in this area amourit to 1,900,000,000 tons which 
contain an estimated 190,000,000 tons of potash. Re
serves of potash and magnesium salts in southeastern Utah 
occur at a depth of 3,000 feet and cannot be estimated 
from available data, but the known deposits are suffi
ciently widespread and of sufficiently high grade to be 
regarded as an important potential resource. 

Recent exploration near Thompson, Utah, has proved 
the presence of extensive deposits of carnallite, a chemical 
combination of potassium chloride and magnesium chlo
ride, and of other potash-bearing minerals. Further 
development may lead to the utilization of these minerals 
for the production of potash separately or as a joint or 
byproduct with magnesium. Had these explorations for 
carnallite been made at an earlier date, they probably 
would have led to the construction of a processing plant 
to supply in part the war needs for metallic magnesium. 
These western resources present one of the most favorable 
raw material basis for a concentrated mixed fertilizer in
dustry in the world. 

The availability of large supplies of cheap electricity 
would be an important factor in promoting the utilization 
of these abundant fertilizer minerals. 

Salt.-The exploration for carnallite also revealed the 
presence of much larger beds of sodium chloride. Wells 
drilled in widely sparated areas in southeastern Utah have 
cut through beds of common salt 2,000 feet or more in 
thickness. Possibilities of future production of iodine and 
other important substances are also indicated. Salt de
posits in Paradox Basin, Colorado, amount to billions of 
tons, but they are nearly all at depths of more than 1,000 
feet. Salt is being mined only at Bedrock, Montrose 
County, Colorado, for use in the production of vanadium. 
Estimates of possible reserves of sodium carbonate (trona) 
in Sweetwater County, Wyoming, range from 158,000,-
000 to 7,000,000,000 tons. Brine containing sodium 
carbonate has served intermittently as the raw material 
for production of a small amount of sal soda. 

Gypsum-Gypsum ores outcrop along the west flank of 
the San Rafael Swell in east-central Utah. Reserves in 
this section are estimated at 9,701,600,000 tons. The 
tonnage of large reserves in western Colorado has not been 
estimated. Gypsum reserves constitute a large source of 
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supply for future use when market conditions are favor
able for their development. 

Helium.-Helium is produced from. natural gas in the 
Rattlesnake field, New Mexico, and is known to occur 
with natural gas in the Woodside and Harley Dome fields, 
Utah. Figures of output and reserves are not available. 

Carbon Dioxide.-Carbon dioxide gas, obtained from 
the Farnham anticline, is manufactured into liquid and 
solid carbon dioxide at Wellington, Utah. The output 
in 1943 amounted to 160,972,000 cubic feet. 

Building Stones.-The only building or monumental 
stone worthy of note in the upper basin is Colorado Yule 
marble, a product of high quality quarried intermittently 
at Marble, Gunnison County, Colo. The high cost of 
quarrying and the long distance from the large markets 
have been obstacles in the development of this industry. 
Crushed stone is produced for local use at several places, 
and limestone has been burned into lime at scattered 
places. Only one lime plant, at Glenwood Springs, 
Colo., was operated in 1943. 

0 ther industrial minerals.-Other industrial minerals 
in the basin include sulphur in Emery County, Utah; py
rite in large quantities in several mining districts; analcite 
(a zeolite), of possible usefulness in water-softening, in 
eastern Uintah County, Utah, and adjacent parts of Colo
rado; pumice, used locally at Durango, Colo.; amorphous 
graphite, derived through the intense alteration of coal, 
near Pitkin, Gunnison County, Colo.; vermiculite, which 
has been exploited in a small way in Gunnison County, 
Colo.; and fluorspar, which occurs as a gangue mineral 
in certain metalliferous veins, and has been shipped from 
the Barstow mine in Ouray County, Colo. Past ship
ments of fluorspar slightly exceed 10,000 tons; known 
reserves are negligible, but a total of 10,000 tons is in
ferred for the two or three deposits that have any com
mercial promise. 

LuMBERING 

The high mountain areas of the upper basin support 
extensive stands of timber, much of which is suitable for 
various building and industrial uses. Timber stands are 
quite widely distributed over the basin but are most heav
ily concentrated in western Colorado. In 1939 saw and 
planing mills gave employment to 560 workers. With 
two exceptions these mills are small and supply only a 
limited local trade. Much lumber is shipped in from 
mills outside the basin that are better equipped to process 
the lumber in the forms required for a variety of uses. 
Because of the inaccessibility and the scattered nature of 
timber stands, lumber from this area cannot compete at 
present on National markets, but as other timber reserves 
are depleted and local needs increase the timber resources 
of this region no doubt will be utilized more fully and will 
support important lumbering industries. 
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MANUFACTURING 

The processing of agricultural products on a small 
scale is practically the only manufacturing in the upper 
basin. At present there are three factories that process 
fruits and vegetables and two beet sugar factories. Ih 
several main farming areas small grain mills produce flour 
and other grain products, largely for local use. A few 
small creameries and cheese plants also operate in the 
area. Only a small portion of the ore mined receives pre
liminary milling before it is shipped outside the basin. 
The remoteness of the area, the newness of its economy, 
and the widely scattered production of the small quantity 
of raw materials suitable for processing have all tended to 
restrict manufacturing in the basin. 

TABLE XVIII. - Manufacturing census data-upper basin 

:-.:umber of Value of raw I Value of 
employees materials processed 

engaged products 

Value added 
by processing 

--- - - ---- --------- ------- --- ---- -- --------

1919_- - - -- - --I 
1929-- - - - - - - -1939 ________ _ 

3, 319$9, 977, 000 $17, 369, 000 $7, 392, 000 
2, 940 19, 523, 000 28, 230, 000 8, 707, 000 
2, 025 9, 584, 000 14, 311, 000 4, 727, 000 

The limited amount of manufacturing in the upper 
basin is indicative of undeveloped nature of the economy 
of the region. Practically all of the fabricating industries 
that are established process products produced in the 
basin. The reason may be partly that Denver and Salt 
Lake City are both close and provide large portions of the 
manufactured commodities consumed in the region. 

TRANSPORTATION AND MARKETS 

Low-cost transportation is vital to the economy of the 
upper basin because of its scattered population, expansive 
area, and long distance from eastern centers of produc
tion and consumption. Residents of the region pay 
freight on manufactured articles which are shipped in. 
They also indirectly absorb freight charges on shipments 
of their raw materials to outside markets because they must 
sell their products at delivered prices in competition with 
producers closer to market centers. 

The main east-west lines of the Union Pacific and the 
Denver and Rio Grande Western Railroads cross the cen
tral part of the upper basin. The few important trading 
and shipping centers in the Green River Basin limit con
venient outlets for crops and livestock. The Union Pa
cific Railroad extends through the southern part of Wyo
ming. The Denver and Rio Grande Western Railroad 
has shipping points at Price and Green River, Utah, and 
at various places along the Colorado, Gunnison, and Un
compahgre Rivers in Colorado. A narrow-gauge branch 
of The Denver and Rio Grande Western connects with 
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the standard-gage line at Alamosa, Colo., and extends 
west to Durango, Colo., and thence south to Farmington, 
N. Mex. Another narrow-gage line of the Rio Grande 
Southern Railroad connects Durango and Mancos with 
Montrose, Colo., to the north. The Denver and Salt 
Lake Railroad enters the upper basin from the east but 
terminates at Craig, Colo. 

Pinedale, Wyo., in the extreme north of the upper basin 
must transport its livestock and crops 102 miles to the 
nearest railroad point at Rock Springs. Closest rail cen
ters to Vernal, Utah, are Helper, Utah ( 105 miles), and 
Craig, Colo. ( 123 miles) . Other important areas in 
southern and eastern Utah and in the Dolores River Basin 
in Colorado are many miles from rail connections. 

United States highways 6, 30, 40, 50, and 160 also 
extend east and west across the basin. North-south high
ways are fewer but U. S. Nos. 187 and 189 serve the 
Wyoming portion of the basin and Nos. 160 and 550 
extend from Crescent Junction, Utah, and Grand Junc
tion, Colo., respectively into the San Juan River Basin. 
Many Federal, State, and local highways are intercon
nected. Good roads have fostered the trucking system 
that serves the area. All but the remote and mountain
ous areas can be reached by all-weather roads. A few 
unimproved roads traverse parts of the area, but much of 
the barren and badland regions is inaccessible by the road. 

High transportation costs have restricted development 
in the upper basin. The Bank of Vernal, Utah, is con
structed of brick sent from Salt Lake City by parcel post. 
It was erected in 1919 when freight was $2.50 a hun
dred pounds and parcel post only $1.05. 

The urban population within the upper basin provides 
a local market for whole milk, fruits, and vegetables, but 
considerable quantities of potatoes, vegetables, fruits, and 
processed foods are imported. Large quantities of grain 
and other livestock feeds also are imported normally. 
Only high-value-per-pound products can be exported 
profitably. These include livestock, wool, butter, cheese, 
eggs, poultry, seeds, vegetables, fruit, and honey. Live
stock are sent to Denver, Kansas City, Omaha, Salt Lake 
City, and Ogden, and wool is shipped to Boston. 

Most minerals are shipped in raw ore form out of the 
basin for refining, although in recent years some milling 
and reducing of ores have been done near the mines be
fore shipment. Main ore markets are Leadville, Colo., 
Midvale and Tooele, Utah, Amarillo, Tex., and Coffey
ville, Kan. Coal is shipped to eastern Colorado, central 
Utah, and southern Idaho for domestic and industrial pur
poses and to Denver and Pueblo, Colo., Provo, Utah, and 
Fontana, Calif., for use in iron ore reduction. 

In general the Wyoming and Utah portion of the 
upper basin is a part of the Salt Lake City-Ogden trade 
area and the Colorado and New Mexico portion is con
nected with the Denver trade area. 



DEVELOPING THE BASIN 

TABLE XIX.-Value of trade in upper basin (1939 ) 

_ _ _ _ _ _ _ Div~~--------~ ~holcsalc _I ____ Reta~-
Green _ _ _ _ _ _ _ _ _ .. _____ __ _____ ___ - ~ $9, 303, 000 $29, 668, 000 
G.- rand ___ _______ __ ____ _______ ____ 14,453, 000 31, 040, 000 
San Juan ______ __ _____ __ _ ~ _ _ _ _ _ _ 6, 000, 000 15, 000, 000 
Upper basin __ ____ _____ __ ____ ____ , 29,756, 000 75,708,000 

RECREATION 

The upper basin with its lofty snow-capped mountains, 
clear trout-stocked streams and lakes, beautiful forests and 
cool but sunny weather in the mountain country attracts 
vacationists from all pars of the Nation. In the San 
Juan Basin is the world's largest natural bridge, brilliantly 
colored rock formations, some of the best preserved In
dian ruins and cliff dwellings, and "Four Corners," the 
only p0int in the United States where four States join. 
The largest and most complete deposits of dinosaur fos
sils yet discovered have been unearthed near Vernal, Utah. 

Bryce Canyon and Mesa Verde National Parks and 
part of Rocky Mountain National Park are within the 
upper basin. There are also 13 national monuments, 
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including Yucca House, Navajo, Capital Reef, Arches, 
Natural Bridges, Hovenweep, Canyon de Chelly, Chaco 
Canyon, Aztec Ruins, Rainbow Bridge, Dinosaur, Colo
rado, and Black Canyon. The San Juan wilderness area 
of a quarter million acres has been set aside as a primitive 
preserve in the San Juan National Forest along the Con
tinental Divide. Other primitive preserves have been es
tablished in different parts of the basin. National Parks, 
monuments, and forests are shown on a map entitled, 
'_'Conservation Areas and Facilities" included in an ap
pendix of this report. (See Chapter VIII, National Park 
Service.) 

Game is in abundance in most all parts of the upper 
basin. Sportsmen find excellent fishing in mountain 
streams and lakes. Trout are plentiful in the clear, cold 
water of upper Green River and its tributaries. In the 
upper Colorado River Basin 318 streams totaling 2,327 
miles and 273 lakes furnish plentiful fishing. The Colo
rado State Department of Game and Fish and the Forest 
Service cooperate in keeping the streams and lakes well 
stocked with fish. The varieties of trout most common 
are eastern brook, native, rainbow, and Loch Leven. Val-

OUTDOOR LIFE 

Visitors enjoy the cool breezes on Lake #lead aboard the Grand Canyon Boulder Dam tours cruzser «Hualapai." 
This trip to the Grand Canyon and return is offered daily 
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ROD AND REEL 
Fishermen displaying their catch) a 9-pound) J-ounce bass taken from Lake Mead 

'lecito Reservoir and Fish Lake offer good fishing in 
the San Juan Basin. 

Hunters are attracted particularly by deer, elk, and 
antelope herds, now increasing under protective measures. 
Mountain sheep, black and brown bear, beaver, fox, 
badger, ermine, muskrat, skunk, mink, wildcat, lynx, 
coyote, martin, weasel, rabbit, porcupine, grouse, sage 
chickens, and ducks also are found. Chinese pheasants, 
introduced into the Green River Basin in the early 1920's 
are now numerous near irrigated lands. 

Private summer homes and commercial camps and 
resorts which offer accommodations to sportsmen are 
ideally situated near more accessible streams and lakes. 

Grand Lake in Rocky Mountain National Park is noted 
for its beauty. 

Steamboat Springs, Colo., with its warm mineral baths 
is a popular resort area. Berthoud Pass and West Portal 
(Moffat Tunnel ), Colo., favored because of their high 
altitudes and nearness to Denver, are noted winter sports 
areas. They offer good accomodations and ideal ski runs. 
The Hot Sulphur Springs ski tournament has been an 
annual event since 1911. 

The many recreational advantages of the upper basin 
will be more fully enjoyed as they become more accessible 
through improved transportation. Their value will be 
enhanced through development of other resources. 
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LOWER BASIN 

Agriculture and mining compete for first place in eco
nomic importance in the lower basin. Since agricul
ture employs a much larger percentage of the population, 
it is ranked generally as the most important industry in 
the area. The gross annual income from mining, how
ever, is greater than that from agriculture. Livestock 
raising is an important agricultural enterprise, although 
not dominant as in the upper basin. Crops bring slightly 
higher returns than livestock. The warm climate per
mits both summer and winter cropping where irrigation 
water is available and high-value crops, such as citrus 
fruits and winter vegetables, are produced. 

In 1940, 631,620 people were living within the 140,000 
square miles of the lower basin. This average density of 
4.5 persons per square mile is almost double that of the 
upper basin but is barely more than one-tenth of the 
national average. 

The building of Boulder Dam and its appurtenant 
works to control and utilize the waters of the Colorado 
River has done much to increase the lower basin's eco
nomic contribution to the Nation. Agricultural lands 
near the river have been spared the ravages of destructive 
floods, and nearly a million acres have now been provided 
a dependable water supply, with further expansion in 
prospect. Low-cost electric energy from the project has 
stimulated industrial growth in the lower basin and the 
surrounding territory. War industries of practically 
every type and on substantial scale sprang up suddenly. 

Within the basin lie some of the scenic masterpieces of 
Nature's handiwork. These, together with man-made 
attractions, draw millions of tourists to the area annually. 
Catering to these visitors has become a well-defined indus
try. Establishments such as auto courts, hotels, guest 
ranches, tourist bureaus, and curio stores are almost wholly 
dependent upon this trade. Countless other businesses 
are affected by tourist travel. The value of this industry 
is increasing. 

LAND UsE 

The lower basin, including the Salton Sea drainage 
area, comprises an area two and one-half times the size 
of New York State. Land in the area is grouped, accord
ing to use, as follows: 

Farm land: 
Irrigated land _____ __ _____ ___ _ _ 
Other farm land ___ ____ ____ ___ _ 

Indian reservat ions _______ ____ __ __ _ _ 
National forests ___ ____ _______ ____ _ 
National parks, monuments and 

recreational areas _____ __ ____ ____ _ 
Other land __ __ __ ________ ____ __ ___ _ 

709515-46-7 

Acres 

1, 351, 000 
29, 291, 000 
16,193,000 
14, 934, 000 

3, 607,000 
41, 073, 000 

Percent of 
total area 

1.5 
32. 4 
17. 9 
16. 5 

4. 0 
45. 6 
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Some of the areas as presented are overlapping and 
consequently the total exceeds the basin area. For in
stance part of the farm land is included also in the area 
in Indian reservations. A very large portion of the basin 
area is used for grazing. Included in the area grazed are 
part of the irrigated land and most of the "other farm 
land," also substantial parts of Indian reservations, Na
tional forests, and "other land." Limited grazing is per
mitted on National parks and monuments. Only 1.5 per
cent of the entire area is irrigated, yet this small portion 
is the base for the total crop production. Dry farming is 
practiced to a limited degree in a few of the higher agri
cultural areas, particularly in the Virgin and Little Colo
rado divisions, but is almost negligible in the economy of 
the lower basin. 

SOILS 

Soils of the lower basin have developed in a climate 
where low rainfall and high temperatures prevail, with 
the result that they are very low in organic material and 
have lost little of their soluble plant nutrients through 
leaching. Soil colors vary from gray to red, with pinks 
and reds prominent. Practically all agricultural soils are 
of alluvial formation but vary rather widely in compo
sition, texture, and fertility. 

Valley bottom soils are generally derived from the more 
recent alluvial materials, and range in texture from sands 
to clays. They are best suited to agriculture because of 
high fertility, smooth topography, and proximity to irri
gation supplies. 

Bench and terrace soils make up the largest acreage of 
irrigable soils in the lower basin. Surface soils of this 
type vary from rather coarse and sandy to fine textured, 
and contain abundant quantities of the mineral elements 
of fertility. The subsoil is usually finer textured and in 
places is composed of heavy clay. Quite frequently a 
zone of lime accumulation occurs in the subsoil and in 
some areas a definite lime hardpan has been formed at 
various depths below the surface. 

Extensive areas of desert soils in the lower basin usually 
grade from coarse sands and gravels near the base of 
mountains to fairly heavy clay loams and clays near the 
center of the valleys. Many areas are high in soluble salt 
content, but where good drainage can be provided, salts 
can be leached easily from the soils and the land made 
highly productive. These desert soils are stratified and 
the various horizons grade from coarse, raw sand to heavy, 
plastic clay. Where medium-textured soil occurs in suf
ficient depth at the surface or near enough to the surface 
to insure adequate water-holding capacity, the land merits 
agricultural development if the total salt content is low, 
or if leaching and drainage can be provided. 
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MILCH COWS IN IRRIGATED PASTURE 
All-year pasturing produces higher grade milk and assures plentiful winter supply 

IRRIGATED SUGAR BEETS GROWN FOR SEED 
Seed production is an important contribution to the Nation 
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AGRICULTURE 

Crops were grown in the lower basin hundreds of years 
before any other part of what is now the United States 
was settled. Agriculture has been and always will con
tinue to be dependent on a satisfactory supply of irriga
tion water. The area is favored with an all-year growing 
season. Many crops, such as small grains and vegetables, 
grown in most parts of the Nation onl~ in su~mer are 
produced here in winter. These combmed wit~ per.en
nial crops such as alfalfa and pasture and semitropical 
crops in warmer parts of the basin result in a high degree 
of cropland occupancy. Crop failures are rare, but 
when they occur it is possible for another planting to be 
growing on the land within a short time, provided an ade-
quate water supply is available. . . 

Double-cropping of the same land With both wmter and 
summer crops is a common practice where irrigation water 
supplies are adequate. This practice brings a high an
nual income per acre. Double-cropping, however, causes 
a heavy drain on soil fertility and necessitates either t~e 
rotation of soil-building crops or the use of commerCial 
fertilizers, or both. 

Because of the wi.de variety of crops that can be grown 
successfully in the lower basin the pattern of crop produc
tion is continually changing. · New crops are being intro
duced and varieties of other crops developed. In recent 
years a number of crops new to the region have been 
tested and are now in commercial production. Among 
these are guar, a drought-resistant forage bean; psyllium, · 
a seed used for medicinal purposes; mung beans, valued 
for food and forage; and many varieties of sorghum. 

Alfalfa·, grown on approximately 30 percent of the ir
rigated land, covers a larger acreage than any other crop. 
It is an important cash crop both for local sale and for 
shipment to southern California, the world's largest hay 
market. The production of alfalfa seed is also important. 
The extensive range lands of the lower basin together with 
adjacent areas in Mexico and New Mexico furnish a great 
number of feeder stock. These animals can be pastured 
on alfalfa fields and finished on hay, silage, and grain be
fore being processed locally or shipped to markets. AI-· 
falfa is of fundamental importance as a soil-building 
crop, and its use in the rotation system is partly responsible 
for high yields of other crops. 

All-year pasturing is possible in the area. Cows so 
pastured · produce more and higher grade milk, richer in 
fool value and vitamin content, than do cows fed 
otherwise. 

Seed production is one of the lower basin's most im
portant agricultural contributions to the Nation. With 
excellent growing conditions, water for irrigation, and 
virtual freedom from rain during the harvest season, seeds 
are plump, of strong germination, and excellent color. 
Twenty to 25 percent of the sorghum seed used in the 

91 

United States and more than 40 percent of the sugar beet 
seed are produced here. Bermuda grass seed, grown 
largely in the Lower Colorado and Gila River V alley.s, is 
used extensively in the development of pastures, erosiOn
control plantings, and lawns throughout most of the 
Southern States. Flaxseed yields are high in the Yuma 
and Imperial Valleys and bring good prices because of 
the high iodine content of the seed which gives a drying 
quality to the oil extracted. 

The Coachella Valley has become the principal source 
df the Nation's domestic date crop. The dates grown in 
this region are of exceptionally high quality. 
. Range livestock are dependent on irrigated areas for 
winter feed. Sheep are brought from mountain ranges 
to irrigated valleys during the late fall and lambed during 
November. The lambs are fed on alfalfa and grain pas
tures and marketed in the early spring. 

Agriculture in the region can expand only to the extent 
more water can be made available. Much more land is 
suitable for crop production than is in cultivation. Water 
is the limiting factor. 

Types of farms 

. Types of farms in the lower basin classified according 
to the major source of income are shown in the accom
panying chart (fig. 9). The percentage is of the total 
number of farms. 

Livestock and dairy farms.-Approximately 36.6 per
cent of the farms are livestock and dairy farms. The vast 
areas of grazing land have led to extensive ranching oper
ations. The percentage of livestock farms will probably 
remain high, but with more feed produced on irrigated 
land in the future the percentage of finished cattle and 
dairy products is likely to increase. An increase of popu
lation in rural areas and the continued growth of urban 
centers will be accompanied by an increase in the demand 
for the products of the dairy and the feeder livestock farm. 

Field-crop farms.-In an area where ranch livestock is 
so important, the production of feed crops on irrigated 
lands is likewise important. Such crops as alfalfa, small 
grains, and sorghums are grown principally as an adju~ct 
of the livestock industry. Cotton has been the most Im
portant field crop, but its relative importance is decreasing. 

Fruit and truck farms.-Fruit and vegetable or truck 
farms are much more important in the irrigated areas of 
the lower basin than either the percentage of such farms 
or their acreage would indicate because gross returns per 
acre are very high and a large amount of labor is required. 

Subsistence farms.-The highest percentage of farms is 
classified as subsistence farms, so called because m.ost of 
the farm products are consumed by the farm household. 
In certain localities within the basin inheritance has re
sulted in farms being divided into very small individual 
holdings which are operated as subsistence farms. Many 
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WINTER VEGETABLES FOR EASTERN MARKETS 
Irrigated lands produce tons of carrots and pro vide a livelihood for many growers and handlers · 
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Indian farms are subsistence units. Subsistence farms 
produce very few products for sale, unless they are handled 
in conjunction with . range land. The development of 
new lands and the provision of supplemental water sup-

. plies for lands now. inadequately irrigated will improve· 
present farming conditions. 

NuMBER AND SizE OF FARMS 

Arizona is representative of the lower basin with refer
ence to the size of farms. In 1940 Arizona with an 

TABLE XX.-Number and size of farms in lower basin 

Size group 1 1910 1 1920 1 1925 1 1930 1 1935 1 1940 

Percent of total number of farms 

Under 10 acres ____ _ 27. 2 7. 0 1L 1 24. 1 26. 3 15. 0 
lQ--49 acres _____ ___ 25. 0 31. 1 28. 4 30. 9 33. 2 24. 5 
50-99 acres ________ 8. 9 17. 1 17. 6 12. 9 11. 1 8. 4 

- ---------- - ----
SubtotaL ___ 61. 1 55. 2 57. 1 67. 9 70. 6 47. 9 

-- - - - - --- - ---
100-499 acres ___ ___ 36. 3 36. 0 32.2 22. 2 19. 2 21. 5 
50Q-999 acres _____ _ 1.8 4. 8 4. 8 4. 8 4. 9 10. 5 
Over'1,000 acres ___ .8 4. 0 5. 9 5. 1 5. 3 20. 1 

------------- - -
Subtotal __ __ 38. 9 44. 8 42. 9 32. 1 29. 4 52. 1 

- - - - ---- - - --
TotaL _____ _ 100. 0 100. 0 100. 0 100. 0 100. 0 100. 0 

Number of farms 

Under 100 acres ____ 5, 643 5, 506 6, 154 9, 624 13, 291 8, 854 
Over 100 acres ____ _ 3, 584 4, 469 4, 648 4, 549 5, 533 9, 614 

--- - --- - - - -- - -
TotaL ___ ___ 9, 227 9, 975 10, 802 14, 173,18, 824 18, 468 
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average of 1,389 acres per farm, had larger farms than 
any upper basin State except Wyoming. Livestock rais
ing was the rna jor farming activity on large fanns. Be
tween 1930 and 1940 the number of large farms (those 
over 100 acres) in the lower basin increased 2.1 times, 
while the percent of the total area of such farms in
creased only 1.6 times. The most significant increase in 
large farms took place between 1935 and 1940. During 
that period the number of farms of fewer than 10 acres 
was cut almost in half. 

The general trend is toward larger farms. The in
crease in the size of ranches is due partly to the decrease 
in the number of livestock the public range can support. 
Crop farms are increasing in size and number in certain 
areas because improved machinery makes possible higher 
efficiency in farm operation. 

Irrigated farm acreage.-:c-The average number of irri
gated acres per farm in the lower basin decreased slightly 
during the period 1910 to 1940. The decrease was due 
largely to the increase in number of irrigated farms, with 
a lesser corresponding increase in irrigated acreage. The 
Little Colorado division had the smallest irrigated farm 
units as well as the greatest decrease in irrigated acreage 
per farm. The number of irrigated farms in that division 
increased from 554 in 1910 to 1,942 in 1940, but the total 
irrigated acreage increased only 35 percent. The small 
size of these units results from the high percentage of 
Indian farms and the large number of subsistence white 
farms. 

Farm operation.- Full renters or tenants made up 14 
percent of all farm operators and farmed about 19 per
cent of the cultivated land in 1940. Owner-renters or 

LOWER COLORADO RIVER BASIN 

Livestock 31.7% 

RIVER IIASIN STATES 

Percent of oil forms Percent of crop land 
occupied harvested 

FIGURE 9.-Types offarms. FIGURE 10.-Farm operation, 1940. 
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TABLE XXI.-lrrigated farm acreage in lower basin 

Average irrigated acreage per irrigated farm (acres) 
Division 

I 1910 1920 1930 1940 

Little Colorado ________ _ 32. 6 37.6 18. 2 12. 6 
Virgin _________________ -------- 31. 7 31. 9 28.6 
Boulder ________________ 108. 6 126. 6 115.0 132.4 
Gila ___________________ 79. 1 69. 8 71. 7 69. 3 

Lower basin ____________ 82. 2 84. 0 78. 8 75. 2 

part owners (those renting a portion of the farm lands 
they harvest), operated only one-tenth of all farms, but 
farmed more than one-third of all the crop land harvested 
in 1940. Owner-operators made up the rest of the farm
ers and represent the largest group, harvesting nearly 50 
percent of the crop land in 1940 (fig. 10). 

While the extent of farm leasing in the lower basin is 
below the national average, it presents a problem in cer
tain irrigated sections of the basin, mainly because the 
terms of the individual leases fail to make provision for 
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preserving the productivity of the soil and for the upkeep 
of improvements on the farms. Land that has been in 
alfalfa for a number of years, however, is often leased to 
vegetable growers for a period of 1 to 3 years, the plan 
being to replant to a soil-building crop after the lease has 
expired. 

Value of farm lands and buildings.-Land values vary 
widely depending upon location, soil quality, topography, 
water supply and other factors. Raw land, without pros
pective irrigation possibilities usually sells for $1 ' to $10 
an acre. Irrigated land sells for $100 to $250 an acre 
with the higher prices more common in the Boulder and 
Gila divisions. 

The decrease in the total value of all farm land and 
farm buildings from 1930 to 1940 was 24.2 percent, as 
compared with 29.7 percent for the entire country. The 
average value per farm of all land and buildings in the 
basin is 50 percent above the average for the United 
States, while in the Gila and Boulder divisions, the aver
age farm value is twice that of the entire-country. 

TABLE XXII.-Value of farm lands and buildings in lower basin 

Average value of lands and buildings 

Division 19::0 1935 1940 

Per farm 

Little Colorado ___ ___________________________ - _-_- - $2,446. 00 
Virgin _________ ____________________ __ __ ·- _________ _ 6,036. 00 
Boulder-------- - ----- - - - -------------------"- - --- - 18,457.00 Gila ___________ ________ ________ ______________ _____ 15, 593. 00 

Lower basin ___________ ~ ____________ __________ ____ _ 13,474.00 

United States _______________________________ -_---_ 7, 614. 00 

The decrease in the per-acre land values during the 
1930 to 1940 period is attributed to a number of factors. 
Agricultural prices declined during this period which was 
one of the major economic depressions. Considerable 
land of much lower value than that previously farmed was 
purchased. The acreage of farm land doubled during 
this period, whereas the total number of farms increased 
from 21,193 to 25,795, an increase of only 17 percent; 
consequently the value per acre of farm improvements 
was not in proportion to the increase in acreage. 

Land values have risen since the 1940 census was taken, 
and in many sections of the lower basin a land boom is 
under way. Lands in financial distress 10 years ago now 
are selling generally at double and treble the prices of 
1933 to 1935. 

Farm products and value.-The basin is favored by a 
climate ideal for producing winter crops. Citrus fruits 
and winter vegetables returned $3,800,000 and $7,300,-
000 respectively to the farmers of the basin in 1939. Dur-

Per acre Per farm Per acre Per farm Per acre 
------ -

$3. ()0 $1, 831. 00 $2.97 $2,090.00 $1. 39 
20. 57 4, 169. 00 12. 63 4,770.00 7. 97 
70. 29 10,346.00 41. 98 11,057.00 12. 43 
16.92 8,478. 00 9. 12 11, 644.00 9. 91 

19.33 7,246.00 10. 56 8,389.00 7.07 

48. 52 4,823.00 31. 16 5, 518. 00 31. 71 

ing the months of December and January the country is 
largely dependent for its supply of lettuce on Arizona and 
the Imperial Valley of southern California. In 1943 the 
Salt River and Yuma Valleys in Arizona shipped 6,600 
carloads of winter lettuce, shipments being consigned to 
45 of the 48 States. In 1939 the per capita value of farm 
products of the basin was $97, as compared with $75 in 
the Nation. 

Livestock and livestock products sold in 1939 made up 
36.7 percent of all agricultural production in the basin, as 
compared with 35.5 percent for the entire Nation. F ceder 
cattle, sheep, .and goats are the predominating livestock. 
Only a few hogs are raised in the area. An increase in 
production of feed crops may result in a considerable in
crease in the proportionate value of livestock and livestock 
products. 

The sale of dairy products is important in some irrigated 
areas. Dairying probably will increase, but it is doubt-
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ful that it will ever assume the importance in the agricul
ture of the basin that it does in agriculture of the Nation 
as a whole. 

Farmers and stockmen of the lower basin consume in 
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their homes only half as much of their farm products as 
do the average farmers of the Nation. Agriculture is less 
diversified here and a smaller variety of products is suit-
able for home consumption. · 

TABLE XXIII.-Valu e of agricultural products in lower basin (1 939 ) 

Lower ba;sin Un ited States 

Items 
Value Percent of Value Percent of 

total total 

Sold: 
~iv_estock and livestock products ____ _____ _____ _________ ___ _____ $22,835,000 36. 7 $2, 429,289,000 31. 3 

c:~~::~-~~~t~===== == ====== = ===== = == = == = =-- -- -------- - --- - ---
4, 295, 000 6. 9 1, 118, 193, 000 14. 4 

Farm products used by farm household _________ _ === ==== == == ======== = 
31,506,000 50. 7 3,094, 947,000 39.8 

3, 534, 000 5. 7 1, 132, 063, 000 14. 5 

MINERALS AND MINING 

The first white settlers in the lower basin were adven
turers, many of whom originally had set out to seek gold 
in California. It was natural that they should prospect 
the region through which they traveled. Significant gold 
and silver strikes were made in the 1880's. These strikes 
led to booms with their attendant influx of people. But 
the mining industry, as developed in the last century, was 
a precarious business. There was no orderly develop
ment, no scientific method of locating ore deposits, or any 
attempt at establishing this major resource as the basis of 
a stable industry. Numerous ghost towns throughout 
the entire area give mute testimony to the feverish and 
impetuous exploitation of the ore resources. 

Today, mining and mineral resources are of vital im
portance to the region, but attitudes and methods have 
changed. Emphasis is now upon sound planning and 
development with full utilization of modern scientific 
knowledge and methods. 

Valuable minerals are well distributed, and important 
mining operations are found in many parts of the lower 
basin. (See appendix, maps entitled "Mineral Re
sources, Colorado River Basin.") Mining camps are 
markets for farm crops, and mines consume large quanti
ties of the lumber produced by local lumber mills. The 
transportation of ore, metals, and mining supplies is one 
of the main sources of revenue for railroads and trucking 
companies. Mining properties furnish one of the prin
cipal tax sources for State and local governments. Min
ing enterprises provide employment for many of the resi
dents and have made possible the development and im
provement of many isolated and remote areas. 

Of all minerals mined in the lower basin, copper is most 
important. Each year, since 1910, Arizona has ranked 
first among the States in copper production, and probably 
wi11 continue to hold such rank for many years. Large 
mines are operated at Bisbee, Morenci, Superior, Globe, 
Miami, Ray, Ajo, and Jerome, Ariz. The remaining 
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copper deposits have been estimated to contain about 23 
billion pounds which could be recovered at costs ranging 
from 6 to 18 cents per pound. The largest reserve of ore 
in the basin is found at Morenci, Ariz., where proven fu
ture supplies total 300 million tons of ore containing from 
20 to 25 pounds of copper per ton. (See figs. 11 and 12.) 

Gold ranks second in annual gross income from mining 
in the lower basin. About 50 percent of the gold pro
duced is recovered as a byproduct of copper ores. The 
largest known reserves of gold are found in ores primarily 
v~lu~ble for their base metals. Mines in high-grade ore 
diStncts have been sporadic in production, their output 
fluctuating with prevailing market conditions. The Del
mar, Nev., district, the largest of the straight gold-and
silver-producing areas, produced in 1940 minerals valued 
at $130,700. Little commercial grade ore remains in 
any of the known gold-ore deposits. 

Silver is third in importance as a source of income from 
mining. About 75 percent of the silver produced comes 
from copper ores, and a large part of the remainder is 
produced as a byproduct of the lead and zinc mining 
industry. 

Zinc production is handicapped by the distance to zinc 
smelters. High shipping costs make the development of 
l~w-grade ?re deposits difficult and sometimes impossible. 
Zmc deposits are generally associated with lead or copper. 
The largest zinc ore reserves are in copper deposits but 
these are low-grade, and mining and milling costs are 
high. From the standpoint of production costs, the most 
important zinc reserves are those associated with lead. 
One of the largest of these is found in Mojave County near 
Boulder Dam. The construction of an electrolytic treat
ment plant in this district, using low-cost power developed 
at Boulder Dam, would greatly stimulate zinc production. 
Considerable amounts of zinc ore are produced in the 
Superior, Patagonia, Nogales, Bisbee, Iron King, Mam
moth, Hillside, and San Xavier districts of Arizona, and 
the San Simon and Lordsburg districts of New Mexico. 
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Lead is produced in moderate quantities at various dis
tricts, notably Patagonia, Mammoth, Iron King, Bisbee, 
Cerbat Mountain, Hayden, and San Xavier in Arizona; 
Pinos Altos, Steeple Rock, Lordsburg, and San Simon in 
New Mexico; and the Goodsprings district in Nevada. 
(Seefig.l3.) 

TABLE XXIV.-Gmss value of principal metals mined in 
lower basin 

Metal 1941 production Total production 

Copper ______________ ___ $77, 910, 000 $2, 840, 000, 000 
Gold __ _____________ __ __ 11, 652, 000 247, 550, 000 
Silver __________________ 5, 904, 000 198, 450, 000 
Zinc ________________ ____ 2, 562, 000 19, 140, 000 
Lead ________________ ___ 1, 804, 000 32, 500, 000 

TotaL ____________ 99, 832, 000 3, 337, 640, 000 

Production of cobalt, mercury, manganese, vanadium, 
·molybdenum, and asbestos was greatly stimulated by war 
conditions. Cobalt is mined in the Tombstone, Ariz., 
area; mercury in the Ord district of the Mazatzal Moun
tains, Ariz.; manganese in the Bisbee, Ariz., region; vana
dium in the Mammoth district of Arizona; molybdenum 
in the Mammoth and Globe-Miami districts of Arizona; 
and asbestos in Gila County, Ariz. 

Several manganese ore bodies are found in the area, 
the most extensive being located in the Artillery Peak dis
trict of Arizona and in the Three Kids mine near Las 
Vegas, Nev. Both of these areas were large producers 
during World War II. This country's largest manganese 
mine is located near Las Vegas. 

Coal is known to occur at several locations. Small 
amounts are mined for local consumption, but deposits 
have proved too poor in grade to compete with the higher 
grade coals mined in New Mexico and Colorado. Sub
bituminous grade coal is found in the Kolob-Kanab dis
trict of Iron and Kane Counties, Utah. To date, coal 
mining has been on a very small scale, and development 
work has not been extensive enough to determine the 
reserves available. 

Limestone and gypsum are mined in the lower basin. 
Important deposits of various salts are found in many of 
the dry lake beds of Nevada and California. Deposits of 
silica sand near Overton, Nev., are mined and shipped to 
the west coast for use in glass manufacturing. Numerous 
other minerals, including alunite, magnesite, clay diat
omite, bentonite, borates, calcium chloride, and petro
leum, are mined commercially on a comparatively small 
scale .in the basin. 

Adjacent to the lower basin are southern California's 
petroleum and natural gas fields, among the largest in the 
country. The gross value of production from these fields 
during 1942 is shown in the following table: 
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TABLE XXV.-Natural gas and petroleum produced in 
southern California (1942) 

Value of total production 
County 

N atural gas Gasoline Crude oil 

I"os Angeles ______ ___ $6, 186, 796 $11, 598, 193 $90, 620, 837 
Orange ____ ______ ___ 1, 293, 338 2, 048,105 25, 457,382 
Ventura ___ __ ____ ___ 2, 180, 252 2, 602, 076 20, 148, 305 

TotaL _____ __ 9, 660, 386 16, 248, 374 136, 228, 524 

Recently developed electrometallurgical processes 
should greatly stimulate the mining industry of the region 
if sufficient low-cost power becomes available. Large 
and important ore deposits of various grades are yet to be 
mined. Development of the lower grade deposits, 
hitherto economically impracticable, will become feasible 
with low-cost power. Several large zinc deposits of 
medium or better grade, which are not at present being 
worked because of high transportation costs to distant ore 
treatment plants, could be developed with low-cost power. 

The possibility of discovering new ore deposits should 
not be overlooked. Technical advances in prospecting 
methods an: continually being made. Vast areas under
lying the numerous alluvium-filled basins and valleys of 
the region are impossible to prospect by present methods 
and offer a promising field for the discovery of new de
posits of valuable ores. 

Industrial research organizations are discovering and 
developing new uses for mineral products and other pe
troleum products and derivatives. 

MANUFACTURING AND OTHER INDUSTRIES 

The lower basin has been almost totally dependent upon 
outside areas for manufactured goods. In the last thirty 
years a rapid growth in population and an increase in 
transportation facilities and supplies of low-cost electric 
energy have been conducive to industrial development. 

In 1940 one-half of the manufacturing establishments 
were engaged in processing food products. These in
cluded meat packing, poultry packing, flour milling, ice
cream making, fruit packing, fruit and vegetable canning, 
and dairy processing plants. Cotton gins, cottonseed-oil 
mills, and breweries also operated in the region. 

Twenty-two plants were dependent upon the forest for 
raw. materials. In this group were 12 sawmills, 5 planing 
mills, and 5 veneer mills. Twenty-four establishments 
manufactured household furniture and furnishings. 
Twenty-five plants manufactured brick, hollow tile, ce
ment, and concrete products. Three plants processed cot
ton products and three plants manufactured machine 
tools. Various other smaller manufacturing plants were 
operating. 
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World War II was responsible for the development of 
large industries in the lower basin. Las Vegas, Nev., 
was the center of much such activity. The world's larg
est magnesium plant was located within the trading area 
of that city. The manufacture of industrial tools and 
implements for war increased greatly during the war pe
riod. Several manufacturing industries were established 
near Phoenix, Ariz., including an aluminum fabricating 
plant and an airplane factory. An airplane assembly 
plant was located at Tucson. Construction of an arsenal 
near Flagstaff created a temporary boom. Small mili
tary establishments, such as the naval training air base at 
Holbrook, caused local temporary prosperity. The war
time demand for wood increased the tempo of lumber
ing operations. War prices for food increased the farm 
income. 

Very little industrial utilization of the metallic minerals 
produced in the lower basin is made within the area. 
Practically all metals mined locally are shipped for re
finement and fabrication to plants located in other States. 
Some of the nonmetallic minerals producer, however, are 
treated and utilized by local industries. Plaster is manu
factured at Douglas, Ariz., from gypsum mined in the 
Sulphur Springs Valley. Limestone is roasted at several 
plants, and the lime produced is marketed throughout 
the region. Much of the common brick used by the con
struction industry is manufactured at various local brick
yards. 

Lumbering operations are important in the vicinity of 
Flagstaff, where 1,500 persons are thus employed. A 
lumber mill with an annual capacity of one hundred mil
lion board feet is located at McNary, Ariz. Forests in 
this region are practically all under the jurisdiction of the 
United States Forest Service, and therefore, the available 
resources can be expected to remain fairly constant. 

Indian arts, such as weaving and silversmithing, fur
nish an important source of income to the native crafts
men and to curio shops. 

Another industry of considerable importance, which de
pends on and assists with the marketing of the fruit and 
vegetable crop, is the manufacture of ice. Within the 
lower basin several ice plants, inclu~ing one specializing 
in dry ice, furnish refrigeration for produce en route to 
market. 

The few factories normally located in the region pro
duce chiefly either materials used in agriculture or mining 
or commodities for local markets. These manufactured 
products include dynamite, boxes and crates, saddles and 
harnesses, concrete pipe, fabricated steel, auto radiators, 
storage batteries, paint and varnish, and air-conditioning 
equipment. 

Probably one reason for the lack of extensive industrial 
development in the lower basin is its proximity to numer
ous factories in the southern California coastal region 
where natural advantages such as seaports and low-cost 
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fuel supplies have aided the development of extensive 
industries. 

In the last two decades the nearby Los Angeles metro
politan area has become one of the Nation's principal 
manufacturing centers. The six counties which com
prise the southern California area are engaged in vir
tually every line of manufacturing. In 1940 this region 
had 6,254 manufacturing establishments and employed 
139,287 wage earners. In number of establishments the 
processing of food ranks first, there being more than 1,200 
such plants. Nearly 500 factories manufactured house
hold furnishings and appliances. 

The Nation's largest airplane factories were located in 
southern California during the war. 

The refining of petroleum is by far the most important 
of the industries related to or dependent on mining. The 
many crude oil derivatives obtainable by refining have 
made the petroleum business an activity of considerable 
scope. Petroleum products produced in southern Cali
fornia include gasoline, synthetic rubber, tar, asphalt, 
toluene, phenol, paint bases, solvents, fertilizers, alcohols, 
acetic acid, formaldehyde, ammonia, and many others. 

Another important mineral industry in the southern 
California region is the manufacture of Portland cement. 
During 1942 the 5 cement mills operating in the area 
shipped a total of 11,582,051 barrels to markets scattered 
throughout southwestern United States. 

Large quantities of hollow tile and brick are produced 
in southern California plants. Varieties of brick are 
manufactured and sold throughout the State and in con
tiguous areas of the lower basin. Other construction ma
terials produced include lime, sand, gravel, and crushed 
rock. 

Many industries found in the coastal region of south
ern California are based on raw materials from the lower 
basin. 

MARKETS AND TRANSPORTATION 

Trading and shipping centers are well distributed 
throughout the agricultural areas of the lower basin and 
provide convenient outlets for crops and livestock. 

Forage crops such as alfalfa generally cannot be shipped 
out of the basin economically because of the transporta
tion charges. The extensive local livestock-raising indus
try creates a great demand for these crops and prices are 
generally based on the prevailing price at Phoenix plus 
trucking costs. Alfalfa hay not fed locally to livestock is 
sold in Los Angeles and in San Diego. 

Livestock is marketed mostly on the hoof and shipped 
to feeding pens located either in the southern part of Ari
zona or in States outside the basin. Finished feeders are 
shipped to Los Angeles and San Diego. 

Larger towns such as Flagstaff, Holbrook, and Winslow, 
Ariz., provide a limited market for vegetables and prod-
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TABLE XXVI.-Manufacturing census data-Lower basin and Southern California (1939) 

Division 

Little Colorado ____________ ______________________________ _ 
Virgin ________________________ __________________________ _ 
Boulder ____________________________ ____________________ _ 
Gila ____________ --- ______________________________________ _ 

Lower basin _____________ ______ _____ _______________ _ 
Southern California ____________________ __________________ _ 

Numbpr of em
ployees engaged 

976 
16 

1, 151 
4, 630 

6, 773 
139,287 

Value of raw 
IDI\terials 

$587, 000 
37,000 

4, 864, 000 
16,448,000 

21,936,000 
758, 716, 000 

Value of processed 
products 

$1, 665, 000 
92,000 

9, 869,000 
27,031,000 

38, 657, 000 
1,325,803,000 

Value added by 
processing 

$1, 078, 000 
55, 000 

5,005,000 
10,583,000 

16,721,000 
567,087,000 

United~~~~~;= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = - -- -~ ~~~- ~~~-
780,652,000 1,364,460, 000 583,808,000 

32, 160, 107, 000 56,823,025,000 24,662,918,000 
Percent lower basin is of United States totaL _________________ ------------ 0. 07 0. 07 0. 07 
Percent lower basin and Southern California is of United States 

total-------------------------------------------------------- - ----- 2.43 2.40 2.37 

uce. Additional markets for summer vegetables can be 
found in the southern portions of the State where the 
dimate is too warm to permit successful truck gardening 
during the hotter months. Local mining districts provide 
valuable markets for dairy and poultry products and vege
tables. Winter _ and summer vegetables are shipped 
mostly to the east and west coasts, with Los Angeles and 
San Francisco as the chief outlets. Bermuda and alfalfa 
seeds are shipped to the Southern States. Flaxseed is 
sent to Los Angeles to be processed for oil. Citrus fruits 
are marketed throughout the country. Small fruits, of 
which the date is the most important, are sold mainly in 
the Los Angeles area, but part of the crop has a ready 
market in the midwestern and eastern cities. Dairy 
products not consumed locally are shipped to the Los 
Angeles area. Before World War II, much of the short
staple cotton produced in the region was shipped to Japan. 

East and west railroad transportation throughout the 
basin is handled well considering the vast, sparsely settled 
area involved. The basin is crossed by the Atchison, To
peka & Santa Fe Railway and in the extreme southern 
part by the main line of the Southern Pacific Railroad. 
Branch lines of each of these railroads serve the rna jor 
mining and irrigated areas. The main line of the Union 
Pacific Railroad connecting Salt Lake City and Los An
geles crosses the basin in a north and south direction, with 
branch lines extending from Caliente to Pioche and from 
Moapa to Overton. 

A system of United States highways and State roads 
connects the more important population centers. High
ways for east and west travel in general follow the rail
roads: U. S. 66 crosses the northern part; U. S. 60 and 
70 cross the central part; and U.S. 80 serves the southern 
part. These are paved, well maintained, and open to 
travel the year round. North-south highways include 
U.S. 91 extending from Salt Lake City through the basin 
to Los Angeles and U. S. 89 from Salt Lake City to south
ern Arizona. U. S. 666 south of Springerville, Ariz., is 
one of the most scenic roads in the world and is known as 
the Coronado Trail. A network of unimproved roads 
leads to ranches and smaller population centers~ but many 
are impassable during wet weather, and sandy stretches 
make automotive travel difficult during droughts. A 
great part of the basin is accessible only by foot travel or 
by horseback. Transcontinental truck and bus lines, 
American Air Lines, and Transcontinental Western Air 
Lines pass through or over various farming districts and 
towns in the lower basin. 

WHOLESALE AND RETAIL TRADE 

In 1939 the lower basin and southern California to
gether had 4.29 percent of the Nation's retail and 3.47 
percent of the Nation's wholesale trade. In all of the 
divisions retail trade exceeded wholesale trade, but in the 
southern California area wholesale trade exceeded retail 
trade. 

TABLE XXVII.-Wholesale and retail trade-Lower basin and Southern California (1939) 

Division 

Little Colorado ____ ________ __________________________________ _ 
Virgin _________________________________ __ ____________________ _ 
Boulder ________________________________ ____________________ _ 
Gila ________________________________________________________ _ 
Lower basin ___________________________________________ ______ _ 
Southern California __________ ______________________ ~ _________ _ 
lJnned States _________________ ___________________________ ___ _ 

Wholesale trade 

Value 

$6,079,220 
1, 657,969 

41,449,230 
88, 425, 024 

137, 611, 443 
1, 780,106,264 

55,265,640,000 

Percent of 
United St; te3 

0. 011 
. 003 

. . 075 
. 160 
. 249 

3. 221 

Retail trade 

Value 

$16,396,298 
6, 306,269 

39,519,283 
137, 056, 235 
199, 278, 085 

1, 603,053,452 
42,041,790,000 

Percent of 
United States 

0. 039 
. 015 
. 094 
. 326 
. 474 

3. 813 
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The lower basin and each division show a higher per 
capita expenditure in retail than in wholesale trade. In 
the southern California area the per capita wholesale ex
penditures exceed retail trade expenditures. The Little 
Colorado was the only division in the lower basin which 
did not exceed the national average per capita expenditure 
in retail trade. 

TABLE XXVIII.-Expenditures in trade-Lower basin and 
Southern California (1939) 

Per capita expenditure 

Division 
Wholesale Re tail 

trade trade 
---------- - - - ---- --- - - ---- -- - - · 
Little Colorado ___ ___ _____ ______ ____ _ 
Virgin _____ ____ ____ ____ ___ ___ ____ __ _ 
Boulder ___ ______ __ __ __ ___ ___ ______ _ 
Gila _____ ______ __ __ ____ ___ ___ ____ __ _ 
Lower basin ________ __ ____ ___ ____ ___ _ 
Southern California ___ ___ ____ ___ ____ _ 
United States __ ______ __ ____ __ __ ____ _ 

RECREATION 

$81. 68 
104. 80 
246. 85 
214. 38 
202. 10 
505. 30 
419. 57 

$218. 80 
363. 68 
409. 47 
333. 02 
331. 93 
454. 84 
319. 29 

The scenic beauty of the lower basin had been recog
nized long before its other resources were developed or 
stabilized. This region of high mountains, deep can
yons, colorful deserts, and thousands of square miles of 
scenic wilderness has drawn millions qf tourists to view 
its natural majesty and to enjoy its delightful climate in 
winter. Twenty-one national parks and monument<; and 
13 national forests are located in the area. The Grand 
Canyon, Petrified Forest, and Zion Canyon, to mention 
only a few, enjoy world renown. 

Within the last decade the area has acquired a man
made attraction-Boulder Dam with its recreational 
area-which rivals all of its natural wonders and which 
symbolizes man's conquest of nature's fickleness. This 
dam impounds the world's largest man-made lake. Lake 
Mead extends 115 miles upstream from the dam, through 
canyons, cliffs, and scorching deserts into the lower 
reaches of Grand Canyon and opens to the tourist scenic 
beauty hitherto inaccessible. The Boulder Dam National 
Recreational Area, located hundreds of miles from any 
large metropolitan center, has become a tourist mecca 
and before World War II ranked sixth among the na
t!onal parks and monuments in the United States in the 
number of visitors. 

Zion National Park attracts tourists from all parts of 
the country. The unique colorful scenery in this area is 
used by the moving-picture industries as a setting for 
"Western" and other pictures. Through technicolor 
films, the matchless desert beauty near Kanab, Utah, has 
become familiar wherever motion pictures are shown. 

The Little Colorado River Basin is almost entirely with
in a spectacular scenic area locally known as "The En-
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chanted Circle." The fantastically-colored Painted Des
ert and Petrified Forest are within this basin, and tourist 
travel is heavy to these wonderlands. Other popular at
tractions in this vicinity are the Sunset Crater, an extinct 
volcano which becomes a riot of color at sunset; the San 
Francisco Peaks, frequently snow-capped, which tower 
over the surrounding countryside; and the Meteor Crater, 
formed by the impact of a meteorite during some past 
age. At Grand Falls, when the Little Colorado River is 
in flood stage, one may see a chocolate-colored river 
plunge 185 feet into the canyon below. 

In the Gila River Basin popular attractions include 
CasaGrande, Montezuma Castle, Tonto, Tuzigoot, and 
Gila National Monuments; saguaro and organ pipe cacti; 
spectacular rock formations at Chiricahua, New Mexico; 
and the early Spanish mission church at Tumacacori, 
Ariz. Prescott, Tonto, Apache, Crook, Gila and Cor
onado National forests are located in this area. 

Trips to the Indian reservations yield a glimpse into 
the lives of a people who have carried many of the ways 
of their prehistoric ancestors down to the present day. 
The various ceremonial dances of these natives are espe
cially interesting to the eastern visitor. Wupatki Na
tional Monument and Walnut Canyon, Ariz., are sites of 
numerous, fascinating, prehistoric Indian ruins. El Mor
ro National Monument, the great rock where early Span
ish explorers carved their names is located near Gallup, 
New Mexico. Prehistoric dinosaurs have left their tracks 
in stone 60 miles north of Flagstaff. 

The waters of the Colorado River, detained at inter
vals in man-made lakes, teem with fish of many types. 
Bass, crappie, and bluegills abound in the reservoirs while 
trout and catfish prefer the moving waters of the main 
channel. Lake Mead is a fisherman's paradise. Reser
voirs on the Gila River and its tributaries are kept well 
stocked with fish from numerous fish hatcheries in the 
region and most of the clear, cold streams in the moun
tain areas contain rainbow, Loch Leven, and other trout. 
Upper reaches of certain small tributaries of the Virgin 
River provide suitable environment for trout and offer 
limited fishing for recreation, but the main stem of the 
Virgin River, Kanab Creek, and Muddy River do not 
contain fish because of intermittent flows, silt-laden 
freshets, or the mineral content of the waters. 

Game abound in both the valley and mountain re
gions. The sportsman finds a plentiful supply of such 
big game as deer, elk, and bear in the forested and more 
primitive areas, and all of these animals may be hunted 
legally during certain seasons. Mountain lions, coyotes, 
and other predatory animals are fairly common in remote 
areas and may be hunted the year round. Numerous spe
cies of small game attract many local hunters. Game 
birds found in the basin include the wild turkey, duck, · 
goose, snipe, whitecwing pigeon, quail, and dove. Five 
national game refuges are located partly or wholly within 
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the lower basin for the protec.tion and propagation of 
wild-life. · 

The N a:tional Park Service has done a great deal to
ward preservation of the natural and artificial wonder
lands for the education and enjoyment of future genera
tions. The Forest Service is improving lakes in the vicin
ity of Flagstaff to enhance their value for boatipg, fishing, 
and swimming. 

Recreation is a rna jor industry of growing importance 
in the lower basin. Numerous hotels, auto courts, res
taurants, dude ranches, and curio shops depend almost 
wholly on tourist trade. Gasoline and · service stations, 
automotive accessory stores, and similar establishments 

· are partially dependent upon the touring public. Air
lines, railroads, bus lines, and highways derive much of 
their annual traffic from tourist travel. In 1938, an av
erage year, the Governor of Arizona placed a value of 
$80,000,000 on the State's tourist industry. The same 
year tourist trade in southern California was valued at 
$194,684,000. 

SUMMARY-COLORADO RIVER BASIN 
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,. ANGLER'S PRIDE 

This review of present economic developments in the 
Colorado River Basin points to the serious need for ad
ditional development of water and land resources. In 
some regions nature provides water in such abundance 
that it is taken for granted, but here in the Colorado River 
Basin people look to the fluctuati~g annual supply as the 
most accurate index to their prosperity. Lake Mead is called the "Eden of all bass fishermen" 

SKIING ON SURVEYOR PEAK 
High snow-capped mountains provide excellent winter sports areas 
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HIVES OF BEES IN DATE GROVE 
An irrigated date grove is a sweet setting for honey bees 

ATTRACTIVE HOME ON IRRIGATED FARM 
Opportunities will be provided for many new farm homes for veterans and others 
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DEVELOPING THE BASIN 

Agriculturally the basin has advanced to the limit of 
its controlled water supply with only about 1.7 percent 
of its total area, or 2,676,000 acres, under irrigation. Of 
this irrigated area 1,325,000 acres are in the upper basin 
and slightly more, 1,351,000 acres, are in the lower basin. 
Millions of acres of dry fertile lands yet are idle and most 
irrigated areas are not producing maximum yields be
cause of water shortages, while at the same time flood 
waters still uncontrolled flow destructively ·to the Pacific 
Ocean and are lost for beneficial use. Control of these 
waters will require cooperative planning and systematic 
development involving construction of huge structures, 
mostly beyond the financial range of private enterprise. 

Much of the vast range can never be irrigated but its 
sparse vegetation will always be a major base of the 
basin's economy. Over-grazing and unseasonal use of 
the range are preventing optimum utilization of range land 
and are causing destructive floods and wasteful erosion of 
top soil. The production of more hay and other forage 
on irrigated land for pen and winter feeding will permit 
maximum utilization of the range, protect livestock 
against severe winters, permit expansion of dairy
, ing and livestock operations, and, in general, in
crease and stabilize the livestock industry. More people 
thus could obtain a prosperous livelihood from the indus
try, and the Nation would be rewarded with more beef 
and mutton, hides, wool, and dairy products. 

Lack of sufficient water is responsible for crop failures 
and low yields. In areas where cash crops are grown, 
increased and dependable water supplies will make pos
sible higher yields on lands now irrigated, prevent crop 
failures, make possible .an increase in the cropped acreage 
and permit farmers to diversify and intensify farming op
erations. The products of these farms-peaches, apples, 
citrus fruits, summer and winter vegetables, seeds, sor
ghums, and other crops-will be readily absorbed in the 
American market. As a result farm income will be in
creased and farmers will enjoy security, stability, greater 
prosperity, and a higher standard of living. 

Many farms in the basin are too small for efficient op
eration. This condition has resulted mainly from subdi
viding holdings through inheritance, and from the pur
chase of tracts too small for economic units. An increase 
in the irrigated acreage will make possible larger farm 
units and thus reduce the number of part-time farmers in 
the upper basin forced to seek supplemental employment 
away from the farms and the number of subsistence farms 
in the lower basin. 
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At present there is not enough irrigated land to pro
vide agricultural opportunities to those in the basin who 
would like to farm. Of the 39,145 farms in the basin, 
20,677 are in the upper basin and 18,468 are in the . 
lower basin. The irrigation of desert lands will provide 
many new farms for servicemen, industrial workers, and 
others who wish to establish themselves in the basin. Con
sequently fewer young people will be forced to migrate 
elsewhere, and to some degree the temporary population 
influx into the lower basin and southern California areas 
during the war period will be absorbed permanently into 
the economic structure of the basin. 

Development of vast mineral resources of the Colorado 
River Basin is awaiting low-cost power. In mineral 
wealth-coal, oil, oil shale, natural gas, copper, gold, 
silver, phosphate, magnesium and numerous others-the 
basin is unsurpassed. The need for these buried treasures 
is growing. Power necessary for additional mineral de
velopment can be supplied by the construction of multi
ple-purpose dams that will serve irrigation and other ben
eficial uses. 

Need for improvement in domestic water facilities is 
becoming pressing in some areas and additional water 
supplies are needed also for expansion of many existing 
industries and the development of new industries. 

Lack of transportation facilities, particularly in the 
upper basin, is hampering the livestock industry. With 
the expansion of agriculture and other industries in the 
basin, transportation facilities will be extended to serve 
areas now remote and isolated. 

It is apparent that full control and utilization of the 
water of the Colorado River system is necessary for addi
tional and continual growth in the basin. 'It will bring 
greater prosperity to people living within the basin and 
provide opportunities for others who are yet to eome. 
Living conditions will be bettered, a broader tax base will 
be established, and at the same time, the need for public 
expenditures for relief of unemployment will dinlinish. 
A greater population in the basin will bring a solution of 
many of the economic and social problems now resulting 
from extremely sparse settlement. 

It is well established in this day when goods and serv
ices are freely interchanged among the many parts of the 
Nation and the world, that prosperity cannot be isolated. 
Prosperity in the Colorado River Basin brought by full 
development of water and land resources will have a stim
ulating beneficial effect on the economy of the entire 
country. 
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CHAPTER V 

Using the Water 

More water-water from the Colorado River-is the 
hope of the future. Man caimot govern the amount of 
water that falls as rain and snow, but he can prevent its 
needless waste by careful planning and building of dams, 
canals, power plants, and other works that will so con
trol and conserve it that more water will be available for 
his use. 

A survey of the basin's resources and economic activi
ties not only establishes water as the critical material
the most important natural resource-but focuses atten
tion on what present use is being made of that precious 
material and how it can best be used in the future to serve 
man's various needs. 

This chapter describes the nature and extent of pres
ent water uses in the Colorado River Basin and outlines 
potential projects for beneficial use of all the water of the 
entire river system. Such a basin-wide perspective of 
ultimate potentialities will provide for planning coord
inated development on a sound basis. All beneficial uses, 
including the irrigation of land, the production of hydro
electric power, the preservation of fish and wildlife, and 
the enhancement of recreational areas, together with the 
control of floods and silt, and the restoration of ground
water levels were taken into account in formulating the 
potential projects. Domestic, municipal, and industrial 
water supplies are planned for a few areas where demands 
are now established, and adaptations for other such uses 
may be made as needs arise. 

The construction of all potential projects described and 
their operation, added to present water uses, would cre
ate a demand for more water than normally is available in 
the river system. Certain of the projects are key units or 
for other reasons hold initial preference in the plan of 
ultimate development. Those could be constructed at 
once as the next phase of river control and utilization. 
Later selection of projects will be influenced by more com
plete surveys, cost estimates, stream flow records, and by 
agreement among the respective States as to the alloca
tion of the water which has already been apportioned be
tween the upper and lower basins. 

Estimates of present depletions of the water supply of 
the Colorado River and of future depletions from con
struction of potential projects are based on average flows 
during the long-time period of record, 1897 to 1943 in-

elusive. Depletions are considered to be the reductions in 
virgin stream flow of the Colorado River at Lee Ferry and 
at the international boundary resulting from man-made 
improvements. 

The upper and lower basins are discussed separately 
and each is further divided, to permit more detailed treat
ment of specific areas, into the divisions suggested by 
physical characteristics: the Green, Grand, and San Juan 
divisions in the upper basin, and the Little Colorado, Vir
gin, Boulder, and Gila divisions in the lower basin. (See 
chapter I.) 

State maps, one for each of the seven Colorado River 
Basin States, entitled "Water Resources Development, 
Colorado River Basin," showing the location of irrigated 
and irrigable lands, existing and potential reservoir sites, 
main canals, and other features of existing and potential 
projects for the development of water resources, are in
cluded as an appendix of this report. 

UPPER BASIN 

An area larger than New York, Pennsylvania, and New 
Jersey combined, is tributary to the Colorado River above 
Lee Ferry. This· is the Upper Colorado Basin. It in
cludes parts of five Rocky Mountain States. Rimmed by 
some of the highest mountains in America, snowcapped 
throughout the year, it is the source of the greater part of 
the water reaching the Colorado River. 

Within the basin 1,325,000 acres are now irrigated. 
Much of this irrigated acreage produces pasture grasses 
and hay and serves as a home base for livestock grazing 
on the vastly larger areas of range and forest land. Some 
irrigated lands, however, are devoted to more intensive 
farming with vegetables and fruits as chief crops. The 
construction of potential projects outlined in this chapter 
would practically double the upper basin's irrigated area 
and bring supplemental water to half a million acres now 
lacking a full supply. These potential projects would 
bring water to lands determined by land classification to 
be arable. Vast areas of native pasture lands, mostly at 
high elevations, were not so classified, but would become 
more productive under irrigation. These lands have not 
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Green division of the Colorado River Basin 

been surveyed, nor have works been designed by which 
they might be irrigated, which accounts for their exclusion 
from specific project plans. To provide for the eventual 
irrigation of these lands and miscellaneous areas of arable 
lands not otherwise covered in the basin plan an ultimate 
depletion in the flow of Colorado River at Lee Ferry of 

500,000 acre-feet each year is reserved. It is not possible 
to divide this potential depletion among the divisions or 
States of the upper basin. 

Scarcely a start has been made in developing the hy
droelectric power resources of the upper basin. Present 
generation of 330 million kilowatt-hours annually could 
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be increased 28 times with full development of water re
sources in the basin. 

The exportation of water for use in adjoining basins, 
now averaging only about 184,000 acre-feet al1lJ.ually, is 
only 6 percent of ultimate potentialities, if it were not for 
limitations of the Colorado River Compact. In present
ing possible exportations of water from the upper basin 
to the adjoining North Platte, South Platte, Arkansas, Rio 
Grande, and Bonneville Basins it is contemplated that ap
propriate understandings will be reached between repre
sentatives of both the exporting and importing basins con
cerning the manner in which such projects shall be con
structed and operated to safeguard within the upper 
basin the vested and future rights in irrigation; to pre
serve fishing and recreational facilities and scenic attrac~ 
tions; to maintain conditions of river flow for the benefit 
of local domestic uses and sanitary purposes; and to 
utilize the waters for irrigation, power, industrial devel
opment and other purposes, in such a manner that the 
greatest benefits are realized. 

Green Division 

The Green River drains 45,000 square miles in Wy
oming, Utah, and Colorado. Its drainage area is 70 per
cent larger than that of the Colorado River above their 
junction, but its average annual contribution to the Col
orado River is only 44 percent of the combined flows of 
the two streams at their confluence. 

Average annual flows of the Green River and its prin
cipal tributaries for the longest period of record and for 
the 19 31-40 decade, the driest period of record, are shown 
in the following table: 

TABLE XXIX.-Average annual stream flo ws in the Green 
division 

Station Period of 
record 

Average annual flow 
(acre·f t.) 

For period For 1931-40 
of record period 

----------------·-- ---------1--------- ----

Green River at Daniel, Wyo. 
(Warren Bridge) _________ 1934-43 339,000 I 320,000 

New Fork at Boulder, Wyo __ 2 1915-43 281,000 225,000 
Henrys Fork at Linwood, Utah __ _______________ ___ 1929-43 54,000 44, 000 
Green River at Linwood, 

Utah __ ~-- -------------- - 1929- 43 1, 234,000 1,066, 000 
Yampa River at Maybell, Colo ____________________ 1917- 43 1,065,000 952,000 
Brush Creek at Jensen, Utah_ 1940-43 16,000 I 15,000 
Ashley Creek at Vernal, Utah_ 2 1915-43 75,000 58,000 
White River at Watson, Utah _ 1924-43 
Green River at Green River, 

549,000 452, 000 
Utah __ ____________ _____ _ 1906-43 

San Rafael River at Tidwell, 
4, 902,000 3, 370,000 

Utah _____ ______________ _ 1911- 18 190,000 I 132,000 

1 Estimated. 
' Records not complete. 
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Flows of the Green River and its tributaries are great
est in the spring when mountain snows are melting. 
About 60 percent of the annual run-off occurs during 
April, May, and June. Late summer flows are extremely 
low. Storage is necessary for regulation of the flood run
off to furnish supplemental water to lands lacking a de
pendable supply, to provide irrigation water to lands still 
undeveloped, to permit diversion of surplus water to ad
joining basins, and for the production of firm power. 

The streams emerge from canyons relatively clear and 
pure but pick up some alkali in the valleys, especially in 
late summer when return flows from irrigation are high. 
Run-off from raw shale beds along LaBarge, Fontenelle, 
Big Sandy, and Bitter Creeks and Strawberry River car
ries a fairly high salt concentration, a danger that must 
be recognized and studied further in planning future de
velopment. Heavier concentration may result from ex
panded irrigation, from increased exportation of pure 
water from the stream heads, and from reservoir evapora
tion. Silt is not prevalent enough in streams of the Green 
River Basin to constitute a serious problem. 

Development of ground water resources in the Green 
River Basin has been limited to a few small wells for 
stockwatering and domestic uses. Some water obtained 
from wells is heavily charged with minerals. Neither 
the quality nor the quantity of ground water now devel
oped is indicative of any substantial use of water from 
wells for irrigation in the future. Hot springs at Steam
boat. Springs, Colorado, are the largest of three spring 
areas in the Yampa River Basin. 

PRESENT DEVELOPMENT OF WATER RESOURCES 

Irrigation accounts for the greatest use of Green River 
water at present. Homes, cities, livestock, and indus
tries consume necessary but comparatively small quanti
ties. Five small hydroelectric power installations on trib
utary streams serve rural areas. Streams and lakes are 
natural spawning waters for fish, and the mountains and 
valleys are habitat for wildlife; but little has been done to 
improve natural conditions. 

Irrigation within the Green River Basin commenced in 
1854 when Mormon pioneers established old Fort Supply 
in Wyoming on their immigrant trail and diverted water 
from Blacks Fork onto adjacent land. From this humble 
beginning progress has been slow. The short growing 
season, particularly in the upper Green River Basin in 
Wyoming, limits the kinds of crops that can be grown suc
cessfully. The greater part of the Uinta Basin was estab
lished as an Indian reservation in 1861 and lands unoccu
pied by Indians were not opened to settlement until1905. 
The remoteness of much of the basin from railroads has 
also slowed agricultural progress, but with the growth of 
highway transportation this disadvantage may largely be 
overcome. 
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Approximately 571,000 acres in the Green River Basin 
are now irrigated and 11,470 acres more will be provided 
water through works now being constructed. Most of the 
present use is by simple diversions and easily constructed 
canals. A large part of these lands suffer late-season 
water shortages. Some water from tributaries of the 
Duchesne, Price, and San Rafael Rivers in the Green 
River Basin is exported westward to the Bonneville Basin 
in Utah. 

Present development of water resources in the Green 
River division is discussed in more detail under four sub
divisions: ( 1 ) Upper Green River Basin, ( 2) Yampa and 
White River Basins, ( 3) Uinta Basin, and ( 4) Price and 
San Rafael River Basins. 

Upper Green River Basin.-This area extends from 
the headwaters of the Green River down to the Yampa 
River which enters the main stream from the east in 
Colorado. It is about 90 percent in Wyoming, with the 
remainder in Utah and Colorado. 

Irrigation development in this area includes numerous 
community or privately owned ditches ahd small reser
voirs. Ditches divert at frequent intervals along the 
streams. Most of them have been constructed and are 
maintained at minimum expense. It is common for 
farmers to have individual ditches, and in some cases 
single farms are served by several ditches diverting from 
.a stream at different points. In addition to many small 
irrigation reservoirs and stock-watering ponds, 17 reser
voirs with capacities of 1,000 acre-feet or more, all con
structed by private interests, are distributed throughout 
the basin. Private holdings of irrigated land are large. 
Most are hay-producing ranches, varying from a few 
acres to several thousand acres. 

The Eden project, being rehabilitated and extended 
by the Bureau of Reclamation, is the only Federal irriga
tion project in the upper Green River Basin. As author
ized in 1940, the project will furnish a full or supplemental 
irrigation supply for 20,000 acres. Surplus flows of Big 
Sandy Creek will be stored in Big Sandy Reservoir No.2, 
to have a capacity of 35,000 acre-feet, for use on project 
lands. With completion of the Eden project, 245,660 
acres in the upper Green River Basin will be irrigated. 

The seven existing power plants in this subdivision in
clude only one small hydroelectric development with · a 
capacity of 150 kilowatts. Most of the energy is gen
erated at four steamplants and is used largely for coal 
mining. There are no interconnections with outside 
systems. 

Yampa and White River Basins.-The Yampa and 
White Rivers, flowing westward and generally parallel, 
drain the eastern arm of the Green River Basin. The 
greater part of their drainage basins is in northwestern 
Colorado and the remainder is in southern Wyoming and 
eastern Utah. 

Within the two basins 117,230 acres are now irrigated. 
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Most of the irrigated lands are along river or creek bot
toms, with only a few small areas on benches from 20 to 
40 feet above stream beds. Diversions are made through 
numerous community or privately owned ditches. Water 
is stored in several small reservoirs, capacities of which 
total 14,500 acre-feet. These reservoirs have been built 
at minimum expense to serve lands belonging to only a 
few operators. Some of the reservoirs have not been 
used in recent years because their dams were considered 
unsafe. 

A 200-kilowatt power plant at Meeker, Colo., is the 
only hydroelectric development in these basins. A 4,250-
kilowatt plant at McGregor and a 3 7 5-kilowatt plant at 
Meeker, both steam-electric, furnish most of the power 
used in the area. 

Uinta Basin.-The Uinta Basin, as considered in this 
report, includes areas drained by the Duchesne River, and 
Ashley, Brush, Willow and Minnie Maud Creeks. The 
drainage area is entirely in northeastern Utah, and ex
cept for the Willow Creek drainage is west of Green River. 
The Green River channel from the Yampa River to 
Minnie Maud Creek is considered to be within the Uinta 
Basin. 

Irrigated lands within the Uinta Basin amount to 165,-
600 acres, most of which is short of late-season water. 
Indians once owned 77,000 acres of irrigated land in this 
basin but have sold 25,300 acres. Present regulations 
prevent sales and limit leases. In 1942 Indians leased 
26,200 acres, cultivating only 11,800 acres themselves. 

Sixteen Government-built main canals and six small 
ditches make up the Indian irrigation system, totaling 162 
miles of canal and 633 miles of laterals and sublaterals. 
Indian water rights were established before unoccupied 
lands in the reservation area were opened to outside set
tlers. Consequently their primary rights consume all late
season water of the Duchesne River and its tributaries, 
leaving white-owned lands critically short. In normal 
years Indian lands receive enough water, but they would 
profit by storage regulation to provide better seasonal dis
tribution. No storage reservoirs have been constructed 
for Indian lands. 

Throughout the basin white settlers have organized 
mutual irrigation companies for the purpose of building 
irrigation works and distributing water. Private 
diversions are larg~ly limited to tributary streams and 
springs. 

Serving Uinta Basin lands are 28 reservoirs, some very 
small, with a total storage capacity of 74,000 acre-feet. 
More than half of this was provided by the Bureau of 
Reclamation with the construction of the Moon Lake 
project ( 1935-38), which includes Moon Lake and Mid
view Reservoirs. Water from Strawberry Valley Reser
voir, constructed in 1913 on Strawberry River as one of 
the earlier Bureau of Reclamation developments, is ex
ported westward by tunnel to lands in the Bonneville 
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Basin. The Duchesne Tunnel, to divert water from the 
Duchesne River to the Bonneville Basin, is now under 
construction as a unit of the Provo River project. When 
completed it will export annually an average of 32,000 
acre-feet of flood water from the Colorado River Basin. 

The four existing power developments include one 
Diesel and three small hydroelectric plants, with combined 
capacities of 2,050 kilowatts. There are no connections 
with plants outside the Uinta Basin. 

Price and San Rafael River Basins.-Adjacent to each 
other, these two basins are in east central Utah. Both 
the Price and San Rafael Rivers originate on the eastern 
slope of the Wasatch Mountains and flow southeast in 
parallel courses to Green River. The Green River chan
nel from Minnie Maud Creek to the Colorado River, for 
convenience, is considered as a part of the Price and San 
Rafael Basin area. 

Within this area 15,970 acres are irrigated from Price 
River, 35,250 from San Rafael River and 2,820 acres 
from Green River, thus aggregating 54,040 acres. At 
one time 25,000 acres were irrigated from Price River, 
but poor soil, erosion, and alkali have caused the irrigated 
area to be reduced to its present size. Any future ex
pansion of irrigation to new areas is expected to be accom
panied by abandonment of a less productive area now ir
rigated. 

Natural flows of Price River are supplemented for ir
rigation by releases from the Scofield Reservoir on Price 
River. Scofield Dam, constructed by private interests in 
1926 to impound 61,000 acre-feet of water, partially 
failed 2 years later. For safety, storage has since been re
stricted to 30,000 acre-feet. The Bureau of Reclamation 
was authorized to replace this dam and in 1943 began 
construction of a new dam 800 feet downstream. The 
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reservoir formed by this new dam will have a capacity 
of 73,000 acre-feet of water, 30,000 acre-feet of which 
will replace the usable capacity behind the old dam, and 
8,000 acre-feet will be reserved for fish propagation. The 
remaining 35,000 acre-feet will be held for a time by the 
United States and ultimately used to store water for irri
gating Price River lands in exchange for other water ex
ported from high tributaries of the Price River to the 
Bonneville Basin. 

Huntington, Cottonwood, and Ferron Creeks are the 
sources of irrigation supply in the San Rafael Basin, each 
serving independent areas with irrigation companies dis
tributing the flow of each stream. Storage capacity ag
gregates 5,875 acre-feet on Huntington Creek and 1,310 
acre-feet on Ferron Creek. Late-season water shortages 
are most acute in the Huntington Creek area where the 
acreage irrigated is greatest in proportion to the available 
water. Eleven small projects, including the Sanpete 
project (Ephraim and Spring City tunnels) constructed 
by the Bureau of Reclamation, divert flood water west
ward to the Bonneville Basin. 

The lands irrigated directly from Green River are in 
the vicinity of Green River, Utah, and are served mostly 
by pumping. 

Water piped from tributary streams and springs sup
plies larger municipalities in the Price and San Rafael 
River Basins. No electric power is produced. Trans
mission lines carry power into the area from the Bonne
ville Basin to the west. 

Summary.-The following tables summarize present 
irrigation developments in the Green division showing the 
more important reservoirs, areas irrigated, estimated 
stream depletion by water consumed within the basin, and 
amounts exported to adjacent basins. 

TABLE XXX.-/ rrigation reservoirs in the Green division 1 

Subdivision and reservoir Source of water Location 

Upper Green River Basin: New Fork Lake___________________________ New Fork River_____________________________ Wyoming __________ _ 
Willow Lake______________________________ Lake Creek ______________________________________ do ____________ _ 
Boulder Lake _____________________________ Boulder Creek ____________________________________ do ____________ _ 
Eden No. L____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Big and Little Sandy Creeks _______________________ do ____________ _ 
Big Sandy No.2 2------------------------- Big Sandy Creek __________________________________ do ____________ _ Fremont Lake __ ~-----_____________________ Pine Creek _______________________________________ do ____________ _ Sixty-seven_______________________________ North Piney Creek ________________________________ do ____________ _ 
Middle Piney Lake ________________________ Middle Piney Creek _______________________________ do ____________ _ IIoop Lake _______________________________ Beaver Creek ________________________________ Utah a _____________ _ 

¥!~!:r~~-l~k~~~~~~~= = = = = = = = = = = = = = = = = = = = = = _ ~!~~~~-~~r-~-----~~== = = = = = = = = = = = = = = = = = = = = = = = = = = _ ~~~d;~-g--~~== = = = = = = Beaver Meadows__________________________ Lost Creek__________________________________ Utah a _____________ _ 

~~~ffi:N~~-i_----~~= = = = = = = = = = = = = = = = = = = = = = = = = ~~tJi~csc~::k~~~~~~-----~~== = = = = = = = = = = = = = = = = = = = _ ~~~d;~-g--~~== = = = = = = Silver Lake _______________________________ Silver Creek ______________________________________ do ____________ _ 

~:!~~;:~~~~~==-=-=-=-=== == = = = = = = = = == = = == = = = i~m~i~~k~~~~~~~~=-=_=~~== = = = = = = = = = = = = = = = = = = = = = = ==~~== = = = = = = = = = = = Yampa and White River Basins: Upper Yampa No.!_ ______________________ Yampa River ________________________________ Colorado ___________ _ 
See footnotes at end of table. 

Capacity 
(acre-feet) 

22, 700 
15, 120 
12, 820 
12, 300 
35,000 
10, 760 
4,330 
4, 200 
3, 930 
2, 000 
1, 870 
1, 790 
1,450 
1,400 
1, 220 
1, 100 
1,090 
1,060 

5, 500 



112 THE COLORADO RIVER 

TABLE XXX.-lrrigation reservoirs in the Green division 1-Continued 

Subdivision and reservoir Source of water Location 

Uinta Basin: 
SMtr

0
a
0
w
11

bLerarkye __ ._-_-_-_-_-_-_- _- -_ -__ - _- -_ -_ -_ -_ -_______ ____________ ______ __ I,. Strawberry River__ __ ___ ___ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Ut ah _____ __ __ ____ _ _ 
Lake Fork River_ ___ ___ ____ __ ____ ___ ___ ___ ___ __ __ _ do __ _____ ___ __ _ 

Oaks Park ___ __ ___ _____ ___ __ ____ ______ ___ _ ! Brush Creek _____ __ _______ ______ ___ ___ ______ __ ___ do __ ___ ______ _ _ 

~t¥~~~¥.k - ~ ~m 1 ~t~!i;~;I:;~, - -- H-= Hm m 
John Starr_ ____ _____ ___ ______ ___ ______ ___ " _____ do _______ _____ __ ___ ___ __ ____ _____ ____ ____ ___ _ do ____ _____ ___ _ _ 
East Park ___ ___ __ _____ ___ __ ___ _______ ___ _ Brush Creek __ ___ __ ____ ___ __ _______ ___ ______ __ __ _ do __ ________ __ _ 
Montez Creek ____ ______ _____ ____ ___ ___ __ __ Uinta River ___ ___ ___ __ __ __ _____ ___ ______ ____ ____ _ do __ __ ___ __ __ _ _ 
Fox Lake ______ _____ ____ _____ ___ ____ ___ ___ __ __ __ do _______ _ . __ ______ ___ ______ ____ _____ ____ · ____ do ____ ____ ____ _ 

Price and San Rafael River Basins: , 
Scofield 2----- ---- - - --- --- - - ---- ------ --- - Price River ___ ____ _____ ____ ___________ ___ ____ ____ do ___ _____ ___ _ _ 
E. K. Olson __ ___ __ __ ___ _____ __________ ___ _____ _ do __ __ ___ ____ _____ ___ _________ ____ __ ____ ____ do .. ____ .. ____ _ _ 
Erickson Flat. ______ ___ ______ ____ _____ ___ _ Huntington Creek ____ __ ___ __ _______ ___ __ ___ -1 -- -__ do __ _______ __ _ _ 

~~~~~~~~~== = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = - 'Fe~;g~ -c;;~k_-:_~~ = = = = = = == = = = = = = = = == = == = = = = = = !== = = =~~== === = = = = = = = = 
1 Includes only reservoirs with capacit ies of more than 1,000 acre-f~e t. 
' Pr~ject under construction . . 3 Wa ter used in Wyoming. 

Capacity 
(acre-feet) 

283, 000 
35, 800 

6, 730 
5,790 
3,950 
3, 920 
3, 140 
2, 700 
2, 370 
1, 300 
1, 260 
1, 200 

73, 000 
3, 500 
2,460 
2, 315 
1, 200 

TABLE XXXI.-Present irrigated areas in the Green division 
by States 

TABLE XXXII .-Estimated present average annual water 
consumption in Green division 

Acres irrigated Water consumed (acre-feet) 
Subdivision 

Wyoming I Colorado Utah Total 
- ---

Upper Green River Basin_ 1, 840 9, 430 1 234, 390 1 245, 660 
Yampa and White River 1 

104, 030 50 13, 150 117, 230 Basins. ____ _____ _____ . 
Uinta Basin _________ __ . I 0 165, 600 0 165, 600 
Price and San Rafael ' 

Subdivision 

~ -Wyoming Colorado Utah 

Upper Green River Basin _ 2, 000 
Yampa and White River 

18, 0001 1 372, 000 
Basins ____________ ___ 113, 000 0 19, 000 

Uinta Basin ________ ____ 0 243, 000 0 
Price and San Rafael 

River Basins ____ ___ __ 0 54,040 0 54, 040 River Basins ______ ___ 0 97, 000 0 

TotaL ________ __ 105, 870 
. I 

229, 120i1 247, 540( 582, 530 TotaL ________ ___ 115,000 358, 0001 1 391, 000 

1 Includes 11,470 acres of new land in Eden project, under construct ion. I Includes 17,000 acre-feet for Eden project, under construction. 

TABLE XXXIII.-Estimated present average annual water exports from Green division 

Subdivision and project 1 Export ing stream, Green River Basin Import ing stream , Bonnevill~ Basin 

Uinta Basin: 
Daniel Creek_ ____ _______ ____ _____ _ Strawberry River___ ___ ____ _____ ____ _ Daniels Creek _______ __ ___ _________ _ _ 
Strawberry Valley 2 _ _____________ __ ___ _ _ do __ _______ ____ __ ___ _____ _____ _ Spanish Fork River _______ ___ _______ _ 
Provo River 3 _ __ __ _____ _ _ _ ______ __ Duchesne River __ _____ __ ______ ____ __ Provo River __ ___ ___ ________ ____ ____ _ 

Price and San Rafael River Basins : 
Sam pete 2 _ __ ___ _ __ _ _ __ _ _ _ _ __ _ _ _ _ _ Cottonwood Creek_ ________ ____ _____ _ Oak Creek __ ______ ____ ______ ______ _ _ 

Do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Ephraim Creek __ ___________ _______ _ _ 
Miscellaneous projects, No.: . 

L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Huntington Creek _____ ___ _____ ____ __ ) 
l_ ____ ____ _ __ _ _ _ _ ___ ___ _ __ ___ __ Price River. ___ __ ___ ________ ___ _____ Tributaries of Sanpitch River_ __ _____ _ 
6____ _ __ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Cottonwood Creek ___ ________ ___ ____ _ 
2 ______ ____ ____ _____ ___ ______ __ Ferron Creek ____ __ ________ _________ _ 

Total 

1 392, 000 

132, 000 
243, 000 

97, 000 

1 864, 000 

Acre-feet 

3, 500 
66, 000 
32, 000 

4, 000 
4, 000 

4,000 

TotaL__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 113, 500 

1 All projects are in Utah. 3 Under construction by Bureau of Reclamation. 
' Constructed by Bureau of Reclamation. 
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PoTENTIAL DEVELOPMENT oF WATER REsouRcEs 

Thirty-three potential projects are outlined for use of 
water in the Green division. These projects would be 
primarily for irrigation and power production, but would 
have incidental value for flood control, silt retention, river 
regulation, recreation, and fish and wildlife conservation. 

In addition eleven projects, including two alternative 
schemes, are mentioned which would export an average of 
1 137 700 acre-feet of water annually from the Green 
' ' River Basin to adjoining basins for irrigation and inci-

. dental power production. 
Potential irrigation development in the division could 

provide a full supply of water for 639,650 acres of new 
land and a supplemental supply for 270,730 acres now 
inadequately irrigated. The present irrigated area thus 
would be more than doubled and about 50 percent of the 
lands now irrigated would receive supplemental water. 

Eleven power plants could be constructed in the di
vision having a. total installed generating capacity of 460,-
000 kilowatts. Large reservoirs on the main stream 
would regulate the flow for power production and would 
help stabilize the flow of the Colorado River at Lee Ferry. 

Upper Green River Basin 

Six potential projects, one having nine separate units, 
are outlined for use of water in the upper Green River 
Basin; four of these would provide an increased water 
supply for irrigation and would be primarily for power 
production. Two additional projects which would ex
port surplus water to adjoining basins are also described. 

Sublette project.-This project includes all of the po
tential developments for irrigation and power production 
within the Green River Basin upstream from Green River, 
Wyo. The nine units comprising the project are interre
lated. Return flows from irrigation of the units at higher 
elevations would augment the water supplies for the lower 
units. In all 251,080 acres of dry land, and 46,260 acres 
now inadequately irrigated would receive water. Only 
one small power plant is included in this project (Elkhorn 
unit). 

West Side unit would provide irrigation water for the 
northern part of the basin adjacent to Beaver, Horse, 
Cottonwood, and Piney Creeks, all tributaries of the 
Green River. A canal heading at a reservoir (capacity 
340,000 ac.re-feet) at the Kendall site and extending 
south and west 105 miles could serve 66,050 acres, of 
which 37,000 acres are now inadequately irrigated and 
29,050 acres are new land in need of a full water supply. 

Daniel unit would irrigate small patches of river bottom 
land, amounting to 5,160 acres of new land between Ken
dall reservoir site and the mouth of New Fork River. En
largement and extension of existing ditches would be re-
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quired. A reservoir at the Kendall site would provide 
necessary storage. 

Elkhorn unit would irrigate 134,030 acres of new land 
on the east side of Green River between Kendall reservoir 
site and Pacific Creek near Eden, Wyo., by a 160-mile 
main canal heading at Kendall Reservoir and collecting 
surplus flows from Green River, New Fork River, and 
Big Sand Creek. Storage would be provided by Ken
dall, Burnt Lake (capacity 25,000 acre-feet) , and Boul
der Lake ( 180,000 acre-feet) reservoirs. A tunnel1,800 
feet long would tap Burnt Lake Reservoir and deliver the 
water to a penstock where a head of 530 feet would be 
utilized at a 1 ,500-kilowatt plant, capable of producing 
9,000,000 kilowatt-hours of energy annually. Water 
used for energy generation would be reregulated at Boul
der Lake Reservoir for irrigation purposes. 

Paradise unit would involve pumping water from New 
Fork River to irrigate 4,490 acres of new land along the 
river below the mouth of Boulder Creek. -Seasonal power 
from the Burnt Lake power plant (Elkhorn unit) would 
be sufficient for a 32-foot pumping lift. Natural and 
return flows would be ample without providing reservoir 
storage. 

Eden project extension unit would bring into cultiva
tion 20,250 acres in addition to the 11,4 70 acres of new 
land and 8,530 acres of insufficiently irrigated land near 
Eden, Wyo., that will be served when the Bureau of Rec
lamation completes the construction of the Eden project. 
This additional acreage of new land could be irrigated by 
constructing 12 miles of new canal and extending laterals 
planned in the present construction program. Return 
flows to Big Sandy Creek from upstream irrigation would 
provide a full water supply. 

Lower Big Sandy unit would furnish a full water sup
ply to irrigable lands totaling 11,850 acres on both sides 
of Big Sandy Creek near its confluence with Green River 
by gravity diversion of irrigation return flows reaching the 
creek. 

LaBarge unit could bring water to 3,370 acres of new 
land and 5,540 acres of land now insufficiently irrigated 
near LaBarge, Wyo. A reservoir of 10,000 acre-feet 
capacity at the LaBarge Meadows site on LaBarge Creek, 
together with some new canals and laterals would be re
quired. 

Fontenelle unit would require a 5,000 acre-foot res
ervoir at the Minnie Holden site on Fontenelle Creek with 
enlargements and extensions of the present distribution 
system in order to provide water for 2,050 acres of new 
land and 3, 720 acres now lacking an adequate supply 
along both sides of Fontenelle Creek. 

Seedskadee unit would serve 40,830 acres of rich irri
gable lands located along both sides of Green River below 
its confluence with Fontenelle Creek. With the excep
tion of 4,500 acres which would have to be reached by a 
33-foot pump lift, the lands could be irrigated by gravity 
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diversions from the Green River. No reservoir storage 
would be required. If Fontenelle Dam, a feature of the 
potential Green River-Bear River Diversion project, is 
constructed, diversion of water for this 'unit could be 
greatly simplified by canals heading in Fontenelle Reser
voir at high elevations. 

Opal project.-To serve 16,020 acres of new land and 
5,400 acres now insufficiently irrigated in the Hams Fork 
area, two new canals diverting southward from Hams 
Fork and a reservoir with 60,000 acre-feet capacity at 
the Middle Hams Fork site would have to be provided. 

Lyman project.--Storage in an off-stream reservoir of 
30,000 acre-feet capacity at the Bridger site would fur
nish supplemental water to 20,910 acres along Blacks 
Fork River. The reservoir could be fed by canals from 
Blacks Fork and the West Fork of Smiths Fork. Down
stream from these lands are 3,100 acres which could be 
irrigated from return flow if an additional new canal were 
constructed. Also in the vicinity of the Lyman project 
lands are 7,950 acres under present canals but not now 
irrigated. Water for these lands could be obtained by 
the construction of a canal to bring water from the 
Henrys Fork project. 

Henrys Fork project.-This project would serve 21,090 
acres of irrigated land and 9, 190 acres of new land in the 
Henrys Fork and Sheep Creek areas and in addition the 
7,950 acres of new land in the Lyman area. Full de
velopment would require utilization of the Big Basin 
natural reservoir site for the storing of 107,000 acre-feet 
of water. This reservoir could be formed by the con
struction of only a small dike, water being supplied from 
the tributaries of Henrys Fork through a feeder canal. 
An outlet canal from the reservoir to Henrys Fork lands 
and the enlargement and extension of the present inter
state canal would be required. To serve the new lands 
in the Lyman area a 30-mile canal extending west from 
the reservoir would be needed. 

Flaming Gorge project.-Flaming Gorge and Horse
shoe Canyon on the Green River, 3 to 4 miles south of 
the Wyoming-Utah boundary, present several .alterna
tive sites for a dam to provide for power production and 
stream regulation. A dam at a point on the river where 
the water surface elevation is about 5,840 feet above sea 
level could raise the water surface to elevation 5,995 feet, 
forming a reservoir with a total capacity of 1,500,000 
acre-feet and an active capacity of 1,050,000 acre-feet. 
The reservoir would be 55 miles long and would reach 
to within 10 miles of Green River, Wyo., and transcon
tinental highway U S 30. From the reservoir a tun
nel could be driven 4 miles to the point where Skull Creek 
joins the Green River 1 7 miles downstream from the dam 
by river route. A short penstock from the tunnel portal 
would carry water to a power plant at the mouth of Skull 
Creek, where the tailwater elevation would be 5, 700 feet 
and the maximum static power head 295 feet. With an 
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installed capacity of 30,000 kilowatts this power plant 
could produce 158 million kilowatt-hours of firm energy 
annually. 

Red Canyon project.-The Red Canyon dam site on 
Green River is 8 miles east of the mouth of Skull Creek 
where the Flaming Gorge power plant would be located. 
In meandering between the two locations the river flows 
13 miles and drops 131 feet. This full drop could be 
utilized for power production by means of a dam at the 
Red Canyon site and a power plant with an installed 
capacity of 12,000 kilowatts. The annual firm power 
production would amount to 68 million kilowatt-hours. 
The reservoir, confined within near-vertical canyon walls, 
would have a capacity of 50,000 acre-feet. Stream reg
ulation would have to be provided from the Flaming 
Gorge development. 

South Pass diversion project.-With a 31-mile collect
ing canal, 8 miles of which would be in rock, to divert 
flows of East Fork River (tributary to New Fork), Big 
Sandy Creek, and Little Sandy Creek to Landor Creek an 
annual average of 50,000 acre-feet of water could be ex
ported from the Green River Basin for use in the Mis
souri 'River Basin. The water would supplement flows 
of North Platte River for irrigating lands in Wyoming. 

Green River-Bear River diversion project.-This pt;oj
ect would consist of two separate units which would ex
port approximately 337,000 acre-feet of water annually 
from the Green River Basin to Bear River in the Bonne
ville Basin for irrigation of lands in Wyoming and Utah 
and for the production of power. Allowing 20,000 acre
feet for reservoir evaporation the total depletion to the 
Green River by construction of both units would amount 
to 35 7,000 acre-feet. 

Hams Fork-Twin Creek unit would export 37,000 acre
feet annually from Hams Fork and LaBarge and Fon
tenelle Creeks to Twin Creek, tributary of Bear River. 
The construction of 41 miles of canal, including three 
tunnels with combined lengths of 5.1 miles, would be re
quired. Collected flows from all three streams would be 
regulated by Middle Hams Fork Reservoir, also a feature 
of the Opal project. To regulate the additional flows 
for export the reservoir capacity would have to be en
larged from 60,000 to 170,000 acre-feet. 

Green River-Smiths Fork unit would export 300,000 
acre-feet of water annually from the Green River to 
Smiths Fork, a tributary of Bear River, by means of a 37-
mile tunnel heading near LaBarge, Wyo., at the potential 
F ontenelle Reservoir (capacity 400,000 acre-feet). Be
cause of reservoir evaporation the actual depletion to the 
Green River by construction of this unit would be 320,-
000 acre-feet annually. 

Yampa and White River Basins 

Twelve projects for ultimate development of water re
sources within these basins are outlined. Ten are pri-
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marily for expansion of irrigation and two are mainly for 
power production. In addition two plans, one of which 
is an alternative, to export surplus water to the adjoining 
North Platte Basin are described as possibilities. 

Little Snake River project.-With the development of 
this project 92,110 acres of new land and 15,710 acres 
now partially irrigated would be furnished irrigation 
water and 43,000,000 kilowatt-hours of firm power would 
be produced annually. A reservoir of 15,000 acre-feet 
capacity at the Savery site on Savery Creek could supple
ment natural flows in irrigating lands both along the 
Little Snake River below the point where Savery Creek 
enters from the north. The enlargement and extension 
of present canals and the construction of a new canal 
diverting from Savery Creek would be needed to serve 
lands on Dolan Mesa, north of Little Snake River. 

Two reservoirs would be provided on Slater Creek, 
which flows northward into the Little Snake River. The 
higher reservoir at Columbus Mountain site, with a 
capacity of 125,000 acre-feet, would receive most of its 
water by feeder canals from the Middle Fork of the Little 
Snake River and from Elk River, a tributary of theY amp a 
River. Water released from this reservoir would be 
diverted just above Slater Falls and carried by a canal 
3~ miles long to a 7,500-kilowatt power plant where a 
power head of 454 feet could be utilized. Tailwater in 
summer would be diverted into the potential Great Di
vide canal and carried to 31,000 acres of new land. 
Twelve miles downstream from the power plant is the Pot 
Hook reservoir site. A reservoir at this site with a capac
ity of 85,000 acre-feet would store winter power releases 
and spring inflow to Slater Creek below the Columbus 
Mountain Reservoir. Water from the Pot Hook Reser
voir would be conveyed by the potential Pot Hook canal, 
heading at the junction of Slater Creek and Little Snake 
River, to 44,000 acres of new land south of the Little 
Snake River and below lands served from the Great Di
vide canal. 

Upper Yampa project.-The irrigation of 11,140 acres 
of cultivated land and 3,460 acres of new land along the 
upper Yampa River both above and below the town of 
Yampa, Colo., would be possible with storage in the 
Yampa River Reservoir No.4, with a capacity of 14,000 
acre-feet, to supplement natural flows and existing 
storage. 

Wessels project.-This project would serve 6,010 acres 
of new land on benches above present canals and 380 
acres now irrigated but in need of a supplemental supply 
near Steamboat Springs, Colo. The natural flow of the 
Yampa River augmented by releases from a 15,000 acre
foot. reservoir at the Upper Bear site on the Yampa River 
would provide sufficient water for irrigation. 

Mount Harris project.-Supplemental water would be 
furnished to 1,450 acres of cultivated land and a new 
supply to 16,600 acres of dry land with the development 
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of this project. These lands, covering rolling benches 
south of the Yampa River between Steamboat Springs 
and Craig, Colo., are mostly on the Hayden Mesa with 
only a small part in the Twenty Mile Park area. Dunk
ley Reservoir on Fish Creek with a capacity of 30,000 
acre-feet could store water delivered by feeder canals 
from Williams Fork River and Trout, Middle, and Foidel 
Creeks. Canals would have to be built to carry the water 
released for irrigation to the project area. 

