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UNITED STATES
DEPARTMFNT OF THT INTERIOR
Bureau of Reclamation
washington 25, D. C.

December 22, 1950
The Secretary
of the Interior
Sir: |

Herewith the Bureau of Reclamation presents an interim
reconnaissence report discussing the engineering possibility and
the economic Justificetion of water developments unparalleled in
our Nation's history. They are such as to widen horizons for men's
planning fcr use of the vital water resources cf the West.

This reconnaissance report entitled "United Western Investi-
gation - California Section" projects long distance transpcrtation of
water from north to south virtuelly across the western United States.
without recommendation for any euthorization or construction of works
at this time, it creates and points cut the oppcrtunity to serve the
needs of the swelling populaticns in the arid Scuthwest by moving
vater otherwise destined to remein surplus and to waste into the
ocean. - '

Subetantiating studies, laboriously compiled over two
years' examination, -illustrate the types of engineering works required
and the economic factors considered. These show that water may be so
delivered in large quantities at costs to users below those frequently
paid today for the limited water ncw available in the dry areas.

The reconnaissance report herein compiled moves man's concept
of meeting his water requirement beyond single river or watershed develop-
ment to that of integrated inter-basin development in en important and
fast growing section of the Nation. It is submitted for essential and
continuing public consideration and study, for use of this type of
approach could have contrclling effects on cur future way of life,
and the location where a considerable body of citizens can live that life.

This investigation was undertaken under the basic Con-
gressional mandete "that the Secretary of the Interior is authorized
and directed to make examinetions and surveys for # # # irrigation
works, storage diversion and development of water # * # and report
to the Congress # # # ag to the results of such exuminations and
surveys % # #" (Sec. 2, -original Reclamation Act of June 17, 1902).
It was particularly prompted by the interest shown by the House
Public Lands Committee as evidenced by their action July 15, 1947,



.public interest, 1t is, in Reclamation's opinion and helf century

in reporting out favorubly H. Res. 244, 80th Con.ress, requesting
the Secretary of the Interlor, through the Bureau of Reclamation,
"to investigate and report as soon as practicable to the President
and the Congrees on the engineering end econumic feasibility and
economic Justification of diverting surplus weters from other basin
to Southern Celifornia snd the Colorado River Basin and the practic
bility of exchanges of water, and other possibilities for effecting
improvement in the distribution and utilization of the wuter resocurq
of the West."

The requirement for this study develops fundamentally fro
full recognition of the unequal distribution of vitsl water resourc
in the Western States and the vast end increasing influx of populut
into those Stetes with little regard to water supplies avallable tc
sustain such populations and their resulting eccnomies and civiliza
tions. In view of the known huge surplus of water wasting into the
gea to the north and the existing and potential shcrtage in the Sou

west, those inevitable instructions were given to look into the fut

possibilities of trensporting surplus waters to satisfy the Southwe
deficiencies. The report herewith submitted is not ccmplete in its
coverage of all possibilitics. It 1s presented at this time in orde
to make available informetion thus fer evaluated.

While the possibilities herein cousidered ure of a breadth
size and importance heretcfore unequeléd,, transpcrtetion of lerge
quantities of water through mountsain ranges and across rivers and
valleys to distant destinations is firmly founded in both theory
or practice. America's Continentazl Divide is pierced by tunnels
in several places for the purpose of transporting water from the
Coloredo River Basin to the water deficient areas to the East.
Construction of the 1lnitial stage of the Central Valley Project
of California is essentizlly complete, making possible the effective
transfer cf water from Shasta Dam in the northern Sacramento Basin
500 miles scuth to the scuthern San Joaquin Basin. These ere but
two examples of men's efforts to correct natural maldistribution
of water supply to serve his needs. Such efforts heve gone forward
in many lands throughout history as water requirements became mcre
stringent in contrclling life. We are now face-to-face with such
needs in the Southwest.

Regardless of magnitude, scope and timing of such an
undertaking, if it can be shown that moving surplus waters of one
area to water deficient areas elsewhere is in the reslm of sound

of experiences, only a matter of time before exhaustion of nearer
water supplies forces the underteking of a suitable project for
that purpose. This investigation and repcrt present a positive
step in exploring those possibilities. Reclamation believes that
the Congress, in providing for these investigaticns, exercised far-
sighted wisdom in securing for itself the information upon which
public considerations can be based.
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This United Western Investigution - California Section
interim repcrt emphasizes certain puints which must be made clear
1f understanding is to be assured. These eare of eufficient importance
to bear repetition. Briefly they are: , :

"Thetreport'doesunot<recommend'authorizationvor:
construction of dany phase of the water storage or .
.transfer development outlined at this time,

Remaining and limited, but still unused and -un-
conserved legser cnd nearer water supplies should be de-
veloped before any.construction commitments are undertaken
on the United Western even if the lesser opportunities
appear unequal to meeting ultimate needs.

The underlying United Western investigations considered
many possibllities, many rcutes, end many alternatives. But
for purpcses of analysis and illustretion only, cne plen, for
identification referred to ass the Northern California Diversion,
has: received the. more detailed examination end diacussion possi-
ble to date. . e _

The report adheres closely to consideration of engineering
feasibility and economic Justification. This does not constitute
an intent to igncre or deny important end difficult problems
related to fish and wildlife, water rights, State laws, recrea-
tion and local deeires which are lnherent in any United Western
developmert. There are essentiel considerations still unresolved’
to the satisfection of important interests which must- be taken
fully into account befcre any final plen can be developed:
However, it 1s basic %v have a starting point based on engineering
and economic factors.

The analysia to date establishea certain specific findings,
plainly of a reconnaissance nature, which are of sufficient authehti-
city clearly to warrant completion of the investigations., The comple-
tion of this investigation will form a firm basis on which the Congress
and the country can ‘determine whether or not final detailed investiga-
tions should be made of any of the: facets of this or any alternative
plan. Reclamation will proceed toward its completion in cooperaticn
vith the States and many’ agcnciea concerned as funds are made available
for these purpoaes.

This report yields primary date establishing that in the
vater deficient besins west of the Continental Divide there are about
25 million acres of land susceptible to irrigetion which .are presently
without apperent sources of sufficient water supply. The surplus
flows of the streams of the other basins amount to-more than fcour times
the quantity of water which could ever be consnmeo in the basins of



. should go forward until the public is properly informed and fully

. of public consideration.

. there has becn apprecieble, if scmewhet uninformel, debate thereon

.practices.

_ interim report on the United Western Investigation, and, in order

. : . . Respectfully, ‘
/s/ Michael W. Straus
. Commissioner
Attachment

- Approved and adeted-'December 15, 1952

32746 Interior=-Duplicating Section, fashineton, D. C.

origin, with full development cf an ultimate pcssibility of 25
million more irrigeble ucres in the surplus area. This poteatial
net increuse of 50 million acres of 2rrigation, 25 million in the

areas of surplus water supply cnd 25 million in the water deficlent|

areas may be compared with 25 million acres now under irrigation
throughout the West. Flows wasting from water surplus arees are of
sufficient magnitude to provide a supply three times as great as ti
probgble quentities which would be ccnsumed in the irrigation of al
25 million acres in the water deficient buesins, It is reascnably
probable that the transfer of e portion of the surplus fluws to wa
deficient areas would be eccnomicully Justified and that the cost
involved would be lower than higher costs required for develormert
similer claesses of water supply in meny of the contemplated arid
service s&rezs. .

