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PACIFIC SOUTHWEST WATER PLAN
APPENDIX
Bureau of Reclamation

In the Colorado River Basin, drainage boundaries have not been
recognized as a restricting barrier to water resource development
and use for many years. Waters of the Colorado River drainage area
either are being, or will shortly be, diverted from the Colorado
Basin to be mingled with the waters of the Bonneville Basin and the
Platte, Arkansas, Rio Grande, Los Angeles, Owens, Santa Ana, San
Diego, Sacramento, and San Joaquin Rivers. As water needs become
more critical in the West, river basin boundaries will become even
less rigid in water and land resource development.

All of the surface and underground water resources of the
Pacific Southwest area have been considered in development of the
Pacific Southwest Water Plan. In addition, some of the surplus
waters from the north coastal basins in California are considered
for importation to the area. Saline water conversion plants and
reuse of return flow and sewage effluent are also involved in the
plan of development.

The existing and proposed developments in the Colorado River
Basin and in the Central Valley and north coastal basins of
California are influenced by, and influence the formulation of,
any plan which proposed additional uses of the waters in these
systems.

To attempt to document the wealth of information, plans, and
alternative plans for water resource development that have been
considered to accomplish various purposes in the Pacific Southwest
would be beyond the scope of this appendix. A partial list of com-
pleted, or soon to be completed, Bureau of Reclamation reports
which are pertinent to the problem is therefore provided and the
several alternative plans for sea-water desalting and California
supplemental diversion routes which were presented briefly in the
report are discussed in further detail.

Partial List of Pertinent Bureau of Reclamation Reports

Buttes Dam and Reservoir, Middle Gila River Project, Arizona,
January 1961

Central Arizona Project, Arizona-New Mexico, December 1947

Central Arizona Project, Supplemental Report, Arizona-New Mexico

Dixie Project, Utah, October 1961

Southern Nevada Water Supply Project, Nevada, June 1963

East Side Division, Central Valley Project, California



Colorado River Water Salvage

Palmdale Project, California

Santa Margarita River Project

San Luis Division, Central Valley Project, California
Trinity River Division, Central Valley Project, California
Calleguas Basin Reconnaissance Report, California
Arizona-Colorado River Diversions Projects, Arizona
Inventory of Water Resources, Arizona

Alternative Plans for Import from Northern California and for
Desalting Plants

The following descriptive material and drawings present the
alternative routes for importing surplus northern California water
to the Southwest areas. More detailed information on the import
plan from the Lower Eel River and the Lake Havasu Aqueduct, and the
desalting alternative is also included. $Seven alternative import
routes show the relationship to demands and proposed facilities for
the East Side Division, Central Valley Project with the conveyance
of 1,200,000 acre-feet of supplemental water for southern California
obtained from proposed storage reservoirs on Trinity River and South
Fork Trinity River. The material also describes the features required
and accomplishments obtained within the Central Valley Basin in
California under each alternative plan.

The Pacific Southwest Water Plan contemplates that conveyance
of the initial supply of 1,200,000 acre-feet in the Phase 1 program
would be through an incremental enlargement of the California
Aqueduct reflected in alternative plans 2 and 3.

Following the discussion of the seven alternative methods of
conveying the initial 1,200,000 acre-feet, there is a description
of the proposed means of conserving and conveying an additional
1,200,000 acre-feet to Lake Havasu. The storage reservoirs con-
templated for this supply are on the Lower Eel River in the North
Coastal section of California. The desalting alternative as a
prospective source of water supply for the Pacific Southwest area
also is discussed.



Alternative Route Summary--Seven alternative reconnaissance plans for
conveyance of an additional annual supply of 1,200,000 acre-feet of
water to southern California are presented in this section. A
tabular summary comparing these plans follows.

In brief, these alternative plans all rely on conserving the
additional 1,200,000 acre-feet of water in two proposed reservoirs
on the Trinity River system with diversion to Sacramento River. As
indicated in the discussion of the alternative plans, these proposed
reservoir storage systems on Trinity River and appurtenant diversions
should be authorized for construction and operation by the Bureau of
Reclamation.

The additional water supply is considered to be conveyed to
southern California through the following alternative routes:

(a) Enlargement of California Aqueduct along west side of
San Joaquin Valley through Tehachapi pumping plants and
tunnels, and thence to Perris Reservoir (Alternative
Plans 2 and 3).

(b) Enlargement of East Side Division on easterly side of
San Joaquin Valley; thence connecting with California
Aqueduct immediately north of Tehachapi Mountains, from
which location the California Aqueduct would be enlarged
to its terminus at Perris Reservoir (Alternative Plan 1).

(¢) Sierra Nevada tunnel diversions of east side San Joaquin
Valley streams to connect with California Aqueduct south
of Tehachapi Mountains, and thence through an enlarged
aqueduct to Perris Reservoir. Exchange water for down-
stream users of east side San Joaquin Valley streams
conveyed either through enlarged California Aqueduct
system to south end of San Joaquin Valley, and by new
canal extending northerly to intersect east side streams
(Alternative Plan 4), or through an enlarged East Side
Division to Kern River (Alternative Plan 6).

(d) Sierra Nevada tunnel diversions of east side San Joaquin
Valley streams to the southerly side of Tehachapi
Mountains, and thence to Lake Havasu on Colorado River.
Exchange water for downstream users of east side San
Joaquin Valley streams conveyed either through enlarged
California Aqueduct system and new canal extending north-
erly from south end of San Joaquin Valley to intersect
east side streams (Alternative Plan 5), or through an
enlarged East Side Division to Kern River (Alternative
Plan 7).

Alternative Plan No. 2 represents the minimum basic facilities
required to convey the additional water to southern California. No



recognition is given under that plan to the existing and increasing
needs for additional water within Central Valley areas. To accom-
plish this increased diversion to southern California, it is desirable,
and may well be necessary, that such additional needs en route be
recognized.

Associated with the other alternative plans, therefore, are
prospective Central Valley Project facilities which, under each
particular alternative plan considered, would need to be authorized
concurrently with the specific features analyzed for conveying
additional water to southern California. These prospective Central
Valley Project features relate to East Side Division and Delta Water
Quality Improvement. Prospective East Side Division facilities vary
among the several alternative plans in order to accomplish some
measure of East Side Division service appropriately and expeditiously.
Use of any alternative plan other than Plan 2, consequently, would
result in related multiple-purpose benefits occurring within Central
Valley Basin. Accomplishment of any alternative plan comprising the
Sierra tunnel diversions could be realized only after negotiations
with downstream water users.



Alternative Plans for Conservation and Conveyance of
1,200,000 Acre-Feet Additional Water Annually to Southern California

COSTS
ALTERNATIVES CAPITAL l/ ANNUAL PER ACRE-FOOT g/ ASSOCIATED FEATURES
(Millions of Dollars) (Millions of Dollars) (Dollars) AND ACCOMPLISHMENTS
Plan 1
East Side Route 975.0 Constr. 44.1 Int. & Amor. East Side Division and Delta
160.9 1.D.C. 18.4 OM&R & Power Water Quality Improvement Related
1,135.9 Total 62.5 Total 52 Multiple-Purpose Benefits
Plan 2
West Side Route 905.0 Constr. 41.0 Int. & Amor. None
149.5 1.D.C. 16.5 OM&R & Power
1,054.5 Total 57.5 Total 48
Plan 3
West Side Route with East Side Service 905.0 Constr. 41.0 Int. & Amor. Partial East Side Division and
149.5 1.D.C. 16.5 OM&R & Power Delta Water Quality Improvement
1,054.5 Total 57.5 Total 48 Related Multiple~Purpose Benefits
Plan 4
Sierra Diversion to So. Calif. (Perris Res.) 1,810.0 Constr. 32.0 Int. & Amor. Partial East Side Division and
(Exchange Water through California Aqueduct 298.7 1.D.C. -2.7 OM&R & Power Delta Water Quality Improvement
with East Side Service) 2,108.7 Total 79.3 Total 66 Related Multiple-Purpose Benefits
Plan 5
Sierra Diversion to Havasu Lake 1,750.0 Constr. 79.2 Int. & Amor. Partial East Side Division and
(Exchange Water through California Aqueduct 238.8 1.D.C. -9.9 OM&R & Power Delta Water Quality Improvement
with East Side Service) 2,038.8 Total 69.3 Total 58 Related Multiple-Purpose Benefits
Plan 6
Sierra Diversion to Southern California 1,756.0 Constr. 79.2 Int. & Amor. East Side Division and Delta
(Perris Res.) (Exchange Water through 288.8 1I.D.C. -3.9 OM&R & Power Water Quality Improvement Related
East Side Division) 2,038.8 Total 75.3 Total 63 Multiple-Purpose Benefits
Plan 7
Sierra Diversion to Havasu Lake 1,690.0 Constr. 76.5 Int. & Amor. East Side Division and Delta
(Exchange Water through East Side Division) 278.9 1.D.C. -11.0 OM&R & Power Water Quality Improvement Related
1,968.9 Total 65.5 Total 55 Multiple-Purpose Benefits
1/

Capital costs are on reconnaissance basis and include storage reservoirs and appurtenant diversions, conveyance facilities (incremental
enlargement or additions), and exchange featurcs (for Plans 4-7). Costs of associated Central Valley Project proposed facilities for

East Side Division and Delta Water Quality Improvement are not included. Concurrent authorization of these C.V.P. facilities is contemplated
for these alternative plans.

Acre-foot costs shown represent average annual equivalent costs and are computed on basis of incremental costs of enlargement of conveyance
facilities. Appropriate allocation of costs may reflect some increase in these acre-foot values.



Plan 1 (East Side Route)--This plan will conserve and convey an
additional water supply of 1,200,000 acre-feet per year by stor-
age on Trinity River and conveyance through East Side Division
facilities, and thence through the California Aqueduct to southern
California,

To obtain the additional yield of water, two storage reser-
voirs are proposed on the Trinity River., Helena Reservoir, with
a gross storage capacity of 2,800,000 acre-feet, would be built
on the main Trinity River downstream from Lewiston Dam. This
reservoir would develop an annual new water yield of 600,000 acre-
feet which would be diverted to the Sacramento River. Subsequently,
Eltapom Reservoir, with a gross storage capacity of 3,100,000 acre-
feet, would be constructed on the South Fork of Trinity River.
This reservoir also would develop an annual yield of 600,000 acre-
feet which would be diverted to Helena Reservoir, with subsequent
diversion to Sacramento River. Power generating facilities
would be incorporated with these proposed developments. Estimated
capital costs of these reservoirs and associated facilities are
$540,000,000. Annual OM&R costs would be offset by power revenues,
with a net annual amount remaining of about $12,300,000.

This plan proposes to add a 2,000 c.f.s. increment to the
proposed East Side Division conveyance facilities from the Sacra-
mento River via Hood-Clay pump lift and then through the East
Side Division conveyance facilities to the Kern River., From that
location a new 2,000 c.f.s. canal would be constructed to connect
with the California Aqueduct at Wheeler Ridge Pumping Plant No, 1,

Additional facilities required, therefore, will be the
enlargement of the East Side Division conveyance facilities, and
construction of the 36-mile Kern River-Wheeler Ridge canal with
2,000 c.f.s. capacity. A new pumping plant with a head of about
150 feet will be required to connect this proposed system with
the California Aqueduct at Wheeler Ridge., The total capital cost,
on a reconnaissance basis, is estimated to be $145,000,000 for the
facilities from the Delta through the East Side System to Wheeler
Ridge. Annual OM&R costs for these facilities are estimated to be
$1,000,000, not including cost of pumping energy. Cost of pumping
is estimated at $7,100,000.

From Wheeler Ridge the increased water supply of 1,200,000
acre-feet would be conveyed through the California Aqueduct to
Perris Reservoir. The estimated capital cost for incremental
conveyance facilities from Wheeler Ridge to Perris Reservoir is
$290,000,000. Annual OM&R costs are estimated at $2,700,000,.
Net pumping costs for conveyance from Wheeler Ridge to Perris
Reservoir are estimated to be $19,900,000.



The estimated total capital cost for this prospective plan,
including storage reservoir systems, incremental conveyance
through the East Side Division and thence to southern California,
is $975,000,000 (reconnaissance), The net annual OM&R and pump-
ing costs are $18,400,000.

Under this proposal the 1,200,000 acre-feet of additional
water would be stored and conveyed to southern California at an
estimated average annual equivalent cost of $52 per acre-foot,
including interest at 3 percent and amortization of the facilities
in 50 years. The average annual acre-foot cost given is computed
by using only the incremental costs of enlargement of conveyance
facilities. Appropriate allocation of costs between the East Side
Division facilities and the proposed incremental enlargement under
this plan may reflect some increase in this acre-foot value,

Associated with this development would be the East Side Divi-
sion which would provide 1,500,000 acre-feet of service to that
area with its resulting multiple-purpose benefits. The estimated
capital cost of the proposed facilities required for East Side
Division is about $600,000,000, exclusive of distribution systems.
The East Side Division is proposed for authorization, construction,
and operation, as an integral part of the Central Valley Project.
In order to accomplish the conveyance of the additional 1,200,000
acre-feet to southern California, concurrent authorization of the
facilities would be required.

The reservoir storage systems proposed on the Trinity River
System under this plan (Helena and Eltapom) and related diversions
to Sacramento River should be authorized for construction and
operation by the Bureau of Reclamation as part of the Pacific
Southwest Water Plan, even though they will be integrated closely
with existing and proposed features of the Federal Central Valley
Project.

To other facilities--the Delta Peripheral Canal and the
Kellog Unit--also should be associated with this proposed plan for
authorization as part of the Central Valley Project, with finan-
cial participation by the State and other agencies as appropriate.
These facilities will offset, in particular, adverse effects which
may occur to water supplies in the Delta area due to further water
supply development in the Central Valley Basin and increased diver-
sions from the Delta. The total capital costs of these features
are estimated at $125,000,000, with annual OM&R and pumping costs
of $1,200,000.
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Plan 2 (West Side Route)--This plan proposes to conserve and
convey an additional water supply of 1,200,000 acre-feet by
storage on Trinity River and enlargement of the California Aque-
duct. For developing the additional supply two storage reservoirs
are proposed on the Trinity River., Helena Reservoir with a gross
storage capacity of 2,800,000 acre-feet would be built on the main
Trinity River downstream from Lewiston Dam. This reservoir would
develop an annual new water yield of 600,000 acre-feet which would
be diverted to the Sacramento River, Subsequently, Eltapom Reser-
voir, with a gross storage capacity of 3,100,000 acre-feet, would
be constructed on the South Fork of Trinity River., This reservoir
also would develop an annual yield of 600,000 acre-feet which
would be diverted to Helena Reservoir, with subseguent diversion
to Sacramento River. Power generating facilities would be incor-
porated with these proposed developments., Estimated capital costs
of these reservoirs and associated facilities are $540,000,000,
Annual OM&R costs would be offset by power revenues with a net
annual amount remaining of about $12,300,000.

This increased yield of 1,200,000 acre-feet would be conveyed
through the California Aqueduct. Incremental capacity would be
provided in the aqueduct from San Luis Forebay to the terminal
Perris Reservoir. Through the San Luis service area (Federal) a
parallel canal is contemplated in view of the advanced construction
status of the Federal-State system. The State of California esti-
mates the incremental capital cost of facilities for conveying this
additional water to southern California at $368,000,000., Savings
of approximately $50,000,000 are estimated if the incremental
capacity could be incorporated with the Federal-State system through
the San Luis area., However, the advanced construction status of
the San Luis system makes this improbable.

Annual OM&R costs for this increased conveyarnce capacity,
exclusive of pumping energy, are estimated by the State at $3,326,000.
Power costs for pumping the additional yield of 1,200,000 acre-feet
from the Sacramento-San Joaquin Delta to Perris Reservoir would
approximate $25,515,000 on a net basis after deductions for power
generated along the route,

The estimated total capital cosgt for this prosgpective plan,
including storage reservoir systems and incremental conveyance to
southern California through the California Aqueduct, is $905,000,000,
The net annual OM&R and pumping costs are $16,540,000,

Under this proposal the additional 1,200,000 acre-feet of
water would be stored and conveyed to southern California at an
estimated average annual equivalent cost of $48 per acre-foot,
including interest at 3 percent, and amortization of the facilities
in 50 years,



The average annual acre-foot cost given is computed by using
incremental costs of enlargement of part of the California Aqueduct.
Appropriate allocation of costs between the California Aqueduct
and the proposed incremental enlargement under this plan may reflect
some increase in this acre-foot value,

The reservoir storage systems and related diversions to
Sacramento River proposed under this plan should be authorized for
construction and operation by the Bureau of Reclamation as part of
the Pacific Southwest Water Plan, even though they will be inte-
grated closely with existing and proposed features of the Federal
Central Valley Project,

The facilities proposed under this Plan are the basic minimum
facilities required for conserving and conveying the additional
1,200,000 acre-feet of water to southern California. Other associ-
ated works also should be included along with this proposed plan
for concurrent authorization and eenstruction ag part of the Central
Valley Project. These other related facilities are summarized under
Plan 3.
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Plan 3 (West Side Route with Service to East Side)--This plan
proposes to conserve and convey an additional water supply of
1,200,000 acre-feet through storage on Trinity River and enlargement
of the California Aqueduct with additional service to east side
San Joaquin Valley. For developing the additional supply two
storage reservoirs are proposed on the Trinity River. Helena Reser-
voir, with a gross storage capacity of 2,800,000 acre-feet, would be
built on the main Trinity River downstream from Lewiston Dam. This
reservoir would develop an annual new water yield of 600,000 acre-
feet which would be diverted to the Sacramento River. Subsequently,
Eltapom Reservoir, with a gross storage capacity of 3,100,000 acre-
feet, would be constructed on the South Fork of Trinity River. This
reservoir also would develop an annual yield of 600,000 acre-feet
which would be diverted to Helena Reservoir, with subsequent diversion
to Sacramento River. Power generating facilities would be incorporated
with these proposed developments. Estimated capital costs of these
reservoirs and associated facilities are $540,000,000. Annual OM&R
costs would be offset by power revenues with a net annual amount
remaining of about $12,300,000.

This increased yield of 1,200,000 acre-feet would be conveyed
through the California Aqueduct. Incremental capacity would be pro-
vided in the aqueduct from San Luis Forebay to the terminal Perris
Reservoir. Through the San Luis service area (Federal) a parallel
canal is contemplated in view of the advanced construction status
of the Federal-State system. The State of California estimates the
incremental capital cost of facilities for conveying this additional
water to southern California at $368,000,000. Savings of approxi-
mately $50,000,000 are estimated if the incremental capacity could
be incorporated with the Federal-State system through the San Luis
area.

The estimated total capital cost for this prospective plan,
including storage reservoir systems and incremental conveyance to
southern California through the California Aqueduct, is $905,000,000.
The net annual OM&R and pumping costs are $16,540,000.

Under this proposal, the additional 1,200,000 acre-feet of
water would be stored and conveyed to southern California at an
estimated average annual equivalent cost of $48.00 per acre-foot,
including interest at 3 percent and amortization of the facilities
in 50 years.

The average annual acre-foot cost given is computed by using
incremental costs of enlargement of part of the California Aqueduct.
Appropriate allocation of costs between the California Aqueduct and
the proposed incremental enlargement under this plan may reflect
some increase in this acre-foot value.

10



The reservoir storage systems and related diversions to
Sacramento River proposed under this plan should be authorized for
construction and operation by the Bureau of Reclamation as part of
the Pacific Southwest Water Plan, even though they will be inte--
grated closely with existing and proposed features of the Federal
Central Valley Project.

The east side San Joaguin Valley areas are very conscious of
their existing and increasing needs for additional water. They
will be alert, particularly to any plan which proposes increased
exportation of water from the Central Valley Basin unless that plan
also includes service to the San Joaquin Valley areas. For that
purpose, therefore, in addition to the aforedescribed facilities
for storing and conveying water to southern California, service
also would be provided under this plan to the southern portion of
the East Side Division by including incremental canal capacity of
3,000 ¢.f.s. in the California Aqueduct from the Delta to Wheeler
Ridge. From that location a 3,000 c.f.s. canal would extend to
Tule River. Two off-stream storage reservoirs with a combined
capacity of about 1,800,000 acre-feet and associated pumping plant
facilities would be included with this proposed development. The
estimated capital cost of these proposed conveyance and off-stream
storage facilities for East Side Division service is estimated, on
a reconnaissance basis, at $375,000,000. Costs of required distri-
bution systems are not included. These proposed facilities, through
integration with the Millerton Lake system, could supply about
1,400,000 acre-feet of additional water to the east side area.
Inclusion of the increased conveyance capacity for East Side Division
in the California Aqueduct, if it were increased for additional con-
veyance to southern California, would provide the least expensive
and most rapid method of providing initial service to the southern
San Joaguin Valley. It is highly important that this be done if the
plan for increased conveyance through the California Aqueduct were
adopted.

The estimated annual OM&R costs for these EFast Side Division
facilities, exclusive of pumping energy, are $1,450,000. Pumping
power costs are estimated at $9,400,000 for the east side service.
Subsequently, carly authorization of additional works would be
required to provide increased East Side Division service through
facilities on the east side of San Joaquin Valley from the Delta to
connect at Tule River with the features proposed under this plan.

The transfer of additional water of a high quality through the
Sacramento-San Joaguin River Delta will require modification of the pres-
ent channels which were constructed as part of the extensive levee system
to protect the low elevation Delta lands from flooding. To accomplish
this the Bureau has proposed that a new channel around the periphery of

11



the Delta will provide the highest possible water quality--total
dissolved solids will average less than 200 parts per million. In
addition, the channel will provide maximum protection to the large
resident and anadromous fisheries that use the present Delta channels.
The excellent quality of water will be of economic value to southern
California in two ways: (1) costs of water treatment will be reduced,
and (2) the low salt content of the water will permit maximum reuse.

The estimated capital cost of the Delta Peripheral Canal is
$70,000,000, with an annual OM&R cost, including power, of $800,000.
This facility should be authorized for Federal construction with
appropriate financial participation by the State of California.

Further development of water in Central Valley Basin and
increased diversions from the Delta, either for use in southern
California or within the Central Valley, also expands the urgency
for the Kellog Unit to offset adverse effects which may occur to
water supplies relied upon by Contra Costa County. These facili-
ties are proposed as an integral part of the Central Valley Project
principally for water quality improvement, although other multiple-
purpose functions would be served for the urbanized and highly
industrialized Contra Costa County. This area is now being served
in part by the Central Valley Project. This unit also would provide
operational flexibility for the Central Valley Project through
integration with operations of Tracy Pumping Plant and the Delta
Peripheral Canal.

The estimated capital cost of this proposed unit is $55,000,000,

with an annual OM&R cost of $285,000. 1In addition, an annual pumping
cost of $120,000 is estimated.

12
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Plan 4 (Sierra diversion to gouthern California--California Aqueduct
exchange) --This plan proposes to divert 1,200,000 acre-feet from
the major east side San Joaquin Valley streams, above about 3,000
feet elevation, by a series of tunnels of progressively larger
capacity starting at the San Joaquin River above its junction with
Big Creek and intersecting the Kingg, Kaweah, and Tule Rivers and
discharging into Isabella Reservoir, From Isabella Reservoir the
water would be conveyed by tunnel to the east side of the Sierra
Nevadas, and thence through Antelope Valley to join the California
Aqueduct near the.Cottonwood. Powerplant, From that location it
would be conveyed through the aqueduct to Perris Reservoir., Ex-
change water for the areas now being served by the east side
streams from which tunnel diversions are contemplated under this
plan would need to be provided.

This tunnel diversion plan would require a series of tunnels
totaling 140 miles in length from San Joaquin River to Isabella
Regervoir on the Kern River, Associated with these tunnels would
be 11 diversion dams for diverting water from each of the streams.
From Lsabella Reservoir a 34-mile tunnel would convey the water
southeasterly through the Sierra Nevadas to Cottonwood Creek,
about 20 miles north of the town of Mojave. From this location
the water would be lifted 650 feet and conveyed by a 75-mile,

2,000 c.f.s. canal to join the California Aqueduct below the
Cottonwood Powerplant near Fairmont, Los Angeles County. The aque-
duct would be increased 2,000 c.f.s. to convey the water to Perris
Reservoir. The capital cost of the Sierra diversion tunnels and
conveyance facilities to southern California (exclusive of exchange
and storage facilities) is estimated on a reconnaissance basis to
be $1,010,000,000, and the annual OM&R $2,100,000, not including
cost of pumping energy. The net cost of pumping is estimated to

be zero.

Exchange water for the areas now served below the points of
diversion on the east side southern San Joaquin Valley streams
would be conveyed via the west side facilities. A 3,000 c.f.s.
incremental increase would be made in the California Aqueduct
from the Delta to Wheeler Ridge Pumping Plant., At that location
a new canal would be constructed crossing the Kern, Tule, and
Kaweah Rivers and terminating at Kings River. A pumping plant
with a head of about 50 feet would be required near the Kings River
to lift water into the higher elevation Kings River service area
canals.

The estimated capital cost (reconnaissance) for these exchange
facilities is $260,000,000, including the estimated amount required
to offset the adverse effect on existing powerplants below the
tunnel diversions. The annual OM&R costsg are estimated at $1,400,000,
Pumping costs are estimated to approximate $6,100,000,
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The additional water, 1,200,000 acre-feet, required for
exchange purposes would be conserved in two storage reservoirs
proposed on Trinity River, Helena Reservoir, with a gross storage
capacity of 2,800,000 acre-feet, would be built on the main Trinity
River downstream from Lewiston Dam. This reservoir would develop
an annual new water yield of 600,000 acre-feet which would be divert-
ed to the Sacramento River. Subsequently, Eltapom Reservoir, with
a gross storage capacity of 3,100,000 acre-feet, would be constructed
on the South Fork of Trinity River. This reservoir also would
develop an annual yield of 600,000 acre-feet which would be diverted
to Helena Reservoir, with subsequent diversion to Sacramento River.
Power generating facilities would be incorporated with these
proposed developments, Estimated capital costs of these reservoirs
and associated facilities, as estimated by the State of California,
are $540,000,000., Annual OM&R costs would be offset by power revenues,
with a net annual amount remaining of about $12,300,000.

The estimated total capital cost for this prospective plan,
including tunnel diversions and conveyance to southern California,
exchange conveyance facilities, and storage reservoir systems, is
$1,810,007,000. Annual OM&R and pumping costs would be offset by
power revenues with a net annual amount remaining of $2,700,000.

Under this proposal, therefore, the additional 1,200,000 acre-
feet of water would be stored and conveyed to southern California
at an estimated annual equivalent cost of $66 per acre-foot, includ-
ing interest at 3 percent and amortization of the facilities in
50 years. The average annual acre-foot cost given is computed by
using incremental costs of enlargement of part of the California
Aqueduct., Appropriate allocation of costs between the California
Aqueduct and the proposed incremental enlargement under this plan
may reflect some increage in this acre-foot value,

This plan contemplates diversion of water from several east
side San Joaquin Valley streams by relatively high elevation tunnels.
Since this water is now being used downstream, exchange facilities
and water supplies will be required. Approval of these exchanges
will require negotiations with the downstream water users. Such
negotiations could be both lengthy and complex.

The reservoir storage systems and related diversions to
Sacramento River proposed under this plan should be authorized for
construction and operation by the Bureau of Reclamation as part of
the Pacific Southwest Water Plan, even though they will be inte-
grated closely with existing and proposed features of the Federal
Central Valley Project.

The east side San Joaquin Valley areas are very conscious of
their existing and increasing needs for additional water. They will
be alert particularly to any plan which proposes increased exporta-
tion of water from the Central Valley Basin unless that plan also
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includes service to the San Joaquin Valley areas. As an integral
part of this plan of development, therefore, an additional 3,000
c.f.s. increment would be added to bring an additional new supply
of 1,400,000 acre-feet to the east side San Joaquin Valley. This
would include conveyance through the California Aqueduct to Wheeler
Ridge pumping plant, and from that location through the new canal
to Tule River. 1In addition, off-stream reservoirs at Hungry Hollow
site on Deer Creek, and Owens Mountain site on Little Dry Creek
would be included for storage.

Estimated capital costs (reconnaissance) of the additional
facilities proposed for east side service are $375,000,000. Annual
OM&R costs are estimated at $1,450,000. Estimated costs of pumping
the water for serving east side San Joaquin Valley areas are
$9,400,000,

Subsequent early authorization of additional works would be
required to provide: increased East Side Division service through
facilities on the east side of San Joaquin Valley from the Delta
to connect at Tule River with the features proposed under this plan.

The transfer of additional water of a high quality through
the Sacramento-San Joaquin River Delta will require modification
of the present channels, which were constructed as part of the
extensive levee system to protect the low elevation Delta lands
from flooding. To accomplish this, the Bureau has proposed that
a new channel around the periphery of the Delta will provide the
highest possible water quality--total dissolved solids will average
less than 200 parts per million. 1In addition, the channel will
provide maximum protection to the large resident and anadromous
fisheries that use the present Delta channels.

The estimated capital cost of the Delta Peripheral Canal is
$70,000,000, with an annual OM&R cost, including power, of $800,000.
This facility should be authorized for Federal construction, with
appropriate financial participation by the State of California.

Further development of water in the Central Valley Basin and
increased diversions from the Delta, either for use in southern
California or within the Central Valley, also expands the urgency
for the Kellog Unit to offset adverse effects which may occur to
water supplies relied upon by Contra Costa County. These facili-
ties are proposed as an integral part of the Central Valley Project
principally for water quality improvement, although other multiple-
purpose functions would be served, for the urbanized and highly
industrialized Contra Costa County. This area is now being served
in part by the Central Valley Project. This proposed unit also
would provide operational flexibility for the Central Valley Project

15



through integration with operations of Tracy Pumping Plant and
the proposed Delta Peripheral Canal,

The estimated capital cost of this proposed unit is $55,000,000,

with an annual OM&R cost of $285,000, 1In addition, an annual
pumping cost of $120,000 is estimated,
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Plan 5 (Sierra diversion to Lake Havasu)--This plan proposes to
divert 1,200,000 acre-feet from the major east side San Joaquin
Valley streams, above about 3,000 feet elevation, by a series of
tunnels of progressively larger capacity starting at the San
Joaquin River above its junction with Big Crerk and intersecting
the Kings, Kaweah, and Tule Rivers and discharging into Isabella
Reservoir., From Isabella Reservoir the water would be conveyed by
tunnel to the east side of the Sierra Nevadas to a point about 20
miles north of Mojave., From that location it would be conveyed
east and south to Lake Havasu on the Colorado River. Exchange
water for the areas now being served by the east side streams

from which tunnel diversions are contemplated under this plan would
need to be provided, )

This tunnel diversion plan would require a series of tunnels
totaling 140 miles in length from San Joaquin River to Isabella
Reservoir on the Kern River, Associated with these tunnels would
be 11 diversion dams for diverting water from each of the streams.
From Isabella Reservoir a 34-mile tunnel would convey the water
southrasterly through the Sierra Nevadas to Cottonwood Creek, about
20 miles north of the town of Mojave, From this location the water
would be lifted 185 feet and conveyed 316 miles through a 2,000
c.f.s. canal to Lake Havasu on the Colorado River, The available
head makes possible three power drops in this reach--Newberry
Powerplant 66,000 kw,, 20 miles east of Barstow; Bagdad Powerplant
140,000 kw., about 80 miles east of Barstow; and Lake Havasu Power-
plant 72,000 kw,, at the terminal point on the Colorado River. The
capital cost of these tunnel:diversions including facilities to
convey the water to Colorado River (exclusive of exchange and storage
facilities) is estimated to be $950,000,000, on a reconnaissance
basis, and the annual OM&R $2,300,000 not including cost of pumping
energy. The cost of pumping will be offset by power generated. The
net power generated is estimated to return an annual revenue of
$§7,400,000.