Great Northern project.---Full irrigation service for 
16,010 acres of dry land and 3,260 acres of irrigated land 
in need of more water along and between Elkhead and 
Fortification Creeks, northern tributaries to the Yampa 
River, is possible. A reservoir of 30,000 acre-feet capac
ity at the California Park site on Elkhead Creek could be 
fed in part by a feeder canal from Elk River. Water 
stored in the reservoir would supplement natural flows of 
the two creeks. A new canal system would be required 
to carry the water to the lands. 

Yellow jacket project.-Water for irrigating 31,820 
acres of new land and 5,950 acres of land requiring sup
plemental water would be furnished with the develop
ment of this project. Most of the land lies on benches 
south of the Yampa River between the mouth of Williams 
Fork and Maybell, Colo., but 11,790 acres are along 
northern tributaries of the White River, north and east of 
Meeker, Colo. The irrigation.supply would come from 
White River and Milk Creek, a tributary ofthe Yampa 
River. A reservoir of 30,000 acre-feet capacity at the 
Thornburgh site on Milk Creek could serve project lands 
in the Yampa River drainage area. A canal to carry the 
unregulated flow of the White River could partly supply 
the reservoir and could serve adequately project lands 
along White River tributaries. 

Deadman Bench project.-This multiple-purpose proj
ect would bring irrigation water to 89,720 acres of new 
land, 28,540 acres of which are in Colorado and 61,180 
acres in Utah. It would also produce 87 million kilowatt
hours of firm energy annually and provide stream regula
tion, flood control, silt control, and recreational oppor
tunities. A dam across the Yampa River at the Juniper 
site, 24 miles west of Craig, Colo., raising the water level · 
185 feet, from the present river elevation of 5,945 feet up 
to 6,130 feet, would create a reservoir 20 miles long with 
a capacity of 1,250,000 acre-feet. Of the total reservoir 
capacity 60,000 acre-feet would be used for irrigation, 
740,000 acre-feet for power production and flood control, 
and 450,000 acre-feet reserved as inactive, but useful for 
silt control, fish propagation, and recreational purposes. 
The power plant at the base of the dam would have an 
installed capacity of 15,000 kilowatts. The irrigation 
canal would divert from the reservoir 120 feet above 
stream bed and would carry water to new lands on Dead
man Bench between theY ampa and White Rivers. 

Maybell project.-Water released from Juniper Reser-
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voir through the power plant into the Yampa River could 
be conveyed by a canal to 8,540 acres of dry land along 
the Yampa River below the reservoir and near the mouth 
of Little Snake River. 

Cross Mountain project.-The Yampa River below the 
Juniper reservoir site flows into Maybell Valley. Cross 
Mountain blocks the lower end of the valley except for a 
narrow chasm through which the river escapes. By driv
ing a tunnel2.3 miles through the mountain and construct
ing a low diversion dam at the canyon head to divert the 
river into the tunnel, a fall of 175 feet could be utilized. 
The dam at river elevation 5,810 feet would be only 15 
feet high and the backwater would flood only a few acres. 
The power plant would have an installed capacity of 
18,000 kilowatts, and with stream regulation provided by 
the upstream Juniper Reservoir, would have an annual 
firm production of 99 million kilow:att-hours. 

Lily Park project.-The Little Snake River unites with 
the Yampa River in Lily Park. A few miles bela";' the 

· confluence of the rivers the valley narrows. Here where 
the river enters a canyon is the Lily Park power site. The 
present river surface at the site is at elevation 5,580 feet 
above sea level. A dam could be constructed to raise the 
surface 70 feet thus backing the water about 6 miles up 
the Little Snake River and 12 miles up theY amp a River to 
Cross Mountain. With the water surface at a maximum 
elevation of 5,650 feet the reservoir capacity would only 
be 75,000 acre-feet. Some hay land would be flooded. 
A larger reservoir is not needed for regulation of the 
stream below the Juniper Reservoir. Little Snake River 
would be partia1ly regulated by upstream irrigation de
velopments. A power plant installed at the dam would 
have .a capacity of 10,000 kilowatts and be capable 
of producing 4 7 million kilowatt-hours of firm energy 
annually. 

josephine Basin project.-By the extension of the pres
ent Miller Ditch to carry the unregulated flow of the White 
River, 2,400 acres of new land located 4 miles southwest 
of Meeker, Colo., could be irrigated. 

Piceance project.-Piceance Creek flows northwest to 
join the White River 20 miles west of Meeker. A 5,000 
acre-foot reservoir on the creek 30 miles above its mouth 
could store water for the irrigation of lands along the 
creek channel, including 610 acres of new land and 2,380 
acres of cultivated land in need of a supplemental supply. 

Little Snake-North Platte diversion project.-The ex
portation of about 51,000 acre-feet of water annually from 
the North Fork of Little Snake River, Battle Creek, and 
Sandstone Creek to the North Platte Basin for irrigation 
of lands in Wyoming and by exchange in Colorado would 
be possible with the construction of a 60-mile canal. 

Elk River-North Platte diversion project.-.Vnder the 
tentative plan for development of the Little Snake River 
a canal would carry water out of the Little Snake River 
Basin (Little Snake-North Platte diversion project) and 
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another canal would bring water into the basin from Elk 
River, a tributary of theY ampa River (Little Snake River 
project). An alternative plan would eliminate both of 

, these transmountain canals and also the potential Colum
bus Mountain Reservoir and Slater Falls power develop
ment (Little Snake River project), which would be de
pendent largely upon water imported from Elk River. 
Additional main stream storage on the Little Snake River 
at either the Sheep Mountain or the Three Forks sites 
could furnish part of the water supply that would have 
been brought from Elk River to lands in the Little Snake 
River Basin. Approximately 75,000 acre-feet of the flow 
of Elk River thus would be available annually for diversion 
by tunnel to the North Platte River for use on lands in 
Colorado and Wyoming. Further field inyestigations 
and an allocation of water between Wyoming and Colo
rado are prerequisites to final adoption of a plan of 
development. 

Uinta Basin 

For the development of the water resources of Uinta 
Basin 10 projects are outlined for use of water within the 
basin; 8 of these would be primarily for irrigation and 2 
for power production. Two projects, one an alternative, 
to export surplus water to the Bonneville Basin are also 
described. The irrigation developments would serve 
white- and Indian-owned lands. The Office of Indian 
Affairs is considering a few small projects to provide sup
plemental water for lands administered by that agency. 
Most of those are provided for in the plans for basin-wide 
development. 

Moon Lake project extension.-North of the Duchesne 
River, extending from Rock Creek eastward through the 
Whiterocks River service area, are 86,200 acres of irri
gated land including some owned by Indians that could 
be furnished supplemental water and 26,300 acres of new 
land that could be made productive with irrigation water 
if storage were provided in the following reservoirs: ( 1 ) 
Pelican Lake, 5,200 acre-feet capacity, supplied from 
Uinta and Whiterocks Rivers; (2) Halfway Hollow, 
32,200 acre-feet capacity, also supplied from Uinta and 
Whiterocks Rivers; ( 3) Upalco, 12,300 acre-feet capacity, 
storing flows from Yellowstone Creek; and ( 4) one or 
more reservoirs at undetermined sites on Rock Creek or 
other streams capable of releasing an average of 23,000 
acre-feet annually to arable lands on the Blue Bench and, 
if additional yields are provided to replace natural summer 
flows, exports of water to the Bonneville Basin through the 
potential Rock Creek tunnel could be increased accord
ingly. The first three reservoirs listed would be at off
stream sites, but could be fed from existing canals with 
slight extensions. New construction required would in
clude a service canal from Halfway Hollow Reservoir to 
Ouray Valley, which would also be usable as a feeder 
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canal for Pelican Lake Reservoir; a 6-mile extension of the 
present Yellowstone Canal, now serving the Moon Lake 
project, to Uinta River; a 3-mile canal from Lakefork 
River to Yellowstone Creek above the head of theY ell ow
stone Canal; and a canal from Rock Creek to the Blue 
Bench and Lakefork River. 

Fruitland project.-A storage reservoir of 4,000 acre
feet capacity on Red Creek, a tributary of Strawberry 
River, with extensions of present service canals would pro
vide water for the irrigation of 1,600 acres of new land 
and 400 acres lacking an adequate supply near Fruitland, 
Utah. 

Castle Peak project.-A canal34 miles long, heading at 
Duchesne River near Duchesne, Utah, could carry water 
to 21,700 acres of new land and 2,100 acres of land now 
insufficiently irrigated on south Myton Bench. Water 
could be stored for late season use in reservoirs at the 
Hades site (25,000 acre-feet capacity) on the North Fork 
of Duchesne River and at the Starvation site ( 65,000 acre
feet capacity) on Strawberry River, or at alternative sites 
on tributaries of the Duchesne River above the canal 
heading. 

Mosby project.-Water from Whiterocks River im
ported by a canal into Deep Creek could be stored in a 
reservoir of 13,000 acre-feet capacity at the Crow Creek 
site on Deep Creek to irrigate 3,800 acres of new land and 
provide supplemental water for 400 acres located about 12 
miles west of Vernal, Utah. 

Vernal project.-Storage of Ashley Creek water in 
Stanaker Reservoir, a potential offstream reservoir of 
34,000 acre-feet capacity, would be used to irrigate 1,900 
acres of new land and furnish a supplemental supply to 
22,300 acres of cultivated land near Vernal. In addition 
to a dam to impound water in Stanaker Reservoir short 
feeder and service canals would be needed. 

jensen project.--A reservoir of 6,000 acre-feet capacity 
at the Tyzack site on Brush Creek would provide sufficient 
storage to supply 3,600 acres of irrigated land with ad
ditional water and 800 acres with a full amount near 
Jensen, Utah. Existing canals could distribute the water. 

Minnie Maud project.-A supplemental water supply 
could be furnished 800 acres of irrigated land bordering 
Minnie Maud Creek along the Duchesne-Carbon County 
boundary by storage in a small reservoir ( 550 acre-feet 
capacity) at the Minnie Maud site on Minnie Maud 
Creek. 

Green River pumping project.-By pumping water 
from Green River with lifts of about 40 feet, 11,000 acres 
of dry land and 1,000 acres of irrigated land between Jen
sen and Ouray, Utah, could be adequately irrigated. 
With the present wide fluctuations in river flow, diversion 
dams cannot be maintained and occasionally part of the 
area is inundated. Future upstream power reservoirs 
would smooth out the flow and make pumping for irriga
tion practicable. 
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Echo Park project.-Three and one-half miles down
stream from the confluence of the Green andY amp a Riv
ers is Echo Park dam site. It is in Colorado only 2 miles 
east of the Utah State line. The river elevation at tlie 
site is 5,048 feet above sea level. A dam to raise the 
water surface 500 feet would impound 5,560,000 acre-feet 
of water ( 4, 710,000 acre-feet active capacity) and 'Yould 
control the flow at that point. The reservoir would ex
tend ~p Green River 64 miles to Red Canyon and up 
Yampa River 44 miles to Lily Park. A number of 
suspected archeological sites along the Yampa River 
should be thoroughly explored prior to filling the reservoir. 
A power plant installed at the dam would have a capacity 
of 120,000 kilowatts and would be capable of producing 
annually 668 million kilowatt-hours of energy. In ad
dition to power, this multiple-purpose project would pro
vide hold-over storage, flood control, silt retention, and 
recreational opportunities. During a succession of dry 
years releases would help meet the stream flow require
ments at Lee Ferry specified by the Colorado River Com
pact. Transcontinental highway US 40 is only 20 
miles south of the site and would afford easy access to the 
area for vacationists. 

Split Mountain project.--Below Echo Park, the Green 
River leisurely divides and unites several times to form 
large islands, giving rise to the name "Island Park." It 
then flows through Rainbow Park and Little Park to Split 
Mountain, so named because the river has split the moun
tain in half. A dam at the head of Split Mountain Can
yon at river elevation 4,930 feet could raise the water sur
face 118 feet, backing water up to the Echo Park Dam 
and forming a reservoir with a capacity of 320,000 acre
feet ( 295,000 acre-feet active capacity). Stream flow 
would be regulated by the upstream Echo Park Reservoir. 
A power head of 200 feet could be utilized by means of a 
pressure tunnel in three sections extending from the dam 
8.3 miles downstream to a pow,er plant, 5 miles up the 
river from Jensen, Utah. With an installed capacity of 
90,000 kilowatts, this plant could produce 846 million 
kilowatt-hours of firm energy annually. 

Central Utah project.-An exportation of 625,000 
acre-feet annually could be made from streams in the 
Uinta Basin to the Bonneville Basin in Utah. A collect
ing conduit would intercept flows of Brush Creek, Ashley 
Creek, and the Duchesne River and their tributaries, de
livering the water by gravity flow to the Strawberry Reser
voir which would be enlarged to a capacity of 1,300,000 
acre-feet. Releases from the reservoir would be made 
through a tunnel into Diamond Fork of Spanish Fork 
River where a 2,900-foot drop could be utilized to gen
erate electricity before the water is reregulated and used 
for irrigation in the Bonneville Basin. 

Water could be pumped from the potential Echo Park 
Reservoir on Green River to replace irrigation supplies 
now used on lands in the Uinta Basin which would be 
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diverted to the Bonneville Basin under this project and to 
permit expansion of irrigation in the Uinta Basin. 

The construction of this project would eliminate the 
Rock Creek Tunnel project and also would make unneces
sary most of the structures otherwise required for the 
Moon Lake extension, Fruitland, Castle Peak, and Mosby 
projects. 

Rock Creek Tunnel project.-Construction of this proj
ect would bring additional water from the Colorado River 
Basin watershed into the Bonneville Basin. By means of 
a 9-mile tunnel from Rock Creek, a tributary of Duchesne 
River, to upper Duchesne River, 45,000 acre-feet of water 
annually could be brought into the Duchesne River and 
thence carried by the Duchesne tunnel to Provo River. 
The Duchesne tunnel, a feature of the Provo River project, 
is a 6-mile tunnel under construction to bring 32,000 acre
feet annually from the Duchesne River to Provo River. 
It would be lined with concrete to reduce friction losses 
and accommodate the larger flow brought from Rock 
Creek. If replacement storage were provided for Uinta 
Basin lands, additional summer flows of approximately 
8,000 acre-feet from Duchesne River and Rock Creek 
could be diverted into the tunnels. 

Price and San Rafael River Basins 

Five projects are outlined as possibilities for develop
ment of water resources in these basins. Four small trans
mountain diversions are also discussed. 

Emery County project.-A reservoir of 57,000 acre
feet capacity of the Joes Valley site on Cottonwood Creek, 
a tributary of the San Rafael River, and a highline canal 
from Cottonwood Creek to Huntington Creek would pro
vide ample irrigation service to all lands under present 
canals from the two streams, including 20,000 acres now 
insufficiently irrigated and 3,300 acres of dry land in the 
vicinity of Huntington and Castle Dale, Utah. By im
pounding spring run-off and thus providing compensating 
storage in late season for the irrigation of lands with ap
propriated water rights, this reservoir would make pos
sible increased transmountain diversions from Huntington 
and Cottonwood Creeks through existing works. 

Buckhorn project.-By the enlargement and extension 
of the Cleveland canal to carry surplus waters of Hunting
ton Creek to a potential reservoir of 15,000 acre-feet ca
pacity at the Buckhorn site, 3,800 acres of new land about 
12 miles east of Castle Dale, Utah, could be made produc
tive with irrigation. 

Gunnison Valley project.-West of Green River, Utah, 
are 3,800 acres of irrigable land that could receive water 
from Green River with a 280-foot pump lift. East across 
the river are 430 acres requiring only a 50-foot pump lift, 
and 6,600 acres that could be reached by pumping a 
maximum of 370 feet. Inexpensive power for pumping 
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could be obtained from the development of nearby power 
sites on the Green and Colorado Rivers. 

Desolation Canyon project.-Of several dam sites in 
Desolation Canyon of the Green River suitable for power 
production the Upper Three Canyan Creek site appears 
to be the best. It is so· miles by river upstream from 
Green River, Utah. A dam to raise the water surface 
from a present elevation of 4,400 feet up to 4,650 feet 
would back water upstream to a point just above the 
White and Duchesne Rivers, creating a reservoir with a 
total capacity of 900,000 acre-feet and an active capacity 
of 700,000 acre-feet. The reservoir would regulate the 
inflow to Green River below the Echo Park Dam with 
only occasional spills. A power plant in the dam with an 
installed capacity of 78,000 kilowatts could produce 433 
million kilowatt-hours of firm energy annually. 

Rattlesnake Power project.-The Rattlesnake Dam 
site, lowest power site on Green River, is 22 miles upstream 
from Green River, Utah. A dam to raise the water sur
face 250 feet above its present elevation of 4,150 feet 
would create a reservoir with a capacity of 500,000 acre
feet, 370,000 acre-feet of which would be active capacity. 
The power plant would have an installed capacity of 
78,000 kilowatts and an anual firm production of 434 
million kilowatt-hours. 

Gooseberry project.-From a 17,000 acre-foot reservoir 
at the Mammoth site on Gooseberry Creek, a tributary of 
Price River, about 11,500 acre-feet of water could be di. 
verted anually westward through a tunnel 2.3 miles long 
to irrigate fertile lands in the Sanpete Valley of the Bonne
ville Basin. 

White River diversion project.-The exportation of 
2, 700 acre-feet of water annually from the White River, a 
tributary of the Price River, to Spanish Fork River for 
irrigation of lands under the Strawberry Valley project in 
the Bonneville Basin would be possible by the reconstruc
tion of an abandoned canal. Three small reservoirs on 
tributaries of the Price River could provide replacement 
storage for the Price River lands and thus increase the 
possible diversion to 4,200 acre-feet. 

Ferron-Manti Creek diversion project.-This is one of 
the two tunnel diversion possibilities that exist to take 
water from the head of Ferron Creek, a tributary of the 
San Rafael River, to lands in southern Sanpete Valley in 
the Bonneville Basin. No stream flow records are avail
able but it is estimated that an average of 15,000 acre-feet 
of surplus water may be exported through the two tun
nels. One tunnel 2.2 miles long would bring water to 
Manti Creek. En route to irrigate lands this water could 
be used in two existing municipal power plants having 
combined heads of 2,974 feet. 

Ferron-Twelve Mile Creek diversion project.-A tunnel 
extending 1.8 miles to Twelve Mile Creek would make 
possible the other diversion from .Ferron Creek, thus help-
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PARKER DAM 
General view looking upstream and showing Parker Dam discharging about 10)000 second feet of water 

MAIN CANAL 
A section of the main canal of the Salt River project 
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ing to export the 15,000 acre-feet of water a year from 
the Colorado River Basin for use in the adjoining Sanpete 
Valley. 

Summary 

The following tables summarize the possibilities for 
ultimate development of water resources in the Green 
River Basin, showing the multiple purposes to be served 

by the various projects, estimated construction costs, 
potential reservoirs and their capacities, areas to be fur
nished full and supplemental supplies of irrigation water, 
and power plants with their potential capacities and 
annual production of firm energy. Most of the reservoirs 
would have incidental value for recreation and fish and 
wildlife conservation. Potential export diversions and 
stream depletions are also summarized. 

TABLE XXXIV.-Potential projects in the Green division 

Subdivision and project Location of project Source of water supply 

Upper Green River Basin 

Sublette ____ _____ ___________ ___ _______ Wyoming __ ___ ____ __ Green River _ ___ ____ ____ __ ___ _ _ 
West Side unit_ ___ ___ _____ ___ ____ _______ _ do __ ____ _____ _______ do ___ ____ ______ __ ___ ______ _ 
Daniel unit_ ____ __ __ _____ __ ____ __ ____ ___ _ do __ ___ __ __ _____ ____ do ___ ____ __ ___ ___ ___ __ ____ _ 
Elkhorn unit ____ __ ____ _____ _______ ____ ___ do _____ __ .. _____ _____ do _____ ____ ________ ___ ___ _ _ 
Paradise unit._ __ _____ ____ __ ___ _______ __ ___ do __ ____ _____ __ New Fork River __________ __ ___ _ _ 
Eden unit _____ ___ ____ __ ___ __ ________ ____ do __ ___ __ ___ __ Big Sandy Creek __ ___ ____ __ ___ _ _ 
Lower Big Sandy ___ ____ ___ ____ _____ __ ___ _ do__ ________ ___ _ __ _ do _____ __ ____ ___ ___ ______ _ _ 
LaBarge _______ ___ __ ___ ___ ___ ______ _ __ __ ~ do__ __ _ _ _ _ _ _ _ _ _ LaBarge Creek __ __ ___ ___ ___ ____ _ 
Fontenelle unit_ ___ ___ ______ __ ___________ _ do__ ___ ___ _____ Fontenelle Creek ______ _____ ____ _ 
Seedskadee unit _____ ___ ___ ___ ___ ___ ___ ___ do__ ___ __ ____ __ Green River ____ __ c _ _ __ _ _ __ ___ _ _ 

OpaL ___ ______ __ ___ __ ________ ____ ___ _ _____ do ___ ___ __ ____ ·_ Hams Fork _____ _______ ________ _ 
Lyman ____ ____ _____ _______ ____ _____ __ ____ _ do __ _____ ____ __ Blacks Fork, Smiths Fork ___ ____ _ 
He nrys Fork __ __ ____ __ ______ ___ ___ __ __ Wyoming, Utah ___ __ Henrys Fork ____ ____ __ ___ ___ __ _ _ 

ii:;bnfn:o
0

~~~~ = = === = = == == = = == = = = = === = -Ut~h~~-== = = == = = = = = = _ ?_r~~do~!~~~ =-= = = ~ = ~ = = = = == = = = = == 
Yampa and White River Basins 

Little Snake River___ __ ____ ___ _________ Wyoming, Colorado_ Little Snake River tributaries __ __ _ 
Upper Yampa___ __ __ _______ ___________ Colorado_ __ ____ ___ _ Yampa River ________ ____ __ __ __ _ 
Wessels__ ______ _____ __ ___ ___ ___ _______ _ ___ do___ __ __ ____ __ _ ____ do ________ _ ----------- ___ _ 
Mount Harris ____ ____ __ ________ ____________ do ___ ______ ___ _ Tributaries of Yampa River ___ __ _ 
Great Northeni _____ ___ ______ _________ ____ _ do _____ ______ __ E lkhead Creek and Elk River ___ _ _ 
Yellow Jacket ___ _ -- -- - - -- -- ---- -- ---- _____ do __ ___ ___ _____ White River and Milk Creek __ ___ _ 
Deadman Bench ___ __ ___________ _______ Colorado, Utah _____ Yampa River ______ ____ ____ __ __ _ 
MaybelL ______ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Colorado ___ __ ____ ______ _ do _____ _____ _____ ___ __ __ __ _ 
Cross Mountain ___ ___ ____ ______ __ ____ _ _____ do __ ___ ___ ______ ____ do ___ ______ ____ ____ ___ __ __ _ 
Lily Park ___ ____ __ __ ____ _______ _______ ____ _ do__ _____ ____ __ _ ___ do _________ __ ___ ___ ___ __ __ _ 
Josephine Basin ___ __ __ ____ __ ___ _______ ____ _ do __ ___ ___ __ ___ White River ____ __ ___ __ ___ __ ___ _ _ 
Piceance __ __________ ______ __ ___ __________ __ do __ ___ ____ __ __ Piceance Creek __ ___________ ____ _ 

Uinta Basin 

Moon Lake Extension______ _ _ _ _ _ _ _ _ _ _ _ _ Utah ___ __ __ .. _ _ _ _ _ _ _ Duchesne River and tributaries __ _ 
Fruitland ___ ____ ____ __ ______ ___ _______ __ ___ do __ ___ ______ __ Red Creek __ ____ ________ _______ _ 
Cast le Peak ___ ____ __ ___ ___ _____ ___ _____ ___ _ do __ __ .. _ _ _ _ _ _ _ _ Duchesne Ri vcr _____ ______ ____ _ _ 
Mosby __ ______ ___ ___ __________ ___ ____ ____ _ do __ _____ ____ __ Deep Creek, Whiterocks River ___ _ 
VernaL ______ ____ ____ ____ ~ __ __ ____________ do__ ______ _____ Ashley Creek ___ _________ __ ___ _ _ 
Jensen _____ ________ _____ ______ _______ __ ___ do ___ __ __ ____ __ Brush Creek ____ _________ _____ _ _ 
Minnie Maud __ ___ __ ___ _____ ___ ___ ________ _ do ___ __ ________ Minnie Maud Creek_ ____ ___ ___ _ _ 
Green River Pumping ___ _____________ _______ do ___ ________ __ Green River_ ___ __ ___ _ ___ __ __ __ _ 
Echo Park _____ _____ __ ___ ______ ___ __ __ Colorado ___ _________ __ __ do ___ ____ __ __ _______ __ __ __ _ 
Spli t Moun tain__ __ __ ______________ ____ Utah ____ ___ ____ ____ ___ __ do ____ .. __ __ ___ _____ .. 

Price and San Rafael River Basins 

Emery County ____ __ ___ ________ ___ ___ __ ____ do__ ___ ______ __ Cottonwood Creek ________ __ ___ _ _ 

~~~~l~~~-V ~~l~y-_ ~ = = = = = = = = = = = = = = = = = = = = = = = = = = ~~= = = = = = = = = = = = = ~~~~nKf~~r ?~~e~ = = = = = = = = = = = = = = = Desolation Canyon ____ _____ ____ ___ ____ _____ do __ _____ __ __ __ ____ _ do _____ ___ ___ ___ ____ _____ _ _ 
Ratt lesnake Power_ __ _____ ___ ______ ____ ___ __ do _____ ____ __ __ _____ do ___ _____ __ ____ ____ ______ _ 

TotaL ___ ____ __ ______ __ ______ ____ ________ - - -- __ - - ____ ----- - ---- - - ---- - - ----- - - - -- - - --

1 Symbols used: !=irrigation , P=power, F=flood control, S=silt retention , H=hold-over storage lor river regulation. 
• P reliminary estimates based on construct ion c<ists or Jan. I, 1940. 

I, F, p _________ $36,500,000 
I, F ______ ______ __ ___ _____ _ 
I, F ______ ______ --- --- - - - - -
I, P, F ____ ___ __ ___ ______ _ _ 
I ___ ___ ___ ____ _ - -- ---- -- --
I ___ ___ ___ _____ - -- ---- - -- --
I ____ _____ ___ __ - -- - - - - - - --
1, F __ ___ __ _______ ___ ____ _ _ 
I, F ____ ________ --- --------
I _____ __ ______ _ -- - -- ---- --
I , F____ ________ 3, 600, 000 
I, F____ _____ ___ 4, 330,000 
I, F ___ ____ . _ _ _ _ 1, 4 70, 000 
P, F, H, S _______ 10,000,000 
P, F_ _____ ___ __ 4, 100,000 

I, P, F __ _____ __ · 
I, F ____ ____ __ _ _ 
I, F ____ ___ ____ _ 
I, F ____ ___ ____ _ 
I, F __ _________ _ 
I, F ______ ____ _ _ 
I, P, F, H, S ___ _ 
I ___ ______ ____ _ 
p ____ __ ___ ___ _ _ 
P, F __ ___ ____ _ _ 
I ____ _________ _ 
I, F ______ ____ _ _ 

I, F ______ ____ _ _ 
I, F ____ ___ ____ _ 
I , F __ ___ __ ___ _ _ 
I, F ___ __ ____ _ _ 
I, F _______ ____ _ 
I, F _____ ____ _ _ 
I, F __ _________ _ 
I ____ ____ __ __ _ _ 
P, F, H, S _____ _ 
P, F, H, S __ __ _ _ 

21,500,000 
2,300,000 
1,100,000 
3,300,000 
2, 700,000 
4, 700,000 

23,800,000 
700,000 

5,000,000 
1, 900,000 

300,000 
800,000 

7, 900,000 
400,000 

5, 300,000 
1,100,000 
1, 500,000 

300,000 
100,000 
400,000 

43,000,000 
23,000,000 

I, F_ ______ ___ __ 2, 500,000 
I, F__ _______ ___ 1, 200,000 
!_ ___ ___ - ---- -- 1, 100,000 
P, F, H __ ____ __ 21,000,000 
P, F, H-- - -- - - -~~~00, 000 

- -- --- - - - - - --- - - 1259, 900, 000 
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TABLE XXXV.-Potential reservoirs in Green division 

Subdivision and name of site Source of water supply Project served 

Upper Green River Basin 

KendalL_ ______ ______ ______________ Green. River_____ ________ _____ ______ Sublette ___ ______ __________________ _ 
Burnt Lake ______________ __________ Fall Creek ___ ________ ______ ______ ______ _ ·_do ______ ______ ____ __________ __ _ 
Boulder Lake ____________ _ _ _ _ _ _ _ _ _ _ _ Boulder Creek _______ ____ __ ______ ________ do ______ _________ __ ________ ___ _ 
LaBarge Meadows_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ LaBarge Creek __ __________ _____ ________ __ do __ ____________ __________ ____ _ 
Minnie Holden_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Fontenelle ___ __ _____ ___ _____ __ ___________ do __ ___________ ____________ ___ _ 
Fontenelle. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Green River_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Green-Bear diversion ___ ___ ________ __ _ 
Middle Hams Fork ____ ____ ________ __ Ham's Fork ____ __ ______ _______ __ ___ Opal and Green-Bear diversion ___ ____ _ 
Bridger I_ __ ______ _____ ___ __________ Blacks Fork, West Fork. _____ ________ Lyman ___ ______________________ ___ _ 
Big Basin I_____________ _________ _ _ _ Tributary of Henrys Fork_ _ _ _ _ _ _ _ _ _ _ _ Henrys Fork ______ ______________ ___ _ 
Flaming Gorge_ _____________ ________ Green River_______________ ___ ______ Flaming Gorge ___ ______ ____________ _ 
Red Canyon ___________ ____ ____ _____ _____ do _______ __ __________ _____ _____ Red Canyon ______ _____________ ____ _ 

Yampa and White River Basins 

Savery __ ___________________________ Savery Creek_--------------- - - - ---- Little Snake River ___ _______________ _ 
Columbus Mountain________ ________ _ Slater Fork ____ __________ --- - - --- --_ ----_do ______ ___ ___ __ _____________ _ _ 
Pot Hook _________________ ______ ___ _____ do ______ ___ _________ _____ ___________ do __ __ ______ __ ____________ __ __ _ 
Reservoir No. 4______ _ _ __ _ _ _ _ _ _ _ __ _ _ Yampa River_ __ ______ ______ ________ Upper Yampa _____ _______________ __ _ 

g~~kl;;~~r ___ -_ ~ = = = = = = = = = = = = = = = = = = = = = -Fi;h:ctc;;ek ___ ~ ~ = = = = = = = = = = = = = = = = = = = = = = ~~~~is :H""a~~i~= = = = = = = = = = = = = = = = = = = = = = = 
California Park_______ ________ ______ Elkhead Creek _____ ____ _____ ______ __ Great Northern ________________ __ __ _ 
Thornburgh _________ ___ _______ _____ Milk Creek_________________________ Yellow Jacket. _____ _______ ______ ___ _ 
Juniper_ _____________ _____________ _ Yampa River ________________ _____ __ Deadman Bench and MaybelL __ _____ _ 

M~~a~~~~= = = = = === === == = = == = = == = = == = -Pi~;~~c;cr~~k~~=== === = == = === ======= ~f~~a~~~~----- = = === == ====== === = === === = 

Uinta Basin 

Pelican Lake 1 ___________________ _ _ _ Whiterocks and Uinta Rivers ___ ______ Moon Lake Extension ___________ ____ _ 

u~~k~~ -~~~1~~ ~ = = = = = = = = = = = = = = = = = = = - L~k~1Z;k. -:Ri~;r--~~ == = = = = == == = = = = = = = = = = = = = =~~== = = = = = = = = = = = = = = = = = = = = = = = = = = = 
Hades ____ __________ ____ _________ __ Duchesne River_ ___ _____ __ __________ Castle Peak and Rock Creek tunneL __ _ 
Starvation ____________ _______ _____ _ Strawberry ___ _______ ___ __ _______________ do _____ ___ . __ ______________ ___ _ _ 
Crow Creek_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Deep Creek and Whiterocks River______ Mosby ____ ___ _________________ ____ _ 
Stanaker 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Ashley Creek_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ VernaL __ _____________ _________ ___ _ 

~~daC~~;k ~ = = = = = = = = = = = = = = = = = = = = = = = = ~~~st~~ke_~ = = = = = = = = = = = = = = = = = = = = = = = = ~~~~~~~d~ = = = = = = = = = = = = = = = = = = = = = = = = = = Minnie Maud ______________ ____ _____ Minnie Maud Creek ___ ____ __________ Minnie Maud ___ ___ ______________ __ _ 
Strawberry Enlargement ______ _____ __ Brush and Ashley Creeks _____ ______ __ Central Utah . - - - --- - ----------- - - - -
Echo Park _____________ _____ _______ Green River _____________________ __ _ Echo Park __ ________________ ____ ___ _ 
Split Mountain ____________________ _ _____ do _________ _________ __ _____ __ __ Split Mountain ____ ______ ___________ _ 

Price and San Rafael River Basins 

Mammoth_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Gooseberry Creek__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Gooseberry __ _____ __ _______________ _ 
East Fork _____________ _________ ___ _ White River_ ____ ___________________ White River diversion _______________ _ 
North Fork ____________ ______ ________ ____ do __________________________ ________ do ___ __ ___________________ ____ _ 
Willow Creek________ __ __ ____ _______ Willow River ____ ___________ _____________ do _______________ --------- - ----
Joes Valley___ _________ _________ ____ Cottonwood Creek____ ________ _______ Emery County _____ __________ ___ ___ _ 

~~~~l~~l~n
1

_- = = ======= === = == === = === = = ~~!~nlf~~r ~~~~~ = = = === = = == === === = == ~~~~~~[~;---~== = = = == == = == = = ===·= === == 
Rattlesnake ____ ____________________ ____ _ do______ ___ ____ _____ ___________ Rattlesnake _____ _____ ____ __________ _ 
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Total capacity 
(acre·feet) 

340, 000 
25, 000 

180,000 
10, 000 
5,000 

400,000 
170,000 
30, 000 

107,000 
1, 500, 000 

50, 000 

15,000 
125, 000 
85,000 
14,000 
15, 000 
30, 000 
30,000 
30,000 

1, 250, 000 
75,000 

5, 000 

5, 200 
32, 200 
12, 300 
25,000 
65,000 
13,000 
34,000 

6, 000 
4,000 
. 550 

1, 300,000 
5, 560, 000 

320,000 

17,000 
1,000 
1,000 
1, 000 

57,000 
15,000 

900, 000 
500,000 

TotaL ______________________ ___ ______ ___ ________ __________ _________ -· __ _______________________________ 13, 360, 250 

1 Ofistrcam. 

70ll515-46--!l 
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TABLE XXXVL-f:otenti:al irrigation development in Green division 

Area to be benefited (acres) 

Subdivision and project State Furnished 
New land supplemental Total 

water 
----------------------·-----------------------·~--1------------------

Upper Green River Basin 

Sublette: 
West side unit__ ___________________________ _ Wyoming __________________________ ____ _ 

·'"· Daniel unit ______ ____ __ ________________ ___ _ ____ _ do ____ __ ______ ____ ________________ _ 
Elkhorn unit ___________________ ___ ________ _ ____ _ do ____ __________ __________________ _ 

29, 050 37,000 66, 050 
5, 160 -- -- ------ 5, 160 

134, 030 -- -- ------ 134, 030 
Paradise unit ________ ____ __________ ________ _ _____ do ___________________ _____________ _ 4, 490 --------- - 4,490 
Eden project extension unit ___________________ ____ do _____________________________ __ _ _ 
Lower Big Sandy unit __________________ _________ _ do ___ _______________ ____ ____ ______ _ 
LaBarge unit ________________ ______ _____________ _ do __ . __________________________ ____ _ ' · 

20, 250 --------- - 20, 250 
11, 850 ---------- 11, 850 

3, 370 5, 540 8, 910 
Fonetnelle unit _________ _____ ______________ _ _____ do ________________________________ _ 2, 050 3, 720 5, 770 
Seedskadee unit_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ do ______________________ ____ ______ _ 40, 830 -- -------- 40, 830 Opal ______________________________________ ________ _ do ____________ __________ ____ ______ _ 

Lyman- - --- - ----------- -- --------~----------- - ____ _ do __________________ __________ ____ _ 
16, 020 5,400 21,420 
3, 100 20, 910 24,010 

.Henrys Fork____________ ____ ___________________ Wyoming, Utah ____________________ ___ _ _ 17, 140 21, 090 38, 230 
• ------- 1------1 

Subtotal __________________ ___ __ _________ _ -- - ------------ -- -------- - ------------- - 287, 340 93, 660 381, 000 

Yampa and White River Basins 

Little Snake River__ ____________ __ ____________ __ Wyoming, Colorado ______ ___________ ___ _ 
Upper Yampa _______________________ ______ _____ Colorado ______________________________ _ 
Wessem ___________ __________________________________ do ________________________________ _ 

92, llO 15, 710 107, 820 
3,460 11, 140 14,600 
6, 010 380 6,390 

Mount Harris ____________________________________ ___ do ________________________________ _ 16,600 1, 450 18,050 
Great Northern _____________________________________ do ________________________________ _ 
Yellow Jacket_ _______________________ ~ ____ ____ _ _____ do ________________________________ _ 

16, 010 3,260 19,270 
31,820 5, 950 37, 770 

Deadman Bench ________________________________ Colorado, Utah ________________________ _ 89,720 ---------- 89, 720 Maybell ______________________________ __ _______ Colorado ______ ________________________ _ 8, 540 ---------- 8, 540 
Josephine Basin _________________ ____________________ do ________ ____ -" __________________ _ 2,400 -------- -- 2,400 
Piceance __ _______________________________________ . ___ do ________________ c _______________ _ 610 2,380 2,990 

-----
Subtotal _________________________________ ---------------------------------------- 267, 280 40, 270 307, 550 

,I. , 

Uinta Basin 

,M:oon Lake project extension_____________________ Utah___________________________________ 26, 300 86, 200 ll2, 500 
Fruitland ___________________________________________ do__________________ __ ____________ _ 1, 600 
Castle Peak _________________________________________ do__________________ _______________ 21, 700 

400 2,000 
2, 100 23, 800 

Mosby _____________________________________________ do_________________________________ 3, 800 400 4, 200 
VernaL __________________________________ __ _ -.- _____ do_________________________________ 1, 900 22,300 24, 200 
Jensen _________________________________________ __ __ do_________________________________ 800 3, 600 4, 400 
Minnie Maud ______________________________________ _ do __________________________________________ _ 800 800 
Green River pumping _____________________________ ___ do _________________________________ 11, 000 I, 000 12,000 

I----l-----l-----
SubtotaL________________________________ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 67, 100 116,800 183,900 

1=======1=======1======= 
Price and San Rafael River Basins 

Emery County __________________________________ ____ do ________________________ ____ ____ _ 3, 300 20,000 23, 300 Buckhorn __ ___________ ______________________________ do ________________________________ _ 3, 800 ---------- 3,800 
Gunnison Valley _____________________________________ do ______________________________ --- 10,830 ---------- 10, 830 

1----· 
Subtotal _________________________________ ---------------------- - ------ - ---------- 17,930 20,000 37,930 

Total ____________________________________ ------~--------------------------------- 639,650 270, 730 910, 380 
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TABLE XXXVII.-Potential irrigation development in Green division by States 

Area to be benefited (acres) 

State and subdivision Furnished 
New land supplemental Total 

water 
------------------

Wyoming 
283, 030 85,450 368,480 

8, 300 9, 910 18, 210 
Upper Green River Basin _______________ _________ ___________ _______ __ ___ ____ ___ ___ _ 
Yampa and White River Basins ____ ___ ___ ____________________ ----_- __ -- - ---_-_--- - --

Subtot.aL _____________ _______________ - ___ --- - --.--------------- - --------- - -- 291, 330 95', 360 386~ 690 

Colorado 
Yampa and White River Basins ____________________ ____ --- --------- __________ --- ___ _ 197, 800 30, 360 228, 160 

Utah 
4, 310 8, 210 12, 520 

61, 180 ----- ---- --- 61, 180 
67, 100 116, 800 183,900 

Upper Green River Basin~-------------------------- -- ---------------- --- ----- - ----Yampa and White River Basins ______________________________________ ______________ _ 
Uinta Basin ___ __________ ________________________________________________________ _ 
Price & San Rafael River Basins ___ __________________ _________________ -_- _____ -_- __ _ 17,930 20, 000 37, 930 

Subtotal _________ __ ___________________________________________ ______ ______ _ 150, 520 145, 010 295, 530 

Total- --------------------------------------------------------------------- 639, 650 270, 730 910, 380 

TABLE XXXVIII.-Potential power development in Green division 

River basin and project State Stream 
Power plant in
•talled capacity 

(kilowatts) 

Annual firm gener
ation (kilowatt

hours) 
------------------------------------------------:--------·--------

Green River 

Sublette (Elkhorn unit)_______________ Wyoming_________________ Fall Creek _____________ . __ _ 
Flaming Gorge _______________________ Utah _____________________ Green River __ __ _________ _ 
Red Canyon ______________________________ do ____ ____________________ do ____ __________ ____ _ 
Echo Park ___________________________ Colorado ______________________ do ______ ________ ____ _ 
Split Mountain_______________________ Utah __________________________ do ______ ____________ _ 
Desolation __________ ____________ ___ _______ do ________________________ do ________ __ __ ______ _ 
Rattlesnake ___________________ __ __________ do ______ _________________ _ do ________________ __ _ 

Yampa River 

Little Snake River_____ ___ _______ _____ Colorado_________________ Slater Creek _________ ____ _ 
Deadman Bench (Juniper) __________________ do____________ _______ Yampa River _____________ _ 
Cross Mountain ___________________________ do ________________________ do __________________ _ 
Lily Park _________________________________ do _______________________ _ do ________________ __ _ 

1, 500 
30,000 
12,000 

120, 000 
90,000 
78,000 
78,000 

7, 500 
15,000 
18, 000 
10,000 

9,000,000 
158,000,000 
68,000,000 

668,000,000 
486, 000, 000 
433,000,000 
434,000,000 

43,000,000 
87,000,000 
99,000,000 
47,000,000 

-------,-·------
TotaL ___________________ --- _____ - _- -- _----- ------------- -------------------------- 460, 000 2, 532, 000, 000 

TABLE XXXIX.-Potential export diversions from Green 
division 

Subdivision lind' project State served 

Estimated 
average 
annual 

diversion 
(acre-feet) 

1-------------
Upper Green River Basin 

South Pass diversion ____ ____ Wyoming __________ _ 
Green River-Bear River di-

version: 
Hams Fork-Twin Creek 

unit ___________ _________ _ do ____________ _ 
Green River-Smiths 

Fork unit_ __________ Utah and Wyoming_ 

Yampa and White River 
Basins 

Little Snake-North Platte __ _ Wyoming and Colo-
rado. 

Elk River-North Platte _______ ___ do ______ ______ _ 

50, 000 

37, 000 

320,000 

I 51, QQQ 

75,000 

TABLE XXXIX.-Potential export diversions from Green 
division-Continued 

SubdiviSion and project State served 

Uinta Basin 

Central Utah_ ____ ______ ___ Utah ______________ _ 
Rock Creek TunneL ______ __ ____ do __ ___________ _ 

Price and San Rafael River 
Basins 

Gooseberry _____ ____ ____ ________ do __ __________ _ 
White River diversion ___________ do ____________ _ 
Ferron-Manti Creek _____________ do _____________ } 
Ferron-Twelve Mile Creek __ _____ do ________ ____ _ 

Estimated 
average 
annual 

diversion 
(acre-feet) 

625,000 
I 53, QQO 

11, 500 
4, :<oo 

15,000 

TotaL_ ____________ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ __ 1, 137, 700 

I Smaller of alternative projects not included in total. 
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0. 

Grand division of the Colorado River basin 

dissolved mineral salts. Subsurface structural conditions 
needed for a large artesian water development are not 
known to exist anywhere in the division. 

PRESENT DEVELOPMENT OF WATER RESOURCES 

Scanty rainfall makes irrigation necessary for crop pro
duction in this division. The first irrigation ditches were 
constructed to divert from headwater streams, but as agri
culture expanded new ditch diversions followed down
stream and the usual order of developing irrigation from 
lower valleys upstream was reversed. Many water rights 
of first priority are still appurtenant to lands high on 
streams. Early ditches were small and simply constructed 

to serve only one or two farms. Later when construction 
of diversion dams on the lower, wider streams and larger 
canals to serve expansive areas required cooperative effort, 
numerous mutual enterprises were organized. 

Federal irrigation projects were started in the area 
shortly after the Bureau of Reclamation was established 
by an act of Congress in 1902. The Uncompahgre proj
ect was the first Federal development authorized in this 
division. In 1912 the Grand Valley project was begun. 
Together, facilities of these projects served more than 100,-
000 acres or over 20 percent of the land irrigated in the 
Grand division. In 1938 the Bureau of Reclamation re
constructed the Fruitgrowers dam for storage of 4,600 
acre-feet of water. It replaces an old dam, built by the 
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irrigators in 1898, which was breached and failed during 
afloodinJune 1937. 

The neighboring San Juan River area in the Colorado 
River Basin receives water from the Dolores River. The 
exportation of surplus water eastward across the Conti
nental Divide was commenced in 1880 when the small 
Ewing ditch for placer mining was constructed from the 
head of Eagle River to . the Arkansas River watershed. 
Additional diversions either across mountain passes in 
canals or under them in tunnels followed. Construction 
has been started on other developments to take water out 
of the basin, including the Colorado-Big Thompson proj
ect of the Bureau of Reclamation. 

Sixteen hydroelectric plants with combined capacities 
of 49,717 kilowatts are operating in the Grand diversion 
at present. Largest is the 21,600-kilowatt Green Moun
tain plant, recently completed as a unit of the Colorado
Big Thompson project. The Shoshone plant of the Pub
lice Service Co. of Colorado, the second largest, has a ca
pacity of 14,400 kilowatts. Thirteen small stream and in
ternal combustion power plants have combined capacities 
of only 8,497 kilowatts. More power is generated than 
consumed in this area. Transmission lines carry large 
blocks of power over the mountains for use in eastern 
Colorado. 

The amount of water used for domestic, municipal, 
industrial, and stock-watering purposes is small in com~ 
parison with the available supply. The mountain streams 
and lakes are kept well stocked with fish, making the 
Grand division one of the most popular fishing and sum
mer recreational areas in theN ation. 

Present development of water resources is discussed in 
more detail under three subdivisions. 

Colorado River above Gunnison River.-The Colo
rado and its headwater tributaries above the Gunnison 
River irrigate 256,000 acres, and expansion of existing irri
gation facilities will bring water to 15,670 acres more, 
bringing to 271,670 acres the total area that will be irri
gated by diversions from the Colorado River above the 
Gunnison. 

Upstream from Palisade, 186,000 acres are irrigated, 
nearly 60 percent of which is in the mountain valleys 
above Glenwood Springs, where ditches are small, averag
ing 3 miles in length and 8 second-feet in capacity. Water 
is plentiful during most of the growing season, being 
heavily applied in amounts varying from 5 to 8 acre-feet 
an acre annually. From this irrigation there is a large 
return flow to the river. About one-fourth of the irri
gated land, however, suffers from the lack of water in late 
season. Supplemental water can be supplied in part by 
the construction of simple canals to divert water from 
larger streams, but storage in reservoirs will also be neces
sary. Expensive construction is prohibited by the low 
value of crops that are produced. Most land produces 
native grasses valued annually from $7 to $15 an acre. 
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Between Glenwood Sprin~ and Palisade the climate is 
suitable · for growing crops of higher value, such as fruits, 
vegetables, alfalfa, and sugar beets; consequently larger 
and more costly irrigation developments have been pos
sible. The irrigated lands, being on mesas higher than 
the river, are served almost entirely from tributary streams. 
Some storage reservoirs have been provided, but about 
half of the area irrigated is in need of an additional late-

·season water supply. From 3.5 to 5 acre-feet of water is 
applied annually to each acre. Return flow from irri
gation finds its way into the river channel and is usable 
for irrigation in Grand Valley and lower areas. 

In the Grand Valley, which begins at Palisade and ex
tends west almost to Utah, 70,000 acres are irrigated by 
diversions from Colorado River above its confluence with 
the Gunnison River, and 15,670 acres more will be reached 
with full expansion of existing irrigation systems. The 
Grand Valley Irrigation Co. built a 110-mile canal in 
1883 which serves 30,000 acres. Other smaller develop
ments followed. In 1912 the Bureau of Reclamation 
commenced construction of its Grand Valley project. 
With a diversion dam on the Colorado River 8 miles above 
Palisade, and a canal to serve lands above the existing 
Grand Valley Canal, this project now irrigates 40,000 
acres, including some lands irrigated before 1912 but now 
supplied from the project canal. Additional small acre
ages are being reclaimed each year. All irrigated lands 
in Grand Valley receive an adequate supply of water. 

Projects now in operation export about 96,000 acre-feet 
of water annually from the headwaters of the Colorado 
River across the Continental Divide to the South Platte 
and Arkansas Basins. Several of these projects, notably 
the Denver municipal system (Moffat tunnel) for diver
sion from Frazier River and its tributaries, have not yet 
been completed. Upon their completion average annual 
diversions will aggregate 197,000 acre-feet. A further 
exportation of 320,000 acre-feet to the Big Thompson 
River, a tributary of the South Platte, will be possible 
when the Bureau of Reclamation completes construction 
of the Colorado-Big Thompson project. This project will 
provide supplemental water for 615,000 acres of fertile 
farm land in northeastern Colorado, now. insufficiently 
irrigated. Power will be generated at the newly con
structed Green Mountain plant on Blue River, a tributary 
of the Colorado, and at five plants having combined heads 
of 2,800 feet to be constructed in the South Platte Basin. 
The Green Mountain Reservoir with a capacity of 154,600 
acre-feet will provide replacement storage for use in the 
Colorado River Basin when export diversions would other
wise reduce Colorado River flows below irrigation re
quirements and will also provide water for power 
generation. The Granby Reservoir of 546,400 acre-feet 
will impound water on the upper Colorado River. From 
it the water will be lifted an average of 130 feet to a canal 
leading to Shadow Mountain and Grand Lakes from 
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COLORADO RIVER DIVERSION DAM 
Bureau of Reclamation completed this dam in 1915 for Grand Valley Project 

GRAND VALLEY CANAL 
This 55-mile canal carries water to irrigate lands zn 

Grand Valley 

GRAND VALLEY POWER PLANT 
This plant will furnish necessary energy for pumping 

irrigation water 
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which the water will flow in the 13-mile newly driven 
Alva B. Adams tunnel through the Continental Divide, 
thence through five power plants eventually to be con
structed. Carter Lake, Horsetooth, and other reservoirs 
will regulate the water for irrigation. 

Gunnison River.-The Gunnison River and its tribu
taries, including North Fork and Uncompahgre River, 
irrigate 238,000 acres of fertile lands in west central Colo
rado. About 17,000 additional acres will be served when 
present enterprises are fully developed. 

Upstream from Sapinero, 61,600 acres are irrigated 
along the upper Gunnison River, where lands are high, the 
growing season is short, water is abundant, and crop 
values per acre are low. 
l Fertile soils, good air drainage, careful husbandry, and 
;extensive irrigation developments combine to make the 
lands along the North Fork River among the most produc
tive in the basin. To irrigate adequately the 56,200 
acres now under cultivation an annual diversion of from 
3.5 to 5 acre-feet of water for each acre would be required. 
Only about half of the land now irrigated has a full water 
supply. Reservoirs and canals have ,peen provided at 
relatively high cost. Some alterations in the present sys
tems and exchanges of water rights together with new con
struction will be required for maximum use of the avail
able wa.ter resources. 

In the valley of the Uncompahgre River 70,400 acres 
are irrigated by the Uncompahgre project of the Bureau 
of Reclamation, and an estimated 17,000 acres more will 
be added when lands that have been drained in recent 
years are placed in production. A 6-mile tunnel carries 
water diverted from the Gunnison River west to project 
lands. The natural flow of the river, supplemented when 
necessary by storage releases from the upstream Taylor 
Park Reservoir, provides a full water supply. 

Lesser tributaries of the Gunnison, including Cimarron 
Creek, Crystal Creek, Smith Fork, and Forked Tongue 
Creek irrigate substantial areas. These areas do not re
ceive an adequate supply, particularly in the late-growing 
season. Water is pumped from the lower Gunnison to 
about 3,100 acres of land in Grand Valley, southeast of 
Grand Junction. 

Three small ditches export water from the Gunnison 
River Basin across the Continental Divide to the Arkansas 
River and Rio Grande Basins. 

Colorado River between Gunnison and Green Rivers.
Little land is irrigated directly from the Colorado River 
between the Gunnison and Green Rivers, but tributary 
streams serve about 45,600 acres. More than 80 percent 
of these lands are within the Dolores River Basin and 
receive water from that stream and its tributaries. About 
100,000 acre-feet of water also are diverted westward 
from . the Dolores River to irrigate 30,000 acres of land 
in Montezuma Valley of the San Juan Basin, and 7,400 

THE COLORADO RIVER 

acre-feet are diverted from Lost Canyon, a tribGtary of 
the Dolores, to 4,600 acres in the Summit project: also in 
the San Juan Basin. 

Summary.-Present irrigation development in the 
Grand division is summarized in the -following :tables: 

TABLE XLII.-lrrigation reservoirs in the Grand division 1 

Reservoir 

Colorado River above 
Gunnison River 

Source of water 
Capaeity 

(acre
feet) 

'Qranby 2 _____ _____ _____ Colorado River_ ______ __ __ _ 546,400 
Williams Fork ___ __ __ ___ Williams Fork River_ _____ _ 3 6, 300 
Green Mountain __ ______ Blue River ____ _____ __ ___ _ 154,600 
Ivanhoe _______________ Ivanhoe Creek__ ____ _____ _ 1, 400' 
Missouri Heights _______ Cattle Creek________ ______ 2, 800 
Harvey Gap_______ _____ East Fork Rifle_____ ____ __ 4, 800 
Big Cre~k No. L- -- ---- Big Creek__ __ ___ _____ ____ 2, 700 
Big Creek No.3 ___ __________ do____ _____ ____ ______ 1, 800 
Big Creek No. 7 __ __ _____ ____ do___ _______ ____ ____ _ 1, 500 
Leon Lake ______ __ __ ___ Leon Creek____ __ __ ____ __ 3, 000 
Cottonwood Lake No. L Cottonwood.Creek ____ . ___ 2, 800 

Gunnison River Basirt ' 

Taylor Park_____ _______ Taylor River _____ _____ ___ . 106, 000 
Fruitland __ ______ ______ Crystal Creek__ ___ __ __ ___ _ 4, 800 
Overland_______ ____ ___ Cow Creek____ ___ ___ ___ __ 2, 600 
Fruitgrowers_ _ __ _ _ _ _ _ _ _ Surface and Currant Creeks_ 4, 600 
Park ___ ______________ _ Surface Creek____ _____ ___ _ 3, 200 
Eggleston Lake ___ __ __ __ Kiser Creek___________ ____ 2, 700 
Barron_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ __ do_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1, 000 
Deep Ward ______ _____ _ Ward Creek____ ____ _____ _ 1, 400 
Island Lake _____ ____ ___ _____ do____ __ ___ __ __ ____ __ 1,100 
Cedar Mesa__ ____ ___ __ Surface Creek___ _____ ___ __ 1, 000 

Colorado River between 
Gunnison and Green 
Rivers 

Lake Hope_______ ______ Lake Fork of San MigueL __ 
Trout Lake _________________ do __________ ____ ____ _ 
Lone Cone _____ _______ _ Naturita and Brewster 

Creeks. 
Gurley________________ _ Beaver Creek __ __________ _ 
Buckeye_______________ Deep and Geyser Creeks __ _ 
Ground Hog________ ___ Beaver, Little Fish, and 

Ground Hog Creeks. 

2, 300 
2, 740 
1, 830 

3, 200 
2,000 

22,000 

I Includes only reservoirs with capacities of more than 1,000 acre-feet; all reservoirs 
are in Colorado. 

' Authorized, dam not yet constructed. 
' Enlargement planned by city of Denver. 

TABLE XLIII.-Present irrigated areas in the Grand division 
by States 

Acres irrigated 
Subdivision 

Colorado Utah Total 

Colorado River above Gunnison River _______________________ ___ 
I 271,670 0 I 271,670 

Gunnison River ______ __________ ____ 2 255,000 02 255,000 
Colorado River between Gunnison 

and Green River ________________ 38,000 8, 000 46, 000 
----Total ______________________ 564,670 8,000 572, 670 

I Includes 15,670 acres to be irrigated from existing projects in Orand Valley. 
'Includes 17,000 acres o! new land to be irrigated under the Uncompahgre project. 
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TAYLOR PARK DAM IN COLORADO 
Reservoir releases supplement irrigation supplies for Uncompahgre project 

FISHING AT GREEN LAKES RESORT 
Sportsmen find excellent fishing in mountain streams and lakes 
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TABLE XLIV.-Estimated present average annual water 
consumption in Grand division 

Water consumed (acre-feet) 
Subdivision 

Colorado utah Total 
---

Colorado River above Gunnison River __________________________ 409, 000 0 409, 000 
Gunnison River ___________________ 367, 000 0 367, 000 
Colorado River between Gunnison 

and Green Rivers ________________ 65, 000 13, 000 78,000 
TotaL _____________________ 841, 000 13,000 1 854, 000 

1 Includes allowance for undeveloped lands under existing projects estimated at 
65,000 acre-feet. (See note following table XLIII.) 

TABLE XL V.-Estimated present average annual water 
exports from Grand division 

Acre-feet 

Exporting stream 1 Importing stream 
Present Future Total increase 2 

Colorado River ___ South Platte __ 54, 000 395, 000 449, 000 
Do __________ Arkansas _____ 42, 000 26, 000 68,000 

Gunnison River ___ _____ do _______ 300 0 300 Do __________ Rio Grande ___ 2,000 0 2,000 
TotaL _____ -------------- 98,300 421,000 3 519, 300 

1 All exportations to Colorado. 
'Future increase with full dewlopment of present and authorized projects. 
'Does not include 108,000 acre-feet diverted from Dolores River for use in San 

Juan area of Colorado River Basin. 

PoTENTIAL DEVELOPMENT oF WATER REsouRCEs 

Thirty-five potential projects for development of water 
resources in the Grand division are outlined. The irriga
tion of 224,000 acres of dry arable land and 160,220 acres 
of cultivated land lacking a full irrigation supply would be 
possible. 

Nine hydroelectric power plants with an aggregate in
stalled capacity of 288,000 kilowatts would be capable of 
producing nearly 1.6 billion kilowatt-hours of firm energy 
annually. Several other favorable power sites probably 
will be located when detailed surveys are made. 

Some of the projects would provide municipal and in
dustrial water supplies and recreational opportunities and 
in addition would'benefit fish and wildlife. 

Three additional projects would increase by 160,400 
acre-feet present diversions to the San Juan area in the 
Colorado River Basin. 

Possibilities exist for exporting annually an average of 
1,492,000 acre-feet across the Continental Divide to the 
Rio Grande, South Platte, and Arkansas Rivers. 

Potential projects are discussed under the three sub
divisions of the Grand division. 

Colorado River Basin above Gunnison River 

Of the 14 projects which would expand irrigation by 
diversion from the Colorado River above Grand Junction, 
3 are upstream from Glenwood Springs, 4 are in the Roar-
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ing Fork River area, and 7 divert from the main Colorado 
River or its tributaries between Glenwood Springs and the 
mouth of the Gunnison River. Two of these projects 
would increase power production. The water available 
for export from this subdivision would probably amount 
to 639,000 acre-feet. 

Troublesome project.-This project would serve lands 
located in Troublesome Creek Valley upstream from Glen
wood Springs and northeast of Kremmling, Colorado. 
Two dams, one to impound 7,500 acre-feet of water at 
the Rabbit Ear site on Troublesome Creek and another 
to store 9,000 acre-feet on East Troublesome Creek, to
gether with enlargement and extension of two service 
canals, would be required to provide water for irrigating 
3,600 acres now inadequately supplied and 6,800 acres 
of new land. With the farm lands all above an elevation 
of 7,000 feet, a short growing season would limit crops to 
native grasses. 

Muddy Creek project.-Muddy Creek flows south to 
join the Colorado River at Kremmling. Along its course 
are 2,520 acres of irrigated native grass land requiring 
supplemental water and 3,620 acres of irrigable land. A 
water supply could be provided by constructing a dam to 
store 7,000 acre-feet at the Barbers Basin site on Muddy 
Creek and a 17 -mile canal to carry water from the reser
voir to project lands. 

Gore Canyon project.-Below Kremmling, Colo., 
the Colorado River flows through Gore Canyon where it 
falls 360 feet in 5 miles. This drop could be used to gen
erate power by the construction of a low diversion dam at 
the head of the canyon and a tunnel to convey the water 
to a power plant at the lower end. Upstream regulation 
at the existing Green Mountain Reservoir on -the Blue 
River and at other reservoirs that might be provided to 
furnish replacement water for transmountain diversions 
would help smooth out natural flows for greater firm
power production. With an installed capacity of 30,000 
kilowatts, the plant would generate 1 77 million kilowatt
hours of firm energy annually. 

Fourmile project.-Located 8 miles southwest of Glen
wood Springs, this project would irrigate 500 acres of new 
land and 1,400 acres in need of supplemental water. Ex
isting ditches along Fourmile Creek, a tributary of Roar
ing Fork, could distribute the water, but a dam to store 
2,000 acre-feet of water at Fourmile No. 4 reservoir site 
on Fourmile Creek would be required. 

Cattle Creek project.-Only storage would need to be 
· provided to irrigate 900 acres of new land and to furnish 

5,500 acres with supplemental water. The lands are lo
cated along Cattle Creek, which flows westward to join 
Roaring Fork, 9 miles above Glenwood Springs. The off
stream Missouri Heights Reservoir of 2,800 acre-feet 
capacity could be enlarged to a capacity of 9,000 acre-feet 
and filled by an enlargment of its 2-mile feeder canal from 
Cattle Creek. 
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Capitol Creek project.-A new service canal 10 miles 
long would be required to bring water from Snowmass 
Creek to 2,000 acres of grass lands now insufficiently irri
gated from Capitol Creek. Both Snowmass and Capitol 
Creeks flow northeast and converge before joining Roar
ing Fork at Snowmass, 12 miles downstream from Aspen. 

Woody Creek project.-Two thousand acres of irri
gated land located near the junction of Woody Creek with 
Roaring Fork, 6 miles south of Aspen, could be furnished 
ample supplemental water by a new canal 13 miles long 
diverting from Roaring Fork at Aspen. Native grass is 
also the principal crop on these lands. 

Silt project.-First of five potential developments down
stream from Glenwood Spring, the Silt project would re
quire construction of a dam at the Rifle Gap site on Rifle 
Creek to provide storage for 10,000 acre-feet of water. 
Reservoir water would be released to present users from 
Rifle Creek and in exchange an equivalent amount from 
East Rifle Creek, a tributary, would be diverted southeast
ward through an improved Grass Valley Canal to supply 
1,100 acres of new land and 5,200 acres now partially 
irrigated near Silt, Colorado. 

West Divide project.-This project, located south 
across the Colorado River from the Silt project, would 
supply water to 400 acres of new land and 7, 700 acres 
now inadequately irrigated. A 7,000 acre-foot reservoir 
at the Haystack site on Middle Willow Creek would be 
provided but no new ditches would be required. 

Hunter Mesa project.-On Hunter Mesa, located 
southwest of Rifle, Colo., and immediately west of lands 
of the West Divide project are 4,700 acres of dry land and 
2,300 acres in need of supplemental water. An adequate 
water supply could be obtained from Buzzard Creek, a 
tributary of Plateau Creek, by means of a 10,000 acre-foot 
storage reservoir at the Owens Creek site on Buzzard 
Creek and a 27 -mile canal to carry water to the lands. 

Roan Creek project.-Along Roan Creek, which enters 
the Colorado River at Debeque, Colo., are 3,100 acres of 
irrigated land which could be furnished supplemental 
water by construction of a dam to impound 3,000 acre
feet of water. at the Carr Creek site on Carr Creek, a 
tributary. 

Collbran project.-In Plateau Valley in the vicinity of 
the towns of Collbran, Plateau City, and Mesa are 7, 100 
acres of new land and 18,900 acres irrigated with only a 
partial water supply. A 24,000 acre-foot reservoir at the 
Vega site on Plateau Creek, supplied by a 3-mile canal 
from Leon and Park Creeks, and two new distribution 
canals totaling 42 miles in length would provide water for 
these lands. An alternative plan would utilize part of the 
water for municipal purposes in the vicinity of Palisade, 
Grand Junction, and Fruita in Grand Valley. 

Grand Valley project extension.-Five thousand acres 
of arable land above the highline canal of the Grand Val
ley project near Grand Junction could be supplied irriga-
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tion water by pumping from the canal with lifts ranging 
from 32 to 125 feet. 

Cisco-Thompson project.-Scattered tracts of unde
veloped arable land extend from Thompson, Utah, east
ward across Grand County into Colorado. About 87,-
000 acres, of which all but 3,500 acres are in Utah, are 
situated below elevation4,975 feet. Wedged between the 
Green and Colorado Rivers but high above both streams, 
these lands present a difficult problem to irrigation planers. 
From a reconnaissance investigation a gravity diversion 
from the Colorado River appears most practicable. The 
canal would head about three miles upstream from the 
town of Grand Valley, Colo., and continue on the south 
side of the river for 34 miles; thence crossing the river by 
siphon it would continue through a 13-mile tunnel and 
140 miles of canal to the land, making its total length 
nearly 190 miles. High lands in Grand Valley could also 
be irrigated from this canal making unnecessary the pump
ing outlined in the Grand Valley project extension. Sum
mer flow of the river would be insufficient to supply both 
this project and irrigation demands in Grand Valley. To 
make up deficiencies in Grand Valley, replacement stor
age could be provided at the Whitewater site 6 miles above 
the mouth of the Gunnison River, where, without detailed 
surveys, it is estimated that a dam 200 feet high would 
impound 1 }'2 million acre-feet. The upper ·50 feet of 
storage would provide full stream regulation. With res
ervoir outlets 150 feet above the stream, a canal could 
run to the nortJleast, delivering water by gravity flow to 
the existing Grand Valley canal near Paliside, but a 
45-foot pump lift would be required to serve the Highline 
canal. Water released through an outlet in the west 
abutment of the Whitewater Dam would irrigate 4,700 
acres of land in the Redlands area south of Grand Junc
tion. Power could be generated under a minimum head of 
150 feet by release of surplus storage water from the reser
voir. The power plant would have an installed capacity 
of 18,000 kilowatts and the annual output would amount 
to 100 million kilowatt-hours. 

Colorado River-Yampa River diversion project.-By 
diverting surplus waters of the Colorado River at Kremm
ling, Colo., through a tunnel to the headwaters of the 
Yampa River, this project would substantially increase the 
power potentialities of the Yampa and Green Rivers 
(Green division) and reduce in a lesser amount the poten
tial power output of the Colorado River in the Grand 
division. It presents an alternative possibility and merits 
further study. 

Potential export diversions.-Surplus water of the Colo
rado River above the entry of the Gunnison River could 
be exported eastward across the Continental Divide for 
use in the South Platte and Arkansas River Basins. With 
adequate diversion works and replacement storage reser
voirs for supplying irrigation requirements in the Colo
rado River Basin, and either replacement water for power 
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generation or replacement-power for the Shoshone plant 
of the Public Service Co. of Colorado at Glenwood 
Springs, it is estimated that water would be available for 
export as follows: 

TABLE XLVI.-Potential export diversions from Colorado 
River above Gunnison River 

Estimated 
average annual 

Exporting stream Importing basin amount avail-

Eagle River and Piney Creek ____ South Platte __ _ _ 
Blue River ____ ______ _ ~ ___ _________ . do ___ __ ___ _ 
Williams River _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ do __ __ __ __ _ 
Frying Pan River ____ ____ ____ __ Arkansas _____ _ _ 
Crystal River ____ _______ __ _________ do ____ ___ _ _ 

TotaL ___ ___ _________ ___ . __ _ . __ . ___ . - _. _ 

Gunnison River 

able for export 
(acre-feet) 

160, 000 
290,000 
50,000 
64,000 
75,000 

639,000 

Future developments outlined for Gunnison River Basin 
include thirteen projects to irrigate 91,530 acres, produce 
176 million kilowatt-hours annually, and serve other pur
poses. Transmountain diversion projects would export 
853,000 acre-feet of water annually to the Rio Grande 
and Arkansas Rivers. 

Tomichi Creek project.-This project would bring into 
production 3,100 acres of arable dry land and provide 
supplemental water for 8,300 acres of partially irrigated 
grass lands along Tomichi Creek, extending upstream 
from Parlin, Colo., which is 10 miles southeast of Gunni
son. A 10,000 acre-foot reservoir at the Upper Tomichi 
Creek site and a 22-mile canal to reach part of the area 
would be required. In the event an export diversion 
project is constructed which would divert water from 
other tributaries of the Gunnison River into the Tomichi 
Creek Basin en route to the Arkansas Basin, a larger 
acreage in the Tomichi Creek Basin could be irrigated. 

Cochetopa Creek project.-Twenty-five miles south of 
Gunnison along Cochetopa Creek, a principal tributary of 
Tomichi Creek, are 3,900 acres of irrigable land and 4, 700 
acres of irrigated land requiring supplemental water: A 
full irrigation supply could be obtained for these lands 
with a 5,500 acre-foot reservoir at the Banana Ranch site 
on Cochetopa Creek and a 2,500 acre-foot reservoir at the 
McDonough site on Los Pinos Creek, a tributary. A new 
canal would also be required to reach part of the area. 

· 0 hio Creek project.-High lands along Ohio and Ante
lope Creeks north of Gunnison, Colo., suitable for growing 
native grasses would be irrigated by this project. About 
3,4 70 acres of new land would be furnished a full supply 
of water, and 11,300 acres in need of more water, a supple
mental supply. Two reservoirs would be required: Lake 
Brennan (capacity to be enlarged from 376 acre-feet to 
3,000 acre-feet) on Anthracite Creek, a tributary of 
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North Fork River, and Castle Creek (6,000 acre-feet 
capacity) on a tributary of Ohio Creek. A 2.5-mile canal 
to carry storage releases from Lake Brennan to Ohio Creek 
and canals to reach the new land would be needed. 

Lake Fork project.-On Lake Fork of the Gunnison 
River 2 miles south of Lake City, Colo., is a potential 
power site. The development would include a dam near 
the outlet of Lake San Cristobal creating a reservoir of 
29,800 acre-feet capacity and a conduit 2.85 miles long, 
connecting the reservoir with a power plant in Wade 
Gulch. Nearby on Henson Creek a low diversion dam at 
Hl.dden Treasure Mill would divert the flow into another 
conduit 2.45 miles long. The flow of both Lake Fork and 
Henson Creek would be available for power production 
under a static head of 308 feet. The power plant installed 
capacity would be 6,000 kilowatts and the annual firm 
production 12 million kilowatt-hours. 

Sapinero project.-Potential transmountain diversions 
from the headwaters of the Gunnison River would require 
a reservoir for re-regulation of the flow before it enters the 
Black Canyon of the Gunnison. A dam at a site near 
the mouth of Sapinero Creek could also be utilized for 
power production. A power plant could be constructed 
at the dam with an installed capacity of 18,000 kilowatts 
capable of producing 100 million kilowatt-hours each year. 

Fruitland Mesa project.-Crystal Creek, flowing south
west joins the Gunnison River about 4 miles upstream 
from the intake portal of the Gunnison Tunnel of the Un
compahgre Reclamation project. Its waters are diverted 
northward to lands on the Fruitland Mesa south and west 
of Crawford, Colo. An additional supply of about 35,-
000 acre-feet yearly could be brought to Crystal Creek 
from Curecanti and Sapinero Creeks to the east by means 
of 30 miles of canal and 3 miles of tunnel. · Stream regu
lation would be provided either in the basins of origin, on 
Crystal Creek, or by the enlargement of the existing Gould 
or Fruitland Reservoirs, supplied by a canal from Crystal 
Creek. A full water supply would be furnished 7,650 
acres of new land and 9,590 acres now irrigated would 
receive supplemental water. 

Smith Fork project.-Construction of a 4-mile feeder 
canal from Smith Fork to supply a 15,000 acre-foot reser
voir at the Grand View site south across the creek from 
Crawford, Colo., and the enlargement and extension of 
existing distribution canals would make possible the irri
gation of 4,230 acres of new land and provide supple
mental water to 9,220 acres now insufficiently irrigated, 
all in the vicinity of Crawford. 

Paonia project.-Construction of a dam to store 14,000 
acre-feet of water at the Spring Creek site on East Muddy 
Creek, a tributary of the North Fork of Gunnison River, 
and the enlargement of a 35-mile distribution canal would 
bring water to 2,000 acres of new land and' supplement 
present inadequate supplies for 12,700 acres located north 
of North Fork near Hotchkiss, Colo. This plan is a modi-
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fication of the Paonia project as previously authorized for 
construction. 

Minnesota project.-This project would require only a 
3,000 acre-foot reservoir at the Beaver site on Minnesota 
Creek to supply water to 2,600 acres of partially irrigated 
land and 200 acres of undeveloped land located south of 
North Fork River near Paonia. 

Leroux Creek project.-A reservoir with a capacity of 
10,000 acre-feet at the Castle site on Deaver Gulch sup
plied by a 1-mile canal from Leroux Creek would provide 
water for 3,900 acres of dry land located on Redlands 
Mesa north of North Fork River near its confluence with 
Gunnison River. A service canal 8 miles long would be 
required. 

Grand Mesa project.-Currant, Surface, and Tongue 
Creeks join the Gunnison River a few miles downstream 
from its confluence with the North Fork.· Surplus flows 
of these streams could provide supplemental water for 
18,200 acres of fertile land now irrigated and a full 
supply for 5,200 acres of good arable land. Construc
tion required would include a dam to store 12,000 acre
feet of water at the Gorsuch Reservoir site on Currant 
Creek, a 19-mile feeder canal, and a 20-mile distribution 
canal. In addition, Eggleston Lake on the headwaters 
of Forked Tongue Creek, which now stores 2,700 acre
feet, would be enlarged to store 3, 700 acre-feet. 

Ouray project.-The Uncompahgre River, a tributary 
of the Gunnison River, heads in the San Juan Mountains 
of southwestern Colorado and in the first 27 miles of its 
course falls 3,200 feet. 

The best power sites are in a canyon near Ouray, Colo. 
A few miles south of the town an earth dam could be 
constructed on Red Mountain Creek at Ironton Park 
creating a reservoir of 21,900 acre-feet to regulate the flow 
of the creek and to receive the flow of the Uncompahgre 
River diverted around the mountain side in a conduit. 

A power plant down the canyon would receive water 
from the reservoir under a head of 1, 130 feet. Below 
this plant the Uncompahgre River would be diverted to a 
second power plant at Ouray where a power head of 750 
feet could be utilized. The third and final stage of the 
power development would be a power plant below Ouray 
at Bachelor Switch with a head of 475 feet. The total 
installed capacity of the entire development would be 
16,000 kilowatts and the annual firm production 64 mil
lion kilowatt-hours. 

Regulated power water releases below the Bachelor 
Switch power plant could be diverted in summer for the 
irrigation of 9,330 acres of new land and 2,340 acres in 
need of supplemental water on Log Hill Mesa, northwest 
of Ridgeway, Colo. A diversion dam and a canal 37 
miles long would be required. The Ironton Park Reser
voir would also provide some flood control downstream in 
Uncompahgre Valley. 
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Redlands project.-Lands on the Redlands Mesa west 
of Grand Junction, Colo., are irrigated by pumping 
from the Gunnison River with lifts ranging from 100 to 
300 feet. An extension of present facilities within rea
sonable pump lifts would make possible the irrigation of 
1 ,600 acres of new land. 

Potential export diversions.-The Arkansas River Basin 
and to a small extent the Rio Grande Basin could receive 
water conveyed across the Continental Divide from head
waters of the Gunnison River. With works to collect and 
divert the water, including pumps with lifts up to 1,000 
feet, and reservoirs from which to replace water required 
for irrigation and power generation in the Colorado River 
Basin, the following exportations could be made: 

TABLE XLVII.-Potential Export Diversions from the 
Gunnison River 

Exporting stream Importing basin 

Estimated 
average quan
tity available 

for export 
annually 
(acre-feet) 

Gunnison River and tributaries Arkansas_______ 460, 000 
above Gunnison, Colo. 

Gunnison River and tributaries _____ do_________ 340, 000 
below Gunnison, Colo. 

Anthracite Creek ___________________ do_________ 40, 000 
Cebolla Creek _________________ Rio Grande_____ 13,000 

TotaL ________________________________ -I 853, 000 

Colorado River between Gunnison and Green Rivers 

Possibilities for irrigation development in this part of 
the basin include four projects along the Dolores River, 
principal tributary of the Colorado River in this area, 
and two along lesser tributaries. Two main stream power 
potentialities are also described. Power development 
possibilities are believed to exist on the Dolores River 
and its tributaries but have not been investigated. In 
addition, three diversion projects would benefit lands in 
the adjoining San Juan division of the Colorado River 
Basin. 

Saucer Valley project.-Disappointment Creek is the 
first stream to join Dolores River after it flows into San 
Miguel County. Along the creek are 1,300 acres of irri
gated land requiring supplemental water and 5,000 acres 
of undeveloped land in need of a full supply. This area 
could be served by a 14,000 acre-foot reservoir at the 
Custer site on Spring Creek with a feeder canal from Dis
appointment Creek. Two new service canals would also 
be required. 

Nucla project.-Supplemental water is needed for 
5,800 acres of irrigated land located north of San Miguel 
River near Nucla, Colo. A full supply of water could 
bring into production 5, 700 acres of dry land situated 
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northwest of the town. Water necessary for all of these 
lands could be provided by construction of dams to store 
20,000 acre-feet at the Finch site on Horsefly Creek and 
5,000 acre-feet at the Cottonwood site on Cottonwood 
Creek, and by enlargement and extension of the Colorado 
Cooperative canal. Both reservoirs would be on trib
utaries of the San Miguel River. Future water supply 
studies may show that water from these reservoirs could 
replace water from other tributaries now used on lands 
within the project area; thus releasing water from those 
tributaries for use on lands south of the river in the San 
Miguel project. 

San Miguel project.-A new aqueduct, heading on the 
south bank of the San Miguel River, 4 miles downstream 
from Vance Junction could continue west past Fall, Sal
tado, and Beaver Creeks to the Miramonte and Stone 
Cabin Reservoirs. The aqueduct could divert natural 
flows of intercepted streams, including some water now 
used near Nucla, providing replacement storage can be 
had at the future Finch and Cottonwood Reservoirs of the 
Nucla project. Miramonte Reservoir on Naturita Creek 
would have a capacity of 63,000 acre-feet. Water re
leased from Miramonte Reservoir would supplement 
present supplies for 14,100 acres and irrigate 33,900 acres 
of new land in the Dry Creek and Gypsum Creek Valleys 
and near Norwood and Redvale. Stone Cabin Reservoir 
to provide 12,000 acre-feet of storage capacity on Dry 
Creek cot1ld store natural and return flows of Dry Creek 
in addition to that supplied from the feeder canal for use 
on 7,000 acres of new land along East Paradox Creek. 
The Gurley Reservoir on Anderson Creek would be en
larged by 7,800 acre-feet to a total capacity of 11,000 
acre-feet and its existing feeder canal would be enlarged 
and extended to Fall Creek. The enlarged reservoir 
could serve the same area as Miramonte Reservoir. 

West Paradox project.-WestParadox Creek originates 
in Utah and flows southeast to join the Dolores River in 
Colorado. In its valley are 3,900 acres of irrigated land 
in need of supplemental water and 5,500 acres of arable 
dry land. At the present time high ditches bring water 
from nearby streams to West Paradox Basin where storage 
is provided at the 2,000 acre-foot Buckeye Reservoir. 
Full development would require present collecting ditches 
to be enlarged and extended to bring Taylor Creek into 
the system. The capaCity of Buckeye Reservoir would 
need to be increased frbm 2,000 to 9,500 acre-feet and a 
new service canal constrl!cted. 

Dewey project.-The Dewey Dam site is in Utah on the 
Colorado River 3 miles below the mouth of Dolores River 
and 16 miles southeast of Cisco, Utah. A dam to raise 
the present river water surface from an elevation of 4,085 
feet up to a maximum surface of 4,405 feet would create 
a reservoir with a total capacity of 8,200,000 acre-feet and 
an active capacity of 6,300,000 acre-feet. The reservoir 
would extend 55 miles up the Colorado River and 20 miles 
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up the Dolores River with 110 square miles of lake surface 
and a maximum width at the lower end of 12 miles. The 
Denver and Rio Grande Western Railroad and highways 
U S 50 and Utah 128 would be relocated out of the 
flooded area. The town of Cisco, population 53, lies en
tirely within the reservoir site but if relocated on the 
reservoir shore line and on both a railroad and a transcon
tinental highway, it should have ample opportunity to 
become a resort center. The development would be 
multiple purpose for silt retention, flood control, recrea
tion, hold-over storage for river regulation, and power 
production. A power plant at the dam would have an 
installed capacity of 140,000 kilowatts and could produce 
797 million kilowatt-hours of firm energy annually. 

Moab project.-A dam on the Colorado River, just 
above the hi&hway bridge on U S 160 at Moab, Utah, 
would back the river up to the Dewey Dam site. The 
present stream elevation at the site is 3,94 7 feet and the 
reservoir would have a surface elevation of 4,085 feet and 
a capacity of 183,000 acre-feet. The town of Moab 
would not be inundated. The power plant installed at 
the dam would have a capacity of 60,000 kilowatts and 
an annual firm production of 344 million kilowatt-hours. 
The development would be multiple purpose for silt re
tention, flood control, recreation, hold-over storage, and 
power development. 

Pack Creek project.-Along the lower channel of Mill 
Creek and continuing up Pack Creek, its tributary, is a 
10-mile strip of land which includes 3,150 acres of good 
soil. Only 1,950 acres, mostly in the downstream por
tion near Moab, Utah, are irrigated, and these require 
supplemental water some years. A reservoir of 3,000 
acre-feet capacity at a site on Mill Creek located just up
stream from the land could store water to supplement 
existing supplies for the lower portion of the strip and to 
replace Pack Creek flows which could then be used en
tirely on the upper part. Also by driving a tunnel 640 
feet through a ridge, Mill Creek flows above the reser
voir could be diverted to augment the water of Pack 
Creek in irrigating the upper lands. 

Hatch Creek project.-Hatch Creek, known also as 
Cain Spring Creek and Lockhard Creek, flows northwest 
and enters the Colorado River 12 air-line miles southwest 
of Moab. On two of its tributaries, Coyote and East 
Canyon Creeks, are two promising reservoir sites which 
have been surveyed by the State engineer of Utah. Below 
each site arc strips of undeveloped and unclassified land 
which are considered arable by local interests. Water 
supplies have not been determined but it is probable that 
8,500 acre-feet of water could be stored on Coyote Creek 
and 2,500 acre-feet on East Canyon Creek to supplement 
natural flows for irrigating about 4,000 acres of land. 

Potential diversions to San juan division.-Present 
diversions of water from the Dolores River to lands in the 
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San Juan River Basin, averaging 108,000 acre-feet an
nually could be increased 38,000 acre-feet by expansion 
of the existing Montezuma Valley project, and 120,600 
acre-feet by construction of the Dolores project, including 
a dam to impound 185,000 acre-feet at the McPhee site 
on the Dolores River. Reservoir losses would consume 
approximately 6,000 acre-feet, reducing actual delivery 
under the Dolores project to 114,600 acre-feet. 

These three projects are more fully described as poten
tial developments in the San Juan division. 

Summary 

The potential Blanding project would divert water 
from the head of Indian Creek, the lowest tributary of the 
Colorado River in the Grand division, to lands in the 
San Juan division. A 1-year record of stream flow 
( 1928) indicates that an annual diversion of 1,800 acre
feet might be made. 

The following tables summarize the plan for ulti
mate development of the Grand division, showing po
tential projects and their multiple purposes, estimated 
costs, potential reservoirs and their capacities·, new lands 
to be irrigated, areas to be furnished a supplemental sup
ply of irrigation water, potential diversions to the San 
Juan Basin in the Colorado River Basin, potential export 
diversions, and estimated amounts of water to be con
sumed and exported by States. 

TABLE XLVIII.-Potential projects in the Grand Division 

Subdivision and project 

Colorado River above Gunnison 
River 

Location of project Source o! water supply 

Troublesome_____ ________________ Colorado_______________ Troublesome Creek ______ ~ ________ _ 
~uddy Creek _________________________ do _________________ ~uddy Creek ____________________ _ 
Gore Canyon _________________________ .do_________________ Colorado River_ __________________ _ 
Fourmile ____________________________ .do________________ _ Fourmile Creek __________________ _ 
Cattle Creek _________________________ .do_________________ Cattle Creek _____________________ _ 
Capitol Creek ________________________ .do_______ ____ ______ Snowmass Creek. ________________ _ 
Woody Creek _________________________ do_________________ Roaring Fork ____________________ _ 
Silt ________ ______ __________ --- _____ .. do_________________ Rifle Creek ______________________ _ 
West Divide _________________________ .do________ _________ ~iddle Willow Creek _______ ______ _ 
Hunter ~esa _________________________ .do_________________ Buzzard Creek ___________________ _ 
Roan Creek___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ do__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Carr Creek ______________________ _ 
Collbran __ __ ___ __ __ __________________ .do_____ ___ __ ______ _ Plateau Creek _ __ _________ _______ _ 
Grand Valley Extension ________________ do_________________ Colorado River ___ _______________ _ 
Cisco-Thompson__________________ Utah and Colorado ___________ do.3 _________________________ _ 

Gunnison River 

Tomichi Creek___________________ Colorado_______________ Tomichi Creek ___________________ _ 
Cochetopa Creek ______________________ do _________________ Cochetopa Creek _________________ _ 
Ohio Creek ___________________________ do_________________ Anthracite, Castle Creek __________ _ 
Lake Fork ____________________________ do _________________ Lake Fork __ _____________________ _ 
Sapinero ______________________________ do_________________ Gunnison River __________________ _ 
Fruitland ~esa ____________ __ _________ do_________________ Curecante, Sapinero Creeks ________ _ 
Smith Fork ___________________________ do______________ ___ Smith Fork ______________________ _ 
Paonia _______________________________ do _________________ East ~uddy Creek and North Fork_ 
~innesota _____ ______ --- ______ _______ .do_ ________________ Minne~>ota Creek _________ . ________ _ 
Leroux Creek _________________________ do ____ ___ _______ ___ Leroux Creek __ __________________ _ 
Grand ~esa __________________________ do_________________ Currant, Surface, and Tongue Creeks_ 
Ouray ____________________ ___ _______ __ do_________________ Uncompahgre River ______________ _ 
Redlands ____________________________ .do_________________ Gunnison River __________________ _ 

Colorado River between Gunnison 
and Green Rivers 

Saucer Valley _________ __ ____ __ ________ . do_____ __ __________ Disappointment Creek __ __ ________ _ 
Nucla ________________________________ do ________________ _ Horsefly and Cottonwood Creeks ___ _ 

·San ~igueL ------.=- --- ------- - -- _____ do _________________ Anderson, Naturita, Dry Creek 
and San ~iguel River. 

West Paradox _________________________ do_______ ___ _______ West Paradox, Deep, and Geyser 
Creeks. 

Dewey ___________ _____ __________ Utah ___________________ Colorado River~- -- - ------ ---------
~oab ____ __________________ ____ ______ do ______________________ do ____ ____________ ___ _______ _ 
Pack Creek ___________________________ do_________________ Mill Creek _______________________ _ 
Hatch Creek ________________ _ . _______ .do_________________ Hatch Creek _____ ________________ _ 

Purpose to be I 
served 

I, F 
I, F 

p 
I, F 
I, F 

I 
I 

I, F 
I, F 
I, F 
I , F 

I, F, ~ 
I 

P, I, F, H, S 

I, F 
I, F 
I, F 
P,F 
P,F 
I, F 
I, F 
I, F 
I, F 
I, F 
I, F 

P, I, F 
I, F 

I, F 
I, F 
I, F 

I, F 

P,F,H,S 
P, F, H, S 

I, F 
I, F 

Estimated con
struction cost • 

$2,210,000 
500,000 

3, 800,000 
600,000 
430,000 
130,000 
170,000 

1, 320,000 
1,300,000 
1, 500,000 

610,000 
1, 940,000 

415,000 
34,240,000 

1, 860,000 
1,150,000 
1,080,000 
1,300,000 
7, 800,000 
3,500,000 
2,200,000 
1,400,000 

820,000 
2, 800,000 
1,920,000 
4, 100, 000 

367,000 

940,000 
1,500,000 
6, 590, 000 

640, 000 

38,000,000 
9, 900, 000 

775,000 
400,000 

TotaL _____ . ________ -. ___ . ____ . _______ __ _ .. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 138, 207, 000 

1 Symbols used: !=irrigation, P=power, F=fiood control, S=silt retention, H=hold-over storage lor river regulation, M=municipal supply. 
'Preliminary estimates based on construction costs of Jan. 1, 1940. 
' Hall the water required for this project would be diverted from the Gunnison River by exchange. 
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TABLE XLIX.-Potential reservoirs in the Grand division 1 

Subdivision and name of site Source of water supply Project served 

Colorado River above Gunnison River 

Rabbit Ear_________ _____ _________________ Troublesome Creek ___ _________ __ ________ Troublesome ____ __ ___ __ _ 
East Troublesome___ _________ _ _ _ _ _ _ _ _ _ _ _ _ _ East Troublesome _____ ________ ___________ __ __ do ___________ _____ _ 
Barbers Basin________ _______ ________ ___ __ Muddy Creek_____ ___ ___________________ Muddy Creek ___ _______ _ 
Fourmile No. 4 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Fourmile Creek_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Fourmile ____________ __ _ 
Missouri Heights enlargement_ ___ __________ Cattle Creek ___ ______ ___________________ Cattle Creek _________ __ _ 
Rifle Gap_______ ____ __________ ______ _____ Rifle Creek____ ____ ______________ _______ Silt _________________ __ _ 
Haystack___ _____ _____________ _________ __ Middle Willow Creek_________ ___________ West Divide _____ ____ __ _ 
Owens Creek_______ ______ ___ ________ _____ Buzzard Creek_ ____ ___________ __ ___ _____ Hunter Mesa ___ __ _____ _ 
Carr Creek__________ ________ _______ ______ Carr Creek_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Roan Creek _______ _____ _ 
Vega ____________ ___ ______ _____ __________ Plateau Creek __ _____ ___________ _________ Collbran __________ ____ _ 

Gunnison River 
TomichL _ _ _ ______ __ __ ___ _ __ __ _ _ __ __ ____ _ Tomichi Creek ________________ __________ TomichL ______________ _ 
Banana Ranch_________ ___________________ Cochetopa Creek_____ ___________________ Cochetopa _____________ _ 
McDonough__________ ________ _____ _______ Los Pinos Creek _____________________ _________ do ________________ _ 
Lake Brennan enlargement ______________ ___ Anthracite Creek-- - ---------- - --- - - ~ - - - - Ohio Creek ________ ____ _ 
Castle Creek_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Castle Creek ___ __ ______________ _________ _____ do _________ __ _____ _ 
Lake San CristobaL _______ _______ _________ Lake Fork River __ ___________ ___________ Lake Fork _____ ___ _____ _ 
Sapinero _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Gunnison River_ _________ ___ _ _ _ _ _ _ _ _ _ _ _ _ Sapinero ________ ______ _ 
Grand View______ _________ ________ _ _ _ _ _ _ _ Smith Fork Creek_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Smith Fork ____ _______ _ _ 
Spring Creek_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ East Muddy Creek____________ _________ _ Paonia __________ ______ _ 
Beaver __________ _________________________ Minnesota Creek ___ _____________________ Minnesota _________ ____ _ 
Castle_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Leroux Creek______ __ ______________ _____ Leroux ____________ ____ _ 
Gorsuch ___________ _________ _____________ Surface, Tongue and Currant Creeks ___ ____ Grand Mesa _____ ______ _ 
Eggleston enlargement__________ ___________ Surface Creek _________ ---~- ___ ______ _____ ____ do ________________ _ 
Ironton Park_____ __ ______ ________________ Uncompahgre River_________________ ____ Ouray _______________ __ _ 
Whitewater__________ ______ ______________ Gunnison River_ _______________ ________ _ Cisco-Thompson ____ ___ _ 

Colorado River between Gunnison and Green 
River 

Custer____________ _____ ________ _______ ___ Disappointment Creek_________ __________ Saucer Valley __________ _ 
Finch____________ _______________ _________ Horsefly Creek________________ __________ Nucla _________________ _ 
Cottonwood____ _________________ ____ _____ Cottonwood Creek ______ _________ ____ _________ do ________________ _ 
Gurley enlargement_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Anderson Creek _____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ San MigueL ____ __ ____ _ _ 
Miramonte__________ _____ _____ ___________ Naturita Creek _______________________ _______ _ do ___ --- ____ _ -- ___ _ 
Stone Cabin_____ ________________ _________ Dry Creek ______ _________________ ____________ do _______ - __ -- _- __ _ 
Buckeye enlargement_ ___ _____________ _____ Deep and Geyser Creeks _______ _____ ____ _ West Paradox ___ __ _____ _ 
Dewey___________ ____ ___ __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ Colorado River________________ ____ ______ Dewey ________________ _ 
Moab ________________ ____________________ Colorado __________ ___ ________ __________ Moab _________________ _ 
Mill Creek_______ ____ ________ ____________ Mill Creek____ _________ ________ __ _______ Pack Creek _______ _____ _ 
Coyote ______________ ____________ ________ Coyote _______________________ __________ Hatch Creek ___________ _ 
East Canyon__________ __ _________________ East Canyon Creek ________________ ___________ do ____________ ____ _ 
McPhee 2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Dolores River___ ___________________ ____ _ Dolores ________ __ _____ _ 

Total capacity 
(acre·feet) 

7,500 
9,000 
7, 000 
2,000 
9,000 

10,000 
7,000 

10,000 
3,000 

24,000 

10,000 
5,500 
2, 500 
3, 000 
6,000 

29,800 
200,000 

15,000 
14,000 
3,000 

10,000 
12,000 
3, 700 

21,900 
1,500,000 

14,000 
20,000 
5,000 

11,000 
63,000 
12,000 
9,500 

8,200,000 
183,000 

3,000 
8,500 
2, 500 

185,000 

TotaL _____ ___ ___ ____________________ ____ ______ __ ___ ___________________________________________ ___ -1 10, 641, 400 

1 Does not include reservoirs for potential export diversions. 'Water diverted to San Juan Basin within Colorado River Basin. 
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TABLE L,...,....Potential irrigation development in the Grand division 

Area to be benefited (acres) 

State 

New land I s!,~~~::,~~~al\ Total 
water 

Subdivision and project 

-------------------------------------- ---------------------------------------- --------
Colorado River above Gunnison River Troublesome __ ___ __ ___ ____ __ _______ _____ ______ ____ ___ _____ ______ ___ Colorado ______ ____ _ 

~uddy Creek _____ __ __ ___ _____ _____ _____ ___ __ ___ ______ ____ ____ _____ _____ do ________ ___ _ _ 
Fourmile ________ ___ _____ _________ ____ ______ ____ ____ __ ___ _____ ____ _ _____ do: _____ ______ _ 
Cattle Creek ____ ____ __ ___ _____ ____ ____ ______ ____ ______ ____ ____ ____ _ ____ _ do ______ _____ _ _ 
Capitol Creek ___ __ _______ ____ ____ __ ___ ______ __ ___ ____ __ ________ ____ ___ __ do ______ ______ _ 
VVoody Creek ____ __ __ __ ____ ______ ___ ___ __ _____ ____ ____ _____ _____ ___ __ __ __ do ______ __ ___ _ _ 
Silt ________ ______ ____ ____ ______ __ ____ _____ ____ ____ __ ____ ____ __ ___ __ __ __ do ___ ____ __ ___ _ 
VVestDivide _____ ___ __ __ ____ _______ ___ ______ ____ _____ _____ ______ __ ______ do ____ __ _____ _ _ 
IIunter ~esa _____ ________ ____ ______ ___ ______ __ _____ ___ __ ___ ____ ____ ____ _ do ___ __ ___ ____ _ 
Roan Creek _______ ____ ____ ____ __ __ __ __ _______ __ ______ ______ · ____ ____ _____ do ___ ____ _____ _ 
Collbran ___ ______ ___ _____ ______ ____ ___ ___ ___ ____ ______ ____ ____ ___ ______ _ do ______ ____ __ _ 
Grand Valley extension __ ____ ________ ___ ______ _____ ______ ________ _____ __ __ do ______ __ __ __ _ 

6, 800 3, 600 
3, 620 2, 520 

500 1, 400 
900 5, 500 

0 2,000 
0 2,000 

1, 100 5,200 
400 7, 700 

4, 700 2,300 
0 3, 100 

7, 100 18, 900 
5, 000 0 

Cisco-Thompson ___ ______ ____ ____ ___ ______ ____ ____ ____ _____ ____ ____ _ Colorado and Utah __ 87,000 0 
Subtotal ______ ___ ___ ________ ___ ________ ___ _____ ______ : ______ _ ____ ___ __ _____ ___ __ _ 117, 120 54,220 

Gunnison River 
Tomichi Creek_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Colorado ______ ____ _ 
Cochetopa Creek ______ ___ _____ ____ ____ _____ __ __ ______ _____ ____ ______ ___ _ do __ ___ __ _____ _ 3, 100 8, 300 

3, 900 4, 700 Ohio Creek _____ ____ _____ ___ ____ __ __ ____ ___ __ _________ ____ __ __ ____ ___ ___ do ______ ____ __ _ 3,470 11,300 
Fruitland ~esa ___ ___ ___ __ _____ _____ __ _______ ____ ______ ____ ____ __ ________ do ______ __ ____ _ 
Smith Fork_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ __ do _____ __ ____ _ _ 
Paonia ___ ~- - ----- - - -- ---- - - ---- -- - ---- - --- -- - -- - --- - - - -- - - - - -- - - - - ____ _ do ___ _____ ____ _ 
~innesota ___ ___ __ _____ ____ _______ _____ ____ __ ____ _____ ____ ____ __ ___ - -~ -- do ______ __ ____ _ 
Leroux Creek ____ ___ _______ ___ _____ _________ __ _________ ____ ____ ____ _____ do __ _____ ___ __ _ 

7, 650 9, 590 
4, 230 9,220 
2,000 12, 700 

200 2, 600 
3, 900 0 Grand ~esa ______ ____ ____ ____ ____ __ __ _______ ___ _____ ___ ___ ____ ____ ____ _ do ___ _____ ____ _ 

Ouray __ ____ __ __ __ __ ______ ____ • __ ________ __ __ ______ ___ ____ ____ ___ ___ ___ _ do ________ __ __ _ 5, 200 18,200 
9, 330 2, 340 Redlands _______ ____ ___ ___ ____ ___ ___________ ___ ___ ____ ____ ___ ____ ___ . __ __ do ______ ____ __ _ 1, 600 0 

Subtotal ____ __ ______ __ _______ _____ ___ __ ____ _____ ___ _____ __ _______ _____ ____ ____ __ _ 44, 580 78, 950 

Colorado River between. Gunnison and Green River 

Saucer Valley_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Colorado __ ____ ____ _ 5,000 1, 300 Nucla ______ _____ ___ __ ____ ______ ____ ____ ____ __ ______ ______ ________ _ _____ do ______ __ ____ _ 
San ~iguel __ _____ _ ~- - ---- - - -- ------ -- ------- - -- - ------- - -- ----- --- ____ _ do ___ __ ___ ____ _ VVest Paradox ___ __ __ _____ ___ _______ _____ ___ __ _____ ____ ____ _____ ____ ____ _ do ___ ____ ___ __ _ 

5, 700 5, 800 
40, 900 14, 100 

5, 500 3, 900 Pack Creek _____ __ ______ _____ _________ ___ ___ __ __ ______ __ ______ ____ _ Utah ____ ___ ___ ____ _ 
IIatch Creek ______ ____ ___ _____ ____ ____ ___ __ __ ___ ___ __ ______ ____ ____ _____ do ___ _____ ____ _ 

1, 200 1, 950 
4,000 0 

Subtotal ___ ___ _______ _______ __ ___ _______ ____ ____ ____ ____ ____ _____ _____ ____ _____ _ _ 62, 300 27,050 
1====1 

Total----- - - - ----- - - - ----~-- - -- - - - ----- ---- ---- -- - -- --- -- - - ---- - - - - - - ---- ---- -- - 224, 000 160, 220 

TABLE LI.--Potential irrigation development zn the Grand division by States. 

Area to be benefited (acres) 

State and subdivision 

Colorado 
Colorado River above Gunnison River_ ___ ______ __ ______ __ ________ ________ _________ _ _ 
Gunnison River ______ ______ ____ ____ __ ____ ____ __ ___ ___ __ _______ __ ________ ____ ____ _ _ 
Colorado River between Gunnison and Green Rivers _____ __ ____ ___ _____ __ __ __ __ ______ _ 

Subtotal ____ __ __ ____ ____ ____ ____ _____ ___ _______ _____ ___ ___ __ __ __ ____ ______ _ 

Utah 
Colorado River above Gunnison River_ __ ______ ___ __ _____ _____ ___ __ _____ ___ __ ____ __ _ _ 
Colorado .. River between Gunnison and Green Rivers _______ ____ ____ ______ __ __ ____ ____ _ 

Subtotal ___________ _____ ______ ____ __ ______ __ __ __ ________ _________ ________ _ _ 

New land 

33, 620 
44, 580 
57, 100 

135, 300 

83, 500 
5,200 

88, 700 

Furnished sup
plemental water 

54, 220 
78, 950 
25, 100 

158, 270 

0 
1,950 

1, 950 

10,400 
6, 140 
1,900 
6,400 
2,000 
2,000 
6,300 
8, 100 
7, 000 
3, 100 

26,000 
5,000 

87,000 

171,340 

11,400 
8, 600 

14, 770 
17,240 
13,450 
14, 700 
2, 800 
3, 900 

23, 400 
11, 670 
1,600 

123, 530 

6,300 
11, 500 
55,000 

9,400 
3, 150 
4,000 

89,350 

384, 220 

Total 

87, 840 
123, 530 
82,200 

293,570 

83, 500 
7, 150 

90, 650 
1=======,1========1======== Total _____ ____ __ __ __ __ ____ __ __ ___ __ ___ ____ __ ___ ____ ________ ___ ___ _____ ____ _ 224, 000 160, 220 384,220 

709515--46----10 
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TABLE LII.-Potential power development in the Grand division 

R iver basin and project State 

Colorado River 

Stream 
Power plant in· 
stalled capacity 

(kilowatts) 

Annual firm gener
ation (kilowatt
hours) 

Gore Canyon___________ ___ __ ____ ___ Colorado__ __ ___ __ ______ Colorado River ______ ___________ _ 30,000 
140,000 
60,000 

177,000,000 
797,000, 000 
344,000,000 

Dewey__ ________ ____ ___ _______ __ __ Utah _______ ___ ___________ __ .do _____________ _______ __ __ _ 
Moab __ ------- _____ ___ _________ ___ _____ do ____ ____ __ · ____________ do _______ ____ __ ___ ------ ~ --

Gunnison River 
Lake Fork ____ _________ _____ __ __ ___ Colorado _____ __________ Lake Fork _____ ____ __ ___ ___ ____ _ 6,000 

18,000 
16,000 
18,000 

12,000,000 
100, 000, 000 

64,000,000 
100,000,000 

Sapinero _____ ___ _____ ___ ________ ______ __ do__ ____ ___________ Gunnison River. __ _____ __ __ ____ _ 
Ouray (3 plants) _____ ____________ ___ _____ do_ ___ __ __ ____ __ ___ Uncompahgre _____ ~ - - ________ __ _ 
Cisco-Thompson ____ ___ __________ __ __ ____ do__________ __ __ ___ Gunnison _______________ _____ __ _ 

1--------1-----------
TotaL ______ ____ _________ ___ ___ ___ - - - __ - - __ - - __ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 288,000 1,594,000,000 

TABLE LIIJ.-Potential diversions to the San Juan 
division 

Estimated 
average an· 

Project State served nual amount 
available for 
expert (acre-

feet) 

Montezuma Valley extension _____ Colorado. ______ 38,000 
Dolores ___________ _____ ______ __ Colorado and 1 120, 600 

Utah. 
Blanding ____________ ___________ Utah ___________ 1,800 

----
TotaL ____________ _______ ---------------- 160.400 

1 Includes 6,000 acre-feet evaporation from McPhee Reservoir. 

TABLE LIV.-Potential export diversions from the Grand 
division 1 

Exporting stream Im perting ~as in 

Colorado River above Gunnison South Platte ___ _ 
River. 

Do ________________________ Arkansas ______ _ 
Gunnison River ______________________ do __ ___ ___ _ 

Do________________________ Rio Grande __ __ _ 

Estimated 
average an

nual amount 
available for 
expert (acre-

feet) 

.500, 000 

139,000 
840, 000 

13,000 

TotaL ____ ______________________________ I, 492, 000 

1 For usc in Colorado outside Colorado River Basin. 

TABLE L V.-Present and potential stream depletions in the Grand division 

State and subdivision 

----~--------------·--------------

Colorado 

Colorado River above Gunnison River ______________________ 
Gunnison __ _____ _________________________________________ 
Colorado River between Gunnison and Green Rivers __________ 

Subtotal ___________________________________________ 

Utah 

Colorado River above Gunnison River ______________________ 
Gunnison River _____________________________________ ~ ____ 
Colorado River between Gunnison and Green Rivers _________ _ 

Subtotal ______________ ____________________________ _ 

TotaL __________ ____ -_______________ ---------------

1 Includ"s 33,000 acre-feet expected to be consumed through expansion of existmg 
projects in Grand Valley · 

'Includes 421,000 acre-feet expected to be exported through completion and expar. 
sion of existing projects. 

Estlmated average annual depl~tion (acre-feet) 

Present depletion Potential increa.o;e 
Total ultimate 

Consumed in 
basin 

Experted Consumed in 
basin 

Experted depletion 

-------

I 409,000 2 517,000 72,000 639,000 1,637, 000 
8 367,000 2,300 104,000 853,000 1,326, 300 

65,000 4 108,000 119, 000 4 136,000 428,000 

841,000 627,300 295,000 1, 628,000 3,391,300 

0 0 88,000 0 88,000 
0 0 88,000 0 88,000 

13,000 0 10,000 4 24,400 47,400 

13,000 0 186,000 24,400 223,400 

854,000 627,300 481,000 1, 652,400 s 3, 614, 700 

' Includes 32,000 acre-feet expected to be consumed through expansion of the U n
compahgre project. 

• Dive.rted to San Juan division within the Colorado River Basin. 
' The Grand division will share also in the depletion of 500,000 acre-feet annually 

allowed for pasture irrigation in the Upper Basin. 
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San juan Division of the Colorado River Basin ··' " 

San juan Division 

Deeply entrenched in a plateau area the Col6rado 
River meanders southwestward for 220 miles from the 
mouth of the Green River to Lee Ferry, an air-line dis
tance of 130 miles. The main tributary to this section 
of the stream is the San: Juan River, entering from the 
east about 80 miles upstream from Lee Ferry. Three 
small rivers, Fremont, Escalante, and Paria, designated as 
Western Tributaries, join the Colorado River from the 
west. The division is roughly rectangular in shape, av
eraging 300 miles long east and west, and 130 miles wide 

north and south. Its 39,000 square miles, an area al
most as large as Ohio, are 43 percent in Utah, 25 percent 
in New Mexico, 17 percent in Arizona, and 15 percent 
in ·Colorado. · .· 

The division includes some mountainous areas where 
precipitation is heavy and vast stretches of desert plateau. 
Although it contains 35 percent of the land in the Upper 
Basin it contributes only· 20 percent of the Colorado River 
flow at Lee Fercy. 

Recorded flows of streams within the division for the 
long-time period of record and the critically dry decade 
( 1931-40) appear in the .following table; 
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TABLE LVI.-Average annual stream flows in the San Juan 
division 

Station Period of 
record 

A Yerage annual flow 
(acre-feet) 

For period For 1931-
of record 1940 period 

------------------- ---- - - - --------
San Juan River at Ross, N. 

~1ex __ _____ ____ ____ ______ _ 
Pine River at Ignacio, Colo ___ _ 
San Juan River near Blanco, 

N. Mex ___ _________ ___ c __ _ 

Animas River at Farmington, 
N. Mex_ ___ ____ __ __ ______ _ 

San Juan River at Farmington, 
N . Mex _______ ______ ___ __ _ 

San .Juan River at Shiprock, N. Mex __________________ _ 
San Juan River near Bluff, 

1921-43. 897, 000 783, 000 
1911-43 1 271,000 184,000 

1929-43 1,137,000 998,000 

1905-43 1 763, 000 532, 000 

1905-'l3 1 2,000,000 1. 623, 000 

1917-43 I 2,100,000 1, 745,000 

25,000 

Utah _______ ____ __ ________ _ 

Psria River at Lees Ferry, 
Ariz_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1924-43 

1916--43 I 2,140,000 1, 659, 000 

26,000 

t Records incomplete. 

Streams originating in the mountains are almost the 
only source of water for present and potential develop
ments within the division. They are fed mostly by melt
ing snow and consequently the greater portion of the 
run-off is in the spring, usually during the months of May, 
June, and July. Stream flows decrease rapidly after the 
spring floods and usually are lowest during the latter part 
of July and in August. With few exceptions these low 
summer flows are now fully utilized and future irrigation 
expansion is largely dependent on storage of winter and 
flood season run-off. 

Water in the mountain streams is of good quality and 
has been used for irrigation from 40 to 60 years. Little 
silt is carried by streams above the irrigated areas except 
after heavy rains. Below Blanco, N. Mex., the silt. load 
of the San Juan River becomes heavy and is contributed 
mainly by intermittent tributaries draining the desert area 
to the south. Floods from summer cloudbursts discharge 
silt laden torrents into the San Juan River, which in turn 
delivers to the Colorado River a large portion of the silt 
that plagues downstream developments. In like man
ner, Fremont, Escalante, _ and Paria Rivers pick up silt 
from desert and badland areas during torrential rains. 

PRESENT DEVELOPMENT OF wATER RESOURCES 

The present development of water resources in the 
San Juan division has made possible the irrigation of 
214,000 acres of land. Domestic, municipal, and stock
watering uses; although important, consume small quan
tities of water. , Some water is used to generate power at 
five small hydroelectric plants, having combined installed 
cap-acities of 5,100 kilowatts, but is later reused down
stream for irrigation. 

San juan River Basin.-Most sections of agricultural 
importance were once included in Indian reservations, 
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and substantial areas are still under Indian control. 
United States, however, purchased 3 million acres 
from the Indians in 1873 and in 1899 opened to white 
settlers reservation lands unoccupied by Indians. Some 
Indian allotted lands have been purchased by individual 
whites. 

Between 20,000 and 30,000 acres of Indian lands are 
now irrigated, the area varying with the seasonal water 
supply. These lands are widely scattered among numer
ous projects and are served by Government-built canals. 
Water storage capacity of 36;ooo acre-feet is provided 
by seven of the larger Indian reservoirs built for use on 
Indian lands. Some Indian lands also receive water 
from the Vallecito Reservoir of the Pine River project, 
constructed by the Bureau of Reclamation. 

Most white-owned irrigated lands in the San Juan 
Basin are reached by the hundreds of canals and ditches 
built by individual enterprise or group cooperation. The 
Montezuma Valley projects is the largest development. 
It brings natural flow from the Dolores River in the 
Grand division and storage from the 22,000 acre-foot 
Ground Hog Reservoir on that stream to 32,300 acres 
in the McElmo Creek drainage area of the San Juan 
Basin. The Narraguinnep Reservoir stores 9,300 acre
feet of water thus diverted near the irrigated land. Lost 
Canyon Creek, a tributary of the Dolores River, also pro
vides water for 4,600 acres at the head of McElmo Creek, 
with storage provided in three small reservoirs. 

In 1941 the Bureau of Reclamation substantially com
pleted construction of Vallecito Dam to store 126,300 
acre-feet of water on Pine River. The stored water is 
now being used in part to supplement natural flows on 
lands under existing canals. Full use will require the 
extension and rehabilitation of these canals to irrigate new 
lands. The Bureau is now building a dam on Jackson 
Gulch, supplied by a feeder-canal from West Mancos 
River, to provide reservoir capacity for storing 10,000 
acre-feet of water to supplement the supply for 10,000 
acres now irrigated from the Mancos River and tribu
taries, and for domestic use at Mesa Verde National Park. 

Water resources have been developed to irrigate 184,-
000 acres in the San Juan River Basin as follows: 

San Juan River __________________________________ _ 

Piedra River---------------------------------~---Rio Blanco _____________________________________ _ 
Navajo River ___________________________________ _ 
Pine River _____________________________________ _ 
Florida River ___________________________________ _ 

Animas River-------------------------------------La Plata River_ _______________ :, __________________ _ 

Mancos River-------·-----------------------------McElmo Creek __________________________________ _ 
Montezuma, Recapture, and Cottonwood Creeks_ ______ _ 
Chinle Creek and Chaco River ______________________ _ 

Acres 
18, 250 
4,000 
1, 150 
2,000 

33, 100 
13, 800 
21, 700 
24, 700 
10, 000 
38,000 

7, 300 
10, 000 

Total-------------~----------------------- 184,000 

Except for the Pine River and McElmo Creek areas 
these lands usually suffer serious late-season water short-
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VALLECITO DAM 
Vallecito Dam on Pine River was completed by · Bureau of R eclamation in 1941 

VALLECITO RESERVOIR 
Colorado's high San. juan Mountains provide a picturesque setting for Vallecito Reservoir 
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ages. The Mancos. River area will be fully supplied upon 
completion of construction now under way. 

Several small ditches divert annually an average of 
about 4,000 acre-feet of water from the San Juan River 
Basin to the Rio Grande Basin. Authorized for construc
tion by the Bureau of Reclamation as a part of the San 
Luis Valley project is the Weminuche Pass diversion, 
whereby an open canal from the headwaters of Pine River 
will divert an average of 21,000 acre-feet annually into 
the Rio Grande Basin. Replacement storage will be re
quired to protect future developments in the San Juan 
Basin. 

The Western Colorado Power Co's. 4,500-kilowatt 
Tacoma plant located on the Animas River 20 miles 
above Durango generates most of the electric energy pro
duced in the San Juan River Basin. Stream flow through 
the plant is regulated by the off-stream Electra Lake 
Reservoir of 21,000 acre-feet capacity, supplied from 
Cascade and Elbert Creeks. Three other hydroelectric 
plants in the basin have capacities totaling only 450 kilo
watts. 

Western Tributaries.-In this area about 30,000 acres 
are irrigated, qf _whi<;:h 14,600 acres are served from Fre
mont River; s';QOO'\~'cres from Muddy River, ·a tributary 
of the Fremont; 4,400 acres from Escalante River; and 
3,000 acres from Paria River. A minor diversion from 
the Sevier River in the Bonneville Basin to Paria River 
lands is the only importation of water into the Colorado 
River Basin. Nearly all canals, ditches, and reservoirs 
have been constructed by individual or community en
terprise. The four largest reservoirs are on the Fremont 
River and have combined capacities of 14,400 acre-feet. 
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Several smaller reservoirs are distributed throughout the 
area, but there is insufficient stored water to supply the 
late-season demands of most lands. 

Hydroelectric power is generated at only one small 
plant in this area having an installed capacity of 150 kilo
watts. This plant, supplemented by a small diesel in
stallation, provides energy for the upper Fremont River 
area. Most other populated areas are served with elec
tricity transmitted from ad joining regions. 

Summary.-Present irrigation developments in the San 
Juan division are summarized in the following tables 
which show the larger reservoirs, irrigated areas; esti
mated consumption of water in the division, water im
ported into the division, and water exported from the di
vision to adjacent basins. 

PoTENTIAL DEVELOPMENT OF WATER RESOURCES 

Control and use of present surplus flows of the San 
Juan division and diversion of an average of 154,400 
acre-feet annually from the Grand division could bring 
a full irrigation supply to 367,160 acres of arable dry 
land arid supplemental water to 73,220 acres now inade
quately irrigated. With an installed capacity of 965,000 
kilowatts potential power plants in the division could 
produce 5,115,000,000 kilowatt-hours of firm energy an
nually. Most all developments would provide, in some 
degree, other benefits for flood and silt control, recrea
tion, and propagation of fish and wildlife. 

Potential transmountain diversions to the Sevier River 
and Rio Grande Basins would export annually an average 

TABLE L VII.--Reservoirs in the San Juan division 1 

Subdivision and reservoir Source of water supply State 

San Juan River Basin 
Vallecito_________________________________ Pine River__________________________________ Colorado __________ _ _ 
Electra Lake---"--________________________ Cascade and Elbert Creeks ___________________ ______ do __________ __ _ 
Jackson Gulch 2 ____ _ _ _ ___ _ _ _ _ _ _ _ _ __ ____ _ _ _ West Fork Mancos River __________________________ do ____________ _ Bauer Lake __ __ ___________________________ Chicken Creek ____________________________________ do ____________ _ 
Summit __ ----------- ----- ---------------- LDoosltorCesanRyi.ovne_r_--_-_= ==--= = = -_ = =-- ==== == === ===== = == === = =~~== == ==== == == =· Narraguinnep ____________________________ _ 
Captain Tom 3____ _ __ _ __ _ _ _ _ _ __ _ _ __ __ _ _ __ _ Toadlena Wash______________________________ New Mexico ___ --- __ 
Choiska 3 _____ _ ___ _ _ _ _ _ __ _ _ _ _ _ _ ___ _ _ _ __ _ _ _ Choiska Wash ____________________________________ do _________ ___ _ 
Juans Lake 3 ___ ________ ._ _ _ _ __ _ _ _ _ _ _ _ _ _ ___ _ Kimenola Wash ________________________________ __ do ____________ _ 

ro~:r ita:~s ;~i~t-3~~~= == = = = == == = = = = == = = = = = _?_h!~~~~~~~=== === = === = = = == == == == == == ====== = -~~~~~~~=------==== == === 
~h:~~J;f~: !:====== = = = = == == = = = = = = = = == = = = = = ~~~fie?J~e~~~~k===== = = = ==== = == = = = = = =.= == == = = === =~~=== = == == = = = == 

Western Tributaries ,· . 

t Includes only reservoir& with capacities of more than 1,000 acre-feet. All are. irri· 
gation reservoirs except Electra Lake which is used only for powe.r. 

• Under construction, Mancos project. 
' Serves Iridian lands. 

Capacity (acre
feet) 

126,300 
21, 000 
10,000 

1, 070 
4, 800 
9, 300 
1, 730 
1,000 
5 000 

2s:ooo 
1, 000 
1, 160 
1,000 

4, 000 
4,000 
3,400 
1,250 
3,000 
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TABLE LVIII.-Present irrigated areas in the San Juan 
division by States 

Area irrigated (acres) 

Subdivision 
Arizona Colorado New utah Total Mexico 

San Juan Basin _______ 6, 000 132, 300 38, 000 7, 700 184, 000 
Western Tributaries ___ 0 0 030,000 30, 000 

TotaL _________ 6,000 132, 300 38, 000 37,700 214,000 

TABLE LIX.-Estimated present average annual water 
consumption in the San Juan division 

Water consumption (acre-feet) ' 

Subdivision 
Arizona Colorado New Utah Total Mexico 

- - - ---
San Juan Basin _______ 10, 200 238,000 68, 400 13, 400 330, 000 
Western Tributaries ___ 0 0 054, 000 54, 000 

TotaL ________ _ :lO, 200 238,000 68, 400167, 400( 384, 000 

1 Deduction of water imported from adjoining basins (See Table) reduces depletion 
of water originatin)( in the San Juan division, exclusive of exports, to 272,000 acre-feet. 

TABLE LX.-Estimated present average annual water 
imports into the San Juan division 

State Importing stream Exporting stream Acre-feet 

Colorado ____ McElmo Creek ____ Dolores River _____ 100,000 
Do __________ do _____ ___ ___ Los Canyon Creek_ 8,000 

Utah ___ _____ Paria River_ ___ ___ Sevier River ______ 1 4, 000 

TotaL _________ __ ___ ____ ____________________ 112, 000 

1 Only importation of water into Colorado River Basin. 

TABLE LXI.-Estimated present average annual water 
exports from the San Juan division 

State Exporting stream Importing stream Acre-feet 

{San Juan River _____ 
}Rio Grande _____ Colorado ____ Piedra River ________ 4,000 

Pine River ____ ______ 
Colorado I ___ Pine River _____ _____ _____ do _________ 21, 000 

TotaL __ -------------------- ---------------- 25,000 

I Weminuche ·Pass diversion, authorized for construction as a part of the San Luis 
Valley project. 

of 92,000 acre-feet for use in these adjoining areas. Ad
ditional exportations are alternatives to irrigation devel
opments in the San Juan division. 

San juan River Basin 

Twenty projects, 19 for basin development, and 1 for 
exportation of water to an adjacent basin are described 
in the San Juan River Basin. . Three alternative. export 
diversion developments are also outlined. 
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Dulce- Chama-Navajo Project.- A reservoir at the 
Navajo site on the Navajo River, two low diversion dams, 
two main canals, and a distribution system would be re
quired to irrigate 15,900 acres of new land, including 
3,700 acres along the Navajo and Little Navajo Rivers 
and in the Coyote Park area of Colorado and- 12,200 
acres in New Mexico extending from Dulce to and slight
ly across the low ridge which forms the Continental Di
vide west of Chama, N. Mex. Supplemental water 
also would be provided for 1,950 acres now irrigated with 
only a partial water supply. A reservoir with a capacity 
of 20,000 acre-feet at the Navajo site would be sufficient 
for this project but a greater capacity, probably 50,000 
acre-feet, would be desirable for joint use with the South 
San Juan project or the alternative San Juan-Chama di
version project. 

South San juan Project.-South of San Juan River in 
New Mexico, extending southeast from Bloomfield to the 
Continental Divide near Cuba and westward from Largo 
Canyon to Chaco River, is a vast area of undeveloped and 
unclassified land, part of which is considered arable by 
local people. The land is high, ranging in elevation from 
5,600 feet near the San Juan River to 8,000 feet at the 
Continental Divide. A reconnaissance indicates that 
irrigation water could best be supplied by a gravity di
version from headwaters of the San Juan River. The 
aqueduct would head on the West Fork of the San Juan 
River in Colorado, run southward to a point near the 
Continental Divide 15 miles west of Chama, N. Mex., con
tinue southwest along the west slope of the Divide to a 
point near Cuba, and thence turn northwest onto project 
lands. The main aqueduct would be nearly 300 miles 
long. Storage reservoirs would be required on the West 
and East Forks of the San Juan River and on Rio Blanco 
and Navajo River. The development probably would 
be limited by the available water supply to 7 5,000 acres. 

Carracas pro}ect.-This project would provide water 
for 840 acres of new land and 190 acres inadequately 
irrigated along the San Juan River between Gato (Pago
sa Junction) and Arboles, Colo. Construction of a low 
diversion dam on the river and a canal to carry water to 
the land would be required. 

O'Neal Park project.-The 5,820 acres of new land 
and 1, 7 80 acres now partially irrigated, possible of de
velopment through construction of this project, are lo
cated in O'Neal Park and near the head of Stollsteimer 
Creek west of Pagosa Springs, Colo. A 32,200-acre
foot reservoir ( 13,600 acre-feet · active capacity) at the 
offstream O'Neal Park site, supplied by a new canal from 
the Piedra River, and a distribution canal system would 
be required. 

Hammond project.-Natura1 flow of the San Juan 
River could be diverted into a future canal at a low diver
sion dam to be constructed near Blanco, New Mexico, and 
used to irrigate a 3, 700-acre strip of arable dry land on 



144 

the south side of the river near Bloomfield, New Mexico. 
Shiprock project.-A compact area of arable land, 

comprising 70,000 acres, is located within the Navajo 
Indian Reservation south of Shiprock, N. Mex., and 
west of Chaco River. Irrigation of these lands would re
quire a 125,000 acre-foot reservoir ( 100,000 acre-feet 
active capacity) at the Arboles site on the San Juan River 
near the Colorado-New Mexico State line, a diversion 
dam near Blanco, and a gravity conduit extending 7 5 
miles to the land. A pump lift of 100 feet would be 
needed to irrigate part of the land above the conduit. 

Emerald Lake project.-On the Pine River, a tribu
tary of the San Juan River, is a power site in the San 
Juan mountains 25 miles northeast of Durango, Colo. 
Two natural lakes, Emerald and Divide, could be used 
as reservoirs by the construction of a dam at the outlet of 
each. With a combination of collection conduits, three 
short tunnels, a siphon, and penstock the flow would be 
available for power production under a static head of 
1,973 feet. A power plant with an installed capacity of 
15,000 kilowatts could produce 72 million kilowatt-hours 
of firm energy annually. The development would be 
multiple purpose for power production and flood control. 

Pine River project extension.-Surplus flows of Pine 
River and its tributaries, supplemented by storage from 
the existing Vallecito Reservoir, could be used to irrigate 
15,100 acres of new land owned by both Indians and 
whites and would provide supplemental water to 1,200 
acres now irrigated. Ten thousand acres of this land are 
located west and southwest of Ignacio, Colo. To serve 
this area construction of a diversion dam at the head of 
the existing King Consolidated Canal, north of Bayfield, 
Colo., and enlargement and extension of that canal would 
be required. The remaining 5,100 acres are in small 
tracts scattered throughout irrigated lands in the vicinity 
of Bayfield, Ignacio, and Arboles, Colo. Rehabilitation 
and extension of 10 existing canals would be necessary to 
irrigate these lands. 

Florida project.-Along the Florida River and on ad
joining mesas in the vicinity of Durango, Colo., are 6,300 
acres of new land and 13,800 acres of irrigated land 
with only a partial water supply. Additional water for 
full irrigation of these lands could be provided by con
struction of a dam to store 23,300 acre-feet at the Lemon 
site on the Florida River and enlargement and extension 
of existing distribution canals. 

Animas-La Plata project.-Supplemental water for 
24,700 acres of insufficiently irrigated land in the La 
Plata River Basin and a full supply for 86,300 acres of 
new land in that basin and adjacent areas, including 25,- · 
500 acres under the Monument Rock project on the Nav
ajo Indian Reservation, could be furnished by this project. 
In addition power could be produced and flood damage 
would be mitigated. Nine reservoirs would be needed, 
three of which would be primarily for power production. 
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A collection aqueduct could bring the flows of Min
eral Creek and Cement Creek to the Howardsville Res
ervoir ( 54,000 acre-feet capacity) on Animas River 
which would be connected by a pressure conduit to a 12,-
000-kilowatt power plant downstream at Silverton, Colo., 
operating under a static head of 542 feet. Farther down
stream on the Animas River between Sultan Creek and 
Whitehead Gulch is the Silverton Reservoir site ( 28,000 
acre-feet capacity). From this reservoir, water could be 
released through a tunnel to Lime Creek, where a res
ervoir (30,000 acre-feet capacity) could be provided to 
receive this regulated flow plus unregulated inflows from 
Cascade Creek through a collection conduit and tunnel. 
From Lime Creek a short tunnel through West Needle 
Mountain would lead to a power plant on the Animas 
River where; the static head would be 1,155 feet and the 
installed capacity 40,000 kilowatts. 

The two power plants in this development would have 
installed generating capacities aggregating 52,000 kilo
watts and annual firm production of 192 million kilowatt 
hours. A reconnaissance survey of other tributaries of 
the San Juan River would probably reveal additional 
power sites. 

The Teft Reservoir ( 140,000 acre-feet capacity) on 
the Animas River, 20 miles north of Durango, would 
collect water released in the winter from the three power 
reservoirs. Heading at the Teft Reservoir, the main 
project canal would continue on the west side of the An
imas River intercepting flows of Hermosa, Junction, and 
Lightner Creeks and storage releases from the Hermosa 
Park Reservoir ( 25,000 acre-feet capacity ) on Hermosa 
Creek. The canal would cross the Animas-La Plata Di
vide northeast of F art Lewis College and extend across 
the La Plata River Valley to the Dry Side area, serving 
lands along its course. It would continue thence south
west along the Mancos-La Plata Divide to the head of 
Salt Creek, which creek in turn would supply the Monu
ment Rocks Reservoir ( 19,800 acre-feet capacity) and 
project lands below it, located north of Shiprock. Long 
Hollow Reservoir ( 14,000 acre-feet capacity), 12 miles 
southwest of Durango, would be connected with the La 
Plata River by inlet and outlet canals. Another canal 
diverting from Long Hollow Creek would irrigate the 
McDermott-Farmington Glade area near the Colorado
New Mexico State line. State Line Reservoir (32,000 
acre-feet capacity), astride the State line on La Plata 
River, would serve valley lands and regulate flows into 
an outlet canal extending southwest to the Meadows Res
ervoir ( 11,400 acre-feet capacity) and to lands in the 
Meadows area. 

M cElmo project.-A reservoir of 3,000 acre-feet ca
pacity on Mud Creek would provide adequate water to 
supplement the supply and improve the quality of water 
for 1,000 acres of irrigated land in McElmo Canyon, 
Colo. 
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Montezuma Valley project extension.-Water from 
Dolores River in the Grand division now irrigates 30,000 
acres of land in Montezuma Valley in the San Juan River 
Basin. Storage to supplement natural flow is provided 
at the Ground Hog Reservoir on the headwaters of Do
lores River and at the offstream N arraguinnep Reservoir 
in the San Juan Basin. Expansion of the project to in
clude another 10,000 acres would be possible by enlarge
ment of the Narraguinnep Reservoir to store 5,700 acre
feet in additi~n to its present 9,300 acre-feet, creation of 
8,000 acre-feet ofstorage at Totten Lake, also in the San 
Juan Basin, and extension of distribution canals. 

Dolores project.-A storage reservoir of 185.,000 acre
feet capacity ( 100,000 acre-feet active capacity) at the 
McPhee site on the Dolores River in the Grand division 
about 10 miles below Dolores, Colo., and a canal, leading 
from that reservoir and crossing the divide into the San 
Juan Basin by means of a 4,400-foot tunnel, could pro
vide water for 40,000 acres of arable land located in the 
Dove Creek area. About 32,500 acres are in Colorado 
and 7,500 acres are in Utah. 

Blanding project.-Thirty-eight hundred acres of land 
on the mesa between Recapture and Cottonwood Creeks 
in the vicinity of Blanding, Utah, are partially irrigated 
from direct flows of Recapture Creek. The diversion of 
water from Indian Creek, a tributary to the Colorado 
River in the Grand division, and a storage reservoir on 
Recapture Creek would provide supplemental water to 
these lands. A collection ditch on the headwaters of 
Indian Creek, a mile-long tunnel to Recapture Creek, 
and a 1 ,000-acre-foot reservoir on Recapture Creek about 
6 miles north of Blanding would be required. Construc
tion of the tunnel has been started by local interests. 

Navajo Indian projects.-The Office of Indian Affairs 
has outlined 57 small potential projects in the San Juan 
Basin to benefit lands in the Navajo Indian Reservation. 
Five are located in the Red Wash drainage area, 21 in 
Chaco River Basin, 21 in the Chinle Creek area, 4 along 
the San Juan River, and 6 in miscellaneous drainage 
areas. The developments involve the construction of 
additional canals and offstream reservoirs to store flash 
flows. By means of these projects supplemental water 
would be provided for 14,600 acres now irrigated and a 
full irrigation supply would be furnished to 34,200 acres 
of new land. 

. Bluff project.-In the canyon of the lower San Juan 
River is the Bluff dam site near Comb Wash, 13 miles be
low Bluff, Utah, at a river elevation of 4,135 feet above 
sea level. A reservoir capacity of 3,000,000 acre-feet 
would require construction of a dam to raise the water 
surface to an elevation of 4, 4 7 5 feet. A power plant 
with an installed capacity of 52,000 kilowatts could pro
duce 289 million kilowatt-hours of firm energy annually. 
The reservoir also would have value for flood control and 
silt retention. 
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Goosenecks project.-At a point on the San Juan River 
43 miles below Bluff, Utah, at a river elevation of 3,958 
feet is the Goosenecks site. A dam to raise the water sur
face to an elevation of 4,135 feet would provide a reser
voir with storage capacity of 500,000 acre-feet. The 
power plant installed capacity would be 30,000 kilowatts 
and the annual firm production 152 million kilowatt
hours. 

Slick Horn Canyon project.--Named Slick Horn be
cause of the seepage from oil san·as that coats the water 
'and canyon walls, this reservoir· site is on the San Juan 
River 70 miles below Bluff, Utah, at river elevation of 
3, 750 feet. Here a dam could be constructed to raise the 
water to a maximum elevation of 3,958 feet and form a 
reservoir with storage capacity of 300,000 acre-feet. The 
capacity of the power plant would be 30,000 kilowatts and 
the annual firm production 176 million kilowatt-hours . 

Great Bend project.-Thirty miles above the mouth of 
the San Juan River is the Great Bend reservoir site at 
elevation 3,498 feet. Backwater from the potential Glen 
Canyon Dam would flood the site to a maximum reser
voir elevation of 3,528 feet. However, much of the time 
this site would not be flooded as the average Glen Canyon 
Reservoir elevation would be only 3,461 feet. The Great 
Bend Dam would raise the reservoir water surface to an 
elevation of 3, 7 50 feet forming a reservoir with a capac
ity of 1,000,000 acre-feet. A power plant with an in
stalled capacity of 36,000 kilowatts could produce 203 
million kilowatt-hours of firm energy annually. Below 
this site the San Juan River empties into the colorado 
River 78 miles above Lee Fe~ry, Ariz. 

Piedra-Rio Grande diversion project.-Two reservoirs 
in the Piedra River Basin and a tunnel through the Con
tinental Divide would be required to export an average 
of 85,000 acre-feet of water annually from the Piedra 
River to the Rio Grande Basin. Replacement storage 
reservoirs would be necessary to provide water for future 
developments in the San Juan Basin. 

Alternative plans.-Three projects for exportation of 
waters of the San Juan Basin are possible but allocation 
of water to them would restrict supplies for some of the 
other developments outlined for use of water within the 
basin. For this reason these projects are presented as 
alternative possibilities but are excluded from the tables 
summarizing potential basin developments. However, 
detailed investigations may show construction of some of 
these to be desirable. 

The Animas-Rio Grande diversion project could ex
port annually an average of 130,000 acre-feet of water 
from the Animas River watershed above Silverton, Colo., 
to the Rio Grande Basin. Fourteen miles of collecting 
canal leading to a reservoir of 54,000 acre-feet capacity 
on the Animas River at Howardsville, Colo., and a 13-
mile tunnel through the Continental Divide would be re-
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quired. There is insufficient water for both this project 
and the Animas-La Plata project as outlined. 

San juan-Chama diversion project could export 300,-
000 acre-feet of water annually from headwaters of the 
San Juan River to the Rio Grande Basin. Reservoirs 
would be provided on the east and west forks of . the San 
Juan River, and on the Rio Blanco and Navajo River. 
An aqueduct would collect the water and convey it 
through the Continental Divide to the head of the Rio 
Chama, a tributary of the Rio Grande. Benefits from 
use of this water need not be limited to downstream water ' 
users in the Rio Grande Basin in New Mexico, but users 
in the San Luis Valley of Colorado could also benefit by 
exchange. As in other potential trans-mountain diver
sions, replacement storage would be required to compen
sate San Juan Basin interests. This project would utilize 
the same water supply as would the South San Juan proj
ect, consequently both could not be constructed. 

San juan-South Fork diversion project could export 
annually an average of 53,000 acre-feet of water from the 
headwaters of the San Juan River above Pagosa 
Springs, Colo., ot the south fork of the Rio Grande. 
The diversion system would consist of a feeder canal 2.6 
miles long from the west fork of the San Juan River to 
Beaver Creek, and a tunnel ·1 0 miles long from Beaver 
Creek to the south fork of the Rio Grande, with a 1-mile 
branch tunnel intercepting the flow of Wolf Creek. 
Water available to the South San Juan project or the 
San Juan-Chama diversion project would be depleted by 
the amount diverted to the south fork of the Rio Grande. 

Western Tributaries 

Three projects for further irrigation development in 
these stream basins and one for export of water to the 
adjoining Bonneville Basin are outlined. 

Fremont project.~A supplemental water supply for 
9,000 acres of irrigated land and a full supply for 1,000 
acres of new land located in the vicinity of the towns of 
Fremont, Loa, Lyman, and Bicknell would be provided 
by a 4,000-acre-foot reservoir on Fremont River at the 
Mill Meadows site, 4 miles northeast of Fremont, and a 
2,000-acre-foot reservoir on Road Creek, a tributary of 
Fremont River near Loa. 

Torrey project.-A 2,000-acre-foot reservoir at the 
Torrey site on Fremont River would by exchange furnish 
supplemental water to 1,200 acres in the vicinity of Tor
rey, Utah. The reservoir water would be released to 
downstream lands in exchange for increased upstream 
diversions to the existing Torrey Canal 

Escalante project. An impounding dam on Esca
lante River near Escalante, Utah, could provide 25,000 
acre-feet of storage capacity ( 18,000 acre-feet active ca
pacity) . With a feeder canal to the reservoir from Pine 
Creek and an outlet canal cut through a natural embank-
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ment on the south side of the reservoir, a full irrigation 
supply could be furnished 3,000 acres southeast of the 
town. 

Muddy Creek Diversion project.-Lack of storage sites 
on Muddy Creek to regulate water for downstream use 
suggests the possibility of exporting surplus flows of that 
stream west to the Bonneville Basin. By construction of 
11 miles of feeder canal and a 2.2-mile tunnel through 
the mountain divide, an average of 7,000 acre-feet an
nually could be exported to Twelvemile Qreek, a tribu
tary of the Sevier River. 

Main strtam of Colorado River 

Two prospective· sites for power developments are lo
cated on the main stream of the Colorado River below 
Green River and above Lee Ferry and therefore are in 
the San Juan division. 

Dark Canyon project.--This dam site on the Colorado 
River in Utah is 186 miles by river above Lee Ferry, Ariz., 
and 74 miles by road and trail southeast of Hanksville, 
Utah. Much of this region is unexplored. The Dark 
Canyon site has been p~otographed from the air by the 
National Park Service and surveyed and photographed 
by the Geological Survey. 

A dam raising the water surface 432 feet from the 
present river elevation of 3,528 feet up to 3,960 feet would 
provide a reservoir storage capacity of 1,400,000 acre-feet 
of which l, 100,000 acre-feet would b~ active. The res
ervoir, confined between canyon walls would extend up 
the Colorado River to the Moab Dam site and up the 
Green River almost to Green River, Utah. A power 
plant at the dam with an installed capacity of 350,000 
kilowatts could generate 1.,8 billion kilowatt-hours of firm 
energy annually. The project would also have value for 
silt retention, flood control, recreation and, hold-over 
storage to satisfy flow requirements of the Colorado River 
Compact at Lee Ferry. 

Glen Canyon project.-A few miles south of the Utah
Arizona State line and 4 miles up the Colorado River 
from Lee Ferry, Ariz., is the Glen Canyon site at river 
elevation 3,127 feet. A dam to raise the water surface 
401 feet would provide a reservoir of 8,600,000 acre-feet 
capacity with active storage of 6,300,000 acre-feet. The 
power plant installed capacity would be 400,000 kilowatts 
and the annual firm production 2.2 billion kilowatt-hours. 
The lake would extend 182 miles up the Colorado River 
to the Dark Canyon dam site and up the San Juan River 
30 miles to the Great Bend site. Only 10 miles from 
highway U. S. 89, this lake would have unusual recrea
tional possibilities. The reservoir would also be useful 
for silt retention, hold-over storage, and flood control. 

An alternative plan would place a higher dam at the 
Glen Canyon site to raise the water 605 feet above the 
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present streambed. This would create a reservoir of 34,-
000,000 acre-feet capacity (larger than Lake Mead, 32,-
360,000 acre-feet capacity) of which 29,000,000 acre
feet would be active capacity. In addition to having 
value for flood control and silt retention, the reservoir 
would have tremendous hold-over capacity to assist the 
upper basin in delivering water at Lee Ferry as required 
by the Colorado River Compact. A 580,000-kilowatt 
power plant installed at the dam could generate an aver
age of 3.3 billion kilowatt-hours annually. When full, 
the reservoir would inundate the Great Bend d.am site on 
the San Juan River, precluding construction at that lo
cation, and extend to within 18 feet of the elevation of the 

Slick Horn Canyon site farther upstream. The Dark 
Canyon dam site on the Colorado River would be sub
merged under 204 feet of water. With the potential 
Dark Canyon development thus eliminated it would be 
necessary to find other means of developing the 215 feet 
of head between Moab, Utah, and the Glen Canyon Res
ervmr. 

Summary 

Potentialities for the development of water resources 
of the San Juan division are summarized in the following 
tables: 

TABLE LXII.--Potential projects in the San Juan division 

Subdivision and project Location of project Source of water supply 

San Juan Basin 

Dulce-Chama-Navajo________ __________ Colorado__ __ _______ Navajo River _____ ______ __ _____ _ 
South San Juan ________ ___ __ __________ New Mexico ________ San Juan River ________________ _ 
Carraca·s______ _ _ _ __ _ __ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ Colorado. _______________ do ________________________ _ 
O'Neal Park ____________________ ___________ do________ ___ __ Piedra River_ __________________ _ 
Hammond____________________________ New Mexico_ _______ San Juan River ________________ _ 
Shiprock ___________________________________ do __________________ do ________________________ _ 
Emerald Lake____________ ___ ___ _______ Colorado___________ Pine River _____________________ _ 
Pine River extension_______ ____________ Colorado, New Mex- _____ do ________________________ _ 

ico. 

I, F _______ ____ _ 
I, F ______ . _____ _ 
I ____________ _ _ 
I _____________ _ 
I _____________ _ 
I, F ___________ _ 
P, F -----------I _____________ _ 

$1,627,000 
35,000,000 

36,000 
880,000 
725,000 

21,141,00 
6, 200,000 
1, 835,000 

Florida _____________________ · __________ Colorado ___________ Florida River_ __________________ I, F___________ _ 2, 290,000 
Animas-La Plata ______________________ Colorado, New Mex- Animas and La Plata River _______ I, P, F, S _______ 63,534 000 

ico. 
I, F-------~----I, F ___________ _ 
I, F, s ________ _ 
I, F ___________ _ 

McElmo __________________ -·- _ _ _ _ _ _ _ __ _ Colorado___________ McElmo Creek _________ ________ _ 
Montezuma Valley extension ___________ _ _____ do·--------- ~ -- Dolores River ________ ____ ______ _ 
Dolores_______________________________ Colorado, Utah. _________ do ______________ __________ _ 
Blanding _____________________________ Utah _______________ Recapture Creek _______________ _ 

I, F, S ________ _ 
P, F, S, H _____ _ 
P, S, F, H _____ _ 
P, S, F, H _____ _ 
P, S, F, H _____ _ 

Navajo Indian projects _________________ Colorado ___________ San Juan River ________________ _ 
Bluff ___________________ _____ _________ Utah ____________________ do _________________ __ ___ __ _ 
Goosenecks ________________________________ do __________________ do ________________________ _ 