It is further proper to emphasize that no project design
to meet the cbjectives of the United Western Investigntion essi

aware that there 1s fast approaching ful} use of existirg waters in
many areas and that there also exists surpluses elsewhere which can
be brought to use by sound engineering and econcmic proctices. The
collateral problems can and must, be worked out during that period

Since the United Western Investigations were undextaken

proceeding concurrently with the compilaticn of the date upcn which
more quelified opinion might te based. Publication of this report
will permit a far better informed ccnsideration cf such pcssibili-
ties and eventual conclusicn thereon in acccrdance with our democret

I recommend that ycu zdopt this report as your prcposed
that the informetion.ccntained therein may be made generally availal

to the public, that you authorize me in your behalf to transmit cup
of it to the interested States and Federal agencies for their infor

~tion and comments, Upon receipt of their comments the report will §f
_ prepared for transmittal to the President and, subsequently, to the
. ; Congress. \

Oscar L. Cngpm n
Secretary of the Interior
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IN REPLY REFER TO:

UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

UNITED WESTERN INVESTIGATION
P. 0., Box 2556
Salt Lake City 10, Utah

December 16, 1950

To: Commissioner
From: Chief, United Western Investigation

Subject: Interim Report on Reconnaissance - United Western
Investigation

Transmittal

1, Presented herein, with substantiating materials, is an
interim reconnaissance report on the United Western Investigation,
The investigation has examined the possibility of providing a water
supply for certain water deficient areas of the West through the
export and exchange of surplus which is beyond ultimate needs in
various areas of abundant supply. Developments which otherwise would
be imbossible may ultimately prove feasible in 12 or more states.
Substantial progress has been made in the assembly and analysis of
technical data for the over-all problem and reconnaissance conclu-
sions have been reached for one possible plan,

2, The report is, as its title indicates, an interim report.
It is submitted at this time to provide a factual basis for an under-
standihg of the situation which is approaching the western states,
and of the possibilities for resolving that situation,

3. The combined magnitude of the engineering works herein
contemplated exceeds that of any project ever constructed. In any

scheme of such scope, the inter-relation and conflict of many yvaried
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REPORT OF THE CHIEF

interests is inevitable., Among these interests, numerous points of
view will be represented and thus, at the outset of the report,
certain precepts should be made clear in order to avoid a misunder-
standing of the intent and findings of the investigation. These are:

The report does not recommend authorization for construc-
tion of any phase of a water storage or transfer development;
in fact, it clearly indicates that such a recommendation
should not be made at this time,

The investigation has covered, in varying degrees of
thoroughness, numerous general plans, many possible routes
for conveying water, numerous possibilities for exchange to
effect water supply transfer, as well as other alternatives
and combinations., For the purpose of this interim analysis,
one plan to serve the Southwest is presented in more detail
than the others., This does not mean that that plan is the
best or only plan, or even an average plan, It is presented
as a model for the purpose of illustration,

The report adheres closely to considerations of engineer-
ing feasibility and economic justification, This is not
intended to ignore or deny the many related considerations
such as those concerning fish and wildlife, water rights,
State laws, recreation, and others., The scope of the report
at this stage does not cover these admittedly difficult

and important problems which are inherent in any prospective
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REPORT OF THE CHIEF

development., Full consideration of those problems will

be given as the investigation proceeds in cooperation

with states and agencies concerned.
Authority

4, These investigations were executed under the general
authority of the Reclamation Act of 1902 as amended and supplemented.
They were conducted in recognition of the request of the House
Comittee on Public Lands, reflected in its action on July 15, 1947,
in reporting out favorably House Resolution 244, 80th Congress, lst
Session. Resolution 244 defines the general mission of the investiga-
tion as follows: To investigate and report as soon as practicable to
the President and the Congress on the feasibility of diverting surplus
water from other basins to southern California and the Colorado
River Basin, and the practicability of exchanges of water and other
possibilities for effecting improvement in the distribution and
utilization of the water resources of the West.
Problem under Investigation
5. Local supplies of water in large areas of the West are

being developed at a rate which will accomplish their full exploi-
tation within a much shorter time than generally appreciated. In
some extensive areas, the limit of supply already has been exceeded
(Plate 6), and expansion, or even maintenance of the accomplished
development is impossible from local sources, Conversely, enormous

water resources exist in other sections of the West, particularly

iii
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REPORT OF THE CHIEF

along the Coastal Belt of northern California, Oregon, and |
Washington (Plate 4). The general problem is thus the maldistri-
bution of water supply, with respect to existing and potential
demand, throughout the entire West; studies are concerned with the
remedial measures which may be practicable.
Purpose and Scope

6. The investigation is a preliminary appraisal of the long-
range prospects of resolving this general water problem, The
immediate objective has been to determine whether there is sufficient
likelihood of a physically feasible and economically justified
solution of the problem to warrant further investigation, The
various considerations pertinent to this determination are discussed
below,
Water Supply

7. At the present time the streams of Washington, Oregon, and
northern California waste into the Pacific Ocean some 300 million
acre-feet per year. To verify the water supplies which might be
available for transfer to arid areas, a study was made of the maximum
possible water requirements which could arise throughout the Northwest
under ultimate conditions of full development, and of the portion of
this vast outflow, if any, which might exist as surplus under those
ultimate conditions, Irrigation was assumed for all lands where
the farmer would use an irrigation supply under any conceivable

future conditions, and an inventory of all potentially irrigable area

iv
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REPORT OF THE CHIEF

made on that basis, Estimates were made for the maximum consumption
which would occur as a result of increased population density and

for the industrial water requirements which would accompany this

- growth, Preliminary studies were made of mineral and other natural
resources which would call for special quantities of water in pro-
cessing. All of these estimatcs were made with the advice of locally
recognized specialists and have been purposely made much larger than
any development believed likely to occur so as to anticipate absolute
maximum future conditions., Yet it is apparent that the maximum
future consumption in the Northwest is dwarfed by the remaining
surplus which vould be about four times as great. As shown by

Plate 4, there would exist an over-all surplus of some 240 million
acre-feet per year in excess of maximum possible future consumption,
In illustration of the enormity of this amount of water, it may be
compared to the quantity that would be consumed in irrigating about
three times all the irrigable land in water deficient stream basins
west of the Continental Divide, and in satisfying at the same time,

- all other foreseeable needs of the West,

8. At any particular point where a diversion has been contem-
plated, reserves for the basin of origin have been estimated on the
basis of that specific point of diversion., Allowances for all ultimate
within-basin consumption, both above and below the diversion point,
have been reserved with a large factor of safety. Only surpluses

to these reserves have been considered available for export,
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REPORT OF THE CHIEF

9. It is recognized that although large quantities of water
might always remain surplus to consumptive use in the Northwest, a
ma jor part of such surplus might nevertheless be in use for genera-
tion of power at the time of a United Western project. If even
a small quantity were exported above points of power generation,
the electrical output would, of course, decrease proportionately.
For this study it was assumed that a United Western project would
make energy available to offset impairment to then existing plants,
in the same manner in which it would meet its own pumping power
requirements,

Water Reguirement

10. An inventory has been made of the potential demands in
water deficient sections of the West in a manner similar to that in
the zones where export may be possible. The former survey has
assumed normal use of water and not maximum possible use as in the
latter case., A vast amount of land was found to be potentially
irrigable, and extensive other potential demands were disclosed
(Plate S and Tables 10 and 11). Local sources of water were found
to be cépable of satisfying only a very small part of this demand.

11, It is difficult to forecast the rapidity with which
potential demands may become acute deficiencies, However, it is
significant that the population of the West increased some 40 per-
cent in the last decade, If such growth continues, the development

of demands may be very rapid indeed.
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REPORT OF THE CHIEF

Plans Investigated
12, The foregoing inventories have defined the geographical

pattern and magnitude of both supply and demand., This definition
has, in turn, suggested the general course of the investigation,
Initially the major effort has been toward plans to serve the
extreme Southwest, where both existing shortages and imminent poten-
tial demands are accentuated. Numerous schemes (Plate 25) were
examined, in varying degrees of thoroughness. Some possibilities
have been shown to have very little merit after only brief study.
Others have been subjected to more careful examination before being
deferred, In a few cases plans have remained attractive and are
still under consideration, Various of these plans, including some
of low priority, are:

Northern California Diversion

Coast Range Gravity Interception Route

Albeni Falls Diversion

Willamette Pump Route

Willamette High Line Route

Coast Range Low Level Route

Snake River Diversion

Eel-Sacramento Diversion

Salt Water Barrier
A discussion of their characteristics is presented below.
Northern California Diversion