Exchange water for the areas now served below the points of
diversion on the east side southern San Joaquin Valley streams would
be conveyed via the west side facilities, A 3,000 c.f.s. incremental
increase would be made in the California Aqueduct from the Delta to
Wheeler Ridge Pumping Plant., At that location a new canal would be
constructed crossing the Kern, Tule, and Kaweah Rivers, and termin-
ating at Kings River. A pumping plant with a head of about 50 feet
would be required near the Kings River to lift water into the higher
elevation Kings River service area canals,

The estimated capital cost for these exchange facilities is
$§260,000,000 (reconnaissance), including the estimated amount required
to offset the adverse effect on existing powerplants below the
tunnel diversions. The annual OM&R costs are estimated at $1,400,000.
Pumping costs are estimated to approximate $6,100,000.
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The additional water, 1,200,000 acre-feet, required for
exchange purposes would be conserved in two storage reservoirs
proposed on Trinity River., Helena Reservoir with a gross stor-
age capacity of 2,800,000 acre-feet would be built on the main
Trinity River downstream from Lewiston Dam. This reservoir would
develop an annual new water yield of 600,000 acre-feet which would
be diverted to the Sacramento River. Subsequently Eltapom Reser-
voir, with a gross storage capacity of 3,100,000 acre-feet, would
be constructed on the South Fork of Trinity River, This reservoir
also would develop an annual yield of 600,000 acre-feet which
would be diverted to Helena Reservoir with subsequent diversion to
Sacramento River, Power generating facilities would be incor-
porated with these proposed developments,

Estimated capital costs of these reservoirs and associated
facilities are $540,000,000., Annual OM&R costs would be offset by
power revenues with a net annual amount remaining of about $12,300,000.

The estimated total capital cost for this prospective plan,
including tunnel diversions and conveyance to Lake Havasu on
Colorado River, exchange conveyance facilities, and storage reservoir
systems is $1,750,000,000. The annual OM&R and pumping costs are
offset by power generated with an estimated annual revenue remaining
of $9,900,000,

Under this proposal, therefore, the additional 1,200,000 acre-
feet of water would be stored and conveyed to Lake Havasu at an
estimated average annual equivalent cost of $58 per acre-foot,
including interest at 3 percent and amortization of the facilities
in 50 years.

The average annual acre-foot cost given is computed by using
incremental costs of enlargement of part of the California Aqueduct.
Appropriate allocation of costs between the California Aqueduct and
the proposed incremental enlargement under this plan may reflect
some increase in this acre-foot value.

This plan contemplates diversion of water from several east
side San Joaquin Valley streams by relatively high elevation tunnels.
Since this water is now being used downstream, exchange facilities
and water supplies will be required., Approval of these exchanges
will require negotiations with the downstream water users. Such
negotiations could be both lengthy and complex.

The reservoir storage systems and related diversions to
Sacramento River proposed under this plan should be authorized for
construction and operation by the Bureau of Reclamation as a part
of the Pacific Southwest Water Plan even though they will be inte-
grated closely with existing and proposed features of the Federal
Central Valley Project.
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The east side San Joaquin Valley areas are very conscious of
their existing and increasing needs for additional water. They
will be alert, particularly to any plan which proposes increased
exportation of water from the Central Valley Basin unless that
plan also includes service to the San Joaquin Valley areas.

As an integral part of this plan of development, therefore,
an additional 3,000 c¢.f.s. increment would be added to bring an
additional new supply of 1,400,000 acre-feet to the east side of
San Joaquin Valley. This would include conveyance through the
California Aqueduct to Wheeler Ridge Pumping Plant, and from that
location through the new canal to Tule River. 1In addition, off-
stream reservoirs at Hungry Hollow site on Deer Creek, and Owens
Mountain site on Little Dry Creek would be included for storage.

Estimated capital cost of the additional facilities proposed
for east side service is $375,000,000 (reconnaissance). Annual
OM&R costs are estimated at $1,450,000. Estimated costs of pump-
ing the water for serving East Side San Joaquin Valley areas are
$9,400,000.

Subsequent early authorization of additional works would be
required to provide increased East Side Division service through
facilities on the east side of San Joaquin Valley from the Delta
to connect at Tule River with the features proposed under this
plan.

The transfer of additional water of a high quality through
the Sacramento-San Joaquin Delta will require modification of the
present channels which were constructed as part of the extensive
levee system to protect the low elevation Delta lands from flood-
ing. To accomplish this the Bureau of Reclamation has proposed
that a new channel around the periphery of the Delta will provide
the highest possible water quality--total dissolved solids will
average less than 200 parts per million. 1In addition, the channel
will provide maximum protection to the large resident and anadro-
mous fisheries that use the present Delta channels.

The estimated capital cost of the Delta Peripheral Canal is
$70,000,000 with an annual OM&R, including power for pumping, of
$800,000. This facility should be authorized for Federal construc-
tion, with appropriate financial participation by the State of
California.

Further development of water in the Central Valley Basin and
increased diversions from the Delta, either for use in southern
California or within the Central Valley, also expands the urgency
for the Kellog Unit to offset adverse effects which may occur to
water supplies relied upon by Contra Costa County. These facilities

19



are proposed as an integral part of the Central Valley Project
principally for water quality improvement, although other multiple-
purpose functions would be served, for the urbanized and highly
industrialized Contra Costa County., This area is now being served
in part by the Central Valley Project., This proposed unit also
would provide operational flexibility for the Central Valley
Project through integration with operations of Tracy Pumping Plant
and the proposed Delta Peripheral Canal,

The estimated capital cost of this proposed unit is $55,000,000

with an annual OM&R cost of $285,000. In addition an annual pumping
cost of $120,000 is estimated.
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Plan 6 (Sierra Diversion to Southern California-East Side
Division Exchangel)--This plan proposes to divert 1,200,000 acre-
feet from the major east side San Joaquin Valley streams, above
about 3,000 feet elevation, by a series of tunnels of progressively
larger capacity starting at the San Joaquin River above its junction
with Big Creek, and intersecting the Kings, Kaweah, and Tule Rivers,
and discharging into lsabella Reservoir. From lsabella Reservoir
the water would be conveyed by tunnel to the east side of the Sierra
Nevadas, and thence through Antelope Valley to join the California
Aqueduct near the Cottonwood Powerplant. From that location it would
be conveyed through the aqueduct to Perris Reservoir. Exchange water
for the areas now being served by the east side streams from which
tunnel diversions are contemplated under this plan would need to be
provided.

This tunnel diversion plan would require a series of tunnels
totaling 140 miles in length from San Joaquin River to Isabella
Reservoir on the Kern River. Associated with these tunnels would
be 11 diversion dams for diverting water from each of the streams.
From Isabella Reservoir a 34-mile tunnel would convey the water
southeasterly through the Sierra Nevadas to Cottonwood Creek, about
20 miles north of the town of Mojave. From this location the water
would be lifted 650 feet and conveyed by a 75-mile, 2,000 c.f.s.
canal to join the California Aqueduct below the Cottonwood Powerplant
near Fairmont, Los Angeles County. The aqueduct would be increased
2,000 c.f.s. to convey the water to Perris Reservoir. The capital
cost of the Sierra diversion tunnels and conveyance facilities to
southern California (exclusive of exchange and storage facilities)
is estimated on a reconnaissance basis to be $1,010,000,000, and the
annual OM&R $2,100,000, not including cost of pumping energy. The
net cost of pumping is estimated to be zero.

Exchange water for the areas now served below the points of
diversion on the east side streams would be conveyed through East
Side Division (enlarged). A 3,000 c.f.s. incremental increase would
be made in these facilities to the Kern River.

The estimated capital cost (reconnaissance) for this incremental
enlargement for exchange purposes is $200,000,000, including the esti-
mated amount required to offset the adverse effect on existing power-
plants below the tunnel diversions. The annual OM&R costs are estimated
at $750,000. Pumping costs are estimated to approximate $5,600,000
annually.

The additional water, 1,200,000 acre-feet, required for exchange
purposes would be conserved in two storage reservoirs proposed on
Trinity River. Helena Reservoir, with a gross storage capacity of
2,800,000 acre-feet, would be built on the main Trinity River down-
stream from Lewiston Dam. This reservoir would develop an annual
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new water yield of 600,000 acre-feet, which would be diverted to the
Sacramento River. Subsequently, Eltapom Reservoir, with a gross
storage capacity of 3,100,000 acre-feet, would be constructed on the
South Fork of Trinity River. This reservoir also would develop an
annual yield of 600,000 acre-feet which would be diverted to Helena
Reservoir, with subsequent diversion to Sacramento River. Power
generating facilities would be incorporated with these proposed
developments. Estimated capital costs of these reservoirs and asso-
ciated facilities, as estimated by the State of California, are
$540,000,000. Annual OM&R costs would be off set by power revenues
with a net annual amount remaining of about $12,300,000.

The estimated total capital cost for this prospective plan,
including tunnel diversions and conveyance to southern California,
exchange conveyance facilities, and storage reservoir systems is
$1,750,000,000 (reconnaissance). The estimated annual OM&R and
pumping costs would be offset by power revenues with a net amount
remaining of about $3,900,000.

Under this proposal, therefore, the additional 1,200,000 acre-
feet of water would be stored and conveyed to southern California
at an estimated average annual equivalent cost of $63.00 per acre~
foot, including interest at 3 percent and amortization of the
facilities in 50 years.

The average annual acre-foot cost given is computed by using
only the incremental costs of enlargement of conveyance facilities.
Appropriate allocation of costs between the East Side Division
facilities and the proposed incremental enlargement under this
plan may reflect some increase in this acre-foot value.

This plan contemplates diversion of water from several east
side San Joaquin Valley streams by relatively high elevation
tunnels. Since this water is now being used downstream, exchange
facilities and water supplies will be required. Approval of these
exchanges will require negotiations with the downstream water users.
Such negotiations could be both lengthy and complex.

The reservoir storage systems and related diversions to
Sacramento River proposed under this plan should be authorized for
construction and operation by the Bureau of Reclamation as part of
the Pacific Southwest Water Plan, even though they will be inte-
grated closely with existing and proposed features of the Federal
Central Valley Project.

Associated with this development would be the East Side Divi-
sion, which would provide 1,500,000 acre-feet of service to that
area with its resulting multiple-purpose benefits. The estimated
capital cost of the proposed facilities, exclusive of distribution
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systems, required for East Side Division is about $600,000,000.
This East Side Division is proposed for authorization, construc-
tion, and operation as an integral part of the Central Valley
Project. 1In order to accomplish the conveyance of the additional
1,200,000 acre-feet to southern California, concurrent authoriza-
tion and construction of the facilities would be required.

Two other facilities, the Delta Peripheral Canal and the
Kellog Unit, also should be associated with this proposed plan
for authorization as part of the Central Valley Project, with
financial participation by the State and other agencies as appro-
priate. These facilities will offset, in particular, adverse
effects which may occur to water supplies in the Delta area due
to further water supply development in the Central Valley Basin
and increased diversions from the Delta. The total capital costs
of these features are estimated at $125,000,000, with anmnual OM&R
costs, including pumping, of $1,200,000.



40

40

SCALE OF MILES




UNITED STATES
DEPARTMENT OF THE INTERIOR

/FORNIA

-~
Cay

BUREAU OF RECLAMATION

PACIFIC SOUTHWEST WATER PLAN

ALTERNATIVE PLAN 6

SIERRA DIVERSION TO SOUTHERN CALIFORNIA

(EXCHANGE WATER THROUGH EAST SIDE DIVISION)

40

OF MILES

65-314-19

1963

JuLy




Plan 7 (Sierra diversion to Lake Havasu--East Side Division
exchanges)--This plan proposes to divert 1,200,000 acre-feet from
the major east side San Joaquin Valley streams, above about 3,000
feet elevation, by a series of tunnels of progressively larger
capacity starting at the San Joaquin River above its junction with
Big Creek and intersecting the Kings, Kaweah, and Tule Rivers and
discharging into Isabella Reservoir. From Isabella Reservoir,
the water would be conveyed by tunnel to the east side of the
Sierra Nevadas to a point about 20 miles north of Mdjave. From
that location it would be conveyed east and south to Lake Havasu
on the Colorado River. Exchange water for the areas now being
served by the east gside streams, from which tunnel diversions

are contemplated under this plan, would need to be provided.

This tunnel diversion plan would require a series of tunnels
totaling 140 miles in length from San Joaquin River to Isabella
Reservoir on the Kern River. Associated with these tunnels would
be 11 diversion dams for diverting water from each of the streams,
From Isabella Reservoir a 34-mile tunnel would convey the water
southeasterly through the Sierra Nrevadas to Cottonwood Creek,
about 20 miles north of the town of Mojave, From this location the
water would be lifed 185 fert and conveyed 316 miles through a
2,000 c.f.s. canal to Lake Havasu on the Colorado River, The avail-
able head makes possible three power drops in this reach--Newberry
Powerplant, 66,000 kw,, 20 miles east of Barstow; Bagdad Powerplant,
140,000 kw., about 80 miles east of Barstow; and Lake Havasu Power-
plant, 72,000 kw., at the terminal point on the Colorado River.

The capital cost of these tunnel diversions, including facilities
to convey the water to Cdlorado River (exclusive of exchange and
storage facilities), is estimated to be $950,000,000, on a recon-
naissance basis, and the annual OM&R $2,300,000, not including
cost of pumping energy. The cost of pumping will be offset by
power generated. The net power generated is estimated to return
an annual revenue of $7,400,000.

Exchange water for the areas now served below the points of
diversion on the east side streams would be conveyed through East
Side Division (enlarged). A 3,000 c.f.s. incremental increase would
be made in these facilities to the Kern River.

The estimated reconnaissance capital cost for this incremental
enlargement for exchange purposes is $200,000,000, including the
estimated amount required to offset the adverse effect on existing
powerplants below the tunnel diversions. The annual OM&R and pumping
costs are estimated to approximate $5,600,000 annually.

The additional water, 1,200,000 acre-feet, required for exchange

purposes would be conserved in two storage reservoirs proposed on
Trinity River. Helena Regervoir, with a gross storage capacity of
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2,800,000 acre-feet, would be built on the main Trinity River
downstream from Lewiston Dam, This reservoir would develop an
annual new water yield of 600,000 acre-feet which would be
diverted to the Sacramento River, Subsequently, Eltapom Reservoir,
with a gross storage capacity of 3,100,000 acre-feet, would be
constructed on the South Fork of Thkinity River, This reservoir
also would develop an annual yield of 600,000 acre-feet which
woluld be diverted to Helena Reservoir with subsequent diversion
to Sacramento River, Power generating facilities would be incor-
porated with these proposed developments, Estimated capital
costs of these reservoirs and associated facilities, as estima-
ted by the State of California, are $540,000,000, Annual OM&R
costs would be offset by power revenues with a net annual amount
remaining of about $12,300;000,

The estimated total capital cost (reconnaissance) for this
prospective plan, including tunnel conveyance to Lake Havasu on
Colorado River, exchange conveyance facilities, and storage reser-
voir gystems is $1,690,000,000, The annual OM&R and pumping costs
are offset by power generated, with an estiémated annual revenue
remaining of $11,000,000.

Under this proposal, therefore, the additional 1,200,000 acre-
feet of water would be stored and conveyed to southern California
at an estimasted annual equivalent cost of $55 per acre-foot, includ-
ing interest at 3 percent and amortization of the facilities in
50 years.,

The average annual acre-foot cost given is computed by using
only the incremental costs of enlargement of conveyance facilities,
Appropriate allocation of costs between the East Side Division
facilities and the proposed incremental enlargement under this plan
may reflect some increase in this acre-foot value,

This plan contemplates diversion of water from several east
side San Joaquin Valley streams by relatively high elevation tunnels,
Since this water is now being used downstream, exchange facilities
and water supplies will be required. Approval of these exchanges
will require negotiations with the downstream water users., Such
negotiations could be both Iengthy and complex.

The reservoir storage systems and related diversions to
Sacramento River proposed under this plan should be authorized for
construction and operation by the Bureau of Reclamation as part of
the Pacific Southwest Water Plan, even though they will be inte-
grated closely with existing and proposed features of the Federal
Crntral Valley Project.
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Associated with this dev-lopment would be the East Side
Division, which would provide 1,500,000 acre-feet of service to
that area with its resulting multiple-purpose benefits. The
estimated capital cost of the proposed facilities, exclusive of
distribution systems required for East Side Division, is about
$600,000,000. This East Side Division is proposed for authori-
zation, construction, and operation as an integral part of the
Central Valley Project., In order to accomplish the conveyance
of the additional 1,200,000 acre-feet to southern California,
concurrent authorization and construction of the facilities
would be required.

Two other facilities, the Delta Peripheral Canal and the
Kellog Unit, also should be associated with this proposed plan
for authorization as part of the Central Valley Project, with
financial participation by the State and other agencies as
appropriate, These facilities will offset, in particular, adverse
effects which may occur to water supplies in the Delta area due
to further water supply development in the Central Valley Basin
and increased diversions from the Delta. The total capital costs
of these features are estimated at $125,000,000, with annual OM&R
costs, including pumping, of $1,200,000.
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Lower Eel River Storage and Lake Havasu Aqueduct--The selected
plan, shown on Drawing No. 65-314-21, proposes to obtain the second
unit of 1,200,000 acre-feet from the proposed Sequoia and Bell Springs
storage reservoirs on the Lower Eel River. This system, including
railroad relocation and conveyance facilities to Sacramento River,
is estimated by the State of California to cost $560,000,000. It is
estimated that another $40,000,000 would probably be required for
additional electrical and other facilities. The yield from this
system, estimated at 1,200,000 acre-feet, would be pumped and routed
through the Middle Fork Eel River system to Clear Lake and Monticello
Reservoir; thence to the Sacramento River. The Middle Fork Eel River
Project, generally provided for by the California State Water Plan,
would need to be constructed by the State or the Bureau of Reclama-
tion prior to importation of this water. The State now has the
Middle Fork Eel River Project programed for completion by 1978.

Plans of the Bureau are well advanced for that unit, along with
other facilities on the Eel and Russian Rivers. It is estimated
that net pumping costs would be about $2,000,000 annually. Net
operation, maintenance, and replacement costs of these facilities
for the Lower Eel River Project, including pumping, are estimated
at $3,000,000 annually.

This plan proposes to add a 2,000 c.f.s. increment to the pro-
posed East Side Division conveyance facilities from the Sacramento
River through the Hood-Clay pump lift, and thence through the East
Side Division facilities to the Kern River. From that location, a
new 2,000 c.f.s. canal would be constructed to connect with the
California Aqueduct at Wheeler Ridge Pumping Plant No. 1.

Additional facilities required, therefore, will be the enlarge-
ment of the East Side Division conveyance facilities and construction
of the 36-mile Kern River-Wheeler Ridge Canal with 2,000 c.f.s.
capacity. A new pumping plant with a head of about 150 feet will be
required to connect this proposed system with the California Aqueduct
at Wheeler Ridge. The total capital cost, on a reconnaissance basis,
is estimated to be $145,000,000 for the facilities from the Delta
through the east side system to Wheeler Ridge. Annual operation,
maintenance, and replacement costs for these facilities are esti-
mated to be $1,000,000, not including cost of pumping energy. The
annual cost of pumping is estimated at $7,100,000.

From Wheeler Ridge, the increased water supply of 1,200,000 acre-
feet would be conveyed through the California Aqueduct to Pearblossom
Pumping Plant. The estimated capital cost for incremental conveyance
facilities from Wheeler Ridge to Pearblossom Pumping Plant is
$105,000,000. Annual operation, maintenance, and replacement costs
for this reach are estimated at $900,000. The net power required in
this reach for pumping would be 3,740,000,000 kilowatt-hours.
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From Pearblossom Pumping Plant, a new conduit, with a capacity
of 2,000 c.f.s., would be constructed to Lake Havasu--a distance of
about 270 miles. Four power generating plants would be installed to
use the available head along this route. Two plants would have a
head of about 475 feet each; one would have a head of about 975 feet,
and the drop into Lake Havasu would be about 515 feet.

The capital cost of the conveyance from the California Aqueduct
at Pearblossom Pumping Plant to Lake Havasu is estimated at
$170,000,000, including the four powerplants. The annual operation,
maintenance, and replacement cost is estimated at $2,150,000. Approx-
imately 2,400,000,000 kilowatt-hours would be generated in the four
powerplants. The net cost of pumping between Wheeler Ridge Pumping
Plant and Lake Havasu is estimated at $9,850,000.

For conveying the 1,200,000 acre-feet of additional water, the
capital cost from the Delta to Lake Havasu is estimated to total
$420,000,000. Operation, maintenance, and replacement costs are
estimated at $4,075,000, and annual costs of pumping at $16,950,000.

The estimated total capital cost for this prospective plan,
including storage reservoir systems, incremental conveyance through
the East Side Division, and thence through a portion of the California
Aqueduct, and a new conduit to Lake Havasu is $1,020,000,000. The
net annual operation, maintenance, replacement, and pumping costs
are estimated to be $24,000,000. This plan would require concurrent
authorization of the required incremental conveyance capacity and the
East Side Division, Central Valley Project. The storage systems used
in this plan, along with the other facilities, are included for
analysis purposes. An alternative storage development, more desirable
for meeting the requirements of other areas as well, may be developed
in the future.
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Desalting Alternative Plan

To supply 1,200,000 acre-feet annually for the projected
municipal and industrial water demands in Central Arizona, a
desalting plant complex would be created in the Yuma area drawing
upon the Gulf of California for its basic sea-water supply.
Cooperation with Mexico would be essential to this alternative.

The complex built by stages with ultimate annual deliveries
of 1,200,000 acre-feet would cost about $900,000,000 for desalting
plants and connecting ocean intake and return channels but exclu-
sive of associated thermo-electric generating plants. Desalted
water made available at Imperial Dam would be exchanged, to the
users diverting through the Imperial Dam head works, for Colorado
River waters at Lake Havasu. From Lake Havasu an aqueduct system
parallel to the Granite Reef Aqueduct would be constructed to
central Arizona. This parallel aqueduct system would cost about
$353,000,000. This same capacity if built initially into the
Granite Reef Aqueduct would add about $190,000,000 to the Phase 1
construction for an overall saving.

An alternative aqueduct from Imperial Dam to the Phoenix and
Tucson metropolitan areas would cost about $400,000,000 to take
the high quality water directly to the municipal and industrial use
area.

The estimated annual operating costs for this alternative supply
would be $78,400,000 for the desalting plants and $9,630,000 for the
parallel aqueduct system. The type of desalting plants considered
in this alternative are summarized below and further described in the
Appendix of the Office of Saline Water.

The flash-type distillation process has been most extensively
studied, with design concepts for very large plants--up to 150 mil-
lion gallons per day. The current state of development limits the
size of plants utilizing other processes to about 5 - 10-million-
gallon-per-day size. These processes may be effectively utilized
to supply high quality water to meet municipal demands of smaller
cities that cannot be economically served by conveyance facilities.
Results show that the flash distillation process maximizes the use
of equipment items that have been previously developed in large
sizes for other purposes, and can also be readily adapted to use
steam from a topping turbine, resulting in a cheaper source of
steam.

A combination steam-electric and water plant using the flash
distillation process has been investigated using both coal and gas
as a fuel source. Based on present technology a unit of 150-million-
gallon-per-day fresh water capacity, constructed in combination with
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a 417 megawatt thermal electric generating station, is considered the
most economic installation. The capital cost of the water unit is
estimated to be $86,000,000. The powerplant costs which may be pro-
vided by private power companies are $53,500,000 for a gas-fired unit
and $65,000,000 for a coal-fired unit. For the purpose of analysis,
the unit cost of water was determined for plants located on the
California coast. The gas-fired plant produced water at a plantside
cost of about $105 per acre-foot, and the coal-fired plant produced
water at a plantside cost of about $90 per acre-foot.

The experience gained by constructing and operating intermediate
size plants should serve to decrease these unit cost values. Techno-
logical advances as a result of the basic and applied research pro-
grams of the Office of Saline Water are also predicted to further
decrease these costs.
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Payout Analysis

The following tabulation presents a consolidated summary of
the payout analyses used in determining the financial feasibility
of the plan. The tabulation indicates the subsidy assistance
required for irrigation and municipal and industrial water, The
accumulative development, as shown, reflects the net revenue by
the year 2044 after irrigation and municipal and industrial
assistance has been provided.

The tabulations reflect buildup in revenda:due to increased
deliveries of irrigation and municipal and industrial water, The
payout extends from 1967 through 2044, a period of 78 years. This
period reflects a full 50-year period after the last facility has
been placed in service., Under this method of payout analysis,

a facility continues to contribute revenue to the development fund
after costs allocated to the facility have been repaid,
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Consolidated Payout Study--Pacific Southwest Water Plan (In thousands of dollars)

POWER MUNICIPAT & INDUSTRIAL WATER IRRIGATION RECAPTTULATION DEVELOPMENT FUND
Net Plant Balance Net Plant Balance Allowable Net Plant Balance Alowable -
Study Fiscel Operatinf Interest In to be Eayned Operating Interest In to be  Assistance Unpaid Earned Operatin§ In to be  Assistance Unpaid Earned
Year Year Revenue J @ 3% Service Repaid Surplus Revenue @ 3% Service Repaid Requirement Balance Surplus Revenue _/ Service Repaid  Reguirement Balance  Surplus Power M&T Irrigation Total
1 1967 43,187 43,187
2 1968 ks 1,296 98,640 99,401
3 1969 7,128 7,128 -648 2,985 100,438 104,922 30,903
! 1970 241 21k 7,128 7,101 -k2g 3,148 12k ,826 132,387 154 30,903 30,749
5 241 213 611,103 611,048 234 3,987 271,041 282,855 154 309,092 30,595
6 20,972 18,332 621,889 619,194 1,001 8,486 285,332 304,631 2,354 329,165 306,430
7 29,970 18,576 628,358 614,269 1,956 9,139 309,53 336,012 6,054 363,155  320,Lk9
8 31,927 18,428 600,770 3,177 10,080 536,210 569,595 5,641 369,845 348,798
9 1975 18,023 586,866 5,400 17,088 536,210 581,283 5,563 428,345 349,925
10 17,606 572,545 7,233 17,438 701,150 756,428 5,285 428,345 403,140
11 17,176 557,794 21,94k 22,693 825,628 881,655 5,207 456,345 397,933
12 16,734 542,601 25,203 26,450 825,628 882,902 5,166 456,345 420,767
13 16,278 526,952 27,295 26,487 1,579,077 1,635,543 5,168 456,345 415,599
14 1980 15,809 510,834 33,580 49,066 1,642,692 1,714,644 5,458 Ls6,345  Lio,1l1
15 15,325 Lok, 232 35,851 51,439 2,557,859 2,645,399 5,460 k76,345 hok,681
16 14,827 L77,132 49,251 79,362 2,597,863 2,715,514 5,799 418,882
17 1h,31h 459,519 68,274 81,465 2,597,863 2,728,705 5,801 413,081
18 13,786 441,378 71,089 81,861 2,805,086 2,946,700 5,803 LoT,218
19 1985 13,241 Loz 692 70,061 88,401 2,805,086 2,965,040 5,805 401,473
20 12,681 Lo3,Lh6 72,877 88,951 2,805,086 2,981,114 5,808 395,665
21 12,103 383,622 99,125 89,433 2,820,180 2,986,516 5,810 389,855
22 | 11,509 363,204 9k, khg 89,595 2,820,180 2,981,662 5,812 384,043
23 31,927 10,896 342,173 gl k12 89,450 2,820,180 2,976,700 5,834 378,209
2L 1990 46,31k 10,265 306,124 9k 826 89,301 2,820,180 2,971,175 5,866 372,343
25 9,18 268,994 95,213 89,135 2,863,710 3,008,627 5,768 366,555
26 8,069 230,749 95,529 9,259 2,863,710 3,003,357 5,710 360,845
27 6,922 191,357 95,885 90,101 2,863,710 2,997,573 5,632 355,213
28 5,741 150,748 96,242 89,927 2,946,794 3,074,342 5,555 349,658
29 1995 L 5ok 108,99% 96,538 92,230 3,070,034 5,477 3k ,181
30 3,270 65,950 96,894 92,101 3,065,241 5,399 338,782
31 1,979 21,615 97,250 91,957 3,059,948 5,321 333,461
32 648 0 2k ,051 97,605 91,798 3,030,090 24,051 5,24k 328,217 2k,051 -24,051
33 6,314 97,962 90,903 2,976,717 46,31k 5,166 323,051 46,31L 46,31k
3k 2000 97,959 89,302 2,021,746 5,175 317,876
35 97,957 87,652 2,865,127 312,701
36 97,956 85,954 2,806,811 307,526
37 97,953 8L, 204 2,746,748 302,351 Y Y
38 46,314 46,31k 97,951 82,ko2 2,684,885 46,314 297,176 46, 31h -46,31h
39 2005 kg,172 bg,172 97,950 80,547 2,618,310 kg,172 292,001 ko, 272 -h9,172
Lo 97,947 78,549 2,549,7h0 236,826
L1 97,945 76,492 2,479,115 281,651
Lo 74,373 2,406,371 * 276,476
43 72,191 2,331,445 5,175 271,301
i 2010 69,943 2,254,271 5,183 266,118
L5 67,628 2,174,752 260,935
L6 55,243 2,092,908 255,752
47 62,787 2,008,578 250,569
s 60,257 1,921,718 245,386
kg 2015 57,652 1,832,253 240,203
50 54,968 1,7k0,104 235,020
51 52,203 1,645,190 229,837
52 k5,356 1,547,429 224,654
53 L6, 423 1,446,735 5,183 219,471 Y \
5k 2020 Lo,172 Lkg,172 43,402 1,343,020 k9,172 5,191 214,280 L5 LLo Lg,172 -kg,172
55 L5, 662 L5,662 Lo, 291 1,281,540 3,826 167,253 41,836 167,253 45,662 -3,826 -41,836
56 38,446 1,222,041 0 116,400 45,662 147,180 0 -L5,662
57 36,661 1,160,757 0 2,637,264 65,547 45,662 113,190 0 -45,662
58 34,823 1,076,757 20,878 2,410,584 35,572 b, 78k 106,500 -20,878 -2k, 78k
59 2025 32,303 965,453 L5,642 2,410,584 30,381 48,000 -L5, 662 o}
€ 28,96k 850,310 2,245, Glk 25,190 148,000
61 25,52k 732,727 2,121,166 4 19,999 20,000
62 21,982 611,102 2,121,166 14,808 20,000
63 18,333 485,828 1,367,717 5,191 9,617 20,000
64 2030 14,575 356,796 45,662 1,304,102 5,199 4,418 20,000 45,662 Y O
65 10,704 269,555 o 388,935 0 0 781 0 +781 16,443
66 8,087 179,697 347,931 5,199 o] +5,199 50,861
&7 5,391 87,143 347,931 0 50,861
68 2,61k 0 141,708 8,188 +8,188 59,049
9 2035 141,708 97,945 +97,945 148,806
70 141,708
71 126,614
72 126,614
73 126,614
T4 20ko 126,614
75 83,084
76 83,08l
7 { 83,084 %
78 20kl 5,662 45 862 97,945 0 0 97,945 5,199 5,199 45,662 +97,945 +5,199 148,80€
TOTAL 3,139,606 326,673 2,184,575 6,153,307 3,606,238 1,387,363 987,638 386,769 157,944 68,368 2,184,575  -399,725 -89,576 1,695,274

1/ Hoover power @+ mills; Bridge & Marble @ mills;
Parker-Davis @.7 mills.

2

2/ M3T water rates:

Central Arizona Project $A§.OO/§../§. o

; C
Aqueduct $65.0o/a.:“.' Pilot Desalinization Plant $6 é éa.f.
a’t alifornia Aqueduct Increment $£0,0 a.f.; Tributary Projects

« as per report;
$L5.00 a.f.; Dixie as per report.

.A.P. Increment w/Havas
; So. Nevada 27.00?

3/ A1l irrigation water sold @10.00/a.f. except Dixie Project

irrigation water which conforms with the Dixie report. There

were no investment costs or revenues included for Coachella
and All-American canal lining.
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GEOLOGICAL SURVEY

A PROGRAM IN THE PACIFIC SQUTHWEST

INTRODUCTION

For purposes of this program statement, the Pacific Southwest
comprises the lower basin of the Colorado River (below lee Perry,
Arizona) and its water-service area to the west. Included are parts
of five States -~ Arizona, California, Nevada, New Mexico and Utah.
Certain international complications involve parts of the adjoining
Mexican States of Sonora and Baja California.