~~~~l~o:rid~~~!_
0

~~ ~ = == = == = = = = = == == = ~ = == ===~~== = = == == = === = === = =~~== == = = = = === = == = = = = = = = = = = = 
Western tributaries 

Fremont __________________________________ .do__________ ___ Fremont River_____ _____________ I, F __________ _ _ 
Torrey ____________________________________ do __________________ do _________________________ I, F ___________ _ 
Escalante _________________________________ .do .. ___________ Escalante River_________________ I, F ___________ _ 

Main stream Colorado River 

390, 000 
1,300,000 

12,200,000 
567,000 

2,910,000 
19,000,000 

5, 200,000 
6,300,000 

10,000,000 

800,000 
200,000 
900,000 

Dark Canyon __________ ____________________ do _____________ Colorado River ________ __ ________ P, F, S, H ______ 105,000,000 
Glen Canyon __________ ________________ Arizona _________________ do ____________ _____________ P, F, S, H ______ 64,000,000 

TotaL ____________________ __________________ _______________________________________________________ 362, 035, 000 

' Symbols used: l=irregation; P=power; }<'-flood control; S=silt retention; H=holdover storage for river regulation. 
'Preliminary estimates based on construction costs of Jan. 1, 1940. 
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TABLE LXIII.-Potential reservoirs in the San Juan division 

Subdivision and name of site Source of water supply Project served Total capacity 
(acre-feet) 

------------------------- -~-----------------------------1----------------------------------------

San Juan Basin 
Navajo __ __ _______ __ ____ ____ __ ___ Navajo River_ ___________ ______ _____ Dulce-Chama-Navajo and South San 