13, Of the foregoing plans, the Northern California Diversion

(Plate 15) has received the greatest amount of study. It has been

subjected to complete reconnaissance analysis, and is described fully

in the succeeding report to illustrate, in a specific example, one

vii
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UNITED WESTERN RECONNAISSANCE
AND
NORTHERN CALIFORNIA DIVERSION

General: Eleven West as
United  Western 1/ percent
States States of U,S,
Area - 1000 square miles ' 3,022 1,178 39
Population - 1000 (1950) 150,697 19,562 13
Farm Land (1945) - 1000 acres 1,142,000 316,000 28
Irrigated Land - 1000 acres (1940) — 18,553 —_
Potentially Irrigable land-1000 acres -— 50,000 -
Farm Income (1948) $1,000,000 31,275 5,308 17

Northern California Diversion:

Water—Ultimate Conditions

Annual delivery to Sacramento River s.eesececeese 6,094,000 acre-feet
Water demands served: '
Irrigation .eeececsscessveccessccessssscsss 5,159,000 acre~-feet
Municipal ceseececccccveccncsccscencscenses 286,000 acre-feet

Colorado River Replacement
(Use undeternﬁ-ned) 9000800000000 000000000 &212,000 acre-feet 2/

Total seesececcccsnsecsscscscecsas 6,657,000 acre-feet

Gross acreage served 000000000000 000000000000000 2,121,600 acres

Power—-Ultimate Conditions

Kilowatts
HYdroelectric Generating CapaCity Installed X xx 389, 600
Average Annual Hydroelectric Generation .eeececscccscas 148,000
Average Annual Saving--Colorado Aqueduct Pumping evecee 272,500

Pumping CapaCity £ 00000000000000000000000000000060000000 873,000
Average Annua]‘ hJnlp Load 0GP OOOIVDIOCDOIDEDOONOONOIONOEOICOLEVTTISTPOEDS 481’&0
Impairment--Existing and Authorized Hydro Plants 3/ ... 72,350

1/ Arizona, California, Colorado, Idaho, Montana, Nevada, New Mexico,
Oregon, Utah, Washington, and Wyoming.

2/ See paragraph 17,

3/ Under conditions which would most probably preva11 and which

are referred to as Case 1 in the Substantiating Material,
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Physical Data--Major Structures

Gross Storage--Ah Pah Dam cesecsecocovcscocccee
Live Storage——Ah Pah Dam ceeeecoososcacscccscse
Height——Ah Pah Dam seeeesescevcssecscscesssocas
Total length of main and branch aqueduct cceee.
Total length of tunnels sveccscccossaccscscsssce
Total length of main aqueducCt ceeeccecscccccccs
Congtruction Costs 4/ 5/
Ah Pah Dam and Afterbay secececsecesccsseconsse
Regulatory Dams and Reservoirs ..eesceccecccces
Aqueducts and Tunnels soeseecsoesocsscsosessnas
Irrigation Distribution SyStemS seeecececessssecs
Pumping Plants ..cecececcccsesccccscscscncccscs
Generating Stations and TransmisSSion .eececceee
Miscellaneous seececssesssosscascscsssssssccsas

TOtal 000000 00000 QQO0OCOPOIONOICRONOONOOINOOORNVOS

Benefits and Costs 4/

Total Annual Equivalent BenefitS cccececcecccce
Total Annual Equivalent COStS ceceescscccccscee
Ratio of Benefits to Costs e0000000000000000 00

Costs per acre-foot to amortize all
capitalized (and annual) cost with
24 percent interest in accordance with
the time and quantity of scheduled
water delivery R R R R AR Y Y ¥ )

15,250,000 acre-feet
9,050,000 acre-feet
813 feet
1,463 miles
222 miles
605 miles

$ 605,531,000
126,112,000
1,541, 346,000
672,479,000
145,435,000
188,418,000
13,729,000

$3,293,050,000

$170, 000, 000

$89,000,000
1.9 to 1

$25

4/ Pursuant to existing law and regulation, benefits are based
on 1939-1944 average price level; costs are based on current

construction cost level,
5/ Simple addition of estimated cost,
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REPORT OF THE CHIEF

possible means of serving the Southwest., Further study may dictate
modifications of the plan presented, or may disclose other plans
having greater advantage. At this time the Northern California
Diversion is employed as a model for analysis, providing the frame-
work for comparison of project costs and benefits,

14, The above plan is herein contemplated as the "initial
stage" of a larger development, As set forth it would meet the
most imminent demands and could stand as a complete and final project,
or might serve as the initial stage of a larger plan to meet greater
demands as future economy may dictate., In the initial stage, export
of some six million acre-feet per year could be made from the lower
Klamath River and delivered to irrigators, industries, and munici-
palities in the Central Valley of California, and the central- and
south-coastal areas of that state, By exchanges, similar service
would be possible in the Mojave Desert of California; the Lahontan
Basin of Nevada; the Colorado River Basin in California, Arizona,
Nevada, Utah, Colorado, and Wyoming, and possibly elsewhere,

15, A dam some 813 feet high near the mouth of the Klamath
River would provide about 9 million acre-feet of conservation storage
and accomplish gravity diversion by a 60-mile tunnel entering the
Sacramento Valley just above Redding, From the tunnel outlet, water
would continue down the Sacramento River, passing through potential
power plants at Table Mountain and Iron Canyon, Annual delivery

could be made of some 225,000 acre-feet of municipal water and about

.
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REPORT OF THE CHIEF

436,700 acre-feet of irrigation water to the San Francisco Bay area,
Beyond the San Joaquin-Sacramento Delta the flow would be pumped by
successive lifts up the San Joaquin Valley to the vicinity of
Bakersfield; 3,941,000 acre-feet per year would be delivered in the
San Joaquin Valley, and a branch tunnel to the Pajaro-San Benito area
would deliver 102,000 acre-feet per year, About 100,000 acre-feet
annually would be supplied to the present service areas of the
American River, permitting the release of a like amount from the
higher watershed of that river for diversion to the Lahontan Basin
of Nevada, Near Bakersfield, two pump lifts totaling 300 feet would
make delivery of the main supply to the inlet of a tunnel through
the Tehachapi Mountains, From that point, the supply would flow,
largely by gravity, to satisfy directly some 380,000 acre-feet
per year of future demand in the south-central coastal area of
California and make available by direct service or exchange about
11 million acre~feet in the Mojave Desert, the Colorado River Basin,
and southern California, Project works included in the plans and
estimates would deliver irrigation water to the farm head gate and
municipal water to a wholesale delivery point,

16, The suggested service of water to the Mojave Desert anti-
cipates that the City of Los Angeles might be willing to accept water

from the Northwest in exchange for water which it now diverts from

ix
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REPORT OF THE CHIEF

Owens Valley. The suggestion is presented to typify the possibilities
embodied in the plan., It is possible that further study may indicate
a more advantageous opportunity to use the water in some other area.
17. In view of the specific reference to the Colorado River
Basin included in House Resolution 244, 80th Congress, First Session,
adopted by the House Committee on Public Lands (paragraph 4), the
investigations examined the possibility of making additional water
gyailable in that basin., From an engineering standpoint, the most
.efégcient method of providing such an additional supply would be
by the exchange of water from the Nor&hwest for Colorado River water now
being used or planned for use in California areas. For study purposes,
such an exchange was assumed in the case of the Metropolitan Water
District of Southern California., It is recognized, of course, that
the claims of that entity, dependent as they are upon an ultimate
disposition of the Arizona-California controversy in the Lower
Colorado River, may be open to dispute, and that the outcome cannot
be forecast with certainty. Yet it is apparent that without some
assumptions with respect to this matter engineering analysis cannot
proceed. In the substantiating material of the report, various
possible assumptions are discussed., These assumptions are made
without any attempt to analyze the legal problems involved and
without intent to express'or imply any opinion concerning the merits

of any aspects of the c¢ontroversy., In the resume carried by this
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letter, there is presented only the most conservative outlook

with respect to this exchange, indicating the lowest ratio of
benefits to cost, That assumption contemplates that United Western
water would be exchanged for the full claim of the Colorado River
Aqueduct,

18, The Northern California Diversion could deliver water for
use in the Republic of Mexico if later investigation discloses the
possibility of water exchanges or other opportunity for advantage
to both countries involved. Such delivery, however, is here
suggested as a possibility and is not 1néluded in the plans and
estimates presented.