Having a very mild winter climate, the Pacific Southwest is
attractive both to intensive agriculture and to light industry of
diverse kinds. 1Its current rate of population increase is the
nation's greatest. At the same time it is a water-short region in
which competition for local water sources, including the Colorado
River, is relatively more severe than in any other part of the main-
land United States.

Man's successful use of an environment of such extremes calls
for keen wits and full knowledge of both the opportunities and the
limitations of that environment. Developing such knowledge is a
basic responsibility of the Geological Survey -= knowledge of the
avallability and magnitude of the water resource, and of principles
for its conservation and management; also, of the occurrence and
potential productivity of mineral and fuel resources, which are actual
or prospective industrial commoditlies, locally or nationally. Related
responsibilities include production of topographic maps -~ universal
tools in appraising natural resources and planning their development
or management; also, classitication of Federal mineral lands to foster
their effective conservation. These several responsibilities are
inseparably and deeply interwoven in the Pacific Southwest.



THE WATER-SUPPLY SITUATION IN BRIEF

With facilities in existence and under construction, regulation
of the main-stem Colorado River in the Pacific Southwest soon will be
close to the optimum. To the west, in southern California, streams
have small perennial flows or are intermittent; they have been developed
about to the maximumm. Ground-water bodies are drafted heavily in the
areas of greatest population density; locally, especially in central
Arizona, they are being overdrawn currently.

In the aggregate, use of water within the region now approachés
the perennial capacity of local sources. With increasing population,
total requirement of water will surpass that perennial local capecity.
Further, domestic and industrial uses take a steadily increasing
percentege of total water supply. Agricultural use, principally for
irrigation, doubtless will continue to diminish as a percentage of the
total; it may diminish as & volume. Thus, the pattern of water require-
ments within the region is not stable as to either place of use or
seasonal distribution of use.

Under the recent decision of the Supreme Court of the United
States, in Arizona v. California, more main-stem water of the Colorado
River prospectively will be used in central Arizona and less will be
used in southern California. This geographic shift in use aggravates
the unstable use pattern Just noted. Eventually, this prospective
shift of Colorado River water to Arizona will be compensated under
the California Water Plan, which will convey surplus water of the north
to the water-deficient south, within the State. HNowever, such compensa-
tion cannot be accomplished quickly.

For its economic integrity, the region musat wring maximum
productivity from all local water sources. A comprehensive region-wide
plan to that end is essential. Alternative sources--such as desalted
ocean water in the coastal area or importa from remote streams--would
be substantially more costly and would not be Justified wholly by the
truism that the day of low~cost water is gone.

Beyond optimum regulation of the Colorado River main stem, which
is imminent, all sources of water within the region, surface and under=
ground, must be managed jointly for optimum perennial yield. The cost
of developing water supplies undoubtedly will rise and will force more
intensive use and re-use of water. Probably most critical, means must
be devised for effective management and disposal of wastes--municipal,
industrial, and agricultural-~so that current and prospective depre-
ciation of water quality can be held to the practical minimim., The need
for resolving these and related matters in the Pacific Southwest is
urgent. PEqual urgency in other regions of the nation may well be at
least a generation in the future.



Toward the end of maximum productivity of water, information at
hand suffices for planning some early measures. Far more exacting,
however, will be the requirements for data and information on which
to base continuing project operation and over-all management of the
water resource under conditions of full development, including sound
administrative decision and compromise among mutually exclusive uses
of water. TYor such decision and compromise the region is 111 prepared.

The Geological Survey has done, and is doing, much toward
acquiring such knowledge. Scope of this past and present accomplish-
ment will be summarized. Necessary in regard to the lower Colorado
region, however, is much more intensive and particulerized investiga-
tion, much of it pioneer in character. This particularized effort
will be outlined in a following list of program objectives.

HYDROLOGIC IRVESTIGATIONS

Past and Current Programs

Records of sireamfliow in the lower Colorado River basin and
service areas began with the measurement of the Colorado River at Yuma
in 1902. Now, records are maintained on all principal streams and
many of the minor streams, mainly in cooperation with the States of
Ari¥ona and California. In Arizons alone some 150 stations were sctive
during 1963. These records, spanning some 4,500 station-years, form
the hygrologic basis for development and operation of river-mansgement
projects.,

Analyses of river-water quality are made at regular intervals at
about 40 stations in the region. Thousaends of analyses have been made
during the past 20 years to define the chemical quality of ground
waters. As wells are drilled in areas under study, additional samples
are analyzed. In critical areas wells are re~sampled at intervals to
define quality changes.

Ground water has been studied in numerous areas, especially those
where substantial ground-water development has taken place. (See fig. 1).
In Arizona, studies have been made in the Gila River and Salt River
valleys near Phoenix, the Navajo and Papago Indian reservations, and
the lower Santa Cruz River and Safford Valley areas. In southern
California, studies are in progress in the Imperial Valley and in the
Joshua Tree National Monument.



The current program of investigations is summarized by figﬁre:
2 and a following table; the active areal projects are identified in

a following 1list.

Water-resource investigations in the Pacific Southwest

by the Geological Survey, fiscal 1963

(Thousands of dollars)

!

Source of funds

‘Other Cooperating Geological
Activity Federal State Survey Total
'‘Agencies Agencies 1/
Streamflow records 111 478 75 664
Chemical-quality records 115 35 9 59
Sediment records -2 2 12 38
Ground-water appraisals 1190 351 8 549
Hydrologic regimen, lower
Colorado River basin . 0 0 336 336
Arid-zone research , \ 0 0 2 hi2
1
Totals 340 866 852 2,058

}/ Matching funds from Geological Survey included.



B.
c.
D.
E.
F.
G.
H.

I.
J.
K.
L.
M.
R.

II'

JdJ.

Active areal projects shown on figure 2

Ground-water appraisal, Point Mugu area.

Ground-water sppraisal, Indian Wells Valley.

Ground-water appraisal, Edwards Air Force Base.

Seepage rates in southern California stream channels.

Fatural water loss in southern California.

Hydrologic data and geologic mapping, Mojave Valley area.

Ground-water appraisal, Twentynine Palms Marine Corps Base.

Geologic and hydrologic reconnaissance, Joshua Tree National
Monument.

Hydrologic regimen of lower Colorado River basin.

Ground-water conditions- in Sarcobatus Flat, Nye County.

Regional hydrology of the Reavada Test Site and adjacent areas.

Ground-water conditions in Pshrump Valley, Clark and Nye Counties. -

Hydrology of the Las Vegas ground-water basin.

Geology and ground-water resources of the Ute Mountain Indian
Reservation.

Geology and ground-water resources, Big Sand Valley.

Change in water yield by removal of riparian vegetation, Cottonwood
Wash. ‘

Feasibility of developing ground-water supplies, city of Flagstaff,

Ground-water resources and geology, Verde Valley ares.

Ground-water study, Agua Fria River Valley.

Water supply for Luke Air Force Base,

Study of deep aquifers, Salt River Valley.

Potential water yield of Sycamore Creek basin.

Subsurface geohydrologic studies, northwestern Pinal County.

Availability of ground water, Papago Indian Reservation.

Geology and hydrology, Tucson basin.

Geology and water resources, Fort Huachuca.

Geohydrology and utilization of water, Willcox basin.
Electrical analog analysis, San Simon basin.
Arid lands study, Safford Valley.
Hydrdlogic effect of vegetation removal on small watershed.
Geology and ground-water resources, Navejo and Hopi Indian Reservations.
Ground-water resources, Apache County.
Geology' and ground-water resources in the Gallup area, McKinley County.
Ground-water occurrences and geclogy of southeastern McKinley County.
The petrology and chemistry of the San Andres Limestone and théir
relation to the quality of water in the Acoma-~Laguna ares,
Valencia County.
Geology and ground-water conditions in Grant County.



Speclal emphasis is placed on two of the current-program items:
the hydrologlc regimen of the lower Colorado River basin and the arid-
zone research. These two include investigations of the intensive,
particularized type needed as the basis for future water-management
decisions.

Work on the regimen of the lower Colorado River basin (fig. 2,
area I) began in 1960; it is scheduled to continue at least through
1965. Included are the drainage area of the main-stem river below
Davie Dam and the Imperial Valley (Salton Sea); excluded are the
tributary valleys of the Bill Williams and Gila rivers. Particular
attention is being paid to (1) the balance among precipitation,
evaporation and consumptive use, and runoff; (2) storage, movement,
and chemical character of ground water, including international aspects;
(3) extent and properties of the ground-water aquifers, and their
relation to the river; and (4) water budget of the Salton Sea, including
accurate measurements of inflow and independent measurements of evepora-
tion. The consumptive-use studies include evmpotranspirometer tanks
near Yuma, Arizona, operated in cooperation with the Bureau of Reclama-
tion. Reports on certain early phases of the work are in preparation.

A general purpose of the work 1s to define slternative water-management
stepa that are possible and to appraise the potential effects of each
such step.

The arid-zone research concerns (1) water consumption by
phreatophytes, chiefly saltcedar, as measured in evapotranspirameter
tanks at Buckeye, Arizona (in collaboration between the Geological
Survey and the Bureau of Reclamation), (2) potential for water szalvage
by eradicating riparian vegetation in the Gila River valley above
San Carlos Reservoir; (3) hydrologic effects of replacing juniper and
pinyon pine with grasses in the Carrizo and Corduroy Creek basins near
Showlow, Arizona; (4) soil-moisture chemistry and energy relationships
in an area of riparian vegetation; (5) theory and measurement of
evapotranspiration; (6) mass transfer of moisture in the atmosphere,
measured by airborne equipment; and (7) thunderstorm patterns and rain-
fall in relation to runoff on the arid plains of southern Arizona, in
part measured by radar. Digital-punch recording equipment and an
unique electric-analog ccmputer are used as appropriate.



A Long-range Program

Outlined below are principal categories of additional investiga-
tions proposed by the Geological Survey to foster and sustain full
development of water resources in the Pacific Southwest. Costs, above
those of the current program that has been summarized, would be about
$1,000,000*% in the first year and about $2,000,000 yearly from the
second through the fifth year. After five years, scope and cost
would be reconsidered according to experience.

Work for Early Campletion

The current project on hydrologic regimen of the lower Colorado
River basin and those constituting the program of arid-zone research
would be completed as now scheduled. Two additional projects would
utilize the hydrologic information now a.vailable, both published and
in the files of field offices; these two are:

Regional water-resource appraisal.-- An up-to-date appraisal of
water resources in the regicn would identify uncommitted stream supplies
and undeveloped ground-water storage. Limited new reconnaissance data
would be collected as necessa.ry. A two-year project; total cost,
about $200,000.

Statistical analysis of streamflow records.-- The ultimate
regulation and management of the reglon's streams will be based on the
observed frequency of hydrologic events of various magnitudes. To
that end, appropriate region-wide statistical analyses of streamflow
records are proposed to be made over an initisl period of two years,
and to be updated at ten-year intervals thereafter. Machine camputation
techniques would be used. Cost of two-year project, about $145,000.

Ground-water Sources

Potential-yileld appraisals.~-- For certain ground-water basins in
the region, which have been developed extensively and over many years,
general dimensions and characteristics have been determined. Commonly,
however, information is lacking on amounts of water that could be with-
drawn perennially, and on volumes in storage that might be withdrawn :
("mined") within economic 1lifts. Reasonably dependable values of either
perennial or "one-time" yields of all such sources will become in-
creasingly necessary. It is proposed that appraisals of potential
ground-water yields be accelerated several fold within five years, held
at that high level over a second five-year period and then diminished
progressively as proves to be appropriate. Estimated cost, first year
$100,000, second to f£ifth year $250,000 per year.

*A11 estimates in 1963 dollars.



Reconnaissance appraisals.-- Reconnaissance appralsals are
proposed for those ground-water basins that have not been developed or
investigated, to estimate or determine extent and properties of the
aquifers and chemical quality of the water, to define sources of
recharge, and to estimate storage capability and yield. Some such
basins doubtlesa contain water of good quality and appreciable quantity.
Other basins are known to, or may, contain brackish water that would
be unusable unless diluted. To take full advantage of new develop-
ments in the technology of desalination, the brackish-water bodies
would be delineated so far as is feasible. The reconnaissance
appraisals must be based on extensive knowledge of the areal geology;
readily available hydrologic information would be gathered alsc.

They are proposed to be largely completed within ten years. Esti-
mated cost, first year $100,000, second to fifth year $250,000 per
year. .

Monaged storage.-~ In certain ground-water reservoirsg, storage
space can be evacuated by withdrawing water seasonally or during s
succession of drought yesars, and then refilled from surplus streamflow
either naturally or artificially. Under favorable circumstances, it
should be practical to manage underground storage so that perennisl
water yield would be increased. Oversimplified, this is a principal
method by which surface- and ground-water sources may be managed jointly.
Determining potentials for such management would be an integral part
of the potential-yield and reconnaissance appraisals described above.

Major opportunities for managed underground storage appear to
e¥%ist beneath the valley plain along the mein stem of the Colorado
River. In particular, a terminal-storage facility of this kind in
the vicinity of Yuma, with manageable storage capacity of 500,000
to 1,000,000 acre-feet, may prove feasible and practical. Appraisal
of the physical end hydrclogic features related to this potentisl is
one objective of the Lower Colorado River investigation currently under

way .
Surface-Water Sources

Gaging-station network.-- Over most of the Pacific Southwest,
the network of primary gaging stations on principal streams is reasonably
adequate. Ultimately, however, a moderate number of roving, secondary
stations will be useful to: (1) discriminate uncommitted supplies that
may prove to be developable in the Little Colorado and Bill Williams
river basins and elsewhere at scattered places; and (2) determine
magnitude and frequency of ephemeral discharge into numerous desert
basins, discharge which is a principal source of ground-water recharge.
It is proposed that, in each year of an initial five-year pericd, 50
secondary stations be established; also that each year thereafter, 50
such stations be relocated to new sites. Cost, first year $50,000,
second to fifth year $140,000 per year.




Water-quality and Waste Management

Inventories of salt loads.-- There are proposed: (1) over an
initial five-year period, a reconnaissance estimate of the natursl
salt loads carried by streams of the region and of the changes in load
(usually increases) caused currently by irrigation, by industries, and
by municipalities; (2) thereafter, by successive sub-basins or develop-
ment areas, recurrent specific determinations of the man-caused changes
in the salt loads of streams. This would entail about 10 primasry
chemical-quality stations and perhaps 50 roving stations maintained
for five-year intervals at each particular site. Cost, first year
$90,000, second to £ifth year $250,000 per year.

Means for water-quality management.-- A most crucial goal of
water management in the region should be to seek out all possible means--
chemical or physical-- to counter the depreciation in water quality
that results inevitebly fram water use. Sought here would be a means
particulxly adaptable to depreciated waters which, if improved but
moderately in quality, could be reused without restriction. For example,
means for precipitating some part of the dissolved solids, or for
segregating a relatively large fraction of the waste products in a
relatively small fraction of the water that then could be disposed of
separately. This would involve intensive research into fundamental
water chemistry, including neutron activation of contaminated waters
and of base-exchange materials. Difficulties admittedly are serious
but the stakes are great and a practical method would be applicable
universally. From five to ten years of intensive effort is contemplated.
Cost, excluding possible tests at pilot-plant scale, first year
$25,000, second to fifth year possibly to as much as $150,000 per year.

Water Salvage

Same of the hottest and most arid areas in the United States
lie within the Pacific Southwest. The growing season is nearly contiu-
uous and the semi-tropical climate is favorable to luxuriant growth
where water is avalleble. Evaporation and transpiration rates are
extreme and, over the region as a whole, probably dissipate at least
97 percent of the sparse precipitation. Under present technology
this dissipation of water cannot be diminished econocmically. If an
economic means can be found by it ensive study, however, the amount
of usable water locally might be increased several fold.



Non-beneficial consumptive use.-~ Salvage of water through
eradication of phreatophytes and other riparian vegetation is believed
to be practicable and econamical in certain parts of the region.
However, few reliable data are available on the amounts of water
consuned by various plant specles over the range of environments
found in the region. In consequence, the potential for salvage of
water by diminishing the consumptive use can be estimated only
crudely. It is proposed, therefore, that (1) the present program
of tank experiments at Buckeye and at Yuma be extended to other
plant species and to enviromments typlcal of other parts of the regiom,
that (2) suitable localities be sought for testing the eradication
of vegetation by lowering the ground-water level, and that (3) the
frequency of channel overflow be ascertained in relation to the
extent and permanence of riparian vegetation. Cost, first year about
$225,000, next four years about $275,000 yearly.

Channel losses.-- Evaporation losses from the wet channels of
ephemeral streams following flood flows are known to be great. This
is attested by the observed decrease in unit runoff as drainage area
increases. The practicability of increasing recharge to ground water
by ephemeral streams depends to a great extent upon the hydrologle
regimen of the stream channels under various environmental conditions.
It is proposed to measure the evaporation losses, ground-water recharge,
and streamflow of typical ephemeral channels to the possible end of -
increaesing the availlable water supply by manipulating the channels.

stimated cost, first year about $100,000, next four years about
175,000 yearly. »

General Hydrologic Research

General research in hydrologlc processes, in techniques of
investigations, and in fundamental interrelationships between water and
its enviromment are proposed to support development and management
practices. Present knowledge and experience are deficient in several
respects, especially as the limit of the available water supply.is
approached. An improved understanding of the factors governing the
movement of ground water, with the complications of varying permeability
and hydrostatic pressures is needed for effective management of ground-
water storage. Evaporation fram the land surface involves the flow of
moisture through unsaturated soil, about which little is known. A
better undgrstanding of the factors influeneing infiltration, also a
problem in flow of water through unsaturated media, may lead to means
for inereasing recharge. Hydraulic characteristics of alluvial channels
must be explored in considersble detail if effective measures for
channel stabilization are to be developed.
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Other examples would include the influence of land-use practices
and of vegetation modification on the hydreclogic regimen; the drought
tolerance of various species of phreatophytes; the relatiom between
depth of water table and consuwptive use by vegetation; and the processes
invoived in natural ground-water recharge from ephemeral stream channels.

Costs are estimated to be $150,000 the first year and $300,000
a year over the next four years.

CLASSIFICATION OF FEDERAL MINERAL LARDS

In Arizona, the State which would ccntain the most extensive
management works contemplated under the Pacific Southwest Water Plan,
the Geological Survey proposes to accelerate its classification of
Federal mineral lands. Classification would consérve useful mineral
deposits under confirmed withdrawals and would release barren lands.
Thus, areas of possible conflict between management programs for
water and for minerals would be minimized.

Involved in Arizona are about 3,400,000 acres prospectively
valuable for sodium and 140,000 acres for coal. These lands can be
mapped é&nd classified as to thelr mineral potential for about
$2,500,000; a 10-year program at a uniform yearly rate of $250,000
should provide needed information in pace with orderly development
of any mineral, mineral-fuel, and mineral-fertilizer resources.

Other parts of the Pacifie Southwest also contain deposits of
potentially useful minerals. There, however, the likelihood of
conflict between management programs for water and for minerals is
small. Consequently, the Federal mineral lands would be classified
es an incidental product of the geologic and mineral-resocurce investiga-
tions to be outlined.

TOPOGRAPHIC MAPPING

General Statement

The following proposal for topographic mapping 1s paced to
facilitate general studies involved in the Pacific Southwest Water
Plan. It would supply Federal agencies and the general public with
advance map materials including aeriel photography and geodetic-
control lists, as well as with published maps.

11



Mepping Completed and Currently in Progress

Of the 180,000 square miles in the Pacific Southwest as here
defined, about 113,500 square miles or 63 percent is covered by
topographic maps of standard accuracy. (See fig. 3). Most of these
maps are published, but a few are available in advance copy only.

In addition, mapping is in early stages over about T percent of the
area.

This campleted mapping covers most of the areas of the Central
Arizona Aqueduct, Charleston Dam and Reservoir, and Marble Canyon
Dem and Reservoir units understood to be proposed by the Bureau of
Reclamation. With work in progress, it also covers parts of the
Granite Reef Agueduct, Maxwell Dam and Reservoir, and Buttes Dam
and Reservoir units.

Short-range Schedule

There is proposed a short-range or six-year schedule of
topographic mapping to camplete work now in progress and to make
certain new starts in 1965-1967. Iatest of the new starts would
produce advance copy by 1969 and published maps by 1970. The proposed
schedule is based on the construction priorities understood to have
been set by the Bureau of Reclamation, also on Survey proposals for
hydrologic and geologic investigations. In total, the six-year
mapping schedule would cover about 14,500 square miles in six project
areas, as follows:

Project Square Year to
Miles Start
Reserve north Tho 1965
Granite Reef Aqueduct and other
Central Arizomna Project work 2,400 1965
Hooker Dam and Reservoir unit 1,450 1965
Bridge Canyon 1,950 1966-1967
Kaiparowits Plateau and Kanab
coal field 950 1966-196T7
Other mapping T,000 1966-1967

Coampletion of the Bridge Canyon project under this schedule will
provide topographic coverage, in either the T- or the 15-minute series,
of all the reach of the Colorado River from the Utah-Colorado boundary to
the United States-Mexico boundary. (See fig. 3).



Cost of this short-range schedule in the Pacific Southwest
is estimated as about $3,000,000 to camplete maps in progress, plus
about $4,000,000 for the maps to be started through 1967.

Long-range Schedule

Following the six-year schedule just outlined, a long-range
schedule will cover the larger unmapped blocks in the headwater parts
of the Iittle Colorado, Gila, and Salt river basins; in the areas
immediately north and south of the Bridge Canyon unit; and in the
Muddy Creek and White River basins in Nevada. The long-range
schedule in the Pacific Southwest would extend through 1976; its
cost is estimated to be about $9,000,000 in addition to that of the
short-range schedule.

This long-range schedule for the Pacific Southwest conforms
' to an earlier proposal by the Geological Survey for an orderly
expansion of mapping capability to complete once-over topographic
coverage of all the nation by 1976, in either the T3~ or the 15-
minute series. During the ensuing five years, 1977-1981, the
areas previously published only in the 15-minute series would be
resurveyed as necessary for covering the entire nation, except
Alaska, into the Ti-minute series.

GEOLOGIC AND MINERAL-RESOURCE INVESTIGATIONS

The econamic growth of the Pacific Southwest depends on
development and wise use of not only water resources but also of
mineral resources. Industrial development hinges in very large
measure on the amount and uses made of minerals and fuels both in
and near the region.

Two programs of geologic and mineral-resource investigations
in the Pacific Southwest are outlined here: (1) a short-range program
that is related immediately to development and management of the water
resource, and that can be accomplished within five years at an
estimated total cost of $8,700,000; and (2) a long-range program that
would cover all the region camprehensively within a 35-year temm
at an estimated total cost of about $108,000,000.
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Short-range Program

Recomnaissance studies.-- Although reconnaissance geologic maps
are available for all Arizona at the 1:375,000 scale, much of the
information is out-dated and incomplete. Proposed for immediate
remapping at scale 1:250,000 are the Williams, Prescott, Phoenix, and
Ajo 2-degree sheets (see fig. 4).

In California, the Division of Mines is preparing geologic maps
at the 1:250,000 scale. In the part of the State here of concern,
mapping is yet pending on the Needles, San Bernardino, Los Angeles,
Salton Sea, Santa Ana, and Long Beach 2-degree sheets. It is proposed
that the Geological Survey accelerate these particular maps by studyling
the areas not well known. Cost of these reconnaissance studies is
estimated at $190,000 yearly over the five-year period. They would
anticipate unusual difficulties that might be encountered in comstructing -
water-management works, and provide a necessary background for general
planning of more detailed studies. Further, geologic reconnaissance
constitutes the first appraisal of the crust of the earth and the
characteristics and resources that will affect man's activities thereon.

General-purpose mapping.-- Geologic mapping and related studies,
at scales of 1:62,500 and 1:24,000, would provide immediate background
information for site planning of proposed water-development and
engineering projects and for areas of urban development. 'The following
are proposed:

1. Thirty 15-minute quadrangles that include the general aline-
ment of the Central Arizona Aqueduct. Among these, four quadrangles
at and near Phoenix, also four at and near Tucson would serve
multipurpose planning related both to the agueduct and to urban
expansion, water storage, and waste disposal.

2. Thirty-one 15-minute quadrangles that include the sites of
proposed dams, reservoirs, and tunnels of the Marble Canyon-
Kanab, Coconino, Bridge Canyon, Alamo, Sentinel, Buttes, and
McDowell projects and the Salt River above Roosevelt Reservoir,
all in Arizona; the Dixie proj)ect in Utah, and the Las Vegas
project in Nevada. Priority among these 31 quadrangles would
be arranged with the Bureau of Reclamation. No background
geologic studies of these are available.

{
3. Infn urban areas, four 15-minute quadrangles near Phoenix and
four near Tucson, as noted already; also, near Los Angeles, three
7%-minute quadrangles in addition to those currently in progress.

Estimated cost of this general-purpose mapping would increase from
$335,000 in the first year to $1,105,000 in the third, fourth, and fifth

years.
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Appraisal of known mineral resources.-- In parallel with the
general appraisal of water resources outlined on page 7, it is
proposed to assemble and summarize available information om geclogie
environmental features and mineral resources of the Pacificec Southwest.
This would be accamplished in the first two years at a total cost
of $190,000.

Geophysical reconnaissance.-- Gravity, aeromagnetic, and
seismic surveys are proposed to afford a quick, first approximation
of extent and bedrock configuration of the numerous sedimentary
basins in the reglon. Such geophysical reconnaissance of sall the
region would facilitate the ground-water appraisals outlined else-
where. It can be campleted within five years at an estimated cost
of $2,100,000.

Coal investigations.-- Eight main coal-bearing areas potentially
can supply fuel for developing power in the Pacifie Southwest. These
are the Henry Mountains, Kolob, Kanab, and Kaiparowits fields in
southern Utah; the Black Mesa field in northeastern Arizona; and
the Gallup and Zuni fields as well as the Sen Juan River region in
northwestern New Mexico. (See fig. 4).

Among these, the Kaiparowits fleld is one of the most extensive
and least explored; present information is fragmentary. Mining in
this field has become active recently. Here a very modest program
of quadrangle geologic mapping has been started to delineate grade,
extent, and thickness of coal beds as a basis for estlmating reserves
amd classifying the land. At the present pace, however, several
decades would elaspse before mepping and classification are complete.
It is proposed that the present pace be quickened several fold, and
that mapping of the fifty Ti-minute quadrangles in the Kaiparowits
field be accomplished within the five years. Total cost is estimated
at $1,175,000; from $120,000 in the first year to a maximum of
$310,000 in the fourth year.

. A campareble appraisal is proposed to determine the coal
resources of the Black Mesa field, Arizona, and of the several fields
in northwestern New Mexico. Total cost of this work is estimated te
be $2,400,000.
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Long~range Program

The long-range, 35-year progrem of geologic and mineral-
resource investigations proposed by the Geological Survey would go
far beyond immediate aspects of water-resource management. Its
purpose would be knowledge sufficient for intelligent management
and use of all resources derivable from the earth's crust within
the Pacific Southwest.

It would include three phases: (1) reconnaissance, chiefly
by aercmagnetic and gravity surveys, to discriminate and outline
gross geologic features; (2) general-purpose geologic analysis and
mapping, most cammonly at scales of 1:62,500 or 1:24,000, chiefly
to guide imuediate search for minerals and mineral fuels, and to
facilitate site selection for highways and other engineering works
of diverse kinds; and (3) topical studies continually extending the
frontiers of geologic knowledge to win new advantages fram the
earth's crust.

A substantial amount of geologic knowledge has been and is
being gathered in the Pacific Southwest (see fig. 5). However, at
the current rate of about 25 man-years of professional effort per
day (by the Geologic Division of the Geological Survey), more than
a century would elapse before all the region would be covered
adequately. Current knowledge is distributed most unequally, so
that some parts of the region call for much more future attention
gﬁan other parts, as is shown by the following table and by figures

and 7.
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Proposed 35-year program of geologic investigatioms
(In man-years of professicmal effort)

Sub-area outlined Reconn- General-  Topical
on figure 8 - aissance purpose studies Total
mapping
California Coastal basins 19 450 250 T19
Owens Valley 0 T0 115 185
Mojave Desert 4o 140 160 340
Colorado Desert and southern

Mojave Desert ' 40 280 120 k4o
Southeastern Nevada ' 15 350 195 560
Colorado Plateau 0 60 50 110
Northwestern Arizona 60 190 210 460
Central Arizona and adjacent .

New Mexico 22 400 170 592
Southwestern Arizona 40 320 230 590
Southeastern Arizona and adjacent

New Mexico T0 420 220 T10
Pacific Southwest 306 2,680 1,720 4,706

Assuming a current average of $23,000 per professional man-yesar
(technical, administrative, and logistic support included), estimated
cost of this camprehensive 35-year program is about $108,000,000.
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PUBLIC LANDS AND RELATED RESOURCES--LLOWER COLORADO RIVER
BASIN--BUREAU OF LAND MANAGEMENT--JULY 1963

PART I--GENERAL

A. Authority

The authority for the public land management and development activities
of the Bureau of Land Management are contained in a series of laws: including
the Taylor Grazing Act of Juﬁe 28, 1934 (48 Stat. 1269), as amended; the Soil
Conservation and Domestic Act of April 27, 1935 (49 Stat. 163), as amended by
Reorganization Plan Number IV (54 Stat. 1234), effective June 30, 1940; and
the Halogeton Glomeratus Control Act of July 14, 1952 (66 Stat. 597), In addi-
tion, the Bureau cooperates with the Soil Conservation Service of the Depart-
ment of Agriculture in carrying out the provisions of the Watershed Protection
and Flood Prevention Act of August 4, 1954 (68 Stat. 666), insofar as it
pertains to lands under the jurisdiction of the Bureau.
B. Scope

This report is the Bureau of Land Management's portion of the appendix of
the Pacific Southwest Water and Related Land Resources Plan and covers all
aspects of the Bureau's work in the area., It is based on the limited and widely
dispersed data presently available both within and out side the Bureau. Prepa-
ration of the report has sharply indicated the need for more detailed and better
integrated planning of the Bureau's various programs. In a large part, the
limitations of the report are due to failure to provide adequate staff and financing
for planning. Additional attention to.and more adequate financing of planning

would have maéde possible a more detailed and comprehensive report.



C. Lands involved

The area considered in this report is the Lower Colorado River basin; as
delineated by the Colorado River Compact signed at Santa F'e, New Mexico, on
November 24, 1922. Roughly, it contains those portions of the States of Arizona,
California, Nevada, New Mexico, and Utah, from which water actually drains
into the Colorado River below Lees Ferry and more specifically below the
mouth of the Paria River, as shown on map No. 1.

The coastal plain area of California lying south of the transverse ranges
and west of the peninsular ranges, which is served by Colorado River water,
is not considered in this report, as the management practices on the public
lands under jurisdiction of the Bureau of Land Management within the area
have little effect on tatal water yields within the region,

D. Relationships to other agency plans

The comprehensive plan for the development of the Lower Colorado River
bé.sin is é. joint effort of inter‘esfed Interior agencies to plan for -the orderly
and proper deve10pmént of the resources under the jurisdiction of the
Department of the-Ifxterior.

'fhe public domain lands are administered by the Bureau of Land Manage-
ment. Under appr0pri_até conditions, they may be classified for disposition
and title transferred, or withdrawn and transferred to the jurisdiction of
another Federal agency for a specific purpose, such as a wildlife refuge or

a national park.



The Bureau of Land Management manages the public lands to assure that
full use potentials are realized. This demands that there be continuous coop-
eration with ;ocal, county, State, and Federal agencies sothat multiple use
management will be achieved to the greatest possible extent.