Juan . 
West Fork ___ ____ ___ __ _ _; _____ _____ West Fork San Juan River __ _____ ____ South San Juan ___ _______ __ _____ ___ _ 
East Fork_ ___ __________ __ _______ _ East Fork San Juan ;River_ ____ ____ __ _ _____ do _______ _____________ _____ ___ _ 
Blanco________ ______ ____ _________ Rio Blanco ______ _____ __________ _____ ____ do __ __ ____ . _~ ______ __ ___ ______ _ _ 
O'Neal Park I ____ _ _ __ _ __ c _ __ _ _ _ __ Piedra River_____ ____ __ _____ ____ ____ O'Neal Park __ _______ ______ _______ _ _ 
Arboles__ ____ _____ ____ _______ ____ San Juan River___ ______ ________ ____ Shiprock ___ __________ ___ ___ ______ _ _ 
Emerald Lake ___ ____________ _____ Pine River _____ ___ ________ ______ , ___ Emerald Lake _____ ____ __________ __ _ _ 
Divide Lake ____ ________ ________ ___ ____ do _________________________ __ __ _____ do ________ ____ ____________ ____ _ 
Lemon _______________ ____ ____ ____ Florida River ____________ _____ ______ Florida _______ _____ ____ ____ _____ ___ _ 
Howardsville._____ ___ ________ __ __ Animas River_ ___ __ ____ ___________ __ Animas-La Plata. ____ ____ ___ ____ __ _ _ 
Silverton __ ____ ___________ - - - ____ _ _____ do ________ __ _ · ___ _____ _____ __ ________ do ________________ ____________ _ 
Lime Creek_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ do ______ ____ · ______ _______ ______ _____ do ______ ___ __________ ______ ___ _ 
Teft _______ _____ ______________________ do _________ __ _______________ ___ _____ do _________________________ ___ _ 
Hermosa Park __________ __________ Hermosa Creek ___________ ______ __ _______ do ____________ ___ _____ _____ ___ _ 
Long Hollow I___________________ _ La Plata River _______ ____ __ ____ __________ do ________ ______ __________ ____ _ 
State Line ___________ __ ________ ______ __ do ______ __________________ __ ___ _____ do ______ ______ ________ _____ ___ _ 
Meadows~----·--- - -- - ------- - --- La Plata and Animas Rivers ______ _________ do ______ _____ ______ ___ ________ _ 
Monument Rocks 1 ___________ _ _________ do ________________ ___________ __ ____ .do ______ ____ ______ ____ ______ __ _ 
Totten Lake 1 _ _ _ _ ________ c_ _ _ _ _ _ _ _ Dolores River___ ______ ______________ Montezuma Valley extension ________ _ _ 

~~~f~~i~~-e:_ ~-n-~~~~~~-e~_t>~~ ~ ~ = = = = -M~E1~-~ Cr~ek--~= = = = = = = = = = = = = = = = = = = = -M~E1~~--~ ~ = = = = = = = = = = = = = = = = = = = = = = = = McPhee_______ _____ ___ _______ ___ _ Dolores River ___ __ _ .____ ___ ____ ___ __ Dolores _______ ____________________ _ 

~~ff~~~~e~~= = == = ================= ~:~aj>~~~eR~~:~~~================= = = ~J~~~~~~==== == == = = ===== = = == ====== = = Goosenecks _________ ____________ ___ ____ do_ ______ ___________ __ _________ Goosenecks ___ __ _____ _________ _____ _ 
Slick Horn Can yon ___ __ ______ ___ ________ do ________________________ ____ _ Slick Horn Canyon _______ ___ _______ _ 
Great Bend ___ _________ _________ _ _____ do __________ ______ _____________ Great Bend __ __ _________ __________ _ _ 

Western tributaries 
Mill Meadows_ ______ __ ______ ___ __ Fremont River___________ ___ ____ ____ Fremont. ___ ________ ___________ ___ _ 
Road Creek.____ ___ ___ ______ _____ Road Creek ____ __ ________ __ ____ __ ________ do __________ __________ ________ _ 
Torrey______ ____________ ___ ______ Fremont River_ ________ ________ _____ Torrey ___________ ______________ ___ _ 
Escalante__ ____________ _________ _ Escalante River_______ __ __________ __ Escalante _____ ___ __ ____ ____________ _ 

Main stream Colorado River 
Dark Canyon_ _________ ________ ___ Colorado River__ _______ _____________ Dark Canyon ____ __ ______ _________ _ _ 
Glen Canyon ________ ____ ____ ___ __ _____ do ___ _________________ _______ __ Glen Canyon ____ ______ ___ ______ ___ _ 

Total __________ ___ __________ -------------------------- - ----- -" - - - ------- - -------- - ------ - ------- - ---

1 Offstream. 

TABLE LXIV.-Potential irrigation development zn the San Juan division 

50,000 

70,000 
35, 000 
15, 000 
32, 200 

125, 000 
6, 000 

21,000 
23,300 
54, 000 
28,000 
30,000 

140, 000 
25, 000 
14, 000 
32, 000 
11,400 
19, 800 
8,000 

15,000 
3,000 

185,000 
1,000 

3, 000, 000 
500, 000 
300, 000 

1, 000, 000 

4,000 
2, 000 
2, 000 

25,000 

1,400,000 
8, 600,000 

15, 776, 700 

Area to be benefited (acres) 

Subdivision and project State 

San Juan Basin 

New land Furnished sup
plemental water 

Dulce-Chama-Navajo ___ ______________________ Colorado, New Mexico_ _______ _______ 15,900 1, 950 
South San Juan ______________ _________ _______ New Mexico________________ ________ 75,000 ___________ _ 
CarracaA ________________________ __ ___________ Colorado____ __________ __________ ___ 840 190 
O'Neal Park __________ ________ _________ ___ _____ ___ .do____ ___ _____ __ __ ______ ___ __ __ 5, 820 1, 780 
Hammond _______________ ____ ____ ____ _____ ___ New Mexico___ _____ _____ ___________ 3, 700 ___ ___ _____ _ 
Shiprock _____ _________ _______ ___________ _______ ___ do______ __ ______ ___ _________ ___ 70,000 - ------- - -- -
Pine River extension ___ __ _____ _________ __ _____ Colorado, New Mexico __ ________ __ ___ 15, 100 1, 200 
Florida _____________________ _________________ ____ do____ _________ _________ _______ 6, 300 13, 800 
Animas-La Plata _____________ _____________ ___ Colorado, New Mexico ___ ____ ___ _____ 86,300 24,700 
McElmo _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Colorado_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1, 000 
Montezuma Valley extension ______ __________ ___ _____ do____ ____________ _____ ________ 10,000 - -- - --------
Dolores _____ ____ ______ __ _____ _________ ___ ___ _ Colorado, Utah _____ ___ _____ ________ 40,000 -- ----------
Blanding____ _______ ___ _______ __ ______ ____ ___ Utah___________________ _____ _______ __ __ _ ______ _ 3, 800 
Navajo Indian projects _______ _________ ___ _____ Colorado__ ________ ______ ____ _______ 34,200 14,600 

SubtotaL ___________ ___________ __ ______ - _____ ---- - _- __ ---- - - - - -- - ------- - - - 363, 160 

Western tributaries 
Fremont______________________________ ___ ____ Utah ________ ________ ___ _________ "__ 1, 000 
Torrey _______________ __________ __________ ___ _____ do ___ ________ __ _________ ___ ___________ ____ _ 
Escalante ___ ________ __________ __ ______ ___ _________ do__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 3, 000 

Subtotal _______ ________ _________ __ _____ --- - --------- - -------------- - ------- 4, 000 

63, 020 

9, 000 
1, 200 

10,200 
------------------1---

Total _________________________________ -------------- - --------------------- 367, 160 73,220 

T otal 

17,850 
75,000 

1, 030 
7,600 
3, 700 

70, 000 
16,300 
20, 100 

111, 000 
1, 000 

10,000 
40, 000 
3,800 

48,800 

426, 180 

10,000 
1, 200 
3,000 

14,200 

440,380 
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TABLE LXV.-Potential irrigation development in the San Juan division by States 

Area to be benefited (acres) 

State Furnished 
New land supplemental Total 

water 
------------- - - - - - - ----- ·- --·---- ------ - ----- ---- --1 

18,680 6, 000 24,680 
110,960 37,920 148,880 
224,960 15, 100 240, 060 

Arizona: San Juan River Basin _____ ___ _______________ _____________ __ ____ ___ · _______ ______ _ 
Colorado: San Juan River Basin ___ __ ____ __________________ __ ______ _______ _______ ___ ___ __ _ 
New Mexico: San Juan River Basin ______ ________ __ _______ ________ _______ __ _______ _______ _ 
Utah: 

8,560 4,000 12, 560 
4,000 10,200 14,200 

San Juan River Basin _____ ____ ___ __________ __ ______ ___ _____ __ ______ __ _______ ___ ___ _ _ 
Western tributaries ____ _____ ____ __________ ________ __ _______ ________ _____________ __ __ _ 

12,560 14,200 26, 760 
367, 160 73, 220 440, 380 

Subtotal ____ ____ __ ____ ______ ________ _______ ____ ________ _____ __ ___ ____ __ ____ _____ _ 
Total _____ __ _______ _______ ______ ________ __ _______ _________ __ ____ ____ ____________ _ 

TABLE LXVI.-Potential power development in the San Juan division 

I 
Installed· Annual firm genera-

Subdivision and project State River capacity tion (k i Iowa t t 
(kilowatts) hours) 

------------------------------------ - ----------------------------------
San Juan River 

Emerald Lake___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Colorado_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Pine __ ______ __ _____ ___ _ 
Animas-La Plata (2 plants) ___ __ ____ __ __ __________ do ___ ___ ______ _____ Animas _______________ _ 
Bluff _______ __ ____________ ____ ____ __ _______ Utah _____ ________ ___ ___ San Juan ______ ______ __ _ 
Goosenecks _____ ____ ____ ____ _____ _____ __________ do ______ ____ _____ __ _____ do ____ __ __ _____ ___ _ 

~!~~/if::d~~~~~n-~ ~ = = = = = = = = = = = = = = = = = = = = = = = = = = = =~~= = = = = = = = = = = = = = = = = = = = = =~~= = = = = = = = = = = = = = = = = 
/ Colorado River 

. 15,000 
52,000 
52,000 
30,000 
30,000 
36,000 

72,000,000 
192,000,000 
289,000, 000 
152,000,000 
176,000,000 
203,000,000 

Dark Canyon _______ __ ____ __ __ ___ ___ ____ _________ do ____ ___________ __ Colorado____ __ ______ ___ 350,000 1, 843,000,000 
Glen Canyon ______ ______ __ __ _________ ______ Arizona ___ __ ______ ___ ______ _ do·---- - ---~--- - - - - 400,000 2, 188,000,000 

1-----:------
TotaL. ____ __ _____ ___ ______ __________ __ ~ ______ __________ ______ -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 965, 000 5, 115, 000, 000 

TABLE LXVII.-Potential import diversions to the San Juan division 1 

I I 
Estimated average I Estimated construe-

Subdivision and project State served annual diversion tion cost ' 
(acre-feet) 

------------------------------------------------------------------------------------
San Juan River Basin 

Montezuma Valley extension___ ____ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ Colorado_____ _____ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 38, 000 
Dolores _________ ~- - ------- ---- ---- - -- - - ----- - ---- Colorado, Utah _____ _____ ________ _______ 3 114,600 
Blanding__________ ________ ____ ____ ___ _________ ___ Utah____________ ___ ____ _________ _______ 1, 800 

1-------1 
TotaL __ ~ -. - -~ 'j - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 3 154, 400 

$1,300,000 
12,200,000 

567,000 

14,067,000 

' All potential diversions are from th•. Grand division in the Colorado River Basin. 
'Includes cost of works in exporting basin. Preliminary estimates based on con· 
struction costs of Jan. I, !940. 

3 Exclusive of 6,000 acre-feet evaporation from McPhee Reservoir. 

TABLE LXVIII.-Potential export diversions from the San Juan division 

Subdivision and project State served 

San Juan Basin Piedra-Rio Grande _________ _______ __ ____ ___ ___ _______ ____ _____ _ Colorado __ ______ _________ _____ _____ ___ __ __ _ 
San Juan-Chama ________ _____ _ ~-_ __ ____ _ __ _ ____ _ _____ _ _ _ _ _____ North Mexico, Colorado ___ __ __ ___ _______ __ __ _ 
San Juan-South Fork _______ __________ ___ ___ ____ __ ____ ____ _____ Colorado __________________ ____ ______ ___ ___ _ 
Animas-Rio Grande ______ _____ ______ __ _______ __ ______ ___________ _____ do ___________ ________ _____ _____ ___ ____ _ 

western tributaries 

Estimated 
average annual 

diversion 
(acre feet) 

85, 000 
I 300,000 

1 53,000 
1 130,000 

Muddy Creek _____ ___ ____________ _________ _____ _____ __ ___ _____ Utah__ ______ _____ ___ ____ _________ ___ _______ 7,000 
1-------

TotaL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 92, 000 

'Alternative projects excluded from estimates of potential stream deple-tions in San Juan division. 
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TABLE LXIX.-Present and potential str earn depletions in the San Juan division 1 

Estimated average annual depletion (acre-feet) 

State and subdivision Present depletion Potential increase 
Total ultimate 

Water Water Water Water depletion 
consumed exported consumed exported 

-----
Arizona San Juan Basin ____ __ ___ __ ________________________ ________ __ ____ _ 10,200 ---------- 39, 000 ---------- 49,200 

Colorado San Juan Basin __________ _____________________ __________________ _ 238,000 2 25,000 251,000 85,000 599,000 

New Mexico San Juan Basin ____ ____ ______________________________ __________ _ _ 68,400 ---------- 450,000 ---------- 518,400 

Utah San Juan Basin __________ ___ _______ ___ __ ___ ____ ___ ______________ _ 13,400 ---------- 19,000 ---------- 32,400 
Western tributaries ________ ___________________ ____________ _______ _ 3 50,000 ---------- 11,000 7,000 3 68,000 

Subtotal (Utah) __________________________ _________________ _ 63,400 ---------- 30,000 7,000 4 100,400 Total _______ · ____________________________ _______ ____ ____ __ _ 380,000 25,000 770,000 92. 000 4 1, 267, 000 

• Includes depletions of water originating in the San Juan division, also water 
imported from the Grand division in the following quantities: Colorado, 108,000 
acre-feet, present, and 136,000 acre-feet, potential; Utah, 24,400 acre-feet, potential 
(San Juan). Excluding imported water San Juan rlivislon depletions are, present, 
297,000 acre-feet, potential, 701,600 acre-feet; total ultimate, 998,000 acre-feet. 

Summary-Upper Basin 

Present irrigation developments and stream depletions 
in the upper basin are summarized by States in the 
tables which follow. Summaries of potential develop
ments with estimated costs based on 1940 prices and po
tential stream depletions also are shown. 

Table LXXIII shows that with full development of 
existing and potential projects the ultimate average re
duction from virgin stream flow at Lee Ferry would ex
ceed 9 million acre-feet. In estimating this probable de
pletion alternative projects which would compete direct
ly for a water supply with other projects were excluded. 
However, in a sense, all of the projects are competitive to 
the extent that the total demand for water exceeds the 
Colorado River Compact allocation to the upper basin. 

Since water-supply studies are based on average flows 
during the period 1897-1943, wide annual fluctuations 
from the averages in both natural flows and depletions 
may be expected. In years of short water supply both 
basin use and exportations will be limited of necessity to 

' Includes 21,000 acre-feet expected to be exported via W eminuche Pass as a part of 
the San Luis Valley project. 

• Does not include depletion of 4,000 acre-feet of water imported from BonnevUie 
Basin. 

' The San .Juan division will share also in the depleting of 500,000 acre-flll't annually 
allowed for pasture irrigation jn the upper basin. · · 

available natural flows except as hold-over storage has 
been provided. In years when natural flows are abun
dant, greater quantities will be used and exported and 
hold-over reservoirs will be filled. The larger main-stem 
reservoirs provided chiefly for power will be operated on a 
long-time hold-over basis, being filled during a succession 
of wet years and emptied to provide firm power and to 
satisfy compact requirements for water at Lee Ferry dur
ing dry periods, such as the 1931-40 decade. 

Upstream depletions either from basin use or exporta
tion will affect the amount of water available for the gen
eration of power. The total permissible depletion in the 
upper basin, however, is subject to limitations of the Col
orado River Compact. Estimate's of potential power 
output were made on the basis that enough water would 
be allowed to flow through the power plants and on'to the 
lower basin to satisfy requirements of the Colorado River 
Compact and the pending treaty with Mexico. On any 
particular tributary, power potentialities may be greater 
or less than estimated, depending on the extent to which 
upstream water-consuming projects are developed. 

TABLE LXX.-Present irrigated areas in the upper basin 

·Division 

Ari;...,na 

Green ______ _____________________________ ___ ___________ _ 
Grand ________ _____ ____________ ________________________ _ 
San Juan_______ ____ ___ ____________________ _ 6,000 

Total __ ______ ____ ____________________ _ 6,000 

Includes 11,470 acres of n:ew land in Eden project, authorized lor construction. 

Colorado 

105, 870 
2 564,670 

132,300 

2 802,840 

Acres irrigated 

New Mexi<lO Utah 

229, 120 
8,000 

38,000 37,700 

38,000 274, 820 

Wyoming 

1 247, 540 
----- -------
-------- ----

I 247, 540 

'Includes 32,670 acres lrrigable under existing projects. 

Total 

1 582,530 
2 572,670 

214,000 

1,369,200 
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TABLE LXXI.-Present hydroelectric generating capacity in the upper basin 

Present installed capacity (kilowatts) 
Division 

Arizona Colorado New Mexico Utah Wyoming Total 

Green _________________________________________________ _ 200 -- ---------- 2,050 150 2, 400 
Grand ______________________________________ ------------ 49,667 ----------- ·- 50 ----- ------- 49, 717 
San Juan ______________ ________ _____________ ------------ 4,650 280 170 ------------ 5, 100 

54,517 280 2, 270 150 57,217 Total _________________________________ l-_-_-_-_-_-_-_-_-__ -_-_-1------·l-----------l-----------l·--------~-l-------~---

TABLE LXXII.-Potential developmenz of water resources .m the upper basin 1 

State and division 

Acres to be irrigated Power plants 

Newland Furnished sup· Installed capac
plemental water ity (kilowatts) 

Annual firm gener
ation (kilowatt

hours) 

Estimated con
struction cost • 

--------------------------------------------------·1-----------l- ----------l·-----------l------------------------
Arizona: San Juan ____________ c____________ ____ ________ 400,000 2, 188,000,000 $65,628,000 
Colorado: 

Green_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 96, 300, 000 170,500 944,000,000 
Grand_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 57, 232, 000 88,000 453,000,000 
San Juan_____ ____ _____________ ____ ________ ______ __ 69,227,000 67,000 264,000,000 

1-------'----
SubtotaL .. __ _ ·- __________ .. _______ .. ___ .. __________ -l============l====~====l=========,l=============l=2=:2=:o2=, 7='=5=-9=, 0::=0:::=0 

New Mexico: San Juan _________________________ .. _______ 76, 882, 000 
325,500 1,661,000,000 

0 0 
Utah: 

Green _____ _ .. _ .. ________ .. _______ ___________________ _ 116, 500, 000 288,000 1, 579,000,000 
Grand ___ .. _ .. _ .. _ .. __________ .. ___________ .. _ _ _ _ _ _ _ _ _ _ _ 80, 97 5, 000 200,000 1,141,000,000 
San Juan_____ _____________________________________ 150,298,000 498,000 2, 663,000,000 

1-~~~~~--~~~~~--~~~-1~~~~~~-1~~~~~ 
SubtotaL_______ ____________________ ____________ 251,780 161,160 986, ooo 

1
=5=. 3=8=3=, o=o:=o=·=oo=o==l=='3=:o4~7,=:7==7==3,'=:o:o:o=::o 

Wyomil!g:_ Gree!l--------------------------------------- 291,330 95,360 1, 500 9, 000,000 47, 100,000 Transm1ss1on grid __________________________ .. ___________ _____________ ________ __ ___ ________ .. __ __________ __ .. 170, 000, 000 

TotaL------------------------------------------ 1, 230,810 504, 170 1, 713,000 9, 241,000,000 930, 142,000 

' In addition to irrigation and power production, many potential reservoirs would have value for flood control, silt retention, recreation, fish and wildlife conservation, and 
provide hold-over storage for river regulation. 

'Preliminary estimates based on construction costs of Jan. 1, 1940. For interstate projects irrigation costs are prorated to States on basis of area irrigated; power costs are 
allocated to States in which power plants will be located. Does not include costs for potential export diversions. 

TABLE LXXlli.--Present and potential stream depletion in upper basin 

Estimated average annual depletion (acre-feet) 

Existing or authorized projects Potential projects 

State and division 
Present depletion Future increase Total ultimate 

Consumed in depletion 

basin Exported 
Consumed in Exported Consumed in Exported basin basin 

---
Arizona: San Juan_ .. _ .. _____ .. __________ 10,200 0 0 0 39,000 0 49, 200 
Colorado: ......... 

Green ____________________________ 115, 000 0 0 0 324,000 1 75,000 514, 000 
Grand ___________________________ 776,000 98,300 65,000 421,000 295,000 1, 492,000 3,147,300 
SanJuan _________________________ 238,000 4,000 0 21,000 251,000 85,000 599,000 . Subtotal ____________________ ___ 1,129,000 102, 300 65,000 442,000 870,000 1, 652,000 4, 260,300 

New Mexico: San Juan ________________ 68,400 0 0 0 450, 000 0 518,400 
Utah: Green _________________________ ___ 358,000 81, 500 0 32,000 264,000 975, 700 1, 711, 200 

Grand-----~--------------------- 13,000 0 0 0 186.000 0 199,000 
San Juan ________ ________ .. _ .. _ .. ___ .. 63,400 0 0 0 3o;ooo 7,000 100,400 

Subtotal _______________________ 434,400 81,500 0 32,000 480,000 982, 700 2,010, 600 
Wyoming: 

Green ______________________ 
374,000 0 17,000 0 489,000 87, 000 967,000 

Evaporation from power reservoirs _______ ------------ ---------- ---------- ---------- 831,000 ------------ 831,000 
Reserved for pasture irrigation __________ ------------ ---------- ---------- ---------- 500, 000 ------------ 500,000 

Total _______ ___________________ 
2,016, 000 183,800 82,000 474,000 3, 659,000 2, 721, 700 9, 136, 500 

1 Return flow usable in Wyoming, 
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LOWER BASIN 

The Lower Colorado Basin, embracing an area of 121 ,-
500 square miles, is twice as large as the six New England 
States combined. It is slightly larger tha nthe upper 
basin, on which it is dependent for most of its water sup
ply. With its vast areas of fertile lands and excellent 
growing climate, the lower basin's demands for water 
greatly exceed available water resources. 

The term "lower basin" is here used to refer not only 
to areas downstream from Lee Ferry which drain into the 
Colorado, but also to the drainage basin of the Salton 
Sea, including Imperial and Coachella Valleys. Diver
sions to this area are treated as exportations, since from 
them no water can return to the parent stream. 

Present export diversions from the lower basin are 
made only in California and amount to approximately 
2,500,000 acre-feet or more than half of the present deple
tion of the entire river system below Lee Ferry. Full de
velopment under existing or authorized exportation proj
ects, all in California, would more than double present 
exports. Aside from this possible expansion, only one 
potential project is described which would take water out 
of the Colorado River Basin. It involves a diversion of 
112,000 acre-feet for municipal use by the city of San 
Diego. 

Water of the Colorado River system is now irrigating 
1,351,100 acres in the lower basin which is comparable 
to the present irrigated area in the upper basin. Full 
expansion under recently constructed works will increase 
the irrigated area by 509,000 acres. Potential projects 
are described in this chapter which, if constructed, would 
bring water to an additional 303,150 acres and supple
ment present supplies for 618,100 acres inadequately irri
gated. 

The construction of Boulder Dam and other appurte
nant structures is largely responsible for the vast irrigation 
expansion still under way. Even more spectacular is the 
recent increase in hydroelectric power generation. Up
on completion of present authorized construction in the 
lower basin hydroelectric generating capacities will ex
ceed 1,800,000 kilowatts. This capacity would be more 
than doubled with construction of the potential projects 
outlined. 

Little Colorado Division 

Flowing northwest to join the Colorado River midway 
in its long course to the sea, the Little Colorado River 
drains 25,000 square miles in northeastern Arizona and 
west- central New Mexico. Crystal- clear tributary 
streams rising in the mountains are rapidly absorbed by 
the thirsty sands of the lower channels. Rain is infre
quent but sometimes falls with great intensity. At such 
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times the streams become raging, chocolate-colored tor
rents, carrying to the main Colorado in 1 year the equiv
alent of 9 inches of top soil from an entire township. 

Vegetation over th~ basin as a whole is scant. Luxu
riant growths, however, are found along river courses 
where water is available throughout the year, and they 
consume large quantities of water. It is estimated that 
over 98 percent of the rain falling in this division is con
sumed by plants, is lost by evaporation, or percolates un
derground and does not reappear within the basin. 

WATER RESOURCES 

Surface water.-The following table summarizes the 
average annual flows past those points when; sufficient in
formation is available to permit their computation. 

TABLE LXXIV.-Average annual stream flows in the Little 
Colorado division 

Station Period of 
record 

Little Colorado River at Grand 
Falls, Ariz ___________________ 1926-43 

Chevelon Creek near Winslow, 
Ariz ________ __ __ ______ ______ 1 1930-43 

Clear Creek near Winslow, Ariz __ I 193Q-43 
Moenkopi Wash near Tuba, Ariz _ 1927-43 

1 Records incomplete. 

Average annual tlows 
(acre·fect) 

For period For 1931-40 
of record 

-----

236, 700 

38, 800 
69,300 
16, 600 

period 
---

199, 00 

37,30 
61,60 
13, 70 

0 

0 
0 
0 

The foregoing stations, except that on Chevelon Creek, 
are downstream from all diversions and represent the 
surplus flows of the streams in question. During the 
period of record the irrigated acreage within the basin 
has been virtually constant. 

Stream-flow characteristics over the basin as a whole 
are similar. The channels contain water the year-round 
in the higher elevations but receive only intermittent flows 
in the lower altitudes. Flows over the entire area are 
erratic and subject to flash floods of great magnitude. 
The larger part of the annual run-off from the northern 
tributaries usually occurs during the summer months, 
while that from the south is somewhat retarded by the 
heavily vegetated highlands of the Mogollon Rim. 

Approximately 55 percent of the average annual flow 
of Little Colorado River at Grand Falls, Ariz.,, down
stream from all rna jor tributaries except Moenkopi Wash, 
occurs during the months of February, March, and April, 
while only 35 percent comes during July, August, and 
September. Extremes in fluctuation occurred in 1938 
when there was no flow in the stream for 213 days, while 
in March of that year a flood of 38,000 second-feet was 
recorded. Undependable stream flows make hold-over 
storage a prerequisite for maximum irrigation develop
ment. 
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Little Colorado Division of the Colorado River Basin 

Ground water.-Little is known about the ground 
water resources of the basin. The scarcity of existing 
wells and the absence of accurate data on wells preclude 
definite conclusions as to the location and extent of 
ground waters. The very fact that no exploitation has 
been made of this resource in a country where water is 
such a valuable commodity would indicate the lack of pos
sibilities. 

Small artesian areas are known to exist in some por
tions of the basin. Two such areas are found south of 
the Little Colorado River, one southwest of Holbrook; 
Ariz., and the other northwest of Hunt, Ariz. In the 
absence of more complete geological and water level in
formation, it is impossible to determine accurately the ex-

709515-46-- 11 

tent of these areas or the existence of other artesian belts, 
or to predict potenial yields. It appears, however, that 
the artesian water resources are small and cannot be ex
pected to furnish any large quantities of irrigation water. 

Nonartesian water is often found in sandstones, in 
lava flows, and in sands and gravels along major streams. 
Frequently water is at great depths, particularly when 
found in the sandstones. All known pumped wells are 
used for domestic, public, stock watering, or railroad pur
poses. Irrigation with pumped water is not practiced to 
any appreciable extent in the division. There is no evi
dence which indicates that the ground-water resources of 
this basin are of suffiCient importance to be considered as 
a potential source of water for irrigation development. 



'

• __ .;,,.'? '." 
-~ ' .·· . 

.... ~.~ .. 

l 

154 

Quality of water.-Surface flows of water in this di
vision are of good quality near their points of origin. As 
the water progresses downstream, however, it flows 
through formations that are high in soluble salts, thus 
becoming unsuited for irrigation use near the mouths of 
the streams. Mineral springs, in places, contribute large 
quantities of dissolved salts to the waters of the streams. 
Near Winslow, Ariz., several springs discharge an average 
of 20 tons of salts daily into the flows of both Chevelon 

' and Clear Creeks. Salt concentrations in the waters 
range from virtually zero near the headwaters to as high 
as 3,000 and 4,000 parts per million in the lower Little 
Colorado River. Waters of the Little Colorado are of 
questionable quality between St. Johns and Holbrook, 
Ariz., and are entirely unsuited for irrigation 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 from 100 to 6,000 parts per 
million total dissolved solids. The more saline water is 
not suitable for irrigation use. In general, wells con
taining the poorest quality water are located in shale
sandstone formation or in the sands and gravels of Cotton
wood Wash, Leroux Wash, or the Little Colorado River 
bottoms. 

PRESENT DEVELOPMENT OF wATER RESOURCES 

General.-Early settlers in the division learned through 
bitter experience that it was impossible for them to con
trol the rivers except in a few selected localities. Settlers 
gradually ~igrated to the more readily irrigated areas, 
and development progressed without a coordinated plan 
and without knowledge of the 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 deficient stream flow brought eco
nomic and even physical suffering. This was especially 
true in the upper Little Colorado River area, where over
development progressed to the point where a court decree 
was necessary to establish relative priorities. 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. 

Development of the surface water resources on the In
dian reservations has followed a somewhat different pat
tern. Irrigation projects have been planned, con
structed, and operated under the supervision of the Office 
of Indian Affairs. Agricultural development has been 
adapted, insofar as possible, to the needs and tempera
ment of the Indians. Individual holdings are small, and 
dry farming is practiced to some extent with little success. 
Flood-irrigated lands, or areas which receive water only 
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during times of flood, are extensively cultivated. De
spite the planning, supervision, and assistance of the 
Office of Indian Affairs, serious problems have arisen be
cause the Indian population is continually increasing. 

lrrigation.-The climate of the basin is such that irri
gation is essential for successful agriculture. 

The principal areas irrigated in the division are: 

Acres irrigated 
Litde Colorado River above St. Johns________________ 15; 180 
Silver Creek Basin________________________ ________ 4, 360 
Woodruff area-------------- -------- - ------------ 520 
Holbrook-Joseph City area______ ___________________ 1, 520 
Winslow area_____________________________________ 610 
lJpper Zuni River________________________________ 6, 770 
Scattered areas___________ ________________________ 19, 040 

Total _____ ___ _____ ________________________ '48,000 

1 Includes. Indian lands : 5,560 acres in the upper Zuni River Basin, 
2,540 acres m scattered areas, and 16,500 acres under flood irrigation. 

Irrigation is accomplished chiefly by gravity diversions 
from the main stream. About three-fourths of the white 
irrigated land is served through the facilities of 13 irriga
tion companies. The remaining one-fourth is irrigated 
by individuals. 

There is no import or export of water by transmoun
tain diversions. 

Power development.-The character of the stream 
flow in the area does not lend itself to the development of 
power. In addition, there is little market for power ow
ing to the scattered population and the lack of industrial 
development. There are only two hydroelectric gener
ating 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 
scattered through the area have a total installed capacity 
of approximately 3,000 kilowatts. 

Drainage.~Some areas of the division have become 
waterlogged and have been taken out of production. As 
these areas should never have been in production, no 
effort has been made to drain them. On a whole the 
topography has reduced drainage problems to a minimum 
on most of the irrigated. areas. 

Flood control.-Most of the lands lying in the flood 
plains of this division are undeveloped and unimproved. 
Hence, the rampant floods to which the area is subject 
cause relatively little damage except for occasional remov
al of diversion dams. In only a few independent areas 
do floods endanger developments. The swollen streams, 
however, transport large quantities of silt into the Colo
rado River. Existing rservoirs in the Little Colorado 
division were neither constructed nor are operated for 
flood control; however, they afford a certain amount of 
protection. 

Summary.-The following tables summarize present 
development 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-feet) 

----------·------- --- -------------------- - - -----------------·---- ------
Lyman ____ _____ ______ _______ Little Colorado River __________ Arizona __ ________ Irrigation _____ _____________ __ _ 21,900 

18,90(} 
14,000 

Lake Mary ________ __ __ ______ Walnut Creek _______ __ _______ _ _____ do ___________ MunicipaL ______ ____________ _ 
Lone Pine ___ __ ___ ___ ___ _____ Showlow Creek ___ ____________ _ _____ dp ___ __ ----- - Irrigation _____ _____ - - - - - - - -- - -
UdalL _____ ____ ____ _________ Carrizo Wash ____ ____ _____________ _ do__ ___ __ ___ Irrigat ion, stock __ ___________ _ _ 9, 530 

5, 17(} 
5,080 
5,000 
4,300 
2,390 
1,670 
1, 200 
1,200 
1, 200 
1,000 
1,000 

Daggs ____ ____ ____ ___ ___ _____ Silver Creek_---- - - - - -- ------ - ____ .do ___ ____ ___ _ Irrigation _____ ___ __ - - - - --- - - - -
Upper Lake Mary ____ __ ___ ___ Walnut Creek ____ _____ ____ _____ ____ do __ ____ _____ MunicipaL __ __ ____ _________ _ _ 
Soldiers Annex Lake ___ ___ ____ Canyon Diablo _______ __ ________ ____ do ___ _____ ___ Irrigation, stock ___ ___ ________ _ 
Chevelon ____ ________ __ ____ __ Chevelon Creek. _______ ________ ____ do _____ - - - -- - IrrigatioD;--- - - ---- -- _ - - - - -- - - -
White Mountain No. L ______ _ Hall Creek_ _____ ___ __ _______ _ " - - - -do ___ _______ _ _____ do ___ _________ ________ __ _ 
River No.3 ____ _______ __ _____ Little Colorado River_ ____ ____ __ ____ do ___ __ ____ __ _____ do ___ ____ _____ ____ - -- - - -
New Scott ____ ______ _________ Porter Creek _____ _______ _____ _ _____ do ___________ _____ do _____ __ _____ __________ _ 
Lakeside___ _______ ________ __ __ Showlow Creek ____ _____ ____ __ _____ .do _____ - - - -- - Irrigation, power_ ___ - - - - - - ----
Concho Lake __________ ___ ____ Concho Creek ____ ___ ________ ___ ____ do ___ _____ __ _ Irr!gat!on, stock ____ ________ __ _ 
Hog Wallow No. 4 ____ __ ______ South Fork ____ ____ _____ _________ __ do _____ __ ____ lrrigatwn ______ ___________ ___ _ 

~~': :~ ~ ~-~ •• -~- ~ -•• -. : ~~;~~:?~·:~-· • -::.: ••••• ~;~;f!:~Oo •• : •• --gi~Y~t~·~~~f.tio:o :. -: ••.•. -. 13,000 
8, 720 
1, 170 

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

TABLE LXXVL-Present irrigated areas in the Little 
Colorado division 

Acres irrigated 

Area 

I Arizona New Total Mexico 

Silver Creek Basin _______ ______ __ 4,360 0 4,360 
Holbrook-Joseph City area _______ 1,520 0 1,520 
Winslow area __ ________ _________ 610 0 610 Other _______ __ ________ __ _______ 32, 740 8, 770 41, 510 

TotaL ____________ __ _____ 39,230 8, 770 48,000 

TABLE LXXVII.-Estimated percent average annual 
depletions in the Little Colorado division 

Depletions (acre-feet) 

Area 
Arizona New Total Mexico 

Silver Creek Basin __ ________ ____ _ 6, 500 0 6, 500 
Holbrook-Joseph City area ______ _ 2, 300 0 2, 300 
Winslow area ____________ __ _____ 900 0 900 Other __________________ ___ ____ _ 

49, 000 13,000 62,000 

Total ___________ ____ ____ _ 58, 700 13,000 71, 700 

POTENTIAL DEVELOPMENT OF WATER RESOURCES 

Opportunities for development in the Little Colorado 
division are largely confined to four areas. One poten
tial project is outlined for each of these areas. The poten
tial Bridge Canyon project on the Colorado River, dis
cussed in this chapter under the Boulder division, would 
bring power into the Little Colorado division. 

Although the Coconino dam site is located on the Little 
Colorado River downstream from the Little Colorado 
division, construction of a dam at this site would form a 

reservoir extending into the division. The Coconino 
Dam is discussed in this chapter under the Boulder 
division. 

Snowflake project.-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 com
mingled with those of Silver Creek and distributed to about 
6, 7 00 acres of new lands lying on both sides of Silver Creek 
in the vicinity of Snowflake, Ariz. A portion of the 2,000 
acres now iri-igated would be supplied water through the 
facilities of the new system. The irrigation structures 
planned would have some incidental flood-control benefit. 

Black Creek project.-Construction of a reservoir at the 
Black Creek site near Houck, 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 acres along the south bank of that 
stream. This project is _ an alternative to an upstream 
irrigation development within the Navajo Indian Reser
vation in. Arizona and New Mexico, for which the Office 
of Indian Affairs holds prior water rights. Either plan 
would have about the same depletpry effect upon stream 
flows. 

Holbrook project.-Along the Little Colorado River 
near Joseph City, Ariz., are 1,800 acres of new· land and 
600 acres now inadequately irrigated which would receive 
water from this project. Storage wouJd be provided in a 
reservoir at the Fork site on Little Colorado River just 
below the mouth of Silver Creek. Of its total capacity 
of 117,000 acre-feet, 75,000 would be for silt retention. 
A canal diverting from this reservoir would parallel the 
river on the south side to a point 4 miles west of Holbrook, 
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where a siphon would carry the water across the river into 
a canal leading to the project lands. Incidental channel 
improvements resulting from construction of this project, 
together with the regulatory effect of silt and irrigation 
storage, would provide some flood protection for down
stream property. 

Winslow project.--This development would utilize the 
waters of Clear and Chevelon Creeks for the irrigation of 
19,750 acres of new lands, including 5,000 acres of Indian 
lands and 14,750 acres of white-owned lands, all on the 
north side of the Little Colorado River in Arizona. Con
struction of the Willow Creek Dam on Clear Creek would 
provide for storage of 45,000 acre-feet of water, and con
struction of Wildcat Dam on Chevelon Creek would im-
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pound another 49,000 acre-feet for irrigation use. Be
cause of the steep-walled canyons in which the streams are 
entrenched, tunnels heading at diversion weirs would be 
necessary to convey water to the canals leading to the proj
ect lands. In addition, a siphon crossing under the Little 
Colorado River would be required. 

Summary 

The following tables summarize potential develop
ment in the Little Colorado division, showing various 
purposes to be served by potential projects, estimated 
construction costs, potential reservoirs, and present and 
potential stream depletions. 

TABLE LXXVIII.-Potential projects in the Little Colorado division 

Project Location of 
project Source of water supply Purpose to Estimated con· 

be served 1 struction cost ' 

Snovrllake _____________ ____ ____ ______________ Arizona _____ _ 
Black Creek ______________ ________________________ do ______ _ 
Holbrook_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ ____ do ______ _ 
Winslow _________________ ___ __________ ____________ do ______ _ 

Show low and Silver Creek _________ __ _ 
Black Creek _______________________ _ 
Little Colorado River _______________ _ 
Clear and Chevelon Creek ___________ _ 

I, F, S 
I, F, S 

I, F, S, C 
I, F, S 

$2,600,000 
1, 800,000 
1,300,000 

19,000,000 

TotaL__ _ _ _ _ _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 24, 700, 000 

I Symbols used: !=irrigation, P=power, F=tlood control, S=silt retention, C=channel improvement. 
'Preliminary estimates based on construction costs of Jan. 1, 1940. 

TABLE LXXIX.-Potentialreservoirs in the Little Colorado division 

Name of site 1 Source of water supply Project served directly 

Shumway_-------___________ ________ _________ Showlow and Silver Creeks_-------___ Snowflake _______ ______ _ 
Black Creek___________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Black Creek. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Black Creek ___ ________ _ 
Forks________________ ________________________ Little Colorado ______________________ Holbrook ___ ______ _____ _ 
Willow Creek___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Clear Creek______ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Winslow __ ___ __________ _ 
Wildcat_________________________ _____________ Chevelon Creek_________________ ___ _ Winslow ____ ___ ________ _ 

Total----------------------- - ---------------------"--------- - - -- ---------- - - - ---- - -----------------

1 AU in Arizona. 

Total capacity 
(acre-feet) 

25,000 
48,600 

117,000 
45,000 
49,000 

. 

284, 600 

TABLE LXXX.-Potential irrigation development zn the 
Little Colorado division 

TABLE LXXXI.-Present and potential stream depletions in 
the Little Colorado division 

Area to be benefited (acres) Estimated average annual depletion 
(acre-feet) 

Project I Furnished State subdivision 
New land supplemental Total 

water 
Total Present Potential 

depletion increase ultimate 
depletion 

Snovrllake _____________ _______ 6, 700 0 6, 700 Black Creek __________________ 4,000 0 4,000 
Holbrook ______________________ 1, 800 600 2,400 
Winslow ______________________ 19, 750 0 19, 750 

Arizona: 
Silver Creek Basin _____ 6, 500 10, 000 16,500 
Black Creek Project_ __ 0 6, 000 6,000 
Holbrook-Joseph City 

Total __________________ 32, 250 600 32, 850 
area ________________ 2,300 2, 700 5,000 

Winslow area __________ 900 30,000 30, 900 
Other areas ___________ 49,000 0 49, 000 

1 All projects in Arizona. 
Subtotal ____________ 58, 700 48, 700 107,400 

New Mexico (all areas) ____ 13, 000 0 13, 000 

TotaL _______ ------ 71, 100 1 48, 700 I 120,400 
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SCALE OF MILES 

Virgin Division of the Colorado River Basin 

Virgin Division 

The Virgin River is flanked on the east by Kanab 
Creek and on the west by Muddy River. All three 
streams flow south or southwest to the Colorado River. 
The Virgin and Muddy Rivers once joined before reach
ing the Colorado, but both now discharge separately into 
Lake Mead, the reservoir formed by Boulder Dam. 
Kanab Creek enters the Colorado River in Grand Can
yon National Park. The combined drainage areas of 
these tributaries in Arizona, Nevada, and Utah consti
tute the 12,700 square miles of the Virgin division. 

WATER RESOURCES 

Surface water.-The principal streams, fed chiefly from 
springs and melting snow, head in the high plateaus and 
mountains bounding the area on the north. Except for 
several springs and occasional freshets from summer rains, 
the proportionately large areas at lower and intermediate 
elevations contribute little run-off. 

The discharge rate of several major springs in the 
division is nearly uniform throughout the year. All other 
stream flows are erratic and fluctuate widely from season 
to season and from year to year. Storage regulation, 
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therefore, is necessary for maximum utilization of water. 
High spring run-off from melting snow usually ends in 
May or June. Low flows then continue well into the 
fall. Occasional freshets or floods occur in all seasons 
of the year; in winter and spring from heavy rain or 
rapidly melting snow or both, and in summer and fall from 
localized torrential rains. 

The average annual virgin flow of the Virgin River at 
Littlefield, Ariz., near its mouth is estimated at 310,000 
acre-feet. Recorded flows of streams at various points 
are shown in the following table. Unfortunately there 
are no discharge records of Kanab Creek and Meadow 
Valley Wash, the principal tributary of Muddy River. 

TABLE LXXXII.-Average annual stream flows in the 
Virgin division 

Average annual flow 
(acre- feet) 

Station Period of -record 
For period For 1931-
of record 1940 period 

North Fork of Virgin River 
near Springdale, Utah _______ 1926-1943 78,000 78,000 

Virgin River at Virgin, Utah ___ 191D-1943 162,000 142,000 
Virgin River at Littlefield, 
' Ariz ______________________ 193D-1943 204, 000 189,000 
Santa Clara River below Gun-

lock, Utah __________________ 1939-1943 22, 000 I 19,000 
Muddy River at head of 

Moapa Indian Reservation, Nevada ___________________ 21917-1943 -------- I 31,000 

' Estimated. 
• Records incomplete. 

Ground water .-Many small springs and seeps scattered 
through the area have been developed for stock watering 
and domestic purposes, and all the larger springs are 
utilized for irrigation. Other than the discharge of 
springs, ground water is of limited importance. A 
few small wells in alluvial-filled valleys are operated for 
irrigation and domestic purposes. There are no known 
ground-water basins having large contributing drainage 
areas, and the possibilities of further .ground-water de
velopment for irrigation are believed to be insignificant. 

Quality of water.-Waters of the upper portion of the 
Virgin River and of all its northern tributaries are of suit
able chemical quality for irrigation use. These waters 
have been used for many years for irrigation, and no detri
mental effects to crops have been apparent. 

Below La Verkin, Utah, mineral springs contribute to 
the Virgin River large quantities of water which are 
highly charged with mineral salts, chiefly carbonates, sul
phates, and chlorides of calcium, magnesium, and sodium. 
At Littlefield, Ariz., near the mouth of the river, mineral 
springs contribute an average of 60 second-feet of water, 
which constitutes most of the low flow of the stream. This 
water is unsatisfactory for domestic use. Only because a 
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high percentage of the mineral content is gypsum is the 
water at all usable for irrigation, and then only for the 
more salt-tolerant crops. 

Waters of Kanab Creek and Meadow Valley Wash are 
of good chemical quality and have long been used for irri
gation. Muddy River waters, derived principally from 
springs, are of fairly good quality for irrigation. 

Silt content of streams in the Virgin division is fairly 
low in the headwaters at nearly all times and also in the 
lower reaches during ordinary low flows. Freshet and 
flood flows, however, are high in silt content. 

PRESENT DEVELOPMENT OF WATER RESOURCES 

General.-A.lthough the total run-off during. the low
flow season is now fully utilized for irrigation and some 
shortages are experienced, the rna jor part of the stream 
flow during the nonirrigation and high spring run-off 
seasons escapes from the area unused. Plans for develop
ment of portions of this surplus water for irrigation have 
been proposed from time to time and there has been some 
effort toward promotion of projects, but no successful 
developments therefrom have as yet materialized. 

Domestic water for communities is obtained for the 
most part from springs, and nearly all communities have 
municipal distribution systems. Some community do
mestic supplies are pumped from wells. Outlying farm
steads obtain domestic supplies from privately owned 
springs, irrigation ditches, small wells, or by hauling from 
distant sources. Many seeps and springs have been de
veloped for stock watering, and many watering ponds 
have been constructed on the ranges for capture of 
occasional surface run-off. . 

Irrigation.-Irrigation was early expanded to the limits 
of natural stream flow, and by 1905 some streams were 
overappropriated, with shortages resulting in low run-off 
seasons. The high cost of potential projects has pre
cluded any material development of new systems by local 
interests for irrigation of additional lands in the area since 
about 1905. Present storage development is practically 
negligible. 

Approximately 36,100 acres are irrigated in the Virgin 
division, of which 23,500 acres are in Utah, 2,800 acres 
are in Arizona, and 9,800 acres are in Nevada. These 
areas include 400 acres of Indian lands; the Office of In
dian Affairs estimates that 700 additional acres of Indian 
lands in existing developments will be irrigated ultimately. 
Irrigated acreage varies somewhat from year to year de
pending upon fluctuations in stream flow as well as eco
nomic conditions. All irrigation development has been 
accomplished by individuals and mutual irrigation com
panies. 

Nearly all irrigation developments are simple gravity 
diversions without storage regulation. Some small areas 
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are served by pumping. About 15,000 acres of the total 
irrigated area have a fairly adequate water supply. The 
remaining area suffers frequent water shortages of varying 
degree. No water is imported into the division and only 
one small diversion is made out of the area. This diver
sion is from the headwaters of Santa Clara River to Pinto 
Creek in the Bonneville Basin. 

Power development.-Stream flow is used for power 
production at five hydroelectric plants in the area. One 
plant of 1 ,000-kilowatt capacity is located on the Virgin 
River at La Verkin, Utah, and three plants with combined 
capacities of 1,890 kilowatts are located on Santa Clara 
River near V eyo and Gunlock, Utah. These four plants 
are owned and operated by the Southern Utah Power Co., 
which supplies electric energy to most of the communities 
in the Utah portion of the division. The fifth plant is 
the recently installed St. George municipal plant located 
on the pipe line diverting municipal water from springs 
at the head of Cottonwood Creek, 15 miles northwest of 
St. George. This plant has a capacity of 550 kilowatts, 
and its output is augmented by two diesel installations at ·· 
St. George, having a combined capacity of 800 kilowatts. 
Communities in theN evada portion are served with power 
from the Boulder Dam power plant. 

Summary . .:.-Irrigated areas and estimated amounts of 
water consumed in the Virgin division are summarized in 
the following tables:' 

TABLE LXXXII I.-Present irrigated areas in the Virgin 
division 

Acres irrigated 
Stream 

I 
Arizona Nevada Utah Total 

I 
Virgin River ____________ 1, 800 2, 800 19, 6og I 24, 200 
Muddy River ___________ 0 7, 000 7,000 
Kanab Creek_ __________ 1, 000 0 3, 900 ! 4, 900 

TotaL ___________ 2, 800 1 9, 800 23,500 1 36, 100 

TABLE LXXXIV.-Estimated present average annual 
depletions in Virgin division 

Depletions (acre-feet) 
Stream 

Arizona Nevada Utah Total 

Virgin River ____________ 3,600 9, 800 38, 000 51,400 
Muddy River ___________ 0 14, 000 0 14,000 
Kanab Creek ___________ 1, 500 0 7,000 8, 500 

TotaL ___________ 5, 100 23, 800 1 45, ooo 1 73, 900 

POTENTIAL DEVELOPMENT OF WATER RESOURCES 

The major water-use problem in this division is that of 
providing storage regulation of the available stream flow 
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to secure a full supply for lands now inadequately irri
gated and for as large an additional irrigable area as is 
practicable. Such development would help to stabilize 
irrjgated agriculture, relieve the local population pres
sure, and enlarge the livestock feed base so as to attain 
more nearly a bal~nce in industry of the area. 

Kanab Creek project.-Storage on the main streams 
of either Kanab Creek or its tributary, Johnson Creek, 
is impracticable because of the high silt discharge of 
these streams. New development is limited to offstream 
storage of the comparatively silt-free, nonirrigation season 
flows of Kanab Creek, which are derived essentially from 
springs emerging in the stream bed several miles above 
the town of Kanab. To provide such storage a reservoir 
of 1,400 acre-feet capacity at the offstream State Line site 
would be fed a water supply from Kanab Creek through a 
short extension of the existing Kanab canal. The stream 
flow thus diverted and stored would furnish a supple
mental supply for 1,000 acres of land near Fredonia, Ariz. 

Hurricane project.-A reservoir of 165,000 acre-feet 
total capacity (65,000 acre-feet active and 100,000 acre
feet reserved for silt) on Virgin River at the Virgin City 
site 3 miles northeast of Hurricane, Utah, together with a 
27-mile canal extending southwest from the reservoir, 
would furnish a supplemental supply for 6,500 acres of 
land now insufficiently irrigated and a full supply for 
14,000 acres of new land, all in the Hurricane-St. George 
Valley in Utah and Arizona. The existing 1,000-kilo
watt power plant at La Verkin, Utah, dependent on 
erratic river flow, would be abandoned, and power would 
be developed at three new plants having a combined ca
pacity of 4,600 kilowatts and a combined head of 800 
feet. In addition to meeting power replacement and 
project pumping needs, these plants would produce about 
15,000,000 kilowatt-hours of firm power annually. The 
reservoir would also have incidental value for flood con
trol, silt retention , fishing, and recreation. 

Santa Clara project.-Full regulation and utilization 
of the flow of Santa Clara River, the principal Virgin 
River tributary, could be obtained by means of an 18,000-
acre-foot ( 14,000 acre-feet active capacity) reservoir at 
the Lower Gunlock site on that stream. A supplemental 
water supply for irrigating 1,700 acres of land in need of 
more water and a full supply for 2,000 acres of new land 
in Utah under existing canals would be provided. The 
reservoir would have incidental value for flood and silt 
control and for fishing and recreation. 

Panaca Valley project.-Irrigation development in the 
Muddy River Basin is limited by available water. A 48,
:ooO-acre-foot reservoir at the Delmue site on Spring 
Creek near its mouth (the head of Meadow Valley 
Wash) 7 miles northeast of Panaca, Nev., would pro
vide storage for irrigation water and flood control. A 
new 10-mile canal would carry this water to 2,000 acres 
of land in need of a supplemental supply and 2,000 acres 
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of new land. The reservoir would have incidental value 
for fishing and recreation. 

Moapa Valley project.~A reservoir of 9,500 acre-feet 
capacity at the White Narrows site on Muddy River 
would provide water storage regulation to furnish a sup
plemental water supply for 2,500 acres and a full supply 
for 1,500 acres of new land in Moapa Valley, Ariz. This 
reservoir would also provide 2,500 acre-feet of storage for 
flood control and silt retention. Rehabilitation of the 
present distribution system and drainage of project lands 
would be included in the project development. 

Moapa Valley Pumping project.-This development 
would provide an irrigation supply for 6,000 acres of new 
land in the Muddy River drainage area by pumping from 
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Lake Mead. The first pump would lift the water 130 
feet to a canal 22 miles long. A second pump would lift 
the water an additional 105 feet where half the flow 
would be diverted in a 5-mile canal. A third pump would 
lift the remaining flow another 80 feet to a canal 10 miles 
long. 

Summary 

The following tables summarize potential development 
of water resources in the Virgin divisions, including the 
various purposes to be served by potential projects, esti
mated construction costs, areas to be irrigated; and 
stream depletions. 

TABLE LXXXV.-Potential projects in the Virgin division 

Project Location of project Source of water supply served 1 struction cost' 
Purpose to be I Estimated con· 

--------------------------------------1-------------------- . 
]{anab Creek _____________________ Arizona ___________________ _ ]{anab Creek __________________ _ 
Hurricane___________________ __ __ Utah, Arizona ______ ____ ____ _ 
Santa Clara______________________ Utah _________________ _____ _ 

Virgin River ___________________ _ 
Santa Clara River __ _____ . ______ _ 

Panaca Valley____________________ Neyada ___ .. _________ ______ _ 
Moapa Valley _________________________ do ____________________ _ 
Moapa Valley pumping _________________ do ____________________ _ 

Meadow Valley Wash ___________ . 
Muddy River ______ _____________ _ 
Lake ~fead ________ _________ __ _ _ 

I 
I, P, S, F 

I, F, S 
I, F 

I F S , I' 
I 
I 

TotaL ________________ - _________ --- - - - - --------------- --- - ------- - ---- -------- ----- --- - ----------- i 

I Symbols used: 1-irrigatlon, P-power, 8-silt reteniion, ana F -flood control. 
' Preliminary estimates based on construction cost of Jan. 1, 1940. 

TABLE LXXXVI.-Potential reservoirs in the Virgin division 

Name of si te Source of water supply Project serYed 

I 

$200,000 
9, 200,000 
1,700,000 
1,300,000 

700,000 
2,800,000 

15,900,000 

Total capacity 
(acre-feet) 

-----------------------·- --------------------1------------------'1-----
State Line _____ ____ ____ _________ __ ____ ]{anab Creek _____________________ ]{anab Creek _______ ___ c_ ____ __ ___ 1, 400 
Virgin City ____________________ ______ _ Virgin ________ ______________ ______ Hurricane_____________ __________ _ 165,000 
Lower Gunlock______________________ Santa Clara _______________________ Santa Clara________________ _______ 18,000 
Delume _____________________ . _ _ _ _ _ _ _ _ Meadow Valley Wash_ . ____________ Panaca Valley_ ______________ _____ 48, 000 
White Narrows ___ ____________________ Muddy Creek _____________________ Moapa Valley________ _____________ 9, 500 

TotaL ____________________________________ ______________ ____________________ _______________________ 11!---2-4-1,_9_0_0 

TABLE LXXXVII.-Potential irrigation de velopment in Virgin division 

Project State 
New land 

Area to be benefited (acres) 

Furnished sup
plemental water Total 

------------------------- --------------------·------ --- - ---- ------
]{anab Creek _________________________________ Arizona _________ __________ ________ _ 
Hurricane __________________________________ _ Utah, Arizona ______ __ ______________ _ 
Santa Clara _______________ _____________ . ___ ._ _ Utah ______________________ ________ _ 
Panaca Valley_______________________________ _ Nevada _____ ____ _____ _____ ___ ___ __ _ 
Moapa Valley ___________ -------- ______ ________ ____ do ____________ __________ __ ____ _ 
Moapa Valley pumping _________ -------- ____________ do _______________ c ___ _ ______ _ _ _ 

0 1,000 1,000 
14,000 6, 500 20,500 
2,000 1, 700 3, 700 
2,000 2,000 4,000 
1,500 2, 500 4,000 
6,000 0 6,000 

1--------i---------1----------
Total ______________ ____ ___ __ __________ - - ------------------- - ------- - ----- -

I 

25, 5oo I 13, 700 39,200 
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TABLE LXXXVIII.-Potential irrigation development m 
the Virgin division by States 

Area to be benefited (acres) 

State Furnished 
New land supplemental Toto.! 

water 
-

Arizona ___ _______________ 3, 000 1,000 4,000 
Nevada ___ __ ____ __ ___ ____ 9, 500 4, 500 14,000 Utah ________________ _____ 13, 000 8, 200 21, 200 

TotaL _____________ 25,500 13, 700 39, 200 

TABLE LXXXIX.-Potential power development in the 
Virgin division 

Name of power Installed Annual genera-
Project plant River capacity tion (kilowatt· 

(kilowatts) hours) 

Hurricane ____ Virgin--~----- Virgin __ _ 2,000 12,900,000 
Do ________ Bench Lake ___ _ __ do ____ 800 5,200, 000 
Do _______ ._ Warner Valley ___ do ____ 1, 800 14,700,000 

TotaL_ -------------- --------- 4, 600 1 32, 800, 000 

I Net firm generation would be 15,000,000 kilowatt-hours in 
addition to replacement of power from the 1,000-kilowatt La 
Verkin, Utah, plant, project pumping needs, and secondary 
energy. 

TABLE XC.-Present and potential stream depletions in the 
Virgin division 

Estimated average annual depletion (acre-
feet) 

State and subba5in 
Present de- Potential Total ultimate 

pletion increase depletion 

Arizona 

Virgin River ______________ 3, 600 12, 000 15, 600 
Kanab Creek_ ________ .. ___ 1, 500 700 2, 200 

SubtotaL ___________ 5, 100 12, 700 17, 800 

Nevada 

Virgin River ______________ 9, 800 0 9, 800 
Muddy River_ ____________ 14,000 15, 000 29,000 
Colorado River_ ___________ 0 21, 000 21, 000 

SubtotaL ___________ 23, 800 36, 000 59, 800 

Utah 

Virgin River _______ ______ _ 38, 000 56, 300 94, 300 
Kanab Creek _____________ 7,000 0 7,000 

SubtotaL __________ _ 45, 000 56, 300 101, 300 

TotaL __________ ... 73,900 
I 105, 000 1 178,900 

Boulder Division 

The Boulder division, roughly 450 miles long and 150 
miles wide, embraces 48,600 square miles in Arizona, 
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California, and Nevada. It includes not only the area 
which drains into the Colorado Rivq below Lee Ferry, 
exclllding areas tributary to the Little Colorado River 
above Moenkopi Wash, Kanab Creek, Virgin River, 
Muddy River, and the Gila River above Sentinel, but the 
valley containiqg the Salton Sea, whose drainage is not 
tributary to the Colorado River and whose diversions 
therefore constitute exports from the basin. 

The Colorado River enters the division from the north
east at Lee Ferry, weaves its way west and south for 350 
river miles, then flows south 358 miles emerging from the 
Boulder division at the Mexican border. The Williams 
River, formed by the confluence of Big Sandy and Santa 
Maria Rivers in west central Arizona and entering the 
Colorado just above Parker Dam, is the only rna jor stream 
rising in the Boulder division. 

WATER RESOURCES 

Surface water.-Gage height records of the Colorado 
River at Yuma, Ariz., have been maintained continuously 
since 1878, although discharge measurements date only 
from 1902. During later years otlier mea.Suring stations 
have been established on the main stream and tributaries. 
The average annual virgin flow of the Colorado River at 
Lee Ferry, based on the period 1897-1943, is estimated at 
16,270,000 acre-feet. The virgin flow for the Gila River 
near Dome, Ariz., is estimated to be 1,270,000 acre-feet. 
The average annual flows of the Colorado River and two 
of its tributaries as recorded at various points in the Boul
der division are as follows: 

TABLE XCI.-Average annual stream flows in the Boulder 
division 

Average annual flows (acre-
feet) 

Station I Period of . 
record 

For period of For 1931-40 
record period 

----
Colorado River at Lees Ferry __ 1921-43 12, 727, 900 10, 142, 000 
Colorado River at Bright An-gel _______ __ _____ _________ 1922-43 12, 977, 000 10, 520, 000 
Colorado River near Topock ___ 1917-43 13,740, 000 2 7,729,000 
Colorado River at Yuma ___ ___ 1903-43 13,316,000 2 5, 709,000 
Williams River at Planet ____ c _ 1928-43 116, 000 125, 400 
Gila River near Dome _____ ___ 1930-43 84,600 57, 900 

I All in Arizona. 
' Filling of Lake Mead was started in 1935, which accounts lor the low average flow 

at these gaging stations. 

About 67 percent of the annual run-off of the Colorado 
River occurs during the period April to July inclusive. 
Regulation by reservoirs is necessary to permit full utiliza
tion of the water. Large storage reservoirs also provide 
protection from floods, which normally occur during the 
spring period from melting snow, but occasionally come 
in late summer or early fall with torrential downpours. 
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Boulder Division of the Colorado River Basin 

At present the flow of the Colorado River exceeds the 
requirements of the irrigated lands, but future develop
ments should be limited to the available water supply. 

Flows from the Williams River are erratic and subject 
to flash floods of great magnitude. During the 1 0-year 
period, 1931 to 1940, the annual flows varied from 11,800 
to 307,000 acre-feet. 

The Gila River channel is dry at Dome, Ariz., for long 

periods. No flow is recorded at this station some years. 
Occasionally torrential rains cause large floods. 

Ground water.-Ground water occurs in this division 
in the valleys of the Colorado River and the lower Gila 
River. The Las Vegas Valley in southern Nevada and 
the Coachella Valley in the Salton Sea Basin in southern 
California have benefited from use of ground water. 

Of the 250 producing wells in the Las Vegas area in 
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1938, about 75 percent were artesian. The depth of the 
wells drilled varied from 150 to over 1,150 feet. Lack of 
conservation of the artesian water has depleted the avail
able supply, especially in the upper artesian sands. 

The development of the Coachella Valley, also an 
artesian-well basin, has been almost continuous since the 
first well was drilled in 1898. However, the placing of 
new lands under irrigation recently has caused a serious 
drawdown of the ground-water level in the basin. 

Other developments of irrigated lands by wells exist 
in the Colorado and lower Gila River Valleys, the most 
important of which is the Wellton-Mohawak area in 
southwestern Arizona. Supplies of ground water in this 
area are replenished by the flood waters of the Gila River. 
Developments on the upper Gila watershed have greatly 
reduced the amount of flood water reaching these down
stream areas. In recent years the ground water supply 
has decreased and its salt content has increased. As a 
consequence, an unsatisfactory economic condition exists 
in this area. 

Quality of water.-Water of the lower Colorado River 
is suitable for irrigation use. Before 'the completion of 
Boulder Dam and the subsequent storage of water in Lake 
Mead, the content of dissolved material in the water 
tended to fluctuate with the various flows. Generally, 
high flows were relatively low in total dissolved solids and 
low flows were high. Since the lake has filled, the out
flow water is fairly constant in dissolved solid content, 
averaging annually about 680 parts per million. As it 
progresses downstream, however, the content of dissolved 
solids in the river water increases somewhat until at Yuma, 
the total dissolved solids average about 700 parts per mil
lion. Water of this quality is suitable for irrigation and 
domestic use. Although the calcium carbonate content 
makes the water hard, thus requiring more soap for cleans
ing purposes, it is of benefit to the sandy soils of the south
western desert lands. When water of this quality is used 
for irrigation, the calcium ions present in the water replace 
to some extent the sodium ions in the soil. This tends to 
improve soil structure by making it more granular or 
flocculent, as well as more friable. 

The silt content of the waters of the Colorado River 
has been greatly reduced by the construction of Boulder, 
Parker, and Imperial Dams. During the years 1911 
through 1934, before the construction of these dams, the 
river carried an average annual silt load of 179,920,000 
tons at the Yuma sampling station. For the years 1936 
through 1942, the average annual silt load of the river at 
the same point was 13,100,000 tons. 

Silt problem.-Water entering the Boulder division at 
Lee Ferry carries immense quantities of silt. The San 
Juan River, largest of the southern tributaries of the 
upper basin, contributes about one-quarter of the silt 
passing Grand Canyon, and the northernmost tributary 
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of the lower basin, the Little Colorado, accounts for 
about one-sixth more. From Lee Ferry to the upstream 
end of Lake Mead, the Colorado River, falling approxi
mately eight feet per mile, is continuously cutting its 
course, even through the hard rocks of the canyon. Silt 
originates not only from stream cutting in the channels of 
the river and its important tributaries, but also from 
general erosion. The rate of land reduction through ero
sion in the Colorado River Basin is the highest of any 
stream basin in the United States. 

Lake Mead receives the silty load of both the Colorado 
and the Virgin Rivers. Storage capacity in Lake Mead 
is being reduced an estimated 137,000 acre-feet a year 
by the deposition of this silt. 

The clear water discharged from Lake Mead picks up 
and transports downstream a considerable amount of river 
bed material, progressively lowering the bed for the first 
88 miles. An estimated 100 million cubic yards had been 
removed by the end of 1943. From 1941 through 1943 
about 35 million cubic yards were deposited in the next 
32-mile stretch downstream. A large but unknown 
amount of material has been carried beyond this stretch 
and deposited in Havasu Lake, the reservoir formed by 
Parker Dam. For a long period prior to Boulder Dam the 
river deposited some of its silt load in these same sections, 
causing a rise in the water surface elevation averaging 
annually ab~ut 0.35 feet in the vicinity of Needles and 
about 0.55 feet at the Topock gaging station. 

A similar condition of cutting out and redepositing has 
taken place below Parker Dam. Clear water leaving 
Parker Dam has scoured out bottom material and lowered 
the river bed elevation for 93 miles downstream, and be
yond that point the river bed has been raised. 

By early 1944 the water surface at the diversion of the 
Palo Verde irrigation district had been lowered by river 
retrogression to such an extent that a full diversion into 
the district's canal became impractical. 

Between Imperial Dam and Laguna Dam little change 
in river conditions has taken place, but below Laguna 
Dam some 30 million cubic yards of material have been 
removed from the river banks and bed since January 
1940. All material passing the Imperial Dam sluiceway, 
as well as that from the Gila River, has been transported 
downstream. 

Controlling the silt load of the Colorado River and its 
tributaries to prevent damage is an important phase of 
water conservation for beneficial use. Silt control is 
especially desirable upstream from Lake Mead, where the 
Colorado River alone carries each year about 180 million 
tons of silt, which, when deposited, occupies a volume 
estimated at 110,000 acre-feet. Obviously, therefore, any 
plan of development must provide adequately for sedi
ment storage. The possibility of removing sediment de
posits by sluicing holds little prospect for success. 
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PRESENT DEVELOPMENT OF WATER RESOURCES 

General.-Boulder Dam and Lake Mead, with over 
32 million acre-feet of storage capacity, provide the key 
to present and future development of water resources in 
the division. Water stored here is released as required for 
irrigation, for power development, and for domestic uses. 
The lake acts as a desilting basin, clarifying the muddy 
Colorado and making it fit for human consumption; it 
catches and, to a great extent, subdues the floods which 
pour down the river channel; and in addition it furnishes 
an unexcelled water playground in the desert. For com
plete development and regulation of the river, however, 
other dams should be built above Boulder. 

Davis Dam, on the Colorado River 67 miles below 
Boulder with its reservoir of 1,600,000 acre-feet capacity, 
will serve many purposes by reregulating the releases from 
Boulder Dam. Construction of this dam, temporarily 
halted by an order of the War Production Board, is sched
uled to be resumed in 1946. 

Below Davis Dam are four diversion dams: Parker, for 
the Metropolitan Water District of Southern California; 
Headgate Rock, for the Colorado River Indian Reserva
tion; Imperial, for the All-American Canal System and 
the Gila project; and Laguna, for the Yuma project. Al
though the latter three are primarily for diversion pur
poses, small amounts of power are generated at plants 
either at the dams or in the canals below. The Parker 
power plant is an important unit in the power network 
of the area. 

Prior to the construction of Boulder Dam, all irrigation 
from the river was dependent on natural stream flow; 
now, however, storage water is used to supplement nat
ural flow for most of the irrigated areas. 

Irrigation.-The Colorado River Indian irrigation 
project is the first major irrigation development down
stream from Boulder Dam. Irrigation has been practiced 
on this reservation since the seventies, first by gravity 
ditch diversions which later failed, then by pumping, and 
since June 1942 by diversion at the newly completed 
Headgate Rock Diversion Dam and Main Canal. Works 
are now completed to irrigate 9,400 acres. The system is 
designed ultimately to irrigate 100,000 acres. 

Palo Verde irrigation district lands are located along 
the Colorado River in California mainly in southeastern 
Riverside County but with a small area extending into 
Imperial County. Distribution works have now been 
constructed by the district to deliver water to 75,000 acres. 
This district in recent years has experienced difficulty in 
diverting its required water because of silt deposits in the 
intake canal and the lowering of the river channel at the 
headgate by scouring. By 1943 the channel had lowered 
to such an extent that it was evident the district would not 
be able to maintain its gravity diversion, and an appeal 
was made to the Bureau of Reclamation for assistance. 

THE COLORADO RIVER 

The Bureau subsequently constructed a temporary rock 
weir to raise the water surface to a sufficient height for 
diversion into the district's canal, pending a permanent 
solution of the problem. 

Prior to 1940, lands in the Imperial irrigation district 
were served by the Imperial Canal, which diverted water 
from the Colorado River below Yuma. A part of this 
canal looped into Mexico, which led to complications and 
made it highly desirable to have a canal located entirely 
within the United States. The All-American Canal sys
tem of the Bureau of Reclamation's Boulder Canyon proj
ect answers this purpose. In 1943, there were 400,400 
acres irrigated in the Imperial irrigation district from the 
All-American Canal. The project is still under construc
tion and will irrigate ultimately lands in Imperial Valley, 
Coachella Valley, East and West Mesas, and Pilot Knob 
Mesa. The area now irrigated in Coachella Valley by 
ground water will be served supplemental water from the 
Colorado River. 

The Yuma project, located in Yuma County, Ariz., and 
Imperial County, Calif., was one of the first irrigation 
developments of the Bureau of Reclamation and its earli
est on the Colorado River. Construction was authorized 
in 1904, and the first water was delivered during the 1907 
season. Water is diverted at Laguna Dam for a portion 
of the California lands and from the All-American Canal 
at the Siphon Drop power plant for the remainder of the 
project. In 1943, 58,800 acres were irrigated including 
7,800 acres of Indian land, reported by the Office of In
dian Affairs as the maximum development possible. 

The Gila project is located in the southwest corner of 
Arizona and borders on the east side of the Yuma project. 
As originally conceived, this project contemplated irriga
tion of 585,000 acres of land. Although considered as 
one development, the location of the lands suggests cer
tain groupings within the project itself. These are des
ignated as the Yuma Mesa, South Gila Valley, North Gila 
Valley, and Wellton-Mohawk divisions. Construction of 
facilities for the irrigation of 150,000 acres in the Yuma 
Mesa, South Gila Valley, and North Gila Valley divisions 
has been started. Imperial Dam, already completed, is 
the diversion dam for both the All-American Canal and 
the Gila Gravity Main Canal. Water is now being deliv
ered to North Gila Valley and to a small acreage of the 
Yuma Mesa. Originally it was planned to develop 139,-
000 acres in the Yuma Mesa. It now appears more 
desirable to limit the irrigated area to 70,000 acres thus 
permitting greater development in the other three divisions 
where it is believed the water could be used to better ad
vantage. A new authorization will be required, however, 
for any development in the Wellton-Mohawk division: 
The extent of ultimate development in the Gila project 
will depend upon the final allocation of water between 
this project and the potential central Arizona project, 
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IMPERIAL DAM AND DESILTING BASINS ON COLORADO RIVER 
Diversion structure for both All-American and Gila Main Canals 

ALL-AMERICAN CANAL 
Carries Colorado River water 90 miles to irrigate California's Imperial Valley 
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discussed under the Gila division, or other possible de
velopments within the State of Arizona. 

About 1,200 and 500 acres are irrigated by gravity 
diversion from Big Sandy River and Kirkland Creek, re
spectively. Both streams are tributaries of the Williams 
River. 

Some 1,200 acres near Las Vegas, Nev., are now irri
gated from ground water sources. About 16,000 acres 
in Coachella Valley, 6,600 acres in the South Gila Valley, 
and 7,800 acres in the Mohawk Municipal Water Conser~ 
vation District near Roll, Ariz., are also irrigated from 
ground water. The two areas last named may be fur
nished a water supply under the Gila project. 

Municipal and industrial use.-The Colorado River 
aqueduct in southern California is the only large munic
ipal diversion out of the Boulder division. The aqueduct 
was constructed by the Metropolitan Water District of 
Southern California, composed at present of the cities of 
Anaheim, Beverly Hills, Burbank, Compton, Fullerton, 
Glendale, Long Beach, Los Angeles, Pasadena, San Ma
rino, Santa Ana, Santa Monica, and Torrance and of the 
Coastal Municipal Water District. The Metropolitan 
District's first objective in constructing the Colorado River 
aqueduct was to supply Colorado River water for domes
tic, industrial, and other beneficial uses to the area within 
its boundaries, and to such additional surrounding areas as 
may later desire to join the district. Water is pumped 
from Havasu Lake and conveyed by the aqueduct to the 
southern California area. 

Because of the critical nature of the water situation at 
San Diego, President Roosevelt on November 29, 1944, 
directed that the Bureau of Reclamation complete plans 
and specifications for an aqueduct to take 50 million gal
lons of water per day from the Colorado River aqueduct 
of the Metropolitan Water District of Southern California 
and deliver it to San Vicente Reservoir of the San Diego 
water system. The President directed that the Bureau 
of Yards and Docks perform the necess;uy construction. 
Contracts for construction of some parts of the aqueduct 
were awarded during the summer of 1945. 

Water is pumped from Lake Mead and conveyed by 
pipe line to Henderson, Nev., for municipal and indus
trial use, mainly by Basic Magnesium, Inc., 

Drainage and overflow protection.-The cultivated 
areas included in the Colorado River Indian Reservation, 
Palo Verde Irrigation District, Yuma project, and Im
perial Irrigation District are protected by levees from river 
overflow. In these districts the lands next to the river are 
higher than those farther removed and bordered by table 
lands. Seepage from canals and storm run-off from these 
higher lands cause drainage problems on the lower lands. 
As yet the canal seepage from higher lands has not been 
serious, but some protective measures have been taken. 
All four areas are dependent on artificial drains to remove 
excess w.ater. 
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In recent years it has been difficult to maintain a satis
factory discharge from the drain-ditch system in the lower 
partofthe Palo Verde Valley. 

Drainage conditions on the upper Colorado River In
dian Reservation and the Yuma project have been bene
fited by retrogression of the river channel . opposite the 
lands. 

Water drained from California lands of the Yuma proj
ect is pumped over the levee to the river when the river is 
high; water drained from Arizona lands of the project is 
pumped over the levee into Mexico. 

Some of the levees and drains protecting lands in the 
division are: 

TABLE XCII .-Levees and drains in the Boulder division 

Open Underground Levees drains tile drains (miles) (miles) (miles) 

Colorado River Indian Reserva-
tion ______________________ - - 35 ---------- 2 

Imperial irrigation district ___ ___ I 1, 238 546 (2) 
Palo Verde irrigation district ____ 80 ---------- 35 
Yuma project _________________ 87 ------ -- -- 45 

• Maintained by the district Length of open drains in private ownership not 
available. 

'Levees are in Me!ico. 

Power.-Power production in the Boulder division is 
of utmost importance to the lower basin and to southern 
California. It is here that the waters of the Colorado 
River are utilized to generate the tremendous electric 
energy output of the Boulder and Parker Dam power 
plants. 

Thirteen transmission lines extend from Boulder Dam 
power plant to power market areas in Arizona, Nevada, 
and southern California. The two largest electric utilities 
in southern California, the Southern California Edison 
Co., Ltd., and the City of Los Angeles Department of 
Water and Power, obtained 25 and 78 percent, respec
tively, of their total energy from this one source in 1943. 
Average firm power production at the Boulder power 
plant is about 4.5 billion kilowatt-hours annually, but 
during 1944 about 6 billion kilowatt-hours were gen
erated. 

The Parker Dam power plant is connected to the Boul
der Dam power plant by transmission facilities which 
permit an interchange of electric energy, thereby con
serving water. During the fiscal year 1944 the Parker 
Dam plant generated 781,642,000 kilowatt-hours. 
Transmission lines run from the Parker Dam plant to 
load centers in Arizona,. to the Metropolitan Water Dis
trict pumping plants, and to the All-American Canal 
power plants in California. 

Other hydroelectric plants in the area include those on 
the All-American Canal, which, although comparatively 
small, are very important because of their location near 
the power market. Some plants on the canal are not yet 
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installed but are authorized and considered as present 
developments. 

power plant, when constructed, will help to alleviate 
power shortages in the area. 

Power facilities in the area have been taxed to capacity, 
and the demand shows a definite need for additional gen
erating and transmission facilities. The Davis Dam 

Summary.-Important dams, irrigated acreages, and 
net effective stream depletion are summarized in the 
following tables: 

TABLE XCIII.-lmportant dams zn the Boulder division 

Name of dam River Purpose Capacity of reser· 
voir (acre·feet) 

--·-----·----- ---- -- ---------1-- ---------------- -------- - -·----·-----·----
Boulder_____ _ _ _ _ _ _ _ _ _ _ _ _ _ Colorado ______ . ______ .... River regulation, irrigation, power ________________ .. _ .. __ .. ___ 32, 359, 000 
Davis 1• ___ .. __ .. __ ...... ........ ______ do ____ .. _ ...... _ .. ___ .. ______ .do ____ ------ ____________________________________ .. __ 1, 940, 000 
Parker ____________ .. ___ .... _____ .do ___ .... _ .... _ ........ _...... River regulation, irrigation, municipal diversion, power_______ 716, 600 
Headgate Rock __________ _ ___ __ do ____ ...... _ .......... _. _ _ Irrigation diversion .. __________________ ____________ .. _____________ ____ _ 
ImperiaL _________ .... ___ .. ______ do ____ ...... _ ...... _ .. __ .... Irrigation diversion, desilting ___________________ .. __ .. __ ...... _ 85, 000 
Laguna _____ .. ____ .... __ .... _ .. _____ do ___ .... _ .... __ .............. Irrigation diversion _______ ........ -.- __________ .. _ .. __ .... _______ _ ___________ _ 

1 Authorized. 

TABLE XCIV.-lrrigated and irrigable area under present developments (1943) 

Area 

Colorado River Indian Reservation __ ____ .. __ ........ _ .......... _______________ ............ ___ .. 
Palo Verde irrigation district_ ___ · _______ __ .............. ___________________________ .. .. 
All-American Canal: 

Irrigated (acres) 

5,000 
38,000 

Imperial irrigation district------------------------------------------------ 400,400 East ~esa ________________ _______ _________ __ ______ ____ _____________ --------------
\Vest Mesa _____ ___________ ........ _ .... ______ .... _ .. ___________ _______ .... _ .. .. .. _____________ _ 
Pilot Knob Mesa __________ _ .. ____________ .... _ .. __________ ____ .. _____________________ _ 

Coachella Valley_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2 16, 000 
Yuma project _____________ _________________________ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 58, 800 
Gila project: 

Yuma ~esa ________ _____ ___ -· ______ .. ___ ______ ____ - ____ - - - - - _- - _____ - - - - -
North Gila Valley ________________________ ___ ______________________ ... ___ _ 
South Gila Valley _______ _______________________________________________ _ 
Wellton-~ohawk ____________________________________ .. ___ _____ _________ _ 

Las Vegas area ________________________ ______________________ ___ ___________ _ 
Williams River ______ __ .. _____ ____________________________ .. _________________ _ 

Total _________________________________________________________________ _ 

100 
4,400 

z 6, 600 
2 7, 800 
2 1, 200 

1, 700 

3 540,000 

Additional irrigahle 
(acres) 

95,000 
37,000 

122, 600 
I 40, QQQ 
1 50,000 
1 15, 000 

69,000 
8,500 

69,900 
1,000 
1,000 

--- -- ---------
------------- -
--------------

3 509,000 

Total (acres) 

100,000 
75,000 

523,000 
40,000 
50,000 
15,000 
85,000 
67,300 

70,000 
5,400 
7,600 
7,800 
1, 200 
1, 700 

a 1, 049,000 

1 Based on incomplete land classification. 
'Now irrigated from ground water. 
' The 416,400 acres of irrigated and 296,600 acres of irrigable land under the All· 

American Canal are outside the natural Colorado River Basin. Excluding these 
lands Boulder division totals would be: irrigated 123,600 acres; irrigable 212,400 acres; 
total 336,000 acres. 

TABLE XCV.-Areas irrigated in the Boulder division by States (1943) 

Area Arizona (acres) C'a!i(ornia Nevada (acres) Total (acres) (acres) 
----

Colorado River Indian Reservation. _____________________ __ ____________________ _ 
Palo Verde irrigation d,istrict __________ ___ _ . _______________________ .. ___________ _ 
All-American CanaL ______________________ .. _______ .. _ .. ______________ .. _________ _ 

Coachella Valley (ground water) ___________ .. _____ .... _____________________ .. _ .. _ 
Yuma project __________________________________________ _____________________ _ 
Gila project_ ___________________________ .. _______________________________ .. ____ _ 

South Gila Valley (ground water) __________________________________________ _ 
Wellton-~ohawk (ground water) ____________ _ ----------- __________________ _ 

Williams River _________________________________________ ______ __________ . _____ _ 
Las Vegas (ground water) ________________ .. __ .... __________________ .... _ .. ___ .. ___ .. __ 

5,000 0 0 5,000 
0 38,000 0 38,000 
0 I 400, 4QQ 0 I 400, 400 
0 16,000 0 I 16, QOQ 

52,300 6,500 0 58, 800 
4,500 0 0 4, 500 
6,600 0 0 6, 600 
7,800 0 0 7,800 
1, 700 0 0 1, 700 

0 0 1,200 1,200 
Total _______________________________________________ __ ___ ______________ _ 77, 900 460,900 1,200 540,000 

1 Outside the natural Colorado River Basin. 
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TABLE XCVI.-Estimated present average annual stream depletions in the Boulder Division 

Stream 

--~~lrrado i{! ver ________________________________________ 
1 1ams Iver ______________ -----------------------------

Total-----------------------------------------------

t Includes ex . portatton of 2,500,000 acre-feet to the Salton Sea dramage area by the 
AII-Amencan Canal and 35,000 acre-feet to Metropolitan Water District of Southern 

POTENTIAL DEVELOPMENT OF WATER RESOURCES 

The Boulder division is naturally divided by physical 
characteristics into two general regions. Above Boulder 
Dam the deep canyons and rapid fall of the Colorado 
River are ideal for power developments, while below 
Boulder the region is more susceptible of irrigation and it 
is there where most of the additional irrigation projects 
probably will be located. 

Marble Canyon-Kanab Creek project.-The Colorado 
.River drops approximately 1,260 feet in the 150 miles be
tween Glen Canyon Dam site in the upper basin and 
the estimated normal water surface of the potential Bridge 
Canyon Reservoir. Approximately 100 miles of the river 
and 950 feet of the drop are within the boundary of the 
Grand Canyon National Park. To develop fully the 
power possibilities of the Colorado River and yet avoid 
the construction of dams or other works in the Grand 
Canyon National Park, Colorado River waters not needed 
to maintain a steady stream for scenic purposes in the 
park could be diverted through a tunnel 44.8 miles long 
to a power plant near the mouth of Kanab Creek. With 
an installed capacity of 1,250,000 kilowatts this Kanab 
Creek power plant operating under an average head of 
about 1,100 feet could produce 6.5 billion kilowatt-hours 
of firm energy annually. A 300-foot dam constructed at 
the Marble Canyon site would divert water to the tunnel 
arid form a reservoir of 500,000 acre-feet capacity extend
ing upstream to the potential Glen Canyon Dam. Water 
released from the dam in Marble Canyon for scenic pur
poses in the park would pass through a 22,000-kilowatt 
power plant at the dam under an average head of 275 feet. 
This plant would be capable of producing 164,000,000 
kilowatt-hours of firm energy annually. 

Coconino project.-Construction of a dam at the 
Coconino site on the Little Colorado River would pJovide 
silt and flood control. This construction would reduce 
the amount of silt entering the potential Bridge Canyon 
Reservoir by an estimated 18,000 acre-feet annually. Re
duction of flood peaks on the Colorado River main stem 
would also result. The height of the dam would be 260 
feet above bedrock and the reservoir capacity would be 
1,600,000 acre-feet. 

Irrigation, industrial, municipal uses 
Reservoir losses Total depletions 

Arizona California Nevada (acre-feet) (acre-feet) 
(acre-feet) (acre-feet) (acre-feet) 

205,000 1 2, 680,000 2 20,000 713,000 3,618,000 
3,400 0 0 0 3,400 

208,400 1 2, 680,000 2 20,000 713,000 3,621,400 

Caltf?rma by the Colorado River aqueduct for municipal purposes exports thus 
totalmg 2,535,000 acre-feet. ' 

' Diversion for industrial use by Basic Magnesium, Inc. 

Bridge Canyon project.-A dam at the Bridge Canyon 
site on the Colorado River at the head of Lake Mead 
would serve both power and irrigation purposes. This 
dam would have a height above bedrock of 7 40 feet and 
would form a reservoir with a capacity of 3,720,000 acre
feet. The Colorado River falls about 670 feet between 
the western portion of the Grand Canyon National Park 
and this dam site. Practically all of this fall could be 
utilized to produce power in a power plant at the dam 
with a total installed capacity of 650,000 kilowatts. The 
power plant would be operated in coordination with all 
other Government-owned plants on the Colorado River 
to .make possible greater production of firm energy. The 
Bndge Canyon Dam could also serve as an irrigation di
version structure for the Central Arizona project, dis
cussed in this report under potential development in the 
Gila division. 

With construction of this dam it would be possible to 
reduce storage space reserved in Lake Mead for flood 
control, thus increasing the average available power head 
for the Boulder Dam power plant. 

Other benefits accruing as a result of the construction 
of this project would include improved regulation of 
stream flow and development of a scenic region between 
Grand Canyon National Park and the Boulder DamNa
tional Recreation area. 

Virgin Bay pumping project.--This project would 
make possible the irrigation of 2,800 acres of new land 
al~ng a 6-mile stretch at the eastern edge of the Virgin 
River arm of Lake Mead by pumping from the lake. An 
average lift of 200 feet would irrigate 1,600 acres of the 
area, and an average lift of 360 feet would serve the re
maining 1 ,200 acres. Two main lateral canals totaling 
some 20 miles in length, including 1.5 miles of tunnel, and 
1.5 miles of pump penstock would be required. 
~as Vegas pumping project.-Water for this project, 

which embraces an area of 20,000 acres of new land sur
rounding the city of Las Vegas, would be pumped from 
Lake Mead with a maximum total lift of some 900 feet to 
irrigate 15,000 acres, and through another lift of about 
275 feet to serve an additional 5,000 acres. Some 24 
miles of lined, open main canal, 6.5 miles of tunnel, 1 
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A SITE IS FOUND 
Reclamation engineers and geologists locate suitable dam sites 

A DAM IS PLANNED 
Potential Bridge Canyon Dam as envisaged by Reclamation project planners 
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mile of siphon, and 3 pumping plants would be required. 
Practically all project lands would require drainage. 

The present draft on the ground water supply in the 
Las Vegas Valley is believed to about equal the natural 
recharge of the underground reservoir. Population ex
pansion and increased needs for future industries will 
require supplemental water from Lake Mead. This Las 
Vegas pumping project could be enlarged to serve addi
tional needs, or an independent development for an in
dustrial and domestic water supply may prove desirable. 
Domestic and industrial needs together with steadily 
growing recreational uses ultimately may require 100,000 
acre-feet of water annually. • 

. J Davis Reservoir pumping project.-An area of 2,000 
acres of new land 20 miles above Davis Dam site .on the 
Nevada side of Davis Reservoir would be irrigated by 
pumping from the reservoir. One pump would lift the 
water an average of 180 feet to irrigate 400 acres, and a 
second pump lift of 200 feet would serve the other 1,600 
acres in the project. A total of some 8,000 feet of pressure 
pipe and several miles of main laterals would be required. 

Big Bend pumping project.-An area of 3, 700 acres of 
new land extending from one mile below Davis Dam 6 
miles downstream on the Nevada side of the Colorado 
River would be irrigated by pumping from the river into 
two main laterals, each about 6 miles long. Two pump
ing lifts would be required, one of 250 feet to serve 2,000 
acres and another of 500 feet to reach the remaining 1, 700 
acres. 

Fort Mojave project.-About 5,100 acres of new land 
located in the southern tip of ~evada would be served 
under this project by pumping from the Colorado River. 
An area of 2,600 acres of bottom lands, including 1,630 
acres of Indian lands in the Fort Mojave Reservation, 
could be reached with a 30-foot lift, and a total of 2,500 
acres of slope lands could be served by five successive 100-
foot lifts serving 500 acres each. 

Mojave Valley project.-Lands situated ori the Arizona 
side of the Colorado River about 8 miles upstream from 
Needles, Calif., would be included in this project. By 
pumping from the river, 10,000 acres of mesa and bench 
lands could be irrigated. A pumping plant located near 
near Fort Mojave, Ariz., would lift the water 215 feet to 
a main canal extending east and south for a distance of 
7 miles. 

Alamo project.-Floods on Williams River menace 
principally lands along the Colorado River below Parker 
Dam. Havasu Lake, formed by Parker Dam, can control 
floods originating in the watershed area of the Colorado 
River between Davis Dam site and Parker Dam, but only 
at the expense of serious loss of potential energy 
production. 

To remedy this situation would require construction of 
a flood-control dam at the Alamo site on Williams River. 
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The dam would have a height above bed rock of 270 feet, 
and the nominal reservoir capacity at the spillway crest 
would be 946,000 acre-feet. The dam would be so con
structed that it could be modified eventually for use in 
conserving water and generating power. Erratic stream 
flows, however, would make considerable hold-over stor
age imperative, and resultant high evaporation losses pre
clude the irrigation of any considerable areas of land. 

Palo Verde Mesa project.-Near Blythe, Calif., 16,000 
acres of mesa lands would be served by enlarging 13 miles 
of the Blythe Canal and pumping with a lift of 165 feet 
to a new 20-mile main canal on the mesa. 

Chuckawall9- project.-The Chuckawalla project in 
California is in a large inland basin with no surface drain
age outlet. To provide surface drainage would require 
a channel about 16 miles long with a maximum cut of 115 
feet. Water to irrigate lands in this basin could be 
pumped abo~t 210 feet from the Palo Verde irrigation 
district canal to a main canal about 40 miles long. Soils 
of the valley are largely coarse, granitic alluvial outwash 
from the surrounding mountains, and large sections of the 
land are covered with surface rock or cut by drainage 
courses. Some land near the lower elevations of the val
ley is suitable for agriculture if drained properly. Under 
priorities to Colorado River water presently assigned by 
the State of California, a water supply for the Chucka
walla Valley appears to be remote. The potentialities 
of the valley must be recognized in future planning; but 
because of the uncertainty of water supply, these poten
tialities are not shown in the summary tables. 

Wellton-Mohawk division of Gila project.-As previ
ously stated, it now appears desirable to limit development 
of the Yuma Mesa division of the Gila project and utilize 
the same water for more advantageous developments else
where. One such possibility is the Wellton-Mohawk di
vision of the Gila project. Seventy thousand acres of new 
land could be served. In addition 7,800 acres now irri
gated by pumping ground water could be furnished a sup
plemental supply. Water would be diverted from the 
existing Gila gravity main canal on the south side of 
Gila River and conveyed by canal to a pump where it 
would be raised to project lands, all of which are below 
the 342-foot contour. A siphon would be constructed to 
convey the pumped water to project lands on the north 
side of the Gila River. 

San Diego project.-The exportation of 112,000 acre
feet of water annually from the Colorado River to the San 
Diego area is contemplated for this project. Under one 
plan water would be diverted at Imperial Dam and car
ried in the All-American Canal to the west side of the 
Imperial Valley, thence by pumping, canals, siphons, and 
tunnels through and across the Peninsula Range of Cali
fornia into the San Diego River where it would be cap
tured in San Diego City's El Capitan Reservoir. Existing 
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main and lateral pipe lines would transport the water to 
points of municipal use. 

Choice of the aqueduct route which was surveyed by 
the Bureau of Reclamation from the Colorado River aque
duct of the Metropolitan Water District of Southern Cali
fornia to the San Vicente Reservoir of the San Diego 
water system was based on its adaptability to emergency 
construction. An aqueduct could be built here to relieve 
the critical water situation at San Diego in much shorter 
time than could one from the All-American Canal. This 
emergency construction, however, does not eliminate the 
possibility of a future connection with the All-American 
Canal. Whether such a connection ultimately will be 
made will depend on economic and other considerations 
which take into account the delivery of water over a long 
period of time. · 

Sentinel or Painted Rock project.-A dam constructed 
at or near the Sentinel site on the Gila River below the 
Gillespie Diversion Dam to form a reservoir with a capac
ity of .about 3,000,000 acre-feet would provide control of 
devastating floods in the lower Gila River and protect 
downstream developments on that river and on the Colo
rado River below the entry of the Gila. Because the 
dependable water supply at this potential reservoir is 
uncertain, its use for irrigation is, for the present, dis
counted. Irrigation possibilities should be appraised 
later, following future upstream developments and after 
the regimen of the stream has become stabilized. 

The United States Engineer Office of the War Depart
ment has made a field survey and examination for a dam 
at Painted Rock, about 15 miles above the Sentinel Dam 
site, and is of the opinion that the site at Painted Rock is 
more suitable than the one at Sentinel. Full considera
tion should be given, therefore, to the Painted Rock site 
in connection with a project in this general locality. 
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River rectification and control.-In the preceding text 
under the heading "Silt Problem," reference was made to 
changing conditions in the Colorado River channel both 
before and after the building of Boulder Dam. Three 
existing examples of river control construction intended to 
cope with the vagaries of the river can be cited: First, 
levee construction near Yuma, undertaken several years 
ago for general flood protection; second, present dyking 
and other construction at Needles where aggradation of 

· the river channel has caused flooding and bank cutting; 
and third, construction of a temporary diversion weir at 
the headworks of the Palo Verde irrigation district canal 
where degradation of the river channel, although improv
ing land drainage, has impaired the functioning of the 
existing headworks. 

These three examples are typical of construction to 
meet the conditions of the present. Conditions along the 
river are continually undergoing change at this instant but 
there are no problems in a critical state other than those 
mentioned. Notwithstanding, steps for river regulation 
and prevention of damage are immediately necessary. 
The Bureau of Reclamation is now preparing plans for 
river control involving strengthening of the Yuma levees, 
continuing construction of emergency measures at Needles 
and at the Palo Verde canal intake, and maintaining all 
constructed works. Dredging of the channel near 
Needles should be started. The Bureau should plan to 
forestall future damage where that is possible, and be pre
pared to take remedial measures where the need arises. 

Summary 

Potential development in the Boulder division is sum
marized in the following tables: 

TABLE XCVII.-Potential projects in the Boulder division 

. I . . Purpose to be Estimated con-

___________ __P~~:~--------- -----~_:_tton ~~:~~--- ----~~rce of :ater sup~-----------~~~-' ___ -~~~~~~0-~~--
Marble Canyon-Kanab Creek ______ Arizona ________________ Colorado River _______________ _ 
Coconino _______ ------ ________________ do_________________ Little Colorado River _________ _ 
Bridge Canyon ________________________ do _________________ Colorado River _______________ _ 
Virgin Bay pumping ______________ Nevada ________________ Lake Mead __________________ _ 
Las Vegas pumping ____________________ do _____________________ do ______________________ -
Davis Reservoir pumping _______________ do_________________ Davis Reservoir ______________ _ 
Big Bend pumping _____________________ do_________________ Colorado River _______________ _ 
Fort Mojave __________________________ do ______________________ do ________________ ----_-_ 
Mojave Valley___________________ Arizona _____________________ do ______________ ------- __ 
Alamo ____________________ ~--- ________ do_________________ Williams River _______________ _ 
Palo Verde Mesa _________________ California ______________ Colorado River _______________ _ 
Wellton-Mohawk_________________ Arizona _____________________ do ______________________ _ 
SentineL _____________________________ do_________________ Gila River ___________________ _ 
River rectification and controL _____ California, Arizona ______ Colorado River _______________ _ 

P,F,S,H 
F,S,H 

P, I, F, S, H 
I 

I, M 
I 
I 
I 
I 

F,P,H 
I 
I 

F,H 
F 

TotaL _________________________________________________________ ----------------- ----------------

$382,000,000 
4,000,000 

146,500,000 
1,300,000 
8,400,000 

500,000 
700,000 
800,000 

1,900,000 
3,200,000 
3,100,000 

10,600,000 
15,000,000 
5,000,000 

583,000,000 

'Symbols used: !=irrigation, P=power; F=flood control; S=silt retention; H= 
bold-over storage for river regulation. 

• Preliminary estimates based on construction costs of Jan. 1, 19!0. 
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TABLE XCVII I.-Potential reservoirs in the Boulder division 

Name of site 1 Source of water supply Project served directly Total capacity 
(acre-feet) 

Marble Canyon __ ________ _____ Colorado River_ _____________________ Marble Canyon-Kanab Creek ___ ___ __ __ __ _ 500,000 
1, tiOO,OOO 
3, 720,000 

946,000 
3,000,000 

Coconino _______ __ ___ ______ ___ Little Colorado River___ _____________ Bridge Canyon ________________ _________ _ 
Bridge Canyon_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Colorado River _____ ______________________ do ________ __ ____ ________ ______ ____ _ 
Alamo_________ _____ __ _ _ _ _ _ _ _ Williams River___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Alamo ______ ___ ___ ______ ___________ ___ _ 
SentineL ________________ _____ Gila River__ _______ ______ ____ _______ SentineL ____ ______ ______ ______ ___ ___ __ _ 

Total __________ ___ ____ _ 

1 

_ _ ________________ _ _ _____ _ _________ _ : ___ _ _ _ ____ _ __ _ _ _ ___________________ __ _ _ _ 9, 766,000 

1 All in Arizona. 

TABLE XCIX.-Potential irrigation development zn the 
Boulder division 

Area to be benefited (acres) 

Project 1 Stat~ 
Furnished 

supple-Newland mental Total 
water 

Virgin Bay pumping __ ___ Nevada ___ 2, 800 0 2,800 
Las Vegas pumping ______ _____ do ____ 20, 000 0 20,000 
Davis Reservoir pump-ing _________ __ ____ ___ __ ___ do ____ 2,000 0 2,000 
Big Bend pumping ___ ___ _ _____ do ____ 3, 700 0 3, 700 
Fort Mojave ______ _____ _____ do ____ 5, 100 0 5, 100 
Mojave Valley ____ ____ __ Arizona ___ 10,000 0 10, 000 
Palo Verde Mesa _____ ____ California_ 16,000 0 16, 000 
Wellton-Mohawk divi-

sion of Gila project ____ Arizona ___ 70,000 7,800 77,800 

TotaL _______ ____ ----------- 129,600 7, 800 137, 400 

1 All projects are in natural drainage basin of the Colorado River. 

TABLE C.-Potential irrigation developments in the Boulder 
division by States 

Area to be benefited (acres) 

State Furnished 
New land supplemental Total ar~a 

water 
- - - - -------- ------- - - ----
Arizona ____ ____ ____ 80,000 7, 800 87, 800 
California _____ _____ 16,000 0 16,000 
Nevada _____ ______ _ 33,600 0 33,600 

Total ___ ____ _ 129,600 7,800 137,400 

TABLE CI.-Potential power development in the Boulder division 

Pro]'ect 1 I Name of power plant I River Installed capacity Annual firm genera-(kilowatts) tion (kilowatt-hour~) 
--------------- --------------------------- - - --- -------------- --------1----·----

Marble Canyon-Kanab Creek ___ ___ {Marble Canyon______ ____ _____ Colorado__ __________ ___ 22, 000 164, 000, 000 
Kanab Creek _______ _______________ do_________________ 1, 250,000 6, 570,000,000 

Bridge Canyon----~.~-----~""~c--- Bridge Canyon _____________________ do_________________ _ 650,000 3, 440,000,000 
1-------1·---------

TotaL ____________________ ------------------- - ---------- ------- ·- --- ---- - ------- - 1, 922,000 10, 174,000,000 

1 All in Arizona. 

TABLE CII.-Present and potential stream depletions, 
Boulder division 

Estimated averag~ annual depletion (acre-feet) 

Existing or authorized 
State River projects 

Potential Total ultimate 

Present Future 
projects depletion 

depletion incr{'ase 
- - - -

Arizona: 
Colorado River_ 205,000 571, 000 346,000 1,122,000 
Williams River_ 3,400 0 0 3,400 

SubtotaL ____ 208,400 
California: 

571,000 346,000 1,125,400 

Colorado River_ 2, 680, 000 2, 946, 000 
Nevada: 

176,000 15,802, 000 

Colorado River_ 20,000 0 177,000 197,000 
Reservoir losses _____ 713,000 66, 000 91,000 870, 000 

TotaL _______ 3, 621, 40013, 583, 000 790, 000 7,994, 400 

I Includes export of 5,445,000 acre-feet from the natural drainage basin of the 
Colorado River, made up of 2,535,000 acre-feet present, 2,798,000 acre-feet future 
increase from existing or authorized projects, and 112,000 11cre-feet from potential 
projects .. 

Gila Division 

The Gila division, consisting of the area drained by the 
Gila River above Sentinel and adjacent small independent 
drainage areas, embraces 53,000 square miles, 4 7,380 of 
which are in south and central Arizona, and 5,620 in 
western New Mexico. 

WATER RESOURCES 

Surface water.-The flow of the Gila River under 
virgin conditions is estimated at 1,752,000 acre-feet an
nually at Gillespie Dam and 1,270,000 acre-feet at Dome, 
Ariz., near its mouth. Recorded stream flows in the Gila 
division are shown in table CHI. 

Streams within the Gila Basin attain their maximum 
flows during late winter and early spring when mountain 
snows are melting. Precipitation on the watershed falls 
mainly in late winter and late summer, the intervening 
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TABLE CIII.--Average annual stream flows in the Gila 
division 

Period of Station record 

San Francisco River near Glenwood, 
N. Mex _______________________ 1929-43 

San Francisco River at Clifton, Ariz_ 1914-43 
Gila River near Gila, N. Mex_ _____ 1929-43 
Gila River near Red Rock, N. Mex_ 1910-43 
Gila River below Blue Creek near 

Virden, N. Mex_ _______________ 1928-43 
Gila River near Clifton, Ariz _______ 1913-43 
Gila River near Solomons ville, Ariz.!_ 1915-43 
Gila River at Calva, Ariz __________ 1929-43 
Gila River below Coolidge Dam, 

Ariz.2 ______________________ _ __ 1914-43 
Gila River at Kelvin, Ariz.a ________ 1911-43 
Gila River below Gillespie Dam, Ariz __________________________ 1922-43 
Gila River near Dome, Ariz ________ 193Q-43 
San Carlos River near Peridot, Ariz_ 1929-43 
San Pedro River at Charleston, Ariz_ 1913-43 
Santa Cruz River near Nogales, Ariz __ ________________________ 193Q-43 
Santa Cruz River at Tucson, Ariz __ 1912-43 
Salt River near Chrysotile, Ariz ____ 1924-43 
Salt River near Roosevelt, Ariz ____ 1914-43 
Salt River at Granite Reef Dam, Ariz __________________________ 
Tonto Creek near Roosevelt, Ariz ___ 1902-40 
Verde River near Pine, Ariz _______ 1935-39 
Verde River above Camp Creek, Ariz _______ • ___ • ______________ 1925-43 
Agua Fria River above Lake Pleas-

ant, Ariz _______________ _______ 1933-43 
Hassayampa River at Box Canyon 

dam site, Ariz __________________ 

t Includes Brown Canal diversions. 
• Flow regulated by Coolidge Dam beginning 1929. 
I R egulated after 1928. 

Average annual t!ow 
(a.-ft.) 

For period For 1931-40 
of record period 

51,800 50,000 
172,000 123, 000 
103,000 93,400 
140,000 127,000 

137, 000 126,000 
192,000 112,000 
302,000 271,000 
246, 000 209, 000 

328, 000 214,000 
444, 000 299,000 

302, 000 149,000 
84, 600 57,900 
45, 800 38, 300 
50, 700 45, 900 

15,400 16,900 
15,800 15, 000 

493, 000 479, 000 
721,000 584, 000 

1,060,000 
97,800 85, 000 

425, 000 381,000 

433,000 417, 000 

55, 300 53,500 

41,400 

seasons being almost devoid of rainfall. During these dry 
months flows of the rivers are usually small, but they in
crease enormously after a big storm or when sudden warm 
temperatures rapidly melt the mountain snow. About 45 
percent of the annual run-off of the Gila River occurs 
during February, March, and April. Storage is impera
tive for efficient utilization of the available water. Nu
merous reservoirs already store the waters of the Gila River 
and its tributaries, which are almost completely utilized 
by existing irrigation projects. In fact, during protracted 
dry years the water available within the basin is inade
quate to meet the demand. The Gila Basin, therefore, 
must look to other basins for an additional supply of 
surface water. 

Ground water.-There is no law in Arizona regulating 
the development of percolating ground waters. In the 
absence of legal protection, development of ground water 
resources for any purpose would be hazardous, and this 
factor should be recognized in planning future develop
ments. 

Considerable portions of the broad basins of southwest-
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ern Arizona are underlain with uncemented valley-fill 
material, generally several hundred feet deep. This por
ous material absorbs much of the flow of streams as they 
enter the valley areas, thus creating great underground 
re~ervoirs. Irrigation seepage contributes substantial re
charge to the reservoirs, but the scanty precipitation on 
valley lands adds little to the ground water supply. 

Large quantities of water for irrigation and domestic 
use are obtained from ground water. Artesian wells of 
importance have been drilled in the upper Gila Valley, 
and small artesian flows have been encountered in the up
per San Pedro and Santa Cruz Valleys. Yields of indi
vidual wells within the division range in discharge from 
.5 to 2,250 gallons a minute. 

Small to moderate-sized springs are scattered through 
the watershed area. Only a small amount of land is irri
gated directly from springs, but springs contribute a sub
stantial amount of water to the perennial flows of the 
larger rivers. Spring water is particularly valuable in the 
semiarid outlying ranges, where creeks used for watering 
livestock are dry during large parts of the year. 

With few exceptions, ground water within the basin 
has been developed beyond its economic limit, and in all 
but a few areas, ground-water withdrawals exceed 
replenishments. 

Arizona lacks comprehensive legislation regulating the 
use of ground water, but the State Water Code provides 
that "water flowing in definite underground channels" 
is subject to appropriation. Since it is difficult to prove 
that such water does flow in a definite channel, little reg
ulation of ground water exists in the State. In New 
Mexico the State Engineer can declare any area with 
underground water, the boundaries of which can be rea
sonably determined, to be an underground water basin. 
Underground water within the area must then be appro
priated in much the same manner as that of surface 
streams. Present water users are thus protected, and 
expansion is permitted only where supplies are more than 
adequate for existing developments. 

Quality of water.-Surface waters of Gila River and 
its tributaries carry considerable quantities of dissolved 
solids, chiefly sodium chloride and the sulphates and bi
carbonates of sodium, calcium, and magnesium; however, 
the percentage of sodium is reasonably low. Low flows of 
the Gila River at Gillespie Dam in the lower part of the 
division carry over 6,000 parts per million total dissolved 
solids, while flood flows carry as little as 300 parts per 
million. 

The quality of the ground water obtained from artesian 
wells and springs varies with location. Some waters have 
less than 100 parts per million dissolved salts, while others 
range as high as 5,000 parts per million. The total hard
ness of these waters, expressed as calcium carbonate, 
ranges from less than 5 to over 700 parts per million. 
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Gila Division of the Colorado River Basin 

PRESENT DEVELOPMENT OF WATER RESOU.RCES 

General 

o . 

City 

Ground waters of unsuitable quality for either irrigation 
or domestic use are found in wells in the upper Gila Valley, 
lower Salt River Valley, and in the Casa Grande and 
Coolidge districts. Ground waters of the division are 
generally unsuitable for indu~trial use. 

Some of the surface water in the smaller tributaries and 
much of the ground water in the basin contain fluorides 
in such high quantities that it is quite often difficult to 
obtain a satisfactory domestic water supply. 

The surface and ground-water supplies of the Gila 
division are the basis for practically all its agricultural 
development, and stream flow, through the generation 
of hydroelectric energy, makes possible many of the 
area's industries. Surface waters, with the exception of 
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PUMPING GROUND WATER 
Overdraft of underground supplies in Arizona is serious threat to agriculture. Thousands of acres may be abandoned 

unless more irrigation water is supplied 
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a few small tributary flows, are almost completely uti
lized by lands now under irrigation; and an estimated 
1,600,000 acre-feet of ground water is pumped annually 
for irrigation and domestic use. Ground-water pumping 
greatly increases during dry years when reservoirs are low, 
throwing a tremendous strain on generating facilities al
ready curtailed by low water conditions. The output of 
power plants in the division has been augmented recently 
by energy from Parker Dam on the Colorado River. 

Rivers of the area transport large quantities of silt each 
year. Although river flows in dry weather are fairly 
clear, a load of sand constantly is being mo~d along the 
river bed even during the lowest river stages. High dis
charges, resulting from torrential rains and rapid run-off, 
carry in suspension heavy loads of fine silt and clay in 
addition to enormously increased bed loads. 

The fine material carried in suspension presents no 
problem in canal maintenance, except when flows are ex
ceptionally low. Coarser bed-load material, however, 
settles in canals and ditches and must be removed to main
tain the capacity of the conduits. Both bed loads and 
suspended loads settle in storage reservoirs. This accum
ulation is important in determining the length of life of a 
reservoir. Records of the Salt River Valley Water Users' 
Association show a total silt accumulation of 108,000 acre
feet in Roosevelt Reservoir on Salt River during the period 
1905 to 1934, inclusive. Other streams in the basin 
notably the Gila, are known to carry greater proportions 
of silt than Salt River, so this figure is lower than the 
average to be expected. 

The suspended material found in the waters of the Gila 
River and its tributaries contains considerable organic 
matter and but little coloidal clay. When applied to 
sandy land, this material gives body to the soil and is 
beneficial. When spread on tight land, however, it clogs 
the pores of the soil, reducing its permeability and making 
its cultivation more difficult. In municipal water works, 
it clogs intakes and makes water clarification costly. 

The only practicable solution of the silt problem lies 
in providing adequate silt storage capacity in reservoirs on 
major streams contributing silt and in limiting erosion by 
better watershed control. 

Irrigation 

Gila River.-Irrigated areas along the Gila River and 
its tributaries, San Francisco River, San Simon Creek, 
Queen Creek, and Centennial Wash, total 213,400 acres. 

Irrigation projects located above Coolidge Dam have 
no water-storage facilities and must depend on diversions 
from the unregulated flow of the Gila River supplemented 
by pumping from ground water for their irrigation sup
plies. These upstream projects cover an area of ap
proximately 51,000 acres and require additional water 
to irrigate adequately all project lands. 
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The San Carlos Reservoir, with a capacity of 1,200,000 
acre-feet formed by Coolidge Dam (Office of Indian Af
fairs) , stores water used for irrigation on several down
streams projects. The San Carlos project, largest of these 
irrigation developments, serves 100,500 acres, about half 
of which is farmed by Indians. Project lands require 
more water than is supplied to them by existing irriga
tion developments on the Gila River. 

Other downstream developments include those made 
by the Buckeye Water Conservation and Drainage Dis
trict, Arlington Canal Co., Gillespie Land & Irrigation 
Co., and others. These lands obtain much of their water 
supply by pumping from underground sources. At the 
present time ground-water depletions exceed recharges to 
a considerable degree, and unless replacement water is 
supplied, some land must be taken out of cultivation within 
a few years. 

San Pedro River.-About 2,600 acres of land are irri
gated in the Benson-St. David area of the upper San 
Pedro River watershed and a few hundred acres are dry
farmed. No surface water storage is available and irri
gation supplies depend on the extremely variable flow of 
the river, the output of several small flowing wells, and a 
limited amount of pumping from ground water. 

All of the dependable surface water supply of the San 
Pedro is now divided among irrigators in the San Pedro 
Valley and in the Gila River Valley downstream from the 
confluence of the two streams. The only possibility of 
irrigating additional lands in the San Pedro Valley is 
through the importation of water to the Gila Basin, so 
that San Pedro River water now used there may be re
leased for use in the San Pedro Valley. Ground-water 
resources along the San Pedro River are not fully de
veloped, and increased pumping would yield valuable 
but limited supplemental water supplies. 

Salt and Verde Rivers.-Diversions of irrigation water 
from Salt River were first made by white settlers in 1867. 
Because of erratic river flows and lack of storage facilities, 
water supplies during dry years were inadequate to supply 
the demands of the lands in cultivation. The Bureau of 
Reclamation constructed Roosevelt Dam and power plant 
to provide storage and regulation of Salt River. Diver
sion works, canals, laterals, and other power plants were 
also built by the Bureau before turning the project over 
to the Salt River Valley Water Users' Association in 
1917, subject to payment of _the unpaid balance of con
struction charges. During the years between 1922 and 
1930, the association constructed the Horse Mesa, Mor
mon Flat, and Stewart Mountain Dams for irrigation 
and power, and the Cave Creek Dam for flood control. 
The Bureau of Reclamation, during the 1936-39 period, 
built Bartlett Dam on the Verde River, principal tributary 
of Salt River. 

Large areas of fertile land surrounding the Salt River 
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ROOSEVELT DAM ON SALT RIVER 
First Bureau of Reclamation storage in Colorado River Basin 

BARTLETT DAM ON VERDE RIVER 
Another Reclamation dam to irrigate Arizona's thirsty lands 
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project are irrigated with water wholly or partly supplied 
by pumping from wells. The Salt River project also 
supplements its surface-water supplies with ground water. 

Approximately 336,000 acres of land were irrigated in 
the Salt River arid Verde River Valley region in 1939. 
This included 14,000 acres of Indian land, not all of 
which is i:rrigated at the present time. The Office of 
Indian Affairs contemplates ultimate development of the 
full acreage. Of the total area 240,000 acres were irri
gated principally with surface water and the remainder 
with water from wells. 

Pumping from underground storage exceeds recharges 
and unless ground-water supplies are supplemented, the 
amount of land under cultivation will have to be reduced. 

An earth and rock-fill dam is at present being con
structed at the Horseshoe site on the Verde River by the 
Phelps Dodge Corporation in cooperation with Defense 
Plant Corporation. Under the terms of an agreement be
tween these corporations and the Salt River Valley Water 
Users' Association, water conserved by this dam will be 
exchanged for water diverted from Black River, another 
tributary of Salt River, for use at the Morenci Mine and 
Reduction Works, owned by the Phelps Dodge Corpora
tion. The Horseshoe Dam will conserve a part of the 
Verde River flood water for use on the lands of 
the association, and in return the association will 
permit Phelps Dodge and Defense Plant Corpora
tion to divert from Black River an amount of water 
equal to that conserved by Horseshoe Dam, but not in ex
cess of 14,000 acre-feet a year, nor in excess of 250,000 
acre-feet total. 

The reservoir formed by Horseshoe Dam will have a 
storage capacity of 60,000 acre-feet, but the dam will be 
so constructed that it may be enlarged ultimately to in
crease the reservoir capacity to 300,000 acre-feet. 

Santa Cruz River.-Wells furnish practically all of the 
water used by the 115,400 acres of irrigated land in the 
Santa Cruz River Valley. Electric energy for pumping 
purposes is imported from the Salt River Valley and 
Parker Dam power plants. 

Because of the high fertility of the lands in this region 
the acreage under cultivation has increased greatly with 
a consequent increase in the amount of ground water 
pumped for irrigation use. Ground-water withdrawals 
exceed replenishments and unless additional water be
comes available, much land must go out of cultivation 
within a few years. 

Agua Fria and H assayampa Rivers.-Approximately 
48,700 acres of land are irrigated in and adjacent to the 
Agua Fria River Valley through the utilization of both 
surface and ground-water supplies. Surface waters are 
stored in a 178,000-acre-foot reservoir formed by Lake 
Pleasant Dam, and ground water is made available by 
means of numerous deep-well, electrically-driven pumps. 
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As no electrical energy is generated in the area, all energy 
used is purchased from power plants located in other 
regions. Ground-water pumping should be reduced and, 
if possible, replaced by surface water. 

Some 500 acres of land lying near the Hassayampa 
River is presently irrigated. Much fertile land in the val
ley would be very productive if adequately supplied with 
irrigation water. 

Independent drainage basins.-Approximately 10,400 
acres of irrigated farm land in the Gila division are in 
small independent drainage basins or in basins draining 
into Mexico. These lands derive their water supplies 
principally from artesian or pumped wells, although sur
face flows are used when available. 

TABLE CIV.-lrrigated areas in independent basins 

Basin County and State Drainage 
Area 

irrigated 
(acres) 

Sulphur Springs Val- Cochise, Ariz _ _ Independent_ __ 3, 000 
ley. 

Whitewater Draw ___ ____ _ do _____ ___ Yaqui River ___ 2, 000 
VamorL____ _ _ _ _ _ _ _ _ Pima, Ariz_____ Independent_ __ t 5, 200 

· Animas Valley ______ Hidalgo, N. ~vL _____ do_______ _ 200 

TotaL ____ ______ ____ ________ ______ ________ _ 10, 400 

' Indian lands. 

Power 

Power plants supplying electrical energy to the Gila 
division fall into two classes: ( 1 ) those which generate 
energy for sale, and ( 2) those which were constructed 
for the sole purpose of furnishing energy to some nearby 
industrial development. Both publicly and privately 
owned plants are located in the area. Those owned 
privately have by far the greater installed capacity and 
have been constructed mainly to supply the energy de
mands of mines, mills, and smelters. The total installed 
capacity of power plants in the division is about 327,000 
kilowatts. 

The Bureau of Reclamation's power plant at Parker 
Dam supplies large amounts of energy to power-marketing 
agencies located at Phoenix, Coolidge, and Tucson, Ariz. 
These agencies in turn distribute this energy over a wide 
area. 

Power plants of the Gila division are hydroelectric, 
steam, or internal combustion. Steam plants pre
dominate. 

Drainage 

Soils and topography within the Gila division are 
such that drainage under irrigation is generally adequate 
and in some cases excessive. Subsurface drainage is 
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usually good because of the open, permeable subsoils 
found through most of the region. Some areas of the 
Salt River Valley are drained by pumping from wells. 
Not only does this result beneficially in lowering the 
ground-water level but also makes available a dependable 
supply of irrigation water. 

Several farming districts surrounding the Salt River 
project are wholly dependent upon this drainage water 
for their irrigation supply. The drainage system com
prises about 190 wells. Electrically operated pumps lift 
the water about 86 feet to distributing canals, where it 
flows by gravity to the irrigated lands. Some 240,000 
acres are thus drained and about 95,000 acres of this ar~a 
are irrigated by pumped water. 

179 

Flood control 

Cave Creek Dam, situated just north of Phoenix, Ariz., 
is the only dam constructed for flood control in the 
region. Its reservoir capacity is 14,000 acre-feet. Al
though other storage dams were constructed primarily 
for irrigation and power development, they offer some 
degree of protection. Considerable damage, however, 
still results from flash floods. 

Summary 

Important dams, irrigated acres, and the net effective 
stream depletion due to present irrigation development 
are summarized in the following tables: 

TABLE CV.-Important dams in the Gila division 

Name:otdam River Purpose Capacity of reser
voir (acre-feet) 

------------------------------------------------- --------------------
San Jose ______________ ________ --- ---- Gila_------ - - - - -------_ Irrigation diversion ____________________________ _____ ____ _ 
Coolidge ________________ ______ ____________ do ___ ____ __ __________ Irrigation, flood control, power______________ 1, 200,000 

~:~~[~~~~-a!_~~~~~==== == = = == = = = = = = ==== = === =~~== === = = = = == = = = = = = -~~~~d~i~~-~~~~~s~~~========= === = = = = = = = = == == = = == = = ==== == == Gillespie _______________ _ - _ - - - - - - - - - - - - - - - -do_ - - - - - - - - - - _ _ _ _ _ _ _ ____ do__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____________ _ 
Roosevelt _____________ ____ ___ -- - ----- Salt_----- -- - - -- ---- - --- Irrigation, power____ __ ____________________ 1, 400, 000 

r~rri£;~i~~-====~: ~::: ~ : - :: : •• •= : ~-. =ti: ~ _:: ~ : : - ~:::- ~ : i:1~~~=~~;~;~~ ~ ~: ~ ~::: ••••••• -•--.--. -------
2

~~ ~ 
Bartlett ______________ ____ __ ___ ___ _ - _ _ Verde_---- - --- - - - -- __ __ Irrigation, flood controL___________________ 182, 600 
Cave Creek _____________ _______ ___ _ - - Cave Creek_-- -- -- __ - - _ _ Flood controL______ ____ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ 14, 000 
Lake Pleasant _____ ___ ____________ __ __ Agua Fria ___ _____ ______ Irrigation________ ___ ____ _________________ _ 178,000 
Horseshoe ________ · __ ____ ____ _ - - _-- -- -- Verde_------- -- - - -- -- - - _____ do____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 60, 000 

TotaL __ ------- - -- - - - - - ---- - - -- ---------- - --- ---- ------ - -- --------- - ----- --- - - - - -- - -------------- 3,407, 400 

TABLE CVI.-Present irrigated areas zn the Gila division 

Acr~s irrigated 

Stream basin 
Arizona New Total Mexico 

Gila River ______________ ____ ____ 202, 600 10, 800 213, 400 
San Pedro River _____ _____ .. ___ __ 2, 600 0 2, 600 
Salt and Verde Rivers _____ _____ __ 336, 000 0 336, 000 
Santa Cruz River ________ ____ ____ 115, 400 0 115, 400 
Agua Fria River ______ ______ ___ __ 48, 700 0 48, 700 
Hassayampa River __ __________ __ 500 0 500 
Independent Basins __ ____ ________ 10, 200 200 10, 400 

Total ____________________ 716, 000 11, 000 727,000 

TABLE CVII.-Estimated present average annual stream 
depletion in the Gila division 

Depletion (acre-feet) 

Division 
Arizona New Total Mexico 

Gila division ___________ _____ 1, 135, 000 16, 000 1, 151, 000 

PoTENTIAL DEVELOPMENT OF WATER REsouRCES 

The water supply of Gila division is inadequate to 
meet the requirements of lands now irrigated. Ground
water supplies are being exhausted, and surface supplies 
are inadequate. In general, the area is suffering from a 
continual water shortage. The only source of water for 
supplemental, replacement, or additional use is the Colo
rado River. 

Central Arizona project.-Several plans have been ad
vanced for diverting Colorado River water to central 
Arizona. Preliminary investigations by the State of Ari
zona and by the Bureau of Reclamation have reduced 
the number of alternatives considered to three; these three 
are receiving study at the time this report is being prepared 
to determine which plan shall receive the detailed investi
gation necessary for project report. 

All plans would serve the purpose of delivering Colo
rado River water to Granite Reef Dam, on the Salt River 
at the nominal head of irrigation. Brief descriptions of 
these routes follow: ( 1) Marble Canyon route (grav-
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ity) -Colorado River water would be diverted from the 
potential Marble Canyon Reservoir, the dam site for 
which is about 320 miles upstream from Boulder Dam, 
through 143 miles of continuous tunnel, to discharge into 
the Verde River 95 miles upstream from its confluence 
with the Salt River. A series of reservoirs and power 
plants on the Verde River would regulate the diverted 
water, as well as Verde River water, for irrigation use, and 
develop power through the head available. In common 
with the other alternative routes, water imported from 
the Colorado River would be delivered finally at Granite 
Reef Dam on the Salt River. (2) Bridge Canyon route 
(gravity )-Colorado River water would be diverted from 
the potential Bridge Canyon Reservoir, the dam site for 
which is located 118 miles upstream from Boulder Dam. 
The diverted water would flow by gravity through a 78.5-
mile continuous tunnel south to the Big Sandy River, 
thence by 235 miles of aqueduct and through 11 shorter 
tunnels totaling 13.7 miles, into the potential McDowell 
Reservoir, which would be located on the Salt River im
mediately upstream from Granite Reef Dam. ( 3) Parker 
route (pumping)-Vnder this plan Colorado River 
water would be pumped from Havasu Lake through a 
series of four pumping lifts totaling 985 feet, and thence 
would flow by gravity through 235 miles of aqueduct to 
Granite Reef Dam. 

For simplicity in presenting the potentialities of the 
Central Arizona project, it has been necessary to limit 
discussion to one alternative plan. That employing the 
Bridge Canyon route has been selected arbitrarily for that 
discussion; likewise, an annual diversion by the project of 
2,000,000 acre-feet has been assumed arbitrarily. Esti
mates of cost and of power potentialities are consistent 
with these assumptions. The plan finally selected may 
differ materially from that assumed herein, both as to 
route and as to quantity of water diverted, and it should 
not be assumed that the plan selected arbitrarily for dis
cussion herein has been shown to have the greatest merit. 

The Salt River unit would utilize Colorado River water 
delivered to Granite Reef Dam by diversion at points 
along the Salt and Gila Rivers through existing facilities. 
Supplemental water could be supplied to approximately 
384,900 acres now inadequately irrigated in this area and 
to 20,000 acres of new land lying within the boundaries 
of existing irrigation districts. 

The Paradise Valley unit would utilize Verde River 
water now required by the Phoenix area, that area receiv
ing Colorado River water instead. Enlargement of 
Horseshoe Dam on the Verde River to increase the reser
voir capacity to 300,000 acre-feet would provide ad
ditional regulation of this stream. Installation of a 
1 0,000-kilowatt power plant at this site would provide 
replacement power for the Stewart Mountain power plant 
on Salt River. Diversion at the Bartlett Dam on the 
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Verde River into a 64-mile canal would permit utilization 
of Verde River water on 85,000 acres of land in this unit 
north of Phoenix. 

The San Carlos unit could divert water through a short 
tunnel from the Saguaro Reservoir (formed by Stewart 
Mountain Dam) on Salt River and through a canal ex
tending over 100 miles to 157,400 acres of irrigated lands 
in the San Carlos Irrigation District and pumping de
velopments in the Gila River Valley. Ground-water 
pumping could thereby be decreased to the safe yield of 
the ground-water basin. Reduction in energy generation 
at Stewart Mountain Dam, as a result of such a diversion, 
would be offset by energy generated at the proposed new 
plant at Horseshoe Dam. 

A dam at the Buttes site on the Gila River below San 
Carlos Reservoir could be constructed to form a reservoir 
with a capacity of 400,000 acre-feet. This storage would 
regulate floods from tributaries entering the main stream 
below San Carlos Reservoir and thus provide protection 
for irrigated lands downstream. The stored water could 
be released as required by downstream users. An annual 
average of 17,000,000 kilowatt-hours of power could be 
generated at a plant at the Buttes site with an installed 
capacity of 5,800 kilowatts. This plant would operate 
only when water is required for irrigation purposes. The 
energy thus generated, while not firm, would be available 
for irrigation pumping and could be used for that purpose. 

With demands of the San Carlos unit satisfied, irrigators 
on the upper Gila and tributaries could increase their di
versions beyond any present legal limitation. In many 
cases, however, regulation of stream flow would be neces
sary to make such diversions physically possible. 

The Charleston unit would involve construction of a 
dam at the Charleston site on San Pedro River and a 70-
mile pipe line to deliver 12,000 acre-feet of water annually 
to 'the city of Tucson. With a safe source of supply thus 
provided, the city could discontinue or decrease its present 
pumping from a diminishing underground supply. A 
reservoir with a capacity of 240,000 acre-feet formed by 
Charleston Dam would provide sufficient storage to pro
tect downstream irrigators from flood damage. Supple
mental irrigation water could be furnished to 2,600 acres 
of land lying below the dam site. 

The Safford Valley unit, through construction of a 
dam at the Elliott site on the Gila River, one-fourth of a 
mile below the mouth of San Francisco River to provide 
a reservoir of 70,000 acre-feet capacity would supply sup
plemental water to 32,460 acres of land in Safford Valley. 
Although the reservoir would be operated primarily for 
irrigation, it would serve also to control floods. 

The San Francisco unit would furnish additional sup
plemental water to the Safford Valley unit by regulation 
of the San Francisco River. Storage could be obtained 
by the construction of a system of small reservoirs, the 
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number, location, and capacity of which have not been 
determined. By distributing these reservoirs in the upper 
reaches of the basin, regulated flows could also be utilized 
to supplement supplies to approximately 2,500 acres of 
land now irrigated in the San Francisco unit. In addi
tion, approximately 2,000 acres of new land could be 
brought under irrigation. Although considered as a part 
of the Central Arizona project, it is possible that this unit 
could be developed independently on a modified scale. 

The Duncan-Virden Valley and New Mexico units 
would provide storage at the Hooker site on Gila River 
near Cliff, N. Mex., to provide supplemental water and 
some flood-control protection for 13,600 acres of land 
now irrigated near Duncan, Ariz. A 3,000-kilowatt ca
pacity power plant at Hooker Dam could supplement 
available electric energy in the area. A permanent lake 
in this vicinity would furnish valuable reactional oppor
tunities. As presented, this dam would be an integral 
part of the Central Arizona project. Should Colorado 
River water not be diverted to central Arizona, a project 
in this area may warrant independent consideration. 

Chino Valley project.-Approximately 2,540 acres of 
inadequately irrigated land in the upper Verde River 
Basin about 15 miles north of Prescott, Ariz., could be 
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furnished an additional supply by concrete lining an exist
ing canal leading from the diversion points on Granite 
and Willow Creeks to the project lands and by making 
certain other improvements to reduce water conveyance 
losses. No new lands could be brought under cultivation, 
and a full supply could not be furnished to the entire 
project area. However, distress occasioned by recurrent 
water shortages could be alleviated. 

Hassayampa project.-By construction of a dam at the 
Box Canyon site on Hassayampa River a storage reservoir 
of 210,000 acre-feet capacity could provide sufficient 
water to irrigate 8,800 acres of desert land west of Witt
man, Ariz. This reservoir also would help to control 
floods in the area. 

Sentinel project.-Although the reservoir which would 
be formed by a flood-control dam near Sentinel, Ariz., 
would extend into the Gila division, the dam site and 
project lands are in the Boulder division. The project, 
therefore, is discussed under that division. 

Summary 

Potential developments in the Gila division are sum
marized in the following tables: 

TABLE CVIII.-Potential projects in the Gila division 

Project and unit Location of project Source of water supply Purpose to be served ' Estimated construc
tion cost 2 

Central Arizona ___ _ ; _____________ Arizona __ ____ __ Colorado River_ ___________________ · I, F , P , M, U_______ $432,800,000 
Salt River 
Paradise Valley 
San :Carlos , 
Charleston 
Safford Valley 
San Francisco 
Duncan-Virden Valley 
New Mexico 

Chino Valley ________ . ____________ _ ___ __ do ____ c _ _ _ _ Granite and Willow Creeks _________ !__ ____ ______ ____ __ 150,000 
Hassayampa ___________ _________ _ - - ----------- - -- Hassayampa River_ __ ________ _____ I, F____________ ____ 6, 650,000 

TotaL _____ ____ ______________ . ___________________________________ ______________ ____ ____________ _ 439, 600, 000 

I Symbols used:I=irrigation,F=floodcontrol, P=power, M=municipai,U =underground water discharge . ' P reliminaryestimstes b3sedon construction costs of Jan. 1,1940 . 

TABLE CIX.-Potential reservoirs in the Gila division 

Name of site Source of water supply Project served Total capacity 
(acre-feet) 

-------------- ----------------------------------------------·----·-

McDowelL _______ _____ ._ . ____ ____ Salt River ___________________ ___ _____ _ 
Horseshoe Enlargement__ _________ _ Verde River _____ ______ __________ ____ _ 
Buttes ___ _________ ___________ ___ Gila River _____ ____ _____ ________ _____ _ 
Charleston_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ San Pedro River ________ ___ __________ _ 
Elliott_ __ ___ ____ ___ . _ _ _ _ _ _ _ _ _ _ _ _ _ Gila River _______ ________ __ ___ _______ _ 
Hooker ____ _____ __ ______ ______ ________ do ________ ___ ______ _________ ____ _ 
Miscellaneous ___ _____ __ . ____ .__ ____ San Francisco River and tributaries _____ _ 
Box Canyon ______ __ . ____ __ ____ __ . Hassayampa River ________ ______ _____ _ 

Central Arizona: 
Salt River unit __ __ ____ __ _____ _ 
Paradise Valley unit ______ ____ _ 
San Carlos unit_ ________ _____ _ 
Charleston unit_ _______ ______ _ 
Safford Valley unit_ __________ _ 
New Mexico unit __ ____ _____ __ _ 
San Francisco unit _____ _______ _ 

Hassayampa ____ _______ ___ _____ __ _ 

250,000 
300,000 
400, 000 
240,000 

70, 000 
150,000 
(') 
210,000 

TotaL____ ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2 1, 620, 000 

I Not determined. • Exclusive of potential reservoirs in San Francisco unit. 
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Project and unit 
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TABLE CX.-Potential irrigation development zn the Gila division 

Area to be benefited (acres) 

State 
New land Furnished supple

mental water Total 

Central Arizona.: 
Salt River _______ _________ ____ _______ Arizona. ________ __ __ __ ________________ _____ _ 
Paradise Valley_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ __ do _____ ____ __ __ _______________ __ ___ __ _ .. 

20,000 384, 900 
85, 000 0 San Carlos ___________________ ___ __________ do __________ _______________ ___ ________ _ 0 157, 400 

Charleston __________ ______ ___ ____ _________ do _______________ ___________ _____ __ ___ _ 0 2, 600 
Safford Valley ______ __ ________ _____________ do ______________ _________ __ ____ _____ __ _ 0 32, 460 
San Francisco__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ New Mexico ___ _____ _______________ _____ ___ _ 2, 000 2, 500 
Duncan-Virden Valley __ ____ __ ______ __ . Arizona-New Mexico _________________ _______ _ 0 8, 100 
New Mexico__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ New Mexico ______ __ ____________ __ ____ __ ___ .. 0 5, 500 

SubtotaL _________ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ -- - - __ - - - - - - - __ - - __ - - ____ - - - - - - - - - - - - - - - - 107,000 593,460 

Chino Valley_________ ___ ___ __________ __ __ Arizona ______ __ __ ___ ____________ ____ ______ _ 
IIassayarnpa _________ __________ ______ _________ do _______ ________ __ ________ ________ __ _ _ 0 2, 540 

8, 800 0 
----

TotaL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _________ __________ ____ _______________ ____ .. 115, 800 596,000 

TABLE CXI.-Potential irrigation development in the Gila division by States 

State 

Arizona--------------- ---- - - -- - - - - --- ------------------------ --- -------------- -- -New ~1exico _______ __ __ ____ ___ ___ ______ ________ ____ __ ___ _____ ____________________ _ 

Tot~--------- - --- -- ---------------------- - - - - - -- --- -- ---- - --------------- -

Area to be benefited (acres) 

New land 

113, 800 
2, 000 

115, 800 

Furnished 
supplemental 

water 

585, 200 
10, 800 

596,000 

TABLE CXII.-Potential power development in the Gila division 

404, 900 
805,000 
157, 400 

2,600 
32,460 

4, 500 
8, 100 
5, 500 

700,460 

2,540 
8, 800 

711,800 

Total 

699, 000 
12, 800 

711 ,800 

Project and unit Name of power plant Stream 
Power plant 

installed capac
ity (kilowatts) 

Annual firm genera
tion (kw.-hrs.) 

Central Arizona: 
Paradise Valley ______ ___ ____ ____ IIorseshoe ___ __ ____ __ __ _____ Verde River ______ ___ ______ _ 1 10,000 

5,800 
3, 000 

I 37, 000, 000 
8,000, 000 
8,000,000 

San Carlos __________ ____ ______ _ Buttes ______ _____ ___ _______ Gila. River~------ -- ----- --- -

N ew Mexico _______ .. __ . __ . _ _ _ _ IIooker ______ __ ____ ____ __ ________ do ______ ______________ _ 

TotaL _________ __ _______ ___ ___ _______________ __ _________ _ __________ __ ___ _ -- - - - - - - --- _ 18,800 2 43, 000, 000 

1 Replacement power for Stewart Mountain power plant. 
' Net annual firm generation would be 16,000,000 kilowatt-hours. 

TABLE CXIII.-Present and potential stream depletions in 
the Gila division 

Estimated average annual depletion (acre· 
feet) 

State and river 
Present Potential Total 

depletion increase ultimate 
depletion 

Arizona· 
Gila River ____________ 1, 135, 000 20,000 1,155,000 
Colorado River ________ ---------- 1,588,000 1, 588,000 

SubtotaL ___________ 1,135,000 1,608,000 2, 743, 000 

TABLE CXIII.-Present and potential stream depletions in 
the Gila division-Continued 

Estimated average annual depletion (acre-
feet) 

State and river 
Present Potential Total 

ultimate depletion increase depletion 

New Mexico: 
Gila River ____________ 16,000 ---------- 16, 000 
Colorado River ________ ---------- 8,000 8, 000 

SubtotaL _______ - _-- 16,000 8,000 24, 000 
TotaL _______ - _- -- - 1,151,000 1, 616,000 2, 767,000 
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Summary of Present and Potential Development in the Lower Basin 

The following tables summarize in the lower basin 
present irrigated areas, potential development of water 

resources with estimated construction costs, and present 
and potential stream depletions. 

TABLE CXIV.-Present irrigation development in the lower basin 1 

Acre.s irrigated 
DiYision 

Arizona California Nevada New Mexico Utah Total 
----- ------------- - - ----- - --------------------1------1------- - -- - -------- - --------
Little Colorado _____ ________ _____ ______________ ~ __ _ 
Virgin ____________ _______ ______________________ __ _ 
Boulder ______________ __ _____ _____ _______________ _ 
Gila_------ ___________ _____ ______________________ _ 

TotaL ____________ . _______ _____ ___ _________ .. 

39,230 
2, 800 

I 244, 800 
716,000 

1, 002,830 

-- ---------- -- - - -- -- - - 8, 770 - - -- --- - - -
------------ 9, 800 - -- ------- 23, 500 

2 803, 000 1' 200 - - -- ------ - ----- - . --
------------ ---- -- -- -- 11' 000 -- -- - - --- .. 

3 803,000 11, 000 19, 770 23, 500 

48, 000 
36, 100 

1,049,000 
727,000 

3 1, 860, 100 

' Includes Hi6,900 acres not yet irrigated under existing projects. 
' Includes 342,100 acres yet to be irrigated under existing projects. 

'Includes 416,400 acres irrigated and 296,600 acres not yet irrigRted under the All
American Canal system outside the Colorado River natural drainage basin . 

TABLE CXV.-Present hydroelectric generating capacity in 
the lower basin 

TABLE CXV.-Present hydroelectric generating capacity in 
the lower basin-Continued 

Present Authorized Present Authorized 
State and division installed or planned Total capacity 

capacity capacity (kilowatts) 
(kilowatts) (kilowatts) 

State and division Installed or planned Total capacity 
capacity capacity (kilowatts) 

(kilowatts) (kilowatts) 
------

Arizona: Arizona-Nevada: 
Little Colorado __ ___ ___ 40 ---------- 40 
Gila __ ------------ -- - 87,950 --.-------- 87, 950 

Boulder _____ _____ ____ 1, 030, 000 512, 500 1, 542, 500 
California: 

Boulder ____ _______ ___ 16, 600 68, 000 84, 600 
SubtotaL ____ _______ 87,990 ------- --

Utah: 
87, 990 

' 
Virgin _____ _____ ___ __ . 3, 440 ----- ----- 3, 440 

' 
Arizona-California: I TotaL _______ ______ 1,258,030 I 580, 500 1,838, 530 

Boulder_ _______ _____ _ 120, 000 ---- - ----- 120,000 

TABLE CXVI.-Potential development of water resources zn the lower basin 1 

State and division 

Arizona: 
Little Colorado _________ _________ " ______________ _ 
Virgin _____________ ___ ____ ____ ____ _____________ _ 
Boulder ____________ ___ ____ _____________________ _ 
Gila ______________________ ___ ___ ____ _______ __ __ _ 

SubtotaL ________ ______ __ ____ _____ ________ ___ _ 

California: 
Boulder ____________ ___ ____ __ _________________ __ _ 

Nevada: Virgin __________ ____ ___ ____ ____ _______________ _ _ 
Boulder ________ _____ ___ ___ ____ __ _______________ .. 

SubtotaL ____ __ ___ ___ ____ ____ ________ ·- _____ __ _ 

:s'ew Mexico: 

Acres to be irrigated ' Power plants 
---------.--------1------------,-----------

New land 

32, 250 
3, 000 

80,000-
113,800 

229, 050 
1====1 

16,000 

9, 500 
33, 600 

Furnished sup
plemental water 

600 
1, 000 
7, 800 

585, 200 

594, 600 

Installed capac- Annual firm genera
ity (kilowatts) tion (kilowatt-hours)' 

----------- - ------ --------- -
------------ ----------------

1, 922,000 10,174, 000, 000 
15,800 8,000,000 

1, 937, 800 10,182,000,000 

4, 500 - - - - - -- - - - - - - - - - - - - - - - - - - - - -

----- -------1-----~ -- --
43, 100 4, 500 

Gila __ --------___ ___ ___ __ _____ ____ __ ______ ______ 2, 000 10, 800 3, 000 8, 000, 000 
Utah: 

Virgin_---_______________ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 13, 000 8, 200 4, 600 15, 000, 000 
River rectification and controL __ __ ___________________ _ _______ _______ _______ ____ ______ _____ _____________ _ 

T<au.:~~~~-grid:::::: :::::::::::::::::::.::::.::.:::.: ;~;: ;;~ T ... ~;~, ;;.; ... ;, ;~;~ ~~ · ~~~ ;.,;~~~~~;;.;- I 

Estimated 
construction 

cost • 

$24,700,000 
2,000, 1'00 

563,200,000 
425,500, 000 
---- -

1, 015, 400,000 

3,100,000 

4, 800, 000 
11,700,000 

16,500,000 

14,100, 000 

9,100, 000 
5,000,000 

192, 100, 000 

1,255,300, 000 

1 In addition to irrigation and power production, many potential projects would have value for flood control, silt retention, recreation, and fish and wildlife conservation and 
recharge for underground water supplies. 

' Does not include irrigable lands under constructed or authorized projects. 
• Net firm generation, exclusive of replacement power. 
'Preliminary estimates based on construction costs of Jan. I, 1940. 
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TABLE CXVII.-Present and potential stream depletion in the lower basin 

State and division 

Estimated average annual depletion (acre-feet) 

Existing or authorized projects Potential projects 
----·----·------·~---------·---------- ------

Present depletions 

Consumed in 
basin Exported 

Future increase 

Consumed in 
basin Exported 

Consumed in 
basin Exported 

Total ultimate 
depletion 

---------------·--------- --- -------------- ----- - ---------------------------

Arizona: 
Little Colorado ____ __ _____ __ ___ _ 
Virginia ______ __ __ __ _______ ____ _ 
Boulder _______ ___ _____________ _ 
Gila ____________ _____ _________ _ 

Subtotal ____ __ __________ ~ - - - -

California: 
Boulder ___________ ______ ______ _ 

Nevada: 
Virgin ________ _____ _____ ___ ___ _ 
Boulder ______ ______ ______ __ ___ _ 

Subtotal _____ __ ___ ______ __ __ _ 

New Mexico: 

58, 700 
5 100 

208~ 400 
1,135,000 

1,407,200 

145,000 

23,800 
20,000 

43,800 

------------

2,535,000 

-- ----------
--------- ---

571, 000 ------------

571,000 ------------

148,000 2, 798,000 

--- - ----- - ------------
--- ------- ------- -----

48, 700 
12, 700 

346,000 
1, 608,000 

2,015,400 

64,000 

36,000 
177,000 

--- -------

112, 000 

----- - ----
- - - - ----- -

213, 000 ------- ---

107,400 
17,800 

1,125,400 
2, 743,000 

3,993, 600 

5,802,000 

59,800 
197,000 

Little Colorado ____ _________ ___ _ 13, 000 -- -- -------- ------ ---- ------------ --- - - - - ----- ----------

256,800 

13,000 
24,000 Gila ______________ ___ _______ __ _ 

16,000 ----------- - - - - - ----- - ------------ 8, 000 --------- ------- - -----1----------- ------ ------J-------
Subtotal ____ __ ___ __ ___ ___ ___ _ 29, 000 8,000 37,000 

Utah: 
Virgin ________ ___ _____________ _ 45,000 - - --------------------- - --- - ------ 56,300 --- - - - ---- 101,300 

Reservoir losses _ ___________________ _ 713,000 ------------ 66,000 ------------ 91, ouo ---------- 870,000 
------- ---------- -----------------------Total ___ __ _________ ___ ______ _ 2, 383, 000 2, 535, 000 785, 000 2, 798, 000 2, 447, 700 112, 000 11, 060, 700 

SUMMARY OF PRESENT AND POTENTIAL 
DEVELOPMENT IN COLORADO R I V E R 
BASIN 

The following tables summarize present and potential 
development of water resources in the entire Colorado 
River Basin. 

Table CXXI shows that the "total ultimate depletions" 
are over 20,000,000 acre-feet annually. The long time 
average annual undepleted flow of the Colorado River at 
the International Boundary is estimated at 17,720,000 
acre-feet. (See appendix I, Water Supply, Colorado 

TABLE CXVIII.-Present irrigation development in the 
Colorado River Basin 

Upper basin Lower basin 

State Total (acres) 
Irrigated Irrigable 1 Irrigated Irrigable 1 

(acres) (acres) (acres) (acres) 

Arizona ______ 6, 000 ------- 835, 930 166, 900 1,006,830 
California ____ --------- ----- - - 460, 900 342, 100 2 803, 000 
Colorado _____ 770, 170 32,670 ---- --- -- ------- 802,840 
Nevada ______ ---- ----- ------- 11, 000 ------- 11,000 
New Mexico __ 38,000 ------- 19, 770 ------- 57,770 
Utah _________ 274, 820 ------- 23, 500 ------- 298,320 
Wyoming _____ 236, 070 11,470 --------- ------- 247, 540 

TotaL_ 1,325, 060 44, 14011, 351, 100 509, 00013, 229, 300 

1 Land that will be irrigated under present development._ 
'Includes 713,000 acres outside the natural Colorado River drainage area. 

TABLE CXIX.-Present hydroelectric generating capacity in 
the Colorado River Basin 

Present in- Authorized 
State and division stalled capac- or planned Total 

ity (kilowatts) 
(kilowatts) (kilowatts) 

Colorado: 
Green ____ __ __________ 200 ---- ---- -- 200 
Grand _______________ 49,667 ---- ------ 49, 667 
SanJuan _____________ 4, 650 ---------- 4,650 

SubtotaL ___________ 54, 517 ---------- 54,517 

New Mexico: San Juan.··--- 280 ---------- 280 
Utah: Green ________________ 2, 050 ---------- 2,050 

Grand-------------~- 50 ------ ---- 50 
San Juan _____________ 170 ---------- 170 

SubtotaL __________ 2, 270 ---------- 2, 270 

Wyoming: Green __________ 150 ---------- 150 
Total, upper basin ___ 57, 217 ---------- 57, 217 

Arizona: 
Little Colorado ________ 40 ---------- 40 Gila _________________ 87, 950 ----- ----- 87, 950 

SubtotaL ___________ 87,990 ---------- 87,990 
Arizona-California: -

Boulder _______________ 120, 000 ---------- 120,000 
Arizona-Nevada: 

Boulder ______________ 1, 030, 000 512, 500 1, 542, 500 
California: 

Boulder ___ ___________ 16, 600 68,000 84, 600 
Utah: 

Virgin _______________ 3, 440 ------ --- - 3,440 
Total, lower basin ___ 1, 258, 030 580, 500 1, 838, 530 
Total, Colorado River 

Basin ____________ 1, 315, 247 580, 500 1, 895, 747 
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River.) The required delivery to Mexico, assuming 
ratification by Mexico of the pending treaty, with ultimate 
development in the United States is estimated to average 
1,500,000 acre-feet annually, which would leave an aver
age annual flow to be used in the United States of about 
16,220,000 acre-feet, or about 80 percent of the sum of 
the present and potential development possibilities listed 
in the report. 

It is evident that the list of potential projects selected for 
actual development will need to be modified to conform 
to the available water upply. A plan of modification is 
not suggested in this report. Final selection of projects 
will depend upon their relative merits, the final alloca
tions of water among the States, the desires of each State 
as to alternative possibilities, and the findings of future 
investigations. 

TABLE CXX.-Potential development of water resources in the Colorado River Basin 

State and division 

Arizona: 
San Juan _________ __ __ __ ______ ____ _____ __ _ 
L~ttl.e Colorado _____ . __ __ _____ ___ __ ____ ___ _ _ 
V1rgm ____ ____ ______ _____ _____ _____ ____ ____ _ 
Boulder __ _______ ____ ___ ____ __ ___ ____ ____ ___ _ 
Gila ___________ _____ ___ __ _______ ______ _____ _ 

SubtotaL ____ _ ... ___ _ 

California: 
Boulder __ _____ __ ____ ___ ___ __ _____ ______ ____ _ 

Colorado: -
Green _____ _____ _____ ___ ____ ______ __________ _ 
Grand __ ______ ______ ___ __ __ ______ ____ _____ _ _ 
SanJuan ______ ______ __ _____ ___ __ _______ ___ _ _ 

Subtotal ____ ______ ___ ____ __ __ ___ _________ _ 

Nevada: 

Acres to be irrigated 1 

Newland 
Furnished 

supplemental 
water 

Installed 
capacity 

(kilowatts) 

Power plants 

Annual firm genera
tion (kilowatt-hours) 

Estimated 
construction 

cost • 

18, 680 6, 000 400, 000 2, 188, 000, 000 $65, 628, 000 
32, 250 600 - - - ------ --- ------- -- ------ - 24, 700, 000 

3, 000 1, 000 - - ------- - - - --------------- - 2, 000, 000 
80,000 7, 800 1, 922,000 10, 174,000,000 563,200,000 

113,800 585,200 15, 800 8, 000,000 425,500,000 
---~-- ---------------------------

247,730 600,600 2, 337,800 12,370,000,000 1,081,028,000 

16,000 

197, 800 
135,300 
110,960 

30,360 
158, 270 
37, 920 

170,500 
88,000 
67,000 

944,000,000 
453,000,000 
264,000,000 

3, 100, 000 

96,300,000 
57,232,000 
69,227,000 

- - ---- ------· --~-------------------
444,060 226, 550 325, sao 1, 661,000,000 222,759,000 

Virgin. ___ __ _ -.- ________ ____ __ ____ ______ _____ 9, 500 4, 500 4,800,000 
11,700,000 Boulder__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 33, 600 

- -----1--------- ----------- --------
SubtotaL___ _________ ___ ___________ ______ _ 43, 100 4, 500 ___ _______ __ _______ ________ _ 

New Mexico: 
San J uan• _____ - ___ ___ ____ ___ __ ____ __________ _ 
Gila __ ___ _____ _______ ___ ___ __ ____ ____ ___ ___ _ 

SubtotaL __ _ 

Utah: 
Green _____ __ __ ____ . _ _ ______ . _ __ ______ ___ _ _ 
Grand __ __ ___ - - ----- -- - - ----- --- - - - - -- --- - -San Juan __ ____ __ _______ _______ ___ ________ _ _ 
Virgin ____ __ __ _____ ____ ____ _____ ____ _______ _ 

1========1========1 

224,960 
2,000 

226, 960 

150, 520 
88, 700 
12, 560 
13,000 

15, 100 
10,800 

25, 900 

145,010 
1,950 

14, 200 
8, 200 

3,000 

3,000 

288,000 
200,000 
498,000 

4, 600 

8,000,000 

8,000,000 

1,579,000,000 
1,141,000,000 
2, 663,000,000 

15,000,000 

16,500,000 

76,882,000 
14,100,000 

90,982,000 

116, 500, 000 
80,975,000 

150,298,000 
9,100,000 

--------- · ----1------1--------·--------
SubtotaL ____ _____ ___ . ____ ____ _____ _____ _ 264. 780 169, 360 990, 600 5,398,000,000 

Wyoming: Green ____ ________ __ ____ ____ __ ___ ___ _______ _ 291,330 95, 360 1,500 9, 000,000 

River rectification and controL ___ __ ____ __________ ______ ___ _______ __________ _____ _____ _ _______ ___ _____ _ 
Transmission grid _____ _________ _ . _____ ___ ________ ___ . ______ ______ __ __________ ________________ _____ ___ . 

TotaL _________________ _ . __________ .______ 1, 533, 960 

1 Does not Include irrigable lands under existing or authorized projects. 
' Preliminary estimates based on construction costs of Jan. 1, 1940. 

-709515-46----13 

1, 122, 270 3,658,400 19,446,000,000 

356,873,000 

47,100,000 

5,000,000 
362,100,000 

2,185,442,000 
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TABLE CXXI.-Present and potential stream depletion in the Colorado River Basin 

Estimated average annual depletion (acre-feet) 

Existing or authorized projects Potential projects 

State and division 
Present depletion Future increase 

1-- ----;------1-------,-----1 Consumed in 
Consumed in 

basin Exported 
basin Exported 

Total ulti
mate deple

tion 

Arizona: 
San Juan ____ __ ___ __ r- ------ ------------- - 10,200 ____________________ ---------- 39,000 49,200 

107,400 
17,800 

1,125,400 
2, 743,000 

Little Colorado_____ ___ __________ ________ _ 58,700 __________ __________ __________ 48,700 
Virgin ___________ --______________________ 5, 100 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 12, 700 
Boulder_______ ___________________________ 208, 400 _ _ _ _ _ _ _ _ _ _ 571, 000 _ _ _ _ _ _ _ _ _ _ 346, 000 
Gila ____________________ _______ _________ _ 1, 135, 000 ______________________________ 1, 608, 000 

------------------~--- -------1---·-
SubtotaL ______________________________ 1, 417,400 5 71, 000 - - - - - - - - - - 2, 054, 400 4,042, 800 

California: Boulder _______ __________________________ _ 

Colorado: Green ______________ _______ ______ ____ ____ _ 
Grand ______________ ____ _____ _______ ____ _ 
SanJuan ____ ____ ___ __ _____ ______________ _ 

145, 000 2, 535, 000 

115,000 
776,000 
238,000 

98,300 
4,000 

148, 000 2, 798, 000 64,000 112, 000 5, 802, 000 

324,000 75,000 514,000 
65,000 42I, 000 295, 000 1, 492, 000 3, 147, 300 

21, 000 251, 000 85, 000 599, 000 
----- -·------1-----·1---·-- ----- ----- ------

SubtotaL ____ ___ .. _____ _ ___ . __________ I, 129, 000 102, 300 65, 000 442, 000 870, 000 I, 652, 000 4, 260, 300 

Nevada: Virgin ________________ __________________ _ 
Boulder ______________________________ ___ _ 

Subtotal ____________ ____ ___ __________ _ _ 

New Mexico: SanJuan ______ __ ___ __ _____ __ ____________ _ 
Little Colorado ____________ ______________ _ 
Gila ________________ __________ ____ ______ _ 

Subtotal-----------------------------~-

Utah: Green _____ ____ ______________ ____________ _ 
Grand ______________ ___ ___ ____ c _________ _ 

San Juan ______ ____ ____ __________________ _ 
Virgin ________ ____ _____ __ _____ ___ _______ _ 

Subtotal _______________ __ _____________ _ 

Wyoming: Green ___________ ____ ____ ________ ________ _ 

23,800 
20,000 

43,800 

68,400 
13,000 
16,000 

36,000 
177,000 

2I3,000 

450,000 

8, 000 ----------

59, 800 
197,000 

256,800 

518,400 
13,000 
24,000 

---------- ------1----------- ----------
97,400 458,000 555,400 

358,000 81,500 ---------- 32,000 264,000 975, 700 1, 711,200 
13,000 ---------- --------- - ---------- 186,000 

---- --- ~ - -
199,000 

63,400 ---------- ------- --- ------ --- - 30,000 7,000 100,400 
45,000 ---------- ---------- ---------- 56, 300 ------•--- 101,300 

---------- ---------------
479,400 81, 500 --------- - 32,000 536, 300 982, 700 2, 111, 900 

374,000 ---------- 17,000 ---------- 489,000 87,000 967,000 

Pasture irrigation in upper basin ______________ -- _____________________________________ __ . · 500, 000 _ _ _ _ _ _ _ _ _ _ 500, 000 
Reservoir losses____________________________ ___ 713,000 __________ 66,000 _______ ___ 922,000 ------- -- -- 1, 70I, 000 

TotaL _____ ________ ___ _________________ 4, 399, 000 2, 718, 800 867, 000 3, 272, 000 ,6, 106, 700 2, 833, 700 120, 197, 200 



Power 

From 

Water 

''A prerequisite for industrial growth in any area is 

the availability of a sufficient amount of low-cost electric 

power . ... 

''Opportunities exist for the installation of 1,713,000 

kilowatts of hydroelectric generating capacity on the 

Colorado River and its tributaries above Lee Ferry. 

This is nearly 17 times the capacity of all plants now 

in the area. The potential power output of these plants 

would be 28 times the total upper basin power produc

tion of 1913. . . . 

"Development of the potential multiple purpose proj

ects in the lower basin would make available an addi

tional 1,900,000 kilowatts of installed capacity. It is 

estimated that by 1960 the demands for power will exceed 

the output from all existing, authorized, and potential 

plants." 
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CHAPTER VI 

Power From Water 

Full development of the resources of the Colorado 
River Basin requires that the waters of the Colorado River 
system be brought under control by the construction of 
suitable regulatory structures. Additional storage proj
ects on upper basin streams are necessary for full utiliza
tion of its land and water resources. In addition; the 
production of hydroelectric power and energy will be'pos
sible by using the heads made available by the construc
tion of dams and appurtenant works. These dams will 
also reduce flood damage by providing storage space to 
hold flood waters. Many thousands of tons of silt are 
now carried down the Colorado River each year, damag
ing irrigated areas and curtailing storage capacity in pres
ent reservoirs in the lower basin. Proper watershed man
agement is proposed as an aid in the solution of this prob
lem, but storage reservoirs located in the upper basin will 
aid also by retaining silt which reaches the streams. The 
reservoirs will have value also for recreational purposes 
and for the propagation of fish and wildlife. 

The Bureau of Reclamation has constructed many 
multiple-purpose projects throughout the Western States 
for irrigation, power production, flood control, silt reten
tion, recreation, and fish and wildlife conservation. One 
of the earliest projects involving power was built in Ari
zona in 1906 with construction of the Roosevelt power 
plant on the Salt River. The early plants were used pri
marily as a source of power for the pumping of irrigation 
water or for project construction purposes. Later, power 
was made available to project settlers and to other people 
in rural areas, towns, and cities where economical service 
could be rendered. 

To date only a small part of the potential hydroelectric 
power available in the Colorado River Basin has been har
nessed by man. (See map, Colorado River Basin, Prin
cipal Power Systems, Existing and Potential.) The de
velopment and utilization of electric power have pro
gressed at widely different rates in the upper and lower 
basins. This has been the result of great differences be
tween the two basins with respect to location, climate, 
population growth, agricultural development, commer
cial and industrial activities, and transportation facilities. 
Power development and utilization are far less advanced 
in the upper basin than in the lower basin and the area 

served from it. The discussion on power in this chapter 
is divided into two sections, the upper basin and the 
lower basin. 

UPPER BASIN 

Although the upper basin has great potentialities for 
the production of electrical energy, it now produces a com
paratively small amount and consumes less than it pro
duces. In 1943 the installed capacity of all plants was 
only 101,082 kilowatts, of which 57,217 kilowatts were in 
hydroelectric plants. 

Some of the energy produced in the upper basin in 
Colorado is carried by transmission lines eastward over 
the Continental Divide to the Denver and Leadville load 
areas, while requirements in the Utah part of the upper 
basin are largely supplied with energy imported from ad
joining areas to the west and north. To date it has not 
proved practicable to connect the two areas for power 
supply purposes. 

Opportunities exist for the installation of 1, 713,000 
kilowatts of hydroelectric generating capacity on the Colo
rado River and its tributaries above Lee Ferry. This is 
nearly 1 7 times the capacity of all plants now in the area. 
The potential power output of these plants would be 28 
times the total upper basin power production in 1943. 
Growing power markets within the basin and in ad joining 
areas are expected to require eventually the maximum 
power output of these plants. A system of interconnected 
transmission lines will be needed to carry power to markets. 

Potential power developments described herein indicate 
the hydroelectric possibilities of the upper basin. Cost 
allocations have not been included but will be considered 
in later specific project reports. 

The multiple-purpose projects involving power produc
tion would create artificial lakes with an aggregate surface 
area of 555 square miles. In addition to the production 
of power, many of these reservoirs would have value for 
irrigation, long-term stream flow regulation, flood control, 
silt retention, recreation, and propagation of fish and 
wildlife. 

189 
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Present Power Development 

The extent of present power development in the upper 
basin has been determined principally by the needs of 
the mining industry. Coal mines use most of the energy 

• available in the Utah and Wyoming areas, while in the 
Colorado area coal and metal mines are the largest indus
trial users. These mining areas are served by the largest 
utility systems and industrial plants in the upper basin. 
A number of communities receive service from isolated 
generating ·plants, both hydroelectric and fuel-burning. 
In general, loads are comparatively small and the develop
ment of power generating and transmission facilities has 
been limited in the upper basin. 

In Colorado the availability of desirable hydroelectric 
power sites has resulted in the installation of generating 
plants and high voltage transmission lin~ which a~e 
mainly to supply loads to the east of and outside the basm 
area. In Utah the coal mining industry in Carbon and 
Emery Counties is supplied with power and energy im
ported over high voltage lines from utility systems located 
outstide the basin. Wyoming coal mining i~terests have 
built their own generating plants to supply their require