19, For purposes of analysis, construction of the project was
scheduled over a period of 20 years in four S5-year steps. The first
would complete Ah Pah Dam and Power Plant; the second, all features
as far south as Bakersfield; the third, the Tehachapi Tunnel and
facilities immediately south of its outlet; the fourth, all remaining
features in southern California, All Ah Pah power is assumed to be
marketable as soon as available., New water markets which would be
served as a result of steps 2, 3, and 4, are assumed to develop to
their full extent uniformly over a period of 25 years from the first
availability of water under each step. Project life is assumed to
extend over 120 years from the start of construction or for 75 years

after full development.
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20. Power installations at the Ah Pah Dam would generate power
from that portion of the Klamath River flow which would be released
downstream at the dam and not exported through the Trinity Tumnel to
the Sacramento Valley, Between the time the dam would bé completed
and full development of the water market, a diminishing portion of
the exportable yield would be used for such power generation, In
early years the quantity would be substantial, After full develop-
ment of the water market, generation would be limited to "peak power"
generated from water released (and subsequently re-regulated by an
afterbay) to maintain satisfactory downstream channel conditions;
and to "dump power" generated during periods of reservoir spill,
Substantial amounts of firm power would be produced at the Table
Mountain and Iron Canyon Plants, where an increase in power genera-
tion would parallel the decline at Ah Pah, With growing water
markets, additional power ultimately would be needed for project
pumping; and also to offset reduction in generation on other projects,
caused by United Western water transfers or exchanges and thus charge-
able to the Northern California Diversion (Flate 21), This additional
power could be supplied by thermoelectric generating stations. These
could be situated in southwestern Utah (Plate 8) or some other
locality where they would utilize low-grade coal deposits which are not
now economically feasible of commercial exploitation. Transmission
distance would exceed the present maximum in this country but would
be no greater than that for which there is precedent in successful

European practice.
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21, During the first 30 years of operation, a surplus of
electrical energy would be produced by the project. Thereafter,

a gradually increasing deficit would result through project year 45,
after which the deficit would remain constant. For the assumed life
of the project (120 years), the monetary value of the initial surplus
would be more than sufficient to offset the later deficit, under the
most probable conditions of interference by the Northern California
Diversion with other power projects. The equivalent annual value of
this surplus would be somewhat more than $4,000,000,

22, The total capitalized value of all project costs sustained
by the Government (estimated at the 1950 index and including construc-
tion, contingencies, administration, operation, maintenance, and
replacement reserve) computed for the year in which construction
would commence is $3,246,000,000 (Plate 19), This represents the
total out-of-pocket cost for all works, Amortized over 100 years
at 23 percent, it is equivalent to a uniform annual cost of about
$89,000,000. For a more detailed discussion of the computation of cost,
see Part II, Chapter 5 of substantiating material "Capitalization and
Amortization."

23, If the above total capitalized value of all project costs
were amortized, with 24 percent interest on all unretired debt, in
accordance with the assuﬁed schedule of water delivery, considering
both the time and amount of such deliveries, the cost per acre-foot

would be about $25, ignoring the surplus from power revenues. This

xiii



Digitized by GOOS[(’,



REPORT OF THE CHIEF

amount represents the full cost to the Government (including all
interest) of providing and maintaining all the works in the project;
it is not to be confused with the price which the consumer might pay
for water, Repayment by the consumer is dependent on the allocation
of project cost among the various purposes of irrigation, municipal
supply, power, and perhaps others, Studies of such cost allocation
and the succeeding repayment analysis are beyond the scope of this
investigation, It may be noted, however, that the foregoing factors
would reduce the amount to be paid by irrigators, Furthermore, in
accordance with Reclamation law and policy, irrigators would not be
required to repay interest charges on the project cost allocated to
irrigation, The amount to be paid by the consumer for irrigation
water, to repay fully on an interest-free basis, thus would be
materially lower than the $25 per acre-foot indicated above; it
might well be as low as $10 per acre-foot,

24, It is significant that in the area where the project con-
templates delivery, certain organizations are currently sustaining a
cost comparable to that herein anticipated in the development of
water supply. Table 25 indicates examples of high development cost
ranging from $11,16 per acre-foot to $64.82 per acre-foot with a
weighted average of about $29 per acre-foot. Although in the same
areas, many projects endowed with favorable characteristics are
able to develop water at'much lower costs, such costs are not a
criterion, since they result mainly from favorable natural conditions.
Such cheap sources of water are becoming fully exploited as evidenced

by the fact that more costly supplies are coming into use,; By the

iy
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time of a United Western project the cheaﬁ sources probably would

have been completely developed, The examples in Table 25 demonstrate

that, even at the present time, irrigation is practical under costs

comparable to those anticipated for the Northern California Diversion.
25. Benefits under the project would accrue from ;he a;nual

delivery of about 286,000 acre-feet of new municipal water and

more than six million acre-feet of new water for irrigation and

other uses, The latter quantity would provide service to southern

California in greater amount than the anticipated deliveries of

the Colorado River Aqueduct, That structure always would be

useful for stand-by service, but its proposed diversion from the

Colorado River (1,212,000 acre-feet per year) could be released

to as yet undetermined use in that basin, Similarly, the present

diversion of the Los Angeles Aqueduct in the Owens Valley might

be released for use on the Mojave Desert, and a part of the

American River flow released for diversion to Nevada, Rich lands in

the San Joaquin Valley, for which no water could be provided from

the Central Valley, even with full development of its water

resources, would be afforded irrigation. The San Francisco Bay

cities might save heavy investment which otherwise would be

necessary for the development of municipal supplies, In addition

to the foregoing, an annual benefit of several million dollars

is expected to accrue ffom the project's hydroelectric instal-

lation. All monetary benefits attributable to the project during

its assumed life would have a capitalized value of $6,212,000,000

discounted to the initial year of comstruction at 24 percent.

Xv
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Amortized at the same interest rate over 100 years, this capitalized
value is equivalent to about $170,000,000 per year, The ratio of
beqefit to cost is thus 1,9 to 1, No benefits from released
Colorado River water have .been included.

26. Intangible or unmeasured benefits would result in the
categories of national defense, flood control, fish propagation,
and recreation, Certain detriments also are evident in the cate-
gories of fish propagation and recreation, and it is anticipated
that remedial measures would be planned in the course of continuing
study in cooperation with other interested agencies, In fact such
detriments might be of sufficient importance to warrant selection of
a plan in which they would be minimized or avoided,

27. In the substantiating material for this report, various
extremes of conditions have been assuméd and the resulting benefit-
cost ratio computed for these possible alternative conditions.’ The
range has been from 1,6:1 to 3,0:1, It is apparent therefrom that
considerable modification of the suggested plan could occur without
a materially detrimental effect on the over-all merit of the plan,
and that modification might, with equal probability, result in a

more advantageous plan,

Supplements to the Northern California Diversion
28. As discussed in Part III of the substantiating material of
this report, supplements to the above described project by succeeding

stages could produce a substantial additional supply of water,

xvi
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Studies as to these extensions and their probable justifications are
incomplete, but it appears likely that increments from various
sources could provide a total additional supply of 10 to 15 million
acre-feet per year, or even more. These might be delivered to the
Sacramento Valley at an incremental cost (including interest at

2% percent) of from $5 to $25 per acre-foot, depending upon the
source and plan of development, The foregoing cost is not compar-
able with the cost estimated for the Northern California Diversion
since it includes only the cost for delivery into the Sacramento
Valley, Furthermore, no carrying charges during the water market
development period have been included, This applies also to all
alternatives to the Northern California Diversion,

Other Plans

29, Certain of the above supplements which could be developed
independently of the Northern California Diversion may also be con-
sidered alternatives, These are included with other alternatives
in the brief discussions presented below.