The BLM and the Bureau of Indian‘ Affairs have serious _problems in com-~
mon on the management of public lands in and adjacent to Indian reservations.
A great deal of trespasé is encountered which has resulted in terrific over-
grazing of some areas. A serious overgrazing situation exists on the with-
drawal created by Executive Order 5889, which withdrew land in New Mexico
to aid the San Carlos Indian Irrigation project iﬁ Arizona. Since there is
doubt about the IAnd ever ’being used in connection with the San Carlos Indian
Irrigation project, consideration should be given to placing it undér multiple
use management again.

The Gealogical Subrve‘y collects aLnd publishes data on water‘ uses, gquantity,
and qualify. - While there is a great deal of information available? much more
is needed on groundwate;' and én sedimentation to facilitate proper management
of the public do_main lands.‘ For instance, litt\le_information is available on
sedirﬁentation anci the particular character and location of the grazing land
which contributes to the tremendous load of silt carried by the Colorado River
and its tributar‘ies. It is estimated that 147 million tons of sediment are trans-
ported through the Grand Canyon each year by the Colorado River. Erosion
control through proper management and construction of sedimentation barriers
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will become one of the most important management jobs of the BLM. Much of
the information and data needed to approach the problem intelligently will have
tc be furnished by the Geological Survey,

The BLM and the National Park Service work closely together to determine
the recreation potentials and needs of the public domain lands, There is room
for disagreement on the size of withdrawals for national recreation areas. The
BLM is now staffed to properly administer lands under the multiple use concept
and prefers to have withdrawals no larger than necessary.

There is need for close cooperation between the BLM and the Bureau of
Reclamation in that too many small water developments in the uplands of a
watershed can have adverse effects on downstream flow. The BLM, through
proper management, can insure the water flow and contribute toward stem-
rhing the flow pf sediment. A Soiicitor‘s opinion prevents the BLM from com-
puting downstream benefits in cost fatio benefits. This makes i-t difficult to
justify some of the very important soil and moisture projects which will have
valuable downstream benefits due to sedimentation control and increased flows
of better quality water.

" The United States Fish and Wildlife Service cooperates with the BLM in
wildlife management problems on public domain lands. It is interested in
proper management of the lands and water to insure the necessary environ-
ment for an abundance of healthy fish and wildlife. Large areas of public
domain lands are withdra‘wn for wildlife refuges and game ranges. The

a-
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BLM is highly intérested in ‘seeing that withdrawals are not too large for the
intended purpose, and when lands are definitely suited for multiple use man-
agement, they should remain under the jrurisdiction of the BLM. A portion of
the Desert Game Range in Nevada, for instance, might well be under mutliple
use management.

The Bureau of Mine,s is interested in the management of the laﬁds. in
such a manner that mineral resOurées can be developed consistent with other
valuable land uses and (management practicés.

E. Summary

In view of the ~-lirﬁited water resources within the Lower Coclorado River
basin, the critical shortages in many sections, and the mounting demands
for water, it is imperative that all interested Federal agencies. direct their
efforts toward obtaining tﬁé maximum devélopment and efficient utilization
of all possible water resources. Reséarch in all facets of this problem
must be greatlyvaccelexjated and e;cp#nded in scope. It will be nécessary
that close _cAQOpt-avrativon exist among Federal, State, and county agencies,
and private intekrests.

The Bu:_'eaﬁ '(‘)‘f ‘Iv..and Management administers a high perceﬁtage of the
land area. All planning should be based on the assumftion that there will be
an ever-increasing demand from competing groups, such as industrialistes,
stockmen, miners, and recreationists. This situation‘ 1nd1ca£es the multiple
use of the land must be the guiding factor in planning. Multiple use is defined
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as the optimum mixture of various uses (or the single use) of land based upon
relative values and potentials of various resources, as well as the compatibility
of théir uses.

The greatest contribution of BLM toward better water management will
be to manage the vegetative resources in a manner that vn;ill maximize water
yields and minirﬁize sedimentation and pollution. To this end 66 community
watersheds have been delineated to facilitate planning and development. Sub-
stantial progress has been made in two watersheds involving an expenditure of
$300, 000 by BLM. Planning has been undertaken, along with a small amount
of development work, in 5 watersheds, which will, when the program is im-
plemented, involve a total cost on BLM lands of about $8, 000, 000.

"PART II--STUDY AREA |
A. Topography and vegetation

The vast area which constitutes that portion of the Lower Colorado River
watershed below Lees Ferry may be broadly categorized into three distinct
physical areas--each with its own more or less individual climate, flora, and
fauna,

The northern section, which includes portions of the Colorado Plateau
and Basin and Range Provinces, is charactefized by lofty plateaus incised by
spectacular canyons with remnants of hills, buttes, and mesas. The plateaus
differ from one another in temperature, rainfall, and vegetation. The avérage
elevation of the aréa ‘is 5,000 to 7, 0Q0 feet. Much of the area is wooded, with
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yellow pine or aspen at the highest elevations and pifion-juniper at the lower alti-
tudes. Sagebrush, bunchgrasses, ‘and desert shrubs are found in the lower,
drier sections.

In the central section, high mountain ranges extend m a general northwest-
southeast direction. The mountain tops generally rise 4, 060 to 6, 000 feet above
the valley floors and several peaks exceed 11, 000 feet above sea level. The
vegetative cover in the central section is similar to that of the northern plateau
area, but with a greater proportion of desert types as a result of the generally
lower average elevation of the region.v

The southern section is sometimes referred to as the desert, or plains
region. Itb counsists largely of vast stretches of desert plains brokven by short
m.oﬁﬁtain chains from 1, 000 to 3, 000 feet in élevation. The mountains are
seldom forested and fhe plains or broad level valley support typical desert
"flbra, or are devoid of vegetation., Portions of the area are extensively
irrigated, particularly in the Gila and Salt River Valleys.

B. Geology

T.hat portion of the study area within the Colorado Plateau Province is dis-
vtinguishedb primarily by the horizontality of its rock formations in contrast to
the folded formations in adjoining provinces. Stratigraphically, the Colorado
Plateau Province is characterized by massive sandstone formations with
some shale interbeds. As the formatio>ns have been subjecfed to extensive
erosion in an arid climate, mesas, ¢uestas, escarpments, canyons, and' dry
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washes are prominent features of the landscape. In some places volcanic necks,
buttes, and lava flows are abundant.

The basins and low mountain ranges are distinctive for their uniformity and
roughly parallel one another. Their bulk is fairly continuous and the crests are
quite uniform. The slopes are fairly straight and do not tend to flatten at the
base. The abrupt meeting of the valley floor and mountain side and the uniform
slope of the latter are characteristic of the Basin and Range Provinces.

C. Climate

The important determinants of climate within the study area are elevation
and the pattern of mountain ranges and distances from large bodies of water.

In general, rainfall is light and humidity low. The percentage of possible
sunshine received is high, as is the diurnal variation in temperature.

As would be expected, the southernmost areas experience the :least rain-
fall andthe highest temperatures. At Yuma, Arizona, the average annual rain-
fall is less than 3 inches, while as much as 30 inches per year %s received in
some sections of the mountains. The average annual precipitation for the State
of Arizona is 12 1/2 inches.  The seasonal distribution of precipitation differs.
There is no marked seasonality at Yuma and other extremely arid sections.

The mountain areas experience summer thundershowers and winter snows which
result in summer and/or winter precipitation highs, Over most of the region
there are two general periods of rainfall: December to February and July to
September, As is true in most semiarid regions, extreme departurcs from
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annual '"averages' of precipitation are characteristic. One year may bring many
times the rain of the next and in the drier regions large areas may be practically
skipped for one‘r or more seasons. Along with this fitful character of the seasonal
rainfall goes a tendency toward brief and violent showers or cloudbursts. This
has a pronounced effect on runoff, infiltration, and erosion rate.

The difference between daytime and nighttime temperature is typically 30
to 40 degrees Fahrenheit. In the high plateaus or mountains, summer tempera-
tures seldom exceed 90 degrees, while temperatures well over 100 degrees are
usual in the lower and more southerly region. Winter temperatures are mild
over most of the area, although temperatures well below freezing are typical in
the higher elevations and northern portions of the basin. The growing season
varies from 204 days at St. George, Utah, to 348 days at Yuma, Arizona.
D. Population

The Lower Colorado River basin area ranks amoung the Nation's fastest
growing regions. The population increases, however, are larggly confined to a
few restricted areas within the basin, such as Maricopa and Pima Counties,
Arizona, and Clark County, Nevada, More than one-half of Arizona's popula~
tion, for example, resides in Maricopa County. The population of Maricopa
~ County surged from 332,000 in 1950 to 664, 000 in 1960, Pima vCounty, with 20
percent of Arizona's population, went from 141, 000 to 266, 000 in 1960. In
both cases the population virtually doubled in a decade, During the next decade
(it has been predicted) Arizona's population will grow at three times the national
rate for an expansion of 73 percentio‘ver the .1960 figure,
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E. Access

An adequate network of major highways serves the principal populated
valleys., These highways are primarily designed for through inter-State traf-
fiz. In addition to the principal highways, the major urban and agricultural
areas are laced by adequate road nets. Traffic beyond the limits of the urban
and agricultural area is light with the local roads poor and generally unpaved.
The large remote areas of back country which constitute a great deal of the
public domain lands have many access problems. Public I;nd is often without
roads or public access. Many miles of new roads are needed to open up these
lands to meet the demands from the increasing number of pecple who are dis-
‘covering the recreational potential of the public lands. Roads to facilitate
multii)le use management are also needed. |
F. History of the general area

For the purposes of this report,. the archaeological data concerning early
man's occupancy of the area, the southwestern culture complex, the initial
exploratory expeditions, and Spanish mission settlement are necessarily
ignored.

Substantial non-Indian settlement in the study area was accomplished in
the latter half of the nineteenth century. The discovery of gold in California
and subsequently in Arizona led to the establishment of numerous mineral
enterprises. Mining activities continued at an increasing tempo until the

drop in silver prices in 1893. The level of mineral activity has fluctuated

- &
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since that time. Currently, certain segments of the industry are in some dis-
tress, but generally the ind\istry is healthy and an important component of the
economy.

Farming and ranching activities expanded concurrently with the growth of
the mineral industry., The location of farms and early settlements was usually
determined by the availability of water, irrigable land, and accessibility or .
routes of transportation. Lancis were initially irrigated by the simplest of
rock or brush diversion structures, and ditches and canals. As the economy
- matured and higher and lesé accessible land was developed, more complicated
and permanent irrigation structures were installed. The greater portion of
the report area is devoted to the produ‘ct‘ion of native forage for livestock.I
interspersed with areas of irrigated farmg. The range areas are essentially
Wild lands valueci chiefly fo; range livestock, wildlife,v< recreation, and as
watersheds. - The economy of the area has, of course, become more complex
as it has expandéd. Today, major industrial, commercial, bus@ness,- and
rnilitar'y. ést‘ablishmentsi contribute to thé diversification of the area's economy.,

" Ranching was one of the earliest economic activities in the basin., It ex-
panded rapidly from 1830 to 1900, By the turn of the century virtually all of
the lands adjacent or accessible to surface water supplies were appropriated.
‘Stockmen began developing wells and fencing the ranges they sought to centrol,
Range use. of public lands during that period was uncontrolled by the Federal
Government. In 1906 the Forest Service began to establish recognized grazing

[
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rights on specified areas under its jurisdiction. Lands acquired by the States
upon admission to the Union were generally leased to stockmen. The ernactment
of the Taylor Grazing Act in 1934 finally provided the meamns to esfablish control
over the public domain lands, It authorized the regulation of use and the initia-
tion of rehabilitation measures. This latter was necessary as most of the lands
had badly deteriorated from many yearé of misuse. -\E_;_Accessive ’stocking of the
range had resulted in the diminution of-the better forage\ ijlants and permitted
the establishment, or spread, of leés desiréble plant species.
G. Present economic development

The economic growth rate of the rep'ort area is. one of the highest in the
country. The growth is accompanied by an increasing diversification of the
economy. The principal sources of income‘for the area are currently derived
from ménufacturing, mining, tourism, crops, and livestock in thaﬂ: crder.

Manufacturing is tﬁe economic acti.vity. which has achieved the greatest
gains in recent years, The- manufacturing activities include electronics,
aerospace industries, clothing, chemicals, metal processing, food processing,
printing and publishing, machinery, lumber, and a host of other light
manﬁfacturing enterprises.

The mining activity is based upon a wide variety of minerals, most im-
portant of which is copper. Asbestos, molybdenum, manganese, barite, lime,
gypsum, and perlite are among the long list of minerals whi:h have become

substantial factors in the economy. .
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Forest products within the basin are derived primarily from the mountain
areas. Roughly 300 million board feet of lumber are harvested annually. The
chief sawmill operations are located in Flagstaff, Williams, Winslow,
Fredonia, Springerville, Heber, and McNary.

Although less than 2 percent of the basin is under cultivation, the produc-
 tion of crops, virtually all by irrigation, is a vital segment of the region's
economy. Yields per acre are among the highest in the Nation in both quantity
and value. Crops produ.ced include cotton, lettuce and other vegetable crops,
meldns, commercial hay and seed, dairy products, poultry, citrus fruits, and
many others, Major dams, such as Roosevelt, Horse Mesa, Mormon Flat,
Stewart Mountain, and Granite Reef on the Salt River, Horseshoe and Bartlett
- on the Verde, Coolidge on the Gila, Lyman on the Little Colorade, and Hoover,
Davis, Parker, Laguna, and Imperial on the main stream of the Colorado River
provided the means for the developmen‘t in the last 50 years of an intensive and
greatly expanded irrigation agriculture. Development of the gr'oum.dwater supply
has occurred throughout the basin, but the developments in the Safford Valley
and in Pinal County on the Gila River are particularly dependent on pumped
water. This agricultural use, coupled with increasing demands on groundwater
for industrial, comme‘rcial, and urban residential uses, has resulted in a
general lowering of groundwater tables. The situation is critical in many
areas., The means to acquire additional water must be identified, as well as
techniques to make optimum use of existing supplies if presert requirements
are to be met and furt_her economic growth is to be achieved,
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The vast majority of the lands in the region are devoted to the production
of range livestock., The Lower Colorado River basin supports 1,963 cattle
operators and 750 sheepmen, who graze about 360, 000 cattle and approximately
205, 000 sheep, part of the year on public domain lands.

The poor condition of the range indicates that overgrazing is still taking
place. Complete adjudicé.tion of the range privileges ié a must before goocd
management practices can be instituted." Almost 800 range users' privileges
have yet to be adjudicated. Many of these are small operétors. For in-
stance, 596 are in New Mexicd, where the land is in a deplorable condition;
578 of‘the New Mexico operatbrs aré running sheep.

PART III‘--PRESENT. PROGRAMS FOR PUBLIC LANDS
A, Types of public lands

The 28,294, 000 acres of public lands administered exclusively by BLM
in the basin vary from the predominate desert shrub-grassland type at the
lower elevations te isolated and scattered stands of ponderosa pine at the
higher elevatipns. A moderate belt of pifion-juniper woodland type and some
chapparel occurs at medium elevations. Approximate acreages for the
general vegetation types are shown on tables Nos. 1 and 2.

" B. Ma‘.knagement practices and uses of public lands
The 28 million acres of public lands in the area are used for a multiplicity

of purposes:
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l. Rangeland for domestic livestock and wildlife. Over 2, 700 grazing per-

mittees and lessees utilize the public lands....Many thousands of big game
animals, including deer, antelope, bighorn sheep, javelina, and considerable
bird life also utilize the public lands. Grazing privilege s on the public lands
have been established for most of the basin on the basis of permanent water
distribution and water ownership or control, Néarly all surface waters are
appropriated by farmers or livestock users under State laws. Federal range
privileges are also granted on the basis of private land ownership, history
of use, and other criteria in accordance with the provisions of the Taylor
Grazing Act. The Bureau, to increase the production of forage, employs
various management practices, dependent on the needs and potential of the
particular terrain. Many of these are undertaken in cooperation with the
livestock opelfators. These include (but are not limited to) fencing, reseed-
ing, or revegetation, soil erosion control, brush eradication, noxious weed
control, fire control, road construction, water development, re'gula.tiqn of
numbers, and control of seasons of use,

2. Recreation. In cooperation with the Bureau of Sport Fisheries and

Wilcilife and the State game and fish departments, thg Bureau manages the
public lands for the optimum development and utilization of wildlife and fish
consistent with other uses. This is achieved by developments and allocating
public land areas necessary to propagate certain species. In addition, all
of the public lands ar.e available to the public.for such recreational pursuits
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as camping, picnicking, riding, hiking, sightseeing, nature study, photography,
boating, hunting, and fishing. Many of the public lands are, and will remain,
in their natural state because of factors such as topography, climate, and re-
mote location, The Bureau considers public recreatio“n values in making deci-
sions affecting use of the public lands., It cooperates with Federal, State, and
local recreation agencies in providing lands and facilities to improve the pub-
lic recreation opportunities and is presently inventorying all public lands
having significant values for public recreation. For example, practically all
of the State, Federal, and local éarks have been served out of the public lands
and the Arizona State Highway Department maintains over 400 rest stops lo-
cated largely on public lands. State and local recreatiqn agencies plans in-
clude many thousands of acres of public domain for future recreational
...developments. In certain areas, such as Lincoln County, Nevada, where a
6-unit campground has been installed, recreation sites on publif: lands are
being developed by the Bureau under the Accelerated Public Works Program. .
| 3. Mining, This area has a significant mineral industry based upon the
production of copper, lead, zinc, gold, and silver. In additien to these,
mﬁny other metalli‘c and nonmetallic minerals such as lime, gypsum, etc.,
are produced on the public lands. The Bureau administers these resources
under the provisions of the general mining laws, the mineral leasing acts,

and the mineral materials act, The public lands provide the greatest

spﬁrce of road building material in ﬂfile area.A Decorative and building stone
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is also an important mineral resource. At present, the Bureau is conducting
an inventory of the mineral resources and activities on pl;lblic lands and making
economic studies to facilitate identification of proper land tenure arrangements
and land management practices on mineralized lands.

4. Watershed protection. The public lands are managed to achieve opti-

mum production of forage and water and to control erosion, Land.treatment
measures such as brush control, seeding, and contouring are being accom-
plished at a rate commensurate with available manpower and funds. In addi-
tion to these practices, the Bureau rehabilitates burned-over areas; develops
water facilities, including wells, springs, reservoirs, and pipelines; builds
water control structures ranging from small gully plugs to large water-
spreading systems using detention dams, diversions, dikes, and water-
spreaders; constructs range use fa.ci}ities such as fencing, cattleguards,
stocktrails, and truck trails;vcontrols or eradicates noxious or poiscunous
plants and reseeds the land to usable forage. The Bureau also .coopera.tes
with other conservation agencies in watershed protection activities.

5. Forest and woodland management. Timber lands in the area are

primarily administered by the Forest Service, However, the public lands
contain some acreage of ponderosa pine with commercial value, as well\as
large areas of pfon-juniper woodlands. The woodland areas produce
Christmas trees, fence posts, and pifion nuts. There is currently some

commercial harvesting of pifion nuts; this product is a source of livelikood
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for a portion of the Indian population. The forests and woodlands of the public
lands are managed on a multiple use basis, with recognition of the highest and
best uses or productive capabilities, Among these are limited commercial
production of forest products, recreation, wildlife habitat, grazing, and
watershed protection.

6. Other beneficial purposes. As the bulk of the lands in the region are

under Federal jurisdiction, the public lands have been the object of demand
by governmental agencies, nonprofit organizations, and individuals, to be
used for homesites, business sites, industrial sites; rights-of-way and ease-
ments for roads, microwave stations, and various utilities, public purposes,
such as parks, schools, recreation facilities, churches, hospitals, and
refuse disposal sites; as well as for such purposes as national defense in-
stallations, wildlife refuges, air navigation facilities, etc. Accommodating
these requests for lands is a major function of the Bureau. The Bureau
maintains the basic land title and survey records for the Federai Government,
as well as being responsible for the survey and monumentation of the public
lands so that they might be identified and described to facilitate management
or title transfer,

To better fulfill its functions, the Bureau cooperates with appropriate
Federal, State, "aﬁd local agencies. In its management of the public lands,
the Bureau also is involved in protecting the lands from fire, elimination of
unauthorized use, visitor prot'ebction; ‘and insect, disease, and pest control,
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..L. . Significance of management practices and uses of public land

1. Preseunt water problems and needs. Settlement in the area has been
.directly related to water availability. In many instances, efforts to obtain
.additional water for.the expansion of cities and towns, or for agricultural
use, have been in vain, or curtailed by prior appropriative rights. In
areas having hiéh potential for agricultural development, iaws based on
the doctrine of beneficial usé have often inhjbited other development. Agri-
cultural developments have, in some instances, resulted in the depletion of
underground‘watef upon which urban settlements were dependent. Public
lands, on which the highest and best use is for the development of resi-
dential, commercial, or industrial uses, are subject to this risk, Many
areas with potential for development are limited because good quality
water is unavailable,

The lack of adequate water developments for livestock and wildlife
~on public lands results in improper distribution of grazing anim'als. Addi-
tional wells, spring developments, stockponds, and reservoirs are needed
in order to diminish overgrazing around existing waterholes, thereby mini-
mizing problems with respect to erosion, runoff, and sediment damages.
Additional detention dams would also provide water for livestock and wild-
life, a's well as alleviate erosion, These practices, together with comple-~
-tion of the adjudicatipn of range privileges, would promote more efficient
utilization of existing range forage and improve watershed conditions.
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Cooperative ventures between the Bureau and local range users will
continue and probably increase, thereby adding to the number of cooperative
range and soil and moisture conservation projects. More condition and
trend surveys of the public. range are required to dete:.;mine proper stocking
rates and identify needed adjustments in the use of the range and management
practices.

Complete hydrologic data such as precipitation records, groundwater
recharge rates, infiltration rates, and soil moisture storing capacities are
needed. Such data would facilitate the proper handling of groqndwater
systems, land classification, and development of range i;nprovements,r surch
as spring and well developments, The data would also minimize the tendency
to overdesign water structures, at the same time insuring that structure
specifications are adequate for the hydrologic conditions likely to be
encount.ered.’

2. Effects of public land disposition and use on the water problems and

needs. The previously described public land uses and practices all, in ‘some
way, involve the need for more efficient water utilization. The vast utiliza=
tion of the public lands is almost entirely dependent on local groundwater
sources and as the us"es intensify on the public lands, the water situation

will become more and more critical.. Expanding range, wildlife, recreation,
and agricultural uses, as well as urban development, will deplete local water
sources on the public lands. kAs land uses are intensified, better management

of existing water sources will be required.
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Certain high uses of the public lands have been curtailed because of.
prior appropriation of available water for a specific use, e.g., recreation
use is sometimes precluded because of existing livestock or agricultural
use. In many instances, ‘!:he sale or transfer of public lands brings the
lands into a high water-consuming use. For example, the sale or transfer
of public lands may result in their development as irrigated farmland, thus
further depleting the overdrawn underground water sources. Large public
sale, recreation and public purpose, and townsite programs are conterh-
plated within the basin, particularly near the Lower Colorado River, The
possible sale of large tracts of land at Efdorado Valley and Fort Mohave to

.the State of Nevada, authorized by special legislation, and similar special
acts authorizing transfer of public lands t‘p Lincoln County and the city of
Henderadn,- in Ne\;ada, all contemplate intensive development with high
wa.fe.r requirements. These developments will doubtless vinfen’sify
.g;oundwater problems,

3. Colorado River tributary projects. Bureau of Land Management

projects on Colorado River tributaries consist of community watershed
areas, some of which are planned in detail for management, conservation,
and improvemenﬁ pré.ctices (see attached map No. 2 for community water-
shed boundaries).‘ There are 66 community watersheds in the basin. Im-
- provements within two watersheds ha§e been shubstantially completed.
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Detailed planning has been completed and some work installed within 5 other

. watersheds. The community watersheds which have been partially developed,
or for which detailed plans have been completed, are tabulated below by name,
acreage, cost, and benefits. .

a. Existing projects {substantially complete):

(1) Railroad Wash Community Watershed, Arizona.

BLM administered.acreage 90, 000
Other 46, 000
Total acres 136, 000
Cost--Federal funds {approx.) $250, 000
Contributed funds (approx. ) 92, 000
Totai cost (approximately) | $342, 000

Tangible benefits include soil stabilization, increased livestock
forage production, improved wildlife habitat, and control of flocds

and sediment for protection of downstream improvements,

(2) Upper Meadow Valley Wash Watershed, Nevada.

BLM administered acreage 169, 400
Other 5, 600
| Total acres . 175, 000
Cost--Public Law 566 funds $ 80,000
BLM funds @ 53, 000
01.:her e ‘ - 17,'OQ0
Total cost | $ 150, 000
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(2) Upper Meadow Valley Wash Watershed (continued).
Annual direct and indirect damages from .floédwatérs, sedi-
mentation, and erosion aré‘estimat'ed ;t $10, 000. After all |
project features are inétalled, reduction iﬁ qamages, plus
restoration of productivity will result in moﬁetary benefits
of $4, 000 annually, |

b. -Planned projects {small amount of work completed):

(1) Fort Pierce Community Watershed, Arizona.

BLM administered acreage 799"". 000
Other | 174, 000
Total acres 973, 000
Cost--Federal funds (approx. ) $1,550, 000
Contributed funds {(approx.) 180, 000
Total cost (approximately) | $1, 730, 000

Benefits--see statement for Railroad Wash Community
Watershed above.

(2) San Simon Community Wate'rshed, Arizona.

BLM administered acreage 496, 000
Other ’ ' 917,:‘000
Total acres o 1,413,000
Cost--Federal funds (approx. ) $4, 000, 000
Contributed funds {approx.) = 685, 000
Total cost {approximately) ~ $4, 685, 000
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(2) San .Simon Community Watershed (continued)...
Benefits--see statement for Railroad Wash Community
Watershed above,

(3) Vekol-Waterman Community Watershed, Arizona,

BLM administered acreage 660, 000

Other 1,630, 000
Total acreage 2,290, 000
Cost--Federal funds (approx. ) | $600, 000
Contributed funds (approx. ) 150, 000
Total cost (approximately) $750, 000

Benefits--see statement for Railroad Wash Community
Watershed above,

(4) Bouse-Tyson Community Watershed, Arizona,

BLM administered acreage 1, 650, 000
Other | 928, 000
Total acreage 2,578, Q00
Cost--Federal funds (approx, ) -$1,850, 000
Contributed funds (approx, ) 140, 000
Total funds (approximately) | $1, 990, 000

Benefits--see statement for Railroad Wash Community

Water she.d above,
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(5) International Border Community Watershed, California,
BLM administered acreage 90, 000 acres
Cost-fFederal funds (approx. ) $202, 000
Benefitg-- |
(a) Double carrying capacity from 6, 000 to 12, 000 AUM's
(b) Increase groundwater yield
v (c) Decrease existing soﬂ erosion
A tabulation, table No. 3, of existing and proposed conservation and
improvement practices is attached. The tabulation shows the ﬁnits of
. significant practices involved in project development,
4, Groundwater developments. Groundwater developments on public

lands, include extraction developments and conservation developments,

Water extraction developments are largely required by livestock and wildlife,

'I‘Hese developmenf,s include stockponds, pipelines; and spring and well

1
{ s

Aeveldpments, - The dévelopments are constructed by BLM raﬁgé users under
permit or cooperatively with the Bu‘r‘e‘a;.u. Consérvation developments are
designed to improve watershed conditions and promote groundwater storage
capacities. The deveiopments consist of reseeding, brush control, check

dams, diversions, and spreading works.

5. Present water uses. Generally, all known waters have been appro-

priated and are being used. The principal uses of water on the public lands
are for livestock and wildlife. ws
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6, Research programs., The Bureau cooperates with State universities in

. research projects, such as ecological and range-use studies in Nevada, brush
eradication in California and Arizona. Cooperation with State fish and game
departments in various wildlife projects involving introduction of new species
and propagation of species, such as bighorn sheep, is also taking place.

In Nevada two 2, 000-acre pastures near Panaca and Crystal Springs
have been segregated and actual grazing use and erosion data acquired. The
project, supervised by the Soil Conservation Service, has resulted in the
development of a record of use in excess of 20 years. Currently, arrange-
ments are being negotiated whereby these areas will be returned to BLM
- jurisdiction and the study cdntinued by the Bureau in cooperation with the
University of Nevada.

A cooperative study to identify management alternatives for pifion~
. juniper woodlands is being conducted by the Bureau of Land Man#gement and
the Utah State University, QFour sites for this st‘ud)'r have been désignated
within the basin, - |

Because of the critical water shortages in many parts of the basin,
séveral agencies are devoting considerable research to water problema,

The Bureau will contimie to exchange information with these agencies and
rely upon them to furnish research findings, BLM will cooperate with ti;em
in providing funds and personnel where the public lands will benefit directly

~

and where such efforts are necessary to implement a much-needed program.
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PART 1V--FUTURE. PROCRAMS FOR PUBLIC LANDS

The Bureau of Land Management long range.program (1968-1980) is based
on an expected transfer of some 1.8 million acres to private ownership and
.other public administration, Many of these lands will be“‘acquir,ed by State and
local governmental agencies for public purposes and by individuals for private
needs. The balance will be transferred to other Federal agencies or managed
by BLM 1-;0 meet the requirements of resource needs. Table No, 2 reflects
- adjusted acreages in BLM administered lands expected to result fr‘om title
transfers, withdrawals, etc.
A. Future management practices and uses of public land

The public lands wiil become increasingly important for many purposes
apd will play a greafef role in the economic structure of the States. Many
present uses will become subordinate to uses created or influenced by popula-
tion growth, new technological developme‘nts. improved access and transpor-
tation, more leisure time, increased wages, etc.. Naturally, management
programs will have to be responsive to emergingﬁ needs and the changing pat-
terns of use and demands. Inventories, studies, and blans being made today
anticipate the maximum balanced use of the public lands in the futgre. Con-
struction projects, rehabilitation projects, etc., are all based on long term
benefits. Greater emphasis is being placed on combinations of uses rather
than single or special purpose use of the public lands. For example, recre-
ation development is ;:>ccurring on appr0ximate1y“‘90, 000 acres of pgblié lands
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are being administered by BLM, In the future, 100, 000 acres in California will
be transferred for recreation areas, sites, and parks. Most recreation will be
provided for in conjunction with other land uses on speéifiéd areas with multiple
use values,

Li_vestock grazing is expected to increase, but through better manage-
ment and technological advancements, the amount of range will diminish and be
more clearl)} defined, and almost totally confined to designated multiple use
areas, Urbanization will expand and create the need for more and more public
land. In the California portion of the basin alone, there will be sold or trans-
'ferr?d into private ownership at least 100, 000 acres. The expanded url;anized
areas are expected to grow from existing towns such as Las Vegas; however,
-some locationsg, primarily in proximity to the Colorado River, Qill experience
the need‘ for new townaites. Another example-of the changing management
picture is in the increasing heavy demand for rights-of-way acquisition.

B. Plans in terms of use,

1, Future water problems and needs. All long range programs for the

managerhent of the public landé will encounter the problem of supplying the

needed waters., Without transported water from the Colorado River, or other
sources, public‘ lands caﬁnot be utilized to their full potential, In many areas,
groundwater is currently being mined. This trend will intensify through 1980,

-2
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By the year 2010, the demands for water will probably be ten times greater
than at present. |

Continued improvement of range and watershed lands will add im-
measurably to the efficient utilization of all water sourc;es. However, in-
tensification of urban, industrial, and recreation uses will eventually
. create water needs beyond the water yield capacities of many public lands
and thereby curtail optimum utilization of those lands., The development

of new water sources will be highly necessary.

2, Future effects of public land use and disposition on water problems

and needs. The demands for public lands will continue to grow at an in-
creasir;g rate. A great deal of cooperation will be neceséary from the
v.ar-iou-s agencies to avoid the disposition of the public lands where such
action would have a detrimental effect upon water supplies and cfeate
pﬁblic pro;t)lems. Demand for lands will continue to be met to the maximum
“extent 'poasible, but only after studies indicate that public interests will be
served.