ments and the needs of people located nearby. Metal 
mining, which has developed in southwestern Colorado, 
uses most of the power and energy generated in that 
locality. 

With a total of 101,082 kilowatts of capacity installed 
in plants in the upper basin, generation in 1943 amounted 
to 330,149,000 kilowatt-hours. Load requirements (sales 
plus losses and utility use) for that year totaled 238,870,-
000 kilowatt-hours, · leaving a net export surplus of 
91,279,000 kilowatt-hours. The total maximum ~emand 
of all loads in the upper basin area was approximately 
52,404 kilowatts in 1943. 

PowER F AGILITIES 

Colorado area.-By far the greatest part of the in
stalled electric generating capacity in this area of the up
per basin is hydroelectric. Although large coal deposits 
are available in western Colorado, it has been more 
economical generally to install hydroelectric rather than 
coal-burning plants. In some isolated areas where loads 
are small internal combustion engine plants have been 
provided. . 

The principal power systems are those of the Pubhc 
Service Co. of Colorado, the Bureau of Reclamation, the 
Western Colorado Power Co., and the Colorado Utilities 
Corp. The interconnected systems of the Public Service 
Co., of Colorado, the Bureau of Reclamation, and the 
Redlands Water & Power Co. together form the largest 
electric generating and transmission system in the Colo
rado area and also in the upper basin. These inter
connected facilities include some 250 miles of transmis-
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sion lines, extending eastward from a point a few miles 
west of Grand Junction to the Continental Divide and on 
into the Denver metropolitan area. The total generating 
capacity connected to this system in the upper basin 
amounts to 45,67 5 kilowatts, of which 90 percent is hydro
electric and 10 percent is steam-electric capacity. In
cluded in this total area are the 21 ,600-kilowatt Green 
Mountain hydroelectric plant (Colorado-Big Thompson 
project) of the Bureau of Reclamation and the 3,00~
kilowatt Palisades hydroelectric plant (Grand Valley proJ
ect) owned by the Bureau but operated ~y th~ Public 
Service Co. of Colorado. The latter plant 1s considered a 
part of the company's system in this report. No internal 
combustion engine-driven generating plants are connected 
to a:qy of these major systems. 

Southwestern Colorado is served by the system of the 
Western Colorado Power Co., which has 11,700 kilowatts 
of connected generating capacity, including 9, 700 kil?
watts of hydroelectric and 2,000 kilowatts of steam-electnc 
capacity. 

At McGregor in the northern part of Colorado the 
Colorado Utilities Corp. operates a 4,250-kilowatt steam-· 
electric plant, with transmission lines extending to nearby 
communities. 

Principal municipal plants are located at ~unnison 
( 550 kilowatts, steam-electric) , Delta ( 1,100 kilowatts, 
internal combustion) , and Meeker ( 200 kilowatts hydro
electric and 3 7 5 kilowatts steam-electric), all of which 
are isol~ted plants. Other generating plants are operated 
by smaller utilities. 

The installed generating capacity of all plants in the 
Colorado area was 68,429 kilowatts in 1943. Energy 
generating in that year amounted to 245,083,000 kilo
watt-hours, while total load requirements (sales plus losses 
and utility use) were 88,228,000 kilowatt-hours. The 
difference of 156,855,000 kilowatt-hours was transferred 
into the Denver and Leadville load areas over the 100,000-
volt transmission line of the Public Service Co. of 
Colorado. 

Utah area.-Although the Utah area of the upper 
basin contains a large amount of potential water power 
and large coal reserves, very few generating plants have 
been installed, the principal electric loads being supplied 
with power imported from outside the basin. The largest 
installation is the 1,200-kilowatt hydroelectric plant of the 
Uintah Power & Light Co. The Utah Power & Light Co. 
also operates two isolated plants, one at Vernal ( 840 kilo
watts) and one at Moab ( 210 kilowatts) . The towns of 
Monticello and Blanding operate small plants to serve 
their citizens. Two rural electric cooperatives financed 
by the Rural Electrification Administration have 1,090 
kilowatts of installed generating capacity. 

Power for the important coal mining area is supplied 
by two lines of the Utah Power & Light Co., one a 44,000-
volt line extending from the Olmstead plant near Provo to 
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Sego and Hiawatha, and the other a 132-000-volt line 
extending from the Olmstead plant to Helper. These 
lines are extensions o~ the company's main Utah-Idaho 
system. 

Only 3,400 kilowatts of generating capacity were in
stalled in the Utah area of the Upper Basin in 1943. En
ergy generated in that year amounted to 6,677,000 
kilowatt-hours. Load requirements totaled 72,253,000 
kilowatt-hours, thus requiring 65,576,000 kilowatt-hours 
to be imported. 

Wyoming area.-Nearly all power generated in the 
Wyoming area of the upper basin is from steam-electric 
plants. Coal mining companies operate the greatest 
amount of generating capacity. A 20,000-kilowatt plant 
at Rock Springs operated by the Union Pacific Coal Co. 
is the largest steam-electric plant in the upper basin. 
Most of the energy produced by this plant is used for coal 
mining, but about one-fourth is being distributed by the 
Southern Wyoming Utilities Co. to other consumers in the 
Rock Springs area. At Kemmerer the Lincoln Service 
Corp. operates a 5,500-kilowatt steam-electric plant, and 
at Diamondville the Diamond Coal & Coke Co. operates 
a 1 ,000-kilowatt steam-electric plant, both being used 
mainly to supply power to coal mines. 

The Southern Wyoming Utilities Co. has recently ac
quired the 1 ,240-kilowatt capacity steam-electric plant at 
Green River, Wyo., from the Utah Power & Light Co., 
and has constructed a transmission line from the plant to 
Rock Springs. 

No municipally owned plants have been installed in the 
Wyoming area. One system financed by the Rural Elec
trification Administration operates a 180-kilowatt internal 
combustion engine plant. 

The combined capacity of all plants in the Wyoming 
area amounted to 28,423 kilowatts in 1943. Transmis
sion facilities are limited, being designed to serve load areas 
in close proximity to the power plants. Energy genera
tion in 1943 totaled 77,049,000 kilowatt-hours, which met 
the load requirements of the area. 

New Mexico area.-This area of the upper basin is 
served by the Aztec-Farmington division of the New Mex
ico Public Service Co. Installed generating capacity in 
1943 totaled 830 kilowatts of which 280 kilowatts were 
hydroelectric and 550 kilowatts were internal combustion. 
The energy generated in that year was estimated at 1,340,-
000 kilowatt-hours, all of which was consumed in the area. 

Summary.-The amount of installed generating capac
ity in the upper basin in 1943 is given in table CXXII and 
the amount of energy generated and load requirements are 
shown in table CXXIII. 

PLANT FACTOR 

Although the amount of installed generating capacity 
is of importance when considering the power facilities 
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TABLE CXXII.-Installed generating capacity in the upper 
basin (1943) 

Installed capacity (kilowatts) 

State area and class or utility ownership Internal 
Hydro Steam com bus- Total 

tion 

Colorado: 
Privately owned ___ ____ _ 30,942 10, 721 766 42,429 
Publicly owned _________ 23, 575 1, 000 1,425 26,000 

TotaL ______ - - - - - - - - 54, 517 11, 721 2, 191 68, 429 

Utah: 
Privately owned _______ _ 1, 500 0 750 2,250 
Publicly owned _________ 770 0 380 1, 150 

---
TotaL __ . _____ . ______ 2,270 0 I, 130 3, 400 

Wyoming: 
Privately owned _______ _ 150 6, 740 353 7,243 
Publicly owned _________ 0 0 180 180 

Subtotal-Utilities ___ _ 150 6, 740 533 7,423 
Industrial plants ___ ____ _ 0 21,000 0 21,000 

TotaL ___ ______ _ .. __ __ 150 27, 740 533 28,423 
- -- ====== 

New Mexico: 
Privately owned ... _ .. __ ___ 280 0 550 830 

Upper Basin: 
Privately owned ___ _____ 32, 872 17,461 2,419 52, 752 
Publicly owned. ________ 24, 345 1,000 1, 985 27,330 

Subtotal-Utilities ____ 57, 217 18,461 4,404 so,o82 
Industrial plants ___ _____ 0 21,000 0 21,000 

TotaL. ______ _______ 57,217 39,461 4, 404 101,082 

in an area, the real standard of power plant utilization 
is the amount of energy that can be generated for sale to 
the ultimate consumer. The degree of plant or system 
utilization is determined by comparing the amount of 
energy actually generated with the maximum it is pos
sible to generate with the plant or system continually oper
ated at full capacity. The percentage thus obtained is 
called the "plant factor." 

Plant factors for interconnected systems are higher than 
for isolated plants because isolated plants need a greater 
part of their installed capacities as "reserve" to insure con
tinuity of service. Also the operation of plants on an inter
connected system may be coordinated to take advantage 
of the operating characteristics of the individual plants. 
Recently an annual plant factor of 61 percent was attained 
by the group of generating plants connected to the system 
of the Public Service Co. of Colorado in the upper basin, 
while plant factors on individual isolated plants ranged 
from 14 percent to 31 percent. 

ENERGY PRonucTroN. CosTs 

Hydroelectric plants.-Hydroelectric plants in the up
per basin in 1943 produced electric energy at average 
costs ranging from 0.65 to approximately 2.7 mills per 
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TABLE CXXIII.-Energy generated and load requirements in the upper basin (1943) 

State area and class of utility ownership 

Colorado: 
' Privately owned _____ __ _____ --- -- -- --- ------ --- -----
Publicly owned _______ ____ - __ ____ ____ __ ____ -- ____ __ ~ _ 

Total ________ ______ ________ _______ _______ __ _____ _ _ 

Utah: 
Privately owned ______ ___ _____ ____ ____ ___ ____ _______ _ 
Publicly owned ____ _____ ______ ____ __ ________ ___ ___ __ _ 

Tot~------------ - - --- ------ - -- ----- ----- -~- - - - ---
Wyoming: 

Privately owned _______ __ _____ ______ ___ . ___ _____ ____ _ 
Publicly owned ____ ______ ______ __ _____ _____ ______ __ _ 

Subtotal-Utilities ____ ________ ______ ______ _____ ___ . 
Industrial plants _____ ___ ___ ___ _______ ____ ___ __ ______ _ 

TotaL _______ --- _- - - - - --- -- -- - - --- - - ---- - - - - -- ----
New Mexico: 

Privately owned. ___ ___ __ . _____ __ ______ ____ _____ ____ ~ 

Energy generated (thousand kilowatt-hours) Load require
ments 

(thousand 
kilowatt

hours) Hydro 

------

168, 642 
59, 142 

----- -
227, 784 

4, 512 
I, 111 

5, 623 

IOO 
0 

100 
0 

IOO 

450 

Steam Internal com- I 
bustion 

12,738 358 
I, 810 2, 393 

Total 

I81, 738 
63, 345 

73, 430 
14, 798 

--------1-~----i---------------
I4, 548 2, 75I 

0 579 
0 475 

0 1, 054 

13, 941 175 
0 500 

13,941 675 
62, 333 0 

76,274 675 

0 890 

245,083 

5, 09I 
1, 586 

6, 677 

14, 216 
500 

88, 228 

65, 091 
7, 162 

72, 253 

29, 561 
614 

------1--------
14, 716 
62, 333 

30, 175 
46, 874 

--------------
77, 049 

1, 340 

77,049 

I, 3~ 
l========,l=========l========l=========i========= 

Upper basin: 
Privately owned _______ ___ ____ ___ ______ _____ ________ _ 
Publicly owned ____ _____ ______ __ _____ _______ ______ ___ . 

Subtotal-Utilities ___ _________ . ______ ____ ______ ___ _ 
Industrial plants _______ _________ __ ___ . ______ ______ .. __ 

Total __ __________ ______ ____ ____ ___ __ _____ ____ ____ _ 

kilowatt-hour. In general, plants operating at the higher 
plant factors had the lowest average annual production 
costs. The costs include operation and maintenance items, 
but excluded fixed charges on the investment and taxes. 

Steam-electric plants.-An analysis of production cost 
figures for steam-electric plants in the basin for which data 
are published by the Federal Power Commission shows 
that the total production cost is approximately 7 mills per 
kilowatt-hours. This includes operation, maintenance, 
and fuel costs, but does not include interest, depreciation, 
or taxes. Fuel cost is a major item of expense incurred in 
the operation of a steam-electric plant and for the plants 
selected this cost ranged from 2.1 mills to 3.18 mills per 
kilowatt-hour. 

Internal combustion engine plants.-Cost data recently 
available on two internal combustion engine plants, with 
installed capacity totaling 750 kilowatts, show that the 
total production cost was 3.46 cents per kilowatt-hour, 
with fuel costing 0.86 cent per kilowatt-hour. The largest 
item of expense, amounting to 1.35 cents per kilowatt
hour, was for supervision, engineering, and labor. 

PowER UTILIZATION 

For the upper basin as a whole it is estimated that 
approximately 50 percent of the total amount of elec
tricity used is consumed by industrial concerns connected 
with mining. Most of that industrial load is in the coal 

I73, 704 26,679 
60,253 1, 810 

233, 957 28,489 
0 62, 333 

233, 957 90,822 

2,002 
3, 368 

5, 370 
0 

5, 370 

202,385 
65, 431 

I69,422 
22, 574 

------- - - ----

1 

267, 816 I91, 996 
62,333 46,874 

~--330, 149 --238~70 

mining areas of Utah, Wyoming, and Colorado and in 
the metal mining area of Colorado. Other customers 
are residential, rural, and commercial users, and munici
palities. 

Area in the Rocky Mountain region where large-scale 
mining developments have taken place have the highest 
average annual load requirement per capita. The gen
eral lack of such development in the upper basin area 
compared with the Rocky Mountain region as a whole 
largely accounts for the much lower average annual load 
requirement per capita within the upper basin. 

Selling price of electric energy.--The amount of energy 
used by residential consumers depends mainly on the 
selling price of electric energy. In the upper basin the 
average selling price to residential consume-rs, as taken 

TABLE CXXIV.- Electric energy load requirement in the 
upper basin (1943) 

Average 
Total annual Popula· annual load 

State area requirement load (kw .-hrs.) tion 1 
per caEita 
(kw.- rs.) 

Colorado ____________ _____ 88, 228, 000 119, 929 736 Utah ________ __ ___ ________ 72, 253, 000 46, 957 1, 539 
Wyoming _____ ___ ____ _____ 77,049, 000 28,331 2, 720 
New Mexico ______________ 1,340, 000 8, 262 I62 

Upper basin __ _______ 238,870,000 203,479 I, 174 
i 

1 Bureau of the Census, estimated civilian population Mar. 1, 19!3. 
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TABLE CXXV.-Electric energy load requirements in the 
Rocky Mountain R egion (1943) 

State ' 

Colorado ____ _____ ___ ___ ____ _____ ____ ____ __ _ _ 
Utah ______ ___ ___ _____ _______ ____ _____ ____ _ _ 
Wyoming ___ ___ ______ ______ ___ ___ __ __ ___ ___ _ 
New ~exico _______________ ___ ___ ____ ____ ___ _ 
Arizona ___ ________ ___ ______ ____ _____ ____ ___ _ 
~ontana __ ____ ____ ______ _____ ____ _____ __ __ _ _ 
Idaho .. ______ ___ _____ ____ __ ____ ______ _____ __ _ 
N eva.da _____ ______ __ __ _____ ___ . _____ _______ _ 

Rocky ~ountain Region __ .... ____ ____ . ___ _ 

'Entire State . 

Average annual 
load requirement 

per capita ' 
(kw.-hrs.) 

1, 244 
2,859 
1,073 

912 
2,876 
4,869 
2, 266 
2, 146 

2, 241 

' Based on tho electric utility and industrial energy requirements In 1943 and 
Bureau of the Census, estimated civilian population M ar. I, 1943. 

from reports made by the principal utilities operating 
tlierein, is 3.5 cents per kilowatt-hour and the average an
nual amount used per customer is approximately 1,000 
kilowatt-hours. 

With resepect to the sale of energy for commercial and 
industrial uses, those utilities operating in the basin whose 
industrial load is a substantial part of the total load, have 
average selling prices ranging from 0.98 to 1.89 cents per 
kilowatt-hour. Other utilities having small industrial 
loads compared with commercial loads reported consid
erably higher averages. 

Power Market Survey and Load Trend 

In making a power market survey and future load esti
mate for a given area, a knowledge of the area's physical 
characteristics, natural resources, principal economic ac
tivities, population distribution and growth, and other 
related factors is fundamental. Detailed discussions of 
those factors are included elsewhere in this report. They 
will be discussed in this chapter only to the extent neces
sary to develop the power market survey and to show how 
they affect the future load estimate. 

The most important industries in the upper basin are 
livestock raising, farming, and mining. There is prac
tically no manufacturing. Principal power loads are in 
the mining areas. 

The development of the basin's resources, including the 
potential low-cost hydroelectric power, land, water, min
erals, and timber would provide for considerable expan
sion of present industries and the establishment of many 
new industries. Such industries would include mining 
and refining of minerals, production of petroleum from 
oil shale and oil-bearing sandstone and by hydrogenation 
of coal, production of chemicals, development of lumber 
and related industries, manufacture of plastics, and the 
processing of foods. 
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FuTURE PowER CoNSUMPTION 

The following factors have been considered in estimat
ing the total power load growth in the upper basin to the 
year 1980: the past load growth trends, the present status 
as compared with other areas, and economic trends and 
their probable effect on the future power market. 

Estimates of future loads for each class of consumer 
have been made on the assumptions that low-cost power 
will become available, that the population will continue 
to grow at the rate of the past 40 years, that the number of 
farms will increase proportionately, and that the future 
labor force will more nearly resemble the present Na
tional labor force with respect to the distribution of 
workers in industrial classes. 

Residential use.-In 1943 the average amount of 
energy used per residential consumer served by prin
cipal utilities in the upper basin was approximately 1,000 
kilowatt-hours per year. Past records indicate that the 
average use has been increasing at the rate of about 5 per
cent per year. The average of the Nation for 1943 was 
1,060 kilowatt-hours a year per consumer, and has been 
increasing at a rate of approximately 6 percent per year 
over the past 20 years. 

The amount of electricity used in the home depends 
upon many factors, among them being the cost of elec
trical energy and equipment and the cost of completing 
fuel and equipment for cooking and heating. Develop
ment of the potential hydroelectric power projects in the 
upper basin would ·make it possible to supply the cus
tomer with low-cost energy. The present average resi
dential rate is over 3 cents per kilowatt-hour. With re
spect to the United States as a whole those States having 
the highest residential use have the lowest rates. Further
more, those same States are among the leading States in 
the amount of hydroelectric power developed. 

Although rates are higher in the upper basin than in 
some other sections of the country, they have been de
creasing in recent years. The production of low-cost 
hydroelectric power will lower rates. 

Electrical manufacturing concerns are carrying on re
search and experimental work to produce a greater variety 
of better and cheaper electrical appliances and equipment 
for use in the home, such as refrigerators, ranges, water
heaters, ironers, washers, air-conditioning and house-heat
ing equipment and a host of other conveniences. 

Heating devices, whether used for cooking, water heat
ing, or house heating, are the largest consumers of elec
trical energy in the home. In areas where natural fuels, 
such as coal, oil, gas, or wood, are plentiful and low in 
price, they are used for heating. In the greater part of 
the upper basin extensive deposits of coal have been and 
will continue to compete with electric energy for home 
heating purposes. 

Various estimates of the future average annual use per 
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residential customer in the United States range from 2,000 
kilowatt-hours by 1960 to 14,000 kilowatt-hours by 1980, 
provided that the heating of homes with electricity is 
then common. Considering the present average con
sumption, cost of energy to the consumer, the availability 
of competing forms of energy, and the length of time ex
pected to elapse before large-scale hydroelectric develop
ments are completed, it appears that an average of 3,000 
kilowatt-hours per year for the residential customer in 
the upper basin is a reasonable estimate for 1980. With 
an estimated 91,250 homes, urban and rural nonfarm, in 
the upper basin in 1980, and on the assumption that 95 
percent will be electrified, the total annual residential use 
would be 260,000,000 kilowatt-hours. 

Farm use.-Farmers have less electricity available for 
use than any other class of people, although they need 
electricity not only as a matter of convenience but as a 
necessity on farms and in farm homes. In 1943 the 
Rural Electrification Administration reported that 44 per
cent of the farms in Colorado were electrified, 76 percent 
in Utah, 34 percent in Wyoming, and 19 percent in New 
Mexico. These percentages apply to the entire State. 
In the more sparsely settled areas in the upper basin the 
percentages were lower. 

The census data for 1940, compiled by county areas of 
the upper basin, showed that 33 percent of farm dwelling 
units in the Colorado area, 42 percent in the Utah area, 
25 percent in the Wyoming area, 11 percent in the New 
Mexico area, and 32 percent in the entire upper basin 
had electric lighting. Of the 27,402 rural farm dwelling 
units in the four State basin areas, only 8, 7 41 had electric 
lighting equipment. 

Expansion in rural electrical service in postwar years 
is to be expected. The Rural Electrification Administra
tion has plans for an extensive program. Utilities also 
are preparing to build more rural extensions as soon as 
materials become available. 

Data on present power use by farms are generally lack
ing as most utilities do not maintain a separate classifica
tion for sale of power to farms. An indication of average 
farm use, however, may be obtained from rural sales data 
where available. In west central Colorado the average 
rural sales including home, commercial, and rural power 
uses amounted to 875 kilowatt-hours per customer in 1939 
and 1,083 kilowatt-hours in 1943, an average rate of in
crease to 5.9 percent per year. The 11 systems financed 
by the Rural Electrification Administration supplied an 
average of 728 kilowatt-hours per customer annually in the 
basin area. 

Electricity is used on the farm and in the farm home 
for lighting, refrigeration, cooking, water supply, water 
heating, sterilizing, and to operate hotbeds, brooders, 
milking machines, and other equipment, depending on 
the type of farm. As the cost of energy and equipment 
becomes lower the farmer will use more electricity. 
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It is estimated that by 1980 the average annual use per 
farm in the upper basin will amount to 5,000 kilowatt
hours, and that the number of farms will be increased to 
42,500. On the assumption that 85 percent of the total 
number of farms will be electrified, the total farm use will 
amount to 180,000,000 kilowatt-hours ·annually. 

Commercial use.-Since commercial and industrial 
sales data have been combined in utility reports, separate 
data on commercial use are not available. Types of 
commercial enterprises using electricity include wholesale 
and retail trade; finance, insurance, and real estate busi
nesses; business and repair services; personal services 
(hotels, lodging houses, etc.) ; amusement, recreation, and 
related types of businesses; professional and related serv
ices; Government (local, State, Federal); and transporta
tion, communication, and other public utilities. 

One method of estimating the commercial load is to 
determine the average use of energy per employee engaged 
in the above enterprises. A survey made by the Federal 
Power Commission in 1941 of a number of establishments 
in Washington, D. C., showed that the average use per 
worker was 2,700 kilowatt-hours per year, excluding air 
conditioning. Future requirements for lighting and air 
conditioning of offices, hotels, stores, restaurants and other 
establishments will undoubtedly be much higher than 
at present. Low-cost electricity will make electric cook
ing devices attractive for hotels, restaurants, and other 
places. For the upper basin area, it is estimated that by 
1980 the average annual . commercial energy use per 
worker will be 3,000 kilowatt-hours and the total energy 
use will amount to 271,000,000 kilowatt-hours annually. 

Mining use.-Little has been done to develop the vast 
mineral resources in the upper basin. Geologists, min
eralogists, and others interested the subject claim that 
presently worked mineral deposits in some areas are rapidly 
becoming depleted and new sources of supply will be re
quired within a few years. As an example, known petro
leum reserves are estimated to be sufficient for only 
15 years at the 1940 rate of consumption. The exhaus
tion of the high-grade iron ores at Mesabi, Minnesota, 
now threatening, may have important effects on the west
ern iron and steel industry. 

Among the more important possibilities for developing 
reserves of minerals are the production of petroleum from 
coal, oil shale, and oil sandstone; production of fertilizer 
from phosphate rock and potash bearing minerals; and 
production of chemicals from coal. 

Large amounts of power are used by the mining indus
try, particularly since the mechanization of mining has 
been increasing. In 1940 the average amount of energy 
used in the United States in all mining operations was ap
proximately 10,000 kilowatt-hours per worker. New 
mining enterprises that will be developed in the upper 
basin will be more highly mechanized, thus requiring 
much more energy per worker than is presently used. It 
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is estimated that by 1980 the use per worker will average 
at least 20,000 kilowatt-hours annually, and with a total 
of 21,400 workers the mining industry in the upper basin 
will use 428,000,000 kilowatt-hours per year. 

.A.f anufacturing use.-As resources are developed new 
manufacturing plants to process and refine the raw ma
terials from the farms and mines will arise in the basin. 
They will include food-processing plants, smelters, refin
eries, and chemical works, most of which require large 
quantities of electric power in their operation. An aver
age use of 15,000 kilowatt-hours per worker a year by 1980 
is a conservative estimate. With a total of 21,400 work
ers, manufacturing will use 321,000,000 kilowatt-hours 
annually. 

Transportation use.-No railways in the upper basin 
are electrified at present. The electrification of sections 
of the following main-line railroads has been considered : 
the Denver and Salt Lake Railway over the Rocky Moun
tains from Denver to Bond, Colo. The Denver and Rio 
Grande Western Railroad from Ogden to Helper, Utah; 
the Union Palific Railroad from Cheyenne to Granger, 
Wyo., and on into Ogden, Utah; and the Oregon Short 
Line from Granger to Pocatello, Idaho. The estimated 
annual energy use or electrification of these railroad 
se$ons located in the upper basin will amount to 180,-
000,000 kilowatt-hours. 

Progress in railway electrification will depend upon 
many factors, including the financial condition of the op
erating companies, new developments in the design .of 
locomotives, and cost of power, as well as future volume of 
travel. The Diesel locomotive may not be used exten
sively in the future if petroleum supplies are conserved 
for other purposes. The gas-turbine locomotive is still in 
the experimental stage. Because of the higher speed and 
smoke-free operation of electric locomotives, it is possible 
that at least some of the existing lines will be electrified and 
possibly new ones constructed. It is estimated that by 
1980 transportation facilities will consume 180,000,000 
kilowatt-hours annually. 

EsTIMATED FuTURE LoAD SuMMARY 

Future loads for each class of consumer in the upper 
basin are estimated as follows: 

Class of consumer : 
ResidentiaL ___________________________ _ 
Farm ________________________________ _ 
CommerciaL __________________________ _ 
~ining _______________________________ _ 

~anufacturing ------------------------
Transportation ---- ---------------------

E stimated 
total load, 1980 
(kilowatt-hours) 

260,000,000 
180, 000, 000 
271,000,000 
428,000,000 
321,000,000 
180, 000, 000 

Total consumption ____________________ 1, 640, 000, 000 
Losses and utility use__________________ 245, 000, 000 

Total load requirements_ _______________ 1, 885, 000, 000 
~aximum demand at 65 percent annual 

load factor________________ _______ 330, 000 kilowatts 

195 

The trend of estimated future load growth is shown on 
figure 14. The following tables summarizing future load 
growth indicates an average annual compound rate of 
increase of 5.9 percent per year as compared with the 
past 20-year National average annual rate of increase of 
7.2 percent. The per capita requirements in the Upper 
Basin for 1980 thus would be approximately 3,500 kilo
watt-hours per year, as compared with the present average 
of 1,174 kilowatt-hours per year. 

TABLE CXXVI.-Estimated load growth in the upper basin 

Estimated annual energy requirements (kilowatt-hours) 
-

Year Load Increase 

Total 
Increment for 10 Accumulative 

years (total) 
---
1943 __ ___ ____ 239, 000, 000 ------ -------- ----- ---------1950 _____ ____ 360,000,000 1 121, 000, 000 1 121, 000, 000 1960 ____ _____ 695, 000, 000 335, 000, 000 456,000,000 1970 __ ___ ____ I, 215,000,000 520,000,000 976,000,000 1980 __ _______ 1, 885, 000, 000 670, 000, 000 1, 646, 000, 000 

1 For 7 years. 

Potential Power Development 

PowER PLANTS 

Included in the potential multiple-purpose projects for 
the upper basin are a number of developments that will 
produce hydroelectric power and enegry. These devel
opments include 29 power plants which would have a 
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FIGURE 14.-Upper Colorado River Basin, estimated 
trend, electric power load of basin 



196 THE COLORADO RIVER 

tot~ installed capacity of 1,713,000 kilowatts and an 
annual firm production of over 9 billion kilowatt-hours 
of electric energy. Plant capacities would range from 
1,500 kilowatts to 400,000 kilowatts. 

ing and transformation facilities is estimated, on the basis 
of 1940 prices, at $1 71,000,000. 

Potential power plants in the Upper Colorado River 
Basin are listed in table CXXVII which gives the stream 
location, project, installed capacity, and the annual firm 
generation of each plant. 

Steam-electric generating equipment may be desirable 
as a supplementary source of power and for stand-by, 
firming up, or peaking purposes on the hydroelectric sys
tem; in some cases steam-electric capacity may be needed 
to supply power for construction purposes. 

CosT ALLOCATIONS 

TRANSMISSION SYSTEM 

The sites of the potential power plants in the upper 
basin are located away from principal load centers. In 
order to make power available to load areas, the plants 
would be connected with transmission lines to form an 
interconnected power system. This system would be 
connected to systems in other basins. Such a system 
would permit maximum flexibility of operation and max
imum utilization of available water. Tentative locations 
of principal transmission lines are shown on the map en
titled, "Colorado River Basin, Principal Power Systems, 
Existing and Potential," included in an appendix of this 
report. 

Cost allocations have not been included in this report 
because further investigations will be necessary in order 
to obtain sufficient data to evaluate properly the multiple 
benefits. Although the cost of producing power has not 
as yet been definitely determined, it is believed the produc
tion cost will permit the sale of hydroelectric power at 
such low rates as to enable industrial establishments, com
munities, rural users, and others to make liberal use of 
electric energy. 

Summary 

The total cost of the upper basin potential transmis
sion lint;s, terminal substations, and intermediate switch-

Hydroelectric power is one of the most important re
sources of the upper basin. Only a small part of the 

TABLE CXXVII.-Potential hydroelectric power plants in upper basin 1 

Installed Annual firm 
River basin and power plant Project Stream capacity generation 

(kilowatts) (kilowatt-hours) 

Green River: 
Burnt Lake____ ___ ________ ____ _ Sublette__________________ __ ___ ___ Fall Creek _____________ _ 
Flaming Gorge_________________ Flaming Gorge.________________ ___ Green River_ __ _____ ___ _ 
Red Canyon________ __ __ ___ ____ Red Canyon ____ __ ____ _____ ________ ____ do. _______________ _ 
Echo Park _____________________ Echo Park _________ ____ ____ __ _____ _____ do ________________ _ 

1, 500 9, 000, 000 
30, 000 158, 000, 000 
12, 000 68, 000, 000 

120, 000 668, 000, 000 
Split Mountain_________________ Split Mountafu ________________________ .do ___ ----- ________ _ 
Desolation____ _____ ___ _________ Desolation _______________________ _ __ ___ do ________________ _ 
Rattlesnake___ __ __ ____ ___ ______ Rattlesnake ______________ ____ ____ _ _____ do __________ _____ _ _ 

90,000 486, 000, 000 
78, 000 433, 000, 000 
78, 000 434, 000, 000 

Yampa River : 
Juniper _______ __ .____ _ _ _ _ _ _ _ _ _ _ _ Deadman Bench ____ ___ __ · _ _ _ _ _ _ _ _ _ Yampa River _____ _____ _ 
Cross Mountain ___ ____________ _ Cross Mountain _____ _______ __ __ ___ _____ do _____________ __ _ _ 
Slater Falls __ ___ _____ ___ __ ____ _ Little Snake River ______________ ___ Slater Creek _______ ____ _ 

15, 000 87, 000, 000 
18, 000 99, 000, 000 

7, 500 43,000,000 
Lily Park___ ________ ____ __ _____ Lily Park__________________ ___ ____ Yampa River __ ___ __ ___ _ 

Colorado River: 
10, 000 47,000,000 

Gore Canyon_______ ____ ___ ___ __ Gore Canyon_______ ______________ Colorado River _________ _ 
Dewey_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Dewey ______________ ______ ____________ do ___________ _____ _ 
Moab __ ___________ ____________ Moab __ ________ · ____ ___________ ________ do ________________ _ 

30,000 177,000,000 
140, 000 797, 000, 000 

60, 000 344, 000, 000 
Dark Canyon_ - - -- ----- --- - ---- Dark Canyon _____________ _____ __ ______ do __________ ______ _ 
Glen Canyon ____ __________ ___ __ Glen Canyon _________________ _____ ____ do ________ ____ __ __ _ 

Gunnison River: 

350,000 1, 843,000,000 
400, 000 2, 188,000,000 

Sapinero . • _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Sapinero ________ _______ _______ ___ . Gunnison River ___ _____ _ 
Whitewater_________ _________ __ Cisco-Thompson __ ___ ____ __________ ____ do __ ____ _____ ____ _ _ 
Lake Fork____ ______ ____ ___ ___ _ Lake Fork _________ ___ _____ _ c _ _ _ _ _ Lake Fork ____ __ __ _____ _ 

18,000 100,000,000 
18, 000 100, 000, 000 

6, 000 12,000,000 
3 plants ______ __ ___ ____ _____ ___ Ouray __ _____ ______ ________ _____ __ Uncompahgre ___ __ __ ___ _ 

San Juan River: 
16, 000 64,000,000 

2 plants._____ ____ __ ___________ Animas-LaPlata___ __ _ __ __ _ _ __ __ _ _ _ Animas River _______ ___ _ 
Emerald Lake ______ ____ ___ _____ Emerald Lake ____________ ______ ___ Pine River _______ ___ ___ _ 

52, 000 192, 000, 000 
15, 000 72, 000, 000 Bluff _______ _____ __ ____________ Bluff _________________________ ___ _ San Juan River ____ ___ _ _ 52, 000 289,000,000 Gooseneck ____ __ __ ___ __________ Goosenecks _________ _____ ________ _ _____ do ________________ _ 30, 000 152, 000, 000 

Slick Horn Canyon __ __________ _ Slick Horn Canyon ____________ _________ do _____________ ___ _ 
Great Bend _________ ____ ____ ___ Great Bend ________ ______ ______ ___ _____ do ___ ____ ____ ____ _ _ 

30, 000 176, 000,000 
36,000 203,000,000 

TotaL __ __ ______ - ___ -------- --------- ---------- - ----- - -------- ------------------ - ----- 1, 713, (100 9, 241, 000, 000 

1 In addition to the plants listed, there are other sites in the upper basin where power could be developed, but the lack of information on those sites precludes the inclusion 
of their power possibilities. Further investigations may result in additions or deletions of power plants• listed or changes in capacity and output of particular plants. 



POWER FROM WATER 

power ,resources has been developed. Full development 
of these power resources would result in an energy produc
tion equivalent to 6 percent of the Nation's power needs 
in 1940. Large-scale hydroelectric power developments 
would have far-reaching effects on the economic future 
of the upper basin and in adjoining areas. From an 
economic standpoint, the upper basin is one of the least 
developed regions in the United States. Future growth 
will depend upon development of the basin's agricultural 
and mineral resources, which will result in the expansion 
of existing industries and the creation of new ones. 

A prerequisite for industrial growth in any area is the 
availability of a sufficient amount of low-cost electric 
power. Many attractive power sites exist on the streams 
in the upper basin and can be developed by construction 
of the multiple-purpose projects outlined in the previous 
chapter. With the construction of power plants and 
transmission lines, electric service can be provided to prac
tically all parts of the basin and to many places outside of 
the basin. The availability of large quantities of low-cost 
hydroelectric energy will be an important factor in the 
establishment of new mining, manufacturing, and agri
cultural industries, all of which need electric power for the 
efficient operation required m modern industrial 
competition. 

Power developments in the upper basin, including 
present and potential generating capacity (name-plate 
rating) and output, and load forecasts are summarized 
as follows: 

Kilowatts Kilowatt-hours 
"' 

Present installed generating ca-
pacity: 

Hydroelectric ______ ~ ~ ________ 57,217 ------- -------Fuel-burning ____ ___ _ ., - ______ 43, 865 --------- -----., 
T otaL __ _____ __ ___ _ ~'-= ___ 101, 082 ----- ------ ---

Present load requirements (194ii) __ 52, 404 238,870,000 
Potential installed generating ca-

pacity, hydroelectric ___________ 1, 713, 000 --------------Potential firm output_ ____________ ---------- 9, 241,000,000 
Estimated load requirements (1980) ________________________ 330, 000 1, 885,000,000 
Estimated increase in load require-

ments ( 1943-80) ___ ____________ 277,596 1, 646, 130, 000 
Estimated energy available for ex-

port (1980) ______________ ______ ---------- 7, 594, 870, 000 

The capacity of potential hydroelectric plants in the 
upper basin is greatly in excess of the upper basin's esti
mated power load by 1980. Studies of power needs in 
neighboring basins, however, indicate that their loads by 
1980 will far exceed their possible hydroelectric develop
ments. Power developments in the upper basin can be 
used in part to supply loads in areas outside the basin, 
including the Bonnev.ille ·Basin (Salt Lake area), and the 
lower basin power area. Some power could also be 
supplied to western are<!-s of the Missouri River and the 
Rio Grande Basins, and the extreme southeastern portion 
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of the Columbia River Basin, if needed. In the power 
area of the lower basin annual deficiencies are estimated 
at 5 billion kilowatt-hours by 1970 and 9 billion by 1980, 
over and above the possible output of all present facilities, 
including those authorized and planned, and potential 
hydroelectric developments in the lower basin. 

LOWER BASIN 

A vast reservoir of potential hydroelectric power in the 
Lower Colorado River Basin awaits development. Only 
minor steps had been taken toward full development of 
this natural power resource until the construction of 
Boulder Canyon and Parker Dam projects, which com
pleted two links in a chain of dams and power plants to 
harness the waters of the Colorado River and provide 
large quantities of low-cost power to meet urgent and 
growing demands in Arizona, southern California, and 
southern Nevada. Now low-cost electrical energy from 
these two sources is pouring into industrial plants, pump
ing plants, and municipalities of the region. In 1943 in
stalled generating capacity, including additional units 
planned and authorized projects, in the lower basin 
power area was 3 million kilowatts, of which about 2 
million kilowatts were in hydroelectric plants, yet a power 
shortage existed. 

Development of the potential multiple-purpose projects 
in the lower basin would make available an additional 
1,900,000 kilowatts of installed capacity. It is estimated 
that by 1960 the demands for power will exceed the out
put from all existing, authorized, and potential plants. 

Potential power developments described herein indi
cate hydroelectric possibilities of the Lower Basin. Early 
construction of some of these plants is urgently needed to 
avoid power shortages and consequent curtailment of 
economic development. Cost allocations have not been 
included, but will be considered in later special project 
reports. 

Power Area 

For the purpose of this report the lower basin power 
area includes the drainage basin of the Colorado River 
below Lee Ferry, the Salton Sea Basin, and the Pacific 
coastal area south of the Tehachapi Mountain Range. 
Some sections of this power area are now being supplied 
wholly and other sections in part by the power plants 
located in the Lower Basin. 

This power area is divided for discussion into five divi
sions; ( 1 ) Arizona-entire State; ( 2) southern Cali
fornia-San Diego, Imperial, Riverside, Orange, San 
Bernardino, Los Angeles, and Ventura Counties, and part 
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of Santa Barbara County; ( 3) southern Nevada-Clark 
and Lincoln Counties; ( 4) Utah-that part included in 
the lower basin in Washington, Kane, and Iron Coun
ties; and ( 5) the part of New Mexico included in the 
lower basin in McKinley, Valencia, Catron, Grant, and 
Hidalgo Counties. 

Present Power Development 

Present power development and utilization vary con
siderably throughout the area. Much electricity is used 
in the thickly populated metropolitan areas. Extensive 
power developments in or feeding into these areas include 
both hydroelectric and fuel-burning plants. In the re
maining expansive but sparsely populated parts of the 
area most power loads are small and widely scattered. 
Many communities are served by small isolated power 
systems or local power plants, chiefly of the fuel-burning 
type. Some of the present generating and transmission 
facilities in the power area rapidly are becoming obsolete 
and are neither adequate nor properly designed for full 
coordination of operation. In addition energy is now 
being generated at three different frequencies, and trans
mitted at various voltages. 

Construction of Boulder and Parker power plants and 
high-voltage transmission lines from these plants to major 
load centers in central Arizona and southern California 
has made it possible to deliver large blocks of low-cost 
power and energy to distant load centers. These develop
ments together with a comparatively small amount of 
m9dern equipment in several local systems constitute the 
present electrical development within the basin which is 
suitable for supplying economically substantial quantities 
of power. 

In 1943 the total installed capacity of the generating 
units in the principal power plants, both hydro and fuel
burning types, within the power area, exclusive of author
ized projects, was about 2.5 million kilowatts. (This in
cluded one 82,500-kilowatt unit being installed in Boulder 
Dam power plant in 1943). Interconnections with 
plants outside the area made available to the area approxi
mately 0.4 million kilowatts of additional capacity, thus 
bringing the total installed capacity available to the area 
in 1943 to 2.9 million kilowatts. It is estimated that of 
this total capacity only about 2.5 million kilowatts were 
classed as dependable capacity available at all times to 
supply system loads and reserve requirements in the area. 
Additional units which have been authorized and planned 
but which have not as yet been installed in the area will 
increase the capacity by about 0.6 million kilowatts. 

Total electric energy consumed in the power area in 
1943 was in excess of 11 billion kilowatt-hours. This 
large amount of energy had been generated by operating 
many of the plants at or near maximum capacity for ex-
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tended periods because of war demands. Normal opera
tion will permit shut down of the less efficient fuel plants 
and operation of the more efficient ones for peaking and 
stand-by service. This is important because of the grow
ing necessity to conserve the diminishing oil supply and to 
reserve the natural gas fields for long-time domestic and 
industrial requirements. 

Although power deficiency in the power area was 
rather critical during the year 1943 owing to the tre
mendous war load, it has eased considerably since that 
time. With war demands lessened and the production of 
magnesium, aluminum, and certain other war products 
curtailed, the rapid rate of load growth is slackening. 
With further reduction in war industries and with the 
installation of new generating capacity now under con
struction or authorized, available power supply will be 
sufficient to meet estimated normal load requirements in 
the immediate future. 

PowER FACILITIES 

Present power facilities in the power area are discussed 
by States, except for the major power developments on 
the lower Colorado River, which are considered separately 
as they involve distribution of large quantities of power 
and energy to two or more States. 

Lower Colorado River plants.-Construction of Boul
der Dam power plant by the Bureau of Reclamation was 
begun in 1931 and the first of the main generating units 
was placed in service in 1936. The power plant is de
signed for an ultimate installed capacity of 1,317,500 
kilowatts provided by fifteen 82,500-kilowatt and two 40,-
000-kilowatt generating units. The installation of one 
82,500-kilowatt unit completed in 1944, brings the present 
installed capacity to 1,030,000 kilowatts. Lake Mead 
has a maximum storage capacity in excess of 32 million 
acre-feet of water. The great amount of generating ca
pacity installed in the power plant, together with the 
tremendous storage of water, provides the flexibility of 
operation needed to meet daily, monthly, and seasonal 
fluctuations in electrical load. Moreover, this vast stor
age will be useful in coordinating the operation of many 
present and potential plants in the power area. The firm 
energy output of the Boulder Dam power plant was estab
lished at 4,330,000,000 kilowatt-hours for the year of 
operation ending May 31, 1938, and thereafter reduced 
by 8, 760,000 kilowatt-hours annually as an average ad
justment for upstream depletions. Total generation, firm 
and secondary, for the calendar year 1943 was 5, 727,906,-
714 kilowatt-hours, and was near that same amount in 
1944. 

Parker Dam power plant is located on the Colorado 
River 155 miles by river downstream from Boulder Dam, 
just below the confluence of the Williams and Colorado 
Rivers. Parker Dam was originally constructed as head-
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DOWNTOWN LOS ANGELES 
Boulder Dam power lights cities and homes 

GOODYEAR TIRE AND RUBBER COMPANY, LOS ANGELES 
This plant uses Colorado River power and water 
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works for the ~~ Colorado River aqueduct of the Metro~ 
politan Water District of Souther~ California, but later 
provision for construction of a power plant was made. 
The Bureau of Reclamation rushed the construction of 
the Parker Dam power plant in order to relieve a severe 
shortage of power in Phoenix, Ariz., and to furnish power 
for pumping on the Gila irrigation project in southwestern 
Arizona. By June 1943 the 120,000-kilowatt power 
plant was completed with four units in operation. This 
was years ahead of schedule. Power produced at this 
plant is delivered by means of high-tension transmission 
lines to load centers at Phoenix, Tucson, and Yuma, Ariz. 
These lines also connect with the Imperial irrigation dis
trict lines in Imperial Valley, Calif. Havasu Lake, the 
reservoir formed by Parker Dam, has a storage capacity of 
716,000 acre-feet and makes available a maximum head 
of 75 feet. During the period June 1, 1943, to May 31, 
1944, the Parker Dam power plant generated a total of 
firm and secondary energy of 781,642,000 kilowatt-hours. 
It is estimated that the plant can produce an average of 
about 500,000,000 kilowatt-hours of energy a year on a 
firm power basis. 

Approximately 67 miles downstream from Boulder 
Dam and about 88 miles upstream from Parker Dam is 
the site of Davis Dam power plant. The Davis Dam 
project was authorized by the Congress and a contract 
for construction was awarded by the Bureau of Reclama
tion in June 1942; however, the War Production Board 
later issued a revocation and the contract was terminated 
in February 1943, with very little work having been ac
complished. This action was considered necessary be
cause of shortages of critical materials and manpower. 
Although the additional energy that Davis power plant 
would have generated was urgently needed, the length of 
time necessary to complete construction did not warrant 
continuance of the project during the war emergency. 
Constr'liction will be resumed as soon as practicable. The 
rese~rv~ir will have an active storage capacity of 1,600,000 
acre-feet and will back water up to the tailrace of the 
Boulder Dam power plant. The Davis Dam power plant 
will utilize the 140-foot head made available and will have 
an ultimate installed capacity of 225,000 kilowatts. 
Transmission lines will connect with Parker Dam power 
plant and with the power area transmission grid. The 
initial firm energy that the Davis Dam power plant can 
generate is estimated at 800 million kilowatt-hours an
nually. It is expected that future upstream developments 
and ' other factors affecting stream flow will reduce the 
amount of water available to the extent that the firm 
energy will be reduced ultimately to approximately 600 
million kilowatt-hours annually. 

Existing hydroelectric plants not located on the river 
but utilizing Colorado River water diverted at Imperial 
Dam and delivered by the All-American Canal include 
the 1,600-kilowatt Siphon Drop power plant of the Yuma 
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irrigation project, Arizona, and Drop No. 3 and No. 4 
plants of the Imperial irrigation district, California. Ad
ditional plants planned for in the building of the All
American Canal but not yet constructed include plants 
at Canal Drops No. 2 and No. 5, and at Pilot Kriob. 

Arizona.-The Bureau of Reclamation by virtue of its 
Boulder Dam and Parker Dam power plants is the largest 
producer of electrical energy in the State. Other prin
cipal agencies, exclusive of mining companies, contribut
ing to the power supply are the Salt River Valley Water 
Users' Association; Central Arizona Light & Power Co.; 
the Tucson Gas, Electric Light & Power Co.; Arizona 
Power Corp.; Arizona Edison Co.; and Office of Indian 
Affairs (San Carlos project). 

A number of mining companies produce electricity for 
their own use and a few of them generate some energy for 
public consumption. Only about one-fourth of the total 
generating capacity in the State exclusive of Colorado 
River plants of the Bureau of Reclamation is hydroelectric. 

Transmission systems of the State are entirely inade
quate to meet the requirements of the rapidly growing 
electric power load. Two generating frequencies, 25 and 
60 cycles, and many transmission voltages are now used. 
Interconnections between systems are inadequate and 
some smaller systems are completely isolated. Initial 
steps have been taken toward rectification of these condi
tions. Since 1940 the Bureau of Reclamation has con
structed transmission lines that connect Parker Dam 
power plant with Phoenix, Tucson, and Yuma, and an 
interconnection has been made through lines of the Metro
politan Water District of Southern California with 
Boulder Dam power plant. 

Southern California.-The power area in southern Cal
ifornia is supplied principally by the following agencies: 
Southern California Edison Co., Ltd.; California Electric 
Power Co.; city of Los Angeles Department of Water and 
Power; city of Burbank; city of Glendale; city of Pasa
dena; Metropolitan Water District of Southern Cali
fornia; San Diego Gas & Electric Co. ; California-Pacific 
Utilities Co.; and Imperial irrigation district. 

Most of the power systems of these organizations are 
interconnected, although some of the ties are not of ade
quate capacity for the desired integration of operation. 
A substantial connection with a capacity of 157,000 kilo
watts is maintained between the Southern California Edi
son Co., Ltd., and the Pacific Gas & Electric Co., the 
principal generating agency in the central part of the 
State. The largest amount of power available to the area 
comes over eight transmission lines from Boulder Dam 
power plant. Three lines are operated by the city of Los 
Angeles, two lines are operated by the Southern California 
Edison Co., and one line by each of the following 
agencies: the California Electric Power Co., the Metro
politan Water District of Southern California, and the 
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California-Pacific Utilities Co. Power is also available 
from plants owned by Southern California Edison Co., 
Ltd., city of Los Angeles Department of Water and Power, 
and California Electric Power Co. located outside of the 
power area. 

Southern Nevada.-Clark and Lincoln Counties are 
almost entirely dependent for their power supply upon 
Boulder Dam and Parker Dam power plants. The oper
ating agencies for this region are: Southern Nevada 
Power Co., Lincoln ·County Power District, California
Pacific Utilities Corp., and United States (Boulder City). 

The power demand for operation of the reduction plant 
of Basic Magnesium, Inc., reached about 200,000 kilo
watts during periods of peak production, but by the end 
of 1944 the demand decreased owing to curtailed opera
tions in this war plant. 

Present power requirements in this area, exclusive of 
the magnesium plant and town site, are about 41,000 
kilowatts. Transmission lines of sufficient capacity for 
the present load extend from Boulder Dam power plant 
to load centers. 

Utah.-Electric service is supplied in the Utah area by 
the Southern Utah Power Co. and the St. George munic
ipal plant. A total of 4,569 kilowatts of generating ca
pacity is installed in the area, 3,440 kilowatts hydro and 
1,129 kilowatts internal combustion. 

New Mexico.-Gallup, N.Mex., operates a municipal 
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distribution system and purchases its electric energy re
quirements from a nearby coal mining company which 
operates a 4,000 kilowatt steam-electric plant. 

Summary.-A summary of the present power generat
ing facilities in the power area of the Lower Colorado 
River Basin is given in table CXXVIII. Total capacity 
includes units installed, under construction, authorized, or 
for which installation has been definitely planned in the 
construction of existing projects. It is estimated that 
these facilities can produce approximately 11 billion kilo
watt-hours of energy annually. 

ENERGY PiWDUCTION COSTS 

The average expense of power production in 1940 re
ported by the Federal Power Commission for five leading 
private utilities in Arizona, exclusive of taxes, deprecia
tion, and allowance for return on investments, was 4.13 
mills per kilowatt-hour. The addition of taxes and de
preciation on production plants brings this average up to 
a little more than 6 mills per kilowatt-hour. The average 
cost of power purchased by these agencies during the same 
period was over 8 mills per kilowatt-hour. Energy is 
produced by fuel-burning plants at relatively high costs 
throughout most of the power area. Small plants and 
isolated plants, in general, produce power at very high 
costs. Boulder Dam and Parker Dam power plants are 

TABLE CXXVIII.-Installed generating capacity in the lower basin power area (1943) 

Generating capacity (kilowatts) 

Division area ownership Present installed 
Authorized or Total installed, 

planned (hydro) authorized or 
Internal planned Hydro Steam combustion Total 

Lower Colorado River: Publicly owned ________ I 1, 151, 600 0 0 1, 151, 600 516, 500 1, 668, 100 

Arizona: 
Privately owned ___________ ___ _____ ______ 7,040 224, 567 40, 180 271 , 787 0 271, 787 
Publicly owned _____ ____________ _________ 80, 950 22, 500 15,492 118, 942 0 118, 942 

-Subtotal _______ __ __ ________ ___________ 87, 990 247,067 55, 672 390,729 0 390, 729 

Southern California: 
Privately owned __ ___ _______ _____________ 11, 870 509,000 31,084 551,954 0 551,954 
Publicly owned ______ ___ __ _______________ 124, 225 282, 500 12, 000 418, 725 64, 000 482, 725 

- ---------------- ---------------Subtotal _____________ _______ __________ 136,095 791, 500 43,084 970, 679 64, 000 1,034,679 
--

Utah: 
Privately owned _________________ ________ 2, 890 0 329 3, 219 0 3,219 
Publicly owned __________________________ 550 0 800 1,350 0 1, 350 

---- - ------------
SubtotaL __________ ______ .. ____________ 3,440 0 1, 129 4, 569 0 4, 569 

New Mexico: Privately owned __ ____ __________ 0 4, 000 0 4, 000 0 4, 000 

Lower Basin: 
Privately owned ___ _____ ________________ " 21, 800 737, 567 71, 593 830, 960 0 830, 960 
Publicly owned _________ . _____ _____ ______ 1,357,325 305,000 28, 292 1, 690,617 580, 500 2, 271, 117 

------· ------Total _________________________________ 1, 379, 125 1, 042, 567 99, 885 2, 521, 577 580, 500 3, i02,077 

• Includes one 82,500-kilowatt unit of the Boulder Dam plant placed in operation in 1944. 

709515-46--14 
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generating large quantities of energy at much lower cost. 
A market is now available for still larger quantities of such 
low-cost energy. 

FUEL SUPPLY FOR GENERATION OF ELECTRICITY 

Oil and natural gas are the principal fuels utilized in 
fuel-burning electric generating plants in the area. The 
war has caused a heavy drain on these natural resources. 
Above ground reserve supplies of oil in California have 
been greatly depleted even with an increased production of 
crude oil. Many steam-electric plants normally using oil 
for fuel have been converted to utilize natural gas. It is 
evident, however, that the known sources of both oil and 
natural gas in the region will not continue indefinitely to 
supply these fuels at the present rate of consumption. 
Unless extensive new reserves of these fuels are discovered, 
it is certain that their use for generation of electricity will 
be sharply curtailed in a very few years. An increase in 
the cost of producing electricity in fuel-burning plants in 
the near future is anticipated. If coal were to replace 
present fuels, it would have to be transported for long dis
tances, probably from mines in Utah, as there are no 
known extensive coal deposits in the area. 

A number of fuel-burning plants may be retired in the 
future because of their obsolescence and the high cost of 
fuel. It is anticipated that the larger and more efficient 
plants will continue to be used for peaking and stand-by 
purposes. Minimum generating capacity which should 
be held in reserve to meet probable emergency require
ments of the present power systems in the power area is 
considered to be about 300,000 kilowatts. A substantial 
amount of capacity in fuel-burning plants is required for 
such stand-by when hydroelectric energy must be trans
mitted long distances over transmission lines, as is the 
case in this power area. Energy generation by fuel-burn
ing plants, however, will be reduced appreciably as the 
supply of low-cost hydroelectric energy increases. 

PowER UTILizATION 

Electrical energy requirements (sales plus losses and 
utility use) in the power area of the lower basin during the 
year 1943 were a little more than 11 billion kilowatt-hours 
with a corresponding peak-load demand of about 2,100,-
000 kilowatts. Approximately 95 percent of the area's 
1943 energy requirements was generated within the area, 
while about 5 percent was imported. Annual energy re
quirements had increased over 4.5 billion kilowatt-hours 
from 1940 to 1943. Much of this increase resulted from 
the great expansion of war industries. Increasing 
amounts of power and energy were also required in agri
culture for farm use and irrigation pumping, in mining, 
and in many other service and trade industries. 
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The following tabulation shows the total energy require
ments and the requirements per capita in the lower basin 
power area. 

TABLE CXXIX.-Electric energy load requirements in the 
lowr basin power area ( 1943) 

Division area Total annual load 1 Population ' (kilowatt-hours) 

Arizona _____________ ___ 1, 206,324,000 578, 756 
Southern California ______ 8,506,391,000 3,986, 847 
Southern Nevada __ ______ 3 1, 445, 009, 000 45,823 
Utah ___________________ 9, 300,000 11,000 
New Mexico ______ ______ 7,000,000 31, 870 

Lower Basin area ____ 3 11, 174, 024, 000 4, 654,296 

' Exclusive of energy generat~d by industrial concerns for their use. 
' Estimated civilian population by Bureau of Census, Mar. 1, 1943. 

Average 
annual load 

require· 
ment ~er 

capita ( ilo-
watt-hours) 

2,084 
2, 134 

31,534 
846 
220 

2,400 

• Includes 1,315,261,000 kilowatt-hours load requirements of Basic Magnesium, Inc. 

The average annual energy requirement per capita for 
the United States, comparable to the figures shown in the 
above table, is 1,677 kilowatt-hours. 

SELLING PRICE OF ELECTRICAL ENERGY 

Domestic requirements comprise a large portion of the 
electrical load and were rapidly increasing even prior to 
the war period. About 27 percent of the total energy 
sold in 1939 was delivered to residential customers, both 
urban and rural, at an average cost to the consumer of 2.8 
cents per kilowatt-hour. Corresponding combined sales 
to commercial and industrial establishments amounts to 
44.7 percent of the total energy sold at an average cost of 
1.6 cents per kilowatt-hour. 

Rates for sale of power and energy vary considerably in 
this power area. Throughout most of the area with ex
ception of the cities on the west coast, rates have been 
high. In general, communities receive power from 
Boulder Dam and Parker Dam plants at a comparatively 
low cost and isolated communities still pay very high prices 
for power from smaller local plants. 

Power Market Survey and Load Trend 

Demand for electric power in the area has increased at 
a rapid rate during the past decade. Even prior to the 
stimulating influence of war conditions a remarkable 
growth was being experienced. Indications are that the 
potential power market in the area will continue to grow 
for many years in the future. With the cessation of hostil
ities, however, it is to be expected that there will be some 
temporary dropping off or leveling of power loads. 

Opportunities exist for greatly expanding agriculture, 
mining, manufacturing, recreational areas, and health 
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centers. The expansion of these industries will increase 
the demand for more low-cost power. 

Since 1900 population has grown much more rapidly 
in the metropolitan areas on the west coast than in other 
parts of the power area. Some sections are very sparsely 
settled. Only 4,650,000 persons were living in the lower 
basin power area in 1943. It has ample room and re
sources to support a population considerably in excess of 
this number and by 1980 it is estimated the population will 
have increased to at least 8,500,000. 

FuTURE PowER CoNSUMPTION 

Residential use.-Domestic utilization of electricity in 
the past has been limited somewhat because of the high 
cost to the consumer and because of the lack of widespread 
knowledge and acceptance of the many services and con
veniences which electricity can provide in the home. An 
increasing demand for more power for domestic use is 
expected in future. The climate throughout most of the 
power area is especially suited to electric heating and air 
conditioning because excessive consumption of electricity 
for these purposes is not required. Also, there is a lack 
of natural fuels, such as coal, oil, gas, and wood in the 
greater part of this area. Refrigeration for food preserva
tion has become a necessity in the modern home. Intro
duction of new type equipment, such as "deep freeze" 
units, and the expansion of the use of present domestic
type refrigerators, stoves, heaters, and washing machines 
would increase greatly the use of electricity in homes. 
Total energy requirements for heating, air conditioning, 
and for other conveniences for an "all-electric" home 
would be about 14,000 kilowatt-hours annually. If fa
vorable rates for sale of power and energy are made avail
able to practically all communities in the power area 
it is estimated that an average yearly domestic consump
tion of 4,000 kilowatt-hours per home would be reached 
by 1980. 

Farm use.-The agricultural industry in the area is 
largely dependent on irrigation. Dry farming is of little 
consequence. Any plan for development of the potential 
irrigation projects would necessitate the use of a substan
tial amount of power and energy for irrigation and drain
age pumping. It is also anticipated that farms will 
use additional amounts of electricity under extensive pro
grams of rural electrification, possibly reaching an aver
age annual consumption of 4,000 kilowatt-hours per 
farm, or 8,000 kilowatt-hours including the farm 
residence. 

Commercial use.-The use of electricity by commercial 
establishments is comparatively high. The long, hot sum
mers make the use of air conditioning equipment highly 
desirable in many parts of the area, especially in hotels, 
office buildings, restaurants, and in places of public gather
ings. Electricity is used for cooking in many places and is 
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becoming more and more popular every year as better 
appliances and lower rates are made available. With the 
possibility that lower cost energy and better appliances 
and lighting equipment will continue to be made available 
throughout the area a steady and substantial increase in 
the commercial load is foreseen. 

Mining use.-The mining industry has been greatly 
stimulated by the war emergency. Large, important 
underground supplies of minerals, however, remain un
developed in the area. The availability of large amounts 
of low-cost power would help to reduce mining costs and 
would encourage greater use of electricity in the industry. 
Substantial quantities of such cheap power would also be 
used to replace present generation of many fuel-burning 
plants which are owned and operated by mining com
panies. It is anticipated that the future consumption of 
electric energy in the mining industry within the power 
area will average about 1 billion kilowatt-hours annually. 

Manufacturing use.-More manufacturing industries 
in the area are needed. Some industries have sprung up 
and expanded greatly under the war impetus but in some 
instances industrial expansion has been limited by the lack 
of available low-cost electric power. The construction of 
the potential hydroelectric developments would provide 
for broad industrial expansion. Low-cost electric power 
and energy would encourage the processing of agricultural 
products and special metals as well.as the production of 
many finished goods that previously have been produced 
in other parts of the country and transported long dis
tances to markets in the area. 

Transportation use.-Some consideration has been 
given to the possibility of electrification of that section of 
the Atchison, Topeka & Santa Fe Railroad between San 
Bernardino, Calif., and Winslow, Ariz. The increasing 
scarcity of fuel supply in the region and the availability of 
low-cost power in the future would increase the desirabil
ity of converting this section of main line railroad from 
steam to electric operation. Electrification of this section 
would probably consume 300 million kilowatt-hours of 
electric energy annually. 

EsTIMATED FuTURE LoAD SuMMARY 

Future loads for each class of consumer in the lower 
basin power area are estimated as follows: 

Class of consumer: 
ResidentiaL __________________________ _ 
Farm _______________________________ _ 
CommerciaL _________________________ _ 
~ining-------------------~----------
~anufacturing -----------------------
Transportation ------------------------

Estimated 
total load, 1980 
(kilowatt-hours) 

8, 000, 000, 000 
2, 200, 000, 000 
5, 500, 000, 000 
1, 000, 000, 000 

10, 000, 000, 000 
300,000,000 

Total consumption _______________ 27, 000, 000, 000 
Losses and utility use____________________ 3, 000, 000, 000 

Total load requirements ___________ 30, 000, 000, 000 
~aximum demand, 5,300,000 kilowatts. 
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Total energy requirements for all purposes in the lower 
basin power area rose from an average of about 350 kilo
watt-hours per capita in 1910 to approximately 2,400 
kilowatt-hours in 1943. It is anticipated total annual re
quirements will reach at least 3,500 kilowatt-hours per 
person by 1980. 

An estimate of future load growth for the lower basin 
power area is shown in table CXXX and figure 15. 
Studies previously made through extensive research by 
the Federal Power Commission, by individual power
generating agencies, and by State and . local planning 
boards and commissions have been used as guides in 
preparing this forecast. 

TABLE CXXX.-Estimated load growth in the lower basin 
power area 

Estimated annual energy requirements (kilowatt-hours) 

Year Load increase 

Total 
Increment Accumulative 
lor 10 years total 

1940 ____ _ 6, 512,000,000 ----- ---------- - --------------1950 _____ 14,164,000,000 7, 652,000,000 7, 652,000,000 
1960 _____ 20,687,000,000 6, 523, 000, 000 14,175,000,000 
1970 _____ 25, 971, 000, 000 5, 284, 000,000 19,459,000, 000 
1980 _____ 30,000,000,000 4, 029,000,000 23,488,000,000 

Potential Power Development 

PowER PLANTS 

Potential generating capacity in the lower basin would 
be concentrated fairly well, as 1,922,000 kilowatts, or 99 
percent of the total capacity of 1,945,400 kilowatts, would 

· be installed in three plants located on the main stem of the 
Colorado River between Lee Ferry and Boulder Dam. 
The remaining capacity, 23,400 kilowatts, would be in
stalled in six small widely separated plants in Arizona, 
Utah, and New Mexico. The locations of the potential 
power plants are shown on the map "Colorado River 
Basin, Principal Power Systems, Existing and Potential" 
included in the appendix. 

The potential power plants in the Lower Basin would 
have a total firm energy generation of 10,242,000,000 
kilowatt-hours per year. Of this amount 37,000,000 
kilowatt-hours would replace loss of generation at the 
Stewart Mountain hydroelectric plant because of a poten
tial upstream diversion from Salt River. The net increase 
in firm generation therefore would be 10,205,000,000 
kilowatt-hours. It is estimated that the present power 
developments, including units operating, under construc
tion, authorized or planned, can produce about 11 billion 
kilowatt-hours annually. The present and potential 
plants described herein would be capable of a total output 
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of more than 21 billion kilowatt-hours of firm energy 
annually. 

Potential plants in the Lower Colorado River Basin are 
listed in table CXXXI which gives the location by stream, 
project, the installed capacity, and annual firm generation 
of each plant. 

TRANSMISSION SYSTEM 

A tentative plan for construction of a high voltage 
power transmission grid for the delivery of power and 
energy to principal load centers in the lower basin power 
area is indicated on the map in the appendix. This 
map shows the general location of potential transmis
sion lines which would complement the existing lines 
and connect the present and potential rna jor generat
ing plants with the principal load centers and with each 
other. Such a transmission system would permit a high 
degree of coordination in the operation of the power 
plants. This is desirable from the standpoint of economy 
of power system operation and of conservation of water 
and fuel resources. Some of the generating plants would 
be located at great distances from the load centers. Op
erating characteristics of hydroelectric plants vary greatly 
because of the fluctuation in water supply and in reservoir 
releases for irrigation, flood control, and other purposes. 
Under these conditions an extensive transmission system 
is required to produce a maximum amount of firm power 
and energy and to provide for supplying economically 
large quantities of power and energy to widely scattered 
load centers. 

The total cost of the potential transmission system for 
the lower basin area including transmission lines, ter
minal substations, and intermediate switching and trans
formation facilities is estimated, on the basis of 1940 
prices, at $195,000,000. 
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TABLE CXXXI.-Potential hydroelectric power plants in the lower basin 

River basin power plant Project 

Colorado River: 

River Installed capac- Annual firm genera
ity (kilowatts) tlon (kilowatt-hours) 

Marble Canyon____ __ __ ___ _____ Marble Canyon-Knab Creek_______ Colorado ___ _____ __ _ 22,000 
1, 250,(100 

650,000 

164,000, 000 
6, 570,000,000 
3, 440,000,000 

Kanab Creek ____ _____ _____ . _________ do ___________________ ________ _____ do ________ ____ _ 
Bridge Canyon __ ____ ___________ Bridge Canyon _________ ___ __ ____ _______ do ______ ___ ___ _ 

Gila River: 
Buttes_________ ____ __ _____ ___ _ Central Arizona ______ . ___ ____ ____ _ Gila __________ ____ _ 5, 800 

1 10,000 
3,000 

8,000,000 IIorseshoe __________________________ do _______ _____ ______ _________ Verde ________ ____ _ _ 
I 37, 000, 000 

8,000,000 IIooker _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____ do _________ __ ______ __ __ c _ _ _ _ _ Gila __________ ____ _ 
Virgin_R~ver: a • • • 

Vlrgm _______________ _____ _____ IIurncane _____ · ______ . _ ___ _ __ _ _ _ _ _ VIrgm ____ ______ ___ _ 2,000 
800 

1, 800 

3,000,000 
2,000,000 Bench Lake __________ __ ________ _____ do ______ _____ _____________________ do __ ____ ______ _ 

Warner Valley ____ __ ____ ___ _____ ____ do ______ ________ . _ _ _ _ _ _ _ _ _ _ _ _ _ ____ do ___________ _ _ 10,000,000 

TotaL _______________ ___ ___________________ .. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 3 1, 945, 400 3 10, 242, 000, 000 

t Would be used to replace loss of generation at Stewart Mountain plant. 
'In addition to the firm energy shown there will be 17,800,000 kilowatt-hours 

generated annually to be used as replacement for energy now being generated at tbe 
La Verkin plant, project pumping, and secondary energy. 

CosT ALLOCATIONS 

Construction of some of the potential power plants in 
the lower basin probably will be needed in the near 
future. Any plan for full development of the water 
resources will require the construction of many multiple
purpose projects. The costs of construction and opera
tion of such multiple-purpose projects should, therefore, 
be distributed among the purposes served in accordance 
with benefits received. From available information it 
is estimated that the total cost for production and de
livery of power and energy will permit the sale of large 
quantities of electricity at rates sufficiently low to be very 
attractive to the future growing power market. 

Summary 

Requirements for electric energy by the metropolitan 
areas of southern California, and by people in Arizona 
and southern Nevada, have resulted in the construction 
of large hydroelectric power developments in the lower 
basin power area. The total hydroelectric generating 
capacity now installed, authorized, and planned to be in
stalled in the power area is 1,959,625 kilowatts. Another 
1,142,452 kilowatts of capacity are installed in fuel-burn
ing electric generating equipment. Although the present 
power developments in the area are on a very large scale 
and supply a vast area, the potential hydroelectric de
velopments would double the amount of hydroelectric ca
pacity available to the lower basin power area. The 
greater degree of coordinated generation of the area's 
power plants, present and potential, which will be made 
possible by more extensive interconnecting transmission 
lines and better stream flow regulation, will result in a 
higher energy output per kilowatt of installed capacity 
than is now being obtained. 

3 Net increase in installed capacity 1,935,400 kilowatts and net increase in annual 
firm generation 10,205,000,000 kilowatt-hours. 

Load growth in the past has been at a high rate of 
increase from year to year, and the average consumption 
for the area is now well above the national average. In 
view of the expected increases in population throughout 
the area, and the resultant increases anticipated in the de
mand for electricity for use in the home, on the farm, and 
by mining, industrial, commercial, and other users, it is 
estimated that by 1980 the total load requirements of the 
area will be nearly three times the present load require
ments. 

Power developments in the lower basin power area, 
including present and potential generating capacity 
(name plate rating) and output, and load requirements 
are summarized as follows: 

Kilowatts Kilowatt-hours 
--------------1------------ ----
Present installed generating 

capacity: 1 
IIydroelectric_ _ _ _ _ _ _ _ _ _ _ _ _ _ 1, 959, 625 _______ _______ _ 
Fuel-burning _______________ 1, 142, 452 -- - - - - ---------

TotaL_______ _____ ___ ____ 3, 102, 077 __________ ____ _ 
Present load requirement (1943) _ _ 2, 100, 000 11, 174, 024, 000 
Potential installed generating 

capacity: Hydroelectric _____ __ _ 2 1,935,400 -- - ------- - ----
Potential firm output_ ___ ___ ____________ ___ 210, 205,000, 000 
Estimated load requirements 

( 1980)------------ - -- -------- 5, 300, 000 30, 000, 000, 000 
Estimated increase in load re-

quirements (1943-80) __ _____ ___ 3, 200, 000 18, 825, 976,000 
Estimated energy deficiency 

(1980) _______ _______ _________ ------·---- 8, 620, 976,000 

t Existing, authorized, and planned installed capacity. 
'Excludes Horseshoe plant, 10,000 kilowatts installed capacity, and 37,000.000 

kilowatt-hours output lor replae<•ment. 

At the estimated rate of future load growth shown on 
the load trend curve (fig. 15) the load requirements by 
about 1960 will require the entire output of the potential 
plants in the lower basin. The deficiency after 1960 
could be supplied from some of the upper basin potential 
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plants. Although such energy would have to be trans
mitted long distances, it is believed technical advances in 
electrical engineering will make this transmission 
practicable. 

SUMMARY-COLORADO RIVER BASIN 

Power in the Colorado River Basin has been developed 
in the upper basin on a much smaller scale than in the 
lower basin mainly for the reason that a much smaller 
market for power is available to the upper basin as com
pared with the large metropolitan markets in southern 
California available to the lower basin. The use of power 
in those metropolitan areas has made possible the great 
developments on the lower Colorado River. The only 
city of over 10,000 inhabitants in the upper basin is Grand 
Junction, Colo. Development of the vast land, water, 
and mineral resources in the upper basin area has been on 
a very small scale. Present power developments in the 
two basin areas are summarized for comparison in table 
CXXXII. 

Future load requirements in the Colorado River Basin 
and its electric service areas will grow as the demand in
creases for products from the basin and the service areas. 
As more people move westward to live, the demand for 
western products will increase; wants of the millions of 
people living on the west coast will also create an in
creased market for the products of Western States. These 
new marketing possibilities will stimulate industrial de
velopment throughout the Western United States; and 
the Colorado River Basin area will benefit greatly by in
creased population, and industrial and economic growth. 
Development of water resources on a basin-wide basis, as 
now being planned by the Bureau of Reclamation, will do 
much to stimulate future activities in the basin. 

The future economic growth of the Colorado River 
Basin will depend upon more extensive utilization of the 
basin's land and water resources. Electricity, a product 
of water development, is used by people in all walks of 
life-in homes, on farms, in offices, in mines, in factories, 
and wherever else they may be. The benefits of large 
amounts of low-cost electric energy accrue to everyone. 

THE COLORADO RIVER 

Industry uses great amounts of electric energy in modern 
practice. The greatest benefit to industry within the 
basin is likely to come from the development of low-cost 
hydroelectric power by the basin's potential power plants. 
The combination of large quantities of low-cost electricity 
with the abundant mineral resources in the basin offers 
untold possibilities. The people of the basin, the Moun
tain and Western States, the Pacific coast, the Nation, and 
the world would all benefit. 

Mining and processing of minerals within the basin 
would be greatly stimulated if abundant low-cost power 
were made available. The high cost of electricity and 
undependable service from the present isolated plants are 
important handicaps to the expansion of mining and proc
essing activities. In the upper basin are vast deposits of 
minerals including phosphates, magnesium, potash, coal, 
and oil shales; while in the lower basin are reserves of 
copper, gold, silver and zinc, along with other metals and 
nonmetallic minerals. 

Transmission lines could be constructed to carry elec
tricity from the basin's potential power plants to adjoining 
areas outside the basin, and thus stimulate growth in those 
areas. Lines into central Utah, interconnecting potential 
upper basin plants and Bonneville Basin plants, would re
sult in industrial development in combination with mate
rials from within and outside the basin. A basic steel 
industry has been started in the West by construction of 
the new Geneva steel plant near Provo, Utah. This in
dustry with its associated and allied industries will require· 
electricity in quantity and at low cost if it is to be developed 
on a large scale. Copper and zinc refining by the electro
lytic process offers important possibilities in Arizona, 
Utah, Colorado, and New Mexico . . As an example 
of what can be accomplished by the generation and trans
mission of large amounts of low-cost electricity, the lower 
Colorado River power system can be cited. Electric 
power from those plants is used in quantity in the lower 
basin areas in Nevada, Arizona, and California, while 
transmission lines carry large amounts of power to the 
metropolitan areas in southern California located many 
miles from the basin. These large developments have 
made profound changes in the economic structure of the 
lower basin power area. The construction of similar 

TABLE CXXXII.-Present power development in the Colorado River Basin (1943) 

Installed generating capacity I 
Total annual load Average annual load 

Power area - ----· requirements requirements 
per capita 

Hydro (kilowatts) Fuel-burning Total (kilowatts) (kilowatt-hours) (kilowatt-hours) (kilowatts) 

Upper basin ______ ______________ . ____ ________ _ 57, 217 43, 865 101,082 238, 870, 000 1, 174 
Lower basin ________ ____________ ______ _______ 1,959,625 1,142,452 3,102,077 11,174,024,000 2, 400 

Total ______ ____________________ _______ 2, 016, 842 1,186,317 3, 203, 159 11, 412, 894, 000 2, 348 

1 Includes total Installed, authorized, or planned. 
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projects will be of the utmost importance to the Colorado 
River Basin States and the Nation. 

Estimates of future electric power load growths have 
been based on past trends and future possibilities resulting 
from potential developments. Low-cost electric power will 
be used in large amounts not only by industrial consumers 
to stimulate industrial developments, but by the residential, 
farm, commercial, railway, and municipal classes of con
sumers. The estimates of future load growth, taking all 
classes of users into consideration, indicate total annual 
load requirements by 1980 of 31,885,000,000 kilowatt
hours for the entire Colorado River Basin area, or 
1,885,000,000 kilowatt-hours for the upper basin and 
30,000,000,000 kilowatt-hours for the lower basin. 

Potential hydroelectric power developments would total 
3.6 million kilowatts of installed capacity for the Colorado 
River Basin, with 1. 7 million kilowatts in the upper basin 
in 29 plants and 1.9 million kilowatts in the lower basin 
in 9 plants. The firm energy output of the basin's poten
tial plants would total slightly over 19 billion kilowatt
hours annually with 9 billion kilowatt-hours from the 
upper basin plants and 10 billion kilowatt-hours from the 
lower basin plants. The locations of potential plants 
and reservoirs are shown on figure 16, "River profile show
ing reservoirs and hydroelectric power plants, Colorado 
River Basin." 

Estimated load requirements of the lower basin power 
area for 1980 are far in excess of the output of the lower 
basin plants, while the upper basin load is expected to be 
much less than the output of the potential plants located 
there. Energy from upper basin potential plants could 
therefore be used to supply at least a part of the load in-
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crease anticipated in the lower basin power market area, 
as well as· in other basin areas where energy deficiencies 
may materialize in future years. 

Power development in the Colorado River Basin includ
ing present and potential generating capacity (name plate 
rating) and output, and load forecasts is summarized as 
follows: 

Killowatts I Killowatt-hours 

Present installed generating ca
pacity'---------------------- 3, 203, 159--------------

Present load requirements (1943)__ 2, 152, 404 11, 412, 894, 000 
Potential installed generating ca-

pacity hydroelectric ___________ 2 3, 648,400---------------
Potential firm output ____________ ---------- 2 19,446,000,000 
Estimated load requirements 

(1980) _______________________ 5, 630,000 31, 885, 000, 000 
Estimated increase in load re-

quirements (1943-80) __________ 3, 477,596 20,472, 106,000 
Estimated energy deficiency 

(1980) _______________________ ---------- 1, 026, 106,000 

I Existing, authorized, and planned installed capacity. 
' Excludes Horseshoe plant, 10,000 kilowatt installed capacity, and 37,000,000 

kilowatt-hour output for replacement. 

Cost and Benefits from Power Production 

Further investigation and study will be necessary before 
cost allocations of all the multiple-purpose potential proj
ects can be' determined. However, results of preliminary 
studies indicate that the sale of firm commercial energy 
at an average rate of approximately four mills per kilo
watt-hour would provide for repayment of the power 
features and would provide additional funds which could 
be applied toward repayment of other project features. 



Wealth 

From 

Water 

"The whole Nation has a stake zn the Colorado 

River ... 

"Water can be brought to this land to produce crops; 

. . . trade can be established; and in general, the wealth 

produced can be converted into more and better opportu

nities for the American people. . . . A great potential 

market for electric energy is provided by the mineral re

sources of the Colorado River Basin, among the richest 

and most varied in the world . ... " 



CHAPTER VII 

Wealth From Water 

Thousands of acres of desert land in the Colorado River 
Basin produce nothing more than sagebrush or cacti. 
Millions of acre-feet of water waste annually into the Pa
cific Ocean. Billions of tons of copper, coal, and other 
minerals lie buried in mountains. In their present state 
this land, this water, and these minerals are not wealth 
because they are not being utilized economically. They 
can, however, become wealth or produce wealth. Man's 
ingenious nature has assured him of this. Water can be 
brought to this land to produce crops; these minerals can 
be mined and processed with an abundance of low-cost 
hydroelectric energy made available; trad~ can be estab
lished; and in general, the wealth produced can be con
verted into more and better opportunities for the Amer
ican people. 

In the 169 years since the United States become aNa~ 
tion its people have increased from a handful of 3 million 
dwelling along the eastern seaboard to 135 million dis
tributed to all corners of the land. The average annual 
increase has been 780,000 persons. The current rate of 
growth is nearly 1 million annually. One million people 
must be absorbed each year into the National economy. 
Each must be provided with food, clothing, and shelter 
and given an opportunity to share in the advantages of 
the American way of life,contributing his bit toward the 
National welfare. 

There are nations where the population has reached the 
saturation point, the maximum that the natural resources 
will support. In some of these, poverty and starvation 
stalk the land. Each new birth in effect brings death to 
the most feeble of the living. 

America as a whole has not felt the pinch of overpopu
lation. Throughout its rapid growth its standard of liv
ing has continued to improve until it now surpasses any
thing the world has ever known. America's vast re
sources have been more than sufficient. Its frontiers have 
been rolled back as necessary. Virgin natural resources 
have awaited exploitation, and fertile land has stood ready 
to produce as soon as turned by the plow. American 
ingenuity and spirit have reached new heights in adapting 
the offerings of nature to the advantage of the people. 

Today, however, the Nation faces a changing situation. 
The people pushing across the country have reached 
boundary lines or oceans on all sides. No longer do ex-

terior frontiers invite exploitation. Yet the population 
continues to increase by almost a million a year. Since 
the area cannot be expanded to provide for these new
comers, the resources within its borders must be developed 
more intensely if the American standard of living is to be 
maintained and improved. Fortunately nature has pro
vided opportunities for such development. Upward 
trends in both population and living standards can be 
maintained for many years to come. To achieve this 
goal, however, Americans must continue with the agres
siveness and resourcefulness of their pioneer fathers, but 
henceforth the pioneering will have to be done on interior 
frontiers. 

The undeveloped resources of the Colorado River Basin 
present one of the most inviting of the interior frontiers. 
Full control and utilization of these waters of the Colo
rado River system will create new wealth and new oppor
tunities in America. The benefits will not be confined by 
basin boundaries but will extend throughout the land. 

Water is perhaps the world's most important single 
resource. Without water no living thing, either plant or 
animal, can exist. Man requires it in abundance, not 
only to quench his thirst and cleanse his linens but in 
vastly greater quantities to produce and process the food 
that he eats and the other materials necessary to his wei~ 
fare. The Colorado River Basin is in the heart of the 
arid west where water, because of scarcity, is especially 
precious. The basin has vast resources in land, fuels, 
oils, fertilizers, timber, metals, and recreational attractions, 
all dependent on water in one way or another for their 
development. Only by irrigation can this parched land 
become productive. Water is required to preserve and 
enhance the excellent fishing and recreational allurements. 
Water and the electric energy that can be generated by 
falling water are necessary to bring forth and process the 
basin's great mineral wealth. Water, so important, and 
yet so limited in this area, is the resource that above all 
others will determine the extent to which the bounties of 
the Colorado River Basin can be pressed into the service of 
the Nation. 

Some resources, such as minerals, can be preserved in 
their natural depositories and hoarded until taken up for 
man's use. If little is used in this generation more will 
be available for the next. The flowing water of the 
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CITRUS GROVES 
Irrigation makes possible these citrus groves in the desert 

ONIONS ON UNCOMPAHGRE PROJECT 
A former cat-tail swamp becomes productive with drainage and irrigation 
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Colorado River cannot be preserved in this sense. Any 
water unused today is lost forever to useful purpose. Each 
year that development is delayed diminishes the potential 
cumulative value of the water to mankind. Delay means 
waste, loss of potential wealth. Said Herbert Hoover, 
"Every drop of water that runs to the sea without render
ing a commercial return is a public waste." 

Uncontrolled, the Colorado is a "natural menace." 
Frequently it becomes a destroyer, overflowing its banks 
and cutting away its channel to bring ruin to farms, homes, 
and other property. Its heavy silt fills reservoirs and clogs 
diversion works. The river will continue to bring havoc 
to some areas, thus destroying wealth until completely sub
dued and its great energy turned to useful purposes. 

The welfare of the Nation demands that the most be 
made of this "National resource," the waters of the Colo
rado River. The Congress foresaw this need in 1928 and 
wrote into the Boulder Canyon Project Act a directive 
to the Secretary of the Interior to make investigations 
and public reports of the feasibility of projects for irriga
tion, generation of electric power, and other purposes for 
the purpose of formulating a comprehensive scheme of 
control and the improvement and utilization of the water 
of the Colorado River and its tributaries. 

The potentialities for development outlined in chapter 
V are presented in response to that directive. Possibilities 
for using the water substantially exceed the water re
sources of the river system. A final and complete selec
tion of projects for construction in the ultimate plan of 
development must await completion of more detailed sur
veys, an allocation of available water supplies among the 
several States of the Colorado River Basin, and an expres
sion by those States of preferences between alternative pos
sibilities within their borders. 1t is anticipated, however, 
that certain key projects or projects otherwise urgently 
needed can be constructed immediately as the next phase 
of river development and that various intrastate, inter
state, and international problems involved in the formu
lation of an ultimate plan will be solved in an orderly 
manner as needs arise. 

Until a selection of projects has been made for inclu
sion in the final plan construction costs for full river de
velopment cannot be estimated. Neither can an accurate 
estimate be made of the value of benefits expected. There 
is ample proof, however, of the economic justification of 
a program for full control and utilization of these waters. 
Direct comparisons of costs and benefits for each phase 
of the development will be presented as construction is 
proposed. 

Bene fits to the West and to theN ation 

Irrigation.-In 1939 there were 530 million acres avail
able to grow crops in the United States--4 acres for each 
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person. About 45 million acres of this land formerly used 
to grow forage for horses and mules are now producing for 
human consumption. This country still relies heavily 
upon imports, however, to support its population. Agri
cultural imports in 1937 were equivalent to the normal 
production of 87 million acres. Many of the products 
imported can be produced successfully on American 
farms. In more .recent years because of wartime condi
tions great quantities of foodstuffs have been exported, but 
at the expense of shortages and rationing of food in the 
United States. 

Not all of the land now in cultivation can be relied upon 
for perpetual production. The Department of Agricul
ture in 193 7 estimated that 61 percent of the domestic 
cropland, about 253 million acres, is either subject to 
continued erosion or is of such poor quality as not to 
return a satisfactory income to farmers. Part of this can 
be saved from early retirement by improved farm prac
tices. An expanding, not a diminishing farm area is the 
National requirement. With the population increasing 
at the rate of a million a year, maintenance of th~ present 
population-farm land ratio would require four million ad
ditional acres each year. The current level of living, how
ever, could be maintained with a lesser expansion in farm 
acreage if the productivity of lands now farmed is in
creased by more irrigation in the arid regions and by im
proved farm practices. 

TheN ational objective is not merely to maintain present 
dietary standards, but to improve them. It is well estab
lished that the diets of low-income groups in the United 
States tend to be lacking in certain protective foods, and it 
is highly in the National interest that this situation be cor
rected. J. P. Calvin, Hazel K. Stiebeling, and Marius 
F arioletti writing for the 1940 Year book of Agriculture 
state: 

If the average consumption of protective foods by all families 
in this country could be raised to the level of those whose present 
diets may be rated "good" from the standpoint of nutrition, there • 
would be large increases in Na tional consumption. The figures 
would be approximately as follows: milk, 20 percent ; butter, 15; 
eggs, 35; tomatoes and citrus fruit, 70; leafy, green, and yellow 
vegetables, 100. These figures are not maximum, however, be
cause many freely chosen "good" diets do not include nearly as 
much of the protective foods as many nutritionists believe they should 
include. For example, internationally recognized experts on nutri
tion recommend that we double our average consumption of dairy 
products. * * * 

From a dietary standpoint the Nation urgently needs an increased 
consumption of protective foods that would require 8 to 10 million 
acres to produce. And if all could secure the "expensive good diet" 
now available to those who do not have to guard their food dollars 
too closely, we might need to utilize 30 to 40 million acres more 
than has been required for actual consumption in recent years. 

In the 17 Western States the acreage of farm land per 
person is only half the National average. Most of these 
sparsely populated States do not raise sufficient food for 
their people and rely in part upon imports, chiefly from 
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the Middle Western States. Furthermore, western pop
ulation is increasing at a rate much faster than the Na
tional average. Even with the most efficient use of water 
for irrigation, increasing quantities of food must be shipped 
into the Western States. 

In the Colorado River Basin agriculture and irriga
tion are almost synonymous. Successful crop production 
with reliance only upon rainfall is of negligible import
ance. Irrigation has provided farm homes for hundreds 
of thousands of people, created cities, and established 
markets for many millions of dollars worth of eastern and 
middle western farm and industrial products. Continued 
expansion of such developments will depend on how wisely 
the meager supply of water is utilized. 

Potential irrigation projects described in chapter V, ex
clusive of export diversions, could bring water to 1,533,960 
acres of land now dry and largely unproductive, and sup
plement present inadequate supplies on 1,122,270 acres. 
All of these projects may not be constructed, but any reduc
tion in these acreages from this cause could be offset by the 
expansion of irrigation in adjoining basins with water di
verted from the Colorado River. Ten thousand new 
farms could be created on land now uncultivated. Pres
ent farms could be made more productive. Some large 
holdings could be subdivided into family-sized units. 

. Other small farms could be enlarged to economically sized 
units. The new farms would provide agricultural oppor
tunities for some of the 100,000 servicemen who are re
turning to the Colorado River Basin. 

Increased agricultural production resulting from such 
a program would have an annual value of $65,000,000. 
Compared with the growing needs of the Nation this in
crease is small but important. It represents beef, hides, 
wool, citrus and other fruits, vegetables, seeds, dairy prod
ucts, honey, sorghums, and other foods and fibers-goods 
not produced domestically in sufficient quantities to meet 
domestic needs. 

These crops are complementary to, rather than competi
tive with, crops produced on agricultural lands of other 
sections. Most of the forage and grain crops, considered 
National surplus crops, are consumed in the livestock re
gions of the irrigated West in greater quantities than pro
duced. New itTigation developments thus create uses for 
surplus crops. A study of the 11 Western States shows 
that over and above what is produced locally for home 
consumption, there are purchased from other sections of 
the country annually: $120,000,000 of com and hog prod
ucts; $97,000,000 of cotton, cottonseed, and textiles; $90,-
000,000 of tobacco and tobacco products; $15,000,000 
of hard wheat flour and processed cereals; and large 
amounts of other commodities. 

Power.-The deep canyons cut by the Colorado River 
as it falls over 10,000 feet in its wild dash to the ocean 
provide some of the best power sites in the world. With 
full development the river channel could become a great 
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stairway of reservoirs-quiet mill ponds-extending up
stream from Parker Dam on the boundary between Ari
zona and California, through Arizona, Nevada, and Utah, 
into Wyoming and Colorado. In most cases each dam 
would back reservoir water to the toe of'the dam next up
stream. Branches of the stairway would reach up the 
San Juan, Green, and Yampa Rivers, a total continuous 
length of 1,600 miles. Other power dams would be dis
tributed on tributary streams. Many dams would be mul
tiple-purpose structures serving also for irrigation, flood 
control, and silt retention; providing opportunities for fish-

.ing and . recreation; and making accessible many scenic 
wonderlands. 

These power developments could generate 19 billion 
kilowatt-hours of electrical energy each year to add to that 
now being produced at Boulder Dam and other existing 
plants on the river system. The annual value of this 
energy delivered at power markets would be $72,000,000. 

The market for this power was discussed in chapter 
VI. The experience of recent years shows that power 
markets move to areas where abundant low-cost energy 
is available. A great potential market for electric energy 
is provided by the mineral resources of the Colorado River 
Basin, among the richest and most varied in the world. 
A good start has been made in the extraction of a few 
of these minerals but processing within the basin, especially 
stages requiring large amounts of electrical energy, is al
most nonexistent. Arizona and Utah together are min
ing 70 percent of the copper produced in the United 
States but most of this is shipped all the way across the 
continent for electrolytic refining. 

The Upper Basin's vast deposits of bituminous coal are 
the nearest substantial coal deposits to the Pacific Coast. 
They will become increasingly more important as petro
leum reserves approach exhaustion. Likewise the great 
beds of oil shale in the Upper Basin are a potential source 
of oil. 

Without recounting the value to the Nation of greater 
development of the vast and numerous mineral resources 
of the Colorado River Basin, and without reiteration of the 
many requirements for electricity in the process, it can be 
plainly stated that nothing else would give such impetus to 
that development as would the availability of low-cost 
power accompanied by agricultural expansion through 
greater control of water resources. 

In the last 3 years intensive exploration in California 
has located only as much new oil as is being taken from 
wells every year. As a conservation measure production 
is expected soon to drop below normal peacetime demands, 
making imports necessary. Oil cannot be shipped in at the 
low price of $1.15 a barrel to which California is ac
customed. Dr. Joe S. Bain, for the Haynes Foundation, 
has estimated that the price of both domestic and im
ported crude oil might rise to $2 a barrel. If this happens 
many oil-burning power plants may be retired to standby 
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YUMA CANTALOUPES 
Sacks of cantaloupes grown on the Yuma project of the Bureau of Reclamation are dumped into a truck to be carried 

to the picking sheds 

PRIZE PRODUCE 
Prize vegetables and fruits are grown in irrigated areas of the west. This picture shows an assortment of Grand Valley 

produce 
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service, and hydroelectric power will be required to fill 
the gap. Industrial plants also might be forced to convert 
from oil to electricity for heat and power. Western rail
roads, powered almost exclusively by fuel oil and coal, 
might turn to electrification, probably starting with lines 
in the more mountainous sections where electric locomo
tives would have distinct advantages. 

Abundant low-cost electric power would stimulate ac
tivity in other directions. Already Boulder Dam has en
abled the Los Angeles area to climb to first place in the 
manufacturing of aircraft and oil-well machinery, to as
semble more cars than any other city except Detroit, to 
make more furniture than Grand Rapids, to manufacture 
almost as many tires as Akron, and to jump to third place 
in the Nation in food processing and oil refining, and to 
fourth in clothing manufacture. The Colorado River 
could supply sufficient energy for a $2-billion industrial 
expansion that would give employment to 350,000 work
ers. Such an industrial development, including accom
panying business and trade establishments, would support 
an additional population of 2 million people. 

The tremendous defense value of abundant electric 
energy has been demonstrated by the war. By 1940 re
cent hydroelectric power developments had made electri
city in quantity available to Pacific Coast States. Upon 
this foundation great war industries hurriedly sprang up 
on a scale almost unequaled elsewhere in the Nation. 
Ships, airplanes, and light metals were turned out in great 
quantities. The dollar volume of aircraft produced in Los 
Angeles County exceeded that of the whole Detroit in
dustry in peacetime. In the Los Angeles and San Diego 
areas the population increased by 600,000, or 18 percent, 
from 1940 to 1944. The labor force grew at an even 
faster rate. Between 1940 and 1943 the working force 
covered by unemployment compensation in California, 
Oregon, and Washington increased from 1,900,000 to 
3,100,000-some 63 percent. 

How much the war was shortened and how many Amer
ican lives were saved because this electric power was ready 
to produce weapons cannot be estimated, but the· contri
bution was enormous. Great dams and hydroelectric 
power plants, built when labor and materials were abun
dant in time of peace, stood ready under the stress of war 
to pour out energy with only minimum expenditure of 
manpower for operation and maintenance. 

Flood and silt control.-Boulder Dam now provides full 
control of the Colorado River at Black Canyon. It now 
impounds the great destructive floods that before con
tinually harassed the people living along the river's lower 
plains. This area is still subject to floods of lesser degree 
originating in the · watershed areas of the Colorado and 
Williams River below Boulder Dam. Above Boulder Dam 
there are no flood control structures of significance to the 
river system as a whole. Local damage occurs frequently 
along tributary streams. For hundreds of miles above 
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Boulder Dam the river and the lower stretches of its tribu
taries are confined to deep and barren canyons where 
floods can do no damage, but from these regions great 
quantities of silt are carried away to be deposited in Lake 
Mead. The silt problem on the Colorado River is dis
cussed in chapter V under the Boulder division. 

Boulder Dam has provided the basis for the great in
dustrial and agricultural expansion of the Pacific South
west in recent years. It is presently doing much to con
trol floods and silt but this great dam and its many ap
purtenant structures will some day succumb to the silt it 
now controls unless aid is received from other basin de
velopments. Not in this generation or even in this cen
tury will the threat to Boulder Dam become acute, but 
prudence dictates that the problem be recognized and at
tacked now. The capacity of Lake Mead will constantly 
diminish until a remedy is provided. The potential Bridge 
Canyon and Marble Canyon-Kanab Creek projects up
stream from: Lake Mead will provide comparatively little 
reservoir capacity. Reservoirs to retain silt should be pro
vided on tributaries concurrently with construction of these 
,projects. 

Plainly, full control of floods and silt cannot result from 
a few large dams at strategic locations along the river. 
Flood waters would deposit silt and debris in the first reser
voir reached and eventually fill and destroy it. This proc
ess of nature can be combated only by proper watershed 
management and by construction of a sufficient number 
of dams to control destructive flows of the Colorado River 
and its chief tributaries in the canyon areas of Utah and 
Arizona. Each reservoir built to conserve and control 
water anywhere in the drainage area would contribute its 
bit. 

The San Juan and Little Colorado Rivers are the prin
cipal contributors of silt to the Colorado River. On each 
of these, large reservoirs are urgently needed to prevent 
floods and retain silt. The Bluff project on the San Juan 
River and Coconino project on the Little Colorado River 
are proposed to be constructed for these purposes. The 
Alamo project would control floods and silt from the Wil
liams River and the Sentinel project would serve the same 
purpose on the lower Gila River. 

These additional projects to control floods and silt are 
necessary to protect the vast stake the Nation now has in 
the Colorado River Basin. The developments outlined 
will have the dual benefit of providing this protection and 
also of forming the basis for greater use of the waters 
of the Colorado River system. There can be little doubt 
as to the economic justification of such a program. 

Municipal and industrial water supplies.-No modern 
community can thrive without a good supply of pure water 
for domestic and municipal purposes. These uses are 
usually recognized as more important than other demands 
for water. When necessary it is possible to obtain water 
for domestic use by condemnation of prior rights for 
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power production, irrigation, or other purposes. A water 
supply is indispensable to any community. If the com
munity is justified economically, its water system is also 
justified. Some cities are required to make enormous 
expenditures to bring water from great distances while 
others find it at their door. In most parts of the Colorado 
River Basin municipal water can be provided at nominal 
cost. 

Industrial uses are closely related to municipal uses and 
are commonly supplied through the municipal pipe lines, 
although it is not unusual for large or isolated industrial 
plants to have their own water systems. Few industrial 
operations actually consume large quantities of water. 
Where the water is used only for cooling or similar pur
poses it can be returned to the stream channel almost un
diminished in quantity. Other processes polute the water 
to a degree that it is harmful to fish and wildlife or down
stream water users. In such cases the water must be 
either purified after use or disposed of in evaporating 
ponds or otherwise. 

Projects are outlined which would provide municipal 
water to Grand Junction, Colo.; Tuscon, Ariz.; and San 
Diego, Calif.; in addition to the expanded municipal and 
industrial uses to be supplied from the Colorado River 
aqueduct, the Duchesne tunnel of the Provo River proj
ect, and the Moffat tunnel of the Denver municipal 
system. 

Other requirements for municipal and industrial water 
will arise from time to time but cannot be anticipated 
sufficiently to justify present planning of specific projects. 
As these needs arise they can be satisfied by relatively minor 
adaptations in the basin plan of development. Expan
sion of cities and towns will be largely on irrigated or 
irrigable land. Experience has shown that about the 
same quantity water will be required for municipal use 
as would have been required to irrigate the land occupied 
by the community. 

Recreation and fishing.-With the peacetime trend to
ward a shorter work week, more leisure time, widespread 
vacation privileges, improved transportation, and greater 
prosperity, recreational facilities are becoming more im
portant. The great variety of natural attractions in the 
Colorado River Basin together with the highest dam and 
the world's largest man-made reservoir make it one of the 
most outstanding recreational regions in the United States. 
The value of these attractions will be enhanced through 
development of the basin's water resources. Improved 
roads constructed to remote reservoirs, power plants, or 
tunnel portals will make accessible great scenic wonders, 
fishing spots, and hunting areas not now reached by 
modern travel. The reservoirs will add scenic beauty and 
have recreational value for boating, swimming, and fish
ing. Lake Mead, formed by Boulder Dam, is called the 
"Eden of all bass fishermen" and is famous throughout 
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the country for its scenic beauty. Many of the numerous 
reservoirs that will be required for full river control will 
be provided with sufficient capacity below the outlet struc
tures to provide permanent habitats for fish. The reser
voirs can be operated to control unnecessary turbidity at 
high flows and to maintain sufficient water in the streams 
to support fish during dry seasons. The desilting of the 
main Colorado River and the formation of large reservoirs 
along its course will multiply the fishing and recreational 
benefits already provided by Boulder Dam. Cooperation 
in this phase of the basin development will be required of 
the National Park Service, Fish and Wildlife Service, 
Forest Service, and various State and local agencies. 

Widespread Benefits From Colorado River Devel
opment 

Trade created.-The whole Nation has a stake in the 
Colorado River. Its full development would bring to 
American tables foods required for balanced and health
ful diets, and to American factories, minerals and other 
raw materials for which there is an ever growing demand. 
These things, important in peacetime are doubly im
portant in war when self-sufficiency is a bulwark of na
tional strength and safety. But potential benefits to the 
Nation are not confined to the basin's exportable prod
ucts. New homes erected in the Colorado River Basin 
will require lumber, steel, plumbing fixtures, heating 
equipment, wire, roofing materials, glass, paint, floor cov
ering, hardware, and numerous other items from indus
tries throughout the land. To make them inhabitable 
will require furniture, appliances, carpets, fabrics, clocks, 
pottery, and utensils produced elsewhere. The inhabi
tants of these homes will purchase from other parts of the 
Nation a continual flow of such items as tools, implements-, 
machinery, automobiles, magazines, books, rayon and cot
ton goods, clothing, shoes, furs, processed cereals, fish, 
rice, peanuts, paper, tobacco, sweet potatoes, and many 
other items of everyday use. These people will be cus
tomers for various forms of insurance centralized in other 
parts of the country. Railroads, bus, and truck lines 
and airplanes will benefit from the commerce created 
by both imports to and exports from the basin. 

Long-time records show that only about one-fourth of 
the irrigation farmer's income is used for operation, taxes, 
labor, and local supplies, while three-fourths of it goes 
into the general industrial and trade stream. For every 
dollar spent for irrigation development, a business increase 
amounting to about $30 is created. In making a home 
on irrigated land, each settler creates the need for at least 
another family in the trading circles and still another 
in the industrial centers. 

New taxable wealth.-In the Colorado River Basin 
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arable land without water is covered mostly with sagebrush 
and valued at $1 to $5 an acre. . Improved and irrigated 
it will be worth from $75 to $300 an acre. Thus irri
gation creates new taxable wealth and has proved a good 
investment for the Government. Federal Reclamation 
projects have created taxable values exceeding $400 for 
every person living on the projects either on farms or in 
cities and towns which the farms have created. State 
and county governments benefit from this enlarged base 
for property taxes. In addition, a large amount of reve
nue from taxes, direct and indirect, constantly flows from 
Reclamation projects to the Federal treasury. 

In irrigated sections local institutions receive adequate 
income to maintain good schools, roads, medical services, 
churches, civic improvements and public utilities, the 
many comforts and conveniences that are essential to the 
American standard of living, which cannot be satisfac
torily maintained by scattered populations of uncertain 
Income. 

Employment opportunities provided.-Construction of 
many of the projects could be scheduled for timely wide
spread employment of returning servicemen and released 
workers from war industries. Later phases of the develop
ment could be intensified during periods of economic re
cession and widespread unemployment. Less than half 
of the amount spent for labor would go to workers at 
project sites and the remainder to workers at producing 
centers principally in the 31 States east of the western 
1rngation states. Construction of all projects outlined 
in the report would employ a quarter million men for 
nearly 4 years. 

Summary of Costs, Benefits, and Repayment 

A definite economic analysis of basin-wide development 
·of water resources cannot be presented until a final selec
tion of projects has been made. The following estimates 
and approximations are based on development of all po
tential within-basin projects summarized in the report. 
Although there would be enough water in the river system 
to serve all of these projects if no further exportation of 
water is made, it may be found more economical and the 
States may elect to forego construction of some irriga
tion projects within the natural drainage basin in order 
to make water available for exportation to adjacent water
sheds within the basin States. When final allocations of 
water are made, moreover, some states may be unable to 
usc their full amount unless part is exported. Power proj
ects do not consume water except by evaporation from 
power reservoirs, but most of these reservoirs serve multiple 
purposes and are required for full river regulation and con
trol. Virtually all power projects outlined in the report 
could be constructed, therefore, without regard to the 
depletory effect upon stream flows. 
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Estimates of cost 

Construction costs.-The total construction cost of ba
sin-wide development, likewise cannot be estimated until 
the plan is definite but preliminary cost estimates of the 
potential projects described in the report within the natural 
drainage basin and excluding alternative projects, amount 
to $2,185,442,000, based on January 1940 prices. In
creases in the total cost may result if projects for exporta- -
tion of water to adjacent basins are selected, but such in
creases will be partly offset by the elimination of projects 
within the natural drainage basin for which water then 
would not be available. 

Annual costs.-After projects are constructed, there are 
annual costs for operation, maintenance, replacements and 
repairs necessary to keep the projects in good operating 
conditions, transmit the electrical energy to load centers 
and distribute the irrigation water to the farms. Roughly 
the annual operation and maintenance costs of all within
basin developments described and summarized in the re
port may amount to $23,000,000. 

To amortize the total construction cost as described 
above in 50 years with interest at 3 percent would require 
annual payments of $85,000,000, which added to the 
cost of operation and maintenance results in a total an-
nual cost of $108,000,000. ' 

Annual benefits 

Benefits from the irrigation of new land are repre
sented by the increase in gross crop returns. With the 
irrigation of 1,533,960 acres of new land and the fur
nishing of 1,122,270 acres of inadequately irrigated land 
with supplemental water that would be possible if all 
within-basin projects were constructed, a gross increased 
crop return of $65,000,000 annually, based on January 
1940 prices, may be expected. If exportations are made, 
the return may be greater. 

Revenues from the sale of power from the potential 
multiple-purpose projects will approximate $72,000,000 a 
year at a rate of 4 mills per kilowatt-hour for power de
livered at market area. Revenues from the sale of munic
ipal water may amount to $500,000 annually. A flood 
control benefit of $1;000,000 annually may be expected 
if all projects summarized are constructed. The total 
measurable annual benefits thus would total $138,500,-
000, which is substantially in excess of the estimated an
nual cost. 

In addition to these benefits which ·are susceptible of 
evaluation there are the numerous other intangible bene
fits, none the less real, that have been described previously 
in this chapter. Studies of a general nature show that a 
program for complete river development would be fully 
justified. Direct evaluated benefits would exceed the costs 
even though many public henefits are not considered. 
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Repayment and flood control allocation 

Repayment laws now in effect provide for water and 
power users directly benefited to be charged with the cost 
of construction works that serve them and for costs to be 
allocated to irrigation, power, municipal use, flood con
trol and other miscellaneous uses. Repayment of con
struction costs are made on four different bases: ( 1 ) 
Costs allocated to irrigation are repaid in 40 annual in
stallments without interest. The national benefits are 
recognized in that construction money is advanced by the 
Government interest free. ( 2) Costs allocated to power 
with interest at 3 percent may be returned over a period 
designated by the Secretary of the Interior. ( 3) Costs 
allocated to municipal water supply are repaid over a 
period not to exceed 40 years with interest not exceeding 
3 Y2 percent annually. ( 4) Costs allocated to flood con
trol are largely nonreimbursable. Flood control is con
sidered a national benefit and for that reason costs allo
cated to flood control are financed in large measure by the 
Federal Government. 

Under existing reclamation laws nonreimbursable funds 
are not available for allocating costs to the m<~.ny other 
direct benefits resulting from river development. For 
example, the value of fishing and recreational resources 
of the Colorado River Basin would be greatly enhanced 
by construction of the many potential multiple-purpose 
projects, but there is no means at present for allocating 
costs to these benefits. 

Although increased gross crop returns amounting to 
$65,000,000 are estimated from potential irrigation proj
ects in the Colorado River Basin, a large share of the,in
crease will be used to meet costs of production taxes re-
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turn on farm investment, and living costs. From expe
rience on other projects operated by the Bureau of Recla
mation it is estimated that the farmers could pay $8,000,-
000 annually to meet operation and maintenance 
costs and repay the portion of the construction costs al
loc~ted to irrigation. The gross revenue from power, 
estimated at $72,000,000 annually, would be sufficient 
to pay operation and maintenance costs and cost alloca
tions to power. Municipal revenues estimated at $500,-
000 could be used to repay cost allocations and interest. 
Of the total construction cost it is estimated that an al
location of $25,000,000 may reasonably be made to flood 
control reducing the total estimated reimbursable cost of 
basin development to $2,160,442,000. 

Gross annual revenues of $80,500,000 from irrigation 
power and municipal use would cover all charges for op
eration and maintenance and leave $57,500,000 annually 
to pay interest and construction costs. Interest charges 
cannot be determined until cost allocations are made to 
the various benefits. · It is quite likely, however, that when 
interest charges are considered the cost of the entire de
velopment will not be fully reimbursable. Authorization 
is necessary for the use of nonreimbursable funds to cover 
costs allocable to certain other benefits of a public nature 
which cannot appropriately be considered repayable by 
water users under Reclamation law. 

The above approximations and estimates are presented 
merely to indicate the justification of basin-wide develop
ment. The benefits to the people of the West and to the 
Nation would exceed the costs of constructing all projects 
that would develop and utilize fully the available water 
resources of the Colorado River Basin. 
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CHAPTER VIII 

Cooperating Interests in the Basin 

Integrated development of the resources of the Colorado 
River Basin can best be achieved by the cooperation of all 
Federal, State, and local interests in the region. This co
operation is necessary not only in the formulating of a 
comprehensive, coordinated plan, but in the execution 
of a unified program that will be keyed to the welfare 
of the people in the basin. 

The various agencies of the Department of the Interior 
having an interest in development of resources in the 
basin have teamed together in the preparation of this 
comprehensive report in the development of the water 
resources of the basin. These agencies have cooperated 
to the extent of funds and personnel available. Their 
cooperation is vital, practical, and essential, as evidenced 
in this chapter, which presents their specific comments 
and programs. The Geological Survey has outlined a pro
gram for stream gaging and has furnished basic data on 
stream flow, quantity and quality of surface and under
ground water supplies, and water utilization. The Na
tional Park Service has surveyed the recreational possi
bilities of the potential projects and appraised the bene
fits with a view to preserving the parks and areas of his
toric and scenic interest. The Fish and ,Wildlife Service 
has made recommendations that will assure the restora
tion and conservation of game and fish resources. The 
Grazing Service has outlined the objectives of its range 
improvement program and the benefits that will result 
from the potential projects in the stabilization of livestock 
industry and the conservation of land and its resources. 
The Bureau of Mines has probed the minerals of the 
hasin to discover how they might best be mined, processed, 
and utilized to support the metallurgical and industrial 
economy that is envisioned. The Office of Indian Affairs 
has outlined projects that will benefit the Indians of the 
basin. The General Land Office has presented a program 
to obtain optimum use of these public lands and to coor
dinate their utilization with the development of water 
resources. 

Other Federal agencies that are involved in the de
velopment of the resources of the basin have likewise co
operated with the Bureau of Reclamation and their re
ports appear as parts of this chapter. The Forest Serv
ice, United States Department of Agriculture, has em-

phasized the need for careful management of .watersheds 
on the national forest lands to insure adequate safeguard
ing of their water yields. The Federal Power Commis
sion has furnished data upon which power utilization 
and market trends are based and has commented gen
erally on the power resources of the basin. 

The interests and cooperation of State and local groups 
as well as other Federal agencies in the basin are reflected 
throughout the report. 

GEOLOGICAL SURVEY 

Quantity and Quality of Water 

Factual information, systematically collected and ar
ranged, relative to both quantity and quality of water, 
is a prerequisite of the successful utilization of water. 
This information is necessary because of the fluctuations 
in quantity caused by the vagaries in climate, especially 
in precipitation and temperature, and by the changes 
resulting from the activities of man; and because of the 
differences in quality caused by sediment and the varie
ties of soluble matter with which the water comes into 
contact in its flow over and through the crust of the 
earth, by the variations in the length of time that the 
water remains in contact with the various soluble sub
stances, and by the changes in pollution caused by the 
activities of man, especially in the use of water for agri
culture, industrial processes, and municipal supplies, the 
return flow from which reaches and mixes with other sur
face and ground waters. Such information is needed as 
a basis not only for planning and constructing but also 
for operating plants and systems that utilize water. 

Although the conspicuous uses of water in the basin 
relate to irrigation and the generation of hydroelectric 
power, there are many other important uses such as those 
for industrial, municipal, domestic supplies, and water for 
stock on the range. These uses, which are not spectacular, 
affect the life, prosperity, and security of many people and 
therefore are for serious consideration. For example, the 
stock business in the basin is of rna jor proportions. It de
pends largely on the capacity of range lands to carry stock, 
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and that capacity is affected largely by the ability to get 
water for stock at many places so distributed as to permit 
a maximum use of the range. The finding and developing 
of stock water is therefore of major importance. 

There are many conflicting interests in the use of water 
because there is either not enough water to serve all needs 
or its use for one purpose may impair or prevent its use 
for another purpose. The general basic information must 
be collected and published without reference to the use 
that may be made of the water or to the public or private 
agency that may utilize it. It must, therefore, be col
lected, assembled, and presented without bias as to kind 
or place of use or to particular projects. Because of the 
fluctuations in the quantity and quality of water, the in
formation concerning it must be collected over a period 
of years and at some places indefinitely. In order to 
satisfy everyone that the records are free from bias, they 
must be collected by an organization that has no ad
ministrative or construction responsibilities. The United 
States Geological Survey is primarily an investigational 
agency whose reports are recognized as reliable, to which 
Congress appropriates funds for the study of the general 
basic aspects of water without reference to uses or projects. 
In accordance with that Congressional mandate, the Geo
logical Survey measures the daily flow of surface streams 
and records fluctuations of reservoirs to ascertain the 
availability of water for conservation and use; investigates 
ground-water resources to ascertain availability, depth, 
recharge, discharge, and storage; makes chemical analyses 
of both surface and ground water with reference to fitness 
for use in agriculture and industry, and to treatment for 
public and domestic water supplies; and prepares statis
tical and interpretative reports-all with a view to fur
nishing reliable information that is essential as a basis 
for the full and best use of the water resources. This 
investigational work is supported in part by funds appro
priated by Congress "for gaging streams and determining 
the water supply of the United States, investigating un
derground currents and artesian wells and methods of 
utilizing the water resources," in part by funds fur_nished 
by other F edeml agencies for use in specific investigations 
related to the activities of those agencies, and in part by 
cooperating States and municipalities. 

The cooperation with States is based on the under
standing that both Federal and State governments are in
terested and that responsibility for the work is divided 
properly between them. The work is conducted through 
field offices of the Geological Survey placed generally 
in State capitols in order that State officials may be easily 
consulted as to State problems and needs. Permanent 
Federal employees assigned in these field offices, through 
long residence and service, become local citizens familiar 
with local probiems and requirements. The agencies of 
the States participating in the cooperation also contribute 
valuable experience and knowledg~ to the conduct of the 
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investigations. In these ways local needs are served and 
reliable Government records are assured that are uniform 
in accuracy and form of publication for all sections of the 
country. 

Accordingly, the Survey is now maintaining four offices 
in the basin as follows: 

-Las Vegas, Nev., for ground water. • 
Tucson, Ariz., for surface water and ground water. 
Phoenix, Ariz., for ground water. 
Safford, Ariz., for surface water and ground water. 

It maintains seven other offices outside the basin from 
which work in the basin is done, as follows : 

Salt Lake City, Utah, for surface water, ground 
water, and water utilization. 

Logan, Utah, for surface wat_er. 
Cheyenne, Wyo., for ground water. 
Denver, Colo., for surface water. 
Santa Fe, N. Mex., for surface water. 
Albuquerque, N.Mex., for ground water and quality 

of water. 
Los Angeles, Calif., for water utilization. 

The investigational work of the Geological Survey on 
the quantity, quality, and utility of water in the Colorado 
River Basin is essentiai to the stable development of the 
basin because water in great or small quantities enters 
into all activities. Interstate and international character 
of the river serve to complicate the situation as to water 
supplies because of the necessity for equitable division of 
the water among the States of the basin, and because of 
the interest of Mexico in the water that flows across the 
international boundary. The interstate and international 
problems which are of far reaching importance emphasize 
the requirement that basic water information shall not 
be related to particular use or projects but shall serve the 
needs of all purposes equitably. 

As the canyons of the Colorado River divide the basin 
into two parts with respect to both utilization of water 
and routes of transportation, and as the interstate com
pact for the division of water between the upper basin and 
lower basin divides the basin in the same way, the descrip
tion of the water work of the Geological Survey in the 
basin is similarly divided. Because of the differences in 
qualifications of personnel and methods used for investi
gating the different aspects of water and its utility, the 
work of the Geological Survey in investigating water is 
organized and will be presented in its relation to the Colo
rado River Basin, under the following four headings: sur
face water, ground water, quality of water, and water 
utilization. 

Upper Basin 
The Colorado River Basin above Lee Ferry, defined by 

the Colorado River Compact as the "upper basin," has 
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an area of mountains, plateaus, and valleys of approxi
mately 110,500 square miles. It contains literally hun
dreds 'of streams, lakes, and underground reservoirs. Thus 
far the principal use of water in this vast area is for ir
rigation. A few small hydroelectric power plants use the 
flow of small streams, and a negligible amount of water is 
used for municipal and industrial purposes. Since the 
white man first diverted water into ditches in this 
region for irrigation and community use ( 1854) 
more than 1,300,000 acres ( U. S. Census 1940) have 
been put under irrigation in the upper basin and many 
millions of dollars have been invested in irrigation works. 
As the water problems are becoming increasingly com
plex, more information covering more streams and under
ground water resources is necessary for proper and or
derly future development. Records of measurements of 
water resources have their principal value in their con
tinuity. Therefore, the necessity for continuance of key 
gaging stations and observation wells in no wise di
minishes with the increasing necessity of additional stations 
and wells. This necessity, for more than a decade past, 
has become more or less critical in the upper basin, and 
many temporary gaging stations have been established 
in order to expedite the program of current investigations. 

SuMMARY oF EsTIMATED CosTs 

For acquiring necessary equipment, conducting investi
gations, and preparing reports on the water resources of 
the upper basin a continuing program is essential. For 
the first 3 years of that program, participation by the 
Geological Survey as here outlined will require funds as 
shown in the following table of estimated costs. 

SURFACE WATER 

Colorado.-The Colorado portion of the upper basin is 
mountainous, and the ~;hie£ industry U; livestock raising, 
with agriculture subordinated torit. With the exception 
of the Uncompahgre and Grand Valleys, wh~re large ir
rigation projects were built by the Bureau of Reclamation, 
the valleys are narrow and irrigation has been effected by" 
means of cooperative and individual ditches. Although 
the total water supply is abundant, it is necessary to store 
the high-water flow for use in the late irrigation season. 
Many small reservoirs, most of them with capacities of 
1,000 acre-feet or less, have been constructed. Also, there 
are half a dozen larger ones, among which the largest 
are Green Mountain, Vallecito, and Taylor Park, each 
with a capacity greater than 100,000 acre-feet. 

The chief value of stream-flow records is in connection 
with irrigation, particularly transmountain diversions. 
The bulk of irrigable land in Colorado is east of the 
Rockies and the surplus water is in the Colorado River 

TABLE CXXXIII.-Estimated cost of program-Upper 
Colorado River Basin 

Program First Second Third 
year year year Total 

-----------]--~-~ - - - ------~~~-
~ 

For installation of 85 new 
gaging stations, at an av
erage cost of $1,000 per 
stat ion _______ ____ ___ __ $50,000$35,000 _____ __ $85,000 

For operation of new sta
tions at an average an
nual cost of $600 per 
station___ _____ _____ __ __ 30, 000 51, 000$51, 000 132, 000 

For rehabilitation of exist-
ing gaging stations _ _ _ _ _ _ 20, 000 15, 000 15, 000 50, 000 

For operating 237 existing 
stations at an average 
annual cost of $600 per 
station __ ____ ___ __ __ ___ _ 142,200142,200142,200 426,600 

For investigations of 
ground-water storage 
and withdrawal, for 
drilling test holes and 
permanent observa tion 
wells, and for progressive 
appraisal of ground-
water resources_ ____ ____ 50, 000 50, 000 50, 000 150, 000 

For studies of the sediment 
loads in streams with re
lation to r eservoir and 
channel capacit ies, and 
of the chemical quality of 
stream waters and of 
ground water with re
spect t o uses in agricul-
ture and industry_ __ ____ 81, 000 62, 000 62, 000 205, 000 

F or miscellaneous st udies 
of water facts, advisory 
service, and preparation 
of water utilization re-
ports ______ _______ ____ _ 15, 000 12, 000 12, 000 39, 000 

TotaL _____ ___ c ___ 388, 200 367, 200 332, 200 1, 087, 600 

Basin, where physiographical conditions limit the oppor
tunities for additional irrigation. 

At the present time, several transmountain diversions 
take from the Colorado River Basin an average of 170,000 
acre-feet annually. This will be increased by several 
hundred thousand acre-feet by the Colorado-Big Thomp
son project, under construction, and the Blue River-South 
Platte diversion, under investigation. A study in the Gun
nison River Basin indicates a possible diversion to the 
Arkansas River Basin, and similar studies in the San Juan 
River Basin indicate several possible diversions to the 
Rio Grande Basin for use chiefly in the San Luis Valley 
where the operation of the Tri-State Compact limits the 
water supply available for use in that valley. All of 
these projects have important bearing qn the final allot
ment of waters of the Colorado River Basin to the individ
ual upper basin States as contemplated by the Colorado 
River Compact. Accordingly, records of flow of the 
streams involved are fundamental to that allotment. 

Stream-flow records are not particularly needed for 
flood studies in the Colorado portion of the upper basin 
because the basin is not subject to disastrous floods. Like
wise, such records at this time are not an important factor 
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in water administration except in certain areas where 
water shortages occur. In the case of water-power de
velopments it is quite probable that, with the exception 
of small plants in the national forests, they will be de
veloped chiefly at storage reservoirs constructed primarily 
for irrigation and designed as "multiple-use" projects. 

At present ( 1945) 149 gaging stations are being main
tained in cooperation with the State Engineer and also 
with the Colorado Water Conservation Board. C<_Jopera
tion with the former started in 1933 and with the latter 
in 1941. The cooperation with the State Engineer com
prises a general study of the State's water resources, and 
with the Colorado Water Conservation Board it enables 
the Survey to maintain additional gaging stations urgently 
needed by the Bureau of Reclamation in its basin-wide 
studies. Of the stations being maintained, the Bureau of 
Reclamation equipped 60 and transferred them to the 
Survey for operation. 

Forty-four of these stations are situated in the Colorado 
River Basin above and including the Roaring Fork Basin 
where all the existing and prospective transmountain di
versions from the Colorado River and tributaries are lo
cated except those from the Gunnison and San Juan 
Basins. Records at _these stations are of particular value 
to the Grand Lake-Big Thompson diversion, now under 
construction, and to the Blue River-South Platte diver
sion, being studied, and to the Fraser River diversion for 
the city of Denver. At six stations records are made of 
the inflow and outflow of Green Mountain Reservoir on 
Blue River. This reservoir, the largest in Colorado, pro
vides active storage of more than 100,000 acre-feet, pri
marily for late irrigation in the Colorado River Basin 
to replace waters taken out of the basin by transmountain 
diversions, and secondarily for the development of power. 
The base station in this area is on the Colorado River at 
Glenwood Springs. It has been operated continuously 
since 1900. 

Seven stations arc situated between Roaring Fork and 
Gunnison River. The possibilities of additional irrigation 
are limited in this section. 

In the Gunnison River Basin 38 stations are being 
maintained, of which 18 are for studying the possibility 
of diverting water from the Gunnison to the Arkansas 
River Basin, 9 are for small irrigation projects, 3 are base 
stations at various points in the basin, and the remainder 
arc chiefly for administrative purposes. The third largest 
storage reservoi~ in the State, Taylor Park Reservoir, is 
in this basin and 3 gaging stations are maintained in con
nection with its operation. 

Sixteen gaging stations are being maintained in the 
Dolores River Basin, one a long-term base station, and 
the others for possible irrigation projects. 

In the San Juan Basin 34 stations are in service, of 
which 3 are for administration of the La Plata River 
Compact between Colorado and New Mexico, 2 are base 
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stations, 6 are for administrative purposes, and the re
mainder are for determining the amount of water that 
can be diverted from the San Juan to the Rio Grande 
Basin. 

The northwestern part of Colorado is drained by the 
Yampa and White Rivers, both tributaries of Green River. 
Ten stations are maintained in these basins, two base sta
tions, one on each stream, and eight for irrigation investi
gations. 

W yoming.-As in Colorado, the chief use of stream
flow records is for irrigation, present and future. About 
200,000 acres are now irrigated in the Green River Basin 
in Wyoming by community and individual ditches, and 
although the total water supply is abundant, there is need 
for additional storage for irrigation during the late sum
mer months. There are opportunities for developing ad
ditional areas in the basin, and also in adjacent basins, 
the latter by means of transmountain diversions. Three 
of such diversions are under study---one to the North 
Platte River Basin, and two to the Bear River Basin. 

Water administration at present is a very minor use of 
the records. Water power, except in relatively small 
amounts in the national forests will probably be developed 
at storage reservoirs constructed primarily for irrigation. 
Disastrous floods are not characteristic of the basin, and 
stream-flow records are not particularly needed for flood 
studies. 

Through cooperation with the State Engineer, which 
began in 1915, 35 gaging stations are being maintained. 
Since 1939 additional cooperation has been carried on 
with the State Planning and Water Conservation Board 
covering 35 stations, some of which were installed and 
maintained by the Bureau of Reclamation. That agency 
still contributes directly to the maintenance of 4 of the 
35 stations. The stations are located as follows: 

In the Green River Basin, exclusive of the Henrys Fork, 
Blacks Fork, and Little Snake River Basins, 19 stations 
are being maintained. One of these, the Green River 
near Linwood, Utah, is the base station, supported wholly 
by Federal funds. It has been operated since 1928, and 
replaces the former base station at Green River, Wyo., 
operated since 1915. 

Six stations are located in the Blacks Fork area where 
irrigation has long been practiced and where supple
mental supplies are needed. 

Five stations are located in the Henrys Fork Basin, and 
four in the Little Snake River Basin. 

Utah.-The Utah portion of the upper basin consists 
largely of high plateaus, rugged mountains, and limited 
valleys. The Uinta Basin and the valleys of the Price 
and San Rafael Rivers are the principal agricultural areas 
where extensive irrigation is practiced. Stock raising is 
an important part of the agricultural industry. Rapid ag
ricultural development began in the Uinta Basin in 1905 
following the opening of lands that were set aside by Ex-



\ 
I 

COOPERATING INTERESTS--GEOLOGICAL SURVEY 227 

ecutive order of October 3, 1862, as an Indian reservation 
for some of the Ute tribes. 

This development created serious need for reservoirs, 
and many of the lakes and basins on the headwater areas 
of the Duchesne River and its tributaries have been de
veloped for storage; others are under study. The Moon 
Lake Reservoir is one notable development recently made 
by the Bureau of Reclamation. 

Along the Price and San Rafael Rivers, irrigation de
velopment has outrun the natural regimen of the streams, 
and storage problems are of fundamental importance to 
future irrigation expansion. Several important reservoirs 
have been built by private enterprise and other important 
projects are planned. 

Water power in the upper basin in Utah is an im
portant resource· on the Green and Colorado Rivers but 
of relatively small importance on the smaller streams. 
When large reservoirs are built on these main streams, 
considerable hydroelectric power will be available at the 
dams. 

Settlement and growth of agriculture in the Utah area 
have created a growing need for additional stream-flow 
information. Accordingly, the cooperative stream-gaging 
program conducted by the Geological Survey with the 
State engineer was expanded in 1941. 

At the present time 45 gaging stations are maintained 
in the upper basin in Utah. New stations are of tem
porary construction and some are not provided with equip
ment for high-water discharge measurements. Several 
need rehabilitation or rebuilding. For more complete 
coverage of the streams of the basin at least 31 additional 
stations are needed and 14' stations should be rehabilitated. 
A number of these are necessary to supply factual water 
data for the State's small reservoir program and for small 
transmountain diversions of considerable importance. 

Some of these stations would be situated in high re
mote areas and their accessibility would be relatively dif
ficult-a condition which requires relatively high mainte
nance costs. 

Water studies have not as yet shown the origin of 
much of the silt now reaching Lake Mead. There are no 
gaging stations at suitable locations on the San Rafael, 
Fremont, and Escalante Rivers, three important tribu
taries of the Colorado River between Green River, Utah, 
and Lees Ferry. Stations are proposed on these streams 
near their mouths. Stream-flow measurements, silt 
samples, and quality of water data, would be collected 
by a resident engineer assigned to each area because of 
the isolated and remote desert character of the region. 

New Mexico.-In the San Juan River Basin in New 
Mexico, eight stream-gaging stations are being main
tained. Four of these are situated at the following places 
on the main stream: one at Rosa which records the flow 
into the State from Colorado; one near Blanco which 
records the stream flow at Pump Canyon Dam Site; one 

at Farmington, installed in 1912 for general surface
water study and continued for long-time record, shows the 
stream flow below the mouth of the Animas River and 
inflow from arroyos below Blanco; and one at Shiprock 
which records the stream flow below irrigation diversions 
and into Utah. The other stations are situated on tribu
taries as follows: one on Animas River near Cedar Hill 
which records the flow into the State from Colorado; one 
on Animas River at Farmington which records the dis
charge of the Animas River into the San Juan River; 
one on the La Plata River near Farmington which records 
the flow from La Plata Valley into the San Juan; and 
one on Los Pinos River at Ignacio, Colo., near ~he Colo
rado-New Mexico State line, that records the flow into 
the State from Colorado. 

Summary.-The total number of stream-gaging sta
tions now being maintained in the upper basin is 237. 
Stream-flow records obtained at all of these stations are 
published annually in the water-supply papers of the Geo
logical Survey. Many stations are on small streams and 
are relatively close together, whereas others are isolated 
and not easily accessible. Under these conditions, costs 
of operation vary from approximately $275 to $1,000 an
nually per station. Many of the stations have temporary 
installations as some of them will not be needed after a 
few years. Others will be continued indefinitely and these 
must be rehabilitated. 

Present analysi~ of the needs for additional stations 
in the upper basin indicates a total of 85. It is estimated 
that within the next few years 10 of these will be required 
to furnish data for water administration of the large trans
mountain diversions now under construction or investiga
tion and for determining natural inflow into large reser
VOirs. 

No fewer than 61 additional stations are required al 
this time to furnish more information to the Bureau of 
Reclamation during its current investigations and to fur
nish the States with water data for small reservoirs, etc., 
and at least 14 new stations are suggested for supplying 
stream-flow data to the Forest Service for its studies of 
water-power resources within the national forests. 

GROUND WATER 

The development and utilization of ground water in 
the upper basin to date has b.een negligible. Geologic 
and hydrologic records are quite inadequate and ground
water areas are little known. There is need for thorough 
systematic study of the occurrence of ground water 
throughout the basin and the inauguration of the system
atic collection of water-supply records in order that the 
available supply may be determined and put to optimum 
use in its relation to surface-water supplies. Return flow 
from irrigated areas and the operation of extensive canal 
systems create a great demand for factual information 
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on which to base estimates of the effects of ground-water 
conditions on the development of water projects. 

The principal objective of the comprehensive ground
water study in the upper basin is the quantitative evalua
tion of ground-water recharge, discharge, and storage. 
Such study will furnish data for solving the many problems 
that are controlled or affected in some degree by the oc
currence of water below the surface. The study can be 
made either by countries or by drainage basins; in either 
case giving first attention to those areas in which critical 
ground-water problems now exist or in which water pro
ject developments are in prospect. Items in this program 
include the collection of records of the quality of water, 
fluctuations of water levels in wells, measurements of water 
taken from wells, measurements of the gain in flow of 
streams that yield large quantities of water during fair 
weather, determination of direction and quantity of move
ment of the ground water, depth of the ground water be
low land surface, water-yielding properties of the forma
tions and their thickness and areal extent, areas in which 
large quantities of ground water are used by vegetation, 
amount of rainfall penetration to the subterranean reser
voirs, seepage from canals and reservoirs, and the mapping 
of areas in which artificial recharge may be practiced 
successfully. 

The evaluation of these factors will provide basic in
formation for determining the effect of diversions from 
streams on the flow of these streams in their lower reaches, 
the trend of the ground-water levels in areas of heavy de
velopment, and the perennial yield of the water-bearing 
formations, the effect of pumping from wells on the flow 
of streams, and the effect of the construction of dams, 
irrigation canals, reservoirs, and drainage ditches on the 
level of the water table and on the flow of streams. 

The following procedure for conducting ground-water 
studies in the upper basin is proposed: 

( 1) Devote first attention to those areas in which criti
cal ground-water problems now exist or in which water 
project developments will soon take place. 

( 2) Ascertain by drilling test holes, the character, thick
ness, and areal extent of the water-bearing formations; 
the character, thickness, and areal extent of the alluvium 
in the valleys of the streams; and the location of permeable 
deposits beneath the uplands. This method of explora
tion will be particularly valuable where geologic conditions 
cannot be ascertained by inspection and where the de
velopment of new water supplies is vital. 

( 3) Make pumping tests wherever possible. Recent 
advancement in pumping-test methods facilitates the de
termination of the water-yielding properties of formations 
and provides practical means for determining well spac
ing, quantities of water to be expected from wells of dif
ferent size, draw-down of ground-water level, interference 
of one well with another, amount of water derived from 
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flow of nearby streams, local geologic conditions affecting 
the occurrence of ground-water, and the design of wells. 

Geologists with ground-water experience will study and 
correlate the samples obtained from the test holes and 
outcrop of the formations . Such study will aid in plan
ning further test drilling in locating new supplies, and 
improving existing supplies. 

( 4) Records will be obtained of the quantities of water 
withdrawn from wells throughout the basin in order that 
these data may be available for use in conjunction with 
studies of fluctuations of water level in determining the 
perennial yield of the formations. Records will be ob
tained from each town, irrigated area, and railroad and 
industrial plant, and measures will be developed for ob
taining continuing records of this kind for\ keeping a cur-
rent inventory of ground water. · · 

In order to determine the trends of ground-water levels 
and the changes in ground-water storage, the inventory 
records will include measurements of water levels in wells. 
The number and location of these observation wells will 
depend upon the importance and complexity of the 
ground-water conditions. Some of the wells will be 
equipped with automatic water-stage recorders, others 
will be measured once a week, once a month, or only a 
few times a year. New observation wells will be placed in 

. areas of heavy ground-water pumpage and in areas in 
which water development projects are to be made. They 
will also be established near dams, reservoirs, irrigation 
canals, and drainage ditches, in order to determine the 
effects of the operation of these structures on ground
water conditions. Maps will be prepared, where feasible, 
showing lines of equal depths to water level. 

( 5) The study will include mapping of areas where 
there may be a building up of ground-water storage 
through artificial recharge from reservoirs and irrigation 
canals and where the flood flows of some of the streams 
can be diverted in such a manner that there will be seepage 
into the subterranean reservoirs where geologic conditions 
are favorable. Lowering of the water table along streams 
produces conditions favorable for artificial recharge in 
the sense that seepage in them is induced from the streams 
into the subterranean reservoirs. The location of wells 
near streams to take advantage of this source of water, 
including the filtering action of the sands and gravels and 
more uniform temperature of the ground water, will un
doubtedly prove valuable in the solution of many water
supply problems. The ground-water study of the basin 
will include the mapping of stretches of the stream valleys 
that are favorable for this kind of ground-water develop
ment. 

( 6) The data gathered in the field study will be inter
preted by competent engineers and geologists and both 
the data and the interpretation will be presented in com
prehensive reports, which will constitute an inventory of 
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the ground-water resources of the basin. The interpreta
tion of the data will be directed toward specifying new 
sources of water supply for cities, railroads, farms, indus
tries, and irrigation, and methods of improving the present 
supplies. 

The experience of the Geological Survey indicates that 
studies made in the detail outlined above require an aver
age total expenditure of $10,000 or $15,000 per project 
area, consideration being given to the fact that some areas 
will require a much larger expenditure than others. 

QuALITY OF WATER 

The available information on the quality of water in the 
upper basin serves as an indication of the chemical char
acter and concentration of the water at certain points in 
the basin, but information is needed on the quality of the 
water in the headwaters of the main stream and its prin
cipal tributaries, and also on changes that are taking place 
and may take place through changes in the regimen of the 
stream. Because of diversion from the headwaters to 
other drainage basins there will be changes in the quality 
of the water in the streams below the diversions, through 
utilization of water for irrigation and other purposes there 
will be changes in the quality of water, and during storage 
in reservoirs there will be changes caused by evaporation 
of large volumes of water and the accompanying concen
tration of dissolved solids. Water utilization in the head
waters, which will cause changes in chemical character of 
the water, will have an effect on the quality of water avail
able below the headwaters and the effect may be notice
hie at the lower end of the lower basin. 

· Sediment records for the upper basin will be of value 
in planning for utilization of the water in both the upper 
and lower basins. 

Brief descriptions of quality of water and sediment 
studies for the upper basin are given in the following 
paragraphs: 

Quality of water for industrial and agricultural pur
poses.-It is desirable to have information on the changes 
in concentration and character of waters that are poten
tial sources for industries and public supplies. The re
quirements for industries are rigid and complete informa
tion on the quality of the available supplies is needed in 
making plans for industrial processes. The value of a 
water supply for industrial purposes may be seriously im
paired because of previous uses to which the water has 
been put, especially when the source may be contaminated 
because of such uses. The comprehensive records pro
posed for this study will give the data necessary to de
termine the usefulness for most industrial purposes. 

The quality of a water for irrigation purposes is de
pendent on the nature and the amount of dissolved con
stituents in the applied water, and on the amount of dis-

solved solids that can be removed from the irrigated area, 
so that studies must include the determination of the con
centration and chemical character of the waters used as 
irrigation waters and also of the drainage waters. For the 
computation of quantities of dissolved solids carried onto 
and removed from an irrigated area, it is necessary to 
have adequate stream-gaging records, and all samples 
must be collected at points for which stream-flow records 
are available. 

In the upper basin information is needed on the quality 
of the available ground-water supplies. In irrigated areas 
it will be necessary to collect samples of the normal ground 
waters and also of drainage waters. Such a sampling pro
gram is needed for the Grand Valley project area near 
Grand Junction, Colo., because of the high concentrations 
of dissolved solids in the drainage waters and because of 
the increase in concentration of the river water between 
the head and lower en~ of the project area. For most 
ground-water sources, one complete analysis and the par
tial analysis of from 3 to 12 samples each year will be 
needed to give the desired information. For surface
water sources, it will be necessary to have daily samples 
on which one or more determinations will be made to 
determine changes in concentration. As a rule, the 
samples for ten consecutive days will be made into one 
composite sample for a complete analysis. 

Sediment transportation .-Sediment samples have been 
collected regularly for a number of years at the following 
gaging stations: Colorado River near Cisco, Utah; Green 
River near Green River, Utah; and San Juan River near 
Bluff, Utah. The records for these three stations show 
the loads of sediment carried at the chosen sampling 
points, but no other information is available to show the 
sources of the sediment. Moreover, the sum of the loads 
carried past these three stations has amounted to abou~ut' 
percent of the flow at Grand Canyon. Studies should be 
made to determine the sburce of this unmeasured sedi
ment. It is likely that considerable quantities of sedi
ment come in from the San Rafael, Fremont, and 
Escalante Rivers. It will be expensive to obtain records 
of discharge and sediment in these streams because of 
the isolation of the lower reaches of these rivers, but to 
obtain a complete picture of the sediment transportation 
in the Upper Colorado, it will be necessary to obtain these 
records for a period of years. 

The concentration of sediment will be determined for 
all samples and an average concentration will be com
puted, which with the discharge records, will furnish data 
for computation of the daily loads of suspended sediment. 
Extra samples will be collected for the determination of 
the sizes of the particles of sediment and with similar 
information for deposited sediment, it will be possible to 
estimate the nature and rate of deposition of sediments in 
reservoirs below the sampling points. 
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WATER UTILIZATION 

The international and interstate aspects of the Colorado 
River and the unique basic importance it has in the settle
ment and development of the Southwest make numerous 
the problems incident to the utilization of the waters. of 
its drainage basin. Among these problems are those m
volved in the determination and delivery of quantities of 
water to Mexico in the administration of treaty provisions 
and to the several States as provided in the Colorado River 
Compact, those of administration by the respective. basin 
States of their water resources, and those of operatiOn by 
Government and private agencies. In ways that will con
tribute most effectively to the solution of these problems 
the water program of the Geological Survey is designed. 
This program embraces not only the collection of basic 
information relating to quantity and quality of stream 
flows and ground waters~comprising an inventory of the 
water resources~but it also includes special physical and 
economic information for analytical and interpretative 
reports that will be useful in the consideration of the best 
method of utilizing the water supplies and to rendering 
advisory service on the subject. 
· Field investigations and surveys constitute an integral 
part of the work incident to these special studies and re
ports. In the program for the Colorado River the rep~rts 
would present authoritative historical data concernmg 
floods and droughts, the development and status of utiliza
tion of the surface and ground-water resources, and other 
data that would clarify questions regarding natural flow 
and the possible influence of climatic oscillations and 
changes wrought by man. Such information is funda
mental in the determination of the respective interests of 
the States in the waters of the basin and in the considera
tion of the availability and suitability of the water supP.lY 
for various industries and activities which may be con
sidered for establishment in the basin. 

The reports also may include studies of specific plans 
of water development with such surveys of sites and proj
ects including physical and economic aspects as are neces
sary for evaluating the merits of different schemes of 
development. 

One type of survey is the "river survey" which com
prises a plan and profile of the strean'l with elevations of 
water surface, and contours showing the detailed topo
graphy of the land adjacent to the stream bed. These 
surveys are primarily for determining possibilities of de
veloping storage and water power. Some of the earlier 
maps show only the plan and profile of the stream with 
very little topography. The more recent surveys show 
topography, usually to a height of 200 feet or more above 
the water surface. The scale generally used by the Geo
logical Survey for river surveys is 1 : 31 ,680 or half a mile 
to the inch. The contour interval ordinarily is 20, 25, or 
50 feet on land and 5 feet on the water surface. Dam 
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sites and reservoir sites are often shown in greater detail 
on larger scale. 

Where the more detailed river surveys have not been 
made studies of river development are greatly aided by 
the i~formation contained on the standard topographic 
maps of the Geological Survey in areas where such maps 
are available. 

Water Supply Paper 558, Preliminary Index to River 
Surveys made by the United States Geological Sur~ey and 
other Agencies, and supplements thereto now hst and 
briefly describe all of the river surveys available. They 
are also delineated on the indexes to topographic maps 
that are published from time to time to show areas covered 
by stand;rd topographic maps, geologic folios, etc. 

In the matter of advisory service, the program embraces 
close cooperation with State engineers and other offici~ls 
charged with duties involving water resources, also w1th 
the Committee of Sixteen which is the agency of the seven 
Colorado River Basin States created for the purpose of 
coordinating the respective interests of the States in the 
waters of the basin and determining the comprehensive 
and orderly development of them. 

Advisory service is unbiased. It is based on analysis 
and treat~ent of statistical facts, the significance of which 
is not always readily apparent. It has been found that 
some kinds of analysis enter into nearly every water-supply 
problem, and indeed, the availability of such basin anal
ysis may encourage, or hold to wise limits, as the case may 
be, the application of the records to the solution of water 
problems .. 

The upper basin is one of the numerous basins of the 
West where deficiencies in hydrologic research are com
mon and many basic studies and investigations are needed. 
These should include studies in precipitation, temperature, 
and run-off and all phases of climatological history that 
will aid in extending knowledge of climatic behavior. 
Furthermore, a quantitative hydrologic inventory will pro
vide a great many facts regarding the water resources for 
use in statistical analyses, and studies of the intimate rela
tionships of streams with such factors as precipitation, in
terception by vegetation, infiltration, soil moisture, run-off, 
surface and ground storage, evaporation and transpira
tion. 

The administration of land and water uses and con
servation programs involve many kinds of water problems 