30, Coast Range Gravity Interception Route. The Coast Range
Gravity Interception Route would develop an exportable yield of
about six million acre-feet per year from the Rogue and Klamath
Basins by means of 7 dams, The general characteristics of the plan

are indicated by the following tabulation,

xvii
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Net
Height Storage Yield
Dam River (feet) (Acre-feet) (Acre-ft/yr,)

Lewis Creek Rogue 486 1,550,000 1,400,000
Eight Dollar Illinois 291 1,200,000 970, 000%*
Benjamin Klamath 487 1,900,000 1,980,000
Red Cap Klamath 550 1,000,000 1,070,000%*
Burnt Ranch Trinity 553 960,000 830, 000%
Gaynor Peak S. F, Trinity 600 1,080,000 940, 000*
Horse Linto Trinity 297 0 -

REPORT OF THE CHIEF

¥Less fish release,

The cost under this plan, neglecting certain potential hydroelectric
benefits, is estimated to be about $10 to $15 per acre-foot delivered

to the Sacramento River., This cost has been estimated as indicated in

paragraph 28,

31, Albeni Falls Diversion.—The Albeni Falls Diversion would

derive water from Pend Oreille River, a tributary of the Columbia
River at the Albeni Falls Dam site.‘ The initial diversion would be
at elevation 2028 and probably could be carried by gravity flow to
the Klamath River above the Ah Pah Reservoir, The total length of
aqueduct to the Klamath River would be about 1020 miles, of which
about 290 miles would be tunnel and 40 miles in siphon, No esti-
mates of cost were made for this plan because the necessary length
of aqueduct causes it to appear unattractive, and also because

tentative analysis of ultimate local water requirements indicates

a lack of any substantial exportable surplus.

xviii
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32, Willamette Pump Route,~~The Willamette Pump Route would
divert from the Columbia River system either near Oregon City on
the Willamette, or just below Bonneville on the Columbia, By a
series of pump lifts, canals, tunnels, and collecting reservoirs,
10 million acre-feet or more per year could be delivered to the
Sacramento Valley near Redding, The cost, on the same basis as indi-
cated in paragraph 28, would be about $20 per acre-foot.

33, Willamette High Line Route.--The Willamette High Line

Route is a variant of the Willamette Pump Route.

34, Coast Range Low Level Route.,~~The Coast Range Low Level

Route would develop an exportable yield of approximately 12 million
acre~-feet per year, The surplus flows of the Rogue, Smith, and
Klamath Rivers would be diverted at the furthest downstream location
vhich would permit gravity delivery to the Sacramento Valley. Char-

acteristics of the plan are shown by the following tabulation:

Net
Height Storage Yield
Dam River (feet) (Acre-feet) (Acre-ft/yr.)
Lewis Creek Rogue 486 1,550,000 1,400,000
Eight Dollar n 291 1,200,000 970,000
Copper Canyon " 802 2,900,000 2,920,000
Junction Smith 700 1,430,000 1,720,000
Ah Pah Klamath 732 4,800,000 5,000,000

The cost per acre-foot of the above supply on the same basis as
indicated in paragraph 28 would be $8 to $10, disregarding certain

power benefits,
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35. Snake River Diversion,--Water supply in the Snake River,

at points which would be attractive for diversion, does not appear
to afford any exportable surplus, Also, the cost of all plans thus
far examined has been relatively high,

36, Eel-Sacramento Diversion,--i yield of about 1} million

acre-feet per year could be developed by a dam downstream from Dos
Rios on the Eel River. This amount could be delivered to the
Sacramento River for between $5 and $10 per acre-foot, estimated as
indicated in paragraph 28,

37, Salt Water Barrier,--The Central Valley Plan contemplates

the outflow of a substantial quantity from the Sacramento-San Joaquin
River system for the repulsion of saline inflow, It is possible that
a part of this could be conserved by a salt water barrier-dam, No
estimates of the cost of such conservation have been made.

Other Areas of the West

38. Numerous possibilities exist for the inter-basin transfer
of supplies into water-deficient areas other than those comprehended
in the foregoing discussion. Studies of such plans are as yet in
the most preliminary stage, and at this time it is impossible to do
more than enumerate the various possibilities which have been
encountered, with certain introductory remarks, Part V of the sub-
stantiating material and Table 30 present such information,

Other Means of Water Supply

39, Preliminary consideration has been given, in Part VI of

the substantiating material to artificial precipitation, salt water
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distillation, transportation of water by boat, and reclamation of
sewage, None of these possibilities appears to offer as much
advantage as that of inter-basin transfer by aqueduct.
Need for a Long Range Plan

40, The concept of water resource development and planning
originally embraced only a single project. With wider needs for
water, this concept grew to include whole streams and has now expanded
to embrace entire river basins, the planning for which is now acceptea
practice. Even beyond this, numerous isolate? inter-basin transfers
of water have been accomplished, as in the case of the Colorado-Big
Thompson Project., The United Western Investigation is an extension
of this general trend of inter-basin and inter-regional planning. At
the preéent time various agencies anticipate the expenditure, over a
considerable period, of many billions of dollars for the construction
of water supply projects of a generally localized, or at most, basin-
wide nature. A broad, long-range plan such as that to which the
United Western Investigation is directed would enable far greater
efficiency in the individual projects and enhancement of their
collective benefits, Instead of being designed as separate units,
they could be planned in harmony with an ultimate pattern, and con-
structed in an orderly and progressive program as integral parts of
a United Western development,

41, The need for definiation of this pattern as a basis for a

logical program of continuing water resources development exists

xxi
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today, and it will become increasingly urgent as demands increase,
The cost of evolving such a plan would be trivial in comparison with
the savings which it would make possible.
Summary and Conclusions

42, In summary, it may be stated that the preliminary data now
available indicate:

(a) In the water deficient stream basins west of the
Continental Divide, about 25 million acres of land which is
susceptible to irrigation are presently without an apparent
water supply from local sources; large quantities of water
also will be ultimately required for other uses in these
basins,

(b) The foregoing acreage is in addition to the currently
irrigated area of about the same magnitude in the entire West,
and also in addition to potentially irrigable areas of approxi-
mately the same magnitude in the stream basins from which
surplus waters might be diverted.

(c) 1In the streams which empty into the Pacific Ocean
from northern California, Oregon, and Washington, there are
surplus flows which amount to more than four times the quan-
tity of water which, under any foreseeable demands, could
ever be consumed within the basins of origin,

(d) The known surplus of water is sufficient to provide

a supply three times as great as the probable quantities of

xxii
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water which would be consumed in the irrigation of all the
lands indicated in (a) above, Currently irrigated lands
would, of course, continue to receive present supplies, and
potential irrigable lands in the stream basins from which
export might be made would be provided for by basic reserves
in those streams.,

(e) The plans discussed in this report contemplate the
transfer of quantities in the order of only about 10 percent
of the available surplus,

43, It is concluded that:

(a) It is reasonably probable that a portion of the
surplus flow of the Northwest could be transferred to certain
areas of deficient local supply by facilities which would be
economically justified as illustrated by a favorable benefit-
cost ratio,

(b) It is reasonably probable that the cost of trans-
ferring water would be lower than the higher levels of cost
which are now required for the development of similar classes
of water supply in many of the contemplated service areas.

(¢) Under anticipated future conditions, the cheaper
local water sources should and probably will have been
exploited more fully., Under these conditions, the remaining
unused local supply would entail even higher development cost

than the present levels, In consequence, transfers such as

xxiii
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those herein discussed could have even greater future

economic merit in comparison to the use of local sources.
(d) The West is now approaching full utilization of

locally available water supplies in many of the water

deficient areas, Consideration of a United Western plan

must be continued, in order to permit the remaining possi-

bilities for development of water supply or exchanges to

receive the full benefit of coordination and physical inte-

gration with an ultimate over-all plan,

Recommendations
44, It is recommended that you adopt this report and take

appropriate measures to have it made public.

S P e Coclland

S. P, McCasland
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INTRODUCTION

Problem under Investigation

Local supplies of municipal, industrial, and irrigation water
for large areas throughout the Western United States are being
developed at a rate which will complete their utilization within a
shorter time than generally appreciated., In many localities full
utilization of all local sources can be foreseen definitely in the
not-far-distant future. As local surface supplies are fully exploited
and ground water reserves exhausted, expansion or even maintenance
of the accomplished development depends upon some new or imported
supply, In some parts of Arizona and California, and for certain
districts of other states, the limit of local water resources already
has been exceeded; formerly irrigated land has become idle and expan-
sion of industry has been impeded because of failing supply. As
time goes on these shortages will increase, finally becoming widespread
unless some corrective measures can be effected.