3, Colorado River tributary projects (long range--1968-1980), The

Bureau of'Laﬁd Management long range program includes project develop-
ment m i:ommp.nitjr watersheds containing public lands. Those watersheds
' containing large, solid blocks of BLM administered-land will be planned fbr
intensive development, while those containing little public land will be plan-

ned for lesser development, or such deveIOprhent as is appropriate to
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preseunt or proposed land tenure arrangements. Priority of planning and develop-
ment will‘ depend on justifiable multiple purpose needs for the public lands within
the various watersheds, as well as the land pattern of such public lands.

Projects will be develeoped to provide for the needs associated with mbultiple use

].ahd management. ‘

4. Groundwater developments {1968 -1980), Included in the Bureau's long

range plans (1968 -1980) for project development will be groundwater develop-
ment te provide water for such uses as recreation, livestock, wildlife, etc.
These developments will consist of approximately 335 wells and 417 spriﬂgs,
and will be developed by the Bureau, often in cooperation with public land
users. (See attached table No. 3.)

5. Planned water uses, Water use is expected to increase proportion-

ately with population growth of the area; however, uses will be primarily for
public consumption, industrial expansion, and related to supporting enter-
prises. On the public lands, water use will be largely confined 1;0 use by
livestock, wildlife, and recreationists.

- 6. Research programs (1968 -1980). Future defnands and uses of the

public lands will dictate the amount and nature of research required for
maintaining the public lé.nds at their optimum productive capacity, It is ex~
pected that the Bureau will develop research projects in outdoor recreation
and continue to c00pe1:ate in certain management research projects rglated
to such programs as range reseeding. Economic studies will be promoted
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to evaluate multiruse of the public lands or specific effects of special uses on
the public lands (e. g., :ights»of-way, easements on values, etc.). These re~
search projec.tswill be planned and conducted at such time as the needs are
clearly identified. Until then, th‘e program will c.ont;iriue_ to be one of éoopera-

tion with, and reliance upon, other Federal and State agencies already involved

in research programs.

7. Improvements of watershed yields‘(l968-l980). Long range plans for
BLM admi#iatered public lands call for approximately 856, 000 acres of wood-~
land and brushland to be converted to grass. A substantial acreage of conver=

»s);,bn,of pi‘ﬁ‘on-juniper to grass is involved; the goal stated here may be subject
" to modifiéétidﬁ as the regulté of the study of management alternatives for
‘pi’ri-'on-;jupipe‘;' become available, Although rather naturally low in water yield,
“these lands:,rwh'en irﬁpro.\rgd, will not only increase the total yield, but will
a.lsobimprdve the quality of water as well, More intensive range management

will insure that forage resources of watershed lands are properly managed,



Table No, 1
Types of lands under BLM administration
in Logwer Qolorado River basin, 1963

(expressed in thousands of acres) -

Arizona California Nevada New Mexico. .Utah Total

‘Desert shrub

Total

Type
Woodland.. 2, 145 - 1,900 700 . 600 5,345
Chaparral 974 254 1/ - : - 1,228
Desert shrub 9,969 2,400 7, 769 491 2,171 22,800
Total 13, 088 2, 654 9, 669 Y 1,191 2,771 29,373

Table No, 2
Types of lands under BLM administration in
Lower Colorado River basin, as estimated for 1980
{expressed in thousands of acres)

Type Arizona California Nevada New Mexico Utah Total
Woodland 2,110 - 1,860 ~640 -~ 550 - 5,160
Chaparral 950 225 - - - 1,175

9,028 2,129 . 7,649 Y 441 2,025 21,272

12, 088  2, 354 9, 509 — L/ 1,081 2,575 217,607

1/ Includes 1, 079, 000 acres within the Desert Game Range
Jomtly a.dmm:l\ste.red by the BLM and the BSF&W
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Table No, 3

Road construction miles

Page 1 of 3
Existing and proposed improvements '
for public lands in Lower Colorado River basin
ARIZONA .
| 1964-1967 ©  1968~-1980
P ' Unit Existing Short range  Long range
Water management
' Springs - Noe, 338 6 119
Wells ‘ " 380 44 249
Detention dams n 6l 36.. 181
Diversion dams n 17 125 : 95
Dikes ' . n 400 1,-015 1,200 .
Spreaders " ‘
Reservoirs , " 1,179 130 1, 185
Range seeding acres 69, 326 58, 690 346, 310
Brush control I 131,101 222,790 531,210
Pitting, furrowing n 52,700 150, 000
Site improvement '
for reforestation =~ '
Reforestation " : : :
Road construction miles 351 106 1,926
CALIFORNIA
Water management
Springs. No. 15 4. 12
" Wells r 2 - 4
Brush control acres 0 1, 000 1, 000
12 100



Water management
Springs
Wells
Detention dams
Diversion dams
Dikes
Spreaders
Reservoirs

Range seeding
Brush control
Pitting, furrowing
Site improvement
for reforestation
Reforestation
Road construction

Water management
Springs
Wells
_ Detention dams
" Diversion dams
Reservoirs

Range seeding
Brush control

Pitting, furrowing  :

Site improvement
for reforesta.tion
Reforestation

Table No., 3 (continued) “Page 2 of 3
. NEVADA .

1964-1967 1968-1980

Unit . Existing Short range Long range
No. 130 20 150
n 35 15 50
AL 7 10 20
" 12 15 30
" 5 16
" 1 2 5
" 46 22 45
acres 33,000 21,000 130, 000
" 15, 000 3,000 45, 000

Ll 2,000 5, 000 17, 000

n 600 2,500

i 1, 000 5, 500
miles 300 55 8i5

NEW MEXICO

No, 12 10 10
" 5 -5 5
M 1é 15 85
" 15 100
g 20 80
acres 10, 000 90, 000
" 35 15, 000 165, 000
n 5, 000 .. 5,000 7, 500
o 200
" 500



Water management
Springs
Wells
Detention dams
Diversion dams
Dikes
Spreaders
Reservoirs

Range seeding
Brush control
Pitting, furrowing
Site improvement
for reforestation..
Reforestation ,
Road construction

Water management
Springs '
Wells
Detentign dams
Diversion dams
Dikes
Spreaders
Reservoirs

'Range seeding
Brush control
Pitting, furrowing
Site improvement .
for reforestation
Reforestation =
Road construction’

Table No. 3 {continued). Page 3 of 3
UTAH
1964-1967 1968-1980
Unit Existing Short range Long range
No. 47 15 126
n 14 5 27
" 10 5 108
" 6 20 90
n 2 - 25
1} 0 - 3
" 114 100 450
acres 13,225 75, 000 125, 000
" 3,025 10, 000 114, 000
AL 1,500 5, 000 75, 000
" 500 1,500 20,.000
" 2,.000 20,000
miles 0 65 29
TOTAL
No. 542 55 417
" 436 69 335
" 94 66 394
" v 35 175 315
" 402 1, 020 1, 241
A R | 2 8
1 1,339 272 1,760
acres 115, 551 164, 690 691, 310
. 284,161 251,790 856,210
M. 8,500 67,700 . 249,500
" 500 2,100 22,700
" . 0 3, 000 26, 000
n:;iles 651 ‘ 2,140

238
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Preliminary Report of the
Bureau of Outdoor Recreation on the
Pacific Southwest Water Plan

The construction of major reservoirs of the proposed Lower
Colorado River Project would create areas that would have a
considerable potential for water~-oriented and associlated recrea-
tion, in addition to hunting and fishing, which are discussed
separately in conjunction with fish and wildlife benefits.
These reservolrs would attract two major types of recreation use:
(1) daily and weekend use emanating from the Phoenix and Tucson
urban complex that would bear on the major reservoirs in that
locality, and (2) extended weekend and vacation use by visitors
who would be primarily attracted to the large reservoirs in the
upstream portion of the Lower Basin.

Significant outdoor recreation opportunities would be created
by the reservoirs in the Gila drainage and the Dixie project.
The other reservoirs would provide some recreation also, although
they would have adverse effects on the present types of river
recreation and on lmportant intangible conservation and recreation
values.

Recreation Demands in the Phoenix-Tucson Area

More than 75 percent of Arizona's population is concentrated
in Maricopa, Pima, and Pinal Counties, within easy driving distance
of the four proposed reservoirs in the Gila drainage. The pop-

ulation of these three counties is expected to increase to more



than 80 percent of the State's. population before the dams can

be constructed and to more than 90 percent by the year 2000. Max-
well Reservoir, within 25 miles of Phoenix, would be used to

full capacity, even now, if its construction included ample
facilities for outdoor recreation activity. Phoenix is reputed

to have the highest boat ownership per capita of any city in

its size group in the United States, but present boating facilities
are not adeguate.

Existing water impoundments in the extremely arid Phoenix-
Tucson area are already overtaxed by recreation use. Additional
water-based recreation opportunities for future population
expansion will necessarily be dependent upon the four proposed
impoundments.

Recreation opportunities that would be provided by facil-
ities at the Maxwell and Buttes impoundments would help to
meet a growing demand for daily and weekend recreation in the
Phoenix metropolitan area. To a somewhat lesser degree, facil-
ities at Charleston Reservoir would serve a similar purpose
for Tucson. The Hooker impoundment would serve both of these
urban areas but, because of its more remote location, greatest
use would be on weekends.

Recreation developments at these four proposed impoundments
would consist of picric and boating facilities, camping areas,

nature trails, and the like. The Arizona State Parks Board has



plans for administration of the recreation features of the pro-
posed projects.

The emphasis would be on providing facilities with high
carrying capacity for day use and other short-term visits. The
expected visitor use has been estimated on the basis of full
utilization of the recreation potentials, rather than in terms
of population projections only. However, the validity of the
current population projections should be restudied, in view of
the wide range of projections for Arizona. These vary from a
low of less then 3 million to a high of 8 million for the year
2000, The projected population for Arizona, used by the Out-
door Recreation Resources Review Commission in its study of
America's recreation resources and needs, is 2,144,000 for
the year 1976 and 3,859,000 for the year 2000.

Upstream Recreation Demands

A minimum amount of basic recreation facilities would be
reguired to take care of visitors to the proposed Bridge Canyon
and Marble Canyon reservoirs. Studies are needed to determine
what minimum facilities are essential and what they would cost.

A reasonable estimate of the monetary benefit of providing
essential facilities to accommodate the visitors is that they
are equal to the cost of providing them.

However, water-oriented recreation cannot be considered one of
the primary purposes for constructing the Bridge Canyon and Marble

Canyon dams because less costly alternatives for expanding recreation
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facilities in this area are availlable. The types of water-oriented
recreation which could be supplied by the reservoirs are available
at Lake Mead and Glen Canyon National Recreation Areas. These
recreation areas serve the same population centers, and facilities
could be added as recreation demand expands.

No additional recreation benefits can be claimed for the
proposed Bridge Canycn Dam because of the unusual existing recrea-
tion values of the proposed reservoir area and the adverse effects
the dam and reservoir would have on these values. The reservoir
as presently planned would encroach on Grand Canyon National Park.
It would further modify the natural character of the stream which
created the Grand Canyon and has been continuing to wear down and
deepen the canyon. The natural forces which carry silt and debris
through the canyon would be lost and much of this material would
be deposited in and along the sides of the river bed. Opportunities
would no longer exist to enjoy the unique recreation values of
exploring the area by river, through the rapids and falls, an
experience that has attracted wide interest. The reservoir as
presently planned would flood a portion of Havasu Creek, which
is within Grand Canyon National Park and is a spring-fed stream of
unusual beauty, unigue in that part of the country.

Access to both the Bridge Canyon and Marble Canyon impoundments
will be severely restricted by steep canyon walls and adjacent

rugged topography. This will limit total visitor-use potential.



The Virgin City and Lower Gunlock reservoirs in the Dixie
project should be provided with adequate recreation facilities
for local use. The recreation facilities at the larger reservoir
(Virgin City) should be designed for considerable State, and some
national, use as well. Its location near Zion Nafional Park makes
it suitable for supplementing the scenic attractions of the park.
Many of the visitors to the park would use it for pienicking, camping,
swimming, fishing, and boating.

Recreation Demands in the Southern California Area

The State of California has recognized the fact that the
expected large future population growth, especially in Southern
California, will present an ever-increasing need for additional
outdoor recreation areas and facilities.

The State Park Commission feels that the Colorado River is
second only to the Sacramento River as a source of water recreation
opportunities for Californians. Proposals have been made for
acquiring or leasing land from the Federal Government and estab-
lishing three major parks and recreation areas along the Colorado
River in Southern California. In conjunction with Southern Cal-
ifornia's present water-oriented recreation and the State's pro-
posed Castaic, Perris, and Cedar Springs Reservoirs, these parks
would help to meet the pressing needs for such recreation.

Recreation Benefits

The primary benefits that will result from the provision of

recreation facilities at reservoirs included in the Pacific Southwest
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Water Plan were not subjected to the usual methods of measurement
employed in evaluating other project purposes. Nevertheless, the
Nationai Park Service has provided a measure of the benefits

by using "A Method of Evaluating Recreation Benefits of Water
Control Projects,” which it adopted in August 1957 and updated
in February 1963. This method provides for a monetary evalua-
tion of the benefits to the individuals visiting the area.

On & national basis, the evaluation has been determined to
average 52 cents per visitor day for general public use,
including picnicking, swimming, and sightseeing; an additional

55 cents per visitor day for boating and water skiing; and an
additional 50 cents per visitor day for camping. The method-
ology assumes that all visitors will pay a general use fee.
Visitors engaged in boating and water skiing or in camping

are assumed to pay additional fees for these activities.

Scenic boating on the Bridge Canyon and Marble Canyon
reservoirs will be of unusual quality, for reservoir boating.
This would offset to some degree the encroachment of Bridge
Canyon Reservoir on Grand Canyon National Park and the inun-

dation of additional free-flowing streams.



Estimated annual recreation benefits, exclusive of hunting and
fishing, have been computed by the National Park Service. The
estimates of annual visits and benefits for the reservoirs in the
Pacific Southwest Water Plan, other than Bridge Canyon and Marble

Canyon, are shown below:

Maxwell Reservoir - Annual Benefits

Visitor Value per
Activities Days Day Total
General Use 175,000 x $0.52 =  $91,000
Boating and Water Skiing 75,000 x .55 = 41,250
Camping 50,000 x .50 =

25,000
$157,250

This averages $0.90 per visitor day.

Charleston Reservoir = Annual Benefits

Visitor Value per
Activities Days Day Total
General Use 100,000 x $0.52 = $52,000
Boating and Water Skiing 140,000 x 55 = 22,000
Camping 15,000 X .50 =

7,500
$51,500

This averages $0.82 per visitor day.

Hooker Reservoir - Annual Benefits

Visitor Value per
Activities Days __Day Total
General Use 30,000 x $0.52 =  $15,600
Boating and Water Skiing 10,000 X .55 = 5,500
Camping 15,000 x .50

7,500
$28,600

This averages $0.95 per visitor day.



Buttes Reservoir - Annual Benefits

Visitor Value per
Activities Days Day Total
General Use 150,000 x $0.52 = $78,000
Boating and Water Skiing 50,000 x .55 = 27,500
$105,500
This averages $0.70 per visitor day.
Virgin City Reservoir - Annual Benefits
Visitor Value per
Activities Days Day Total
General Use 150,000 x $0.52 = $78,000
Boating and Water Skiing 25,000 x .55 = 13,750
Camping 50,000 x .50 = 25,000

Rounded to = $llT,OOO

This averages $0.78 per visitor day.

Lower Gunlock Reservoir - Annual Benefits

Visitor Value per
Activities Days Day Total
General Use 20,000 x $0.52 =  $10,400
Boating and Water Skiing 15,000 x 55 = 8,250
Camping 9,000 x .50 = 4,500

Rounded to - §23,2OO

This averages $1.16 per visitor day.

Conclusions

1. If the reservoirs in the Gila drainage are authorized as presently
planned, they will be important in helping to meet the outdoor recrea~
tion needs of present and future generations, in the Phoenix-Tucson
urban complex.

2. Estimates being developed at this time on recreation benefits

and on cost allocations to recreation are, of necessity, tenta-

tive. The growing importance given to recreation as a project



purposes of Federally-constructed reservopirs makes 1t necessary
to make thorough appraisals of the extent to which reservoirs can
help to meet the need for water-oriented recreation, monetary
measurement of the benefits derived from meeting such needs, and
the extent of Justifiable Federal investment in recreation as a
project purpose. These aspects of the project reservoirs, and
the relationship between Federal and other responsibilities

for paying the costs of recreatd on, require thorough review in
the light of Senate Document 97 of the 87th Congress and the
inter-Departmental policies being developed to implement that
document.

3. The Secretary of the Interior should be authorized to take
all appropriate steps to minimize damage to scenic qualities of
reservolr areas.

4. An analysis is needed of the recreation potentials of the
Bridge Canyon and Marble Canyon projects to determine whether
they are of national or less than national significance, so that
responsibility for the administration of the recreation features
can be assumed at the appropriate level of government. At the other
reservoirs, the recreation use is expected to consist primarily of
day use and other short-term visits from the near-by vicinity.
Administration of the recreation aspects of these reservoirs

should be the responsibility of suitable State or local agencies.



5. Legislation should authorize the Secretary of the Interior
to investigate, plan, and construct public recreation facilities

at the project reservoirs.
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Reservoirs in Pacific Southwest Water Plan

Annual Costs and Benefits for Recreation,
Exclusive of Hunting and Fishing

Annual Annual Total Annual Annual

Dam and Reservoir Capital Costs QO &M Costs Benefits
Bridge Canyon (To be determined later)l/

Marble Canyon (To be determined later);/

Maxwell $69,700 $36,000  $105,700 $157, 300
Charleston 48,200 23,300 71,500 81,500
Hooker 15,200 6,700 21,900 28,600
Buttes 22,600 15,000 37,600 105,500
Virgin City 25,400 30,000 55,400 117,000
Lower Gunlock 13,800 . 9,000 22,800 23,200

l/ Benefits will be limited to the cost of providing minimum basic

facilities.

Source: National Park Service.
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IN REPLY REFER TO:

UNITED STATES
DEPARTMENT OF THE INTERIOR
FISH AND WILDLIFE SERVICE
WASHINGTON 25, D. C.

August 21, 1963

The Sec:etary

of the Interior

Sir:

Trensmitted herewith 1s the report by the Bureau of Sport Fisheries
and Wildlife on Fish gnd Wildlife in Relation to the Pacific
Southwest Water Plan. This report was prepared by that Bureau with
the informal cooperation of the State fish and gare departments of
Arizona, Celifornia, Nevada, New Mexico, and Utah.

I wish to call your attention particularly to the amounts of water
proposed in the report for use at State fish and geme installations.
I consider the use of water for this purpose to represent one of the
more economic and desirable uses. However, it would seem appropri-
ate for you to withhold your decision on the allocation of water to
these State installations until you have received the comments and
views of the Governors of Arizona, California, Nevada, New Mexico,
and Utah,

I also wish to call your attention to the proposal in the report

that water be supplied to these State fish and wildlife installa-
tions on & nonreimbursable basis. Since these installations would
either mitigate project-occesioned losses or would provide widespread
benefits to the general public, 1t would seem in accord with the
provisions of the Fish and Wildlife Coordination Act that the costs
of the water supply be considered es nonreimbursable,

I recommend that you give favorable consideration to the proposals
of the Bureau of Sport Fisheriles and Wildlife in this report.

Respectfully,

C/) oL L & //

tearence F. Pautzke //

Commissioner

Enclosure



SYHOFSIS

The Pacific Southwest Water Flan could provide splendid and significant

new cpportunities for cutdoor recreation based on fish and wildlife re-
sources. The new reservoirs, together with facilities planned spzcifi-
cally for fish and wildlife, and the management techniques proposed,

can greatly increase the fish and wildlife resources of the region and

the opportunities for fishing and hunting. The proposal for the Region
developed by the Bureau of Sport Fisheries and Wildlife in cooperation
with the state fish s&nd game departments, includes the construction of

fish hatcheries and fishing lakes coupled with a scientific fishery manage-
ment program to insure that thousands more will have a chance to fish--
whether for trout or for bass or for catfish. It provides for the develop-
ment of wildiife refuges and other sreas together with a scientific wild-
1life management progran to insure that people in the future will be able

to enjoy through seeing, photographing, snd hunting the elk;, the antelope,
the deer; the quail, the ducks, the geese and other game which character-
ize the unique climste, physliography, and ecology of the Pacific Southwest.

Hunting and fishing provided about 9.5 million days of recreation in 1960
for the present human population of 11 million. With the population of
39 million predicted for the area in 2020, opportunities for hunting and
fishing to supply sbout 61 million deys of recreation will be needed hy
that year. Money spent in the region by hunters and fishermen in connec-
tion with their sports amounted to nearly $50 million in 1960 and is
expected to exceed $300 million by 2020 if the supply of hunting and
fishing opportunities is adequate to meet the demsnds., A major portion
of these recreastiocnal expenditures occurs in the small communities near
the hunting snd fishing areas and represents an important segment of
their economies.

The assurance of an adequate supply of fish and wildlife resources to
meet this future demand for outdoor recreation will require the dedica-
tion of water for this purpose. Since much of this demand is for water-
related recreation; it is essential that future water-development pro-
grams include recreation as & major purpose along with municipal snd
industrial water supply, hydroelectric power, flood control, and irri-
gation. Of these; only water for municipal and industrial purposes
ranks higher in economic value than water for fishing, hunting and
other forms of outdoor recreation, according to Dr. Nathaniel Wollman
of the University of New Mexico, an suthority on water-resource economics
in the Southwest.

The measures proposad for inclusion in the Pacific Southwest Water Plan
incorporate two Federzl fish hatcheries, one Federal wildlife refuge,
two state fish hatcherles, eight state wildlife management areas, and
79 state fiskhing lakes. The esnnual consumptive water needs of these
new facilities, when combined with the existing installations, is es-
timated at 246,659 acre-feet. However, of this total, 32,720 acre-feet
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represents existing water use at present installations and 60,339 acre-
feet represents water reserved for the Imperial and Havasu Lake National
Wildlife Refuges by the Supreme Court in Arizona ws. Californis. Thus,
the net increase in consumptive use of water for fish and wildlife instal-
lations under this proposal will amount to 153,600 acre-feet annually.

The Cibola National Wildlife Refuge represents the most important single
facility for fish and wildlife in the proposal. This refuge would be
located along both sides of the Colorado River about 50 miles upstream
from Imperial Dam. It is vital to the preservation of the Great Basin
Canada goose, whose wintering hsbitat has been severely reduced by chan-
nelization and diversions in the lower Colorado River valley. It is also
important to other waterfowl. The new Refuge would provide excellent
new fishing and hunting opportunities and other outdoor recreation for
thousands of people.

The Cibola Refuge would include some 16,200 acres of land and would re-
quire a diversion of sbout 27,000 acre-feet of water of which about
14,000 acre-feet would be for consumptive use. All of the water diver-
sion and use would occur in Arizoma., The capital costs of acquiring
and developing the Refuge, totaling $2,700,000 would be funded as an
integral part of the costs for implementing the over-all Pacific South-
west Water Plan.

The fish and wildlife proposal includes several smaller wildlife mansge-~
ment areeas in both Arizona and Californis for administration by the state
fish and game agencies. These developments are designed to provide in-
.creaded recreational hunting opportunities in those porticns of the two
states in the region where such opportunities are most needed.

The proposal includes also substantisl measures to meet the needs of
the public for recreational fishing opportunities. Chief among these
would be the provision of the water supply for 50 fishing lakes, which
would be constructed by the Arizons CGame sand Fish Department at a cost
to it of $17.5 million. When completed, these lakes would supply 2
million man-days of recreational fishing, mostly for itrout, each year.
Benefits to the over-all plan from this measure alone are estimeted at
$6 million ennually. The lakes would average 100 acres in size and
would be located in the higher elevations of Arizona. Most would be
within 100 miles of the Phoenix-Tucson population center. Under this
proposal, water in the amount of 40,000 acre-feet a year for the lakes
woulld be provided from the Central Arizona Project, either directly or
© through water exchanges, on a non-reimbursable basis in recognition of.
the widespread benefits and the heavy investment by the State in these
facilities.

The proposal also includes 14 fishing lakes in California for conmstruc-
tion at Federal cost to mitigate losses to existing fishing streams from
channelization. It provides, as noted, for two Federal fish hatcheries,
two state fish hatcheries, and a fishery mansgement program to permit
realization of optimum fishing opportunities on the project reservoirs
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and other waters of the Pacific Southwest. One Federal fish hatchery
would produce trout for stocking in the colder reservoirs and streams,
while the other would produce bass and channel catfish for stocking

in the warmer waters. Access facilities and fishery management measures
for each of the major reservoirs are also included in the plan.

It is to be noted that the demand for water in the quantities indicated
ebove for state fishing lakes and the National Wildlife Refuges would

be delayed for a. substantial number of years, pending comstruction and
develomment. The 50 Arizona State fishing lakes, for example, are

likely to be constructed at the reate of only two a year--the full demand
for water would not be realized for 25 years. Moreover, it is anti-
cipated that development of the Havasu Lake and Imperial National Wild-
1life Refuges, for which the Supreme Court reserved 60,339 acre-feet of
water for consumptive use, may require as much as 15 years.

The specific fish and wildlife costs for this proposal would total
$11,126,000. This represents an annual equivalent cost of $350,000. The
widespread fish and wildlife benefits which would occur on project res-
ervoirs and elsewhere throughout the region as a result of these measures
amount to $9,702,300 annually. This is a benefit-cost ratio for the fish
and wildlife aspects of the plan of 27 to 1. In otker words, each dollar.
spent for specific fish and wildlife measures would create $27 in benefits.
In terms of recreation, these benefits would represent 3,735,300 man-
days of incregsed hunting and fishing and an unmeasured but substantial
increase in other forms of outdoor recreation related to fish and wild-
life throughout ‘the region each year.

Detalls of this fish and wildlife proposal are contained in the underlying
report.
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FISH AND WILDLIFE IN RELATION TO
THE PACIFIC SOUTHWEST WATER PLAN

Chapter I. The Resources

Fish and wildlife are importent renewable resources of the Pacific South-
west, a large region of the United States. The area under consideration
is outlined on the General Map of Fish and Wildlife Features of the
Pacific Southwest Water Plan found at the end of this report. It covers
most of Arizona, a substantial part of southern California, and smaller
sections of southern Nevada, western New Mexico, and southwestern Utah.

The burgeoning population of the region shows great interest in fish and
wildlife, especially in the species prized for their sporting attributes.
By the year 2020, the present population of 11,000,000 1s expected to
reach 39,000,000, In 1960, about 7,000,000 days were spent by fishermen
in pursuit of their favorite recreation and hunters spent about 2,500,000
days sfield. It is estimated that by 2020 there will be about 45,000,000
days of fishing and 16,000,000 days of hunting.

Such estimates gauge the magnitude of participation in these outdoor activ-
ities but measure neither the demands nor the desires of the exploding
population of the region. For example, the large populetion of southern
California finds limited opportunities for fishing and hunting close at
hand. The consequence is that the people of this heavily-populated area
do most of their fishing and hunting outside at considerable distance.
Many concentrate in Mono and Inyo Counties and along the Lower Colorado
River but others fan out into northern California, contiguous states, and
throughout the West. Still others cross the border into Mexico and go
fishing in the Gulf of California, Many also fish the offshore waters

of the Pacific Ocean.

While statistics of the kind noted do not measure the entire interest

of the population at large, they do provide a significant measure of the
economic importance of fishing and hunting in the Pacific Southwest.

There can be no question of this importance. Such activities contribute
materially to the economy of the region through the purchases of fishing
tackle and sporting arms and smmunition; food, fuel, and other supplies;
licenses and fees; vehicles and trailers; the hire of services and equipment;
and the rentals of motels, cabins, and other hostelries.

Understandably, the interest in fish and wildlife goes beyond thet shown
by fishermen and hunters. From all walks of life, people of the Pacific
Southwest find interest in such highly satisfactory activities as observing
and studying fish and wildlife and especially birds. They belong to

clubs dedicated to exchanging information on identification and various
other aspects of avian life histories including the occurrence, migration,
and numerical sbundance of birds, to mention but a few facets of bird



study. Others in turn derive great satisfaction in wildlife photography,
taking nature hikes, reading about wildlife, and attending lectures end
movies., - Many other similar activites could be described. And in one way
or another, the exercise of this interest contributes to the well-being
of a large segment of the growing population of the Pacific Southwest and
to its economic bloodstream.

It will be difficult to meet the future demands of fishermen and hunters

and of that large segment of the population that has other sympathetic inter-
ests toward fish and wildlife. Present demands are not being met, and there
is little likelihood that those of the future can be met. And yet, because
of the importance of fish and wildlife to the economy of the region, efforts
should be renewed to capitalize on all available opportunities to provide
more and adequate fish and wildlife habitat and, concomitantly, more space
in which to fish and hunt and study. For these purposes, land is important
end water even more so in the arid Pacific Southwest.

Distribution

The Pacific Southwest is a region of great contrasts in physiogreaphy,
climate, and vegetation. There are vast deserts; mountains that are barren,
some that are sparsely forested, and still others that are forested; fertile
agricultural valleys; open foothills and those covered with chaparral; deep
gorges of the Colorado River; and cold deep-water lakes, many of which are
man-made. It is a region where precipitation for the most part is extremely
low and yet contains sections where rain and snow are fairly heavy. With
such extremes, there is a variety of plant life and habitats and of fish and
wildlife species.

Several species of trout occur in the Pacific Southwest. In the high-country
streams of the cool forests, rainbow, cutthroat, brook, and brown trout are
commonly caught. And in the cold impounded waters of the Lower Colorado
River and the cool reaches of the river below the dams, rainbow trout reach
good size and provide very attractive fishing.

For the most part, however, introduced warmwater fishes predominate in the
waters of the Pacific Southwest. Lske Mead, back of Hoover Dam, is justly
famed for its excellent largemouth bass which are found as well in meny

of the other impoundments and rivers of the area. Smallmouth bass, also
highly regarded, are more restricted in range end are limited to such
locations as the Verde River in Arizone and the lower reaches of the
Colorado River.

Less glamorous than the basses perhaps, bluegills, crappies, and sunfishes
gbound in the warmwater lakes and streams. They provide much sport to
thousands of young and adult fishermen alike. Channel and other catfish
too can be caught in many of the streams and yellow bass are taken locally
in a few waters.



The heavy use of the shorelands and water of an
outstanding fishing reservoir used mainly by
Southern Californians suggests tremendous
demands for future years. Fishing not only will
be limited by the supply of available water but
by the pressure of competitive recreationists.



Nearly all of the important fisheries of the Lower Colorado River and

its reservoirs and those of the Salton Sea in Californis have resulted

from man's efforts. Reservoirs and water regulation have created the
present favorable enviromments and fishes have been introduced and managed
to provide the present productive fisheries. In addition to the common
warmwater fishes, notable introductions include rainbew trout in suitably
cold waters of the Colorado River below Hoover Dam, threadfin shad as forage
for game fish in the Lower Coloradc River system; and orangemouth corvina and
sargo in the Salton Sea. Striped bass have been introduced in the Lower
Colorado River and have produced catches of good-sized fish although proof
of a sustaining population is lacking.

Some forms of wildlife of the Pacific Southwest are migratory, others

are not. Most are indigenous to the region. The resident game consists
of upland game and big game. The wild turkey, classed as big game in

some states, is a highly regarded specles. For the most part, it inhabits
forested country and furnishes select hunting for several thousand sports-
men.

Unspectacular and often taken for granted, the cottontail rabbit probably
is the most important small-geme animal of all. It is found throughout
the region. Gambel's, scaled, Mearns, mountain, and valley quails provide
much sport throughout portions of the area and squirrels are hunted in
some localities. Pheasants also are hunted on a limited basis in some
restricted areas; notably where planted in the Imperial Valley of
Celifornia. Some foreign geme bird introductions, such as chukar part-
ridge, show promise of adaptation in restricted areas.

Mule deer, javelina, elk, white-tailed deer, desert bighorn, antelope,

black bear, mountein lion, and even buffalo on a very limited basis,

provide hunting. Deer are the most popular animals and are present in most
parts of the Pacific Southwest. Javelina, the little wild pigs of the
desert, provide a unique attraction all of their own. Within the region,
they are for the most part confined to the southern third of Arizona. Coues
deer, also called fantails or Sonoran whitetails, inhabit most of the south-
ern mountains of Arizona and are found as well in the northern part of the
state along the Mogollon Rim.