that are common to the arid region and in many areas 
where no gaging station records are available the informa
tion developed in these studies serves as a basis for esti
mating available water supplies. Hydrologic conditions 
are, of course, different in most basins and for that reason 
the technique applied in hydrologic research is modified 
by the adequacy of the data on hand and the conditions 
peculiar to the basin under study. 

Thus far, four water-utilization reports on the Colorado 
River are available as published water supply papers. 
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The first one of these, Water-Supply Paper 395, Colorado 
River and its Utilization ( 1916), covers the pioneer work 
of assembling the principal facts relating to the subject, 
and especially of studying the possibility of controlling the 
flow of the whole river and rendering it available for 
profitable use. 

The second, Water Supply Paper 556, Water Power 
and Flood Control of the Colorado River below Green 
River, Utah ( 1925), was at that date latest compilation 
of data relating to the water supply of the Colorado River 
Basin and the results of all surveys of sites for reservoirs 
and 'power dams. Only a small part of the upper basin 
is covered in this report. 

The third, Water Supply Paper 617, Upper Colorado 
River and its Utilization ( 1929), presents important facts 
relating to the water resources of the Upper Colorado 
River and its tributaries to afford a basis for comprehensive 
consideration of their development and utilization. 

The fourth, Water-Supply Paper 618, The Green River 
and its Utilization ( 1930), sets forth the available phys
ical facts with respect to the present and probable utiliza
tion of the Green River and its tributaries to serve as a 
guide in the agricultural and industrial growth within that 
basin. 

In addition to these published reports, the following 
manuscript report has been prepared and is open to pub
lic inspection in the offices of the Geological Survey in 
Washington, D. C., and Denver, Colo.: Water utilization 
in the San Juan River Basin, by E. C. La Rue. 

Water development for stock use.-Stock raising is one 
of the major industries in the upper basin, which con- . 
tains many thousands of acres of grazing lands under the 
administration of the Grazing Service and Office of In
dian Affairs. The quantity and availability of the forage 
crop on these lands are dependent on the availability of 
stock water at suitable locations. Only a portion of the 
range lands has ample water so distributed as to make 
full and efficient use of the forage crop year after year. 
Forage on lands situated far from water is unused while 
lands near water are overgrazed, often to the point where 
serious deterioration of the vegetative cover and destruc
tive erosion of the soil mantle is taking place. There is 
pressing need for numerous and properly spaced range
water supplies in order that overgrazed areas may be 
relieved and given opportunity for recovery. This can 
be accomplished with little or no interference with the 
livestock industry if presently unused areas are made 
available for grazing by providing additional range water. 

The Department of the Interior, Office of Land Util
ization, looks to the Geological Survey for information 
and advice concerning water supplies on the public range. 
Immediate and pressing needs for such service on the part 
of the land-management agencies of the Department have 
taxed beyond limit the inadequate facilities of the Survey, 

and in some instances developments have been undertaken 
without benefit of adequate geologic investigation. De
mands for ground-water prospecting too often crowd the 
driller onto the heels of the geologist, and advice given 
under such conditions is without the background of geo
logic mapping, exploratory drilling, or geophysical sur
veys that are essential to intelligent application of geologic 
and hydrologic principles. 

With the anticipated future development in the upper 
basin, requests for advice and information on well loca
tions and other water-development projects will increase 
materially during the postwar period. 

Stock tanks for impounding surface water are an im
portant item in the water development program for stock 
use. Construction of these tanks, too often, is considered 
a simple task of excavation without regard for geologic 
formations which are so vitally important in connection 
with seepage losses, run-off characteristics of the contribut
ing drainage area, silt movement, spillway capacities, and 
evaporation losses that contribute to the safety, life, and 
efficiency of the tank. Ineffective stock tanks emphasize 
the necessity of factual data on which to base design and 
select locations. Tanks, of necessity are usually con
structed on washes and stream courses where the flow is 
erratic and infrequent. Virtually no hydrologic data are 
extant on drainages of this character. For this reason, 
specially designed stream gages are needed on representa
tive "dry washes" to obtain water supply data. Such in
stallations are proposed by the Survey as funds and equip
ment become available. For determining evaporation 
and seepage losses, staff gages have been installed in a few 
tanks. This study should be expanded to other areas 
having different hydrologic and climatic characteristics. 
Rainfall and direct evaporation losses are obtained from 
gages installed at strat<;gic locations and from nearby 
Weather Bureau stations. Analysis and correlation of the 
information above mentioned provides the necessary fac
tual data for design of stock-water tanks and gives reason
able assurance of successful performance and long-life 
service of the tanks. Such a program also reduces the 
tremendously high aggregate cost of haphazard develop
ment so commonly associated with inadequate base data. 
It is equally applicable and important in the lower basin. 

The upper basin is scarred by myriads of erosion chan
nels, and many valleys are being trenched by deep gullies 
that drain the ground-water level beyond the reach of 
plant roots, thus drying up and making valueless large 
tracts of land that formerly produced quantities of excel
lent forage. Silt from these areas becomes a potential 
menace to farm lands, irrigation canals, reservoirs, and 
sometimes to towns. The cause of what is often called "ac
celerated erosion" has been the subject of repeated cross
arguments for some years. The Survey program with 
respect to this problem involves the collection of factual 
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information on the subject, and the recommendation of 
remedial measures. 

In the San Juan Basin, the Geological Survey in 1934-
36, made detailed surveys of three washes that had eroded 
through deep valley fill to bedrock and had indications of 
active and aggressive head cuts. These surveys were 
made with a view to remapping at intervals in the future 
to note the changes taking place. The areas were re
surveyed in 1944. Continuous observations of this kind 
will furnish factual information to be used in determining 
causes of the ensuing changes and for making plans to 
arrest or control the erosion. Similar studies are needed 
in many parts of the entire Colorado River Basin. These 
studies should include buried horizons or other evidence of 
previous cycles of cutting and fill, and with geologic and 
climatic facts a detailed historical chronology of gully 
erosion will add valuable information to assist in solving 
the problems of so many western valleys. 

Lower Basin 

The Lower Colorado River Basin embraces approxi
mately 131,500 square miles in the United States. Since 
it is international and interstate, contains mountain pla
teaus and desert valleys, is arid to semiarid in climate, ex
tends through 8 o in both latitude and longitude with ele
vations varying from 100 feet to 12,000 feet above sea 
level and has vegetation ranging from heavily forested 
areas and rich irrigated farm lands to desert growths, its 
water problems are many and varied, and exceptionally 
important because of the limited supply in spite of seasonal 
flood menaces. As precipitation is heaviest in the moun
tains, water is most abundant in the eastern and northern 
regions, with perennial stream flow utilized largely for 
irrigation in the southwestern regions. Problems of water 
availability and use, including those which result from 
Colorado River water originating in the Upper Colorado 
River Basin but available to the lower basin and Mexico, 
arise in all parts of the basin and are very acute in many 
sections. 

The Survey's current program of water investigations in 
the Lower Colorado River Basin is conducted in coopera
tion with the States which are wholly or partly within the 
basin, and with other Federal bureaus, notably the Corps 
of Engineers, United States Army, and the Bureau of 
Reclamation. ]ts plans, which contemplate expansions 
of the program along all lines of the Survey's activities re
lated to water in an attempt to meet the diverse and grow
ing Federal, State, and local needs, are included in the 
statements set forth below. 

SuMMARY OF EsTIMATED CosTs 

Recommendations for water resources investigations 
in the Lower Colorado River Basin during 3 years in the 
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postwar period for expansion of activities beyond current 
programs are given in the following table: 

TABLE CXXXIV.-Estimated cost of program-Lower 
Colorado River Basin 

Program Total F irst Second Third 
year year year 

-------------- - - - ----- - - ---- --
Surface water.-For instal

lation of 29 new gaging 
stations at an average 
cost of $2,050 ; for opera
tion of 29 new gaging sta
tions at an average of 
$910 per annum; for re
habilitation work on the 
existing program of 101 
gaging stations, $3,330 per 
annum ____ ____________ __ $31,000$41,000$50,800$122, 800 

Ground water.-For inven
tories of ground-water 
storage and withdrawal, 
drilling test wells and per
manent observation wells, 
geophysical and geological 
surveys, experiments of 
clearing riv e r-bottom 
growth, and estimates of 
perennial ground-water 
yield __ __ _____ _____ ~ ____ 125, 000 175, 000 125, 000 425, 000 

Ouality of water.-For qual
ity of water studies, in
cluding both chemical 
quality with special ref
erence to uses in agricul
ture and industry and to 
silt content in its relation 
to reservoir and channel 
capacities ____ _______ ___ _ 104,000 85,000 85,000 274,000 

Water utilization.-For uti
lization studies related to 
problems in water power, 
navigation, irrigation, and 
range development and 
operation ____ ____ ______ _ 7, 000 6, 000 6, 000 19, 000 

TotaL ___ _______ __ _ 267, 000 307, 000 266, 800 840, 800 

SuRFACE WATER 

Surface water is used largely in the Lower Colorado 
River Basin for irrigation, hydraulic power, industry, min
ing, and domestic supply. The supply necessary to meet 
these needs or uses is limited, and therefore, records result
ing from an investigation of the quantity and distribution 
of surface water are of prime importance. The investi
gation of the availability of surface water is a continuing 
one, each record increasing in value with each passing 
year, records of 10, 20, and 50 years increasing propor
tionately in value and importance _ because of seasonal 
changes and hydrologic cycles in precipitation and stream 
flow. Emphasis of the necessity for continuation and 
extension of such a program cannot be stressed too often. 
Data resulting from these investigations are published an
nually in the water-supply papers of the Geological Survey. 

As mentioned in the introductory statement, these in
vestigations are financed by Federal funds, by cooperative 
funds provided by States and municipalities, and by funds 
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furnished by other Federal agencies. The various non
Federal agencies in the respective States providing funds 
for support of this work are as follows: 

Arizona: Office of State Land Commissioner, 0. C. 
Williams; Salt River Valley Water Users' Association; 
San Carlos Irrigation and Drainage District; Maricopa 
County Municipal Water Conservation District No. 1. 

California: Metropolitan Water District of Southern 
California (for certain stations on Colorado River in Ari
zona and California and on Williams River) . 

New Mexico: Office of State Engineer, T. M. Mc
Clure; New Mexico Interstate Stream Commission, T. M. 
McClure, Secretary. 

Utah: Office of State Engineer, E. H. Watson. 
Federal agencies providing financial assistance are the 

Corps of Engineers, United States Army; the Bureau of 
Reclamation, United States Department of the Interior; 
and the Defense Plant Corporation. 

The program in the Lower Colorado River Basin neces
. sarily relates to problems of an intrabasin, interbasin, in
terstate, and international nature. It relates to develop

. ment plans that include the possibilities or irrigating large 
areas of fertile lands, coordinated with the development of 
hydraulic power. It must be related not only to present 
and future developments for industrial, mining, munici
pal, domestic, irrigation, or power uses, but also to admin
istrative requirements with reference to political boun
daries, to the Colorado River Compact and possible inter
national agreements, to court decrees, to hydrologic studies 
such as reservoir and channel losses, flood-control and re
charge to ground-water reservoirs, and to transmountain 
diversions. Thus gaging station sites must be selected 
carefully to meet present requirements and the program 
should be expanded to new sites where records are needed 
for new needs or projects. 

At the end of August 1944 the Geological Survey in 
cooperation with other Federal and State agencies was 
operating 101 gaging stations in the Lower Colorado 
River Basin, including 21 stations pertinent to the main 
stem of the Colorado River itself, 5 of which are in sub
basins near the mouth of tributary streams. For a more 
complete coverage of the streams in the basin and for 
meeting fully current and postwar needs for the develop
ment, utilization, adjudication, and administration of the 
waters in the Lower Colorado River Basin and to aid, 
enlarge, and develop inadequate records now being ob
tained for present requirements, the establishment and 
operation of 29 additional stations is recommended. The 
existing stations and those proposed are not limited to 
any one use but relate to many; in addition they establish 
a general surface-water pattern over the entire area. 

The distribution of the existing stations, and of the 
additional stations, among the principal areas of the 
basin and among the States is as follows: 

709515-46--16 

ETisting Additional 
Areas: stations station• 

Kanab Creek Basin __________________ _ 1 0 
Virgin River Basin __ _________________ _ 6 4 
Little Colorado River Basin ___________ _ 13 .5 
Colorado River main stem ____________ _ 16 5 
Williams River Basin _________________ _ 4 0 
Gila River Basin _____________________ _ 61 15 

TotaL ___ · ___________ ____ __________ _ 101 29 

States: 
Arizona _______ ________ __ ____________ _ 74 22 
California _________ ___ ____ ___________ _ 7 3 Nevada _________ __ __________________ _ 0 2 
New Mexico __ ____________ __________ _ 14 0 lJtah ______________ ___ __ __ __ ________ _ 6 2 

Total _____ _____ ___________________ _ 101 29 

The existing program of 101 gaging stations requires 
approximately $112,000 per annum for operation. Be
cause of the inevitable deterioration of structures and 
equipment during the war period when maintenance was 
reduced or stopped because of scarcity of material, $10,-
000 is now needed for the rehabilitation of existing gaging 
stations. For the expansion to 29 additional gaging sta
tions, $59,500 is required for installation, and amounts 
cumulative to $26,400 per annum for the third of 3 years 
for the operation of the 29 additional stations. 

GROUND wATER 

Current need.-The importance of ground water in 
the Lower Colorado River Basin is apparent from the 
fact that in 1943 a total of more than 2,000,000 acre-feet 
of ground water was pumped in the basin for public 
works, industrial supplies, domestic supplies, and farms 
and ranches. In several parts of the basin the ground
water supply is already being depleted and in others it 
is rapidly approaching that stage; in other parts, however, 
the supply is ample for increased development and there 
are probably areas where the resources have not been 
discovered. 

A large amount of the water supplies of the basin are 
wasted through transpiration by worthless valley-bottom 
vegetation. The amount lost by this process in the basin 
is roughly estimated as 1,000,000 acre-feet annually. 
The problems related to the destruction of this vegetation, 
the prevention of its future growth, and the erosional and 
other changes that would ensue, are so complicated that 
much more investigational work must be done to insure 
their economic and safe solution. 

The increasing mineralization of the ground water and 
possible means of abatement should be investigated in 
several of the greatly developed parts of the ba.Sin. 

The water-bearing formations tapped by wells, and 
from which springs issue, vary greatly in character, thick
ness, and areal extent over the basin, as do the hydrologic 
factors that control the development and utilization of the 
ground water. The development to date has been 
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chiefly unplanned owing to inadequate geologic and hy
drologic records and imperfectly understood ground
water principles. Thorough systematic study of the oc
currence of ground water throughout the entire basin is 
needed, as ·well as the systematic collection of water rec
ords, in order that the available supply may be put to the 
most advantageous use. The necessity for such a study 
has been made apparent by the declining water levels ac
companied by the diminution of the supplies obtained 
from wells in some places; by the difficulties encountered 
by cities and railroads, farmers, stock raisers, and others 
in obtaining adequate supplies of good quality; by pro
longed legal controversies over water rights; and by the 
great demand for factual information on which to base 
estimates of the effects of ground-water conditions on the 
development of water projects. 

The principal objective of a ground-water study of the 
Lower Colorado River Basin is the quantitative evaluation 
of ground-water recharge, discharge, and storage, and the 
obtaining of data for solving the multitude of problems 
arising from the occurrence and use of ground water. 
The study should be made systematically by valleys and 
should include the collection of records of quality of the 
water, pumpage from wells, fluctuations of water levels in 
wells, measurements of the gain or loss in flow of streams, 
determination of direction and quantity of movement of 
the ground water, depth of the ground water below the 
land surface, water-yielding properties of the formations 
and their thickness, and areal extent, areas in which large 
quantities of ground water are used by vegetation, amount 
of rainfall penetration to the subterranean reservoirs, seep
age from canals and reservoirs, and the mapping 
of areas in which artificial recharge may be practiced 
successfully. The evaluation of these factors will pro
vide basic information for determining the effect of diver
sions from streams, the trend of ground-water levels in 
areas of concentrated developments, and the perennial 
yield of the water bearing formations, the effect of pump
ing from wells on the flow of streams, and the effect of the 
construction of dams, irrigation canals, reservoirs, and 
drainage ditches on the level of the water table and on the 
flow of streams. To a large extent the future develop
ment of the basin will depend on obtaining permanent and 
adequate supplies of good ·water and obtaining the maxi
mum use from the supply perennially available. There
sults of the study will, therefore, be of great practical and 
economic importance to the residents in the basin who 
must always depend largely upon wells and springs. 

General ground-water conditions in the basin.-For 
this discussion the basin is described in two parts, the 
plateau region, and the basin and range region. 

The plateau region is in northeastern Arizona, south
eastern Utah, southwestern Colorado, and northwestern 
New Mexico. It constitutes most of the physiographic 

. division k~own as the Colorado plateaus. It is arid to 
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semiarid and includes all of the Little Colorado River 
Basin, the eastern part of the Virgin River Basin and the 
headwater basins of the Gila and Salt Rivers. The region 
is underlain by sedimentary formations and laval flows of 
Carboniferous to Recent Age. The formations are suffic
iently warped and broken to cause a close relation 
between rock structure and the occurrence of ground 
water and a marked variation in ground-water conditions 
from place to place. The Coconino sandstone is the 
principal aquifer of the area with other standstones and 
conglomerates supplying water in local areas. Large 
flowing wells are obtained from the Coconino sandstone in 
some localities but usually the supply is only Sl!fficient for 
domestic and stock use. Northeast of the Little Colorado 
River this standstone usually produces salt water only. 
The limestone beds and lava flows are also fair aquifers 
in local areas and at the edges of the high mountains large 
amounts of water are recharged into them. ·One of the 
major problems of the area is to find what becomes of 
this water. Another major source of water is from the 
valley fill of Tertiary to Recent Age in the valleys of the 
Little Colorado River and its larger tributaries. This 
source is supplying water for some ir~igation and can prob
ably supply more, especially if the waste by transpiration 
from large areas of valley-bottom vegetation along the 
Little Colorado River can be eliminated. In some parts 
of this region, water even for stock or domestic use is ex
tremely hard to obtain. One large ranch expended more 
than $100,000 for test drilling with very little success. 

The basin and range region is part of the physiographic 
division known as the basin and range province. It forms 
the southern part of the lower Colorado River Basin. It 
is an arid region of mountain ranges elongated in a north
westerly direction with wide intervening valleys filled with 
debris from the erosion of the mountains. Much of this 
fill is relatively unsorted sand, silt, and gravel, but some 
of the material, deposited in old lake basins, is well sorted. 
The lake bed clays give rise to artesian conditions in some 
of the valleys. In the area near Las Vegas, Nev., large 
amounts of water are used from artesian wells for irriga
tion and city use, and for a large army camp. A large 
part of the artesian supply in this area is w~sted through 
uncontrolled flowing wells and faulty casing. 

Drafts on ground water.-In the Gila and Santa Cruz 
River Basins of Arizona, a pumpage inventory made in 
1943 indicated the approximate pumpage from the al
luvial fill by counties to be as follows: Pinal County 515,-
000 acre-feet, Pima and Santa Cruz Counties 115,000 
acre-feet, Graham County 36,000 acre-feet, and Greenlee 
County, Ariz., and Hidalgo County, N.Mex. 7,000 acre
feet. It is estimated that the pumpage in Maricopa 
County was 1,000,000 acre-feet. During the past several 
years, water-level measurements showed that in several 
areas water levels were continuously declining, indicating 
that the pumpage was in excess of the safe perennial yield. 
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This was true in the Eloy area of Pinal County, the areas 
concentrated pumping in Pima and Santa Cruz Coun
ties, and the parts of Maricopa County that depend solely 
on ground water for irrigation. A~celerating the decline 
in water levels was the waste of water by transpiration 
from valley-bottom vegetation. In the Gila and Salt 
River Basins, in Maricopa and Pinal Counties, it is esti
mated that this waste probably amounts to between 400,-
000 and 500,000 acre-feet a year, and in Safford Valley 
in Graham County the annual waste amounts to 70,000 
acre-feet. The value of the water for irrigation is also 
deteriorating as its mineral content increases through con
centration resulting from irrigation use. 

Methods of study.--The following procedure is pro
posed : To study each valley separately and to give each 
one special attention according to the nature cif its ground
water problems. The valley unit is a logical subdivision 
in the basin and range region because each valley is a 
separate ground-water basin. The county unit is the 
logical division in the plateau region. First attention 
should be given to those valleys or counties in which crit
ical ground-water problems now exist or in which water
project developments will soon take place. 

Test drilling.-The character, thickness, and areal ex
tent of the water-bearing formations can best be as
certained by drilling small test wells. These wells can 
often be used as permanent observation wells. For this 
purpose it would be desirable to purchase drilling rigs and 
to operate them continuously throughout the period of 
investigation. This method would also aid in determin
ing the location of permeable deposits beneath the uplands 
as well as in the valley lowlands. 

Geophysical prospecting.-The value of the test wells 
drilled in the above program could be greatly extended by 
the use of geophysical prospecting. This has already 
been proved in connection with the drilling of water wells 
for army camps in the area. 

Geologic correlation.-Geologists with ground-water 
experience should study and correlate the samples ob
tained from the test wells and outcrops of the formations 
with the results of the geophysical probes.· Such study 
will aid in planning further test drilling, in locating new 
supplies, and improving existing supplies. 

Pumping tests--Pumping tests should be made wher
ever possible, usually on existing wells. The recent ad
vance in pumping-test methods makes possible the de
termination of the water-yielding properties of formations 
and provides practical means for determining well spac
ing, quantities of water to be expected from wells of differ
ent size, draw-down of the ground-water level, interference 
of one well with another, amount of water derived from 
flow of nearby streams, local geologic conditions affecting 
the occurrence of ground water, and the design of well 
fields. 

Pumpage inventory.- Records should be obtained of 

the quantities of water withdrawn from wells throughout 
the basin in order that this information may be available 
for use in conjunction with studies of fluctuations of water 
level in determining the perennial yield of the formations. 
Records should be obtained from each town, irrigated 
area, railroad, and industrial plant, and measures should 
be developed for obtaining continuing records of this kind 
for the future. 

Water-level measurements.-In order to determine the 
trends of ground-water levels and the changes in ground
water storage, an enlarged program of measurements of 
water levels in wells should be started' and periodic ob
servations should be made. The number and location 
of the observation wells in each valley or county would 
depend upon the importance and complexity of the 
ground-water conditions. Some of the wells should be 
equipped with automatic water-stage recorders in order 
to obtain daily records. Other wells should be measured 
once a week, once a month, or only a few times a year. 
New observation wells should be placed in areas of heavy 
ground-water pumpage and in areas in which water de
velopment projects are to be made. They should be es
tablished also near dams, reservoirs, irrigation canals, and 
drainage ditches,, in order to ascertain the effects of the 
operation of those structures on ground-water conditions. 
Observations of this kind are now being made in the Santa 
Cruz River Basin in Santa Cruz, Pima, and Pinal Coun
ties, and in parts of Maricopa, Graham, and Greenlee 
Counties. 

Depth to water level.-The study should include an 
inventory of existing wells and the collection of informa
tion on the size,, depth, and diameter of the wells, the kind 
and size of pump, and the use to which the water is put. 
Maps should be prepared where feasible, showing depths 
to water level. 

Delimiting areas in which vegetation draws heavily on 
ground water.-Where ground water occurs at shallow 
depths, the roots of plants and trees extend to ti,.e capillary 
fringe or to the zone of saturation and they extract water 
in a manner similar to pumping from a well. It is roughly 
estimated that 1,000,000 acre-feet of ground water is con
sumed in this manner in the Lower Colorado River Basin, 
most of it by useless vegetation. Probably the greatest 
potential source of salvage of ground water lies in the 
reduction of use by vegetation that has little or no value; 
areas having such vegetation should be mapped with view 
to the effecting of measures for reducing the wastage of 
water. Some work has been done on this problem in 
Arizona and the results indicate a tremendous use of 
ground water by this type of vegetation. Salt cedar is one 
of the heaviest users and also one of the worst types in 
choking the flood channels. Along the Gila River from 
the Ashurst-Hayden Dam to the junction with the Salt 
River, more than 100,000 acre-feet of water are wasted 
annually by this type of growth. Similar conditions pre-
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vail at many other places in the basin including localities 
where irrigation has raised the ground-water levels and 
has created new areas of vigorous plant growth. 

Determining water used by valley-bottom vegetation 
and experimental clearing.-An area would be carefully 
chosen where full cooperation of all interested parties 
could be obtained. Tests would be run on this area 
which would then be cleared and the salvage of water 
determined. 

Mapping areas favorable for artificial recharge.-The 
building up of ground-water storage through artificial re
charge from reservoirs and irrigation canals is accom
plished in many places and the extension of this practice 
to new projects in the basin will undoubtedly augment 
ground-water storage. In addition, the flood flows of 
some of the streams could be diverted in such a manner 
that there would be seepage into the subterranean reser
voirs where geologic conditions are favorable. Such pos
sibilities should be mapped, especially where it may be 
expected to become over-developed· in the future. Arti
ficial recharge may be effected in some of the cities through 
recharge wells in which water is fed into the water-bearing 
formation during certain seasons of the year in order that 
it will be available for use in other seasons. · The lowering 
of the water table along streams produces conditions 
favorable for artificial recharge in the sense that seepage 
is then induced from the streams into the subterranean 
reservoirs. The location of well fields near streams to 
take advantage of this source of water, including the 
filtering action of the sands and gravels and the more uni
form temperature of the ground water, will undoubtedly 
prove to be the most logical solution for many water
supply problems of the basin. The ground-water study 
of the basin would include the mapping of stretches of the 
stream valleys that are favorable for this kind of ground
water development. 

Interpretation of data and preparation of reports.
The data gathered in the field studies should be inter
preted by competent engineers and geologists, and both 
the data and the interpretation should be presented in 
comprehensive reports. These reports should constitute 
an inventory of the ground-water resources of the Lower 
Colorado River Basin. They should form a reference 
library of information on the subject that would be in
valuable in future planning for all kinds of water develop
ment. The interpretation of the data would be directed 
toward specifying new sources of supply for cities, rail
roads, farms, industries, and irrigation, determining the 
safe yield of developed areas, and methods of improving 
the present supplies. 

Estimates of cost.-The collection of the data, the 
interpretation of these data, and the preparation of the 
reports should be carried on simultaneously, in large part 
by the same group of geologists and engineers. It does 
not appear practical, therefore, to estimate the total cost 
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of the comprehensive study on the basis of individual 
items. Moreover, the annual cost of the study would de
pend upon the number of valleys or counties in which 
investigations were made each year. The experience of 
the Geological Survey indicates that studies made in the 
detail outlined above would require an average annual 
expenditure of about $125,000 with the addition of $50,-
000 the second year to cover the cost of a clearing project. 

QuALITY oF WATER 

There are two aspects of the quality-of-water problems 
in the Lower Colorado River Basin, namely: ( 1) The 
quality of the waters now available in surface- and 
ground-water sources, and ( 2) the quality of the water in 
surface sources that will be available after further de
velopment of irrigation in the upper basin and after 
diversions have been made from the headwaters into 
other drainage basins. By the withdrawal of water of 
good quality, these diversions will deteriorate the quality 
of the water in the streams below the diversions. U tiliza
tion of water for irrigation and other purposes will also 
cause changes in the quality of the water. The evapora
tion of large volumes of water stored in reservoirs and the 
resulting concentration of dissolved solids will obviously 
deteriorate the quality of the water that remains. Water 
utilization in the headwaters that causes changes in the 
chemical character of a river water will have an effect 
on the quality of water available below the headwaters, 
and the effect may be noticeable at the lower end of the 
lower basin. 

Sediment records are needed for several streams in the 
lower basin, and the sediment records obtained for 
streams in the upper basin will be of value in planning 
for utilization of existing and new reservoirs in the lower 
basin. 

Brief descriptions of quality-of-water and sediment 
studies that should be made are given in the following 
paragraphs: 

Quality of water for industrial and agricultural pur
poses.-It is desirable to have information on the changes 
in concentration and character of waters that are poten
tial sources of industrial and municipal supplies. The 
requirements for industries are rigid, and complete infor
mation on the quality of the available supplies is needed 
in making plans for industrial uses. The value of a water 
supply for industrial purposes may be seriously impaired 
because of previous uses to which the water has been put, 
especially when the source may be contaminated because 
of such uses. The comprehensive records proposed for 
this study will give the data necessary to determine the 
usefulness for most industrial purposes. 

The quality of a water for irrigation uses is dependent 
on the nature and the amount of the dissolved constituents 
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in the applied water, and on the amount of dissolved 
solids that are carried by the drainage from the irrigated 
area. Studies must, therefore, include the determination 
of the concentration and chemical character of both the 
waters used in irrigation and those in the drainage ditches. 
For the computation of quantities of dissolved solids car
ried to and removed from an irrigated area; it is necessary 
to have adequate stream-gaging records and all samples 
must be collected at points where stream-flow records are 
available. 

In the Lower Colorado River Basin, information is 
needed on the quality of available ground-water supplies. 
In irrigated areas, it will be necessary to collect samples of 
the normal ground waters and also of the drainage waters. 
For most of these sources, one complete analysis and par
tial analysis of three to twelve samples a year will be needed 
to give the desired information. For surface water 
sources, it will be necessary to have daily samples on which 
one or more determinations will be made for showing 
change in concentration. As a rule, the samples for ten 
consecutive days will be made into a composite sample f0r 
a complete analysis. 

The proposed quality-of-water studies will include the 
analysis of samples from reservoirs for the purpose of study
ing changes that may take place during storage. Because 
of the high rates of evaporation in the lower basin, there 
are appreciable changes in concentration and chemical 
character during storage, but records of these changes are 
meager. 

The estimated cost of the quality-of-water studies in 
the Lower Colorado River Basin, including the quality 
studies in irrigated areas, quality studies in reservoirs, 
equipping of the laboratory, field work, and analyses of 
the samples, will amount to $44,000 for the first year and 
$35,000 for each subsequent year. It is likely that the 
existing gaging stations will be satisfactory for the sampling 
program and no new stations will be needed. 

Sediment transportation.-Sediment studies have been 
carried on for a number of years at the Lees Ferry, Grand 
Canyon, and Yuma gaging stations on the main river. 
Prior to the closing of Boulder Dam, samples were col
lected at tqe Topock and Willow Beach gaging stations. 
The records for Lees Ferry and Grand Canyon should be 
continued, and sampling points should be established in 
the Little Colorado, Paria, Virgin, and Williams Basins. 
In addition, studies should be made to determine the na
ture and rate of sedimentation along the course of the 

, river and in reservoirs. Such studies would be in the 
nature of a reconnaissance and would not duplicate the 
work done in a comprehensive sedimentation survey of 
the existing reservoirs. The estimated cost of the sedi
ment studies, including the collection of samples, equip
ment, field and laboratory work, is $60,000 for the first 
year, and $50,000 for each subsequent year. 

WATER UTILIZATION 

In addition to the collection of basic information con
cerning stream flow, ground waters, and the quality of 
both, the water program of the Geological Survey em
braces special compilations or arrangements of these data 
for purposes of general utility and the interpretation of 
the data, as well as other related physical and economic 
information. 

Compilation of water facts.-An essential item of the 
program for the Lower Colorado River Basin is the col
lection of comprehensive water information pertaining to 
the quantity and quality of surface and ground waters, 
the status of their utilization, and the publication of such 
information in reports of convenient form for use and 
reference. The reports would present data regarding 
storage, diversion, and types of water use. The inclusion 
of a series of monthly charts of the Lower Colorado River 
Basin and adjoining areas showing in detail the relation 
between monthly and normal stream flow, would be useful 
in evaluating or expanding short or broken stream-flow 
records. The reports would give authoritative historical 
and other data concerning floods and droughts that would 
be helpful in the consideration of problems of natural flow 
and possible influences of climatic oscillations and changes 
wrought by man. Such information is a primary need in 
the adjudication of the conflicting interests of the political 
subdivisions and various inqustries now or propectively 
involved in the utilization of the limited water resources of 
the Lower Colorado River Basin. It is also needed for 
determining the availability and suitability of the water 
supply for various industries and activities that may be 
considered for establishment in the basin. 

Interpretation of water facts.-Statistical records per
taining to water often require supplemental analysis or 
treatment in order to reveal their significance. The form 
of the analysis depends largely on the nature of the prob
lem at hand, but it has been found that certain kinds of 
analyses enter into nearly every water-supply problem, and 
indeed, the availability of such basic analysis may encour
age, or hold to wise limits, as the case may be, the applica
tion of the records to the solution of water problems. 

"Deficiencies in Hydrologic Research," published by 
the National Resources Planning Board in 1940, describes 
the great number of needed investigations, some of which 
have singular bearing on the surface-water hydrology of 
the Lower Colorado River. Much fundamental work 
needs to be done in the Southwest and only the most pre
liminary or basic treatments are planned. The most 
general types of study that can be undertaken are statistical 
and inventorial. 

A study of trends in precipitation, temperature, and 
run-off is included among the statistical investigations 
planned. Trend graphs shown in Water Supply Paper 
772, reveal an irregular though marked downward trend 
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in precipitation and an upward trend in temperature over 
most of the country. This combination produced a sub
stantial reduction in run-off during the period of record 
then available. These analyses should be brought up to 
date, expanded, and examined more in detail with par
ticular emphasis on the Lower Colorado River and with 
such reference to tree-ring chronology or other possible 
ways of extending knowledge of climatic behavior as may 
seem applicable or prudent. 

In addition to statistical analyses, a great many facts re
garding the water resources can be gained from the prep
aration of a quantitative hydrologic inventory. Such 
studies consider water in streams not by itself, but as one 
phase in a cycle containing other intimately related phases 
and factors including precipitation, interception by vege
tation, infiltration, soil moisture, run-off from surface and 
ground sources, surface and ground storage, evaporation, 
and tranpiration. The information developed is useful 
in many kinds of water problems, particularly in admin
istration of land use and conservation programs, and in 
flood control. Moreover, it can serve as a basis for esti
mating stream flow in areas where no gaging-station rec
ords are available, and as a supplemental method in 
combination with rainfall records for the synthesis and 
extension of stream-flow re'cords, especially through crit
ical period of drought or flood. 

The technique for the preparation of an inventory as 
outlined above is available but must be modified by the 
adequacy of the data on hand as well as by the hydrologic 
conditions peculiar to the basis under examination. 

Water for stock use.-As in the upper basin, stock rais
ing is one of the major industries in the Lower Colorado 
River Basin. Vast areas of grazing lands are admin
istered by the Grazing Service and the Office of Indian 
Affairs. The usable forage crop is dependent upon avail
able stock watering places; forage on lands remote from 
water is unused whereas that on lands near water is over
grazed, often to the extent of accelerating destructive ero
sion of the soil mantle. Numerous and properly spaced 
range water supplies are necessary in areas now unused ~n 
order that overgrazed areas may be relieved and given 
opportunity for recovery. 

Information and advice about water supplies on the 
public range is supplied by the Geological Survey for use 
by the Grazing Service, Office of Indian Affairs, and other 
land management agencies of the Department of the In
terior. However, the extremely limited facilities of the 
Survey have prevented it from keeping abreast of current 
requests for advice on water supplies, and in some in
stances developments have been undertaken without bene
fit of competent geologic investigation. It is anticipated 
by the agencies administering the public range that the 
urgent need for water-development projects for stock use 
will greatly increase after the war. 
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In order to supplement well-water supplies and to open 
up new areas where it appears impractical or impossible 
to obtain water from wells, stock-watering tanks are con
structed on washes and intermittent stream courses to 
catch some of the "flash" run-off. Virtually no hydro
logic data are available for water courses of this type, and 
specially designed stream gages for obtaining such data 
are an item in the water program of the Survey. Evapo
ration and seepage losses are studied by means of staff 
gages installed in tanks at strategic sites. Weather data 
from nearby Weather Bureau stations are analyzed and 
correlated with all water information obtainable for the 
region under study and basic data are thus obtained for 
design of stock-watering tanks with reasonable assurance 
of successful performance and long life. 

Accelerated erosion is an important problem in the 
lower basin. Deep gullies are trenching many valleys 
and draining the ground-water level below the reach .:>f 
plant roots, making valueless large tracts that formerly 
produced excellent forage crops, and producing vast 
amounts of silt that became a troublesome problem to 
reservoirs, irrigation canals, and farms. The collection 
of factual information on this subject and recommenda
tion of remedial measures is contemplated in the Survey 
program. 

NATIONAL PARK SERVICE 

The forthcoming report of the National Park Service, 
Recreational Resources of the Colorado River Basin, will 
cover this subject in more detail and will supplement the 
material contained herein. 

The National Park Service is primarily a conservation 
and recreation agency performing functions which are an 
integral part of a program of land use of the Department 
of the Interior. The prime function of the Service is the 

,r administration of the National Park and Monument Sys
tem. The Service seeks to preserve and render available 
to the public outstanding scenic, scientific, historic and 
prehistoric areas of national importance. The act of 
June 23, 1936, "authorized and directed the Secretary 
of the Interior-to cause the National Park Service to 
make a comprehensive study, other than on lands under 
the jurisdiction of the Department of Agriculture, of the 
public park, parkway and recreational area programs of 
the United States, and of the several states and political 
subdivisions thereof, and of the lands throughout the 
United States which are or may be chiefly valuable as 
such areas . . . The said study shall be such as, in the 
judgment of the Secretary will provide data helpful in 
developing a plan for coordinated and adequate public 
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park, parkway and recreational area facilities for the 
people of the United States." 

· With this responsibility and the fact that several areas 
in the National Park and Monument System would be 
directly affected by certain water-control possibilities be
ing considered by the Bureau of Reclamation, it was de
termined that the National Park Service should investigate 
and furnish the Bureau with essential facts basic to the 
establishment of Departmental policy regarding the classi
fication, development and administration of possibl~ 

water-control projects and related areas in the basin, in 
which recreation is or will become an important dominant 
or collateral resource. On January 27, 1941, Secretary 
Ickes approved the proposal of the National Park Service 
and the Bureau for including a basin-wide recreational 
survey a:s a part of the studies and investigations for the 
formulation of a comprehensive plan of utilization of the 
waters of the entire Colorado River system. 

Colorado River Basin Water Utilization Program 
and its Effect on Recreation 

From Gannett Peak in the Wind River Mountains, 
highest point in Wyoming, elevation 13,785, Milner Pass 
in Rocky Mountain National Park, and the 14,000-foot 
mountain peaks in southwestern Colorado to the Salton 
Sea, 241 feet below sea level, stretches a vast region of 
forests, deserts, plains, mountains, canyons, and plateaus. 
The Colorado River Basin is one of the most outstanding 
recreational regions in the United States, because of great 
variety of natural scenery, climatic conditions, and areas 
and objects of scientific interest, its early romantic history, 
archeological background, and present Indian, Spanish, 
and Anglo cultures. 

Here is the world's greatest canyon, the largest natural 
bridge, the largest man-made lake, and the highest dam. 
Here, too, one may enjoy the largest percentage of possible 
sunshine of any place in the United States and find per
fect climates for outdoor recreation the year around. 
Hunting, fishing, photography, snow sports, boating, 
swimming, horseback riding, camping, mountain climb
ing, exploration, the entire realm of outdoor recreational 
activities may be enjoyed. Five national parks and 28 
national monuments have been established within the 
basin to preserve some of the most outstanding natural, 
scientific, and cultural features. Large sections have been 
included in national forests, wildlife refuges, and grazing 
districts, and vast areas set aside as Indian reservations. 
Much of the basin is in public ownership, but this is not 
surprising when one sees the country and knows that about 
half the basin has a population of less than 2 people per 
square mile, and that the most densely populated county, 
Maricopa County, in which Phoenix, the largest city is 
located, has a population of only 20.2 people per square 
mile. 

It is only natural in a region so endowed that recreation 
should become one of the major industries. Agriculture 
is restricted almost entirely to irrigated sections. Mining, 
lumbering, and the raising of cattle and sheep first at
tracted settlers to the basin, but the recreational features 
are now attracting many more; and as the various sections 
of the basin become better known and more accessible to 
the densely populated regions of the United States through 
improved highways and air transportation, catering to 
the recreational business should become a major industry. 
To foster this industry it must be recognized that recrea
tional use of land may in certain places be the highest or 
best use of the land for the general welfare of the people 
in the basin, and in vast sections of the basin should be on 
an equal basis with other uses, such as grazing or produc
tion of timber. One of the most important recreational 
features of the basin is the great stretches of open range, 
unobstructed by buildings, fences, transmission lines, and 
other signs of modern civilization. As other sections of 
the United States become more and more highly de
veloped, this one feature of the Colorado River country, if 
preserved, will have unusual appeal. 

The major portion of the basin is desert or semidesert. 
Here water is the most precious single item. The life of 
the region is dependent upon the wise use of the streams 
and ground water. In the development of the water, 
recreational use should be considered along with other 
uses, such as irrigation, power, municipal water supply. 
In the mountains and high plateau sections of the Colo
rado Basin the clear, cold streams and lakes offer excellent 
fishing, amid delightful surroundings, and in some in
stances the recreational value of these streams and lakes 
may be such as to make this their most important use. .In 
other sections the construction of dams for irrigation or 
power create new water areas of recreational importance, 
for example: Lake Mead, which has been called the "Eden 
of all bass fishermen," is famous throughout the country 
for its scenic beauty. There are also instances where 
the raising of water behind dams would submerge areas 
of scenic and scientific value or archeological importance. 
In such cases it must be decided whether a reservoir in 
that location is more or less desirable than the preservation 
of these existing features. If in the case of existing arche
ological features the decision is in favor of the 
reservoirs, there should be a thorough survey and excava
tion where found desirable, so that knowledge of the 
archeological material will not be lost forever. In the 
larger proposed reservoir areas surveys should also be 
made of the flora and fauna and records kept of the orig
inall:>iota. 

The importance of recreational resources in the basin 
is recognized by the Bureau of Reclamation in planning 
for water conservation projects. Through a cooperative 
agreement with the National Park Service, the latter is 
carrying on a general survey of the recreational resources 
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of the Colorado River Basin for the Bureau. Although 
it. has not yet been possible to cover the entire basin, a 
number of proposed reservoir sites have been investigated 
and considerable information gathered concerning the 
recreational features of large sections of the basin. In 
many instances the project plans have not advanced suf
ficiently to determine definitely what effect the proposed 
reservoir would have on existing recreational values or to 
determine the potential recreational values of the proposed 
reservoir area. The location and accessibility of the res
ervoir, the physical characteristics of the reservoir area; 
size and elevation of minimum, normal and maximum 
pool; the season and frequency of maximum draw-down; 
all have an important bearing on the potential recrea
tional value of the reservoir, and the determination of the 
effect the reservoir would have on existing conditions. 

PoTENTIAL PROJECTs oN MAIN STEMS 

oF CoLORADO AND GREEN RIVERS 

On the main stems of the Colorado and Green Rivers 
the plan lists 13 potential power dam sites, in addition 
to the Davis Dam project on which work has been stopped 
during the war emergency. The majority of sites are in 
spectacular canyons and in most cases the reservoirs cre
ated would provide means of access to outstanding scenic 
country which at the present time is almost wholly or 
entirely inaccessible to the average person. At the same 
time this complete harnessing would change them from 
great rugged rivers grinding their way down from the 
mountains to the sea to a series of quiet mill ponds. The 
rivers as Powell knew them would be gone-a definite loss. 

Davis Dam and Reservoir.-Davis Dam site is located 
due west of Kingman, Arizona, 23 miles by existing roads, 
and about 67 miles below Boulder Dam, and the back
water will extend to the tailrace of the Boulder Dam 
power plant. At the present time the clear, cool water 
released by Boulder Dam offers excellent trout fishing. It 
would be expected that the Davis Reservoir should rival or 
possibly excell Lake Mead as a bass fishing area, but sceni
cally will not compare with it. The upper third of the 
reservoir area from Boulder Dam south almost to Eldo
rado Canyon is in the lower Black Canyon, a volcanic area 
marked by rugged mountains and deep canyons. This 
section, while scenically interesting, is not comparable to 
the Grand Canyon section of Lake Mead, or the canyon 
scenery which would be made accessible by the proposed 
Bridge Canyon, Marble Gorge, or Glen Canyon Dams. 
Below Black Canyon the mountains draw backJrom the 
river and begin to flatten out. Long gravel ridges and 
benches lead gradually down to the rivet. · The widest 
portion of the reservoir will begin about 12 miles above 
the dam and extend for some 8 miles, average around 3 
miles wide. The lower portion of the reservoir will be in 
Pyramid Canyon, formed by low mountains coming in 
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closer to the river. Creosote bush and mesquite trees' are 
the most conspicuous of all the desert plants in the reser
voir area. There are numbers of mountain ·sheep and a 
few desert deer. Beaver are very common, as are rab
bits, ground squirrels and other desert rodents, upland 
game birds, ducks, geese, and other aquatic birds. 

Since construction of Davis Dam was expected to begin 
at an early date, of first importance was an archeological 
survey of the reservoir area to determine desirable arche
ological work which should be done before the water be
gan to rise. Such a survey was made by Dr. Gordon C. 
Baldwin in the Spring of 1943. One hundred and fifty
five archeological sites were located and Dr. Baldwin esti
mated there are at least 200 sites in the reservoir. He 
considered 15 of the sites to be of sufficient importance to 
be tested and at least partially excavated at a later date. 
Most of the sites are located on small benches or flats 
bordering the river. Of the 15 important sites, at least 
seven should be thoroughly explored. Dr. Baldwin esti
mated that the excavations could be completed in 8 
months, . and the desired work accomplished for about 
$8,000. 

U. S. Highway 66 is scheduled to be one of the national 
superhighways. The present route between Kingman, 
Ariz., and Needles, Calif., is unsatisfactory and considera
tion is being given to routing it across Davis Dam. If 
this is done at least 182,500 cars per year would cross the 
dam on the basis of the 1940 traffic count. There is cer
tain to be a demand for recreational facilities in the vicin
ity of the dam. 

The upper two-thirds of Davis Reservoir will be within 
the present boundaries of Boulder Dam National Recre
ational Area. It would be logical to have the recreational 
phases of the entire reservoir area administered by one 
agency. Further study of recreational use and admin
istration is required. 

Bridge Canyon Dam and Reservoir.-The Bridge Can
yon Dam site is in the Grand Canyon at the head of Lake 
Mead about 20 miles airline northwest of Peach Spring, 
Ariz., on US 66 and the Santa Fe Railroad. Various 
heights for the dam have been considered, but the one 
favored by the Bureau of Reclamation at present would 
have a maximum water-surface elevation of 1,866. This 
would raise the water 666 feet above the stream-bed at the 
dam and place the head of the reservoir less than a mile 
down stream from the mouth of Kanab Creek. It would 
raise the water surface about 85 feet at the mquth of 
Havasu. Creek, backing the water approximately one half 
mile up Havasu Canyon in Grand Canyon National 
Park. 

The dam site and reservoir area are entirely within areas 
now administered by the Federal Government through 
the Office of Indian Affairs, National Park Service, Fish 
and Wildlife Service, Forest Service, and the Bureau of 
Reclamation. Access to the dam site is across the Hualpai 
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Indian Reservation, which extends along the south side 
of the Colorado River from the Grand Wash Cliffs on the 
west to National Canyon where it joins the south portion 
of Grand Canyon National Monument. East of the 
monument is Grand Canyon National Park. Boulder 
Dam National Recreational Area overlaps the canyon 
portion of the Hualpai Reservation. On the north side 
of the river the land is included in Boulder Dam National 
Recreational Area, Grand Canyon National Monument, 
and Kaibab National Forest. 

The Grand Canyon is one of the world's outstanding 
recreational areas of scenic and geologic interest. As 
stated by Edwin McKee, Assistant Professor of Geology, 
University of Arizona: 

From the mouth of Nankoweap Canyon in the east to the Grand 
Wash Cliffs in the west-over 200 miles by river-the Grand Can
yon maintains approximately the same 5,000-foot depth and a width 
between rims measured in terms of miles. All sections of Grand 
Canyon are parts of one natural physiographic unit. Although the 
general character and form of the canyon change greatly from the 
area of alternating cliff and slope and of butte and temple at one end 
to a canyon of nearly sheer walls at top and bottom, separated by 
the wide, red "Esplanade" bench at the other, it is not correct to 
say that one part is better than another. All parts of Grand Can
yon go to form a whole and there is an imperceptible transition from 
one section to the next. Man-made boundaries and divisions in 
Grand Canyon mean nothing in indicating the relative value of 
different portions. It is not possible to say that one part is either 
inferior or superior to another; each is different but each is great and 
part of the entire. 

Of first consideration in the recreational survey of the 
proposed Bridge Canyon project was the appraisal of the 
effect the proposed reservoir would have on existing 
natural conditions in Grand Canyon and Grand Canyon 
National Park. Frederick Law Olmsted, collaborator 
with the National Park Service on the survey of the recrea
tional resources of the Colorado River Basin, has submitted 
a preliminary report on this subject. 

Water conditions in the canyons of the Colorado, including 
height of water, are, and will continue to be, far from static and con
stant at any given place. This is true both for localities where the 
water is controlled by fluctuating reservoirs and also for localities 
where the water is wholly uncontrolled. Under natural conditions 
the water level in the narrower parts of the canyon bottom (such as 
near the mouth of Havasu Creek) fluctuates 40 feet or more. The 
water level controlled by a reservoir of a given nominal elevation 
fluctuates even more largely and quite differently. 

The water and its immediate banks in the upstream portions of 
the canyon where flooded by Lake Mead at times present a com
bination of physical conditions and a general appearance which are 
most deplorable from a recreational and scenic point of view, and 
similar conditions can be expected in similar parts of the Bridge 
C~nyon Reservoir. They contrast in a very striking manner with 
the conditions and appearances presented at other times in the very 
same parts of the canyon subject to flooding by Lake Mead. The 
point to be made here is that there are almost equally striking differ
ences in physical conditions and appearances between low-water 
and high-water stages in the parts of the canyon not affected by 
Lake Mead. 

1. Boat trips in the Lake Mead portion of Grand Canyon which 

are extraordinarily impressive experiences would be completely free 
from obstruction and disagreeable appearance at all times. 2. Bad 
accumulations of floating debris would occur in Bridge Canyon 
Reservoir generally during May, June and July in a limited locality 
downstream from Havasu Creek. They would interfere with boat
ing, and for anyone obtaining a reasonably close view of the water 
would detract from the natural appearance of the canyon. It is 
unlikely that visito-rs, in general, would want to take a longer boat 
trip than from the vicinity of the dam to Toroweap (about 57 
miles) and back, in any case. That would take them through 
three of the four types of inner canyon scener.y and show them the 
lower end of the fourth. 3. After the breakup of the unsunken 
portions of each season's accumulation of debris, the dispersed frag
ments, if not controlled, would be more troublesome for boating than 
they have been on Lake Mead. 

As to probable significant changes in the canyon in re
spect to elevations of water surface, physical conditions 
and appearance of deposits of silt, sand and other heavy 
material, Mr. Olmsted summed up his discussion by say
ing, "The differences in water surfaces and in exposed 
deposits, as between the canyon without a dam and the 
canyon in the upper reaches of Bridge Canyon Reservoir, 
or as between the latter with a high dam and with a low 
dam, may perhaps fairly be regarded as differences of 
degree more than of kind. There is no precise, critical 
point at which it can fairly be said that beyond this point 
any increase in height of water surface or any increase in 
amount of fluctuation would produce a radical change of 
kind in the general appearance of things in the depths of 
the canyon. What can be said definitely is that some un
mistakably artificial modifications of existing conditions, 
scenically unpleasant in greater or less degree, will extend 
to whatever limit is reached by the reservoir's raising of 
high-water levels.'' 

The impounding of water behind Bridge Canyon Dam 
to an approximate elevation of 1,866 feet will conceal few 
geological features that are unique or of special importance 
as documents of geological history, according to Edwin 
McKee. 

The greatest loss, so far as geological features are con
cerned, would be in the area of volcanic activity at and 
west of Toroweap Valley. This is one of the most out
standing geological sections of the canyon. Edwin D. 
McKee and Edward T. Schenk in their report entitled 
"Lava Dams in Grand Canyon" say, "The spectacle of 
lavas that have cascaded down the steep canyon walls and 
cinder-cones perched on the sides and brink of the chasm 
usually makes a profound impression on the layman, while 
to the geologist the problems presented are intriguing." 

Toroweap Valley slopes gently toward the canyon rim 
and ends with a sheer cliff almost 3,000 feet above the 
river. The views down into the canyon are spectacular 
and awe-inspiring. Any height of reservoir will increase 
the width of the strip of water in the bottom of the canyon 
through submergence of the talus slopes, by an amount 
roughly proportionate to the height of the water above the 
natural river level, which is here about 1,675 feet. 
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The lower section of Havasu Canyon would be ma
terially affected by raising the reservoir above the 1,772-
foot elevation. Havasu Creek, an unfailing spring-fed 
stream of crystal-clear water, produces the distinctive fea
ture of this locality. The notable and beautiful, though 
seldom seen, mingling of the blue waters of Havasu Creek 
with the brown water of the Colorado would be radically 
altered for the worse, if the full reservoir elevation is raised 
higher than the 1,772-foot elevation. But the more fre
quently visited waterfalls and other features that have 
made Havasu Canyon famous would not be physically 
affected by Bridge Canyon Reservoir. 

The places now in the Grand Canyon National Park 
upstream from Havasu Creek that would be physically 
modified by raising Bridge Canyon Reservoir above ele
vation 1, 77 2 are all close to the river in the bottom of the 
narrow inner canyon and the resulting changes would be 
observable almost exclusively from boats. 

Mr. Olmsted said: 
This s,ection of the Grand Canyon as a whole is notable for the 

distinctive character of its scenery, especially as seen from certain 
places on the upper rim on both sides of the canyon. It was com
pletely included from rim to rim in the portion of the Grand Canyon 
originally set apart in 1908 as a national monument for preserva
tion of the noneconomic values of its unique and inspiring scenery. 
It was, and is worthy of selection for such a purpose. 

When the Grand Canyon National Park was established in 1919, 
its boundaries were so drawn as to leave the entire north side of the 
canyon between Tapcats Creek and Havasu Creek under the ad
ministration of the Forest Service, which had previously admin
istered all parts of the Grand Canyon set apart for preservation of 
its natural scenery in 1908. The investigators have found no record 
indicating that the omission of that area from the park was due to 
a deliberate and reasoned decision to reverse the earlier intention 
of protecting the scenery of this entire unit of the canyon from rim 
to rim. 

If that is to remain the policy of the Government concerning this 
entire unit of the Grand Canyon, in accordance with the decision 
made in 1908 and adhered to in essence ever since, then the limita
tion of Bridge Canyon Reservoir to an elevation that will not en
croach on that protected area should be continued, for the following 
points are clear, viz:' A higher elevation would substantially alter 
natural conditions and injuriously affect the natural scenery along 
the Colorado River as far as the backing up of the water extends, 
for the sake of an exclusively economic gain, in direct contradiction 
of that policy. The conclusion above stated is not invalidated by 
the fact (a) that the impairment of natural scenery within the sup
posedly protected area would be relatively limited in extent in com
parison with the entire area of the Grand Canyon that is supposedly 
protected, and would probably be observed by no more than a small 
fraction of the people who visit various parts of that entire area in 
order to enjoy its scenery, and (b) that the economic gain would 
be relatively large. 

If, on the other hand, it is decided that the justifying reason for 
existence of a national park extending into the canyon downstream 
from Tapeats Creek is not that of protecting, in conjunction with 
the Forest Service, natural conditions and scenery in the Grand 
Canyon from rim to rim, but merely to protect Havasu Canyon Unit 
and adjacent areas south of the river; then the logical procedure 
would be Congressional action making a marginal modification of 
the present boundary of the park west of the Tapeats Creek water
shed, shifting it from the north bank of the river to a contour on 
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the south bank that would keep it clear of the prospective reservoir. 
Choice between those alternative policies depends not primarily 

upon technical details such as have been discussed in this report, but 
upon broad considerations of public purpose; in the last analysis 
upon how much the people of the United States care about preserv
ing the natural conditions and scenery in the portion of the Grand 
Canyon selected for such preservation in 1908, and whether they 
are able and willing to pay the economic price of such preservation. 

The spectacle of a great dam under construction and 
after completion in the bottom of the Grand Canyon is 
certain to attract many visitors. On the basis of 1940 
attendance figures for the south rim of Grand Canyon Na-

. tional Park and highway traffic counts, it is estimated that 
20 percent of the automobiles traveling U S 66 go into 
the park. Considering the facts that the minimum side 
trip into the park is 118 miles, whereas, it will be only 
about 42 miles round trip from US 66 to the rim of the 
canyon where one may look down on the Bridge Canyon 
Dam over 2,000 feet below, the visitor traffic into Bridge 
Canyon should be at least 20 percent of the traffic on 
U S 66. On the basis of 1941 figures this would mean 
that over 200 automobiles per day would make the side 
trip. With an average of 3 persons per car the annual 
attendance would be around 220,000. It is likely that 
travel on U S 66 will increase considerably in coming 
years, and bring at least 250,000 visitors per year to the 
Bridge Canyon Dam area. Many more will come by air 
and there are sites for landing fields within five miles of the 
canyon rim. It is possible that visitors to the dam site 
may reach 300,000 per year. The opportunity of driv
ing down into the Grand Canyon or of taking an elevator 
from the rim down about 2,000 feet to the top of the dam 
and another 650 feet to the bottom of the canyon will be a 
great attraction. Added to this will be the opportunity 
for boat trips through many miles of the canyon. 

Facilities to accommodate between 250,000 and 300,-
000 visitors per year should be planned and developed as 
part of this project, parking areas, overlook and observa
tion platforms, camp and trailer grounds, restaurants, 
overnight accommodations, boat docks and landing fields. 

There is no point on the north side of the proposed 
reservoir where the water will be easily accessible by land, 
and Peach Spring Draw offers the only opportunity on the 
south side. It would be comparatively easy to construct 
a road from Highway 66 down Peach Spring Draw to the 
shore of the reservoir, a distance of 20 miles. This may 
prove a desirable location for limited development of 
boat landings, parking areas, and other facilities for the 
recreational use of the reservoir. 

Marble Canyon-Kanab Creek Project.-This pro-
posal calls for a dam in Marble Gorge, 36~ miles down

-stream from Lee Ferry, which would create a reservoir 
with a normal water-surface elevation of 3,125 feet above 
sea level, approximately the elevation of the Colorado 
River at Lee Ferry. The reservoir at maximum eleva
tion would be deep in the gorge to a point above Navajo 
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Bridge where it would spread out slightly beyond the 
present river. From the scenic and recreational point of 
view the reservoir would have little potential value except 
to afford easy access by boat to this section of Marble 
Gorge. However, the project involves a 42.5-mile diver
sion tunnel under the Kaibab Plateau to a power plant 
site at Kanab Creek. 

Probably the most serious effect upon scenic and related 
values from building the suggested tunnel to Kanab Creek 
would be the curtailment of the flow of the Colorado 
River through Grand Canyon National Park, reducing 
it to a minimum arbitrary allotment for purely scenic 
effect. Certainly such a project should not be considered 
until there is a need for the power thus generated which 
cannot be met by other means. Then the decision should 
be made as stated by ·Mr. Olmsted in the case of Bridge 
Canyon Reservoir, "not primarily upon technical details
but upon broad considerations of public purpose-upon 
how much the people care about preserving the natural 
conditions and secenery in the portion of Grand Canyon 
selected for such preservation in 1908 and whether they 
are able and willing to pay the price of such preservation." · 

Glen Canyon project.-The Glen Canyon site is in the 
deep sheer walled canyon just around the bend above 
Lee Ferry. Preliminary figures suggest an elevation of 
3,52fJ,.feet for the top of spillway gates in raised position, 
401 teet above stream bed. Access to the lower end of 
the reservoir would be extremely difficult. 

The Glen Canyon Dam would create a reservoir extend
ing upstream 182 miles to the Dark Canyon site. At the 
Dark Canyon Dam site there is a possibility of raising the 

· water 432 feet, forming a reservoir extending up the Colo
rado to Moab, Utah, and up the Green River almost to 
Green River, Utah. For the most part the Glen Canyon 
and Dark Canyon Reservoirs would be confined between 
canyon walls and have only minor effect on the scenery 
of the spectacular Colorado River country of southeastern 
Utah. Throughout this country the immediate canyon 
of the river is at least 1,000 feet deep and in places, such 
as in the vicinity of Dark Canyon, it is over 2,000 feet 
deep. Most of the streams and washes entering Glen 
Canyon have a fairly rapid fall near the Colorado, and tht 
reservoir would not extend any distance up most of them. 
Back-water would extend 30 miles up the San Juan River 
and 14 miles up the Escalante River, but here again it 
would be confined in high walled canyons. Much of the 
country bordering the Colorado and the Green Riverfl 
through this section of Utah is of high recreational value. 
It is a region of great colorful spaces, mountains, plateaus, 
canyons, desert, forest and weird rock formations, prob
ably the greatest display of erosional effects in the United 
States, other than the Grand Canyon, and equally grand, 
though of a different character. In providing a means of 
access to this remote canvon countrv. the Glen Canvon 

recreational values of the region. Power lines from the 
dams would detract from the enjoyment of the . open 
country. 

Moab project.-The plan includes a concrete gravity 
dam on the Colorado River just above the highway bridge 
at Moab, Utah, which would raise the water 138 feet at 
the dam. A ·reservoir at that elevation would inundate 
the lower slopes and bottom of an unusually scenic canyon 
and eliminate the existing road which runs . through the 
canyon between Moab and Dewey, Utah. At the present 
time this is the only place where it is possible to drive 
through one of the great canyons of the Colorado River. 
It would be indeed unfortunate from the scenic and 
recreational standpoint if a dam were to be constructed 
that would flood this canyon section. 

Dewey project.-The Dewey Dam site, 3 miles below 
the mouth of Dolores River and 30 miles upstream from 
Moab, Utah, is at the beginning of the great canyons of 
the Colorado River. The greater part of the reservoir 
area is arid, treeless, grazing land, having little or no scenic 
or recreational value. The principal scenic feature is 
Westwater Canyon, near the upper end of the reservoir 
area, about 12 miles long and several hundred feet deep, 
cut in reddish sandstone, but it is of secondary importance 
as compared with the canyon of the Colorado River below 
the dam site. 

While the Dewey Reservoir would not be of special 
recreational importance to the immediate vicinity, since 
the local population is very sparse, the lower portion 
would be of some recreational usefulness to the residents 
of Moab (providing the proposed power dam on the 
Colorado River at Moab is not constructed), and the 
Westwater Canyon section would be of interest to travelers 
using U S 50, and to residents of, the Grand Junction 
area. 

A permanent road should be built from U S 50 to the 
dam site and connect with the present State Highway 128, 
which runs through the spectacular red canyon of .the 
Colorado between Dewey and Moab. This would, in 
effect, retain the present route from Moab to U S 50 
which not only is used as a short cut from Moab to Grand 
Junction but affords access to the remarkable scenery of 
this part of the Colorado River Canyon. The reservoir 
area is reported to contain several archeological sites, and 
while it seems doubtful that any unmolested sites remain, 
it is recommended that an archeological investigation be 
made prior to construction of the dam. The paleontology 
of the area should also be investigated. 

Gore Canyon project.-This project located just below 
Kremmling, Colo., involves a low diversion dam near 
the head of Gore Canyon and a tunnel to a power plant 
located at the foot of the 5-mile canyon. The site has 
not been investigated by the survey, but it is .likely that it 
would have little imoortant effect on existing or ootential 
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Rattlesnake and Desolation Canyon projects.-The 
plan for development of power on the Green River in
cludes six dam sites. The lower two, Rattlesnake and 
Desolation, are located in the remote section of the Green 
River between Green River, Utah, and Ouray, Utah, 
characterized by the name Desolation. Although the 
recreational resources of the two sites have not as yet 
been investigated, it is daubtful that the scenic or recrea
tional value, either existing or potential, will be found 
important. General information indicates that scenically 
this section does not compare with sections along the Green 
River above Jensen, Utah, and below Green River, Utah. 
Certain archeological sites have been found near the reser
voir areas, and a survey should be made to determine the 
archeological importance of the reservoir areas. 

Split Mountain and Echo Park projects.-These two 
power sites are in Dinosaur National Monument. Func
tionally, Dinosaur National Monument consists of two 
sections referred to as the Quarry unit and the Canyop 
unit. The former comprises 3,000 or 4,000 acres in the 
vicinity of the Dinosaur Quarry and includes the original 
80-acre monument. The Canyon unit, consisting of the 
remainder of the area, is about 200,000 acres in extent. 

The geological formations in the Quarry unit are of 
scientific importance and of distinct scenic value, but the 
major significance of the unit is considered to be in the 
dinosaur beds. 

The Canyon unit is characterized by a notable combi
nation of geological, scenic, biological, and archeological 
values and by its wilderness quality. Its most spectacular 
features are the canyons of the Green and Yampa Rivers, 
where interesting geological formations and impressive 
landscapes are displayed in great variety. One of the 
exceptional attributes of the unit consists of contrasts in 
the geological formation and the scenic character of the 
canyons of the two rivers. There are also biological and 
archeological values of real interest. The Canyon unit 
possesses great importance for the part it can play as an in
troduction to the geology and scenery of the West, for 
the residents of the Middle and Eastern States. It is of na
tional significance for the combination of its qualities; it 
is distinctive of its kind, and justifies its existence as a unit 
in the National Park System. 

The Quarry unit would be little affected by the pro
posed projects, but the Canyon unit would be materially 
affected by them, depending upon their location and 
other influencing factors. Such facilities as dams, roads, 
transmission lines, and structures for administration, op
eration, and maintenance would more or less adversely 
affect natural and archeological values, but the most far
reaching alteration would be caused by the reservoirs. 
The Echo Park Reservoir, which would be impounded by 
a dam about 500 feet high, would extend upstream from 
the dam throughout the length of the Green River within 
the national monument and to a point about 30 miles 
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by river course beyond the north boundary of the area. 
It would also extend up the Yampa River to a point in 
Lily Park east of the eastern boundary. The Split Moun
tain Reservoir, which would be created by a dam about 
118 feet high at the head of the Split Mountain Canyon, 
would inundate Little, Rainbow, and Island Parks and 
would extend up Whirlpool Canyon to about the base 
of the Echo Park Dam. The Echo Park and Split Moun
tain Reservoirs, particularly the former, would cover 
wholly or in part a number of notable geological forma
tions, would reduce the visible height of canyon walls in 
some sections, and would substitute long bodies of still 
.water, widening here and there into bays or lagoons, for 
the natural streams and vegetations in canyon bottoms. 
The most radical alteration would occur in the general 
vicinity of Pats Hole, where the nearly vertical walls of 
Echo Park and Steamboat Rock, which in places rise 
to about 900 feet above the valley floor, would be in
undated to nearly one-half their height. The notable fault 
in the neck of Steamboat Rock, now seen so clearly from 
the tip of Harpers Corner, would be partly submerged. A 
considerable lagoon, two or three square miles in surface 
area, would extend up the drainage of Pats H~le, covering 
the refreshing greenness of the Chew ranch locality. Far
ther to the east, some of the intrenched meanders of the 
Yampa River would largely disappear, for the sloping 
goosenecks separating them would be covered. 

Split Mountain Canyon, Whirlpool Canyon, and the 
Canyon of Lodore, all on the Green River, would be ad
versely affected from the viewpoint of geologic and scenic 
values, although less materially so than the canyons of the 
Yampa River. 

Submersion of the parks and the bottom slopes of 
canyons and entering draws would also affect the biota 
of the area unfavorably, through changes in wildlife 
habitats. Also a number of interesting archeological sites, 
particularly along the Yampa River, would be submerged. 
However, a good deal that is of geologic and scenic in
terest would remain. Some parts would be wholly un
affected, such as Jones Hole, the precipitous canyons of 
the Yampa River near Thanksgiving Gorge and Cactus 
Park, and the dramatic entrance of the Yampa River into 
its canyon near the east boundary of the national monu
ment. In some sections, the reduction in the visible height 
of canyon walls would be a relatively small proportion of 
the present total height, and some of the canyons would 
still be impressive, as for example, Split Mountain Can
yon, the portion of Whirlpool Canyon below the Echo 
Park Dam, the upper part of the Canyon of Lodore, and 
sections of the Yampa Canyon where walls would rise 
several hundred feet above the high-water level of the 
Echo Park Reservoir. 

Not only would some geologic and scenic values re
main, but new scenic and recreational values would be 
added, and even though they would not compensate in 



...... 

COOPERATING INTERESTS-NATIONAL PARK SERVICE 245 

kind for the losses described, they would be of real impor
tance. Although artificial, the fiord-like reservoirs and 
their bays in the side drainages would create impressive 
landscapes, and they would provide avenues by which to 
see parts of the canyons which visitors would otherwise 
rarely enter. Under the proposed water-control develop
ment, the unaffected natural resources and the values 
could, in combination, be of national importance from a 
recreational viewpoint. 

The policy of the National Park Service, as the admin
istrative agency responsible for the national monument, 
has been and is to make the protection of the natural and 
archeological values of the area the controlling factor in 
administering it. The question of whether this policy is 
to be changed to permit development for water-control 
would require for its solution a review of all probable ad
vantages and disadvantages by authorities superior to 
either the National Park Service or the Bureau of Recla
mation. Before changes in the status of the Canyon Unit 
are authorized in order to recognize water control as the 
principal consideration in administering the unit, it should 
have been clearly and certainly shown that it would be 
in the greater national interest to develop the area for 
such use than to retain it in its natural state for its geo
logic, scenic and associated values and for the enjoyment 
of them by the Nation. · 

Red Canyon and Flaming Gorge projects.-The com
prehensive plan lists two power dam sites above Dinosaur 
National Monument; the Red Canyon site about 63 miles 
upstream from the Echo Park site and seven miles above 
the mouth of Red Canyon of the Green River, and Flam
ing Gorge site in the lower end of Flaming Gorge, 31 
miles above the Red Canyon site, and 65 miles by road 
from Green River, Wyo. Both sites are in scenic country 
on the north side of the Uinta Mountains. The Red 
Canyon Reservoir site is in an impressive but not outstand
ing canyon in the Ashley National Forest. However, the 
Forest Service has considered it of sufficient scenic in
terest to warrant building a four-mile road to an overlook 
parking area on the rim of the canyon some miles above 
the dam site which is abpJt one mile outside of the forest. 
At maximum eleva :ull' the reservoir will only extend up
stream about a miles, leaving 8 miles of the canyon in 
which the -river falls 120 feet undisturbed. With the 
Flaming Gorge Dam above, the water should be fairly free 
of silt and fishing should be good. However, due to the 
sparse population of the region and the competing good 
fishing lakes and streams in the Uinta Mountains, this use 
of the reservoir would be limited. 

The mile long Flaming Gorge is unusually colorful for 
that section, but is not unique or outstanding compared 
with the colorful scenery found further down the Green 

· River. However, the combined scenic and geologic in
terest of Flaming Gorge, Horseshoe Canyon, and the 
nearby canyons of Sheep Creek, plus the reservoir would 

make this section of considerable recreational value. The 
scenic forest road over the Uintas between Green River, 
Wyo., and Vernal, Utah, connecting US 30 and US 
40, goes through Sheep Creek Canyon and passes within 
5 miles of the dam site. 

There is certain to be a demand for recreational facili
ties in the vicinity of the dam. The Forest Service has 
provided a camp ground in Hideout Canyon on the river 
about 6 miles below the dam site and in Sheep Canyon. 
Plans for recreational use of the lower end of the reser
voir should be made in cooperation with the Forest 
Service. 

PoTENTIAL PROJECTS ON TRIBUTARIES oF THE GREEN 

AND CoLORADO RIVERS 

The comprehensive plan lists numerous reservoir sites 
on the tribut:;tries of the Green and Colorado Rivers for 
power, irrigation, and silt control. Some of the sites have 
been covered by the survey of the recreational resources 
of the Colorado River Basin, many others are still to be 
investigated and in most cases final appraisal of the rec
reational values cannot be made until the project plans 
are further along. 

Green division.-Of the several potential projects in 
the Upper Green River Basin in Wyoming, the proposed 
Elkhorn and Paradise units of the Sublette project would 
have the most important relationship to scenic and recrea
tional values. These units lie near the foot of the western 
slope of the Wind River Range. They involve the pro
posed Kendall Reservoir (capacity 340,000 acre-feet) and 
the development of Burnt Lake (capacity 25,000 acre
feet) and Boulder Lake (capacity 180,000 acre-feet) 
for irrigation storage and power. A tunnel1 ,800 feet long 
through the terminal moraine of Burnt Lake would tap :\ 
the lake for power production. The power plant tail
water would be caught in Boulder Lake. Under the ten
tative plans there would be a difference of 44 feet in the 
level of Burnt Lake, and 460 acres in surface area between 

· dead-storage elevation and spillway crest. 
The western slope of the Wind River Range is a moun

tain area of such exceptional scenic quality and recrea
tional value as to be of national importance. The finest 
of the larger natural lakes in the region are the Green 
River Lakes, at the headwaters of the Green River, with-
in the primitive area of the Bridger National Forest, and l 
because of their superlative scenic values, it is hoped that 
they will be retained permanently in their natural condi
tion. Nearer the project areas are five other natural lakes 
which are but slightly less notable; New Fork, Willow, 
Fremont, Half Moon, and Burnt Lake, also within the 
National Forest but not within the primitive area. None 
of these lakes has been materially injured by existing 
water-control structures. The scenic values of Boulder 
Lake have been impaired by existing developments and 
would be suitable for further utilization. 
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Burnt Lake is one of the more notable and potentially 
valuable scenic and recreational assets of the district and 
it would be unfortunate, from the standpoint of such as
sets, to alter the natural lake level at all. It is a fortunate 
circumstance that, with the exception of Boulder Lake, 
the excellent natural resources of the western slope of 
the Wind River Range have been relatively little ex
ploited. Ultimately, the region's scenic resources,. if so 
managed as not to be impaired or expended, will prove 
to be one of its greatest and most lasting economic assets. 

Agencies and individuals interested in development of 
the district should consider the exceptional possibilities 
of improving access to Burnt, Half Moon, Fremont, Wil
low, New Fork, and Green River Lakes by a scenic route 
or parkway lying east of the present U S 87. This road 
should lie near the eastern brow of ridges to take advan
tage of excellent panoramic views of the Wind River 
Range and their foreground of irrigated valleys and 
benches. 

In the Yampa River drainage 11 sites are listed. Seven 
of these, have been investigated and it was found that 
none of them has scenic or recreational attributes of suf
ficient importance to require special protection or preser
vation, nor would the proposed reservoirs have any major 
recreational values. If conditions are found suitable for 
stocking and maintenance of fishlife, fishing would be of 
value locally in the case of Juniper Reservoir. Archeo
logical reconnaissance of a portion of the Juniper Reser
voir site has disclosed a number of Indian camp sites 
and a more complete survey of the area should be made 
before the dam is constructed. The other seven sites 
should be investigated but their recreational value is 
doubtful as present plans do not include any dead storage. 
Four are in or near national forests. 

There are 11 potential irrigation reservoir sites listed 
for the Uinta Basin area. The rna jority of the sites are 
of little recreational importance with respect to scenic 
qualities, existing or potential. Most of them are in sage
brush or ranching lands of no great distinction. Such 
values as might be created would in general be of only local 
benefit and would result from the development of fishing if 
found practical and from the i~terest of any body of water 
in a semi desert landscape. The proximity of the Duchesne 
and Ashley Valleys to the excellent lakes and streams of 
the Uinta Mountains lessens the need to use the reservoir 
sites for recreation. Yet, it may be desirable to provide for 
local day use of the reservoirs near Vernal, Roosevelt, and 
Duchesne. In such cases the Bureau should provide for 
public access to the water but facilities should be fur
nished by local agencies. 

The Hades Reservoir site within the Wasatch National 
Forest could be recreationally useful if planned with good 
conservation pools and good fishing maintained, but in 
view of the superior attractions of natural lakes at higher 
elevations, the recreational need at this site is limited. 
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The Forest Service is the agency which should determine 
the extent of recreational development at this reservoir. 
Strawberry Reservoir enlargement is of potential recrea
tional value to the people of the Provo Salt Lake region. 

The four reservoir sites in the upper part of the Price 
River .drainage, and the two sites on Cottonwood Creek 
near Castle Dale, Utah, have not been investigated as yet, 
but their potential recreational value is limited by the 
fact that only two, Mammoth and Joes Valley Dams 
would have a dead-storage pool. These two.are located 
in the Manti National Forest at fairly high elevations and 
with proper planning should be of recreational value to 
the residents of the nearby valleys. This is particularly 
true of the J oes Valley Reservoir which would serve the 
residents of the semidesert Castle Dale area. 

Grand division.-Of the 31 potential reservoir sites 
for irrigation development within the Colorado River 
Basin listed in the plan, the McPhee site has the greatest 
potential recreational value on the basis of our present 
information. It would have a minimum water surface 
of 1,530 acres at dead-storage elevation, as compared to 
the next two largest, Vega and Spring Creek Reservoir 
sites, which would each have a dead-storage pool of 90 
acres. The plan of operation for all of the reservoirs calls 
for the maximum draw-down in September, which is not 
particularly favorable for recreational use during the va
cation months of July and August, and the large draw
down contemplated each year would in all probability be 
unfavorable to fish culture. Of the 23 sites for which 
minimum water storage figures are available, 12 would 
have a minimum water surface of less than 10 acres. 

Fourmile, Rifle Gap, Haystack, Vega, Sprin~ Creek, 
Eggleston, Lake Brennan, Banana Ranch, and McDon
ough sites are in or near national forests and available 
data indicate they may be of potential recreational value. 

The McPhee Reservoir site is in the beautiful Dolores 
River Valley, a short distance downstream from the town 
of Dolores, Colo. The natural conditions are ideal for 
creating an artificial lake of considerable beauty and rec
reational value. Fishing is good in the upper sections of 
the Dolores River and should be good in the reservoir. 
This section of the Dolores Valley is now used for pic
nicking, camping and fishing, and with the reservoir these 
uses should increase. There were 12,421 people living 
within easy access of the site in 1940. It is recommended 
that plans for development of the a:rea include acquisition 
of all the shore land and the provision of recreational 
facilities for public enjoyment of the reservoir including 
boat docks, swimming beach, picnic areas, camping areas, 
and the relocation of the present road through the reser
voir to maintain the scenic drive down the Dolores Valley. 
Part of the reservoir will be in the Montezuma National 
Forest and the Forest Service should have a hand in plan
ning the recreational development and use. 
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A number of reservoirs, tunnels, and canals are planned 
in connection with water export projects. The majority 
of the projects involved would be located in high moun
tain country in National Forests of considerable scenic 
and recreational value. It is possible that some of the 
reservoirs would have potential recreational value. It 
is also likely that some scenic and recreational values would 
be lost. A study of this phase of the project should be 
made. 

San juan division.-O'Neal Park Reservoir site is in 
the scenic mountain country of the San Juan National 
Forest about 13 miles northwest of Pagosa Springs, Colo. 
With a minimum water surface of 1,144 acres at dead
storage elevation and an area of 1,609 acres at spillway 
elevation with fluctuation only 10 feet, this reservoir should 
have considerable recreational value. 

The Teft site on the Animas River and the Hermosa 
Park site on the Hermosa Creek north of Durango, Colo., 
are also in the scenic San Juan National Forest where 
hunting and fishing are important recreational activities. 
Present plans for these reservoirs do not include a conser
vation pool (dead storage) without which their potential 
value for recreation is questionable. Further study may 
show that the reservoirs can be made to serve the irriga
tion needs and at the same time add to the attractions 
of this excellent recreational region. 

The Lemon Reservoir si~e on Florida River is 15 miles 
northeast of Durango and 5 miles west of the Vallecito 
Reservoir on Los Pinos River. The plan calls for a 53-
foot <;lam with a reservoir area at spillway elevation of 487 
acres. There would be no conservation pool. In that sec-

, tion the Florida River is a clear fast-flowing mountain 
stream running through a pleasant mountain valley bor
dered on three sides by the San Juan National Forest. 
From the recreational viewpoint the impounding of the 
river at the proposed site would destroy much that is most 
attractive in a mountain stream landscape. And there is 
no recreational need for still water in this location since 
the Vallecito Reservoir can better provide this type of 
recreation. If there is no conservation pool, as planned, 
the reservoir will have little or no recreational value. 

The, State line dam site is located 1 mile south of the 
Colorado-New Mexico line, 20 miles north of Farmington, 
N. Mex. Although the potential recreational value of the 
reservoir is not great, it would provide water recreation 
for the local residents. Opportunity should be given for 
the establishment of a public beach, fishing piers, and pic
nic grounds at some suitable location along the shore. It 
is reported that there are pueblo ruins in the vicinity of 
the dam site. If relocation of the dam is not possible, a 
thorough investigation and excavation of the ruins should 
be undertaken before construction of the dam is started. 

The potential Long Hollow Reservoir, 10 miles south
west of Durango with a 1 03-acre dead-storage pool and 

446-acre pool at spillway level, may have some recrea
tional value, but the planned 50-foot draw-down will de
tract from the scenic quality of the area and the fisher
men in the Durango region will probably prefer the lakes 
and mountain streams in the San Juan National Forest to 
the north. 

We are not yet sufficiently familiar with the Arboles 
Dam site on the San Juan and the Meadows and Monu
ment sites in the Southern Ute Indian Reservation to com
ment on their recreational values. They are, however, in 
an area rich in archeology, and surveys of the reservoir 
areas should be made prior to construction of the dams. 

Between Bluff, Utah, and the mouth of the San Juan 
River the plan lists four power dam sites. At the Bluff 
site, 13 miles downstream from the town there would be 
a 340-foot dam for power and silt control. Twenty-four 
miles farther down in the Goosenecks of the San Juan 
would be a 177-foot power dam. The Slick Horn Dam 
about 25 miles below would raise the water 208 feet and 
a 265-foot power dam at the Great Bend, 30 miles above 
the mouth of the San Juan, would back water to the foot 
of the Slick Horn Dam. Although these dam and reser
voir sites on the San Juan have not been investigated so 
far by the survey being made by this Service, it is certain 
they would have adverse effects on the scenic values of 
this impressive section of the San Juan and that they would 
flood a number of sites of archeological importance. At 
the same time the potential recreational value would be 
limited. 

Little Colorado division.-In the Little Colorado River 
Basin there are five potential reservoir sites which have 
potential recreational values. The Forks Dam on the 
Little Colorado near the town of Woodruff, Ariz., would 
create a water area of 3,600 acres at dead-storage eleva
tion and 5,000 acres at spillway level, with an average 
water surface of 4,300 acres. A water area of that size 
which would have a maximum fluctuation of only 10 feet 
is certain to be of recreational value, even though it is in 
comparatively uninteresting open, grassland country. It 
will be used by the people in the vicinity, and attract some 
attention from travelers using U S 66, U S 260, and State 
Highway 77, as it is located only 13 miles southeast of 
Holbrook, Ariz., and 20 miles by existing roads from the 
south entrance of Petrified Forest National Monument. 
Holbrook had a population of 1,184 in 1940, and that 
same year 199,420 people visited Petrified Forest National 
Monument. It is possible that 8 percent or about 16,000 
might visit this reservoir. Plans for the reservoir should 
provide for a protective strip of land around the entire 
reservoir and a suitable area for public recreational use 
where facilities for picnicking, camping, swimming, and 
boating may be provided. It is likely tnat the reservoir 
would be attractive to waterfowl and other wildlife of 
the region. 
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The next largest reservoir area planned is on Black 
Creek in the Navajo Indian Reservation, just west of the 
Arizona-New Mexico State line. While this reservoir 
is for irrigation and may be drawn down 48 feet, from a 
spillway elevation covering 1,900 acres to dead-storage 
area of only 110 acres, the average water area would be 
1,000 acres. If conditions are favorable for fish life it 
should attract fishermen from Gallup, and also be of rec
reational value to the Indians on the reservation. 

Plans for the Shumway Dam, located just south of the 
town by the same name at the edge of Sitgreaves National 
Forest, include a reservoir area of 540 acres at spillway 
elevation, and a dead-storage pool of 185 acres. It 
should be of considerable recreational value as it is in an 
area already popular for fishing, hunting, and summer 
vacations, and will be easily accessible from U S 60 and 
State Highway 77. 

The Willow Creek Dam site is in Clear Creek Canyon, 
a couple of miles below the mouth of Leonard Canyon, 
about 35 miles southwest of Winslow. The reservoir . 
would have an average water surface of 340 acres, an 
area of 570 acres at spillway level, and a possible draw
down of 55 feet from spillway level to dead storage. Being 
in the Sitgreaves National Forest at an elevation of 6,100 
feet, the reservoir should be of recreational value to Wins
low, population of 4,5 77 in 1940. Fishing will be the 
main attraction and provisions should be made for public 
access to the shore, and facilities for picnicking, camping, 
and fishing, in cooperation with the Forest Service. 

Wild Cat Dam site is also in the Sitgreaves National 
Forest on Chevelon Creek, about 27 miles due south of 
Winslow. The reservoir would be slightly larger than Wil
low Creek Reservoir, and the average draw-down would 
be 10 feet less. It will, therefore, compete with Willow 
Reservoir. However, if good fishing is available at both 
reservoirs it would stimulate interest in the sport, and in
crease the number of visitors at both reservoirs. 

The sections of the Little Colorado River Basin in which 
the five reservoir sites are located are known to contain 
pueblo ruins and other archeological sites of importance. 
Archeological surveys of each of the five reservoir sites 
should be made before construction of the dams is started. 

Gila division.-Down on the Hassayampa River, 6 
miles from Wickenburg, called the "Dude Ranch Capi
tal," is the Box Ca~yon Dam site. This dam planned 
for irrigation and flood control would have an average 
water surface of 2,000 acres, but might on occasion be 
drawn down 90 feet to dead storage, leavjng only a 440-
acre lake. At spillway level 36 feet above the average, 
the surface area would be 2,900 acres. Located in the 
desert just below the rim of high country this reservoir 
should receive considerable recreational use by winter 
visitors and some year-around use by the people living 
in the irrigated districts west of Phoenix. The dam is 60 
miles from Phoenix, and 68 miles from Prescott, via U S 
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89, the main north-south highway through Arizona. U S 
60 and 70 join U S 89 at Wickenburg. The annual 
average 24-hour travel on U S 89 south of Wickenburg 
in 1940 was about 1,600 vehicles. 

Boulder division.-In the Joshua tree country north
west of Wickenburg near Alamo is a site for a water con
trol dam on the Williams River. Present plans indicate 
the reservoir would have a dead-storage pool covering 
2,800 acres, while at average water-storage level the water 
would be 105 feet higher and cover 9,500 acres. At spill
way level 11,950 acres would be flooded. Located 37 
miles west of US 89, and 32 miles north of U S 60 and 
70 in sparsely populated desert country the recreational 
use will probably be limited to hunters and fishermen. 

Virgin division.-From the recreational viewpoint the 
most important reservoir site in this basin is the one on 
the Virgin River near Virgin City, Utah. Here it is pro
posed to create an irrigation reservoir which will have a 
dead-storage pool 236 feet deep at the dam site with a 
surface area of 2,300 acres, while at water-storage eleva
tion 12 feet higher there would be a 2,700-acre lake. The 
total reservoir area would include about 3,800 acres and 
the maximum fluctuation of water-level would be 32 feet. 
Located in the Virgin River Valley near Zion National 
Park this reservoir would have considerable recreational 
value. In 1941, 190,016 people visited Zion National 
Park and probably rriost of these people passed by the 
reservoir site. It is expected that the number of visitors 
will increase as the scenic beauty of this section of Utah 
becomes more widely known. Many of these visitors 
will use the reservoir area for picnicking, camping, swim
ming, fishing and boating. It is particularly important 
that sufficient land be acquired around this 'reservoir to 
provide ample public recreational lands and to protect the 
scenery. State Highway 15 will be relocated above high 
warterline along the north side of the reservoir. The rec
reational value of this section of the highway and the 
reservoir would be greatly increased if all the land between 
the road and the water were made available for public 
recreational use. 

The Lower Gunlock Dam Site is on the Santa Clara 
River. Primarily for irrigation, the reservoir with a dead
storage pool of 100 acres and an average water-storage 
pool of 250 acres would be suitable for swimming, fishing, 
and boating and such recreational activities should be at
tractive to the people in that locality where the summers 
are long and warm. 

The Delmue Dam on Spring Creek, although primarily 
for an irrigation and silt control reservoir, would be of 
some recreational value to the 2,682 people living in the 
nearby towns of Pioche and Caliente, Nev. The plan 
calls for an average water-storage pool of 1,000 acres, and 
a dead-storage pool 32 feet lower, covering 600 acres. 
Provision should be made for picnicking, swimming, boat
ing and fishing. 
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Summary of potential recreational projects and estimated 
annual benefits of potential reservoirs in the Colorado 
River Basin 

Site 

Green division: 

Estimated 
construction 

cost of 
recreational 

facilities 

Fontenelle________________ ____ __ __ $17,000 
Big Basin ____________________ ___ ___________ _ 

Flaming Gorge~---- - --- - ------ - - -- 41,000 Red Canyon _____________ __ _____ __ _________ _ 
Columbus Mountain_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 9, 000 
Juniper____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 13, 000 
Lily Park________________ ___ __ __ __ 8, 250 
Pelican Lake_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 18, 600 
Starvation__________ ______ __ ____ __ 25, 000 
Mammoth_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 24, 500 
Joes Valley______________ __ ____ __ __ 28,900 
Desolation_____________________ ___ 18, 700 
Rattlesnake________ __ _____________ 19, 000 

Grand division: 
Red Mountain ______ ____ ___ _______ _ 
Barbers Basin ______ ____ ______ ___ _ _ 
Missouri Heights ____ _________ ___ _ _ 

~~fi;s~~k========= = = = === = == ==== = == Owens Creek _______ ____ _________ _ _ 
Vega ______________ __ ___ __ _____ __ _ 
Almont ____________ ______________ _ 
Castle Creek ___________ __ _____ ___ _ 
TomichL _________ __ ____ _________ _ 
Ban~na Ranch _____ _____ _ 

7 
___ ___ _ _ 

Sapmero-------------- -- - ~-- - --- - -Spring Creek ____________ ______ __ _ _ 
Gorsuch ________________ _________ _ 
McPhee ____________ __ __ ____ _____ _ 
Dewey ___________ __ __ __ _________ _ 
Glen Canyon ____________ __ ______ _ _ 

San Juan division: 

19,000 
15, 400 
15,000 
22, 500 

9, 000 
6,000 
6,000 
7, 000 
4, 000 

17,700 
5, 700 

46, 000 
15,400 
17, 000 
70, 000 
55, 500 

228,800 

O'Neal Park_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 30, 800 
Arboles___________ __ ______________ 23, 850 
Long Hollow_______ _____________ __ 4, 000 
State Line__________ ______________ 28, 000 
Monument Rocks ________ ______ __ __ ----------
Ironton Park_____________ _________ 13,405 
Howardsville _______ ____________ _ .__ 4, 500 
Recapture_______ ___ ____ ________ __ 11, 250 
Mill Meadows____________ _ _ _ _ _ _ _ _ _ 16, 500 
Torrey _________ -_______ ___ ____ _ _ _ 6, 000 
Escalante________________ __ ___ __ __ 6, 000 

Little Colorado division: 
Shumway______________ __________ _ 13,700 
Forks_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 34, 600 
Willow Creek____________ ___ ______ _ 18,000 
Wild Cat __ -------- _____ ____________ --------

Virgin division: 
Delmue ______________________ -- _--
Virgin City _____________ _________ _ 
Lower Gunlock ________________ __ _ _ 

Boulder division: 
Marble Canyon _____ ______________ _ 
Bridge Canyon ___________________ _ 
Davis __________ -_-- __ -_----------

Gila division: 

28,000 
210,000 

6, 000 

38, 500 
581,000 
160, 600 

Buttes_____________________________ 19, 100 
Box______________________________ 157, 000 

Annual 
estimated 
benefits 

$3, 110 
1, 120. 
9,093 
2,903 
2,325 
4, 771 
4, 718 
2, 232 
8, 160 
6,461 
8,658 
7,430 
7, 430 

6,960 
7, 515 
5, 540 
9, 113 
3,963 
1, 982 
1, 190 
2,542 
2,330 
7,418 
2, 227 

16,370 
4,980 
5,385 

10,080 
13,975 

111, 757 

9,290 
7,206 
1,316 
5, 585 

554 
5,422 
2,646 
1, 780 
7,312 
1, 700 
1,300 

1,400 
6,880 
4,040 
2,800 

2,680 
37, 128 

261 

12, 760 
277,370 

40,465 

5,075 
24, 666 

A number of potential reservoirs have been omitted 
from the summary for one of the following reasons: (a) 
there is not sufficient information available at present 
to make an estimate of the potential recreational value; 
(b) present information indicates that the reservoir may 
be empty sometime during the year, or have so large a 
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fluctuation as to make it undesirable for recreational use; 
(c) the existing recreational values of the reservoir area 
or the immediate vicinity are such that there would be a 
loss of recreational values or the potential recreational 
values of the reservoir would only compensate for the 
losses. 

METHOD USED IN EVALUATING RECREATIONAL BENEFITS 

oF PoTENTIAL RESERvoms 

The method of analysis and evaluation of recreational 
benefits used intends to show only that if the reservoirs 
are formed and the conditions are suitable for fishing and 
other recreational uses, the recreational benefits inherent 
in them will be worth so much in terms of dollar value. 
Recreational values or benefits are, in general ncinvend
ible; something upon which a monetary scale cannot be 
used. There are, however, through experience, observa
tion and knowledge and by comparison with similar exist
ing areas certain factors which can be appraised. 

The recreational benefits have been based on the esti
mated attendance. The annual attendance was deter
mined by calculating the percent of total population with
in 50-mile radius by existing roads that might be expected 
to use the area, and the number of visitors that might 
be expected from beyond the 50-mile radius. The per
cent of local population varies with the accessibility of 
the reservoir, the recreational values of the area, the ap
peal or drawing power of the area as compared with other 
or similar recreational features in the region and the per
centage of urban population within the 50-mile radius. 
The following factors were considered in estimating the 
number of visitors from beyond the 50-mile radius: near
ness of area to major highways and volume of traffic on 
such highways; general recqgnition of the recreational 
resources of the region; and the appeal or drawing power 
of the dam and reservoir as compared with other or 
similar recreational features in the region. In the Colo
rado River Basin the density of population, the recrea
tional resources, the volume of tourist travel, and the vaca
tion use vary to such an extent that it is not possible to 
use constant percentages. For example, no local attend
ance can be figured for Glen Canyon Reservoir. The es
timated annual attendance was assumed to be 20 percent 
of the travel on U S 89 at Navajo Bridge, a few miles 
downstream from the dam site. At the other extreme is 
Shumway Reservoir where it is estimated that approxi
mately 100 percent of the total attendance will be local. 

Having determined the estimated annual attendance, 
the recreational benefits were obtained by using four 
factors: 

( 1) Travel value.-Travel values representing an 
amount that it will cost the visitor to travel to and from 
the area and a portion· of an amount he is willing to pay 
for his recreation. It is assumed that it costs an avarage 
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of 5 cents per mile to operate an automobile, and that 
the local attendance will come by auto and truck, bring 
the average to five persons per automobile. At 5 cents 
per mile the travel value per visitor is then 1 cent per mile 
times the average travel distance to and from the reser
voir. Travel value for the portion of the attendance other 
than local was included in per diem value, because it is 
impossible to determine how far they traveled or the per
centage of their travel that can be definitely assigned to the 
particular area. In the case of Bridge Canyon, Marble 
Gorge and Glen Canyon Dams, however, a travel value 
was included to cover round-trip distance from major 
highways traveled by the portion of the visitors who would 
spend only a few hours at the dam. 

(2) Per diem value.-lnformation gathered by the 
Colorado Highway Planning Survey shows the average 
out-of-state tourist party, staying at cottage camps, to 
consist of 3.6 persons spending $12.25 or $3.41 per per
son per day. On this basis a figure of $3.40 was used in 
estimating the expenditures of visitors from beyond the 
50-mile radius, assuming in all cases that these visitors 
would spend an average of one day at or near the reser
voir, directly chargeable to the area. In a number of cases 
local visitors may be expected to stay over night in the 
area and tourists may spend several days. However, no 
per diem figure has been used for local visitors and only 
one day per diem is applied to other visitors. 

( 3) Recreational value to visitors.-Being in an area 
and enjoying its features and opportunities, whether he 
spends money or not, is worth something to a visitor. T u 
e&timate this benefit, a direct hypothetical value of 10 
cents per visitor has been used. This is the amount ac
tually charged for admission to the State parks in several 
States, notably Indiana. The 10-cent figure is a con
servative estimate. It should not be assumed that by using 
such an arbitrary value, that an entrance fee is advocated. 

( 4) General value.-It was not possible at tnis time 
to determine the specific factors for evaluating the bene
fits to the communities through which the visitors travel 
and to the concessioner within the area. 

For this report the value to the communities and the 
concessioner has been estimated as 20 percent of the travel 
value and the per diem value. This represents a gross 
profit to business. While the net may be only 10 percent, 
the labor, capital, and related business activities involved 
in sales will benefit at least 10 percent, therefore, the 20 
percent total seems reasonable. 

CosT oF RECREATION PROJECTS 

The facilities for recreational use and the costs there
fore have been estimated from experience and by com
parison with existing similar areas, giving consideration 
to the recreational opportunities available in the area and 
facilities deserved by the visitors. 
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Only by a comprehensive survey, study and planning 
can a more accurate estimate be made of facilities needed. 

·· It is believed that the estimated project costs will be suf
ficient to provide adequate development for the esti
mated number ofpotential visitors. 

Annual operati_on and maintenance of the recreational 
facilities is estimated to average about 10 percent of the 
cost of the facilities. 

FISH AND WILDLIFE SERVICE 

The Colorado River Basin comprising 13 percent of the 
land area of the United States with a population of only 
four persons per square mile (or one-tenth of the national 
average) constitutes one of the chief recreation and primi
tive wildlife and fishing areas in the United States. The 
stream conditions vary from clear, cold, high, mountain 
streams to warm and often silt-laden waters at lower ele
vations. Because of this tremendous variety of habitat, 
conditions that apply in one part of the basin may not 
apply in another. By proper preliminary planning it 
should be possible to safeguard and, in some cases, to in
crease the abundance of both fish and wildlife. 

The report touches upon 114 potential reservoirs for 
the Upper Basin (above Lee Ferry, Ariz.), including 26 
projects that would serve for power production. There 
are 25 proposed reservoirs in the Lower Basin. Because 
of their large number and diversity these projects cannot 
be treated individually in this report but their main aspects 
will have to be considered, leaving the details to be worked 
out later for each individual project through actual field 
surveys. The Fish and Wildlife Service has made stream 
and lake surveys within the boundaries of six national 
forests and two Indian reservations in the basin. 

Upper Colorado Basin 

Evaluation of resources affected by the project.-The 
tributaries of the Green River division in the upper basin 
originate in high mountains. The streams are clear and 
cold. 

The principal headwaters of Green River lie in the 
western slope of the Wind River range of mountains in 
Wyoming. Lakes at the origin of many of these streams 
have a variety of trout, principally cutthroat and mack
inaw. In the upper reaches of the streams, the cutthroat 
trout is the most abundant species, being replaced by the 
rainbow trout at lower levels. Brook and brown trout 
are present, but not numerous. A fairly abundant form, 
which is becoming increasingly popular, is WilliaiUSon's 
whitefish. Below the city of Green River, Wyo., trout 
fishing becomes less and less important, and in the main 
stream within Uta:h the only species of importance is the. 
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channel catfish. The California golden trout has been 
planted in a few of the high streams. 

In the Grand division, the headwaters of the Colorado 
River and its principal tributaries in Colorado have cut
throat and brook trout as the main species, but at lower 
levels, the rainbow trout is most numerous. Brown trout 
are abundant in several places, notably the Gunnison 
River. Some miles east of the city of Grand Junction, 
channel catfish replace trout and become the important 
species thence down stream in the main river. Large
mouth black bass are present also. Few fish of value are 
found in the reaches above and below Moab, Utah. 

In the San Juan division, the upper reaches of the east
ward-flowing tributaries of the Colorado River in south
ern Utah contain the usual forms of trout in some abund
ance. The main stream in this area is practically·inacces
sible, for no roads cross it. Its value as a fishing stream 
may be discounted for the present. The San Juan River 
and tributaries provide a satisfactory general trout habitat 
at the higher elevations and channel catfish habitat in the 
lower reaches. 

Unquestionably that portion of the western slope of the 
Continental Divide falling within the Upper Colorado 
River Basin constitutes one of the greatest hunting areas 
in continental United States. Deer abound through most 
of the drainage basin and elk are numerous at the higher 
elevations. Moose occur in the wilderness areas of the 
upper reaches of the Green River and several large herds 
of mountain sheep are found in Colorado. 

Upland game birds inClude several species of grouse, 
particularly sage grouse, which are fairly numerous along 
the Yampa River and the Duchesne River in Utah. 
Ptarmigan are found in the high mountain country of 
Colorado and wild turkey still exist in the upper reaches 
of the San Juan River of New Mexico and Colorado. 

Present waterfowl habitat is rather limited, but the 
Colorado River is a strategic migration route and appre
ci~ble acreages of marshlands exist along the headwaters 
in Wyoming particularly in the vicinity of Daniel. The 
importance of preserving the relatively limited acreage of 
marshland in that part of a major waterfowl flyway is of 
utmost importance in the preservation of a natural re
source. As conditions now are, the small acreage of such 
food and cover habitat is a factor in limiting the use of 
the flyway by waterfowl. Without such habitat, rest areas 
supplied by irrigation reservoirs may be of little value. 

Fur bearers, with the possible exception of beaver, are 
of secondary importance in the basin and it is thought 
that the proposed reservoirs will have little effect upon 
them. 

Effects of the projects.-In the upper tributaries fish 
maintenance depends to a large extent upon an ample sup
ply of cold water and protection of the fish from being 
drawn into major water diversions. In the Green River 

below the town of Green River, Wyo., and in the Colo
rado River below Grand Junction, Colo., and in the San 
Juan below the Colorado-Utah line, the streams become 
silt-laden and gravel bottoms are generally replaced by 
sand and mud and the riffles become less numerous. This 
reduces the value of these portions of the streams for fish. 

On these trout streams of the upper basin, it is im
portant that the methods of operation be fully studied in 
the early planning stage of each project to insure that pro
vision is made to release sufficient water from all im
poundments to safeguard stream conditions adequately. 
In most of the reservoirs on the warmer portions of the 
streams, it may be advantageous to withdraw water from· 
the lower levels of the reservoirs in order to provide cold 
waters. 

The project plans as at present outlined do not contain 
sufficient data to be able to judge the effect of the in
dividual projects so that no comment can be made at this 
time on the adequacy of the conservation pools or the 
effect of the method of operation. Reservoirs for irriga
tion usually contain a certain amount of dead storage for 
silt deposition. Even in the clear upper waters it is im
portant that the wildlife conservation pools be made a 
feature of all reservoirs so that fish will not be destroyed 
by excessive draw downs. 

Stream surveys made in previous years by the Fish and 
Wildlife Service showed tl1at a great many of the exist
ing irrigation reservoirs are either drained completely or 
so reduced in volume during the late summer that they are 
worthless for fish production. Even in cases where a con
servation pool was present the extreme fluctuations in 
water level prohibited the growth of plant food and made 
the reservoirs unsuitable for fish spawning. This condi
tion can be ameliorated both by provision for a larger 
wildlife conservation pool and by subimpoundments to 
provide permanent areas with a stable water level. 

The projects outlined in the report call for a number 
of diversions of water from the Colorado into other basins. 
The exact effect of such diversions cannot be determined 
without specific studies but if these usually result in a great 
reduction in the volume of stream flow, those proposed will 
undoubtedly be harmful to fish and wildlife because of 
habitat destruction. It is possible that this may be partly 
compensated for by the provision of large stable level 
reservoirs at the points of water diversions. Such reser
voirs, if they have their diversions properly screened and 
provisions are made for stocking, may provide fishing to 
some degree, but the danger exists that natural balances 
between tributaries, riffles, pools and other habitat factors 
will be so disturbed as to offset in part the advantages 
gained by these diversional reservoirs. As most of these 
diversions are at high elevation, ~hey should be suitable 
for cold-water species of game fish but it is doubtful that 
these storage reservoirs will contain sufficient direct trib-
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utary streams to provide sufficient spawning areas. There
fore,. it may be necessary to provide increased hatchery 
facilities. 

The value of these reservoirs for recreation and fishing 
should be protected by providing public access, and in 
most cases setting aside land for public use. 

On the Colorado River it is not necessary to provide 
fishways for anadromous fish and most of the resident 
fish are nonmigratory except for short migrations to ob
tain favorable spawning conditions. Therefore, there will 
be but few dams if any which will require fishways. 
_Where water is being diverted for irrigation, it may be 
necessary to screen many of these diversions but this will 
be a matter requiring study of the conditions at each speci
fic point. 

Pollution of the Upper Colorado River as a whole is 
negligible at present. Wastes from mines, mills, and 
smelters, however, threaten to create or are creating pollu
tion problems in the vicinity of Rock Springs, Wyo., and 
Price, Utah. When pollutants are permitted to enter a 
reservoir, they have a chance to accumulate and their 
effect can be serious. Therefore, steps should be taken to 
remove or greatly to alleviate these conditions before a 
project is constructed below a source of major pollution. 

The projects in the upper basin that are not designed 
for transmountain diversion will in many cases be used 
to · provide storage to refill reservoirs many miles down
stream. Certain of these reservoirs will also be utilized 
for' power production. In both of these cases it should 
be possible to work out a schedule of operation that will 
provide for a minimum continuous release of water to 
maintain fishing. This will in many cases well compen
sate for the flooding out and the destruction of a great 
many miles of trout water and will be especially helpful 
on many streams that tend to be intermittent during the 
summer months over their lower courses. 

Insufficient data on stream mileages involved and on 
the proposed reservoirs and their operation are available 
to the Fish and Wildlife Service on which to compute 
wildlife values. For 10 of the power reservoirs it is pos
sible to evaluate migratory waterfowl values gained, but 
it is impossible to compute damages until the amount of 
natural habitat destroyed is known. Any silt reduction 
will result in benefit to wildlife as well as fish, depending 
primarily upon the management of silt deposition. The 
methods of reservoir operation, therefore, will be the de
termining factors in mitigation of damages and possible · 
creation of benefits. 

Lower Colorado .Basin 

Evaluation of resources affected by the project.-In 
the ' four divisions of the lower basin the cold-water fish 
ate c~nfined ahnost wholly to the higher elevations in the 
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Virgin, Little Colorado, and Gila divisions. In the 
Boulder division a beautiful trout stream has been created 
immediately below Boulder Dam by drawing off cold, 
clear water from the depths of the reservoir and stocking 
this portion of the river with rainbow trout. 

In the lower divisions of the Colorado the main Colo
rado River flows largely through a deep canyon and re
ceives water chiefly from a few principal rivers that are 
sufficiently large to flow throughout the year. It also 
receives flood waters of many intermittent streams. Trout 
are found only at the higher elevations. Rainbow and 
brown trout are the chief species. After these streams 
flow out of the mountains, they contain catfish, bass, sun
fish, crappies, channel catfish, and bonytails. A great 
many of these streams sink into the desert and disappear 
along their lower reaches. Surveys made of many of these 
headwater streams, having heavy fishing pressure, show 
them to have. considerable recreational value. 

In the Boulder division a rather complete survey of the 
river from the Nevada-California line to the Gulf of 
_Mexico has been made by the California Division of Fish 
and Game. This lower section of the Coldrado is char
acterized by warm, silty water fluctuating considerably in 
volume with a shifting bottom. It is very deficient in 
fish food due to the high turbidity, the unstable bottom, 
and the fluctuations in level. Fishes are not abundant 
except in backwaters, the small temporary lakes that are 
formed behind the shifting sand bars of the channel in the 
reservoirs, and in the main irrigation canals. The chief 
fishes at present are introduced varieties, most of the native 
fishes apparently suffered from the man-made changes in 
the river and are no longer abundant. 

Largemouth bass, carp, catfish, and bluegill sunfish 
are the most abundant species in the reservoirs of the 
main river. Mullet are abundant as far upstream as Im
perial Dam. Trout are not ordinarily found in the main 
river except for the stretch of from 20 to 30 miles of cold, 
clear water that is drawn off from the deeper portions 
of Boulder Dam. The main irrigation canals in the lower 
portions of the basin are ordinarily filled with water 
throughout the year and contain large numbers of fish 
wherever the current is not too swift. The main power 
reservoirs that are proposed for almost the total length 
of the Colorado River will flood several hundred miles 
of the main stream. The degree of turbidity of the water 
in the main Colorado River is so great due to the tre
mendous loads of silt carried that it is quite unproductive 
of fish foods. The shifting bottom also smothers food or
ganisms. Therefore, it is felt that the desilting of the 
river and the formation of these tremendous lakes will 
undoubtedly add considerably to the fishery values of the 
main river. 

When the upper basin reaches its ultimate development 
there is · some possibility that the fisheries in the lower 
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basin may suffer from the excess quantities of alkali that 
will be leached out of the irrigated land and returned 
through drains into the river. When Davis Dam is com
pleted it will flood the trout waters below Boulder Dam 
and destroy this fishery. It will have some beneficial ef
fect, however, in reducing the silt carried into Havasu 
Lake. 

In the Lower Colorado River basin there are 10 na
tional wildlife refuges located in Arizona, Nevada, and 
California. These are for the preservation of bighorn 
sheep, mule deer, antelope, peccary, upland game birds, 
and waterfowl. A major portion of the lands within the 
lower basin is under Federal administration. It is on 
such areas, administered primarily by other agencies that 
the national wildlife refuges have been established and are 
being maintained in line with the policy of providing 
multiple use of each project so far as is consistent with 
its primary purpose. Such secondary use of areas is not 
so productive of results as would be the case under pri
mary control, but these do make possible a substantial 
contribution to wildlife conservation. This is particularly 
true of rare and important forms whose range and habitats 
are restricted. Their continued preservation, therefore, 
will be dependent upon the multiple use of areas along 
the lower Colorado where suitable habitat and water may 
be provided. Likewise it is imperative that desirable hab
itat for waterfowl be maintained in the lower Colorado 
where two major continental flyways converge. 

Means for mitigating losses and deriving maximum 
benefits.-The existing and potential wildlife resources 
of the Lower Colorado River Basin are well known, and 
in any coordinated development of the basin appropriate 
recognition should be given these assets. 

The Fish and Wildlife Service, as indicated in the re
port, has established 10 wildlife refuges and 1 trout fish 
hatchery within the basin and recognizes the opportuni
ties for further, needed development that is presented 
thro.ugh the Bureau of Reclamation reservoir program. 
Agriculture and hydroelectrical projects are being bene
fited primarily by such development, but in many areas, 
including some of the arid and semiarid regions where 
conditions do not lend themselves to agriculture or other 
economic interests, wildlife, and recreational develop
ment offers much to the future of the states ~nd communi
ties concerned. 

The importance of development requires that a de
tailed survey of the project areas be made and refuges es
tablished where location, reservoir operation, and physical 
features will serve to promote development of habitat for 
wildlife. Where conditions do lend themselves to such 
development, the Bureau of Reclamation should make 
every possible effort to operate the reservoirs with full con
sideration of the wildlife interests. Such operation would 
include limiting the minimum draw-down to an elevation 

that would provide a pool of sufficient depth and area to 
sustain fish life. 

Where the operation of a reservoir requires maximum 
dra.w-down to the detriment of wildlife or its habitat, con
sideration should be given to construction of underwater 
or retaining dikes or upstream development to preserve 
aquatic food plants for waterfowl. Proper development 
of waterfowl areas will influence an increased use of this 
flyway and add materially to the over-all value of the 
Bureau of Reclamation reservoir program. 

The fish-stocking demands in the area are increasing 
each year, and it will be necessary to construct additional 
facilities to meet this added demand. A modern com
bination trout-bass fishery station should be constructed 
for this purpose near Page Springs in Oak Creek Canyon 
about 40 miles south of Flagstaff, Ariz. The cost of 
such a plant would be about $105,000. In addition, it 
will be necessary further to develop the Williams Creek 
Station for the incubation of trout eggs because of the Page 
Spring water being too warm for incubation but ideal for 
rearing rainbow trout fry and fingerlings. The rainbow 
eggs would then be processed at the Williams Creek 
Hatchery and moved to the Page Spring station in the ad
vanced fry stage. The Williams Creek development will 
involve one additional fish culturist and need for approxi
mately $20,000 for expansion of the facilities. 

It is desirable that, where required, fish screens of a 
type acceptable to the Fish and Wildlife Service 'be in
stalled in the "turn-out" structures. 

Recommendations 

It is recommended that: 
1. All reservoirs provide suitable. dead storage c~'#acity 

to meet the requirements for protection of fish arid.' wilCl
life; such capacities to be advocated upon the basis of the 
surveys to be made in compliance with recommendati~n 
12 hereinafter. 

2. Release of water from all impoundages be suf
ficient to safeguard adequately or improve fishing condi
tions in streams below reservoirs through stabilized flows. 
To determine the minimum adequate amounts to meet 
fish and wildlife needs detailed surveys will be required. 

3. In respect to all reservoirs, operation of the gates 
shall be at such rates as will give adequate protection 
to fish and wildlife as shown by detailed surveys to be 
made hereafter. 

4. Diversions, where necessary, be adequately screened 
for fish protection. 

5. Plans for each headwater reservoir be presented to the 
Fish and Wildlife Service for study prior to construction 
in order to permit determination of advisability of in
corporating therein provision for fish ladders or similar 
devices to facilitate natural spawning. 
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6. Where reservoirs are to be established on streams 
subject to mine tailings, oil, industrial, sawmill wastes, and 
other forms of pollution, provisions be made to remove the 
hazard. 

7. Engineering studies be conducted to determine the 
feasibility of sill dyking to provide as extensively as pos
sible shallow lateral pools with stable water-spawning and 
rearing areas for fish and feeding and resting areas for 
wildlife. 

8. Studies be made of all reservoirs to determine those, 
if any, which should be designated as wildlife refuge and 
management areas. 

9. Adequate facilities be provided at each reservoir for 
access by the public for appropriate fishing, hunting, and 
other forms of recreation. 

10. Engineering plans of all reservoirs provide for out
let facilities so constructed as to release water from as close 
to the bottom of the reservoir as is practicable. 

11. Hatchery facilities be provided for such increased 
stocking as may be required for new reservoir construc
tion to satisfy fishing demands. This should include 
doubling the present capacity of the Fish Cultural Sta
tion at Springville, Utah, for the production of legal-sized 
trout. It is estimated that the cost of the latter will be 
about $56,200. In addition, a modern combination trout
bass fisheries station should be constructed near Page 
Springs in Oak Creek Canyon about 40 miles south of 
Flagstaff, Ariz., at a cost of approximately $105,000. To 
supplement the facilities of this new hatchery the Williams 
Station should be further developed for the necessary in
cubation of trout eggs not possible at Page Springs, at 
a cost of about $20,000. 

12. An allotment be established to provide for surveying 
the proposed reservoirs within the basin to determine their 
possible effects on fish and wildlife so as to mitigate dam
ages and to increase benefits. Such a task is beyond the 
present personnel and appropriation limits of the Fish and 
Wildlife Service. To make the essential field surveys the 
estimated costs for the fiscal year 1946 are $132,000 for 
personnel and expenses. 

GRAZING SERVICE 

Objectives and Functions of the Grazing Service 

Under the Taylor Grazing Act of June 28, 1934, as 
amended, the Secretary of the Interior is authorized to es
tablished grazing districts from the public domain (ex
clusive of Alaska) including not to exceed 142,000,000 
acres of vacant, unreserved, and unappropriated public 
land. The primary objectives of this act are: ( 1) to stop 
injury to the public grazing lands by preventing overgraz-
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ing and soil deterioration; ( 2 ~ to provide for their or
derly use, improvement, and development; and (3) to 
stabilize the livestock industry dependent upon the public 
range. 

The Grazing Service is the designated agency respon
sible for the administration of grazing districts. Operating 
on a decentralized plan, it is headed by the Director of 
Grazing, who is responsible for the conduct of policies and 
programs approved by the Secretary of the Interior. The 
Director's immediate staff consists of an assistant director, 
a chief counsel, and the chiefs of four rna jor functional 
branches: Operations, Range Management, Range Im
provements, and Land Acquisition and Control. The as
sistant director, who also acts as liaison officer, is stationed 
in Washington, D. C. The Director's office is located in 
Salt Lake City. Ten regional headquarters, each in 
charge of a regional grazier, have been established within 
the States affected. As of June 30, 1944, there were 60 
grazing districts organized and operating, each of which 
is in charge of a district grazier. In each district there 
is a district advisory board composed of from 5 to 12 
stockmen and 1 wildlife member who advise with the dis
trict grazier and make recommendations on all matters 
pertaining to the internal affairs of the district they repre
sent. 

Grazing districts are composed of Federal, State, and 
private lands, with a gross acreage of 264,609,700 acres. 
The break-down of land ownership in the districts as of 
June 30, 1944, is as follows: 

Acres 
Federal land withdrawn by establishment of graz-

ing districts-------------~-------------------- 132,281,035 
Other Federal land_____________________ __ __ ____ 8,617,082 

Total Federal land administered by the Grazing Service _____________ _________________________ '140,898,117 
Other land'------------------------------------ 123,711,583 

Gross area _______________________________ 264,609,700 

' In addition, the Grazing Service administers 1,306,885 acres of non
Federalland within grazing districts in 6 States under leases authorized 
by the P!erce Act of June 23, 1938, and under cooperative agreement 
with tbe owners. 

• Includes State, private, county, and certain withdrawn lands which 
the Grazing Service does not administer. 

The long-time objectives of the Grazing Service are to 
protect, develop, and improve grazing-district lands 
through proper management for sustained yield and eco
nomic use; to coordinate this use with that of related 
lands; to cooperate fully with agencies and individuals 
having related interests and responsibilities; and to create 
and establish a practical range economy consistent with 
sound conservation and resource management principles. 

Administration of the 60 grazing districts includes the 
protection and development of the natural resources and 
in particular the management and allocation of the use 
of range resources; the examination and classification of 
lands with respect to grazing or agricultural uses; and 
cooperation with agencies and individuals in the correla
tion of land use, development and improvement of the 
range resources, and in the prevention and suppression 
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IRRIGATED HAY FIELDS UNDER UNCOMPAHGRE PROJECT 
Canal carries water that transforms desert (foreground) into hay land (background) 

of range and timber fires. Grazing use is made of the 
approximately 142,000,000 acres of Federal range during 
a part of all of each year by upwards of 11,000,000 live
stock owned by more than 22,000 permittees. This pub
lic range use is coordinated with that of private properties 
as an aid to the proper and economic year-round use of 
both public and private lands. Without the use of the 
public range the values of the dependent privately owned 
properties would decline sharply. 

In line with the control and beneficial use of all the re
sources involved, the Grazing Service program includes 

watershed protection and other related activities of pre
dominant public interest. The proposed reclamation pro
gram in the Colorado River Basin will no doubt enlarge 
the benefits to be derived from the grazing land admin
istered by this Service. Regulated range use can be aug
mented by the proposed program and benefits will accrue 
not only to the livestock industry but to the entire Nation 
through a greater stabilization of livestock production, 
conservation of the land and its resources, reduced silting 
of irrigation works, clearer streams, and more uniform 
stream flow on the watersheds. 

CATTLE ON MOUNTAIN RANGE 
Range cattle depend upon irrigated pastures for supplemental feed 
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Grazing Districts in the Colorado River Basin 

GENERAL 

Twenty-six of the sixty grazing districts established 
under the Taylor Grazing Act of 1934, as amended, are 
located in whole or in part within the Colorado River 
Drainage Basin by States as follows: Arizona, 4; Colo
rado, 6; Nevada, 2; New Mexico, 4; Utah, 7; and 
Wyoming, 3. 

The grazing-district area within the basin totals 74,-
405,000 acres, of which 52,648,000 acres (approximately 
the size of Utah) are federally owned. Of the remainder, 
16,030,000 acres are privately owned and 5, 727,000 acres 
belong to the States and counties affected. The total 
land area administered by the Grazing Service within the 
basin is 50,005,000 acres. In addition to their importance 
for grazing, these lands are an integral part of the entire 
watershed to which they are closely allied. Federal lands 
(withdrawn for various purposes) not administered by the 
Grazing Service total 2,65 7,000 1tcres. 

The population density is less than 2.7 persons to the 
square mile totaling approximately 308,000 people ( 1940 
census) in the ;26 grazing districts. 

Elevations range from a few feet above sea level in 
southwestern Arizona, affording a year-long growing sea
son, to more than 8,000 feet in northern foothill or moun
tain areas, where only a 60- to 90-day growing season 
prevails. Rainfall ranges from less than 5 inches to 
more than 20 inches, with a great proportion of the area 
receiving less than 10 inches annually. 

Vegetation types consist of creosote bush, bursage, and 
desert annuals on the southern deserts; desert saltbush 
types in the lower areas of Utah, Colorado, and Wyoming; 
and sagebrush, bunch grasses, mountain meadow, wood
land, and timber at the higher elevations. Seasons of 
range use are from year-long in the southwest to a short 
spring-fall or summer season in higher altitudes. Large 

'parts of the deserts of the upper basin are grazed prin
cipally dtiting winter months because of scarcity of stock
water supplies for use in other seasons. Grazing capaci
ties 'Vary widely. As a rule the perennial forage is more 
plentiful in the northern districts and forage production 
is correspondingly higher as indicated by the permitted 
use. 

GRAZING UsE 

Stock raising is the principal agricultural pursuit within 
the grazing-district area of the basin. In certain local
ized areas, however, some general farming, or even spe
cialized farming, is practiced, with livestock assuming a 
relatively unimportant part. Throughout the basin gen
erally most farming land is intermingled with range 
land. In such areas, as well as in some areas devoted 
strictly to farming operations, the lands are used mainly 
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for the production of hay and feed crops to supple
ment range forage during seasons when range feed is 
not available. There is, therefore, a direct correlation be
tween the livestock ranch, the valley farm, and the upland 
ranges. Even specialized crops such as sugar beets in 
the north and cotton in the southwest, the primary prod
ucts of which are sugar and fiber, are directly related to 
range livestock production through their byproducts. 
Beet pulp, cottonseed cake, and other similar byproducts 
furnish an important part of the feed requirements for 
range livestock. Any program for the development of 
arable areas' by irrigation must therefore take into con
sideration the range livestock industry where the climate, 
topography, and native vegetation are such that livestock 
production will always be an important part of the agri
cultural economy of the basin. 

Grazing use of the Federal range is controlled by a 
system of permits and licenses to stock owners who also 
own or control private properties consisting of forage-pro
ducing lands or stock waters used in connection with the 
Federal range. Permits and licenses have been issued 
to 7,325 livestock operators for 3,486,000 head of live
stock (cattle, horses, sheep, and goats ) on grazing-district 
lands in the basin for various periods of the year. Two
thirds of the permittees and four-fifths of the livestock 
are in the upper basin area (above Lee Ferry ) , which 
contains 58 percent of the Federal range in the entire 
basin. Permitted use of the upper and lower parts of the 
basin is shown as follows: 

Upper basin Lower basin Total 

Number of permittees ______ 4,898 2, 427 7,325 
Number of livestock _______ 2, 913, 000 573,000 3,486,000 

RELATIONSHIP OF RANGE MANAGEMENT TO SOIL AND 

MmsTURE CoNSERVATION 

The Taylor Grazing Act of 1934, the Soil Conservation 
Act of 1935, anp the President's Reorganization Plan No. 
IV of 1940 place a responsibility on the Grazing Service 
and the Department of the Interior to study soil erosion 
and surface run-off and to perform such work as may be 
necesary to stabilize the soil and conserve moisture in 
order to protect and rehabilitate areas subject to grazing 
administration. 

Much of the silt carried in the streams of the Colorado 
River system and later deposited in Lake Mead or other 
reservoirs of the basin is picked up from the foothills and 
plains of the more arid portions of the basin as well as 
from the ravines and gorges of the steeply sloping moun
tain areas. 

Since grazing districts are · an important part of the 
Colorado River watershed, from which water is provided 
~or the major reclamation projects, as well as for hun-
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dreds of minor irrigation systems scattered through the 
basin, the protection of these watersheds is a most impor
tant function of grazing-district administraion. Water
shed protection not only aids forage production for live
stock use but it also promotes the conservation of both soil 
and moisture for the general benefit of the locality and 
the Nation. 

The Grazing Service is undertaking to rehabilitate and 
promote the orderly use of lands which for the most part 
were abused through overstocking and exploitation during 
the time when the public domain was free and unregulated. 
Because of the advanced stages of deterioration reached by 
some of the lands prior to the initiation of regulated use, 
there is yet a sizable job to be accomplished in further 
protecting and improving the lands and their resources 
and in preventing further deterioration through the loss 
of forage, timber, water resources, and even the soil itself, 
incident to erosion and other destructive processes. 

The principal means of rehabilitation and watershed 
protection by the Grazing Service are ( 1 ) range manage
ment and proper stocking; ( 2) fire prevention and con
trol; ( 3) reseeding and range rehabilitation; and ( 4) 
mechanical treatments to retard erosion. 

The soil and moisture conservation program has been 
limited during the past 3 years chiefly to maintain exist
ing improvements, reseeding, and to related work requir
ing a minimum of critical materials. Extensive plans for 
postwar development of the range resources in this and 
other drainage bru)ins have been prepared. These plans 
contemplate additional water developments, reseeding, 
fences, control of predatory animals and rodents, fire look
outs, and other fire control facilities. All of these activi
ties. are destined to have a direct influence on sedimenta
tion of storage facilities and .in the stability of important 
reclamation works. 

PossiBLE EFFECTS oF ADDITIONAL RECLAMATION 

DEVELOPMENT 

The land pattern in the areas proposed for reclamation 
development is such that both tillable privately owned and 
public lands undoubtedly will be involved. This will 
result in the loss for grazing purposes of a considerable 
area of private and public lands in grazing districts. Such 
grazing losses will likely be more than offset by increased 
production from irrigated lands. It would appear there
fore that neither the range users nor the Grazing Service 
would object to the decreased grazing-district range since 
such losses will be overcome by additional production re
sulting from the reclamation program. 

In many instances it is probable that the development of 
the area through irrigation will actually relieve the re
maining public ranges of a certain amount of grazing by 
reason of the production of more irrigated pastures and 
suppemental feeds for use by range livestock and farm 
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animals, including dairy and work stock. Such addi
tional feed can also be used to advantage in the finishing 
of cattle and ~heep for market in localities adapted to such 
practices, thus providing more pounds of meat without 
increasing livestock numbers on the diminished acreage 
of range. 

Local Grazing Service officials in each grazing district 
will furnish the Bureau of Reclamation with any needed 
assistance in working out practical farm and ranch units. 
Within the grazing-district areas proposed for reclamation 
development, stockmen own land and water upon which 
grazing privileges are based. In these areas it is felt that 
prior to final disposition of the public lands and water 
rights to new settlers a survey should be made to determine 
to what extent this program will disrupt or unbalance ex
isting livestoclc outfits. An effort should then be made to 
permit operators who may lose grazing privileges as a 
result of the program to bring their year-long livestock 
operations into balance through securing some of the 
irrigable land and water rights if they so desire. In 
short, an attempt should be made to stabilize existing 
operations sihmltaneously with setting up new operational 
units. Failure to give such consideration may offset par
tially any benefits resulting from the program. 

Although most of the results of the proposed reclama
tion program in the basin will be favorable from a Graz
ing Service viewpoint, there will undoubtedly be a con
siderable number of adjustments necessary in existing 
licenses and permits as a result of the program. A review 
of the proposed reclamation program indicates that the 
development program will be carried on in substantially all 
of the grazing districts of the basin. Accordingly, some of 
the public lands, which are now and which have been for 
a number of years in grazing allotments, will probably be 
removed from these allotments to be used in the reclama
tion program. In such instances it will be necessary to 
adjust grazing licenses and permits to include only areas 
which are not to be reclaimed for irrigation purposes. 

In certain other areas new demands for public range 
grazing privileges will probably be made by newly created 
ranch and farm units lying adjacent to or in the vicinity of 
Federal range. Since most public ranges in grazing dis
tricts are now stocked to capacity, there is little likelihood 
of supplying new applicants with public-land grazing priv
ileges except in special areas. Any activity on the part of 
new ranch and farm set-ups to gain public-land privileges 
will result in 1he necessary studies by·the Grazing Service 
before any determination is made relating to demands for 
such privileges. 

In still other areas stock ranches which have heretofore 
been used as base properties in connection with public
land grazing privileges are likely to be converted into 
farms under the proposed plan to irrigate alllarids in the 
basin practicable of irrigation. Such conversion of hay 
and feed ranches into farms for the production of general 
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farm crops would probably lead to a considerable number 
of applications on the part of ranch owners to have the 
grazing privileges attaching to these ranches transferred to 
other ranches. The Federal Range Code provides for the 
transfer of public-land grazing privileges from one base 
property to another under certain conditions. It is there
fore expected that some activity toward transfers of graz
ing privileges between base properties will result in this 
and other basins from the program of the Bureau of Rec
lamation to place new lands under irrigation. 

Since complete details are lacking relating to the specific 
areas which will be reclaimed in the immediate future, it 
is impossible to make accurate estimates of all the work 
which will be necessary by the Grazing Service as a result 
of this new irrigation program. Accordingly, in addition 
to the three types of work above mentioned, there may be 
other work not now foreseen which should be given con
sideration in any estimate of necessary manpower and 
funds. In all of the new work anticipated, administrative 
and technical personnel of the Grazing Service will be re
quired to make on-the-ground studies involving all licenses 
and permits which might be disturbed or all new applica
tions which must be given consideration for grazing 
privileges. Such studies would involve both field and 
office work, together with statistical and narrative reports 
concerning the effects of the proposed irrigation plans on 
the grazing picture and steps to be taken to make the 
necessary adjustments with the least possible upset to the 
economy of the area generally. This additional work by 
the Grazing Service will also involve close coordination 
and planning among local representatives of both the 
Grazing Service and the Bureau of Reclamation in order 
that the programs of both agencies may be in harmony 
with respect to the over-all land-use situation in the af
fected areas. 

Should the additional work to be placed on the Grazing 
Service be accomplished during the fiscal year 1946 as a 
result of the Colorado River Basin reclamation program, 
the full amount of money estimated as necessary for car
rying on this work should be made available for use during 
that fiscal year. Estimated funds necessary to accomplish 
the Grazing Service work involved in anticipated adjust
ments during the fiscal year 1946 total $120,000 for the 
basin. This estimate is based on the premise that the 
program will not assume its full scope during the early 
stages of development. 

BUREAU OF MINES 

Program of the Bureau of Mines on Water 
Utilization 

The mineral industry has an interest in. the water of 
flowing streams as a source of water necessary for mining, 
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milling, and extracting metals or minerals from their 
ores. Except for hydraulic mining, these demands are 
not large. 

The power generated by flowing water is of great inter
est to the mineral industries whenever it can be generated · 
at sufficiently low cost to compete with power at existing 
electrochemical centers. A very wide range of products 
can be made from very common raw materials and many 
products prepared that are almost impossible by any other 
technique. The emphasis must be on low cost of the 
power. 

Whereas many mineral commodities are sparsely dis
tributed and their mines have relatively short life, leading 
to the recognition by tax officials that a mine is wasting 
asset, the electrochemical industries are often based on 
raw materials available in abundance. This leads to 
more stable communities that can hope to survive in
definitely and not become ghost towns. 

Mineral industries sometimes create nuisances · in 
streams and the mitigation of these nuisances has included 
certain restrictive legislation largely by the State govern
ments. Hydraulic mining of unconsolidated deposits of 
gold and other minerals is a highly efficient form of mining. 
However, it leaves the streams loaded with clay, soil, and 
heavier debris that causes annoyance to other interests 
farther down a stream. When planned in advance, an 
hydraulic mining enterprise can provide for complete or 
sufficient partial prevention of this nuisance. Mill tail
ings are not often turned directly into streams in the way 
they once were. While this was the cheapest way to get 
rid of them, history has too often recorded the profitable 
retreatment of impounded tailing as technologic advances 
made a retreatment economic. The mineral industries 
recognize the disposal of tailing into streams as short
sighted management and are glad to have the legislation 
that prevents such management by certain elements. 
Objectionable soluble salts like cyanides from gold mills or 
iron salts and acid in coal mine drainage waters are other 
nuisances recognized by the mineral industries and to the 
extent that these can be vented without injury to other 
interests are often allowed to continue but are best con
trolled only when there are certain restrictive laws de
signed to determine when a waste product becomes a pol
lution. It is the policy of the Bureau of Mines to co
operate in all possible ways to help determine these per
missible limits and avoid destruction of units of the 
mineral economy by ultra restrictive measures. 

Outside of the pollution problem the mineral industries 
come into little conflict with other interests in the utiliza
tion of water. The volume demanded is not large in 
comparison to the needs of irrigation, navigation, or the 
development of electric power. The existing priorities 
on water rights do not often conflict with mineral econ
omy. However, its must be recognized that the average 
mine while of short relative life, is usually a site for more 



COOPERATING INTERESTS-BUREAU OF MINES 

concentrated production of wealth that builds up the com
munity, particularly from the standpoint of transporta
tion and similar facilities and leaves these as an inheritance 
to the long-lived agricultural interests. In an occasional 
case the water, power, and other services developed by a 
mining enterprise are separately operated under a sepa
rate corporation that can continue to serve adjacent com
munities after the mine is exhausted. 

The organic act of the Bureau of Mines directs it to 
increase safety and efficiency in the mineral industries and 
prevent mineral wastes. Efficiency in the mineral indus
tries demands conservative use of water and the utiliza
tion of water power wherever its use increases efficiency in 
the mineral industries. It is here that the greatest con
structive effort can be exerted. Electrochemical prac
tices of the remainder of the world are only beginning to 
be adopted and improved in the areas where large darns 
have made available low-cost power. The war has accel
erated the building of dams, caused over-building of 
certain mineral industries like aluminum and magnesium, 
but only a feeble beginning has been made in the adapta
tion of hundreds of electrochemical and electrometallur
gical techniques based on mineral raw materials. Much 
of the power is now developed and will soon be invit
ing new users. The duty of the Bureau of Mines is clear 
and it has organized within the iast 7 years its electro
technical laboratory at Norris, Tenn .. ; electrometallurgical 
laboratory at Boulder City, Nev.; and its electrodevelop- · 
ment laboratory at Albany, Oreg., in the order named. It 
is part of the program to enlarge these laboratories and to 
work out the problems in adaptation of local conditions 
and local raw materials to electrical techniques. These 
three centers are expected to collaborate with the other 
services of the Government in the building up of electro
chemical centers like that at Niagara Falls. While the 
war has provided problems and funds for plenty of con
structive work these three centers should receive a regular 
peacetime appropriation to continue their work and help 
prevent another Muscle Shoals fiasco. Each laboratory 
can well use $500,000 per year for its regular work and 
special projects that demand separate appropriations for 
final proof should be thus separately funded. 

While the programing of work like reclamation of 
water in streams for multipurpose use is something that 
can be specifically done, such a detailed program for re
search is difficult. Some of the researches prove fruitless 
and the time to arrive at an endpoint is unpredictable. 
The objective is definitely known and acknowledged to be 
desirable but the time table indefinite. What can be 
said is that the following main projects will be followed 
continuousy: 

( 1) Adaptation of known electric techniques to Amer
ican raw materials, markets and transportation, wherever 
an economic result is thought possible. Example: electric 
melting of glass. 
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( 2) Development of new products made uniquely pos
sible by application of electrict power, like fused basalt. 

( 3) Development of metals and minerals available in 
abundance but not now utilized to the extent that they 
might, like titanium, zirconium, and other metals. The 
Bureau of Mines is already making a start on production 
of pure ductile titanium and zirconium. 

Low-cost power and mineral development 

The mineral industries in the Colorado River Basin 
constitute one of the most obvious outlets for power gen
erated at multiple-purpose dams. Some of th.ese indus
tries are consllmers of mechanical power for which or
dinary industrial rates can be paid, but the electro
chemical industries usually call for low-cost power, and 
commonly buy large blocks of power. Mining and proc
essing centers using low-cost power build up communities 
and transportation. The communities increase demand 
for agricultural products of a greater variety than those 
that can be cultivated when there are fewer consumers 
near the farms. The need of attracting electrochemical 
industries in building up the area is so obvious that it needs 
no emphasis. The consideration that needs more atten
tion is the fact that to attract industries to isolated locali
ties the power must be priced attractively and rates should 
not be set at "all that the traffic will bear." 

The State of Arizona is the largest copper producer and 
yet makes no finished copper. Electrolytic refining of 
most of the copper takes place almost entirely on the At
lantic seaboard with the exception of a portion that is 
refined near El Paso, Tex. Copper does not require much 
electric energy in its preparation and higher cost power 
can be tolerated. However, fuel is not cheap in Arizona. 
There is only one electric smelter of copper in the world 
and it is located in Finland where electric heat is used in 
place of fuel. An economic study of the opportunity for 
electric smelting and electrolytic refining in Arizona seems 
justified. 

The metal magnesium requires a great deal of low-cost 
electric power for its preparation. The magnesium plant 
at Las Vegas, Nev., was erected hurriedly during the war 
and based on raw materials hundreds of miles north of the 
plant and with an expensive haul between mine and plant. 
Sea water is probably the cheapest source of magnesium 
oxide and magnesium chloride and is at present the most 
popular source. However, the hills near Las Vegas have 
huge amounts of dolomite of good quality, whose mag
nesia content might well be extracted by a number of 
good processes in order to make the plant attractive for 
permanent use. Contiguity of mine and reduction plant 
is of fundamental economic importance in any mineral 
industry. 

Aluminum, another heavy power consumer, has not re
ceived the same enthusiastic attention that magnesium 
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TABLE CXXXV.-Data based on U.S. Bureau of Mines exploration of mineral deposits in the Colorado River drainage basin 

Location 
Mineral area ----------------

County State 

Classification 
of deposits 

Ore 
reserves Tenor of ore Important com

ponents 
M ethod of 
exploration Remarks 

---------------------------------------------------------1-----------
Manganese deposits .. - ----------------- ------- ··--------- - ---- -------- -- ---- (!) (') --- - --------------- - ----- - - - ------------

Artillery Peak_____ Mohave_, _______ Arizona_______ __ Sedimentary__ __ L!lrge______ _ Low grade___ ___ Manganese________ Sampling, drilling, Reserve deposit impor· 
mining. tant for futt!re pro

Patagonia _________ Santa Crur. _____ •.... do _________ _ Veins ________ ___ SmalL. ____ _ ____ _ do _____ __________ do ___________ _ Sampling, trench
ing, mining. Parker _____________ Yuma ________________ do _________ _ 

Tombstone district_ Cochise ______________ do. ___ ----- -
Replacem e nt ____ _ do ___ ___ Medium grade .. ____ _ do _________ ___ Sampling, mining. 
Veins replace- _____ do _____ _ Low grade .•• . ....• . . do ____________ Sampling, drilling, 

Pershing mine _____ Saguache. _______ Colorado ____ __ _ _ 
ment. mining. 

Vein _________ ___ --- · .do _____ _ ___ __ do. __ _____ _______ do •. ---------- __ ___ do. __________ _ 
Three,Kids ________ Clark __________ _ Nevada _____ ___ _ Replacement__ __ Large_----- · ____ _ do.--- -- ---- ___ __ do.-- ------- - · _____ do ___________ _ 

Boulder City ___________ do ___ ____________ do _______ ___ ___ __ do __________ Large __ ____ _ Extra low grade. ____ _ do ___________ • ..... do _________ __ _ 

Virgin River. ______ ..•.. do ............... ,do ______________ _ do ____ ______ Medium ____ Low grade ___________ do ____________ Sampling, drilling, 
trenching. 

Whedon mine _____ ImperiaL ••..•.• California _______ Veins ______ ____ _ 
Iron deg~s~~- ------- -------.-- --------- ----.------------- .. --- ---------- - ----Apac d Che- NavaJO __________ Anzona ______ ___ Replacement. ... 

diski. 
New Planet _______ Yuma ..••.•....• _____ do ______________ _ do _____ ____ _ 
Iron Mountain Iron _____________ Utah __ __________ Contact meta· 

district (the rna- morphic. 
jority of this dis-
trict is outside 
the Colo. Basin 
area). 

SmalL _____ _ Medium grade .. ___ __ do ___ _________ Sampling ________ _ 

(') --- -------------------------------------Low grade ______ Iron ... ____________ Sampling, trench· 
(') 

Large ______ . 
ing drilling. 

SmalL. ____ _ Medium grade .. _____ do ___________ _ Sampling, drilling_ 
Large ___ _________ do _____________ __ do ___ ________ _ Sampling, mag-

neto-meter, drill
ing, mining. 