In contrast to this general and localized scarcity, enormous
water resources exist in the streams of other sections, particularly
in the coastal belt of northern California and the remainder of the
Northwest. In the Fall of 1948, a reconnaissance, designated the
United Western Investigation, was initiated to determine what surpluses
to ultimate local needs might exist in these streams, and, if any were
established, to appraise the feasibility of transferring portions

thereof to areas with deficient supply,

one
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INTRODUCTION

Purpose of Report

Such a reconnaissance is the most preliminary phase of study.
It is conducted at relatively small cost with the intent that pre-

liminary data and short-cut methods of analysis should form the

basis for results, The objective is to determine whether there is

sufficient likelihood of a physically feasible and economically
Justified project to warrant a full and detailed investigation,
Conversely, it is not the purpose of this reconnaissance to demon~-
strate that development itself is warranted. Such a demonstration
is, in essence, the objective of the detailed investigation which
the reconnaissance may just~ify.

Scope cof Report

It is emphasized that the United Western reconnaissance is
concerned with the long-range aspects of the general water problem,
Estimates are made for conditions which will ensue over a period of

many decades in the future, during which an approach to ultimate

- development may be reached. A period of many years would be required

even to fully analyze and plan projects such as those under considera-
tion, Even more time would be necessary for their construction.
The investigation, as its name implies, is a study of the
means of effecting improvement in the distribution and utilization
of the water resources of the entire West, As demonstrated in the
text of this report, exchanges of water may be possible, permitting

benefits in a wide geographical area, possibly even east of the

" Continental Divide.

two
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INTRODUCTION

Composition of Report

Part I of this report presents those general considerations
vhich are common to all plans and stages of development herein
contemplated,

Part II constitutes a reconnaissance report on the '"Northern
California Diversion," which report leads to the conclusions set
forth in the Report of the Chief, The Northern California Diversion
contemplates the transfer of water from the Klamath River to central
ra;nd southern California, and by exchange, to and possibly beyond the
Colorado River Basin, to the CGreat Basin, and to the Mojave Desert;
the development encompassed therein might be a complete and final
project, or might serve as the initial stage of a larger plan, as
described in Part III,

Part III covers supplements which might be made to the Northern
California Diversion by succeeding stages, as and if greater demands
for water warrant, Studies of these supplements and of the potential
demands which would necessitate them are incomplete, but interim
results of a general nature are outlined.

Part IV considers alternatives to the Northern California
Diversion. Analyses of such alternatives have been in less detail
than that for the Northern California Diversion,

Part V pertains to plans for inter-regional water transfer which
include other areas than those comprehended in the Northern California

Diversion and its supplements, Studies of such plans are as yet in the

three






INTRODUCTION

most preliminary stage., However, a list of the possibilities thus
far encountered, and introductory remarks thereon are included.
Part VI pertains to possible alternative sources of water
other than stream diversion, It includes consideration of artifi-
cial precipitation, salt water distillation, boat transportation,

and sewage reclamation,
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AUTHORITY

Recognizing the unequal distribution of vital water supplies
.n the Western States, and recognizing the vast influx of population
into those states without regard to the present or ultimate water
supplies which might be available to sustain such populations and
their resulting economy, and for other purposes, the late Congressman
Richard J. Welch of California sponsored a resolution during the
30th Congress (House Resolution 244), calling upon the Secretary of
the Interior to investigate and report upon a project such as that
herein contemplated, The text of the resolution is:

"RESOLVED, That the Secretary of the Interior through
the Bureau of Reclamation is requested, under and by virtue
of authority conferred upon him by the Federal reclamation
laws (Act of June 17, 1902, 32 Stat, 388, and Acts amendatory
thereof or supplementary thereto) for general investigations
relating to proposed Federal reclamation projects, to investi-
gate and report as soon as practicable to the President and
the Congress on the engineering and economic feasibility
and economic justification of diverting surplus waters from
other basins to southern California and the Colorado River
Basin and the practicability of exchanges of water, and other
possibilities for effecting improvement in the distribution
and utilization of the water resources of the West: PROVIDED,
That such investigations and report shall be made, among
other things, in accordance with the policies and procedures
laid down in section 1 of the Act of December 22, 1944
(58 stat, 887),"

This resolution was reported out favorably by the Committee on Public
Lands on July 15, 1947,

In recognition of the above resolution, the investigation is
carried out under authority of the Reclamation Act of 1902 as

amended and supplemented,

five
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PART 1

UNITED WESTERN- RECONNATSSANCE -~ : "

CHAPTER 1

Area Covered by Report

Natural Characteristics

Geographical limits.—The United Western Recornnaissance -
(Figure 1) covers the United States west of the Continental Divide
and, with special objectives, extends consideration also to addi-
tional territory in Montana, Wyoming, Colorado, New Mexico, Texas,
and the Republic of Mexico, Studies embrace all of Regions 1, 2,
3, and 4, and parts of 5, 6, and 7 of the Bureau of Reclamation.

Physiography.--Configuration of the area varies between the
wvidest limits, The highest elevation in the United States is
Mount Whitney at 14,500 feet; only fifty miles distant is the lowest
elevation in the United States, Death Valley, at minus 276 feet.
lopography includes: great zones of arid desert in the Southwest,
in the eastern sections of Washington and Oregon, and in parts of
Idaho and Utah; great chains of jagged and barren mountains charac-
teristic of such desert area; wide expanses of plains in Wyoming and
Texas; high plateaus in Arizona and New Mexico; rugged mountain
ranges such as the Rockies, Sierra-Nevada and Cascades; hills and
lesser mountains in the coast ranges; and broad fertile valleys along

the Willamette, Sacramento, San Joaquin, Rio Grande and other rivers.
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FART I
Chapter 1

Soils vary between limits as wide as those of topography.
Large tracts of agriculturally worthless land exist in the salt-
impregnated flats of the Great Basin; and steep and rocky slopes
unsuitable for any type of farming cover sections of Washington,
Oregon, and California., By contrast, the occurrence of soils of
favorable agricultural quality is widespread; even the great expanses
of desert and plains would produce bountiful crops if afforded a water
supply. The areas of those lands susceptible to irrigation are shown
on Plate 5; the general subject of lands and soils is discussed in
greater detail later,

Climate.~-In the southern end of the area under investigation,
the climate is characterized by hot, dry summers and extremely mild
wvinters. In large areas frost is rare or nonexistent., The generally
nild climate extends northward along the Pacific Coast and includes
the Central Valley of California and the Willamette trough of
Washington and Oregon. In the high mountains there exist perpetual
snow and glaciers, and on the northern plains winters also are severe,
temperatures of -400 being common, In most of the northern zone,
such cold winters are contrasted by hot summers equally intense.
Table 2 shows a summary of climatological data for representative
stations within the area under investigation,

As discussed in more detail in Chapter 2 and shown by Plate 1,

the gecgraphical distribution of precipitation is extremely variable.
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PART I
Chapter 1

Development

Population,-—According to figures of the Bureau of Census, the

1950 population within eleven of the western states is 19,562,000,
An increase of 5,528,000, or 40 percent, has occurred in the past
ten years, This marks that area as the region of greatest growth in
the United States, both in rate and in actual number of inhabitants,
About 60 percent of the population is rural and essentially agricul-
tural, while the remainder is largely confined to densely populated
urban centers, Population increase has been greatest in the coastal
centers, but the States of Arizona and Wyoming also have experienced
phenomenal growth, These trends are indicated in the population
curves shown by Plates 9 and 10 1/, At the close of World War II,
it was generally expected that the increasing trend would subside,
but the anticipated recession did not occur; on the contrary, the

phenomenal growth continued.

Agriculture.--The agriculture of the area is extremely varied
as might be supposed from the previous discussion of soils and
climate, Of the total 1939 cash farm income in eleven of the western
states, 49 percent came directly from irrigated land, 38 percent from
dry land, and 13 percent from partly irrigated land. However, of

the cash farm income from the direct sale of crops, 72 percent is

1/ Adapted from "Long Term Outlook for Western Agriculture"
U.,s.D.A, and U,S.D.I,, by Marion Clawson and Wendell Calhoun.
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PART 1
Chapter 1

estimated to have come from irrigated land, Table 5 shows the
relative importance of the various crops in these western states by
irrigated and dry land production.