Exterminated at one time; elk have been successfully reintroduced in the
timbered areas of northern Arizona and western New Mexico. Desert bighorns
are staging a comeback in Arizona and hunting of these prized animals is
‘allowed on & limited basis. Small; well-sustained populations of bighorns
also occur in southern California where they provide celebrated targets

for stalking with telescope and camera. Hunting bighorms is prohibited

in California. “

Dove hunting is very popular throughout much of the Pacific Southwest.
Mourning doves and white-winged doves are important species. Focal points
for dove-hunting include the Gila River below Phoenix, Arizone, along the
Colorado River between Needles, California, and ¥Yums, Arizona, and in the



Imperial Valley in California., Southern California provides some band-
tailed pigeon shooting as well.

The Pacific Southwest contains wintering areas for ducks, geese, and other
water-loving birds especially along the Lower Colorado River end in the vi-
cinity of the Salton Sea where the marshes, lakes, reservoirs, and other
water areas provide good habitat. Much reduced in comparison with historical
times, available waterfowl habitat in recent years has taken on significance
because of its present limited extent. Hunting ducks and geese remains

in high favor in the Pacific Southwest.

Fur animals of the region do not have the economic importance they have

in other sections of the United States but are of interest to a large
segment of the human population and add variety to the wildlife of the
region. Muskrats, beavers, raccoons, opossums, bobcats, coyotes, and ring-
taile@d cats are part of the larger and more commonly recognized fauna of
the Pacific Southwest; and coati-mundi are found in the extreme southern
part of Arizona and possibly the southwestern part of the region in New
Mexico. Minks are not uncommon in some localities while badgers and

skunks are common in most of the region. The ubiquitous gray foxes and

the desert-dwelling kit foxes also occur in the Pacific Southwest.

Programs for Development

Recognizing the great interest in fish and wildlife resources, the

Bureau of Sport Fisheries and Wildlife and the several gtate fish and

game departments have expended much effort and money to meet the increasing
demands for fishing and hunting in the Pacific Southwest.

Broadly viewed; the programs of these agencies fall into several categories:
regulation, habitat mansgement and improvement, introduction and stocking,
and research. The chief concern here is that adequate land and water be
allocated and maintained to meet the human wants related to fish and wild-
life. Because of its scarcity, water is of critical importance to fish and
wildlife of the Pacific Southwest, yet the increasing attrition of the
habitat of such natural resources for the so-called higher uses of man must
be reckoned with here as elsewhere.

Toward the end that land and water mey produce more fish and wildlife, the
Bureau of Sport Fisheries and Wildlife and its state counterpsrts have shown
great interest in the habitat, the physical plent on which fish and wildlife
are so dependent. Lands have been purchased and leased and agreements enter-
ed into with the objective of producing more of these resources and, re-
latedly, space in which the public may fish and hunt and otherwise enjoy
fish and wildlife, ‘



Some of the facilities and installations developed and managed are
single-purpose in nature, expressly designed for bettering particular

fish end wildlife environments. Many more are related to other purposes
vherein fish and wildlife habitats are important but essentially by-products
of projects built for such other purposes. In the first category are fish-
ing lakes developed with state fish and game funds primarily for fishing.

In the second are Federal wildlife refuges which were made possible by
reservoirs impounded for the primary purposes of providing municipal and
irrigation water, generating hydroelectric power, regulating river regimens,
and controlling floods. Additional examples could be given.

Augmenting the efforts at developing and improving hsbitat for fish and
wildlife are such facilities as Federal and state fish hatcheries and
state game farms. The output of such installations serves the propagative
needs for stocking and replenishing developed areas for fish and wildlife.

To date, these complementary Federal-state programs have not kept pace in
supplying the wants of the public they serve. Additional water and lands
are needed, as indicated in succeeding pages.

The location of these existing installations is shown on the map at the end
of this report.



Chapter II. Water - Present Uses and Future Needs

The scarcity of water in much of the arid Pacific Southwest presents grave
problems for the agencies concerned with fish end wildlife conservation.
Programs to better fish and wildlife environments are severely hampered by
lack of water.

Because of its scarcity in much of the arid Pacific Southwest, water for
fish and wildlife takes on special significance. Its importance and rela-
tionships to such resources are sharp and distinct and it is axiomatic to
think of these resources in terms of the location of water, its availabil-
ity, and its quality.

Fortunately, many multiple-purpose projects designed &nd operated for such
purposes as domestic water, irrigation, hydropower generation, flood control,
and other uses provide much suitable habitat and hence many fish and wild-
life benefits. Many of these benefits, however, could be materially
increased by taking proper measures in the interest of wise fish and
wildlife use.

Some of these measures include the establishment of basic conservation
(minimum) pools of adequate size, releasing flows at appropriate times,
and the opening to fishing of reservoirs presently closed. The restor-
ation of badly depleted streams offers other possibilities, and provisions
for access should be incorporated into project plans wherever possible.

The maintenance of fish conservation pools in numerous reservoirs primar-
ily used for other purposes can largely be accomplished by coordinated
operation during most years. Storage and withdrawals can be managed to
pax imize the fishery use of the reservoirs. Extreme drawdowns in crit-
ically dry years will still occur in some reservoirs, but even they can
be synchronized to some extent with rough-fish control measures.

The required allocations of storage for fish conservation under coordin-
ated operation of a large group of reservoirs are small. The water
requirements for evaporation from such storage also are small. On the
other hand, in the case of uncoordinated operations of individual reser-
volrs operated by various individual agencies, the maintenance of minimum
fish conservation pools may require substantial quantities with specific
allocations in the reservoirs.

While the larger multiple-purpose projects of the Pacific Southwest offer
good possibilities for creating fish and wildlife benefits, the smaller
single-purpose facilities and installations as a rule do not. In the
broad spectrum of current water use in the arid Pacific Southwest, such
fish and wildlife facilities and installations are supported by a slender
thread indeed. Altogether too often the water they use is not commensur-
ate with their importance.



Today the Bureau of Sport Flsheries and the state Tish and game departments
have going progrems and plans covering the acquisition, development, and
management of areas as fishing lakes, wildlife refuges and management areas,
and facilities like fish hatcheries. In the Pacific Southwest, the present
and future areas with which they are concerned are taking on more and

more significance as foci of faunal life and of recreational interest.

They will become increasingly important as the human population of the
Pacific Southwest continues to expand.

Except for the raising of agricultural crops to feed wildlife on refuges
and management areas and evapo-transpiration on ponds, lakes, and marshes,
consumptive use of water by the instaliations designed arocund bettering
the environment for fish and wildlife generally is minor. On fish and
wildlife areas, the use of water is often but little in excess of natural
evapo-transpiration losses. In fact, it is not unlikely that, in many
cases, development has decreased such losses through manipulation of plant
cover .and elimination of water-wasting plants having low value to wildlife.
Fish hatcheries need firm supplies of water of the right quentity, quality,
and temperature, but the amounts so needed while important are relatively
negligible in quantity and in the main, non-consumptive. As for the
aggregate amount of water currently used on all installations, the total
is low and does not reflect the role and importance of fish and wildlife
resources to the economy of the Pacific Southwest.

An analysis of the present water uses and future water needs for fish and
wildlife facilities and installations in the Pacific Southwest is presented
below.

Lower Colorado River

The Willow Beach National Fish Hatchery is located in Arizona 1k miles below
Hoover Dam on the eastern shore of Lake Mohave. It has a production of
about 250,000 pounds of rainbow trout per year, the output being used for
the most part in stocking the cooler waters of the Lower Colorado River.

Its water requirement of 35 second-feet of water, a non-consumptive use,

is met adequately by pumping from the river.

A national fish hatchery with an annual production of 250,000 pounds of
trout should be established along the Lower Colorado River. Its output
would meet the need for stocking waters affected by water-resource develop-
ment proposals planned for central and southern Arizona and the Lower
Colorado River itself. A non-consumptive use of 25 second-feet of water

of good quality with a temperature range of 50-650 would be required.

Another new national fish hatchery, for warmwater specles, is needed to
produce 100,000 pounds of channel catfish and 5,000 pounds of bass for
stocking 1n areas bordering the Colorado River, mainly in Arizona. An
annual diversion of 2,000 acre-feet with a conswaptive use of 1,000 acre-
feet annually would be needed for this fecility.
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The Havasu Leke National Wildlife Refuge is a Ll,430-acre ares along the
Colorado River extending 55 miles from Parker Dam to the upper end of
Topock Swamp. This important installation was established in 1941 on
Havasu Lake, the Reclamation reservoir back of Parker Dam, as a winter-
ing refuge for waterfowl and other migratory birds treveling the Pacific
flyway. It is of special value to the Great Basin Canada goose. Com-
patible public uses are fishing and hunting, picnicking, swimming,
boating, and water-skiing. Hunting 1s permitted at specified locations
on the refuge. Currently this refuge makes little or no consumptive use
of Colorado River water. There is an agreement signed by the Secretary
of the Interior permitting a 35-second-foot diversion only. Water is
needed on the Havasu Lake Refuge for ponding and the raising of agricul-
tural food crops to feed waterfowl. For these purposes there is an annual
need of 41,839 acre-feet of Colorado River diversion or 37,339 acre-feet
for consumptive use, whichever is less. These amounts were recognized in
the Supreme Court Decision of June 3, 1963, Arizons . California, et al.

The Imperial National Wildlife Refuge is a 43,382-acre unit also along

the Colorado River. It extends from below Imperial Dam upstream approx-
imately 36 miles. It serves the same purposes as the Havasu Lake Refuge
and permits similar compatible uses. Like the Havasu Lake Refuge, it was
esteblished in 1941 on a Reclamation impoundment, in this instence on the
Imperial reservoir. There is no current consumptive use of water on this
refuge. Needed is an annual diversion of 28,000 acre-feet of Colorado
River mainstream flow or 23,000 acre-feet for consumptive use, whichever
is less. These amounts also were recognized in the Supreme Court Decision
noted above.,

The Salton Sea National Wildlife Refuge, a 36,507-acre area, is located at
the southern tip of the Salton Sea in California's Imperial Valley. It
was established in 1930 primarily as a wintering area for an important
segment of the birds of the Pacific Flyway. Over the years, the inflow of
agricultural spillwater has ralsed the sea level, gradually inundating

all of the original refuge area. At present, 4,097 acres are leased from
the Imperial Irrigation District. Portions of the refuge have been opened
some years to waterfowl hunting. The Salton Sea Refuge consumptively
uses 3,000 acre-feet of water annually under operations that have been
restricted by encroachment of the Sea onto areas managed previously. The
weter is purchased from the irrigation district. For more intensive water-
fowl development and management, the refuge will require & consumptive use
of 6,000 acre-feet a year to produce the required waterfowl foods.

A new unit in the national system of wildlife refuges, a 16,120-acre
wintering refuge for waterfowl and migrating birds to be known as the
Cibola National Wildlife Refuge, is proposed along the Colorado River
Just above the Imperial National Wildlife Refuge. Optimum operation of
the proposed unit will require an estimated 27,000 acre-feet of water per
annum diverted from the Colorado River and requiring a consumptive use
of 14,000 acre-feet a year for the growing of waterfowl food crops.



At the present time; the Arizona Geme and Fish Department has three water-
fowl menegement areas along the Colorado River. Totaling 4,14l acres,
they &re called the Mittry lLake, Cibola Valley, and Topock Waterfowl and
Management Areas. The Cibole eres has & crop-ralsing consumptive use of
about 4,000 acre-feet a year, the other two areas, none, 7To develop and
properly mansge these areas, there is & need for & diversion of 17,000
acre-feet annually, of which about 8,000 acre-feet would be used consump-
tively to raise agriculturel waterfowl food crops, flooding mershes, and
maintaining water levels, especially irn Mittry Leks.

The Californis Fish and Game Depeartment has its 11,893-acre Imperiel Water-
fowl Management Area which is adjacent to the Salton Sea. The current
consumptive use is sbout 9,000 acre-feet annuslly. To develop and manege
the ares fully, s consumptive use of 20,000 acre-feet annually is needed.

The California Fish and Game Department would like to develop six areas,
primarily for waterfowl, totalling 18,200 acres along the Lower Colorado
River, Water would be needed for ponding purpcses snd raising waterfowl
foods. The total annusl need for these purposes smounts to 33,000 acre-
feet of which an estimsted 13,000 scre-feet would be used consumptively.

In addition, the California Department feels that sbout 1L small fishing
lakes totalling 3,500 surface acres should be developed along the Lower

Colorado River; in compensation for past and future chamnelization work.
The requirement for water; 35,000 acre-feet of consumptive use, would be
needed to maintain lake levels. '

The Nevads Fish and Game Commission operates the 9,805-acre Overton Wild-
1life Msnagement Area., It is located on Federal lands on the Overton Arm
of lLake Mead. It utilizes return irrigstion and other waste flows for
ponding and the production of agriculturel food crops for waterfowl. Full
development of this area by the Commission for waterfowl and upland gsme
would require a water supply of 6,000 acre-feet to be used consumptively.

The Nevada Fish arnd Geme Commission also is interested in & proposed
4,600-acre wildlife management area for waterfowl and upland game along
the Colorado River immediately upstream from the Fort Mohave Indian
Reservation. Its development would require a diversion of 15,000 acre-
feet annually and an estimated 8,000 acre-feet of consumptive water use.

Lower Colorsado River Tributaries

The Willisms Creek National Fish Hatchery is locsted 13 miles from the
town of McNary, Arizona on the Fort Apache Indian Reservation. The
hatchery produces 100,000 pounds of trout annually and the production
goes into various public waters in Arizona and New Mexico and to waters
on a number of Indian reservations. By long-term agreement with the
Buresu of Indian Affairs, concurred in by the White Mountain Apache Tribe
who hold the water rights, the hatchery receives an average of 4 second-
feet from springs. The use is non-consumphtive and the water supply is
adequate.
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The Alchesay National Fish Hatchery is located about 5 miles from White-
river, Arizona, also on the Fort Apache Indian Reservation. It, too,
produces trout, with an average production of 150,000 pounds per year.
This hatchery operates under a water agreement similar to the one for the
Williams Creek Hatchery. Alchesay uses a flow averaging about 12 second-
feet. The supply is adequate and non-councumptive. The fish are dis-
tributed as are those produced at the Williams Creek Hatchery.

The Arizona Game and Fish Department maintains three trout hatcheries,
the Sterling Springs, Page Springs, and Tonto installations, all located
in the north-central part of the State. These units produce a total of
235,000 pounds of trout per year. Throughout much of the year, the
Sterling Springs Fish Hatchery uses a constant flow of 1 second-foot;’
the Tonto Fish Hatchery, 2 second-feet; and the Pege Springs Hatchery,
20 second-feet. Water supplies for these hatcheries are non-consumptive
and adequate. o

On the tributary waters of the Lower Colorado River, Arizona has developed
15 fishing lakes totalling 1,734 surface acres. On these lakes, some of
vhich were planned in conjunction with larger multiple-purpose reservoirs,
there is & consumptive use, due to evapo-transpiration, of 8,700 acre-feet
a year. These fishing lakes have reasonably adequate supplies of water.

The Arizona Game and Fish Department plans on developing 50 additional
lakes with a total surface acreage of 5,000, For these lakes an initial
diversion of 60,000 acre-feet would be needed. Thereafter, 40,000 acre-
feet a year would be used consumptively.

Arizona also operates seven wildlife management areas, chiefly for water-
fowl, totalling 2,140 acres, having an annual consumptive use of 5,400
acre-feet. A need exists for an annual consumptive use of 11,000 acre-
feet, largely for growing agricultural food crops, ponding, and stabilizing
water levels.

The New Mexico Game and Fish Department operates the Glenwood Fish Hatch-
ery near Glenwood, New Mexico. A redistribution center for trout, it uses
a non-consumptive flow up to 2 second-feet to maintaln its annual output
of 15,000 pounds. Needed is an appropriate flow of 10 second-feet.

The New Mexico Department also has developed two fishing lakes, one of
22 acres and another of 70 acres. Consumptive use is around 500 acre-
feet a year. Water supplies appear to be adequate.

New Mexico sees the need for five additional fishing lakes with a total
surface acreage of 500 acres. The estimated water need is a total diver-
sion of 6,000 acre-feet with a consumptive use of 4,000 acre-feet annually.

The Red Rock Public Hunting Ground, a 2,269-acre area, lies in Hidalgo
County, New Mexico. Recently acjuired by the New Mexico Game and Fish
Department, it provides public hunting for chukar partridge and scaled
quail. It is expected that the installation will be used in the near
future as a holding area for exotic big-game species with which New Mexico
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hopes to experiment. A pasture of 40 acres will be developed using a
water right for 120 acre-feet per year. The supply is adequate for this
unit,

The New Mexico Department also would like to develop a 300-acre water-
fowl management area at the upper end of Hooker Reservoir. This unit
would require an annual consumptive use of 1,000 acre-feet.

Southern California

California’s Fillmore and Mojave Fish Hatcheries near Los Angeles derive
7 and 14 second-feet of flow, respectively, from wells. The water is
returned to drains from which it is diverted for other uses. The State's
Chino Fisheries Base, a combination fish distribution and management re-
search station, uses up to 1 second-foot from wells, with little consump-
tion. The Fillmore and Mojave trout-rearing installations each will
require a doubling of capacity and water use, raising their water demands
to 14 and 28 second-feet, respectively. The operations will continue to
be mainly non-consumptive. The Fillmore and Mojave units produce a total
of 265,000 pounds of trout & year.

The California Department anticipates it may need new hatcheries in con-
nection with the California aqueduct system reservoirs. A trout hatchery
would require 25 second-feet of water of high quality but essentially would
have no consumptive use. A warmwater fish hatchery also may be needed.

It would require about 6,000 acre-feet of water annually most of which
would be consumed.

The California Fish and Geme Department has developed nine small fishing
lakes totalling 333 acres, on which it has provided fishing access and
public facilities. The annual consumption is about 2,000 acre-feet a
year. Water supplies for these lakes appear to be adequsate.

It is anticipated that the California Department will create 10 additional
small fishing lakes totalling 500 surface acres in southern California
outside the Colorado River drainage. These lakes will require an annual
consumption of about 2,000 acre-feet.

Summarz

A summary of present water uses and future water needs for Federal and

State fish and wildlife installations appears in Table 1. This summary

does not include a8ll of the Federal and state fish and wildlife installations
in the service area of the Pacific Southwest Water Plan. The units listed
are limited to those related to water resource development.

The overall estimate of consumptive water use in the amount of about 246,659
acre-feet is an estimate of the total amount of water needed by the various
fish and wildlife installations listed. The 212 second-feet is a non-
consumptive requirement.



Of the total indicated consumptive use requirement of 246,659 acre-feet
in the table, 32,720 acre-feet specified as present use represents valid
existing uses. In addition, the Supreme Court Decision of June 3, 1963,
Arizona -¥. California, et al, vests 60,339 acre-feet for consumptive
use for the Havasu Lake and Imperial National Wildlife Refuges. The
32,720 acre-feet added to the 60,339 acre-feet specified in the Supreme
Court Decision totals 93,059 acre-feet already in valid and existing
rights for fish and wildlife installations. This figure subtracted fraom
the 246,659 acre-feet shown in the table leaves 153,600 acre-feet as a
net new requirement of water for consumptive use for needed fish and
wildlife installations in connection with the Pacific Southwest Water
Plan.

Much of the anticipated consumptive use is represented by waters fram
fishing lakes and other installations which through seepage and percola-
tion return to the ground water supply of the Pacific Southwest. Addi-
tionally, a substantial amount of the consumptive use is represented by
evapo-transpiration losses which will occur on managed marshes, pools,

and croplands to be developed on Federal wildlife refuges and state wild-
1life management areas, but which will represent no net increase in the
evapo-transpiration which exists in the absence of such developments at

the planned sites. In some instances, the evapo-transpiration at these
developed sites will be less then that which occurs under natural conditionms.
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Table 1.

Pacific Southwest Water Plan

Water - Present Uses and Future Needs
of Fish and Wildlife Installations

Future Annual Water Needsl’

Installations Pregsent Annual Water Uses
No. Acre-ft. Sec.-ft. No. Acre-ft. Sec.-ft.
Units Acreage (Consump. (Non-consump. Units Acreage?/ {Consump. (Non-consump.
Use) Use) Use ) Use)
Lower Colorado River
Federal fish hatcheries 1 -- -- 35 3 -- 1,000 60
Federal refuges 3 124,319 3,000 35 4 140,519 80,339 35
State fishing lsakes -- - -- -~ 14 3,500 35,000 --
State wildlife mgt.
areas 5 25,839 13,000 -- 12 48,639 55,000 -
lower Colorado R. Tribs.
Federal fish hatcheries 2 -- - 16 2 - -- 16
State fish hatcheries L - - 25 I -- - 33
State fishing lakes 17 1,826 9,200 -- T2 7,326 53,200 -
State wildlife mgt.
areas 8 Lk, k09 5,520 -- 9 L, 709 12,120 --
Southern California
State fish hatcheries 3 -- -- 22 5 - 6,000 68
State fishing lskes 9 333 2,000 - 19 833 4,000 --
Totals 52 156,726 32,720 133 4k 205, 526 246,659 212

y
2/

Present annual water uses included,

1k

If water is available, some units may increase in acreage, as in the case of state wildlife management areas.



Table la. Water - Present Uses and Future Needs
of Fish and Wildlife Installations
Pacific Southwest Water Plan

(By States)
Installations Present Annual Water Uses Future Annual Water Needs_{
No. - Acre-ft. Sec.-ft. No. Acre-ft. Sec.-ft.
Units Acreage (Consump. (Non-consump. Units AcreageJ (Consump. (Non-consump.
Use) Use) Use) Use)
Lower Colorado River ’
Arizona
Federal # s5,337 -- 70 &/ 68,337 75,339 95
State 3 4,141 4,000 -- 3 4,141 8,000 --
California
Federal ®/ 68,982 3,000 -- W/ 72,180 6,000 --
State 1 11,893 9,000 - 21 33,593 68,000 -
Nevada
State 1 9,805 -- .- 2 11 14,405 14,000 -
Lower Colorado R. Tribs.
Arizona
Federal 2 -- -- 16 2 - - 16
State 25 3,874 14,100 23 5 8,874 59,700 23
New Mexico
State L 2,361 620 2 10 3,161 5,620 10
Southern California
State 12 333 2,000 22 24 833 10,000 68
Totals 5o¢/ 156,726 32,720 133 T 205,526 246,659 212

J Present annual watex uses included.

2/1¢ water is available, some units may increase in a.crea.ge, as in the case of state wildlife ma.nagement areas.
-/ Parts of two units are in both California and Arizona.

yP&rts of a proposed unit are in both California and Arizona.

E/ Units both in Arizona and California counted once only.

)
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Planning for the resources of the Pacific Southwest
should consider, among other things, the needs of
this boy and boys of future generations.



Chapter III. Plan of Development

Immediate Action Program

The immediate action program of the Pacific Southwest Water Plan would:
(1) create nine reservoirs which because of their locations, intended
operations, and generally high minimum pools will support substantial
fisheries without important loss of stream fisheries or wildlife, (2)
distribute waters into areas permitting improvements of fishing in
existing reservoirs and providing opportunities for establishing new
fishing lakes and wildlife areas, and (3) present problems of potential
damage to essential habitats of fish and wildlife through water reclama-
tion and salvage.

A brief analysis of the effects of the major project units follows:

Central Arizona Project

Maxwell Reservoir

The reaches of the Verde and Salt Rivers to be inundated by this proposed
reservoir are intensively used for family-type fishing in conjunction
with picnicking and cemping. Largemouth bass, channel catfish, sunfishes,
and several species of nongame fish such as suckers and carp comprise the
catch. The proposed reservoir should provide good fishing for largemouth
bass, white crappies, sunfishes, and catfishes. Located at the edge of
the Phoenix metropolitan area, the impoundment shculd receive heavy fish-
ing. Relatively minor losses of hunting will occur. Some Gambel's quail,
mourning dove, and white-winged dove hunting will be lost. No signifi.
cant waterfowl hunting is expected to occur on the reservoir.

Buttes Reservoir

Fishing today in the reach of the Gila River to be inundated is insig-
nificant. The water is muddy and productive for the most part of non-

game species. The reservoir should receive extensive use by fishermen

from the Florence-Coolidge area as well as Tucson. Gambel's quail, mourn-
ing doves, and white-winged doves are hunted to some extent in the res-
ervolr area and this hunting will be lost. Some waterfowl will undoubtedly
use the reservoir but no hunting of consequence is expected.

Hooker Reservoir

Some channel catfish and other fishing takes place in the Gila River with-
in the reservoir site. But its loss will be more than compensated by the
largemouth bass, channel catfish, and other warmwater fishing on the pro-
posed reservoir. Fishing waters are scarce in this section ¢f Arizona

and fishermen should make good use of the reservoir. Some scaled quail,
cottontail, and mourning dove hunting takes place within the reservoir site.-
It will be lost by inundation. No extensive waterfowl hunting is expected.
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Charleston Reservolr

The San Pedro River is muddy and often dry in this reach. There is
virtually no fishing. Oun the other hsnd, the reservoir should provide
good fishing for largemouth bass, white crsppies, and channel catfish.
Located in the southeastern cormer of Arizona where there 1s little
good fishing, the reservoir should be fished intensively. Some hunt-
ing of javelina, deer, Gambel's quail, mourning doves; white-winged
doves; and cottontails will be lost. No hunting of significance is
attached to the reservoir.

Bridge Canyon

This reach of the Colorado River has extremely limited access and very
little fishing takes place today. With impoundment, the reservoir and
tailwater will be stocked with rainbow trout and fishing should be good.
There is virtually no hupting in this stretch of the Colorado River and
little or none is expected with the reservoir.

Dixie Project

A few trout are present in the Santa Clarsa River within the project area.
Fishing is mimor although commercial fishing for bait minnows is impor-
tant, having & market value of $10,000 anmually. Two reservoirs are pro-
posed, the Lower Gunlock and the Virgin City. Collectively, they should
provide some good fishing but the bait fishery will suffer with about
one-half being lost. At the present time, pheasants, Gambel's.quail, and
waterfowl offer attractive hunting. With more irrigation, game-bird habitat
will increase and hunting should improve.

Southern Nevada Water Supply

The offstteam River Mountains Reservoir should support a put-and-take
trout fishery where no fishing exists at the present time. Hunting is
virtually non-existent in the affected ares and no significant change is
expected with the project.

To realize the benefits listed in Table 2, certain means and measures should
be taken during the immediate action phase of the Pacific Southwest Water
Plan. Fish hatcheries sbould be bullt to stock impounded waters, coarse
fishes should be controlled through careful and selective methods, and
access and public-use facllities should be provided. In addition, fishery
management investigations of reservolr waters and those on Indian lands
will be necessary to chart the course for managing the fisheries of these
new waters. Wildlife menagement areas should be developed and maintained
and other comparable measures taken. A new Federal refuge should be built
along the Lower Colorasdo River to compensate for the wintering habitat
lost along the river and imvestigations should be instituted so that phre-
atophytes may be controlled without damage to wildlife habitat.
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Benefits

The annual fish and wildlife benefits associated with this Plan are indi-
cated in Teble 2. They are contingent on the inclusion of the particular
fish and wildlife measures listed in Table 3, Specific Fish and Wildlife

Costs, Immediate Action Program.

Table 2. Annual Fish and Wildlife Benefits

Project Fishing & Hunting Annual
(Man-days ) Benefits
Central Arizona
Maxwell Reservoir 670,000 $1, 000,000
Buttes Reservoir 30,000 75,000
Hooker Reservoir 100,000 200,000
Charleston Reservoir 180,000 360,000
Bridge Canyon Reservoir 500, 000 1,500,000
Arizona Fishing Lakes 2,000,000 6,000, 000
Marble Canyon 120,000 360, 000
Dixie 68, 300 68, 300
Southern Nevads Water Supply
River Mountains Reservoir 40,000 40,000
California and Arizonsa 1
Wildlife management areas 27,000~/ 99,000
Totals 35,735,300 $9,702, 300

l’/Covere; hunting use; other figures in column cover fishing use.

Specific Fish and Wildlife Costs

The specific costs of fish and wildlife measures are indicated in Table 3

and explalned in the text following the table.
operatively by the Bureau of Sport Fisheries and Wildlife and the fish
and geme departments of the States of Arizona, California, New Mexico,

Nevads, and Utah.

19

They were developed co-



Table 3. Specific Fish and Wildlife Costs, Immediate Action Program

Project and Measure Amount

Central Arizona Project

Central Arizona fishing lakes ($17, 500,000)L/
Maxwell Reservoir
Access and facilities $ U450,000
Fishery management investigations 100,000
Rough-fish eradication 10,000
Buttes Reserveir
"~ Access and facilitles 100,000
Fishery management investigations 32,000
.Hooker Reservoir
Access and facilities 300,000
Fishery manegement investigations 100,000
Charleston Reservoir
Access and facilities 350,000
Fishery management investigations 100,000
Rough-fish eradication 5,000
Bridge Canyon
Access and facilities 1,638,000
Fishery management investigations 100,000
Marble Canyon
Access and facilities 1,400,000
Fishery mansagement investigations 100,000
Dixie
Rough-fish eradication 11,000
Game-bird watering devices 5,000
Southern Nevada Water Supply
~ Fish screen 10,000
Other fish and wildlife measures
National fish hatchery, warmwater 800,000
National fish hatchery, trout 1,200,000
Cibole National Wildlife Refuge 2,700,000
Arizona State Wildlife Management Areas 325,000
California State Wildlife Mansgement Areas 640,000
Rough-fish eradication, general 50,000
Fishery management studies, Indian reservations 500,000
Phreatophyte investigations 100,000
Total $11,126,000
Annual Equivalent $ 352,000 2/

_/This cost is a non-sdd item. It will be bornme by the Arizona Game and Fish
Department out of funds available to it if the Central Arizona Project will
make available the needed 40,000 acre-feet of water on a non—reimbursable basis.

_/Computed et 3 percent, 100 years.
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Arizona Fishing Lskes

The initiel, immediate action phase of fish and wildlife development for
the Pacific Southwest Water Plan includes 50 fishing lakes to be construc-
ted by the Arizona Game and Fish Department in connection with the Central
Arizona Project. These 50 lakes, to be selected from a list of 89 which
has been prepared by the Arizons Department, would provide 2,000,000 man-
days of fishing, mostly for trout. Based on the interim schedule for eval-
uating benefits adopted by the Inter-Agency Committee on Water Resources,
these 50 fishing reservoirs would produce annual benefits of $6,000,000.

These reservoirs would be built by the Arizone Game and Fish Department
with funds available to it. The cost for the dems and reservoirs would
be about $350,000 each for a total of $17,500,000. In addition, $50,000
to $75,000 would be required at each one for roads, access facilities,
parking areas; and the like. These costs likewise would be borne by the
Arizona Department.

The lakes would average 100 acres in size. They would be located in the
higher elevations of central Arizona meostly in the yellow-pine forests of
that area. None would be far from good rosds. All would be within 200
miles of the Phoenix-Tucson population center and most would be within
100 miles. They would be managed and stocked with trout by the Arizona
Geme and Fish Department.

Water to fill and maintain these fishing lekes would be supplied by the
Central Arizona Project. It is proposed to allocate 60,000 acre-feet

the Pirst year for filling and then 40,000 acre-feet annually from project
water sources for this purpose on a non-reimbursable basis. That is, the
cost of water would be borre by the Federal Govermment and the water would
be delivered without charge to the Arizona Game and Fish Department. This
is in recognition of the wide-spread outdccr recreation benefits of the
lakes and alsc in recognition of the heavy investment by the State in
these facilities.

Most of the leke sites are beyond reach of the new water-conveyance system
planned for the Central Arizona Project. In circumstances where the in-
tended use of water for the fishing lakes might be in conflict with estab-
lished water rights, exchanges of water would be effectuated to provide,

in effect, for Central Arizona Project water to supply these lakes. De-
tailed engineering surveys, currently underway, will make possible selection
of the sites for the 50 fishing lakes.