~~~lev~~;;iii-aiii.- ~~~~fa~~~=~:: ·cali1~ni8::::::: ~~~~ceillii!it~::: t:~~:::::: : :::: : ~g::::: : :::: :::: : ~g:::::::;:::: - ~-~~!~~~·-~~~~~: 
district. 

Lead, zinc, and cop- ···---------·----- ----·-··----·---- - ------------------
per deposits. 

(I) 

Zonia mine __ ______ Yavapai. ........ Arizona ______ ___ Disseminated •.. Medium ••.. Low grade • •.... Copper __________ _ 

Old Reliable _______ PinaL __________ •.... do _________ _ 
Aravaipa ____ ------ Graham _________ •.... do _________ _ 

Breccia Pipe •... ____ _ do _____ _ ____ _ do _______________ do ___ ________ _ 
Veins, contact SmalL _____ _ Medium grade, Lead, zinc, copper. 

Reward Zinc ______ PinaL _________ _ _____ do _________ _ 
Amargosa ___ _ ------ Pima.---------- _____ do _________ _ 

metamorpbic. low grade. 
Replacement .... _____ do ______ Medium grade •. 
Breccia Pipe _________ do ______ Low grade .••... 

Zinc __ - -----------
Molybdenum cop-

Sampling, trench
ing, drillin~ . 

Sampling, rmning_ 
Sampling, drilling, 

mining. 
Sampling, drilling_ 
Sampling __ ______ _ 

per. · 
Copper ___________ Sampling, drilling, 

mining. 
Christmas Copper_ Gila _____________ •.•.. do __________ Disseminated ... _____ do ••••.. _____ do _________ _ 

San ManueL ______ Pinal_ _______________ do _______ ___ Disseminated ___ Extra large _____ __ do ______________ _ do ____________ Sampling, drilling_ 

Big Four ____ ______ Summit _________ Colorado _____ ___ Vein ____________ SmalL ____ __ Medium grade, Zinc, lead •........ Sampling, drilling, 
· low grade. mining. 

Colorado Copper •. Montrose _______ _____ do __________ Disseminated _______ _ do _________ __ do __________ Copper ___________ Sampling, mining_ 
Magnesium minerals.----·--- - -----------------·--------------------------- (') ·-- ------------ - -- -------------------- ----- ---------- -----Th?mpson magne- Orand __________ Utah ____________ Sedimentary ____ Large _______ High grade ______ Magnesium potash . Sampling, drilling_ 

SIUID. 

Miscellaneous metal ------------------ ------ - ----------- ---- - ------- -- ----
and mineral de
posits. 

(') 

Asbestos ____ _______ Gila ______ _______ Arizona _________ Replacement.. .. SmalL ___ ___ High grade __ ____ Asbestos __________ Sampling, mining_ 

Great Eastern _____ Clark ____ _______ Nevada ....... .. Metamorphic Medium ____ Extra low grade. NickeL ________________ do ______ _____ _ 
replacement. 

Vanadium area of 
southeastern Utah 
and southwestern 
Colorado. 

Utah and Colo
rado. 

Replacement . ... _____ do •.. . •. Medium grade .. Vanadium, urani- Sampling, drilling, 
mining. um. 

duction. 
Idle reserve deposits. 

Do. 
Do. 

Do. 
Large war-time pro

ducer. Operation 
handicapped by tech· 
nical and operational 
factors. 

Grade too low for con
sideration as a source 
of manganese. 

Idle reserve deposits. 

Idle reserve deposit. 

Do. 
Producer of 140,000 tons 

of ore per month for 
Colorado Fuel and 
Iron, Geneva Steel, 
Columbia Steel and 
several small steel 
operations. 

Idle reserve deposit. 
Do. 

Do. 

Do. 
Small producer. 

Idle reserve deposit. 
Do. 

Producer of 1, 700 tons 
of slllceous flw:lng 
ore per month. 

Virgin porphyry cop
per recently discov
ered and explored by 
tbe Bureau of Mines. 

Small producer. 

Idle reserve of magne
sium-potash salts. 

Limited producer of 
excellent qualtly as
be~tos. 

0 rade of ore below 
operating possiblll· 
ties. 

Largest producer of 
vanadium in the 
United States. 

1 Small equals 1 to 100,000 tons; medium equals 100,000 to 1,000,000 tons; large equals 1,000,000 to 10,000,000 tons; extra large equals 10,000,000 tons plus. 
2 Extra low grade equals 1 to 5 poccent manganese; low grade equals 5 to 20 percent manganese; medium grade equals 20 to 40 percent manganese. 
3 Small equals I to 1,000,000 tons; medium equals 1,000,000 to 10,000,000 tons; large equals-10,000,000 to 100,000,000 tons. 
' Low grade equals 40 to 50 percent iron; medium grade equals 50 to 60 percent iron. 
1 Small equals 1 to 100,000 tons; medium equals 100,000 to 500,000 tons; large equals 500,000 to 5,000,000 tons; extra large equals 5,000,000 tons plus. 
' Large equals 100,000 tons plus. 
7 Small equals 1 to 10,000 tons; medium equals 10,000 to 50,000 tons. 

has in the Colorado River Basin. The standard raw 
material does not occur in the basin and bauxite, if shipped 
from the north coast of South America through the Pan
ama Canal would probably have to be converted into 
alumina, ready for reduction, at Los Angeles, as 
bauxite is treated in transit at Mobile, Ala., before sending 
the aluminum oxide up the railroad to the lowest cost 
power area. Cost of power is doubled by transmitting it 
from the power stations to Los Angeles and a pound of 

aluminum calls for about 10 kilowatt-hours in its produc
tion. Up to the present time alumina has had to travel to 
the low-cost power area for reduction. 

Silicon, ferrosilicon, and silicon carbide require low-cost 
power, quartzite and low ash coke. In normal times all 
of the production is carried on at low power cost electro
chemical centers where raw materials are nearby. These 
specifications can be met in the basin. Another consider
ation in connection with ferrosilicon is the fact that much 
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of the ferrosilicon produced is an intermediate product, 
used in t:Pe same plants for reducing other ores to produce 
low-carbon metals, alloys and ferro alloys. In this respect 
ferrosilicon in certain metallurgical industries is like sul
phuric acid in the chemical industry, a key intermediate. 

Manganese ores, generally of low grade, occur in several 
localities in Nevada, Arizona, and California and the 
Boulder City station of the Bureau of Mines has operated 
a pilot electrolytic manganese plant for several years, de
veloping the fine points in technique of operation. Part 
of the manganese went to the mint for production of the 
new 5-cent pieces, designed to conserve nickel. The 
remainder has gone largely into tonnage tests of electro
lytic manganese for the production of a number of low
carbon manganese alloys that show promise of large scale 
demand. As the scale of operation is increased the cost 
of production goes down and it should not be long before 
a commercial operation may be justified. The Three 
Kids manganese deposit near Las Vegas, Nev., is not far 
from the Basic Magnesium Co. magnesium plant where 
the necessary electrolytic equipment exists and only the 
tankage required by a manganese plant need be added. 
The magnesium plant is too large for normal peacetime 
demands and part of it might well be converted into a 
manganese plant. 

Manganese ores and chromite ores can also be electri
cally smelted into the corresponding ferroalloys. Chro
mite occurs in many areas of California. Ferromanga
nese is required in the production of steel· and finds a 
market in Los Angeles, San Francisco, and the other steel 
centers of the Southwest. Ferrochromium is needed in 
the chrome steels and chrome irons also made in the same 
areas. Electrolytic chromium is under development by 
the Bureau of Mines at Boulder City, Nev., and may well 
meet the need for a low carbon metal in production of 
such items as stainless steel. 

These are only prominent examples of electrochemical 
industries that can be developed first of all for local: needs 
and tqat later may reach more distant markets. 

OFFICE OF INDIAN AFFAIRS 

Indian Projects in the Colorado River Basin 

Undoubtedly the oldest as well as the most extensive of 
the prehistoric Indian agriculture on the North American 
continent took place within the basin of the Colorado 
River. There is ample evidence to show that many hun
dreds of years ago the Indians were builders of substantial 
irrigation projects covering large acreages of land served 
by wide and numerous canals. The first recorded observa
tions or historical accounts were those made by the Span
iards who ventured into this basin as early as the middle of 
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the sixteenth century. The records of these explorers are 
replete with descriptions oflndian irrigation enterprises lo
cated at various places within the range of their travels, but 
the most imposing accounts were those concerning the ac
tivities of the Pimas along the Gila River and its tribu
taries. Elsewhere, however, throughout this whole gen
eral territory various Indians made efforts toward obtain
ing at least a part of their subsistence from "what they 
planted." With the coming of the whites and the subse
quent confinement to reservations their earlier methods 
and customs have changed but through the assistance of 
the government their present agricultural activities have 
become considerably enlarged and modern methods are 
being adopted. 