The area irrigated in these eleven western states has

increased 1/ as follows:

— = Year -
1910 1920 1930 1940

Agiizgated eeses 13,203,000 17,401,000 17,464,000 18,553,000

The value of agricultural production calculated at the 1926
price'index increased from about a billion dollars per year in
the 1910-14 period to about 24 billion in the 1939-43 period. This
trend is shown by Table 4,

Certain specialized crops have extremely high unit value., For
example, lemons in some localities show a gross return of $720 per
acre on the basis of 1939-44 prices,

Industrial and mining development.--During the war years, a
tremendous amount of industrial expansion occurred at the various
population centers of the area, ‘This development took the form of
increases in the capacity of existing plants, as well as the estab-
lishment of entirely new industries. After the cessation of hostilities,
most of these industries continued to produce on an ever-increasing

scale, and still other fields of industry were entered. Some idea

1/ Census of Irrigation,
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PART I
Chapter 1
of the trend can be gained from Table 6 which shows the increase in
value of all mineral products of the area by states over the past
decade.

There is almost no limit to the extent to which industrial
development may expand in the area under consideration, Enormous
quantities of various sorts of raw materials exist and the facilities
needed for processing can be developed., Some of the most readily
apparent fields of potential development are aluminum processing,
coal hydrogenation, oil from shales, and phosphate reduction.

Plate 7 shows the geographical location of some of the more
important mineral deposits, The extent of reserves, estimated from
various sources including the Bureau of Mines is shown by Table 11,
National Defense

Much of the area under consideration is very strategically
located from the standpoint of national defense, The Sierra-Nevada
and their northern extension, the Cascades, form a natural barrier
protecting the lands farther east, In this protected zone there is
situated some of the area's most desirable agricultural land and a

large share of its mineral resources. Equally important, a large

amount of electric power could be produced. Some of the hydroelectric

pcssibilities such as Hoover Dam already have been exploited, and
many potential projects are attractive, Also, there is wide oppor-
tunity, as hereinafter described more fully, to develop large blocks

of low-cost thermal energy. These could operate very advantageously
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PART 1
Chapter 1
in conjunction with and in firming up the hydroelectric capacity
during normal times, and in an emergency could carry essential
loads without some of the more vulnerable hydroelectric stations,
Furthermore, there may be opportunity to develop the fuel for thermal
power as a by-product of other processing, such as the hydrogenation

of coal, and derive a compound advantage.
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FART I

CHAPTER 2

Water Supply

General Characteristics

Precipitation.——As indicated previously in Chapter 1, the
pattern of precipitation is extremely nonuniform throughout the area
under study (Plate 1). On some of the desert lands of the Southwest
there is almost no precipitation at all, In some sections-—-for
example, in the vicinity of Yuma, Arizona--rain is a rarity, and
in the desert regions which extend to the north of that city
an area about as large as the State of California receives an average
of considerably less than 10 inches per year of total rainfall,
Conversely, in the coastal belt of northern California, Oregon, and
Washington, there are large areas with an annual rainfall of more
than 100 inches.

Variation in rainfall from year to year is shown by Table 1,
vhich gives the maximum, minimm, and average annual rainfall for
states in the area under study. This table, together with Plate 3,
shows the general trend and critical years and indicates that criti-
cally dry periods in general occur simultaneously in all sections of
the area, Further pertinent information is shown in Table 2, which
indicates the great variation in growing season, temperature, and
precipitation within the individual states, The intensity of rain-

fall in the dry desert areas is often extreme, while in the areas of
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PART I
Chapter 2
greater total precipitation the fall is apt to be more gentle.
Maximum intensity- of rainstorms for various stations throughout the
area is shown by Table 3,
Snowfall,—Precipitation in the form of snow occurs to a
mderate extent in the northern sectors of the area and falls in
great quantity in the higher mountains, Near the summit of the
Sierra-Nevada, a direct fall in excess of sixty feet has been recorded
during a single season, In these mountain areas, snow ordinarily
does not melt until the following spring. The moisture of such accu-
mlation is of tremendous importance in contribution to water supply.
In many streams, far the greatest portion of annual runoff comes from
the spring and early summer melting of the winter snowpack, This
1atural process of retarding runoff for a period of weeks or months
1fter precipitation has occurred exerts the same practical effect as
1 storage reservoir in causing the resulting stream flow to synchronize
ore nearly with the seasonal water requirements of irrigated crops.
‘urther, modern technique in measuring the winter's accumulation of
;now enables an accurate forecast of the spring and summer runoff,
his permits the residual water stocks of surface reservoirs to be
1d justed accordingly and advantage to be taken of storage space so
>vacuated,
Evaporation.-~In opposition to precipitation is evaporation,
‘he geographical variation of which is shown by Plate 2. A comparison

»f this plate with that showing average annual precipitation (Plate 1),
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PART I
Chapter 2

indicates that in areas of low precipitation, drouth conditions are
further aggravated by extremes of evaporation,
Rivers and Streams

General,~~Rivers in the northern section of the area under
consideration contribute by far the greatest portion of the area's
total water supply (Plate 4 and Table 7)., Of these northern rivers,
the Columbia is outstanding, discharging annually some 170 million
acre-feet, or about 58 percent of all the flow which enters the
Pacific from northern California, Oregon, and Washington. The
Columbia also may be compared to about seventeen times the present
outflow from the Colorado River which latter stream has about the
same size of drainage basin as the Columbia. The Willamette,
Deschutes, John Day, Snake, Clarks Fork, Kootenai, and Pend Oreille
are important tributaries of the Columbia River, Other significant
rivers which discharge into the ocean along the coast of Oregon
and northern California are the Umpqua, Rogue, Smith, Klamath, Eel,
and Russian, The Sacramento and San Joaquin, which drain the Central
Valley of California and discharge to the Pacific via San Francisco
Bay, are important streams, but practically all of their conservable
yield ultimately will be put to local use. The total of all discharge
into the ocean from northern California, Oregon, and Washington is
some 300 million acre-feet per year.

The Colorado River withan average annual outflow from the

United States of some 10 million acre-feet (1921-45 average) is the
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PART 1

Chapter 2
principal source of water for a large part of the West in
California, Arizona, New Mexico, Nevada, Utah, Colorado, Wyoming,
and the Republic of Mexico,

Other streams of the area are not significant contributors
of water, Some are of importance because the limited yields are
locally used in areas of great scarcity with correspondingly high
value per unit of volume., This is especially true along the coastal
plain of southern California,

Important characteriétics of the principal rivers and their
main tributaries are shown by Table 7 and Plate 4.

Surplus flow.-—~The outflow of three hundred million acre-feet
per year from the north-coast streamsevidently is in excess of all
present consumption, since it is discharged into the sea. It is
apparent, however, that present use might increase greatly, and that
the foregoing quantity is not necessarily indicative of the surplus
which would exist under conditions of ultimate development, In
order to determine what surplus there would be under the latter
conditions, estimates were made of maximum future consumption in
the basins from which export might be made.

Ultimate irrigation was assumed for all lands whereon. the farmer
ever would go to the expense and trouble of applying an irrigation
supply under any conceivable future conditions, and an inventory of
potential irrigation requirements made on that basis, Pertinent

existing data were utilized to the fullest possible extent, Where
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PART I

Chapter 2
data were lacking, estimates were based on map and/or field
reconnaissance by technicians familiar with local conditions,
Estimates were made with the advice of locally recognized authorities
and were intentionally liberal, so as to indicate absolute maximum
conditions., The results of this inventory were reviewed by a board
of specialists during April 1950, The board recommended certain
refinement in detail which had the effect of reducing the inventoried
acreage by a small amount, The resulting water requirement for all
lands in the Northwest, which would ever be irrigated under any
future conditions, is in the order of about one-fifth of the average
gross runoff, In round numbers; this leaves an ultimate excess,
above maximum possible irrigation, of more than 240 million acre-feet
annually for the entire Northwest, including northern California
(Plate 4).