Access and Facilities

The access and facilities associated with the particular reservoirs indicated
in Teble 3 are needed to realize the fishing benefits associated with such
impoundments. Maxwell Reservoir, for example, will receive intensive fish-
ing use. Developing at least 10 access points with car-perking, boat-leunch-
ing, and sanitary facilities will be needed. These facilities would be in
addition to those developed at other sites for recreation in general. Costs
of construction of the 10 units is estimated at an average of $4,500 per
unit, including road construction of 2 miles per unit.
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Buttes Reservoir will need road comstruction snd some fishermen-use
facilities similar to those for Maexwell Reservoir. Hooker Reservoir lies
largely within a canyon. It, too, will require roed construction to-
gether with car-parking and boat-launching items. Charleston Reservoir
will need similsr improvements to capitalize on the fishery benefits.

Marble Canyon Reservoir and its tailweter, lying within the inner gorge
of the Colorado River, will be virtually unuseable by fishermen unless
access roads are developed together with appropriate boat-launching
facilities Including modification of the power-plant elevator to the
tailwater below the dam.

Bridge Canyon Reservoir and tailwater, also in the main gorge of the
Colorado River, will be relatively inaccessible unless & good road is
built and maintained into the reservoir end an elevator provided to
reach the tailwater. Docking and leunching of boats as well ae car-
parking also will be needed at this reservoir.

Fishery Management Investigations

The impact of impounding waters in the reservoirs of the Pacific South-
west Water Plan will create problems in fishery menagement. There is s
need for Federal-state cooperation in developing information needed for
menaging the extensive new waters to be developed with Federal financing.
Without studies to develop such information, the state fish and game
departments concerned will not be eble to manage the new waters properly.
Such ‘studies should be conducted over the first five years for each im-
poundment. They will assist materially in bringing sbout the expected
benefits.

Rou§h~fish Eradication

Virtually all of the new waters will need stocking with fish. But before
the fish planting is done, the rough fishes fregquenting particular streams
or sections thereof should be removed so that the newly stocked fish may
be given an opportunity to get a fresh start in new waters without having
to compete for food or be preyed upon. Some areas are identifisble at
this time but others are not.

Particular care will be utilized in undertaking this program to prevent
damaging side effects. Full compliance with the Department's careful
policies and standards will be scrupulously required.

Game-bird Watering Devices

Largely intended for quail and other upland birds, these devices catch
precipitation and store it for use by such birds. Very successful in

arid areas, even though storage capacities of individual units is usually
limited to less than 1,000 gallons, these quail guzzlers, as they are
often called, are designed to make water available by runways as the water
evaporates. Evaporation ltself 1s reduced since the devices are sheltered.
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Fish Screen

This fish screen would be located or the imlet-cutlet of River Mountains
Reservoir of the Southern Nevaeds Water Supply Froject. It would prevent
the escape of planted fish from the reservelr during drawdowns.

Nationel Fish Hatchery, Warmweter

To stock suitable project waters with wermwater species of fish; a suit-
able hatchery at an appropriate site yet to be determined would be neces-
sary to realize the expected fishing benefits. The unit would annually
produce 100,000 pounds of chennel catfish and 5,000 pounds of bass for
stocking in areas bordering the Colorado River, mainly in Arizona.

The excellent bass fishery of Lake Mead has been noted here. People

from all over the Southwest and from many other parts of the Nation have
been attracted to try their sngling luck and skill there., Lake Mead pro-
vides sbout 400,000 man-days of fishing & year. The purpose of the new
varmwater hatchery would be to help create similarly attrsctive condi-
tions in new reservoirs and other waters of the Pacific Southwest Water
Plan., The establishment of balanced populations of desirable species of
fish in large bodles of water which are created by the eonstruction of
reservoirs, requires the initisl stocking of tremendous mumbers of fish
during early stages of reservoir £illing. In warm vater lakes subsequent
management to maintain s suitable level of populations of those species
most sought by sportsmen may require additionsl stockings.

The cost of such & hatchery is estimated at $800,000, to be financed with
funds appropriated.for the implementaticn of the Pacific Southwest Water
Plan. The location and other physical details of the new warmwater hatch-
ery would be determined during the plamming stage following suthorization
and preceding the construction phase of the Pacific Southwest Water Plan.

National Fish Hatchery, Trout

To stock the colder reservoirs and stresms with trout, & suitsble hatchery
at a site yet to be determined would be required to realize the fishing
benefits indicated. Its production of 250,000 pounds of trout a year
would meet the need for stockimg waters affected by water-resource develop-
ments planned for cemtral snd southern Arizoma and the Lower Colorado River
itself.

Fish hatcheries sre importsnt elements in the maintenance of productive trout
fisheries in units of habitat where fishing pressure exceeds the ratural
productivity or where otherwise productive areas lack the spawming comdi-
tions essential to fullfillment of the complete 1life cycle of the fish.
Man-made lakes, such as some of the reservoirs to be comstructed im the
Pacific Southwest Water Plam will develop waters of a temperature suitable
for the growth of trout. Releases from the lower depths of reservoirs will
create flows of cool water in the streams below dams which may be ideal

for growth of cold water species. However, these waters may lack the condi-
tions necessary for natural reproduction by these stream spawning specles.
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Tn wuch instances high quality trout fisheries may be attainable through
the stocking of young fish from a hatchery or where exceptionally heavy
fishing pressure is to be encountered, fish of Cetchable size.

Exceptionally fine trout fisheries now exist in the Colorado River below
Lake Mead and below Lake Mohave. The cold waters released from Lake
Mead flow as & density current below the surface in upper reaches of Lake
iohave but rise to the surface about midway in the reservoir, making pos-
sible @ fine trout fishery in the lower reaches of this lake. These
fisheries are heavily utilized where accessible but could not be nearly
so productive without hatcheries as a sourceof young fish.

The new cold water fish hatchery is designed to help meximize opportunities
for good trout tishing in the areas of suitable waters created by the
Pacific Southwest Water Plan. The recommended co0ld water hatchery would
also be funded as an integral part of the Paciflc Southwest Water Plan.
with sppropriations made for the impilcmentation of that Plan., Its esti-
mated cost is $1,200,000. Here, too, the precise location and other
physical characteristics would be determined following authorization of
the Plan end prior to construction.

Cibola National Wildlife Refuge

The most important single facility in the Pacific Southwest Water Plan
for fish and wildlife is the proposed Cibola National Wildlife Refuge
along the lower Coloradc River. The site is located along both sides
of the mainstem about 50 miles up the river from Imperial Dam.

The Lower Colorado River Valley historically has been a most impor-
tant wintering ground for waterfowl. Ducks and geese produced in
eleven western States and three provinces of Canads contribute to

the waterfowl populations wintering there., BSuch species as the canvas-
back and redhead, the pintail, the green-winged teal, the gadwall, and
others were formerly abundant. A large portion of the Great Basin
Canada goose population, which breeds in the vast interior basin area
of Western United States, winters there. During recent years, there
has been a drastic reduction in the waterfowl populations of this

area.
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The reduction goes with the loss of such wintering habitat as overflow
lakes, lagoons, and marshlands, due to lower flows in the river re-
sulting from mdye complete development of the water resources in the
United States and the requirement for full deliveries under the Water
Treaty with Mexico of 19hk.

The Bureau of Sport Fisheries and Wildlife has long been cognizant of
the value of the Palo Verde-Cibola Valley portion of the Lower Colorado
River for waterfowl and has considered it as having outstnding poten-
tial for establishment of & national wildlife refuge for the preser-
vation and development of waterfowl resources. It is now proposed

to establish s refuge there in connection with the implementation of
the Pacific Southwest Water Flan.

Establishment of the refuge is vital to the maintenance and conserva-
tion of the Great Basin Canade goose, whose very existence is threatened
by the continued loss of its essential wintering grounds. The refuge

is needed to mitigate the losses to waterfowl and their habitat which
have resulted from water development and water conservation projects
along the river. Most immediately, the water program with the princi-
pal effect is the channelization project for the Lower Colorado, past
and contemplated.

The Cibols Refuge would include some 16,200 acres of land, It would re-
guire a diversion of about 27,000 acre-feet of water of which about
14,000 would be for consumptive use. All of the water diversion and
use would occur in Arizona. Under the doctrine embraced by the
Supreme Court in Arizona ws. California, the necessary water rights
could be established by & Secretarial decision to esteblish the

Cibole Refuge and to withdraw the public land within its proposed
boundaries. This water right would bear the date of such decision.

The consumptive use of water would be primarily for waterfowl food
production through agricultural practices on some 3,500 acres of

the land devoted to slfalfa, small grains, hay, and sorghums. The
remsining water is needed to replace evapo-transpiration losses from
some 1,200 acres of managed marsh and rest ponds to be provided for
waterfowl on the refuge. :
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Under the proposed plan for the Cibols Refuge, a new permanent body of
water would be created in the 0ld river channel; and the level of water
in one existing lake locally referred to as Cibola Lake would be con-
trolled. There would bg a conitrolled outflow structure for fish manage-
ment purposes and fresh water inlets to prevent stagnation im the two
bodies of water; adjustment of levee location and a control @ike near
the upper end of Cibols Lake to form a new lake imn a presemt slough; a
fregh water inlet for Three Fingers lake; and boat ramps em the river
and lakeside levees at Cibola and Three Fimgers lakes.

It is estimateg that the new refuge would provide an expected 8,800,000
waterfowl-dgys_/of use im this strategic wimntering area. Peak waterfowl
population on the area will be as many as 150,000 ducks and geese. This
wvaterfowl use will mske & vital comtribution to the maintenance of water-
fowl populations in far-flung sections of the Pacific and Central Flyways,
to the benefit of thousands of waterfowl hunters in msny parts of the West.

The ownership status of the 16,200 acres proposed for the Cibola Refuge
is as follows:

Dvnershi Acres
FeferaT > 3,800
Private 3,750
State and County 900
Undetermined 1,750

Total 16,200

Under the plan, the Federal public lard would be withdraws for refuge pur-
poses. The remainder would be acquired with funds appropriated to the QJe-
partment of the Interior to implement the Pacific Southwest Water Plaa.

It is estimsted that the land acquisition cost would be $1,400,000. The
cost of developing the basic refuge facilities would be an additional
$1,300,000, also to be financed from fumds appropriated to implement the
Pacific Southwest Water Plan. This would be a total of $2,700,000 for
initial capital investment from this source. Amnual operation and main-
tenance costs of $110,000 would be borne by the Bureau of Sport Fisheries
and Wildlife out of sppropristions made toc it for that purpose;.

The Cibols Refuge is not only indispensable in maintaining an adequate
residusl stock of the Great Basim Canads goose, but also will provide a
substantial amount of waterfowl hunting along. the lower Colorado River for
the benefit of residents of the Pacific Southwest. Additiomal dividenmds
from the establishment of the refuge, as suggested sbove, will be tke pro-
vision of substantial fishing and general outdcor recreation opportunities
for the public. Facilities on the refuge are to be planned and developed
with that secordary objective in mind.

E/A waterfowl-day is & unit commonly used in expressing the value or capa-
city of a waterfowl area. It is equivalent to occupancy of an area by one
bird for one day. This measure is well adapted to expressing the value of
an area for waterfowl because of the migratory habits of these birds.
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Arizona State Wildlife Mansgement Areas

The Arizona Geame and Fish Department hopes to develop three areas along
the Lower Colorado River, namely Mittry Lake, 1,536 acres; Cibolas Valley,
2,285 acres; and Topock Swamp, 320 acres, for waterfowl and upland game.
A total of $325,000 is needed &s follows: Mittry Lake, $200,000 for
development only; Cibola Valley, $50,000 for land acquisition and $50,000
for development; Topock Swamp, $25,000 for development only. The water
requirements of these areas, outlined in Chapter II, Water - Present Uses
and Future Needs, should be provided under the immediate action program.

The Mittry Lake and Topock Swamp areas are in Federal ownership, currently
in Reclamation withdrawals. The lands can be made available to the Arizona
Game and Fish Department by agreement, lease, or similar device. The
acquisition.on the Tibcla Valley unit would entail the purchase of 575
acres, which is a portion of the 1,425 acres the Arizona Department is
currently leasing from non-Federal owners. The development costs would
cover ponding, raising food crops, and other measures for making the areas
attractive to wintering waterfowl. Other wildlife, including upland game,
would benefit from these measures. Development of these lands would help
restore waterfowl habitat lost through channelization, impoundment, phreatophyte
control, and the ever-encroaching conflicting human uses.

These proposals also would contribute to the water salvage objectives
of the Pacific Southwest Water Plan through substitution of plants with
low water consumption and high wildlife value for those currently con-
suming much water but having littie value for wildlife. Further, they
would provide very genercus hunting benefits, ’

California State Wildlife Management Aress

The Californis Department of Figh and Game plans to obtain adminlistration

of six areas for waterfowl and upland-game mansgement along the Lower
Colorado River, namely Quien Sabe Point, 7,500 acres; California Swamp,

3,500 acres; Mission Wash, 1,000 acres; Mchave Lateral Area, 600 acres;

Yuma Island, 4,500 acres; and Araz Area, 1,100 acres, for a total of 18,200
acres. Virtually all of the land is in Federal ownership except for a very
small acreage in state ownership. These lands would be made available to

the California Department by agreement, lease, or similar device. The devel-
opment costs of $640,000 would cover ponding, raising food for waterfowl, and
other measures for making the areas attractive to wintering waterfowl. The
vwater requirements set forth in Chapter II, Water - Present Uses and Future
Needs, should be provided under the immediate action program. -

As in the case of the three Arizona wildlife management areas noted above,

it is expected that these proposals also would mitigate losses and contri-

bute in some measure to the water salvage objectives of the Pacific Southwest
Water Plan through the substitution of desirable wildlife plantzs with low water
consumption and high wildlife value for those of low wvalue and high water
consumptioh. These areas likewise would provide hunting benefits.
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Fishery Investigations on Indian Reservations

The Bureau of Sport Fisheries and Wildlife has agreements with various
Indian tribes to provide them with technical assistance in the develop-
ment and management of fishing waters on triballlsnds, to the end thet
the econcmic well-being of the tribes will be improved. Because ele-
ments of the Pacific Southwest Water Plan will affect the Navajo Indian
Reservation {Marble Canycn Project), the Hualapai and Supai Reservation
{Bridge Canyon Reservoir), the Fort McDowell and Salt River Indien
Reservations (Maxwell Dam), investigations and surveys will be needed
to asgiet the tribes in managing the fishery resources of interest to
them. 7TPhe studies will lsst five years. These studies alsoc will assist
in realizing fishing benefits on related Indian irrigation projects.

Phreatophyte Investigations

The planned contrel of phreatophytes must be carried cut in s manner

that will maintain critical areas of wildlife habitat to the fullest
possible extent. Non-critical but important habitat should be preserved
through on-site development of replacement habitat and continued management
to that end. Unavoidable habitat losses should be mitigated through
development of habitat on other sites.

Water-wasting plants generally have low value for wildlife except on
special sites where they provide nesting or other critical cover. On
non-critical sites, phreatophytes can be eliminated and beneficially
replaced with grasses, forbs, and shrubs selected for low water demand
and high value for habitat and food needs of wildlife. Control pro-
grams must therefore embrace the cbjective of maintaining and improv-
ing habitat for wildlife as well as saving water, And wherever con-
gistent with the highest and best land use, areas programmed for
phreatophyte control might well be assigned to wildlife agencies under
agreements designed to insure realizstion of these objectives in addi-
tion to salvaging water.

The phreatophyte invegstigations indicated are thus justified to assist
in the selection of econtrol sites and methods that will not impair
wildlife values. The studies would be conducted by the Bureau of
Sport Fisheries and Wildlife. '

Water Supplies for Fish and Wildlife Installations

As indicated in Chapter II, Water - Present Uses and Future Needs, the
scarcity of water in much of the arid Pacific Southwest presents grave
problems to the sgencies concerned with fish and wildlife conservation.
Future water needs are listed in Table I of Chapter II. To meet in some
measure the needs of fish and wildlife and hence of the people of the
Pacific Southwest, water should be provided by the immediate action
program wherever possible as indicated in the chapter.
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Millions of dollars have been spent to date by the Federal and state fish and
gzme agencies in the interest of fish and wildlife conssrvation. To assist
in meintaining the attractiveness of the Southwest as & section in which to
live, such agencies are prepared to spend millions more. The greatest need,
of course, is water. Compared with the other needs of the Pacific Southwest
Water Plan as & whole, the aggregate amount needed a year for fish and wild-
life is low indeed,

Additional Considerstions

The Salton See provides anmual fishing and hunting and water sports
attracting myriad day-use recreationiste from the 200-mile distant

Los Angeles area. This 220,000-acre body is fed by waste and return irri-
gation flows. 1Its salinity which approximates sea water in total strength
was 34 parts per thousand (p.p.t.) im 1955, and is increesing about O:4
PoPot. peT year., The orange-mouth corvina and sargo; the important sport
fish, and the food-chain life importent to the fish and waterfowl; are en-
dangered by the increases. This condition apparently will be aggravated
by any water-saving measures instituted on the tributary stresms and drains
in the Imperiel and Coachells Valleys, Careful study must be given this
problem to determine if feasible means can be found to halt or at least de-
lay increase of the salinity. If possible, both the salinity and the
water level should be stabilized to maintain the distinctive fish and water-
fowl values. No means are apparent for acceomplishment of this desirsble
ochjective but some means may be found relative to water salvage or to de-
sign of desalting plants which may be located on or near the Sea.

Features of the California Agueduct System, which will be enlarged and
integrated with the Pacific Southwest Water Plan, will have great im-
pact on fish and wildlife not only in the served areas of Southern
Califorpia but also in areas at the source and along the conveyance route
in northern Californie and at critical pointz in the Central Valley of
Celifornia. Extremely important waterfowl veluss attach to wintering areas
along the San Joaguin Valley agueduct routing. The several reservoirs in
Soutbern California and along the San Joaquin Valley routing of the ague-
duct will provide over 3,000,000 days of outstanding warmwater fishing
anrually when completed, and an estimated 6,000,000 days in 1990 at

sitez having exceptionally favorable relation in evailability and need

to the great population centers of the State of Califernia.

Salmon, striped bass, and other fish of the source streams and the natural
waters of the Sacramento River system to be used for conveyance have
current value of $10,000,000 annually and an estimated value in 1990 of
$40,000,000 for sport and commercial fishing without the import project.
It can confidently be expected that every effort will be made by the
concerned state and Federal conservation agencies to maintein these
fisheries. Both the fish ephancement and the mitigation needs of this
import project are being carefully plamnned for by state agencies with the
cocperation of Federal agencies., However, so that related and comple-
mentary fishery programs of the Californiea Department can continue to be
effectively coordinated with this import project, specific authority

29



should be provided in the Federal legislation enabling integration
of the project with the Pacific Southwest Water Plan.

Intermediste and Long-Range Progrem

In formulating the intermediate and long-range program of the Pacifiec
Southwest Water Plan, the fish and wildlife of the water source areas
must be protected and benefited. Open canals should be provided with
facilities to permit public fishing at selected locations adapted to
such use. Along the conveyance routes and on the service areas all
opportunities for improving both fish and wildlife habitat and fishing
and hunting should be fully implemented.

Exchenges of water should be arranged so as to effect improvements

outside planned direct-service areas. Water salvage and drainage units

and water reclamation units of the Plan should be coordinated with fish

and wildlife programs to preserve, restore, and create essential habitats
and provide fully for anticipated fishing and hunting demands. An
appropriate share of waters developed with the Plan must be devoted to

the critical needs of wildlife. Pollution abatement, water quality control,
and salvage of sewage effluents must be planned with due regard for the
requirements of fish and wildlife.

All phases of the Pacific Southwest Water Plan will have great impact on
the national waterfowl program. Thus, with the intermediate and the
long-range program of the Plan, as with the features for immedlate con-
struction, key waterfowl areas must be retained or provided so that the
resource can be bullt up commensurate with the ever-increasing human -
wants. ‘

Individual features and units of the intermediate and long-range pro-
gram will be considered fully in detailed future reports. A few spe-
cific comments on this program will serve to highlight the more spparent
areas of concern.

Arizona

It is likely that the establishment of another national wildlife refuge
in southwestern Arizona will be needed; to alleviate agriculturel crop
depredations by wintering waterfowl. It is also likely that a new state-
operated fish hatchery in southern Arizona may be necessary. Long-range
planning might well include additional fishing lakes as well.

California

Extremely important wildlife habitat exists in Owens Valley, and the
California Fish and Geme Department has several trout hatchery and rearing
installations in the Mono-Inyo area and on the Kern River which are con-
cerned almost entirely with meeting the needs of southern California
residents. Future development of weter resources in this valley must
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maintain the wildlife habitat and provide adequate water supplies for
the production of trout both in the fish hatcheries and rearing ponds
and in the natural watercources. Restoration of groundweter levels
would solve most fish and wildlife problems of the walley. A national
wildlife refuge of 10,000 acres is needed in Owens Valley. It would
have an annual diversion requirement of 60,000 acre-feet and a con-
sunptive use of perhaps 40,000 acre-feet, some of which would be avaeil-
able as return flow for reuse. The Owens Valley unit of the Plan should
include this water among the demands to be suppled in the valley. Main-
tenance and improvement ¢f natural streams also must be included in
plans, and would not require consumptive use of water if restricted to
sections between reservoirs or between reservoirs and delivery points.

The ten small fishing lakes in southern California totalling 500 sur-
face acres and requiring 2,000 acre-feet will be planned and developed
during the intermediate or icng-range phase of the Pacific Southwest
Water Plan. A further consideration in the formulation of water-resource
development plans must be the maintenance of coastal wetlands fed by
drainsges tributary to the sea. Wetlends of this type have all but dis-
appeared. Diversions have reduced the feeder streams to trickles while
harbor and shore construction has extinguished the wetlands by drainage
and filling. It may yet prove possible to restore a few key wetlands,
mainly for shore birds and waterfowl. The water demands will be small,
for the sreas susceptible of restoreticn are small; but the need should
be recognized both in plans for diversion of comstal streams and in
selecting sites for desalting plants. Black brant, a species singularly
dependent on coastal marshes, is especially noteworthy emong the birds
to be preserved by such restoration. Water needs of key wetlands should
be provided through releases to natural chamnels or by other means.

Site selection for desalting plants should avoid destruction of key
wetlands, and where feasible, small wetlands should be acquired and
developed as a part of the site landscaping for these plants.

Nevada

Fulfilling the established role of the (verton Waterfowl Management
Area; operated by the Nevada Fish and Game Commission; will require
4,000 acre-feet of good quality water as & supplement to its present
supply of waste and return irrigation water. This water can be supplied
by the Moapa Valley Pumping Project of the Bureau of Reclamation. The
development and intensified management dependent on the 4,000 acre-feet
of new water would triple the effectiveness of the management area in
supporting the waterfowl of the Pacific Flyway. This increase is
sufficient to Justify the water costs but monetary benefits also would
accrue from the incressed local hunting.

In addition, in Nevada along the Coloradc Riva immedistely upstream

from the Fort Mohave Indian Reservation are lands in a block of 3,300
acres and a strip ‘about 1/2-mile wide extending 4 miles further upstrean,
which total about 4,600 acres that are suited to development for water-
fowl end upland game. These lands contain sbandoned sloughs and old
river meanders occupied by good populations of quail, doves, rabbits,

and some waterfowl, which support moderately heavy hunting,
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The priority of the above-described development in southern Nevada and
the agency that would establish and administer it are matters for deter-
mination after further study. The water quantities required for inten-
sive crop production onm 1,000 acres to provide food for waterfowl and

to maintaln related ponds for waterfowl would total 15,000 acre-feet
annually.
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IT.

Effects on Grand Canyon National Park and Monument

of proposed Lower Colorado River Project

INTRCDUCTION

The components of Lower Cclorado River developments considered herein
are the proposed Bridge Canyon and Marble Canyon Dams and Reservoirs.
Each component is treated separately, since each will cause changes
of a different nature. The proposed Bridge Canyon Reservoir would
change the character of a particularly scenic length of wild river to
something far less desirable from the National Park standpoint.

The basic purpose of national parks and monuments, as stated in the
Act of August 25, 1916, is to conserve the scenery and the natural and
historic objects and the wildlife therein and to provide for the
enjoyment of the same in such manner and by such means as will leave
them unimpaired for the enjoyment of future generations.

In the Act to establish Grand Canyon National Park, approved February 26,
1919, there is, however, the following provision:

That whenever consistent with the primary purposes of said park,
the Secretary of the Interior is authorized to permit the
utilization of areas therein which may be necessary for the
development and maintenance of a Government reclamation project.

To determine whether water control projects would be consistent with
that purpose, it is necessary to ascertain and weigh the effects.

BRIDGE CANYON DAM AND RESERVOIR

This proposed damsite is located some 2.5 miles upstream from the head
of Lake Mead and 237.5 miles downstream from Lees Ferry at an elevation
of approximately 1200 fzet. When filled, if constructed to an elevation
of 1783 feet, as previously recommended by this Service, the reservoir
will back water through the eastern portion of Lake Mead National
Recreation Area and through Grand Canyon National Monument.

If the dam is constructed to a height of 1876 feet, it would back water
13 miles into Grand Canyon National Park.

A. Bridge Canvon Dam Constructed tc Elevation 1783 Feet

Although we realize that Grand Canyon National Monument was established

with the recognition that at some future date a dam might be constructed
at Bridge Canyon, it is important that we consider carefully the effects
such a dam will create.



If the dam height is limited to 1783 feet sbowve sea level, the
elevation of the Colorado River at the western boundary of Grand
Canyon National Park, the reservoir would extend upstream a
distance of 80 miles. The greatest distance, 53 miles, would

be within Lake Mead National Recreation Area, with the remaining
27 miles either bordering or totally within the National Monument.

1.

Values to be Lost

The construction of a reservoir in this reach of the Canyon
would inevitably result in the loss of park values of national
significance and the creation of other values.

The river, with its ever changing currents, pools, and rapids,
would be blotted out by the slack water of the reservoir.

Qo

Streambank Ecology

The existing, natural streambank ecology would be dras-
tically changed throughout the extent of the reservoir.
The existing plant and animal habitats would be drowned
out, and colonization by exotic species would be expected.
In the uppermost regions of the reservoir, silt deposition
and debris accumulation would be inevitable.

Aquatic Fauna

The change from river to reservoir would change the
aquatic fauna. The limited natural range of native fish,
such as the bonytail (Gila Robusta), Humpback Chub (Gila
Cypha) , Colorado Squawfish (Ptychcheilus Lucius), and
Humpback Sucker (Xyrauchen Texanus), would be further
changed and reduced. Non-native species would become
established in the new environment.

Geological Featuras

The Grand Canyon of the Colorado affords the finest study
area available for students of geology. The effects of
the dam on geologic features in this vicinity are dis-
cussed in detail by Dr. Edwin D. McKee, now of the United
States Geological Survey, in a report he submitted to the
Directed of the National Park Service by memorandum

dated October 21, 1942. The following is quoted from

Dr. McRea’s report:

The greatest losses, in so far as geologic
features are concernad, from the backing up
of water behind the Bridge Canyon Dam will
be in the area of volcanic activity at and



westward from Toroweap Valley. In this
section several features illustrating the
early stages of canyon cutting and of local
vulcanism will be concealed. Also covered
will be remnants of lavas that flowed down
the river channel and sediments, in two
places, formed in ancient lakes or reservoirs
behind natural lava dams.

A detailed account of these remnants of lava flows and
other features of local vulcanism appears in a paper by
McKee and Schank titled “The Lower Canyen Lavas and
Related Features of Torowsap in Grand Canyon," published
in the Journal of Geomorphology, Volume 5, Number 4,
pages 243-273 (1942) .,

d. Recreation

The most obvious change in recreational use of the canyon
brought about by the Bridge Canyon Project would be the
limitation of the traditional and exhilarating experience
of wild river boatinmg, for which the Grand Canyon is
famous. This unique form of recreation was beginning to
show a marked increase prior to the closure of the Glen
Canyon Dam. Since 1935, more than 1300 persons enjoyed
boat trips through Grand Canyon; nearly 400 of these made
the trip last year.

Undoubtedly, the running of the Grand Canyon would grow
in popularity in the years shead as the quality of such
an experience and its safety with proper preparation,
equipment, and guidance became more widely known. The
proposed low Bridge Canyon Dam would reduce the amount
of possible river running through the Grand Canyon by
more than 80 miles, a reduction of 36.8 percent.

Values to be Gained

A fair evaluation of the effects of the proposed Bridge

Canyon Reservoir cannot be made without giving consideration
to artifically created walues which will resulft, With the
completion of the dam and a highway from U. S. 66 to the
damsite, the Bridge Canyon Reservoir would become a new
recreation attraction of the region. This wild and prasently
relatively inaccessible area would be opened to largs numbers
of people who will want to take boat trips om a fjord-like
reservoir set in the incomparable scenery of the Grand Canyon.
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III.

The late Frederick Law Olmstad, noted landscape architect,
made a study of the effects of the proposed high Bridge
Canyon Dam upon the Park. In his report, Mr. Olmstad said
in part:

This section of the Grand Canyon as a whole is
notable for the distinctive character of its scenery
. + » It was completely included from rim to rim in
the portion of Grand Canyon originally set apart in
1908 as a national monument for preservation of the
noneconomic values of its unique and inspiring
scenery . . .

If that is to remain the policy of the Government
concerning this entire unit of the Grand Canyon . . .
then the limitations of Bridge Canyon Reservoir to

an elevation that will not encroach on that protected
area should be continued . . .

Choice . . . depends . ., . upon broad considerations
of public purpose; in the last analysis upon how
much the people of the United States care about pre-
serving 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.

This Service has recommended that the height of the proposed
Bridge Canyon Dam be limited to 1783 feet (the normal river
elevation at the west boundary of the Park) thus preventing
encroachment on the Park,

MARBLE CANYON DAM

The proposed Marble Canyon Dam to be located some 12.5 miles upstream
from Nankoweap Canyon at the northeast corner of Grand Canyon National
Park would have no appreciable effect on the Park, provided that all
water released for power generation and other purposes is allowed to
continue to flow through the Park. It is our understanding that the
proposed Kanab Crzek Tunnel is not a part of the overall program and
therefore we have not commented on its possible effect on the Park.



PACIFIC SOUTHWEST WATER PLAN
Appendix Section

Bureau of Indiamn Affairs

Introduction

This Appendix is the-participation of the Bureau of Indian Affairs in the
p;eparation of the report on the Pacific Southwest Water Plan. In
pfesenting the material the Washington draft ef the outline of the report
for the Pacific Southwest Water Plan has been followed. Chapters and
subheadings used are the same as in the outline. Statements have been
prepared under the headings indicated for Bureau of Indian Affair's
participation in the outline of the report. In a few cases statements
have been presented although not indicated forvﬁureau of Indian Affairs

participation in the outline,



PACIFIC SOUTHWEST WATER PLAN

(Bureau of Indian Affairs' Statement)

THE PACIFIC SOUTHWEST

Naturgl Resources

There are five Indian Reservations along the main stream of the Lower
Colorado River, eighteen reservations on tributaries, six in the inland
basin of California, and sevéral in the southern California coastal area.
In succession down.the'river, the mainstream reservations are: Fort Mohave
in Arizona, California, and Nevada; Chemehuevi in California; Colorado
River in Arizona and California; Yuma in California; and Cocopah in
Arizona. The reservations on tributaries and in California are listed

later in this report, with estimates of water requirements.