Within the Colorado River Basin, as defined in the 
text of this report, are 29 Indian reservations, 1 nonreser
vation Indian school, and 2 sanatoria. The Indian 
land totals 26,823,062 acres, of which 1,271,117 acres 
are in trust allotments, 24,55 7,040 acres in tribal owner
ship and 994,905 acres in Government ownership. The 
combined Indian population of the area totals more than 
80,000, the majority of whom are full-bloods. The larg
est single group is the Navajos in Arizona and New 
Mexico, who total more than 50,000, practically all of 
whom are full-bloods. 

These Indians and their resources in land and water 
rights are the special concern of the Federal Government. 
The Federal responsibility is specifically set out in various 
treaties, statutes, and agreements under which definite 
legal rights have been vested in individuals and tribes. 
There are also certain moral obligations of the Govern
ment to these Indians because of its disregard of their legal 
rights over a long period. These rights and obligations 
were recognized by the Colorado River Compact Commis
sion as evidenced by article VII of the compact which 
reads as follows: "Nothing in this compact shall be con
strued as affecting the obligations of the United States of 
America to Indian Tribes." One of the Government's 
objectives in the development of the basin must be not 
only the protection of the Indian's purely legal rights 
but the discharge of its moral obligations as well. 

With few exceptions the Indians within the Colorado 
River Basin exist on a much lower than average standard 
of living. The Federal Government is obligated to pro
vide them with resources sufficient to enable them to at
tain economic independence at a level comparable with 
other citizens of the area. In some instances the full de
velopment of the Indian's present resources in land and 
water will accomplish this result. In other cases some 
additional resources must be acquired. Only after their 
economic independence at a reasonable level is attained 
can these Indians be expected to become integrated with 
the social, economic, and political life of theN ation. The 
guidance, protection, and assistance necessary to attain 
this end are Federal responsibilities. , 
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In carrying out its obligation to establish these Indians 
on a firm economic base the first step of the Government 
should be to develop fully their present resources and edu
cate them in the utilization and protection thereof. Many 
Indians are now in the armed services and many more are 
engaged in war work. This will undoubtedly result in 
an increasing number of Indians leaving the reservations 
permanently to engage in industry. The great majority, 
however, will continue to rely upon reservation resources 
for a livelihood. It is, therefore, urgent that all feasible 
Indian irrigation projects be developed fully at an early 
date. The need for this is so acute that unless detailed 
plans can be developed and construction work started im
mediately, conditions on most of the res~rvations 
will be such as to require the expenditure of large sums 
for relief or "made" work. This alternative must be 
avoided. 

Tentative plans have been prepared over the past sev
eral years by the Irrigation Division of the Office of In
dian Affairs for the development of all potentially 
irrigable Indian lands. Additional detail surveys and 
studies are required in connection with many of the proj
ects before the ultimate areas can be defined definitely 
and adequate facilities designed. As the development of 
the Indian projects will have a material bearing on plans 
for the development of the basin as a whole they should 
be given an early priority when funds and manpower 
become available. The total area in Indian projects 
within the basin now supplied with irrigation facilities is 
262,290 acres and plans contemplate expanding this area 
to 566,440 acres. The present average annual diversion 
is 1,034,308 acre-feet and the average annual diversion 
requirement for the ultimate area is 2,845,420 acre-feet. 
The areas and water use by States including non-Indian 
land within Indian irrigation projects are as follows: 

ARIZONA 

Within the Colorado River Basin in Arizona are 19 
Indian projects containing a total of 148,070 acres now 
supplied with irrigation facilities. The ultimate irrigable 
area of these projects -is estimated at about 291,055 acres 
making an increase of 142,985 acres for the State. The 
present diversion duty is approximately 610,4 70 acre-feet 
annually and the annual diversion requirement for the 
ultimate area is estimated at 1,671,342 acre-feet. The 
individual projects are described as follows: 

Ak Chin.-This small project is located on the Mari
copa Reservation near the town of Maricopa. The pop
ulation of the reservation is 284 persons, most of whom 
are full-blood Maricopas. The reservation was estab
lished by Executive order of May 28, 1912. The water 
supply is secured from four wells equipped with electrically 
operated turbine pumps, installed in 1915. Approx
imately 1,500 acre-feet is pumped annually, and it is 
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estimated that when the irrigated area, which is divided 
into small subsistence garden tracts, is cultivated more 
intensively the annual water requirement will increase to 
about 2,680 acre-feet. The distribution system consists 
of 10 miles of ditches and 2,600 feet of 16-inch concrete 
pipe. The irrigable area is 670 acres and present plans 
do not contemplate any material expansion on account 
of the relatively high cost of pumping. 

Camp Verde.-This small project is located on the 
Camp Verde Reserve in central Arizona, the total area 
of which is 458 acres. The Indian population is 453. 
Water is secured by direct diversion from the Verde River. 
The present irrigable area is 170 acres, arid it is planned 
to expand it to approximately 425 acres. The present 
annual diversion is 950 acre-feet and the average annual 
diversion requirement for the total area of 425 acres is 
estimated at 2,337 acre-feet. 

Chiu Chiu.-This small project is located on the 
Papago Reservation appreJximately 9 miles south of 
Casa Grande. The water supply is secured from two 
wells equipped with electrically operated turbine pumps 
installed in 1915. Approximately 615 acres are now 
being irrigated and present plans contemplate increas
ing the area to about 700 acres. The present pumping 
amounts to 1,550 acre-feet annually and the estimated 
average annual requirement for the ultimate area is 2,800 
acre-feet. The estimated cost to complete the project is 
$5,000. 

Cocopah.-This small project is located about 18 
miles south of Yuma where approximately 530 acres were 
set aside by Executive order of Septerp.ber 27, 1917. 
Water is secured from the Yuma project of the Bureau of 
Reclamation through a lateral of about 100 second-feet 
capacity. The present annual water use is about 600 
acre-feet and the estimated annual requirement for the 
ultimate irrigable area of 425 acres is 2,550 acre-feet. 
The estimated cost of completing the project is $5,000. 

Colorado River.-This project is located on the Colo
rado River Reservation which was established by the act 
of March 4, 1865 ( 13 Stat. 559). It was on this reserva
tion that the Federal Government made its first attempt 
to reclaim arid lands. The act of March 2, 1867 ( 14 
Stat. 514), appropriated $50,000 for beginning construc
tion of an irrigation canal from the Colorado River. 
Water was first turned into this canal on July 4, 1870, but 
due to faulty design and construction of the headgate and 
to the unusually high stage of the river the canal was de
stroyed for a considerable distance below the intake struc
ture. Several attempts to reconstruct the canal and head
ing were made and it was actually used during 18 71 when 
the stage of the river was such as to allow the diversion 
of water. On account of the great variation in the flow 
of the river, however, attempts to irrigate these lands by 
gravity diversion were discontinued and a pumping plant 
was installed in 1898. This plant was subsequently en-
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larged to a capacity of 125 second-feet and has 
now been replaced with permanent diversion facilities. 

The irrigable area extends about 45 miles north and 
south from near Parker to a point near the old town of 
Ehrenberg. The water supply is secured by direct diver
sion from the Colorado River at the Headgate Rock 
diversion dam. This is one of the major Indian projects 
in the Colorado River Basin and the first major project 
downstream from Boulder Dam. 

The project is designed and is being constructed to irri
gate 100,000 acres. The Head gate Rock Dam together 
with about 17 miles of the main canal and about the 
same length of the main drainage canal have been com
pleted at a cost of about $8,000,000. Construction work 
was suspended at the beginning of the war with the ex
ception of extending facilities to serve some 3,000 acres 
within the Poston relocation center of the War Reloca
tion Authority. The present area supplied with distribu
tion facilities is approximately 9,400 acres. Detail plans 
for extending the irrigation and drainage facilities includ
ing the construction of a small hydroelectric generating 
plant at a drop in the main canal, are complete. The 
estimated cost to complete the project for the ultimate 
area of 100,000 acres is $12,425,000. The present aver
age annual diversion is approximately 56,400 acre-feet 
and the estimated annual diversion requirement for the 
ultimate area is 600,000 acre-feet. 

The early completion of this project will assist materially 
with the rehabilitation of the Indians within the Colorado 
River Basin. Plans for the utilization of the area by In
dians are being made in accordance with the act of March 
4, 1865, which established the reservation for the Indians 
of the Colorado River and its tributaries. The comple
tion of the project for the total irrigable area of 100,000 
acres should be given a high priority when materials and 
manpower become available in the postwar period. 

Fort Apache.-This project consists of several small 
units on the Fort Apache Reservation. Water is secured 
by direct diversion from White and Black Rivers and vari
ous tributary creeks. The area now being served is ap
proximately 2,000 acres, and it is planned to extend 
irrigation facilities to an additional 4,000 acres, making 
6,000 acres in all. The present annual diversion amounts 
to about 10,000 acre-feet and the estimated diversion re
quirement for the ultimate area is 30,000 acre-feet. The 
estimated cost to complete the developments is $4 7,000. 

Fort Mojave.-This small project is located on the Fort: 
Mojave Reservation across the Colorado River from 
Needles, Calif. The present project consists of 20 acres, 
which are irrigated by pumping. There is a total area of 
approximately 9,000 acres of Indian land lying along the 
Colorado River which will be susceptible of irrigation by 
pumping when low-cost power is available and the river 
becomes stabilized after completion of Davis Dam. This 
area would be particularly valuable for the production of 

pure seed at it is isolated from other agricultural areas. 
The present average diversion is 100 acre-feet and the 
average annual diversion for the ultimate area is esti
mated at 54,000 acre-feet. 

Fort McDowell.-This small project is on the Fort 
McDowell Reservation north of Phoenix. The water 
supply is secured by direct diversion from the Verde 
River. The present area is 600 acres and it is contem
plated to increase it to 1,400 acres through extension of 
the canal and lateral systems at an estimated cost of 
$16,000. The present annual diversion amounts to ap
proximately 3,600 acre-feet and the annual diversion re
quirement for the ultimate area is estimated at 8,400 
acre-feet. 

Gila Bend.-At one time tqe Indians of the Gila Bend 
Reservation were irrigating a small area adjacent to the 
Gillespie project. These Indians are now mostly in the 
armed services or engaged in war work and the irrigated 
area is not used temporarily. There are 400 acres, how
ever, which these Indians can reasonably be expected to 
utilize eventually. The water supply will be secured from 
the Gila River and the annual diversion is estimated at 
2,400 acre-feet. The estimated cost of the development is 
$40,000. 

Gila River.-Irrigation was practiced on the reserva
tion by the Pima Indians in prehistoric times. The first 
historical record probably comes from the visit of Fra 
Marcus De Niza in 1539, who found a successful agricul
tural community of Pima Indians along the Gila River. 
Most of the irrigable lands within the reservation are in
cluded in the San Carlos project which is described sepa
rately, but approximately 7,400 acres outside the San 
Carlos project are being irrigated by Indians. This area 
is in small scattered tracts, the largest of which is the 
1,080-acre Maricopa unit near the confluence of the Gila 
and Salt Rivers. Water for these scattered units is secured 
both by gravity diversion from the Gila and Salt Rivers 
and by pumping. 

The total present irrigable area in these units is 7,400 
acres, and it is planned to extend irrigation facilities to an 
additional 5,525 acres making 12,925 acres in all. The 
present annual diversion is approximately 3 7,3 20 acre
feet and the annual diversion requirement for the ultimate 
area is estimated at 77,955 acre-feet. The estimated cost 
of providing irrigation facilities for this additional area is 
$250,000. This additional development of Indian lands 
outside the San Carlos project will depend upon securing 
a supplemental water supply through the proposed deliv
ery of Colorado River water to central Arizona. 

Hopi.-Within the Hopi Reservation are eight small 
irrigation developments and several small garden tracts 
aggregating about 660 acres. It is planned to extend 
irrigation facilities to an additional 70 acres making 730 
acres in all. Water is secured from miscellaneous small 
streams tributary to the Little Colorado River. The pres-
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ent annual diversion is about 3,300 acre-feet and the an
nual diversion requirement for the ultimate irrigable area 
is estimated at 3,650 acre-feet. 

H avasupai.-This small project lies in Supai Canyon 
near the western terminus of the Grand Canyon. A total 
of 1 7 5 acres is being irrigated and it is expected the area 
will be expanded to a total of 200 acres. Water is secured 
from springs and the present diversion is about 1,050 acre
feet annually. The annual diversion requirement for 
the ultimate area is estimated at 1,200 acre-feet. 

Hualapai.-This small project is located on the Hua
lapai Reservation. At present 40 acres are being irrigated 
and it is planned to exte!ld irrigation facilities to an addi
tional130 acres, making 170 acres in all. Water is secured 
by direct diversion from Big Sandy Creek, a minor tribu
tary of the Colorado River. The present diversion is about 
200 acre-feet annually and the annual diversion require
ment for the ultimate area is estimated at 1,020 acre-feet. 

Kaibab.-This small project is on the Kaibab Reserva
tion. At present 40 acres are being irrigated from a 
spring. The annual diversion is estimated at 160 acre
feet and no expansion of the irrigable area or annual diver
sion is contemplated. 

Navajo.- On the Navajo Reservation within the State 
of Arizona are about 45 small irrigation developments 
aggregating 13,740 acres. Twenty 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 planned to pro
vide irrigation facilities for an additional 31,530 acres 
which will make the ultimate irrigable area within Arizona 
approximately 45,270 acres, about 23,265 acres of which 
will be in the Little Colorado River watershed and 22,005 
acres in the San Juan watershed. The water supply is se
cured by direct diversion from miscellaneous streams and 
the present annual diversion is estimated at 68,700 
acre-feet, of which 25,000 acre-feet is from tribu
taries of the Little Colorado River and 43,700 acre
feet from tributaries of the San Juan. The average 
annual diversion requirement for the ultimate area is 
estimated 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. 

Salt River.-This project is located on the Salt River 
Reservation which was set aside for use of Indians by the 
Act of February 28, 1859 ( 11 Stat. 401), and Executive 
order of June 14, 1879. The present irrigation project 
was started by the Indians in 1871 and has been improved 
and extended from time to time until at present the irri
gable area is 9,800 acres. An additional 200 acres will 
be brought under the canal system within a short time, 
making a total project area of 10,000 acres. Water is 
secured through the canal system of the Salt River proj
ect built by the Bureau of Reclamation. Delivery of 1 7.5 
second-feet constant flow is made through the Arizona 
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Canal to lands lying north of the Salt River and 8. 7 5 sec
ond-feet through the Utah Canal for lands in the Lehi 
district. In addition to this normal flow water the In
dians are entitled to 20 percent of the storable water in the 
reservoir created by Bartlett Dam on the Verde River in 
accordance with a contract between the Office of Indian 
Affairs and the Salt River Valley Water Users' Associa
tion, dated June 21, 1935. This amounts to an average 
of approximately 20,000 acre-feet annually. The present 
diversion averages 39,200 acre-feet annually and the an
nual diversion for the ultimate area will average 40,000 
acre-feet. 

San Carlos project.-The San Carlos Indian irrigation 
project was authorized by the act of June 7, 1924 ( 43 Stat. 
475-476), commonly known as the San Carlos Act. This 
act authorized the construction of the Coolidge storage 
dam on the Gila River and the merger, in whole or in 
part, of the 62,000-acre Florence Casa Grande project 
with the San Carlos project. The Coolidge Dam was 
completed in 1928. This dam creates the San Carlos 
Reservoir which has a capacity of 1,285,000 acre-feet. 
Water is diverted from the Gila River at the Ashurst-Hay
den Dam above Florence and at the Sacaton Dam near 
Sacaton. In addition to the gravity supply the project 
operates about 85 turbine pumps which provide adequate 
drainage and augments the water supply for irrigation. 

The project contains a total of 100,000 acres of which 
50,000 acres are Indian lands within the Gila River Res
ervation and 50,000 acres of privately owned lands in the 
Florence-Casa Grande Valley. Water rights for the proj
ect lands were defined in a Federal district court decree 
entitled "Glove Equity No. 59" entered June 29, 1935. 
This decree known as the Gila River decree provides a 
water right with immemorial priority for 35,000 acres of 
Indian lands within the San Carlos project; a water right 
for 1,000 acres in the San Carlos Reservation with a pri
ority second only to that of the 35,000 acres of Pima 
lands; water rights with varying priorities from 1868 to 
1921 between privately owned lands in the San Carlos 
project and lands in the upper Gila Valley; and a right 
with a priority of not later than June 7, 1924, to the San 
Carlos project to store 1,285,000 acre-feet in the San 
Carlos Reservoir at all times. 

The present average annual diversion for the project 
lands is about 370,000 acre-feet which has been the aver
age flow available during the past several years. It is 
planned to secure a supplemental supply of about 230,000 
acre-feet annually through the construction of the pro
posed Buttes Dam on the Gila River to store flood flows 
of the San Pedro River and partly from the Colorado 
River through facilities proposed to bring Colorado River 
water into the central valleys of Arizona. This will re
sult in a total annual diversion of 600,000 acre-feet of 
which 450,000 acre-feet will be from the Gila River 
watershed and 150,000 acre-feet from the Colorado River. 
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The project works are complete with the exception of 
the proposed Buttes Dam and facilities for securing the 
supplemental supply from the Colorado River. The area 
actually irrigated each year varies with the available water 
supply which heretofore has been inadequate for the en
tire project area of 100,000 acres. The construction of 
these additional facilities should receive a high priority 
in the basin development and work started when mate
rials and manpower become available in the postwar 
period. 

San Carlos Reservation.- On the San Carlos Reserva
tion 1,000 acres are under cultivation. The irrigable 
area includes several tracts, the principal ones being near 
Bylas and Calva on the Gila River and near the San 
Carlos Agency along the San Carlos River. Water is 
secured both by direct diversion and by pumping. The 
average annual diversion is 6,000 acre-feet. No substan
tial expansion either in the irrigable area or the diversion 
of water is contemplated. 

San Xavier.-On the San Xavier Reservation near 
Tucson approximately 1 ,640 acres are being irrigated by 
direct diversion from the Santa Cruz River and by pump
ing. Irrigation was practiced by these Papago Indians 
before the area was first visited by Father Kino in the six
teenth century. It is proposed to increase the irrigable 
area from 1,640 to 1,700 acres. The present annual di
version amounts to 9,840 acre-feet and no increase is 
contemplated. 

CALIFORNIA 

Within the Colorado River Basin in California are two 
Indian projects. The combined present irrigable area 
amounts to 7,975 acres and plans contemplate expand
ing this area to 22,350 acres. The present average an
nual diversion is 47,718 acre-feet and the diversion re
quirement for the ultimate area is estimated at 134,218 
acre-feet. The two projects are described as follows: 

Coachella Valley.- Within the Coachella Valley are 
three reservations which, under the Bureau of Reclama
tion plans, will receive water from the Colorado River 
through the Coachella Valley canal. These reservations 
are Augustine, Cabazon, and Torres-Martenez. There 
are at present approximately 125 acres in small tracts be
ing irrigated on these reservations and it is planned to 
increase that area to 14,500 acres. The present water 
supply is secured from artesian wells and pumps and the 
average present annual diversion is 500 acre-feet. When 
the Coachella Valley canal is completed water for the 
larger acreage can be secured therefrom. The average 
annual diversion requirement for the ultimate irrigable 
area of 14,500 acres is estimated at 87,000 acre-feet. The 
estimated cost of providing the necessary irrigation facili
ties and subjugating the land is $4,350,000. This work 
should be accomplished as soon as possible. 
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Fort Yuma.-On the Fort Yuma Reservation 7,850 
acres of irrigable land are included in the Yuma project 
of the Bureau of Reclamation. Water is delivered by the 
Bureau of Reclamation from its canal system. The pres
ent average annual diversion is estimated at 4 7,218 acre
feet. No expansion of the irrigable area or increase in 
diversion is contemplated. Some additional subjugation 
work is necessary to permit the irrigation of the total area 
and the economical use of water. The estimated cost of 
this work is $350,000. 

CoLORADO 

Within the Colorado River Basin in Colorado are two 
Indian projects. The combined present irrigable area 
amounts to 8,600 acres and plans contemplating expand
ing this area to 20,350 acres. The present average an
nual diversion is 43,000 acre-feet and the average annual 
diversion requirement for the ultimate area is estimated at 
72,7 50 acre-feet. The two projects are described as 
follows: 

Southern Ute.-On the Southern Ute Reservation 
8,400 acres are now supplied with irrigation facilities of 
which 2,400 acres are in non-Indian ownership, and plans 
contemplate expanding the area to 19,850 acres of which 
3, 700 will be non-Indian. The water supply is secured 
from Pine River and tributary creeks. The present aver
age annual diversion is 42,000 acre-feet and the average 
annual diversion requirement for the ultimate irrigable 
area is estimated at 70,250 acre-feet. The tentative esti
mated cost to provide irrigation facilities for the additional 
area is $860,000. 

Ute Mountain.-On the Ute Mountain Reservation 
there are 200 acres being irrigated and plans contemplate 
expanding the area to 500 acres. The water supply is 
secured from Mancos Creek. The present average an
nual diversion is 1,000 acre-feet and the average annual 
diversion requirement for the ultimate irrigable area is 
estimated at 2,500 acre-feet. 

NEVADA 

Within the Colorado River Basin in Nevada is one In
dian project. This small project is on the Moapa Reser
vation and contains an irrigated area of 325 acres. 
It is proposed to increase this area to 600 acres. The 
water supply is obtained from the Muddy River. The 
present average annual diversion is 1,950 acre-feet and 
the average annual diversion requirement for the ultimate 
Indian area is estimated at 3,600 acre-feet. The work 
required to complete the irrigation facilities includes the 
construction of a small storage dam for irrigation and flood 
control. The estimated cost of this dam is $335,000, of 
which about $55,000 will be a charge against the Indian 
land, $135,000 will be allocated to flood control, and 
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$160,000 will be charged to the approximately 3,&00 acres 
on non-Indian land which will be benefitted. In addition 
it is proposed to install a concrete pipe-distributing system 
for the Indian lands at an estimated cost of about $65,000. 

NEW MEXICO 

Within the Colorado River Basin in New Mexico are 
five Indian projects aggregating 19,000 acres now supplied 
with . irrigation facilities. It is proposed to increase this 
area to 133,000 acres. The present average a'nnual di
version is 95,000 acre-feet and the average annual diver
sion requirement for the ultimate area is estimated at 
655,000 acre-feet. The five projects are described as 
follows: 

]icarilla.-On the Jicarilla Reservation 800 acres are 
now being irrigated and plans contemplate increasing this 
area to 5,000 acres. The water supply is secured from 
LaJara and Dulce Creeks. The present average annual 
diversion is 4,000 acre-feet and the average annual diver
sion requirement for the ultimate area is 25,000 acre-feet. 
The estimated cost of providing irrigation facilities for the 
additional area is $250,000. 

Monument Rocks.-Within the Navajo Reservation 
north of the San Juan River is a reasonably compact area 
of potentially irrigable land which is included in the pro
posed development of the Animas-LaPlata project by the 
Bureau of Reclamation. This potentially irrigable area 
totals 25,500 acres. It is estimated that the average an
nual diversion requirement would amount to 127,500 
acre-feet. Detail surveys are required in order to define 
the area and prepare cost estimates. The cost of such 
surveys is estimated at $10,000. 

Navajo.-Within the Navajo Reservation in New 
Mexico are about 30 small irrigation developments and 
several additional small projects are proposed for develop
ment. The present irrigated area aggregates 12,000 acres 
and the propos~d additional developments total 10,500 
acres making a total aggregate area of 22,500 acres. The 
water supply is secured from the San Juan River and 
numerous miscellaneous streams tributary to the San Juan 
River. The present average annual diversion is 60,000 · 
acre-feet and the average annual diversion requirement 
for the ultimate irrigable area is estimated at 112,500 
acre-feet. The development cost of these small projects in
cluding subjugating the land is estimated at about $2,000,-
000. Although additional surveys are required to 
define the areas and prepare accurate cost estimates, the 
cost of such additional studies will be approximately 
$10,000. 

Shiprock.-Within the Navajo Reservation in the vicin
ity of Shiprock is a compact area of reasonably good land 
comprising 70,000 acres. lrrjgation of this area would 
require the construction of a storage reservoir on the San 
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Juan River together with a canal and lateral system. The 
Bureau of Reclamation has studied the possibility of con
structing a storage dam on the San Juan River near the 
Colorado-New Mexico State line to form a 125,000 acre
foot reservoir, a diversion dam near Blanco, and a gravity 
conduit extending about 7 5 miles to the land. A pump
ing lift of about 100 feet would be required to irrigate 
part of the area which lies above the conduit location. 
The average annual diversion requirement for this proj
ect regardless of the plan adopted would be approximately 
350,000 acre-feet. The estimated cost of the develop
ment is $21,000,000 or about $300 per acre. 

SuMMARY-NAVAJO 

The need for the full and early development of all 
feasible irrigation projects on the Navajo Reservation is 
acute. Within the Navajo Reservation in Arizona and 
New Mexico there are approximately 30,000 acres now 
provided with irrigation facilities. Some of the many 
separate developments are merely floodwater projects and 
are of little value during years of extreme drought. Addi
tional storage is required to provide a dependable water 
supply. Additional subjugation work also needs to be 
done in order to conserve water and make it possible for 
the Indians to carry on farming operations. With the full 
development of all feasible irrigation units on the Navajo 
Reservation in Arizona and New Mexico including the 
Monument Rocks area, the Shiprock area, and the.mis
cellaneous small projects there would be a total of ap
proximately 135,000 to 150,000 acres of irrigable land 
available for use by these Indians. The estimated cost of 
the new developments including the subjugation of land 
is $27,000,000 or an average of about $260 per acre for 
the new acreage. 

Living on and adjacent to the reservation are approxi
mately 52,000 Navajo Indians practically all of whom are 
full-bloods. This population comprises about 11,000 
families. It is the obligation of the Government to pro
vide these people with resources sufficient for them to 
attain economic independence at a reasonable standard of 
living. The present carrying capacity of the grazing 
range available to them is estimated at 611,000 sheep 
units. This would permit the grazing of approximately 
70 sheep per family whereas at least 400 sheep per family 
are required to provide a minimum standard of living. 
Assuming that 3,000 of these Indian families will find their 
way into industry or otherwise secure their living off the 
reservation there remain 8,000 families to be provided 
for. With the range land divided equally they could each 
have not to exceed about 75 sheep per family. With the 
full development of all potentially irrigable lands total
ing 135,000 to 150,000 acres it would be possible to as
sign an average of 15 to 20 acres of irrigable land to each 
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TABLE CXXXVI.-lndian projects in the Colorado River Basin 

State project Source of water supply 

------ ·- -------~----~------ ----------------- ---------
Arizona: 

Ak Chin ____ _______ ________ ___ _ _ Wells ___ _____ ____ ___________ ______ ____ _ 

g~~Pc~i~~~~ == = ===== = ~ ===~ ==~~ == 
Verde River ____ _____________ ______ ___ _ _ 
Wells ___ ___ _____ __________ ________ ___ _ _ 

Cocopah _________ ___________ ___ _ Colorado River __ _________ __________ ___ _ _ 
Colorado River __ __ ____ ____ ____ _ _ Colorado River ___ ______ ____________ ____ _ _ 
Fort Apache ____ _______ _____ ____ _ White River ___ __________ _____ _____ ____ _ 
Fort Mojave ____ ___ ___ ______ ____ _ Colorado River _______ ________ ______ ____ _ 
Fort McDowelL ____ _______ __ ___ _ Verde River _____ ____ ____ ____ ______ ___ _ _ 
Gila Bend ________ ____ _____ ___ __ _ Gila River ___________________ ___ ___ ____ _ 
Gila River ____ _____ _________ ____ _ Gila and Salt River ___ ________ ______ ____ _ 
!Iavasupai __ __ ___ _________ ____ _ _ 

~~~!b~~=~== ~ = ==~ =~== ====~ ~ = = = = !Iopi _______ ___ __ __________ ___ _ _ 
~avajo ______ ___ _____ _____ ____ _ _ 

Spring ________ ________ _________ ___ ____ _ 
Big Sandy Creek __________ ___ ______ ____ _ 
Spring __________________ ____ ____ ____ __ _ 
Miscellaneous streams _____ _____ _________ _ 
Miscellaneous streams ____ _____________ __ _ 

Salt River ___ ____ _____ _____ ____ _ _ Salt and Verde Rivers _____ _______ ___ ____ _ 
San Carlos ___ ____ _________ ____ _ _ Gila River ___________ __ ___________ _____ _ 
San Carlos Reservation _____ _____ _ Gila and San Carlos Rivers ______ ____ ____ _ 
San Xavier ______ ____________ ___ _ Santa Cruz River ___________ ________ ____ _ 

Subtotal _____ _______ ______ ____ -------------- -- --------- - --- - ----- - - - --

California: 
Coachella Valley____ _______ __ ____ Color~do River _________ _____ _______ ____ _ 
Fort Yuma ___ __ ___ ____ _____ ____ _ ___________ __ __ ____________________ ___ _ _ 

Subtotal __ __________ ____ __ __ __ ------------------------- - - --- ------- - - -

Colorado: 
Southern Ute______________ ___ ___ Pine River and Creeks ____ _______ _______ _ 
Ute Mountain_ ___ ______________ _ Mancos River_ ____ _____ - - - - - - ______ _ - - - _ 

Subtotal ____ ___ _______ _____ ___ - -- ------ - --- - - - ----- - - - - - - - --- ---- - - - - -

~evada: 
Moapa ______ __ ______ _______ ___ __ Moapa River ___ __ ___ ____ __________ ____ _ 

Subtotal __ __ ____ __ ______ __ ____ ------------- - - - ------------- - -- --- - --- -

New Mexico: 
Jicarilla _____ ________ ________ ____ LaJara and Dulce Creek. ___ _______ __ __ _ _ 
Monument Rock s __ _________ ___ __ San-Juan River_----------- - - - ----- - -- __ 
~avajo ___ ~--- --- - - - - - ---- -- - - -- Miscellaneous streams _____ ________ ___ __ _ 
Shiprock ________ ___ _______ __ ___ _ SanJuan River ________ _______ ______ __ _ 
ZunL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Zuni River ___ ____ ___ _________ __ ___ ____ _ 

SubtotaL ___ ____________ __ __ ___________ _____ _ ~ _______ _______ ___ ______ _ 

Utah: 
Shiv wits_____ ________ __ ___ __ ____ Santa Clara River ______ ______ ______ ____ . 
Uintah _______ ________ __ __ __ ____ ._ Uintah, Duchesne, Lake Fork and White-

water Rivers. 
Uncompahgre __ _____ _______ _____ _ White and Green Rivers ____ _____ ___ ____ _ 

Irrigablc area 

Present 
(acres) 

-----

670 
170 
615 
100 

9, 400 
2, 000 

20 
600 

0 
7, 400 

175 
40 
40 

660 
13, 740 
9, 800 

100,000 
1, 000 
1, 640 

148,070 
======== 

125 
7, 850 

7, 975 
==== 

8, 400 
200 

8, 600 
===== 

325 

325 
===== 

800 
0 

12,000 
0 

6, 200 

19, 000 
--~~-- - ---

70 
77, 000 

1, 250 

Ultimate 
(acres) 

- ----

670 
425 
700 
425 

100,000 
6, 000 
9, 000 
1, 400 

400 
12, 925 

200 
170 
40 

730 
45.270 
10, 000 

100,000 
1, 000 
1,700 

291,055 
===== 

14, 500 
7, 850 

22, 350 
====== 

19, 850 
500 

20, 350 
==== 

600 

600 
===== 

5, 000 
25, 500 
22,500 
70, 000 
10, 000 

133,000 
===== 

85 
77, 000 

22, 000 
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Annual divPrsions 

- --- - -------
Present 

(acre-feet) 

1, 500 
950 

1, 550 
600 

56, 400 
10, 000 

100 
3, 600 

0 
37, 320 

1, 050 
200 
160 

3, 300 
68, 700 
39, 200 

370, 000 
6,000 
9, 840 

610, 470 
===== 

500 
47,218 

47, 718 
====== 

42, 000 
1, 000 

43, 000 
=== 

1, 950 

1, 950 
==== 

4, 000 
0 

60, 000 
0 

31, 000 

95,000 
===== 

420 
232, 000 

3, 750 

Ultimete 
(acre-feet) 

----·- -

2, 680 
2, 337 
2, 800 
2,550 

600, 000 
30, 000 
54,000 

8, 400 
2, 400 

I 77, 955 
1, 200 
1, 020 

160 
3, 650 

226, 350 
40, 000 

I 600, 000 
6, 000 
9, 840 

-----
1, 671, 342 

===== 
87,000 
47, 218 

-----
134, 218 

===== 
70, 250 

2, 500 

72, 750 
=·==== 

3, 600 

3, 600 
====-=== 

25, 000 
127, 500 
112, 500 
350, 000 
50,000 

665, 000 
===== 

510 
232, 000 

66, 000 

Subtotal ____ ______ ____ ___ ___ _____ ____ _________ _ --- _----- --- _-- -- - .. - . - -1 _ _2~ 32~ -~9, 08~ _ 236, 170 _ __:98, 510 

TotaL ____ _____ __ ___ ____ _____ -I- __ _____ : _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ ___ _ -I- 262,290-566, 44oJl." 034, 3os 2~45~20 

• Includes a supplemental supply from the Colorado River in connection with the proposed Central Arizona devrlopmem. 

of the 8,000 families in addition to which each family 
could graze an average of 7 5 sheep. This would not solve 
all the economic problems of the Navajo but would raise 
his present standard of living considerably. Many of 
these Indians were in the armed services and many more 
were engaged in war work. Now the war is over these 
people must inevitably return to the reservations. U n
less detail plans can be developed and construction work 

started on these proposed irrigation developments imme
diately, the conditions on this reservation will be such as to 
require the expenditure of large sums for relief or "made" 
work; this alternative must be avoided. 

Zuni.-Within the Colorado River Basin is the Zuni 
Pueblo. On the pueblo lands 6,200 acres are now pro
vided with irrigation facilities and it is proposed to expand 
the irrigated area to 10,000 acres. Water is secured from 
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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 irri
gable area and prepare cost estimates. 

UTAH 

Within the Colorado River Basin in Utah are three 
Indian projects. The total present irrigated area is 
78,320 acres and it is proposed to expand the area to 
99,085 acres. The present average annual diversion is 
236,170 acre-feet and the average annual diversion re
quirement for the ultimate area is estimated at 298,510 
acre-feet. The projects are described as follows: 

Shivwits.-On the Shivwits Reservation there are 70 
acres being irrigated and it is proposed to expand the area 
to 85 acres. The present average annual diversion is 420 
acre-feet and the average annual diversion requirement 
for the ultimate area is 510 acre-feet. The diversion is 
from the Santa Clara River. 

U intah.-On the Uintah Reservation there are 77,000 
acres now provided with irrigation facilities. The average 
annual diversion is 232,000 acre-feet. The water supply 
for this project is secured from the Uintah, Duchesne, 
Lake Fork, and Whitewater Rivers. No expansion of the 
project area or increase in diversion is contemplated. 

Uncompahrgre.-On the Uncompahgre Reservation 
there are 1,250 acres now provided with irrigation facili
ties and it is planned to expand the irrigated area to 22,000 
acres. The water supply is secured from the White and 
Green Rivers and several small creeks. The present aver
age annual diversion is 3,750 acre-feet and the average 
annual diversion requirement for the ultimate area is 
estimated at 66,000 acre-feet. 

SUMMARY 

Table CXXXVI lists the various Indian projects by 
States, showing the present and ultimate irrigable areas, 
the present and proposed annual diversions in acre-feet, 
and the source of water supply. 

Of the Indian projects listed, theN ava join Arizona and 
New Mexico, and the Colorado River in Arizona, are of 
major importance in the rehabilitation of the Indians of 
the basin. The need for the early completion of all In
dian projects is acute but the need for the full develop
ment of these two is most urgent and their completiop. 
should be given a first priority. The employment pro
vided during the construction period will greatly alleviate 
the problems involved in the return of the Indians in the 
armed services and those engaged in war work to a peace
time economy. 

THE COLORADO RIVER 

GENERAL LAND OFFICE 

Colorado River Basin 

Since the organization of the General Land Office in 
1812 the legislative framework built up in relation to 
public land policy has been incorporated in over 5,000 
public land statutes. While many of these laws are con
cerned with the disposal of the public domain, much of 
the more recent legislation deals with the management 
and conservation of the remaining public lands and their 
resources, through leases, exchanges, and reservations. 

Public domain in the Colorado Basin.-In the Colo
rado River Basin there are about 6,000,000 acres 
of unappropriated qnd unreser~ed public domain under 
the jurisdiction of the General Land Office. This is land 
area outside of grazing districts and other public ·land 
programs. The General Land Office exercises imme
diate and sole jurisdiction over all activities on these 
6,000,000 acres. It has the major responsibility for all 
nongrazing activities in grazing districts and is responsible 
for all land titles and the administration of the mining 
and mineral leasing laws affecting lands in the national 
forests and within many other public land projects. 

Within the Colorado River Basin there are eight major 
subareas in which the activities of the General Land 
Office will be largely concentrated to assist in obtaining 
the highest development and use of the resources in con
nection with the basin development program. These 
areas are ( 1 ) the Imperial Valley, California, ( 2) the 
lower portion of the Gila River in southwestern Arizona, 
( 3) southern Arizona in the vicinity of Tucson, ( 4) cen
tral Arizona from Phoenix north to the Colorado River, 
(5) east central Arizona in the upper reaches of the Little 
Colorado River, ( 6) western New Mexico, ( 7) Duchesne 
and Carbon Counties, Utah, near the Green River, and 
( 8) the Yampa River in northwestern Colorado. 

There are many problems now being experienced in 
administering the public land in these areas largely 
arising from conflicts in use between irrigation and dry
farm crop production, grazing, homesites, and mining. 
As water and land improvements are made in the basin 
for expanding irrigation, power production, industrial 
production, and for numerous other purposes there will 
be many more and considerably intensified conflicts in 
land use. The administration of the public lands is also 
especially difficult and complicated due to the scattered 
nature of the tracts remaining in the public domain as 
the result of the earlier land disposal practices and the 
importance of many of these tracts in the utilization of ad
jacent lands in the localities in which they lie and in the 
area economy. The problem will be further complicated 
if large reservations of public lands for military purposes 
in the basin are released, requiring major readjustments 
in the use of large areas for peacetime pursuits. 
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Land classification.-Prior to designating land for a 
certain use, or acting upon an application for sale, settle
ment or exchange of public domain, it is required that 
such land be classified as to its suitability for the purpose 
intended. As a rule due to the limited staff and funds 
and the ·large area of public domain located in discon
nected tracts throughout the 29 public land States, the 
past procedure has been mainly limited to the classification 
of a tract of land after an application is received from an 
individual or State. A few small areas of land have been 
classified or are in the process of classification as to the best 
adaptable use. While such area classifications are not 
static and are subject to modification, they provide a more 
practical basis for guiding public land policy and 
administration. 

Only cursory information has been assembled for most 
of the unappropriated and unreserved public domain acre~ 
age. The absence of detailed physical and economic in
formation has tended to handicap the General Land Office 
in its administration of public lands. The need for 
classifications embracing broader areas has become in
creasingly pronounced, especially for the integration of 
the development and use of the public lands with other 
lands. It is essential in the shift from war to peace and in 
the program for attaining the fullest development of the 
Colorado Basin that the land classification studies be made 
in greater detail and over larger areas. Considerably more 
detailed land classification is required to indicate better 
the purpose for which lands are physically and eco
nomically suited and to provide the necessary basis for 
determining the most feasible conservation and land 
management programs in line with local as well as national 
needs. 

The physical survey will develop information on soils, 
relief, slope, drainage, elevation, water supply, and vegeta
tive cover which involves considerable field work, map
ping, and use of aerial photographs. Economic studies 
involve the relationships between those persons utilizing 
public and privately-owned lands; thus taking into con
sideration such factors as pattern of ownership, public 
impmvements, private improvements, the type of grazing, 
forestry, industrial, agricultural, and other operations in 
the locality, and the cost and coordination of land de
velopment, utilization and management. 

Coincident with and a part of land classification is the 
determination of which lands should be retained in public 
ownership and the planning of a unified management pro
gram that encourages the most productive use of these 
lands from a public viewpoint. Proper management en
compasses policies dealing with multiple land uses, such 
as grazing, forestry, mining, and recreation. 

The grazing of livestock is now the most important 
present use, but it is not in all instances the highest or 
the proper use, for many portions of the public lands. 
The most fruitful management program for grazing lands 

will be consolidation of ownership through planned ex
changes and range improvements to promote the optimum 
retention of range resources after considering the pro
tection of watersheds and the long-time benefit to stock 
ranches. The General Land Office has, in cooperation 
with lessees, made soil and moisture range improvements 
that enhance the value of the range resources, which is in 
the interest of the public as well as the individual. How
ever, this improvement prdgram has been on a small 
scale considering the total area involved and the need for 
such work. More specific land classification information 
is needed concerning areas where new sources of surface 
or ground water supplies can be developed to permit a 
better distribution of livestock on the range, and to open 
up areas that now have little value because of stock water 
problems. Extensive studies are needed on the carrying 
capacity of grazing land to indicate those areas where 
seeding programs are desirable or special precautions are 
required to minimize soil erosion. These studies will 
also denote the needs for flood control works and reser
voir siltation reduction that may include the diversion and 
spreading of water on favorably located range lands and 
other measures. Irrigation development creates the need 
of additional land economic studies, for example, to de
termine the extent of disturbance on range management 
programs through the opening of newly irrigated lands. 
It is through such development that a vital need for in
creasing the range forage supply is created, since high feed 
production on irrigated lands must for the greatest econ
omy be supplemented with grazing lands. The end 
result should lead the way for action programs involving 
( 1 ) construction of stock-watering facilities; ( 2) build
ing stock trails; ( 3 ) reseeding range lands; ( 4) construc
tion of range fences; ( 5) rehabilitation of eroded range 
areas; and ( 6) better control of predatory animals. 

Land classification on a broad basis will also bring into 
better focus the ownership and tenure pattern in localities 
concerned with composite range areas. It will provide 
the basis for a program designed to attain a better owner
ship pattern through acceleration of land exchanges that 
will make for better use of land and more efficient 
administration. 

Practically no public lands remain that can be used for 
agricultural purposes in their natural state. Irrigation 
and drainage are in most instances necessary. Lands sus
ceptible of irrigation at a cost within the reach of private 
enterprise have generally been reclaimed by the States, 
operating under the Carey Act, or by individuals or irriga
tion companies. The areas which may be reclaimed by 
irrigation through individual initiative are small and iso
lated. The irrigation of any considerable body of arid 
public land, such as commonly found in the Colorado 
Basin, now largely depends upon its inclusion in a project 
similar to those handled by the Bureau of Reclamation. 
Any public lands which are included in these projecU! are 
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withdrawn from other disposition by the General Land 
Office under the established public land laws. The prob
lem of eliminating adverse ownership in the reclamation 
project areas has occurred in other river basins and it will 
probably be significant in the Colorado Basin. This can 
be alleviated through a properly planned land exchange 
program. 

Through its land classification investigations in the 
Colorado Basin, the General Land Office, in co
operation with other agencies, will also endeavor to de
termine the extent and availability of surface and ground 
water supplies of those public lands capable of irrigation 
from the standpoint of soils and topography which are 
not to be included in the Bureau of Reclamation projects 
and ascertain the economic feasibility of irrigating these 
lands. Any of these lands which are found to be suitable 
for irrigation will be mainly utilized in connection with 
established farming and ranching enterprises. 

The General Land Office administers sustained forest 
yield units on public lands in cooperation with individuals, 
corporations, States and their political subdivisions, and 
other Federal agencies. While it is not anticipated that 
much of the public land in the Colorado Basin will be 
found to be forest in character, consideration will be given 
to the establishment of sustained forest yield units, if 
feasible, for the protection of downstream lands and 
reservoirs from siltation and rapid water run-off and to 
promote improved management and utilization of any 
timber resources. 

Technological advancement and other factors are con
stantly raising public lands to considerably higher uses 
which in the past have been considered to be practically 
worthless. Large areas of these lands are in demand for 
airfields, industrial plants and supplementary facilities 
for these plants, home, recreation, and business sites. The 
direction of public lands to these higher uses is an im
portant phase of land classification in attaining maximum 
public benefits from the advanced development of the 
Colorado Basin. 

Cadastral surveys.-As a part of the General Land 
Office's participation in basin developmental programs, 
it has been found that cadastral surveying must neces
sarily be expanded and accelerated to facilitate the land 
classification work and the activities of other participat
ing bureaus. The amount of this work is especially de
pendent upon the needs of the cooperating bureaus. 

The cadastral survey consists of the surveys of unsur
veyed lands and the resurvey of lands surveyed many 
years ago for the reestablishment of boundary lines and 
obliterated corners. The only official surveys in the 
public land States are those made by the General Land 
Office. These surveys are a highly important function 
for identifying land in the basin developmental programs 
where dams requiring large reservoir sites and other im
provements are involved. 

THE COLORADO RIVER 

The cadastral survey work in the Colorado Basin will 
not be limited to the unappropriated public domain as it 
is necessary in areas administered by other public agencies 
and even on patented lands. To promote greater effi
ciency in the conduct of the departmental basin programs 
there are indications that it might be helpful to expand 
the scope of the cadastral surveys to include surveys 

1
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purposes such as rights-of-way. 
Mineral claims.-Title may be obtained under the 

mining laws for lands which contain metalliferous min
erals. In many patents issued for public lands in recent 
years the mineral rights are reserved to the United States 
and the right to develop nonmetalliferous minerals may 
be acquired under the mineral leasing laws which are 
administered by the General Land Office. 

Generally, the right to extract metalliferous minerals is 
established by a prospector through a claim which does 
not ordinarily come to the attention of the General Land 
Office until an application for patent is made or until 
some interest of the United States intervenes, but such 
claims when properly located, recorded in the applicable 
county office, and maintained and based on the discovery 
of mineral are valid. It is often found that reservoir sites 
include mining claims of record, though valueless for 
mineral and not properly maintained. The record must 
be cured before reservoir or other improvements can be 
made without danger of a suit for damages when the 
claim is flooded or otherwise endangered. The General 
Land Office makes investigations to determine validity of 
such claims and where the claims are found invalid con
ducts appropriate proceedings for the cancellation of the 
claim, and in many instances, at the request of the Bu
reau of Reclamation or other agencies, conducts investi
gations to determine the value of such claims as are . 
found to be valid. There will in all probability be a 
pronounced need for these services in the development of 
the Colorado River Basin. 

The right to exploit nonmetalliferous minerals, as in
dicated above, is handled by the General Land Office 
through leases. The return to the Federal Government 
from these leases is high, although the maintenance of the 
resource is the principal object in their administration. 

All determinations relating to the mineral character of 
land are made in close cooperation with the Geological 
Survey. 

Summary of proposed general land office program.
The General Land Office program for the Colorado River 
Basin will largely consist of land classification, cadastral 
surveys, and investigation of mineral claims. 

Under the program of the General Land Office, land 
classification studies will be conducted primarily in the 
eight areas mentioned. They will be concentrated at 
the oustset on those areas where the departmental basin 
development activities demand the most immediate 
action. The work will be interrelated and coordinated 
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with the programs of other Federal agencies as well as 
the activities of States and counties. It is estimated that 
the classification can be completed for the 6,000,000 acres 
of unappropriated public domain ·in from five to six 
years with an annual expenditure of approximately $100,-
000. This figure only provides classification for small 
areas that may be released from military reservations. 
Should large areas of public land reserved for military 
purposes be returned to the jurisdiction of the General 
Land Office it may be necessary to extend the time for 
land classification. 

Since the amount of cadastral survey work is so de
pendent upon the needs of the cooperating bureaus, it is 
difficult to estimate at this time. From the experience 
being gained in basin developmental programs, it is be
lieved that the work will require annual expenditures.in 
the Colorado River Basin during the planning and early 
development stage of approximately $150,000. 

The work in connection with investigating and evaluat
ing mineral claims is separate and distinct from land 
classification. This activity will be accomplished to a 
large extent at the request of the cooperating bureaus as 
a service function. The annual cost of the work for an 
expanded program in the Colorado River Basin may 
amount to approximately $60,000. 

FOREST SERVICE 

National Forests and Reclamation in the Colorado 
River Basin 

About one-eighth of the Colorado River drainage basin 
is national forest land under the jurisdiction of the Forest 
Service, United States Department of Agriculture. These 
lands embrace most of the high mountains and plateaus 
which rim the basin. Though separated by extensive 
benchlands and foothills from the semiarid valley where 
most of the settlements are situated, the humid uplands 
provide a wealth of resources-especially water, but also 
wood, forage, minerals, wildlife, and recreation-which 
are essential to the economic development of the basin. 

Although their areal extent is relatively small, the na~ 
tional forests play a disproportionately large role in basin 
water supplies, since they produce well over half of the 
annual ( undepleted) water yields of the basin; and, in 
terms of unit yields, these forested mountain watersheds 
produce annual gross water yields ranging up to an acre
foot or even more per acre. 

Man cannot control the amount of seasonal distribu
tion of precipitation; but he can do much to influence 
the volume, quality, and duration of streamflow through 
a series of manipulations starting with watershed manage
ment, extending through stream developments, and end-

ing with Irngation and domestic use at some distance 
from the source of the water. Of these cultural prac
tices, watershed management stands high in importance 
because of the strong influence of watershed vegetation 
on water yields. On the one hand, vegetation reduces 
their total volume by consuming water, although in doing 
so it produces wood and forage to supply human needs; 
on the other hand, it influences the quality and distribu
tion of stream flow by retarding floods and minimizing 
soil erosion and siltation. Hence good management in
volves the balanced use of forest and range resources so 
as to reduce water losses on the watershed and to produce 
a maximum volume of clear, usable water as well as to 
provide wood products, forage, wildlife, and recreation. 

Thus it can readily be seen that water is the key re
source of these national forests, and that the management 
of these forests for maximum production of usable water 
is one of the most important responsibilities of the Forest 
Service in the Colorado River Basin. For this reason 
the Forest Service has maintained as one of its dominant 
objectives the protection and management of the water
shed lands under its jurisdiction. Wherever floods and 
erosion have been aggravated by misuse of these lands, 
good watershed management has required carefully re
stricted timber cutting and grazing use, or in some in
stances complete protection of the vegetative cover. 

Recently research by the Rocky Mountain Forest and 
Range Experiment Station has begun to show that re
vised management practices on many high-altitude water
sheds will not only result in an increase in stream flow but 
also will make available additional wood products. In a 
lodgepole pine forest, for example, like that which oc
cupies about 3 million acres of water-yielding land in 
Colorado and Wyoming, the removal of commercially 
salable timber has increased the amount of water available 
for stream flow about 3 Y4 inches, or about 30 percent, 
over that which is ordinarily available on uncut virgin 
forest-and without noticeable damage to the soil re
source or the watershed as a productive area. 

The implications of these results are clear, although 
their quantitative interpretation requires some qualifica
tion. If similar findings can be applied to other water
sheds in the lodgepole pine type and to other high-altitude 
forest types in tne Colorado River basin, substantial in
creases in water yield may be accomplished by properly 
managed timber cutting. As compared with the observed 
increases on local areas, however, their average magnitude 
over the national forests of the basin will be considerably 
smaller, because the full effect of timber cutting can be 
obtained on only a portion of the total area at a time. 
Other portions are inaccessible or must await the de
velopment of the most intensive management; others 
must be protected against floods and erosion; and still 
others will be producing a new forest after they have 
been cut-over. But even so, worthwhile increases . in 
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water yield would be obtained by any expansion on man
aged timber cutting. And, incidentally, millions of board 
feet of lumber and other forest products would be re
leased for human use; simply because, on high-altitude 
forest lands, all the trees are not required to protect the 
watersheds. 

In addition to these high-altitude forested watersheds, 
large areas of other watershed land at both high and low 
elevations are in depleted condition due to past and pres
ent overgrazing and cultivation. As a result these lands 
present a serious problem of erosion and siltation; a prob
lem which is still by no means solved. However, research 
by the Intermountain Forest and Range Experiment Sta
tion has shown, on limited areas, that these eroding lands 
can be healed by changes or reductions in land use, by 
artificial revegetation, and by small mechanical struc
tures-often at an actual profit ,to the private owner. 
Watershed improvements such as these when extended to 
larger areas, will help minimize the silt ·content of our 
mountain rivers, and thus will actually increase the yield 
of usable, silt-free water, and will decrease excessive high 
irrigation project maintenance costs. 

Up to now, because of limited funds and personnel, 
this watershed research on stream flow and soil stability 
problems has been restricted in scope and confined to 
relatively small areas. Hence the results do not yet per
mit broad recommendations for the ·management of 
other forests and range types or even other watersheds 
within a single type, because the most desirable manage
ment will change with variations in the forest, climate, 

. and soil. Thus, in order to broaden the basis for es
tablishing and modifying watershed-management poli
cies, this productive research needs to be intensified 
and extended to other valuable water-producing areas. 
In addition, more information is needed on how to cut 
timber and graze forage in order to insure a future crop of 
wood and ranch products as well as water, and how to 
log and utilize the timber most completely and efficiently, 

THE COLORADO RIVER 

COTTONWOOD CAMP, BIG PINEY, WYO. 
H igh mountains in upper basin support extensive 

stands of timber 

so that private operators can afford to cut timber where 
and when it should be removed. 

Since the production of ample supplies of usable water 
is intimately bound up with the other natural resources of 
the national forests, it is worth while also to appraise the 
relative importance of these other resources in the recla
mation picture; to see how their use is associated 
with agrculture; and to evaluate the requirements of good 
resource management. The national forests, for exam
ple, contain nearly all of the merchantable and much of 
the nonmerchantable timber stands within the basin. The 
commercial timber volume totals about 30 billion board 
feet, the principal species being ponderosa pine, Douglas 
fir, lodgepole pine, fir, spruce, aspen, juniper, and pinon 
pine. These forest areas thus far have provided all of 
the rough lumber, posts, poles, and fuel-wood needed in 
the basin, but have furnished only about one-fourth of 
the demand for finished lumber. Inaccessibility, insects, 
disease, and fire have been the chief deterrents to a fuller 
use of the forest lands. Expansion of irrigation and re
lated enterprises within this basin will create a demand for 
more timber products. Preliminary studies indicate that 
at least 50 percent of the finished lumber can be obtained 
locally, but detailed surveys and silvicultural investiga
tions are needed to guide the more intensive utilization of 
the forested areas that will be required to reach this goal. 

The herbaceous and shrubby forage on the national 
forest lands constitute an important part of the year-round 
food supply for a large range livestock industry within 
the basin. These lands are grazed by about one-third of 
a million cattle and 2 million sheep. A small portion of 
these animals graze year-long on parts of some of the 
forests in the lower basin. Most, however, graze on 
the forests only during the summer season and are then 
moved to adjacent ranges and farm pastures, fields, and 
feed lots for the remainder of the year. A dominant fact 
about the national forest range lands is that they are now 
fully stocked and in local areas are overstocked. Future 
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HAULING LOGS, ASHLEY NATIONAL 
FOREST 

Timber resources will be more fully utilized with 
basin development 

irrigation developments in the basin therefore should be 
planned with a view toward balancing the amount of 
pasturage, hay, and grain feed to be produced on the new 
farms with the sustained grazing capacity of the range 
lands. 

The national forests are the home of big game, fish, 
and upland birds. Generally speaking there is room for 
more game on these lands except for restricted localities 
where big game populations, especially deer, have become 
excessive. Expansion of irrigation agriculture by regula
tion of stream flow and occupation of the winter grazing 
lands of deer will encroach upon the habitat of both fish 
and game. Moreover, expansion of settlement no doubt 
will increase the number of hunters and fishermen. These 
prospective impacts will require intensification of wildlife 
management on the national forests with a view toward 
eliminating local overpopulations of game and providing 
greater numbers on other areas which are now deficient. 

The recreational opportunities on the national forests 
have long been an attraction for the general public. The 
number of forest recreationists increased by leaps and 
bounds during the prewar years. This trend will be 
revived after the war and any expansion of irrigation and 
related enterprises within the basin no doubt will augment 
this trend. The Forest Service is preparing to accom
modate these visitors with adequate facilities. However, 
experience has demonstrated that man-caused forest fires 
mount rapidly with each increase in number of visitors. 
Obviously, any expansion of settlement within the basin 
which results in increased fire hazard will require intensi
fied fire control to prevent damage to the forest, 
range, wildlife, recreation, and watershed protection 
values on the national forest lands. 

The national forests already have contributed to the 
settlement and development of this basin area. Ex
pansion of settlement through new irrigation and related 
projects will result in heavier demands upon all national 
forest resources. These increased demands in turn will 

273 

require intensification of research, management, and pro
tection in order that the wild lands may continue to con
tribute to the economy and welfare of the basin. 

FEDERAL POWER COMMISSION 

Power Resources of the Upper Colorado River 
Basin 

Colorado, Utah, and Wyoming.-Water to transform 
through irrigation the latent soil resources of the arable 
portions of the Colorado River drainage in the upper 
basin States and the potential power, developed as a by
product of irrigation and river regulations, to transform 
treasures of past ages buried in the rocks of the basin into 
products of industry, should be the objectives of current 
studies by Federal and State agencies. Both the water 
and power possibilities are of such magnitude and im
portance that they should be developed simultaneously to 
improve the economic conditions of the area and add to 
the wealth of the Nation. 

The use of these prime resources cannot be fully or 
soundly planned without a prior complete inventory of 
all of the other resources of the basin. There are physical 
limitations to the extensive use of water for irrigation 
within the area which are receiving study by interested 
agencies. The irrigation possibilities now are fairly 
well known. Lack of personnel during the war period 
has prevented the Commission's staff from as adequately 
studying the power possibilities and uses. Such planning 
activities are properly of the postwar period and are high 
in the list of planned studies by the Commission's San 
Francisco regional office. 

These will include investigations of uses to which power 
developed in the Colorado River Basin as a byproduct of 
other water uses may be put; first, to extend existing in
dustries and to create new industries within the upper 
basin which will make the products of the soil and mines 
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available for the use of man; and second, to supply the 
power requirements in neighboring areas, especially in 
the developed area along the Wasatch front. These stud
ies will contemplate the development of the raw mate
rials from the soil and mines as a first step only, followed 
by those industries and processes that produce finished 
.products from the raw materials. The objective will be 
to produce through the power and material resources of 
the basin a balanced economy. 

Coal and oil shales are presently known resources of 
the area capable of influencing to a great extent the basin 
economy. Oil and gas possibilities are now being ex
plored. These fuels for a time may offer competition with 
hydroelectric developments, especially so should steam or 
gas turbine development permit the use of these fuels in 
electric production more economically than at present. 
Other important uses for these fuels are continuously be
ing developed and although the extent of the deposits 
appears unlimited at the present time, sound economic 
planning may reserve these great resources for higher uses. 
Hydro- and fuel-electric plants, therefore, may well sup
plement each other in any plan of basin development. 

The power possibilities inherent in the Upper Colorado 
should be so developed ahead of the demand as to 
provide an incentive for the development of the basin's 
resources, to make increased agricultural de.velopment 
possible, and to permit a fuller life for those within the 
area. The replacement of power now generated during 
the nonirrigation season in plants located on the Wasatch 
front by Colorado River power, appears to offer possibili
ties for large economic gains. Water now wasted in the 
Great Salt Lake could then be utilized to irrigate thou
sands of acres of additional lands, creating new homes 
and providing food for those needed to man the indus
tries made possible by the development of the basin's 
resources. 

The development of the power resources of the Colo
rado River Basin may have a profound effect on the pro
gram of development in adjoining areas, affecting 
power markets in Colorado, Wyoming, Idaho, and Ari
zona, and, by present interconnections, even in California, 
Montana, Washington, and Oregon. Utah at present 
depends in large measure for its power supply upon im
portations from Idaho. A survey of the power market 
and supply of any area must take account of conditions far 
distant from the immediate area under consideration. 

In any broad study of the ultimate development of the 
Colorado River in the upper basin States, consideration 
must also be given to the necessary transportation sys
tem. The Upper Colorado area is completely surrounded 
by high mountain ranges and the major streams enter and 
leave through deep, impassable gorges. As the resources 
are developed the transportation systems must be greatly 
extended. Electric power may assist materially in im
proving and extending existing transportation facilities. 

THE COLORADO RIVER 

These and other possibilities are well recognized. Such 
analysis as is possible within the limits of the personnel 
available will be undertaken to the end that the power 
resources may contribute their full share to the develop
ment of the region without conflicting with the uses of 
other resources nor detrimentally affecting other impor
tant water use~. 

Power Resources of the Lower Colorado River 
Basin 

Arizona, California, Nevada, and New Mexico.-In 
this region water for irrigation and domestic supply is 
extremely valuable and must be very carefully controlled 
and utilized. Without development of the water re
sources, this region will remain forever static, mostly in 
the form of desert. The irrigation possibilities are vast 
when it is considered that only a very small percentage of 
this latent, fertile area is under irrigation. The highly 
successful irrigated areas in Arizona and southeastern 
California are evidence of the desirability of such develop
ment. Likewise, the long-distance transmission of do
mestic water to large urban areas in southern California 
indicates that the water of the Colorado is virtually the 
lifeblood of our Southwestern States. 

Even after water is supplied from the Colorado to the 
lands or is transmitted to urban centers, there is 
still an enormous amount of potential hydroelectric power 
which should be developed along with irrigation to re
duce the cost of land development and to develop a bal
anced economy in the region. Most of the undeveloped 
power projects are very large, and in some instances step 
construction may be in order. · 

The Commission's staff has made detailed studies of 
several power sites on the main Colorado and certain of 
its tributaries. Although some of the sites, for instance 
Bridge Canyon and Glen Canyon, are great distances from 
present load centers, large blocks of power could be used 
for pumping, and development of the large mineral 
(magnesium chloride and other) resources of southern 
Utah. The balance of this power could be transmitted 
to Boulder for use there, and to Arizona; and Boulder 
power could be transmitted in its entirety to California. 
Furthermore, the art of power transmission is being stead
ily developed, which no doubt in time will allow direct 
transmission to large load centers. 

To develop and improve the economy of the region in 
all its phases and to add in the greatest measure to the 
wealth of the Nation should be the objective of the State 
and Federal planning agencies. To this end, the first 
step should be to collect all available information relative 
to the region, its resources, and its potential markets. The 
Commission's staff has prepared an intensive study per
taining to the economy and the development of Arizona. 
After the war, when manpower is available, the Commis-
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sion's staff in San Francisco plans to look further into 
the possibilities of this and adjacent regions. 

Both the irrigation and power possibilities for the Lower 
Colorado River are fairly well known and have been stud
ied by several agencies; but a great deal of planning is 
still necessary to coordinate properly the various uses of 
the water to obtain the greatest over-all and equitable 
benefits to the States involved and to the Nation. Such 
studies would include investigations of uses to which power 
produced in the Lower Colorado River Basin, as a byprod
uct of irrigation and other uses, may be put. The ex
pansion of existing industries and the creation of new 
industries, thereby developing the products of the soil 
including minerals, is the first step. This would be fol
lowed by studies of industries which would produce fin
ished products from the raw materials, thereby obtaining, 
through the use of irrigation power, industries, and other 
uses, a balanced economy in the basin. 

Extensive coal and oil shale deposits in Utah may also 
be an important influence in the basin economy. It may 
be that these fuels will offer some competition to hydro
electric development. However, it is believed that they 
will be found most useful in furnishing steam support to 
the hydroelectric developments during critical periods. 

In order to provide rapid development and industrial 
growth in the Lower Colorado River Basin, the inherent 
hydroelectric as well as irrigation possibilities should be 
developed ahead of the demand. This will provide in
centive for the development of the basin's resources and 
will accelerate agricultural and industrial development. 

Experience has shown that it is not necessary to have a 
large existing market before constructing hydroelectric 
projects. This is borne out in the case of the Columbia 
River Basin and the extensive TV A development. 

Further possibilities of development aside from those 
discussed above are recognized, flood control being one of 
the most important. Such analyses, as are possible with 
the personnel available in San Francisco, will be made 
of the power resources taking into account the economic 
and orderly development of the region and the recognized 
higher use of water for land development, domestic sup
ply, and other important uses. 

The following reports on the Colorado and its tribu
taries and adjoining areas, have been prepared by 
the Federal Power Commission's staff: 

(a) Report on State of Arizona's application for 
preliminary permit to develop power on the Colorado 
River at Bridge Canyon, by E. W. Kramer, May 31, 
1940, and John S. Cotton, January 1, 1942. (This 
report also deals with, to a limited extent, Glen Can
yon, Davis and Parker projects.) 

(b) Report on Bill Williams River Project, by John 
S. Cotton, September 1943. 

(c) Report on application on Mineral County, Ne
vada, Power system, by W. A. Froggatt, October 1942. 

(d) Gila River Power Investigation, by Neil F. 
Meadowcroft, August 1943. 

(e) Arizona Power Survey, Federal Power Com
mission Staff, March 1942. 



\ 
~ 

Water Supply, 

Colorado River 



\ 

APPENDIX I 

Water Supply, Colorado River 

Historical Flow at Lee Ferry 

The Colorado River Compact made allocations of 
Colorado River Basin waters between the upper and the 
lower basin, with Lee Ferry, below the mouth of the 
Paria River near the Utah-Arizona boundary, the point 
of division. 

Systematic stream-flow records have been secured at 
the Lees Ferry gaging station on the Colorado River above 
the mouth of the Paria River since June 1921 and on the 
Paria River at its mouth since October 1'923. The sum 
of the records secured at these two stations determines 
the flow at the point "Lee Ferry" described in the Colo
rado River Compact. To determine the flow at this 
point prior to the period of record at Lees Ferry estimates 
were made, using the results of stream-flow measurements 
on the principal tributaries (Colorado at Cisco, Utah; 
Green at Little Valley, Utah; and San Juan at Farming
ton, N.Mex.) since 1897 and on the main stem of the 
Colorado River at stations below Lees Ferry, where rec
ords have been maintained as follows: 

Hardyville, Ariz., May 1905 to September 1907. 
Yuma, Ariz., Since January 1902. 

For the years 1897-1901, inclusive, the estimated flow 
at Lee Ferry is based entirely on the records of the prin
cipal tributaries, with due allowance for unmeasured 
gains between the points of measurement on these tribu
taries and Lee Ferry. For the years 1902 and 1921, in
clusive, the estimate considered both tributary flows and 
flows at downstream gaging stations, with due allowance 
for both measured and unmeasured gains and losses be
tween Lee Ferry and the point of measuremep.t. When 
basing the estimate on the Yuma record, allowances were 
made for the flow of the Gila River at its mouth and for 
diversions by the Yuma project. 

The following table shows the recorded and estimated 
annual flows of the Colorado River at Lee Ferry for the 
years 1897-1943, inclusive. It also shows the combined 
flows at the principal tributaries and· at the main stem 
base station used in making the estimates. Because of 
the numerous estimates necessary in extending the record, 
the flow for any individual year may be considerably in 
error, but the long-time average flow is believed to be 
reasonably correct. 

TABLE CXXXVII.-Recorded and estimated historical dis
charges-Colorado River at Lee Ferry 

Main-stem station ~a~~ ~\v~~~~ Historical 
---------------- Ci~co, Green at ~~~,i~~ 

Calenrlar year 
N arne of station 

Recorded 
flow (thou
sand acre-

Ltttle Valley, at Lee 
and San Juan Ferry 1 
at Farmmgton (thousand 

(thousand , ) feet) acre-feet) acre-.eet 

----~------------ ------------------

1897 2 ______ ------- - ---- - -- - - - -------- 18,721 
1898 2------ ------ ---- - - --- --- -------- 12, 206 
1899 2- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 16, 925 
1900 2

- - - -- - - - - - - - - - - - - - - ~ - - - - - - - - - - - - 11' 996 
1901 2 ______ ------ --- ----------------- 12,925 
1902 2 _____ ~ Yuma, Arizona____ 7, 959 8, 245 
1903 2 ___________ do ___________ 11,328 12,550 
1904 2 __________ _ do ___________ 10,118 12,505 
1905 2 ___________ do __ _________ 19,712 13,800 
1906 2 ______ Hardyville, Ariz ___ 19,162 18,131 
1907 2 _________ __ do ______ _____ 21,547 20,755 
1908 2 ______ Yuma, Ariz _______ 13,688 10,852 
1909 2 _ _ _ _ _ _ _ ____ do _ _ _ _ _ _ _ _ _ _ _ 25, 97 5 20, 543 
1910 2 ___________ do ________ ___ 14,335 12,392 
1911 2 ___________ do ________ ___ 17,840 14,688 
1912 2 ___________ do ___________ 18,406 17,686 
1913 2 ___________ do __ _________ 11,748 12,394 
1914 _____________ do __________ _ 20,684 18,206 
1915 _____________ do _______ ____ 14,641 10,964 
1916 _____________ do ______ ____ _ 23, 140 16,865 
1917 2 ___________ do __ ____ _____ 20,598 19,918 
1918 2 _________ _ _ do ______ _____ 13,158 13,373 
1919 2 ______ ___ __ do __________ _ 10,747 9, 980 
1920 2 ___________ do ________ __ _ 21,444 18,764 
19212 _______ ____ do ____ _______ 19,428 18,728 

~ ~~~= = = = = = = = = = = = = = = = = = = =======I======== = = = = = = = = = = 19241_------- - - - - --- - - - - - - - - - -- !-------- - - - - - - -- - -
1925----- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1926_----- -·- --- - - - - - --- - - -- - - - --- ---- - -- - - - - -- --
1927-------- - ---- - - - - - - - - - - - - - -------- --- - - - - ·---
1928_------- - - ---- - --- - - - -- - - - - ------- - - --- - - - - -
1929--- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1930_----- --- -- - - - - - - - - - - - - - --- ------- - -- - - - - -- - -
193 L ________ ___ ___ ________ ___ _____ - -- --- - --- - --
1932_------- -- -- - -- - - - - - ---- -- -------- --- - ----- -
1933_------- - --- - - - - - - - - - - - - - - ----- --- ---- - - -- --
1934----- - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1935----- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1936----- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1937 ________ - - - - - - - - - ---- - -- - - -------- - - - - -- -- - -
1938_------- - - ----- - - - - -- - - - - - -------- - - - ---- - - -
1939 ________ --- - --- - --- - -- - --- -------- --- - - - --- -
1940 ________ -- -- - - - - - - -------- -------- -- -- -- - - - -
194 L _________ ____ _________________ --- ,- - -- - - - -- -. 
1942 ________ - - - -- - - - -- - -- - --- - __ _____ _ ' ____ ___ __ _ 
1943- --- - - - -· - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

19,797 
12, 948 
17,899 
12, 686 
13, 668 
8,454 

12,346 
11,675 
15, 290 
18,656 
21, 179 
12, 065 
23,295 
13,583 
16,473 
18,393 
12, 581 
19, 868 
12,396 
18, 380 
20,436 
13, 775 
10, 611 
20, 387 
19, 572 
16, 198 
16, 868 
11,707 
12,412 
13,080 
17,549 
14,714 
19,632 
12,414 

6, 229 
15, 180 
9, 750 
3,966 

10, 283 
12, 145 
12, 006 
15, 661 

8, 872 
7,617 

17,888 
14,809 
11,435 

Average __ ------------------ ________ ------- - -- 14,400 

1 Determined in following. manner: 1897-1901, estimated from flow of principal tri
butaries; 1902-1921, estimated from flow of principal tributaries, and flow at main· 
stem station; 1922 and 1923, flow at Lee Ferry increased by estimated discharge Paria 
at mouth; and 1924-1943, Colorado at Lee Ferry plus Paria at mouth. 

' Flow at one or more base stations on principal tributaries estimated in whole or 
part by comparison with records elsewhere on stream. 
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TABLE CXXXVIII.-Acreaae irrigated above Lee Ferry 
" 

Year Colorado I Nmv Mexico Utah 
-------

1899 1--- --- - - --- - - ----- 323,000 15, 000 77,000 
1902 ___________________ 417,839 20,467 80, 778 
1909 1------ --- - -- --- - 615, 000 32,000 169,000 
1919 ___________________ 766, 532 43, 825 332, 984 
1922 ___________________ 800,000 42, 000 370,000 
1929---------~--------- 856, 413 40, 2.~3 324, 681 
1935 2---------------- - -1939 ___________________ 

767, 060 32, 190 276, 630 
844, 494 36, 178 305, 628 

I m '-Estt ated from Ctnsus data b~ countH:s. 

Past Upstream Depletion at Lee Ferry 

The historical discharges shown in the preceding table 
represent the flow of the Colorado River as it occurred 
each year. If the same meteorological and climatological 
conditions of any particular year had occurred in the past, 
prior to the inception of irrigation development, the re
sulting stream flow would have been greater by an amount 
equal to past depletions due to irrigation consumption, 
reservoir evaporation losses, and transmountain diver
sions from the basin. 

The history of past irrigation development in the Colo
rado River watershed above Lee Ferry is shown in the 
following table, which was taken largely from reports 
of Bureau of Census and from field surveys conducted by 
the Bureau of Reclamation. 

With the exception of the 1935 areas, which were de
termined by plane-table surveys in the field, information 
on the area irrigated for each year reported was secured 
largely from information furnished by individual farmers, 
irrigation organizations, and State officials. The results 
are in fairly close agreement with the actual field sur
vey made by the Bureau of Reclamation in 1935 (work 
in progress from 1932 to 1938, inclusive). 

Since the Census data are available for a number of 
years, these have been used as the basis of estimating the 
past depletion due to irrigation within the basin. A uni
form rate of increase in irrigated area has been assumed 
for the intervening years shown by the Census figures, ex
cept that all of the increase between 1919 and 1929 was 
assumed to occur between 1919 and 1922. The acreage 
irrigated since 1939 has been assumed to be the same as 
that shown by the Census as irrigated in 1939. 

From experimental data on Reclamation and other 
projects the average annual depletion for the area irri
gated above Lee Ferry has been estimated at 1.5 acre-feet 
per acre. In years of high run-off there is a tendency for 
overdiversion of stream flow, with a -corresponding in
crease in depletion, particularly when reservoirs are 
available; conversely, in years of low run-off there are 
declines in the normal quantities of water available for 
diversion with a corresponding decrease in depletions. 
Allowances have been made for these conditions and for 
the year-to-year regulatory effect of the reservoirs by 

Wyoming Totals Rounded totals Source of data 

100,000 515, 000 515,000 Census. 
118, 566 637, 650 638,000 Do. 
195,000 1, 011,000 1, 011,000 Do. 
211, 507 1,354,848 1, 355,000 Do. 
235,000 1,447,000 1,447,000 Reclamation. 
228, 699 1,450,046 1,450,000 Census. 
236,070 I, 311,950 1,312,000 Reclamation. 
273,971 1, 460,271 1,460,000 Census. 

' Fzeld surveys conducted durmg years 1932 to 1938, inclusive. 

varying the normal depletions by an amount which is 
proportional to one-half of the divergence of the annual 
undepicted flow at Lee Ferry for the year in question 
from the mean annual undepicted flow. 

In 1945 there were 80 reservoirs in the Upper Colo
rado River Basin having capacities of 1,000 acre-feet or 
more, with an aggregate storage capacity of about 1,080,-
000 acre-feet. In addition there are numerous small 
reservoirs of less than 1,000 acre-feet capacity each. No 
separate allowance has been made in this study for evapo
ration losses from the existing storage reservoirs above 
Lee Ferry. As indicated by the preceding table the 
acreages reported irrigated by the Bureau of Census in 
1929 and 1939 are somewhat in excess of the acreage de
termined by actual field survey by the Bureau of Reclama
tion in 1932-38. In view thereof the past irrigation de
pletion, computed as described herein, is assumed to be 
adequate to include past evaporation losses from reser
voirs above Lee Ferry. 

Transmountain Diversions 
Data on transmountain diversions now exporting water 

from the Colorado River watershed above Lee Ferry are 
summarized in the following table: 

TABLE CXXXIX.-Transmountain diversion above Lee 
Ferry 

X arne of diversion I Basin where water First year of op
eration 

Present 
average 

annual di
version 

(acre-feet) 
I is used 

---------'---------1--------- -----------

Grand River Ditch___ South Platte __ l 1903 ______ _ 
Moffat Tunnel 1____ _ __ do______ 1936 ______ _ 
.Jones Pass Tunnel'____ _ _do ______ 1940 ____ _ 
Busk-lvanhoe TunneL_ Arkan8as____ 1925 ______ _ 

f~~[~zL~~:~~~i-~;r;r~~l-3~~- =====~~=== : -i93s==-=-== 
Tarbell Ditch__ Rio Grande ___ 1914 _____ _ 
Daniel Creek Ditches __ Bonneville __ _ 
Strawberry Valley _____ .. _do ______ = -i913===== -
San Pete __________________ do_ 1936 ____ _ 
Miscellaneous small eli- Various_ _ _ _ _ _ Various __ == 

versions.' 

I Pro~ect under constructiOn. Average diversion for 1936-43, inclusive. 
2 Pro1ect not fully developed. Average diversion for 194Q-43, inclusive. 
' ProJect not fully developed. Average diversion for 1935-43 inclusive. 
' Earliest diversion made in 1880. ' 

19, 000 
27, 000 

6, 000 
5, 900 
2, 000 

32, 000 
2, 000 
4, 000 

66, 000 
8, 000 

14, 000 

185, 000 



WATER SUPPLY 

To make allowance for the tendency to overdivert in 
years of high run-off and for shortages in years of low 
run-off the actual diversion for any particular year is as
sumed to deviate from the normal by an amount which is 
proportional to one-half the deviation of the undepleted 
stream flow at Lee Ferry from the normal. 

TABLE CXL.-Estimated virgin flow Colorado River at 
Lee Ferry 

[Thous~nd acre-feet l 

Historical Estimated normal 
flow depletions Estimated Estimated 

Calendar year Colorado actual virgin flow 
River at Irrigation Export upstream at Lee 

Lee Ferry within from depletion Ferry 
hasin basin 

1897 __________ ] 9, 797 650 5 741 20, 538 
1898 __________ 12, 948 711 5 658 13, 606 
1899 __________ 17,899 772 5 836 18, 735 
1900 __________ 12, 686 834 5 764 13,450 
190L _________ 13, 668 896 5 853 14, 521 
1902 __________ 8, 454 957 6 751 9, 205 
1903 __________ 12, 346 1,_ 036 6 948 13, 294 
1904 __________ 11, 675 1, 118 11 1, 005 12, 680 
1905 __________ 15, 290 1, 197 21 1, 230 16, 520 
1906 __________ 18, 656 1, 276 21 1,450 20, 106 
1907 __________ 21, 179 1, 358 21 1, 655 22, 834 
1908 __________ 12,065 1, 437 21 1, 327 13, 392 
1909 __________ 23, 295 1, 516 21 1, 960 25, 255 
1910 ______ --- 13, 583 1, 568 21 1, 535 15, 118 
191L _________ 16,473 1, 620 22 1, 740 18, 213 
1912 __________ 18, 393 1, 671 22 1,902 20, 295 
1913 __________ 12,581 1, 724 30 1,646 14, 227 
1914_--------- 19, 868 1, 774 35 2, 127 21, 995 
1915 __________ 12, 396 1, 826 55 1, 760 14, 156 
1916 __________ 18, 380 1, 878 85 2, 225 20, 605 
1917 __________ 20,436 1,929 105 2, 449 22, 885 
1918 __________ 13, 775 1, 982 105 2,058 15, 843 
1919 __________ 10, 611 2,032 115 1, 890 12, 501 
1920 __________ 20, 387 2,080 115 2, 651 23,038 
1921_ _________ 19, 572 2, 127 115 2,652 22, 224 
1922 __________ 16, 198 2, 175 115 2, 457 18, 655 
1923 __________ 16, 868 2, 175 115 2, 508 19, 376 
1924 __________ 11, 708 2, 175 115 2, 120 13, 828 
1925 __________ 12,411 2, 175 115 2, 171 14, 582 
1926 __________ 13,080 2, 175 115 2, 221 15, 301 
Hl27 __________ 17, 551 2, 175 117 2, 560 20, 111 
1928 __________ 14, 714 2, 175 120 2, 3'50 17,064 
1929 __________ 19, 632 2, 175 120 2, 723 22, 355 
1930 __________ 12, 414 2, 175 120 2, 175 14, 589 
1931_ _________ 6, 229 2, 175 120 1, 707 7, 936 
1932 __________ 15, 180 2, 175 120 2, 386 17, 566 
1933 __________ 9, 750 2, 175 120 1, 973 11, 723 
1934 __________ 3, 966 2, 175 120 1, 535 5, 501 
1935 __________ 10, 283 2, 190 135 2, 043 12, 326 
1936 ______ c ___ 12, 145 2, 190 HlO 2, 212 14, 3.57 
1937 __________ 12,006 2, 190 170 2, 212 14, 218 
1938 __________ 15, 661 2, 190 180 2,508 18, 169 
1939 __________ 8, 872 2, 190 180 1, 973 10, 845 
1940 __________ 7, 617 2, 190 180 1, 878 9,495 
194L _________ 17,888 2, 190 185 2, 688 20, 576 
1942 __________ 14, 809 2, 190 185 2,447 17,256 
1943 __________ 11,435 2, 190 185 2, 180 13, 615 
Mean _________ 14, 4oo 1 1, 786 87 1 1, 870 16, 270 

Virgin flow at Lee Ferry 
Table CXL shows the estimated normal depletions due 

to irrigation development and transmountain diversions, 
the estimated past depletion above Lee Ferry (differing 
from the sum of estimated normal depletions by annual 
adjustments explained in preceding paragraphs) and the 
virgin (or reconstructed undepleted) stream flow at Lee 
Ferry for the 41-year period 1897 to 1943, inclusive. 

709515--46----19 
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Net Inflow between Lee Ferry and Boulder Dam 

Between Lee Ferry and Boulder Dam there are about 
55,000 square miles of drainage area, most of which is 
desert plateau. The two main tributaries in this area, 
the Little Colorado and Virgin Rivers, arise in the moun
tains and high plateaus bordering the basin; however, 
their principal source of run-off is from the torrential 
rains, which are characteristic of this locality. The Colo
rado River also receives water from numerous creeks and 
washes and from springs along the bed and sides of the 
deeply entrenched river channel. 

From a study of the characteristics of the drainage area 
and by comparing discharges at Lee Ferry, Bright Angel 
(Grand Canyon), and Boulder Dam for the relatively 
short period when these stations were operated concur
rently, prior to the storage of water in Lake Mead, it is 
concluded that about one-half of the net inflow between 
Lee Ferry and Boulder Dam occurs between Lee Ferry 
and Bright Angel. 

The average annual discharges at these stations during 
the 21-year period 1923 to 1943, inclusive, are as follows: 

Acre-feet 
Colorado River at Bright AngeL _________________ 12, 988, 000 
Colorado River <lt Lee Ferry (below Paria) ---------- 12, 582, 000 

Net gain Lee Ferry to Bright AngeL_________ 406, 000 

The estimated net gain from Lee Ferry to Boulder Dam 
in this period would be twice the gain to Bright Angel, or 
810,000 acre-feet. With due allowance for the average 
annual depletion in this period by reason of irrigation de
velopment to the extent of about 60,000 acres on the 
tributaries between Lee Ferry and Boulder Dam, the aver
age gain under virgin conditions in the 21-year period, 
1923 to 1943, inclusive, would be about 900,000 acre-feet 
annually. 

During the period 1923 to 1943, inclusive, the run-off 
from this region was somewhat below the long-time mean 
as indicated by the following comparisons: 

TABLE CXLI.-Comparison of average annual flows-long
time period with 1923-43 period 

Stream 

Estimated undepleted flow, 
Colorado River at Lee 
Ferry __________________ _ 

Salt River at Granite Reef 
Dam 1 _________________ _ 

Virgin River at Virgin City, Utah __________________ _ 

Period used 
to deter

mine long
time aver
age annual 

flow 

Average annual 
flow (thousand 

acre-feet) 

Long- 1~~~~ time . ' 
period 

1~f~~-

1897-1943 16, 270 14, 800 

1895-1943 1, 484 1, 264 

1909-1943 2 161 143 

Flow 
1923-43 
in per
cent of 
long
time 
mean 

91 

85 

89 

1 Discharges corrected for storage changes in upstream reservoirs and past up
stream irrigation depletions to reflect natural conditions. 

2 Fragmentary records prior to 1926. 
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From this comparison it is estimated that the inflow to 
the Colorado River in the 1923-43 period was about 85 
percent of the long-time average. Thus the normal an
nual net gain, Lee Ferry to Boulder Dam, under virgin 
conditions would be 900,000 divided by 0.85 or 1,060,000 
acre-feet annually. 

Virgin flow at Boulder Dam Site 

The long-time average virgin stream flow at Boulder 
Dam site, for the period 1897 to 1943, inclusive, is de
termined by adding to the longtime average virgin stream 
flow at Lee Ferry the estimated net gain under virgin 
conditions as follows: 

Acre-f eet 
Average virgin flow at Lee Ferry ____ ______________ 16, 270, 000 
Average virgin gain to Boulder Dam site____________ 1, 060,000 
Average virgin flow at Boulder Dam site ________ ____ 17, 330, 000 

Inflow between Boulder Dam and mouth of Gila 
River 

The area drained by the Colorado River between 
Boulder Dam and the mouth of the Gila River is typically 
desert country broken near the Colorado River by several 
small mountain chains. Only one permanent stream, the 
Williams River, enters the Colorado in this region. The 
remaining area is drained by washes, dry except for short 
periods following heavy localized rains. 

Discharge records are available of Williams River at a 
point about 12 miles above the mouth (drainage area 
5,140 square miles) for the years 1913 to 1915 and 1929 
to 1943, inClusive. The average annual discharge in 
these periods was 110,000 acre-feet. 

Precipitation data in this vicinity and run-off of the 
Verde River at McDowell during the period of run-off 
record on the Williams River, in comparison to the long
time averages, are given in the following table: 

TABLE CXLII.-Precipitation and run-off near Williams 
River 

Average for years 
I.ocation 191~-!5and 1929- Long-tim0 average 

43, incluo;ivc. 

Aver
age of 
short 
pmiod 
in per
cen t of 
Jon ~ 

period 
---- - ---- --11- ----------·- - - --- - ----

Precipitation at Pres- 19.42 inches__ 18.85 inches_ _ 103 
cott, Ariz . 

Precipi tation a t Se!ig- 11.37 inches I 11.96 inches __ 95 
man, Ariz. 

Precipitation at King- 10.94 inches __ 11.31 inches __ 97 
man, Ariz. 

Precipitation at Parker, 5. 76 inches 2 _ _ 5.45 inches_ __ 106 
Ariz . 

Run-off Verde River a t 485,000 ac re- 553,000 acre- 88 
mouth. feet. feet. 

• 1 full year and occasional months estimat€d to complete record. 
' 1 year (1937) estimated from incomplete records. 
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Data presented in the preceding table indicate that 
average recorded flow of the Williams River is about equal 
to the long-time average. 

From available topographic maps of the States of . 
Arizona, California, and Nevada the drainage area be
tween Boulder Dam and the mouth of the Gila, other 
than the Williams River, which likely contributes to the 
Colorado River following periods of intense precipitation, 
is measured as 4,500 square miles. The unit rate of run
off from this area is considerably less than that of the 
Williams River watershed. The long-time average an
nual run-off from such area is estimated to be 40,000 
area-feet annually, making a total average annual inflow 
between Boulder Dam and the mouth of the Gila (ex
clusive of the Gila River) of 150,000 acre-feet. 

Losses Under Virgin Conditions in Colorado River 
Between Boulder Dam and Mouth of Gila 
River 

Under natural conditions there was loss resulting from: 
( 1) Seepage to adjacent valley lands, from which it is 
subsequently largely evaporated; ( 2) water entrapped in 
sloughs and former river channels during floods and later 
evaporated; ( 3) evaporation from the stream surface; 
and ( 4) possible seepage losses to underlying strata. 

In addition to natural losses, water is lost by man's 
activities from: ( 1 ) Depletions due to irrigation consump
tive use in the Colorado River valley; ( 2) water diverted 
out of the natural watershed to the metropolitan district 
near Los Angeles and the Imperial Valley, Calif.; and 
( 3 ) evaporation losses from reservoirs back of Parker, 
Imperial, and Laguna Dams. 

Since it is desired to determine losses under virgin con
ditions and since the discharge records at Boulder Dam 
largely reflect the results of a regulated river, the losses 
between Boulder Dam site and the mouth of the Gila 
River are based on measured losses between Topock and 
Laguna Dam (Yuma record corrected for flow of Gila 
at mouth and diversions for Yuma project), for the 12-
year period 1923 to 1934, inclusive, with an estimated loss, 
based on comparison of physical conditions, between 
Boulder Dam and Topock. 

Average annual discharges at Topock and Laguna, 
during the 12-year period 1923 to 1934, inclusive, com
pare as follows: 

Acre-feet 
Colorado River at Topock_ _______________________ 13, 300, 000 
Colorado River at Laguna Dam ___________________ 12, 610, 000 

Net annual loss and use between Topock and 
Laguna----------------------------~-- 690,000 

The average run-off during the 12-year period of study 
is somewhat less than normal. It is to be expected that 
over a long period the losses would be somewhat greater. 
A figure of 700,000 acre-feet annually has been adopted 
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as representing the long-time net loss and use between 
Topock and Laguna Dam. 

Depletions due to the irrigation of lands in the Parker 
and Palo Verde Valleys are estimated to be 120,000 acre
feet, which subtracted from the total loss leaves a natural 
net loss of 580,000 acre-feet. This loss occurs despite in
flow to the river previously estimated at 150,000 acre~ 
feet, so that the actual natural loss between Topock and 
Laguna Dam is 730,000 acre-feet. 

The Colorado River Valley sections between Boulder 
Dam and Topock and between Topock and Laguna Dam 
compare as follows (prior to construction of Parker and 
Imperial Dams) : 

TABLE CXLIII.-Comparison of sections of Colorado River 
Valley above and below Topock 

Feature 

Str e am chann e l 
area.1 

Valley floor area 1 __ _ 
Irrigated area ____ __ _ 
Tributaries entering 

Colorado River. 

Between Boulder 
Dam and Topock 

Between Topock and 
Laguna Dam 

11,000 acres_ _ 25,000 acres ___ _ 

80,000 acres__ 250,000 acres __ _ 
None _ _ _ _ _ _ _ _ 35,000 acres ___ _ 
Minor washes _ Williams River 

and s mall 
washes. 

Ar~as 
above 

Topock 
in per
cent of 
areas 
below 

Topock 

.44 

32 
0 

' Measured from river survey sheets of Colorado River below Black Can yon, 
published by the U. S. Geological Survey in 1927. 

Considering that all of the valley floor areas are not 
inundated every year, it is believed that channel losses 
from the region above Topock will be about 40 percent of 
the channel losses below Topock or about 300,000 acre
feet annually. This added to losses below Topock makes 
the total natural channel losses between Boulder and 
Laguna Dams 1,030,000 acre-feet annually. 

Virgin flow, Colorado River at Laguna 
The average annual virgin flow of the Colorado River 

at Laguna Dam (above mouth of Gila) is estimated as 
follows: 

Virgin flow, Colorado River at Boulder Dam_· ______ _ 
Plus tributary inflow, Boulder Dam to mouth of Gila __ 
Less natural channel losses_ _____________________ _ 

Virgin flow, Colorado River at Laguna Dam 

Acre-feet 
17, 330, 000 

150,000 
I, 030, 000 

(above Gila River)--------------------- 16, 450, 000 

Virgin flow, Gila River at Yuma 
Throughout the Gila River Basin, the securing of 

stream-flow records is made difficult by violent floods, 
shifting channels, and sand and silt. Except in the 
Phoenix area, where extensive irrigation development has 
been made, there are no reliable long-time records of the 
Gila River and its tributaries. Using the available rec-
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ords, which are often fragmentary, and never fully 
reliable, estimates have been prepared of the virgin stream 
flow of the Gila River at its mouth (Dome or Yuma, 
Ariz.) for the years 1897 to 1943, inclusive. The results 
of the calculations are shown in table CXLII. The 
method used is briefly outlined as follows: 

(a) The annual inflow above the irrigated area sur
rounding Phoenix was determined by extending the 
records on the Salt River at Granite Reef Dam (fairly 
reliable estimates) and on the Gila River at Kelvin ( esti
mates subject to considerable error). From a study made 
in 1934 of fragmentary records of tributaries entering the 
Phoenix area below the Granite Reef Dam and the Kelvin 
gaging station, the unmeasured inflow below the two 
base stations is estimated to equal 45 percent of the an
nual unregulated run-off of the Verde River at its mouth. 

(b) The base records of the Salt and Gila Rivers were 
corrected for past irrigation depletions and past storage 
changes and evaporation losses from reservoirs to reflect 
conditions as they would have been prior to irrigation de
velopment. Past upstream irrigation depletions were 
assumed to vary uniformly between amounts at various 
periods as follows: 

TABLE CXLIV.- Past upstream irrigation depletion, Gila 
and Salt Rivers 

Year 

1899 - - --- ---- --- - --- --- - - -- --- - ----1909 ___ ______ __ _____ __ ____ ___ ____ _ _ 
1922 __ _______ __ ____ ___ ___ ____ ____ _ _ 

1933 - - --- ---- --- - -- - -- - ------~ - - - --1943 ___ __ ___ ___ ____ ___ _____ ____ ___ _ 

I 
Gila River Salt River. 

above Kelvin above Gramte 
( • f t) Reef Dam acre- ee (acre-feet) 

42, 000 
85, 000 
77, 000 
79, 000 
79, 000 

12, 000 
12, 000 
12,000 
12, 000 
12, 000 

(c) An estimate was made of the channel losses, prior 
to irrigation development in the Phoenix area. Direct 
determination of such channel losses is impossible because 
of the lack of discharge records prior to the initiation of 
irrigation development. By comparing the physical con
ditions of the stream channels in the Phoenix area above 
Gillespie Dam (located at the lower end of the Phoenix 
area) with stream channel conditions along the Gila River 
between the Gillespie Dam and the mouth of the Gila 
River, it was estimated that natural channel losses in the 
Phoenix area would bear the same relationship to 
measured inflow at Granite Reef and Kelvin as natural 
channel losses below Gillespie Dam bear to the flow at 
Gillespie Dam. By subtracting the natural channel losses, 
thus determined, from the estimated virgin inflow to the 
Phoenix area, there was determined the virgin (or nat
ural) flow of the Gila River at Gillespie Dam. 

The channels of the Gila and Salt Rivers in the Phoenix 
area compare with the Gila River channel below the 
Gillespie Dam as shown in the following table: 
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TABLE CXL V.-Gila River Channel characteristics and climatological data 

Area between Gillespie Dam and mouth Phoenix area 

Length of river channel: 
Gila River ___ _____ ___ _____ __ __ __ ____ __ ____ 145-- -- - --- -- - - -- --- - -- -- -- - -"- - - - - Above Salt River ____ ____ _____ 90 miles 

Below Salt River __ ________ __ _ 35 miles 
Salt River_-- ____ ____ ____ __ ___ _____ ___ ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 40 miles 

TotaL ____ _____ ________ _____ ____ __ _____ 145 miles ______ ______ __________ ___ _ _ 1 165 miles 

Average river gradient: 
Gila River __ ___ ___ ___ _______ ___ ___ ___ ____ _ 
Salt River ____ __ ___ ____ ___ __ __ __ ____ _____ _ 

4 feet per mile _____ __ ___ ____ __ __ __ 6 feet per mile. 
---- -- -- - - - - - - - - -- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ 9~ feet per mile. 

Average __ ______ ____ __ ____ __ __ ___ ______ _ 4 feet per mile_____ ___ __ ___ _______ 7 feet per mile. 

Climatological data: 
Average annual precipitation ____ ___________ _ 
Average annual temperature _____________ __ _ 

5 inches___ ____________ ____ ____ ___ 69 inches. 
72 degrees______ ___ _______ ___ __ __ __ 9 degrees. 

1 In addition to Gila and Salt River channels, water will be lost from tributary channels such as Agua Fira, Hassayampa, and Queen Creeks. 

(d) Using concurrent records of Gila River discharge 
at Gillespie Dam and at the mouth (Dome, Ariz.) for 
the period August 1921 to December 1934, and making 
due allowances for the small irrigation use in this area 
and for the fact that flows at Gillespie Dam were largely 
controlled by storage during the period of concurrent 
record, a curve was defined which shows the relationship 
between annual (unregulated) discharges at Gillespie 
Dam and annual channel losses between Gillespie Dam 
and the mouth of the Gila River. The curve was applied 
to the entire period to determine' channel losses. 

The channel losses, thus determined, subtracted from 
the computed natural (or virgin) flows at Gillespie Dam, 
give the virgin flows of the Gila River at its mouth. The 
basic computations are summarized in table CXL VI. 

While these estimated virgin flows may not be entirely 
dependable, they are the best that could be made from 

available information on stream flows. For the purpose 
of this study the average virgin flow at the mouth of the 
Gila River has been rounded to 1,270,000 acre-feet 
annually. 

Virgin flow, Colorado River at International 
Boundary 

The long-time average annual virgin flow of the Colo
rado River at the International boundary is estimated by 
adding to the virgin flow at Laguna Dam the virgin flow 
of the Gila River at the mouth as follows: 

Average annual virgin flow, Colorado River at Laguna 
A. ere-teet 

Darn _______________________________________ 16,450,000 
Average annual virgin flow, Gila River at mouth_____ 1, 270, 000 

Average annual virgin flow, Colorado River at Inter-
national boundary ____________________________ 17, 720, 000 

TABLE CXL VI.-Estimated virgin flow of Gila River at mouth (thousand acre-feet) 

Flow of Flow of Unmeasured Total natural N aturalloss I Natural fiow of 
N aturalloss of Natural flow of Gillespie Darn to Year Salt River at Gila River at natural infiow to infiow to in Phoenix Gila River at Gila River at Gila River at 

Granite Reef Kelvin Phoenix area Phoenix area area Gillespie Dam mouth mouth 

------- ----- ·-------- -------- ---- ---- - -------- - ------- ---------- --- - - -------
1897 _____ ______ ___ _ 

I 1, 289 605 231 2, 125 550 1, 575 501 1,074 
1898 __ _____ _______ I 537 401 97 1,035 372 663 302 361 
1899 ___ ________ ____ I 514 302 98 914 345 569 272 297 1900 __ ___ ______ ___ _ I 269 I 274 52 595 262 333 193 140 1901 __ ___ ____ ____ __ I 765 I 352 136 1,253 415 838 348 490 
1902 _____ ___ _______ I 442 I 223 99 764 302 462 240 222 1903 _____ ______ __ __ I 436 I 266 98 800 314 486 248 238 1904 __ __ _______ __ __ 527 I 336 121 984 355 629 290 339 
1905 ________ ____ ___ 5, 542 I 1, 582 821 7,945 904 7,041 900 6, 141 
190·6_ - ----- - - -- - - -- 2,396 I 688 360 3,444 690 2, 754 659 2,095 1907 __ ___ __ ________ 2,021 I 11 013 337 3, 371 685 2, 686 650 2,036 1908 _______ ____ ____ 1, 828 I 483 270 2, 581 610 1, 971 564 1,407 1909 _______ __ __ ___ _ 1, 736 I 395 262 2,393 588 1, 805 540 1,265 1910 ______ __ ___ ____ 930 I 206 216 1,352 416 936 376 560 1911 ____ ______ __ ___ 

I 2, 143 521 326 2, 990 650 2,340 612 1, 728 1912 ___ __ _______ ___ 
I 1, 041 535 187 1, 763 502 1, 261 443 818 1913 _____ ___ ___ ____ 888 310 160 1, 358 430 928 374 554 

1914 ___ ___ ___ __ ____ 1,350 1, 342 167 2,859 651 2, 208 598 1, 610 
1915 ____ __ ______ ___ 2,490 1,487 306 4, 283 760 3, 523 728 2, 795 1916 ______ _____ ____ 5, 301 1, 716 435 7,452 901 6, 551 885 5,666 
1917 ______ _ --- - · -- 2, 819 420 384 3, 623 702 2, 921 673 2, 248 1918 ______ ______ ___ 1,018 250 258 1, 526 444 1, 082 408 I 674 

1 Basic run-off record estimated in whole or part. 
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