Industrial demands and those for domestic use will, in the
ultimate concept, be met largely from the reserves for irrigation,
since urbanization will take place mainly on those classes of land
for which an irrigation supply has been reserved, A demand of 200
3allons per day per capita is generally considered abundant for both
industrial and domestic use under the humid conditions which apply
:0 most population centers of the Northwest, Therefore, a substan-
:ial population density (about 5700 persons per square mile) must
e reached before the consumptive demand per unit of area exceeds

hat for irrigation. Moreover, at 200 gallons per day per capita,

11
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data were lacking, estimates were based on map and/or field
reconnaissance by technicians familiar with local conditions,
Estimates were made with the advice of locally recognized authorities
and were intentionally liberal, so as to indicate absolute maximum
conditions. The results of this inventory were reviewed by a board
of specialists during April 1950, The board recommended certain
refinement in detail which had the effect of reducing the inventoried
acreage by a small amount. The resulting water requirement for all
lands in the Northwest, which would ever be irrigated under any
future conditions, is in the order of about one-fifth of the average
gross runoff. In round numbers; this leaves an ultimate excess,
above maximum possible irrigation, of more than 240 million acre-feet
annually for the entire Northwest, including northern California
(Plate 4).

Industrial demands and those for domestic use will, in the
ultimate concept, be met largely from the reserves for irrigation,
since urbanization will take place mainly on those classes of land
for which an irrigation supply has been reserved, A demand of 200
gallons per day per capita is generally considered abundant for both
industrial and domestic use under the humid conditions which apply
to most population centers of the Northwest, Therefore, a substan-
tial population density (about 5700 persons per square mile) must
be reached before the consumptive demand per unit of area exceeds

that for irrigation. Moreover, at 200 gallons per day per capita,
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Chapter 2
about four and a half million persons and their attendant industry
can be sustained on an annual supply of a million acre-feet,
From this, it is evident that even with maximum industrial expansion
and population growth, including that on areas for which no irri-
gation supply would be reserved, such consumption would not exceed
a few million acre-feet per year,

Analysis has been made of those natural resources in the
Northwest that might, in their future exploitation, call for quanti-
ties of water above those of ordinary industry which have been
included with municipal demands. Statistics of the Bureau of Mines
as to mineral deposits indicate that future minins and milling opera=-
tions would be of a type for which large quantities of water would
not be required. The processing of wood products might call for
considerable water, but in relation to the quantities under discussion,
the amount is of minor consequence: It has been estimated that only
50 to 75 thousand acre-feet per year might ultimately be required
in the entire Columbia Basin for this purpose; demands in other
basins would be much less. No other potential consumptive require-
ments meriting special consideration were disclosed, The total of
all demands in this category, therefore, would be very small,

From the foregoing it is evident that after reserves have
been made for all conceivable future use in irrigation, industry,
and domestic use throughout the Northwest, the remaining surplus

would be some four times as great as the reserves, or almost

12
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PART I
Chapter 2
240 million acre-feet per year, Such a quantity of water is more than
treble the amcunt which would be consumed in irrigation of the entire
acreage susceptible to irrigatién encountered in all the rest of the
area under investigation, It is certainly erormous in comparison

with any amount which is likely ever to be exported,

Specific estimates,——For those particular points where diversions

are contemplated, as described in subsequent chapters, reserves have
been calculated on a specific and not a general basis; that is, all
of the ultimate consumption for the particular basin under considera-
tion has been estimated, both above and below the point of diversion.
Reserves have been made for satisfaction of those potential demands
with an ample factor of safety, and only surpluses thereto have been
considered for export.
Fower Water

It'is recogaized that a large part of the flow which is here
designated "surplus" would be used for power production in the basins
of origin, Evidently, any United Western diversion above hydro-
electric power plants would cause the power output thereof to be
diminished in proportion to the quantity diverted. As explained in
more detail later, it is assumed in this report that any such energy
losses to then existing plants would be offset in kind with energy
provided by the United Western project,

Other Non-Censumntive Uses

It is probable that none of the plans here contemplated would

have any appreciable effect on navigation or stream pollution. Fish
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and wildlife, and recreation would be adversely affected by certain
of the contemplated works, and a solution of the problems so intro-
duced will require further study and collaboration with appropriate

state and federal agencies.

Local Supplies in Area Served by Import

In areas to which importation is contemplated, future demands
would, of course, exceed local supplies. In much of the deficit
area, local sources already have been extensively exploited. The por-
tion of any stream which remains available for new uses is likely to
be only the extreme flash floods, which waters are very expensive
or impossible to conserve. In estimating demands for imported water,
any local supplies have been assumed to be utilized to the maximum
practicable extent; that is, it has been considered that there would
be either full utilization, or utilization up to the point where the
cost of developing an additional increment of the local supply might
exceed that of United Western import, This comparison of the relative
advantages of importation with those of additional works to conserve
more water locally has been made on a highly preliminary basis, Much
more study is necessary to determine the exact amount of additional
local conservation which is warranted in comparison with importation,
However, in the area to which importation is contemplated in this
report, the total amount of local water which will remain undeveloped
after completion of all the local works now proposed will be very

small, Any difference between the degree of its ultimate use, as
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contemplated in this report, and that finally computed by detailed

study, would be of minor importance.

Quality of Water
A1l of the streams from which export is contemplated have an

excellent quality of water.
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CHAPTER 3

Water Requirements

Deficit Area

In the general area of Region 1 and the northern part of
Region 2 of the Bureau of Reclamation, the over-all water supply
exceeds the total of all possible future consumption., The general
area is shown by Figure 1. As indicated in the previous chapter, it
is this section which would provide the basic water supply for the
plans here contemplated, There are, of course, large sections therein
where the water supply is inadequate, but such shortages tend to be
localized, and are a problem beyond the scope of this investigation,

In the remainder of the area under study the over-all demand
exceeds the supply and deficiencies must be satisfied by importation.
There is, therefore, a general deficiency and that portion of the
territory under investigation has been designated the "Deficit Area."

Existing Deficiencies

In many sections, critical deficiencies exist at the present
time, and in some areas formerly irrigated acreage with its accessory
development has become idle for this reason, In the Lahontan Basin
of Nevada, more than twenty thousand acres under existing canals have
never been afforded a water supply. In the Escalante Valley of Utah,
several thousand acres of developed land are now idle due to the

failure of surface and ground water supplies. In central Arizona,
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more than seventy thousand acres which were formerly irrigated are
now idle because of failing ground water and inadequate surface supply.
These are examples of localized conditions which already exist or

which are imminent in other sections of the deficit area,

Demand for Water

Land susceptible to irrigation.—In the deficit area an inventory
of land susceptible to irrigation was conducted in a manner similar to
that in the basins of surplus water, but under criteria less liberal.
Instead of maximum possible use of water, as contemplated in the North-
west, normal use was assumed, restricted largely to those soil types
which have been proved performers under irrigation practice, On this
basis, a total of some 26 million acres were found to be susceptible

to irrigation (Plate 5 and Table 10).

Irrigation Water Markets,—In the analysis conducted to date, only

one ma jor area has been studied from the standpoint of definite markets.
This has been in connection with the Northern California Diversion

(Part II). The procedure described below was employed for those studies,
and is applicable to any other definite market which may be examined

in continuing investigation,

Market areas for irrigation water were established by use of "Storie"
soil rating maps 1/; Soils Surveys of the Department of Agriculture;
United Western Inventory data; and various maps showing presently

irrigated lands.
The general practice was to determine first the gross irrigable

acreage not now served with water, This gross irrigable acreage

1/ Rating of California Soils, by Walter W. Weir and R. Earl Storie,
University of California, Berkeley, California, Bulletin 599, Jan. 1936.
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then was reduced to net irrigable area by a factor averaging abeut
10 percent to account for buildings, roads, right-of-way, etc, The
net irrigable acreage was further reduced by varying percentages
(averaging about 20 percent) to account for the acreage not irrigated
in any particular year because of fallowing, discontinuous tenancy,
weed control, etc, This determination was then checked to verify
that the deliveries were practical from an engineering standpoint.,
In some cases, consid<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>