The principal resources of most of the reservations are their irrigable
lands and appurtenant water rights. The irrigablé acres and water rights
for the mainstream reservations, as provided under the Supreme Court
decision in Arizona vs. Galifornia, aré shown in the following tabulation:

Irrigable Area

(Acres)

Arizona California Nevada TOTAL

Fort Mohave 14,916 2,119 1,939 18,974
Chemeheuvi 0 1,900 0 1,900
Colorado River 99,375 8,213 0 107,588
Yuma 1/ 7,743 0 7,743
Cocopah 431 0 0 431
Totals 114,722 19,975 1,939 136,636

l/ Indian Homesteads included with non-Indian lands of Yuma Project (USBR) .
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Diversion Right
(Acre Feet)

Arizona California Nevada TOTAL
Fort Mohave 96,416 13,698 12,534 122,648 L/
Chemeheuvi 0 11,340 0 1%,340 |
Colorado River 662,402 54,746 o 717,148 &/
Yuma 2/ 51,616 .o 51,616
Cocopah 2,744 ‘. 0 0 2,744
Totals 761,562 131,400 - 12,534 905,496

1/ The Supreme Court did not determine boundaries in cases of controversy.
Figures shown are those recommended by the Special Master.

2/ Indian Homesteads included with non-Indian lands of YumaﬁProject (USBR) .

The average precipitation for the reservations along the Colorado River is
so low that almost no grazing is afforded outside the irrigated areas and
river bottom lands, Grazing is a very important resource of the tributary

reservations.

Lands and waters suitable for recreational purposes also are important

resources of many reservations.

Minerals
Several reservations have mineral deposits which have been or eventﬁaiiy
may be developed into profitable mines. Among these are iron and asbestos
on the Fort Apache Reservation; copper, manganese, asbestos, gypsum, and
terrazzo stone on the San Carlos Reservation; and copper on the Papago
Reservation.

Fish and Wildlife

In addition to the Colorado River, which flows entirely within the
Colorado River Reservation for 56 miles of its length, the irrigation
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canals, drains, and sleughs in the Colorado River Irrigation Project furnish
abundant habitat for fish and wildlife. The cultivated fields and adjacent
natural vegetation furnish excellent food and living conditions for quail,
doves, other small game, and a considerable number of deer. Geese and

ducks also find the water and food supply furnished by cultivated lands
attractive. Including a commercial fish farm, there are approximately

558 acres of ponds and sloughs on the Colorado River Reservation. On the
Fort Apache Reservation there are 310 miles of trout streams, and 542 acres
of trout lakes,

Economic Growth

vEconémic growth on some of the Indian Reservations has been rapid in recent
years, and continues slow on other reservations. The abundance of water
following the construction of Headgate Rock Dam on the Colorado River has
permitted expansion of the Colorado River Indian Irrigation Project from
6,500 acres to approximately 35,000 acres net. Proceeding with this develop-
ment has been the construction of two packing sheds for cantaloupes and

other vegetables, a second cotton gin, a-large feed let, and an expanding

trucking business from the Project to the West Ceoast.

There is great demand for lands along the Colorado River for recreational
purposes and for homesites for winter visitors. The Colorado River Tribes
have leased a considerable part of reservation water front for these
purposes :and have plans for land developments back of the river front as
well as along much of the remaining river front. Included in the proposed
developments are recreational enterprises such as motels, marinas, and
resort type establishments. Development of recreational potentials is

very important to other reservations also, such as at Fort Mohave, Fort



McDowell, Salt River, and San Carlos. - At Salt River, San Xavier, and
Gila River Reservations development of lands for urban and industrial

purposes is becoming an immediate possibility.

On the Fort Apache Indian Reservation the recreational enterprise has
been expanding with a rapid growth Becausewof{the rapid increasé in

population in Arizona. The White Mountain Abache Tribe has‘ahiizaéy
series of lakes for trout fishing,;éerﬁice stafibns, motels, béat landing

facilities, and camp grounds, to take care of this recreation demand, and

employs many of its members in maintaining and operating their projects.

Economic growth on the Gila River Reservation has been retarded due to

an insufficient water supply for their San Carlos Irrigation ffdject.
Howeverrwthe value of crops produced on the San Carlos Irriéation Project
has reached approximately eleven million dollars, of which approximatel&
two and a half million dollars is on the Gila River Reservation.

Recreational, Cultural, and Scientific Development.

The Colorado River attracts great numbers of people because of recreational
values. During holidays and week-ends recreational use of the river is
exceptionally heavy. Most of the use is by people from Los Angeles and
other southern California areas. One of the favorite places is a stretch
of river on the Colorado River Reservation upstream from Headgate Rock
Dam, where the constant water level maintained by the dam furnishes
excellent boating and other water sport activities. The shores outside
the reservation are occupied almost solidly with recreational enterprises
and river front home developments. Also motels and river front homes
occupy a large part of the shore line on the three miles of river within
the reservation above Headgate Rock Dam., Downstream from Headgate Rdck"
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Dam are 53 miles of river on which very little development has taken place,
although the potential is great and there have been many inquiries regarding
commercial developments along this stretch of the river. Adequate ground
has been reserved along the river front for recreational development

instead of agricultural development. The constant water level above Palo
Verde Diversion Dam is particularly atgractive for water sport activities.
Channelization of the Colorado River , such as has been d999 below Davis

Dam, will add greatly to the recreational value of the river, if recre-
ational possibilities are c;nside£ed in design of the channelization works.

i e

THE WATER PROBLEM

Historical Backgrobédund

Irrigation has been practiced by the Indian Tribes since before the coming

of Europeans to the American continent. Prghigtoric canals are in evidence

at ;éveralvof the Reservations especially on the Gila and Salt River Reser-
Y?fi°n§! and remains of ancient villages are found on almost every reservation.
The Pima Indians furnished grains and other food stuffs to the first white
settlers coming to the area and to those traveling to California. The

Apache Indians were raising corn, beans, and other food stuffs when first
encountered by the whites. The Mohave, Chemeheuvi, Yuma, and Cocopah

Indians of the Colorado River valleys practiced a method of irrigation

which was dependent on overflow of the lands by spring floods of the

Colorado River,.

The Colorado River Indian Reservation was established by Act of Congress,
approved by the President March 4, 1865, for settlement of Indians of the

Colorado River and its tributaries. In 1866 a survey for an irrigatim
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canal was made, and an appropriation of $50,000 was made by Act of
March 2, 1867, for beginning construction on the canal. This was the

first appropriation by the United States Congress for irrigation purposes.

A second appropriation of $50,000 was made on July 27, 1868. Water was
first turned in the canal on July 4, 1870. Due to greatly fluctuating
levels of the Colorado River, the canal could be used only during flood
periods and the crops suffered for water during low stages. In 1872 an
appropriation was made by Congress for extension of the canal upstream,
including four tunnels, aggregating 4,158 feet in length, to Headgate
Rock, The extension was completed June 23, 1874, Due to difficulty in
Eaintaining the tunnels this work was not successful. Diversién at high

stages of the river were continued when possible.

In 1899 a steam engine and a 15" centrifugal pump were installed and
operated until 1912. 1In 1912 a steam pumping plant containing two 20"
céntrifugal pumps with a capacity of 25 c.f.s. each, was constructed.

In 1918 a 36" centrifugal pump with a capacity of 75 c.f.s. was added.
Diesel engine power replaced the steam power in 1929. Construction of
Headgate Rock Pam across the Colorado River was authorized by Congress
August 30, 1935, Construction of the dam was completed in 1941. The
3-mile section of canal connecting Headgate Rock Dam with the old irriga-

tion system was completed in June 1942,

The maximum area irrigated prior to construction of the dam was approx-
imately 6,500 acres. Approximately 35,000 acres, net, are presently
irrigated.

Estimate of Present Situation,

With the definite establishment of rights to use water, the Indian lands
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along the Colorado River mainstream can be developed with assurance of
co .
continued operation and economic success. The lands are productive and
the market is good because of the proximity to the large population centers

of southern California.

On tributary streams the limited water supplies at lower elevations have
restricted development except where groundwater is being pumped. The
groundwater is being mined and the economic limit for pumping will be
reached within the foreseeable future. It is essential that a new water
supply be secured for reservations such as the Ak Chin, Gila River, Papago,
and San Xavier.  Approximately 46,500 acres on these reservations are
entirely dependent on pumped groundwater and approximately 100,000 acres
‘on the San Carlos Irrigation Project are partially dependent on pumping

from groundwater.

The Reservations on tributaries higher on watersheds of the Gila and Salt
Rivers have adequate total sources of water but full use is not made of

the water supplies because of physical conditions of the irrigation systems,
or lack of storage capacity. The Bureau of Indian Affairs and Tribal
Councils on these reservations plan to proceed energetically on programs

for use of the waters on these reservations.

Effects of Recent Supreme Court Decisions

The Supreme Court Decision has established definitely the amount of water
to which the Indian lands along the mainstream of the Colorado River are
entitled. Although the tributary stream reservations were not included

in the decision, the basic doctrine by which water rights are claimed for
Indian reservations was reaffirmed. With this decision, plans can be made
with confidence and development of the lands can proceed.
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Effects of Arizona-California Boundary Settlement

Settlement of the Arizona-California boundary location will not have a great
effect on Indian lands, since the areas of Indian Reservation lands involved
in adjustment of the boundary location are small,

Effects of Public Land Use and Disposition

Very little of the public land in the lower Colorado River)basin is used

by Indians, as their activities generally are confined to their reservations
or in cities and towns. The disposition of public lands, therefore, will
have little qffect on Indian affairs.

Future Water Needs

The principal future water needs on Indian Reservations along the mainstream
will be for full development of 136,636 acres of irrigated lands for which
the Supreme Court has allocated water. Accompanying this expansion will

be a moderate expansion of mumicipal, industrial, and recreational needs.

The fufure needs -of the reservations on tributaries will include municipal
and industrial uses required as the ufban areas of Phoenix and Tucson

expand on nearby reservations and as industrial developments are made on

the other reservations. Additional agricultural use of water will primarily
be:for augmenting existing supplies, or replacement of water now being
pumped from groundwater. Use of water for rgcrea;idnal purposes is
important economically but the quantities of water involved are relatively

small.

PRESENT WATER SUPPLIES AND USES

Lower Colorado River Main Stream Water

(See accompanying tabulation entitled "Present

Water Use Projects . .
(Water Supplies and Uses on Indian Reservations."

Present uses of water of the mainstream of the Lower Colorado River on

Indian Reservations are at the Colorado River, Yuma, and Cocopah
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PRESENT WATER SUPPLIES AND USES ON INDIAN RESERVATIONS

* Consumptive use on stream not included.
*#% Including San Carlos Irrigation and Drainage District, Florence, Casa Grande Project, and San Carlos

#**%% Excluding San Carlos Project.

Project Indian Unit lands.

Page 1 of 2
RECREATION,
IRRIGATION MUNICIPAL & INDUSTRIAL FISH & WILDLIFE LIVESTOCK TOTAL
RESERVATION Diversion Diversion Diversion Diversion | Diversion
Source Acres Capacity Actual Source Capacity  Actual Source Actual Source Actual Actual
AF, A,F, A,F. A,F, A,F, A.F, A,F,
MAINSTREAM
Arizona
Cocopah Colo. River 300 2,744 1,890 | Wells 20 10 - -| Colo.River Minor 1,900
Colorado River " " 35,061 614,000 450,000 " 2,000 1,300 {Ponds 5,200%* " " " 456,500
Fort Mohave " " 0 0 0 - 0 0 |Colo.Riv, *{ " " "
Subtotal 35,361 616,744 451,890 2,020 1,310 5,200 458,400
California
Chemehuevi Colo. River 0 0 0 | Colo.Riv. Minor Minor |{Colo.Riv. *{ Colo.River * Minor
Colorado River " " 0 0 0 | Wells 150 100 | " " * " " Minor 100
Fort Mohave n " 0 0 0 - 0 ol " " L " "
Yuma " " 7,743 51,616 51,616 | City & Wells 150 100 { " " * " " " 51,716
Subtotal 7,743 51,616 51,616 300 200 51,816
Nevada
Fort Mohave Colo River 0 0 0 - 0 0 |Colo.Riv, *1 Colo.River Minor
TOTAL - Mainstream 43,104 668,360 503,506 2,320 1,510 5,200 Minor 510,216
TRIBUTARIES
Arizona
Ak Chin Wells 11,186 40,000 23,000 | Wells 30 20 - - | Wells 30 23,050
Camp Verde Verde River 216 1,020 1,020 | Wells 30 20 jVerde Riv, * | Verde Riv. * 1,040
Fort Apache Streams 2,885 14,420 5,500 | Streams 2,000 1,220 |Lakes 1,000 Ponds 1,910* 9,630
Fort McDowell Verde River 1,300 6,870 1,800 | Wells 50 30 |Verde Riv. * | Verde Riv. 30 1,860
Gila Bend Wells 621 2,950 2,000 | Wells 20 10 - - | Wells 10 2,020
Gila River#*** Wells 19,254 100,340 63,000 |Wells 1,000 750 |[Wells 100 | Wells 50 63,900
Havasupai Havasu Cr. 175 1,110 800 | Wells 40 20 |Havasu Cr. * | Havasu Cr. * 820
Hopi Misc.Washes 731 3,140 360 |Wells 300 210 |Misc.Washes 200 Ponds & Wells 840 1,610
Hualapai Springs & Cr. 83 410 150 | Peach Springs 100 50 jColo.River - | Ponds & Wells 1,100 1,300
Kaibab Springs & Wash 84 270 60 | Springs 40 20 {Springs 150 | Ponds & Spr. 260 490
Navajo Lit.Col.R.& Trib. 5,635 24,140 7,100 [Wells & Spr. 6,000 5,160 {Lakes 3,900 { Wells & Ponds 14,200 30,360
Papago Wells & Washes 4,700 13,600 6,000 {Wells 150 100 - - | Wells & Ponds 1,880 7,980
Salt River Salt Riv.& Wells 12,625 57,480 46 ,000 | Phx.& Mesa Sys. 100 50 {Salt River * | Wells & SaltR. 10* 46,060
San Carlos Res. |Gila & San C.Riv. 2,326 14,000 3,780 |Wells 1,500 1,000 (Lakes 720 | Ponds 3,440% 8,940
San Car.Irr.Pr#*|Gila R. & Wells 102,090 612,540 274,000 | (Incl.in Irrigation Use) (Incl.in Irrig.Use) - - 274,000
San Xavier Wells 1,600 7,040 4,200 |Wells 70 20 - - - Minor 4,220
Yavapai(Prescott - - - | City of Prescott - - -
Subtotal 165,511 899,330 438,770 11,430 8,680 6,070 23,760 477,280
New Mexico
Navajo Lit.Col,Ri.&Trib. 592 2,220 750 }Wells & Spr. 110 110 jLakes 500 | Wells & Ponds 290 1,650
Zuni " " " " 7,752 24,600 7,500 " " 3,900 380 " 150 " " 930 8,960
Subtotal 8,344 26,820 8,250 4,010 490 650 1,220 10,610
Nevada
Moapa Muddy River 571 3,540 3,000 {Muddy Riv. 10 10 |Muddy Riv. * | Muddy Riv. 10 3,020
TOTAL - Tributaries [All States 174,426 929,690 450,020 15,450 9,180 6,720 24,990 490,910



PRESENT WATER SUPPLIES AND USES ON INDIAN RESERVATIONS

Page 2 of 2
RECREATION,
IRRIGATION MUNICIPAL & INDUSTRIAL FISH & WILDLIFE LIVESTOCK TOTAL
RESERVATION Diversion Diversion Diversion Diversion Diversion
Source Acres Capacity Actual Source Capacity Actual Source Actual Source Actual Actual
A.F. A.F. A.F. A,F. A.F.
INLAND BASIN
California .
Agua Caliente- - - - - | San Andres & - 624 - - - - 624
Palm Springs Tahquitz Cr.
Augustine Colo.River 543 2,942 0 - - - - - - - 0
Cabazon Colo.River 1,521 8,320 450 | Wells 10 5 - - - - 455
Mission Creek Mission Creek 110 550 40 | Mission Cr. - - - - - - 40
Morongo Potrero Cr.& Well 220 880 880 | Tunnel & Well 80 60 - - - - 940
Torres-Martinez [ Colo.River 209 36,383 1,254 | Wells 20 13 - - - - 1,267
Subtotal 2,603 49,075 2,624 110 702 3,326
COASTAL
Southern California
Barona Well 60 40 40 | Well 30 20 - - - - 60
La Jolla Ypecha Cr. 184 600 90 | Ypecha Cr. 10 10 - - - - 100
Pala San Luis Rey
River & Wells 620 2,480 800 | Well 150 100 - - - - 900
Pauma - Yuima Pauma & Ysedro Cr. 21 63 45 | Well 40 24 - - - - 69
Pechanga - - - - | Spring 16 16 - - - - 16
Rincon San Luis Rey
River & Wells 558 2,790 90 | Well 100 15 - - - - 105
San Manuel Bear Valley Wat.Co. 9 45 45 1 Well 50 25 - - - - 70
Soboba East.Mun.Wat.Co. 185 925 925 | Eastern Muni-
cipal Water Co. 150 100 - - - - 1,025
Viejas Well 5 20 20 | Well 30 15 - - - - 35
Subtotal 1,642 6,963 2,055 576 325 2,380
TOTAL - ALL RESERVATIONS 221,775 1,654,088 958,205 18,456 11,717 11,920 24,990 11,006,832




Reservations. The Colorado River Irrigation Project diverts approximately
450,000 acre-feet of water annually for irrigation of approximately 40,000
acres (35,000 acres net) of Indian lands, and returns to the river through

drainage canals approximately 270,000 acre-feet,

Indian lands of the Fort Yuma and Cocopah Indian Reservations are served
through the irrigation system of the Yuma Project of the Bureau of Recla-
‘mation. On the Fort Yuma Reservation are 7,743 acres of irrigable lands,
and on the Cocopah Reservation there are 431 acres of irrigable lands.
Also on the Yuma Project are 480 acres of homestead allotments belonging
to Yuma Indians and served by the Yuma Project. The quantities of water
used for the Yuma homestead lands are included in the accounting of the
Bureau of Reclamation for the Yuma Project.

Colorado River Land Use Activity

Fish and Wildlife

On the Colorado River Reservation are six sloughs having approximately

150 acres of water surfaces now providing fisheries which receive consid-
‘erable use., In addition there is a commercial fish farm containing 408
écres, which derives its water supply by pumping directly from the Colorado
River. The total surface areca of these fisheries is 558 acres, which is

in addition to the fishery provided by the Coloradc River itself.

Municipal and Industrial,

Present uses of water for municipal and industrial purposes on the
Colorado River are approximately 1,400 acre-feet per year. This is
‘exclusive of the city of Parker, and the population adjacent to the reser~-
vation., It includes the use of water at Government administered buildings
and grounds. Use of water for municipal and industrial purposes at the
other mainstream reservations is minor, the greatest being 100 acre=feet

at Fort Yuma.
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Lower Colorado River Tributary Areas

Water Use
Irrigation
Present use of water for irrigation is made on 18 reservations :on
tributaries of the lower Coloradb River. These reservations and their
‘uses :of water are shown in the accompanying tabulation entitled:
"Present Water Supply and Uses on Indian Reservations".

Southern California

Water Use
Southern California Indian areas may be divided into two groups, those
in the inland basin and those in the coastal region. In the indand
basin are six reservations. In the coastal area are nine reservations.
Their use of water is shown in the tabulation entitled "Present Water
Supplies and Uses on Indian Reservations',

FUTURE WATER DEMANDS AND SUPPLIES

Water Demands

The future demand for water on Indian Reservations along the mainstream
will be principally for agricultural purposes. The principal future water
needs on Indian Reservations along the mainstream will be for full develop-
ment of 136,636 acres of irrigated lands. Accompanying this expansion will

be a moderate expansion of municipal, industrial, and recreational needs.

On the reservations on tributaries, the future needs will include munic-
ipal and industrial uses as the urban areas of Phoenix and Tucson expand
to reservation areas. Agricultural use of water principally will be for
augmenting existing supplies, or replacement of water now being pumped
from wells. Use of water for recreational purposes is important econom~
ically but the quantities of water involved are relatively small,
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The tabulations entitled "Future Water Demands and Supplies on Indian
Reservations ~ Phase I, Immediate Action Program, Phase II, Long Range
Program", show the need at each .reservation.

Pogsibilities for Augmentation of Future Supplies from Present Sources

Conservation of Available Water

Principal possibilities of conservation of water on Indian Reservations
are from the elimination of phreatophytes along the mainstream reserva-
tions and on the San Carlos Reservoir area on the San Carlos Reservation;
the capture of flood flows on the Papago Reservation now wasted before
reaching irrigation projects; and by lining of canals and ditches on

all reservations. Improved farm practices can be applied on reservations,
a8 elsewhere. Very probably the effects of urbanization will be noted on
the Salt River Reservation in the near future. The irrigated area on
this reservation is only a part of the area available for urbanization
and while there may be a net savings of water on the irrigatim tracts,

a8 substantial amount of additional water will be required in the process
of urbanization.

Improvement of Watershed Yields.

The Bureau of Indian Affairs has shown that grazing values may be

increased by proper long range watershed treatment, and that aqcompanying
the treatment there probably will be an increase in water yield. The
increase in grazing values has definitely been demonstrated, but increase

in water yields is more difficult to determine. Investigations by the

U. S. Forest Service and Soil Conservation Service at several experiﬁéntal
stations have indicated that water yields will be increased when undesirable

brush and timber is replaced by grass.
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FUTURE WATER DEMANDS AND SUPPLIES ON INDIAN RESERVATIONS

PHASE I, IMMEDIATE ACTION PROGRAM

(Uses Prior to 1990 - Excluding Present Uses)

Sheet 1 of 2

RECREATION,
RESERVATION IRRIGATION (Additional) MUNICIPAL & INDUSTRIAL FISH & WILDLIFE LIVESTOCK TOTAL
Source Acres Acre-Feet Source Acre-Feet Source Acre-Feet Source Acre-Feet Acre-Feet
MAINSTREAM
Arizona
Cocopah Colo.River 131 826 [Wells 18 - - Colo.River Minor 844
Colorado River " " 64,314 212,400 | Colo.R.& Wells 10,800| Colo.R.& Wells - " " - 223,200
Fort Mohave 1] 1 1&916 95’462 " 1t " 954 12) n " - " " - 96 416
Subtotal 79,361 308,688 11,772 320,460
California
Chemehuevi Colo.River 1,900 11,227 |Colo.River 113 - - Colo.River - 11,340
Colorado River " " 8,213 54,204 " " 542| Colo.River - Colo.River - 54,746
Fort Mohave " " 2,119 13,562 " " 136 " " - " " - 13,698
Yuma " " (Drainage)City & Wells 230 " " - " " - 230
Subtotal 12,232 78,993 1,021 80,014
Nevada
Fort Mohave Colo.River 1,939 12,410 {Colo.River 124 | Colo.River - Colo.River - 12,534
TOTAL - Mainstream 93,532 400,091 12,917 413,008
TRIBUTARIES
Arizona
Ak Chin Wells & Co.R. - 17,000 {Wells 20 - - Wells - 17,020
Camp Verde Verde Riv., - - |Wells 30 - - Verde Riv. - 30
Fort Apache White Riv. 3,200 19,490 }|Streams 1,650 Lakes 2,030 |[Ponds 190 23,360
Fort McDowell Verde River - 4,440 [Wells 30| Verde River - Verde Riv. - 4,470
Gila Bend Wells - 1,600 |[Wells 30 - - Wells - 1,630
Gila River * Wells & Colo.R. - 37,340 jWells 2,750 - - Wells - 40,090
Havasupai Havasu Cr. 29 310 {Havasu Cr. 30| Havasu Cr. - Havasu Cr. - 340
Hopi Misc.Washes - 2,780 |Wells 280 | Lakes 1,800 |Ponds 200 5,060
Hualapai Misc. - 230 {Peach Springs
& Colo.Riv. 450} Colo.River - Wells & Ponds 1,620 2,300
Kaibab Springs & Washes - 280 jSprings -| Springs - Ponds & Spr. - 280
Navajo Little Colo.& Trib. - - |Wells & Springs - | Lakes 20,000 IWells & Ponds - 20,000
Papago Wells & Colo.R. 12,000 64,680 (Wells 380 Ponds 680 |Wells & Ponds 2,580 68,320
Salt River Salt R. & Wells  Urbanization 'Phx.& Mesa Sys.
- & Wells 8,350 Salt River - Wells & Salt R - 8,350
San Carlos Reserv. Gila & San C.Ri. 3,400 25,220 [Wells 10,520 | Lakes 3,300 |Ponds 2,760 41,800
San Car.Irr.Proj. Colo.R. & Wells - 338,540%%* - - - - - - 338,540
San Xavier Wells 2,225 9,460 {[Wells 6,940 - - Wells & Ponds - 16,400
Yavapai (Prescott) - ~ - |Prescott Sys. _ - - - - -
Subtotal 20,854 521,370 31,460 27,810 7,350 587,990
New Mexico
Navajo Lit.Co,Ri.& Tri. - - - - | Lakes 5,000 [Wells & Ponds - 5,000
zuni 11} " " 1A - - - - - - - - -
Subtotal - - - - 5,000 - 5,000
Nevada
Moapa Muddy River 20 660 [Muddy River 10 - - - - 670
TOTAL ~ Tributaries All States 20,874 522,030 31,470 32,810 7,350 593,660

* Excluding San Carlos Project.

*% Based on decreed diversion right of 6 acre-feet per acre.



FUTURE WATER DEMANDS AND SUPPLIES ON INDIAN RESERVATIONS

PHASE I, IMMEDIATE ACTION PROGRAM
(Uses Prior to 1990 - Excluding Present Uses)

Sheet 2 of 2

RECREATION,
RESERVATION IRRIGATION (Additional) MUNICIPAL & INDUSTRIAL FISH & WILDLIFE LIVESTOCK TOTAL
Source Acres Acre-Feet Source Acre-Feet Source Acre-Feet Source Acre-Feet Acre-Feet
INLAND BASIN .
California
Agua Caliente-

Palm Springs - - - Not Determined 41,776 - - - - 41,776
Augustine Colorado River - 2,942 Colorado River 30 - - - - 2,972
Cabezon Colorado River - 7,788 Colorado River 77 - - - - 7,865
Mission Creek - - - - - - - - - -
Morongo - - - Not Determined 1,500 - - - - 1,500
Torres-Martinez Colorado River - 35,130 Colorado River 350 - - - - 35,480

Subtotal 45,860 43,733 89,593
COASTAL

Southern California

Barona Not Determined 700 3,000 |Not Determined 810 - - - - 3,810

La Jolla " " 116 810 " " 300 - - - - 1,110

Pala " " - 1,680 " " 200 - - - - 1,880

Pauma - Yuima - - - " " 76 - - - - 76

Pechanga - - - - - - - - - -

Rincon Not Determined - 2,700 |Not Determined 1,000 - - - - 3,700

San Manuel - - - - - - - - - -

Soboba Not Determined 1,856 9,280 |Not Determined 8,940 - - - - 18,220

Viejas " " 500 2,000 " " 800 - - - - 2,800

Subtotal 3,172 19,470 12,126 31,596

TOTAL - ALL RESERVATIONS 117,578 987,451 100,246 32,810 7,350 1,127,857




FUTURE WATER DEMANDS AND SUPPLIES ON INDIAN RESERVATIONS

PHASE ITI, LONG RANGE PROGRAM

(Additional Uses After 1990)

*Excluding San Carlos Project.
**Consumptive Use on Streams Not Included.
*%*Municipal and Industrial, minus Irrigation.

Sheet 1 of 2
RECREATION, LIVESTOCK
RESERVATION IRRIGATION (Additional) MUNICIPAL & INDUSTRIAL FISH & WILDLIFE TOTAL
Source Acres Acre-Feet Source Acre-Feet Source Acre-Feet Source Acre-Feet Acre-Feet
MATNSTREAM
Arizona
Cocopah - - - - - - - - - -
Colorado River - - - - - - - - - -
Fort Mohave - - - - - - - Colo.River Minor -
California
Chemehuevi - - - - - - - - - -
Colorado River - - - - - - - - - -
Fort Mohave - - - - - - - - - -
Yuma - - - City & Wells 330 - - - - 330
Subtotal 330 330
Nevada
Fort Mohave - - - - - - - - - -~
TOTAL-MAINSTREAM 330 330
IRIBUTARTES
Arizona
Ak Chin Wells & Col.Ri. 1,812 8,810 Wells 40 - - - - 8,850
Camp Verde - - - Wells 50 - - - - 50
Fort Apache White River 1,129 5,650 Streams 14,000 - - Ponds 380 20,030
Fort McDowell - - - Wells 2,120 - - Verde River - 2,120
Gila Bend - - - Wells 40 - - - - 40
Gila River * - - - Wells & Col.R. 73,800 - - - - 73,800
Havasupai - - - ‘Havasu Cr. 100 - - - - 100
Hopi - - - Wells 1,530 - - Ponds 520 2,050
Hualapai - - - Peach Sp.& Co.R. 100 Colo.River *% Wells & Ponds - 100
Kaibab - - - Springs 10 Springs & Lakes 450 Ponds & Springs 200 660
Navajo Lit.Col.R.& Trib. 1,609 9,830 Str.,Spr.& Wells 83,280 Lakes 25,000 - - 118,110
Papago - - - Wells 250 - - - - 250
Salt River - Urbanization Wells & Colo.Riv.10,000 **¥*| Salt River - - - 10,000
San Carlos Res. - - - Wells 10,500 Lakes 18,000 - - 28,500
San Car.Irr.Proj. - - - - - - - - - -
San Xavier - - - Wells & Col.Riv. 6,000 - - - - 6,000
Yavapai (Prescott) - - - Prescott Sys. 20 - - - - 20
Subtotal 4,550 24,290 201,840 43,450 1,100 270,680
New Mexico
Navajo Lit.Col.R.& Tr. 654 3,959 Str.,Spr.& Wells 373 - - - - 4,332
Zuni " now " 818 2,680 | Wells 802 Lakes 833 - - 4,315
Subtotal 1,475 6,639 1,175 833 8,647
Nevada
Moapa - - - Muddy River 20 - - - - 20
TOTAL - Tributaries All States 6,022 30,929 203,035 44,283 1,100 279,347




FUTURE WATER DEMANDS AND SUPPLIES ON INDIAN RESERVATIONS

PHASE II, LONG RANGE PROGRAM
(Additional Uses After 1990)

Sheet 2 of 2
RECREATION,
RESERVATION IRRIGATION (Additional) MUNICIPAL & INDUSTRIAL FISH & WILDLIFE LIVESTOCK TOTAL
Source Acres Acre-Feet Source Acre-Feet Source Acre-Feet Source Acre-Feet Acre-Feet
INLAND BASIN
California -
Agua Caliente -

Palm Springs - - - - - - - - - -
Augustine - - - - - - - - - -
Cabezon - - - - - - - - - -
Mission Creek Wot Determined - 510 - - - - - - 510
Morongo " " 1,780 7,120 - 1,440 - - - - 8,560
Torres-Martinez - - - - - - - - - -

Subtotal 1,780 7,630 1,440 9,070
COASTAL

Southern California

Barona - - - - - - - - - -

La Jolla - - - - - - - - - -

Pala - - - - - - - - - -

Pauma-Yuima [Not Determined 185 555 - - - - - - 555

Pechanga " " 1,640 4,920 - - - - - - 4,920

Rincon " " 162 810 - - - - - - 810

San Manuel - - - - - - - - - -

Soboba - - - - - - - - - -

Viejas - - - - - - - - - -

Subtotal 1,987 6,285 - 6,285

TOTAL - ALL RESERVATIONS 9,789 44,844 204,805 44,283 1,100 295,032




THE PLAN OF DEVELOPMENT

Phase I - Immediate Action Programs.

Authorization of Construction.

Construction or completion of Lower Basin Indian Projects.

Planned for immediate authorization by Congress are the proposed Vaiva Vo
Irrigation Project, a feature of the Santa Rosa Wash Multiple Purpose
.Project on the Papago Reservation, which has been planned by the Corps
'of Engineers and the Bureau of Indian Affairs; and the White River
Irrigation Project on the Fort Apache Indian Reservation. Also planned
is the completion of the Colorado River Project irrigation system, and
rehabilitation and betterment of the San Carlos Reservation Irrigation
systems. Improvement of drainage of Indian lands on the Yuma Project of
the Bureau of Reclamation should be accomplished in the immediate future.
A program of canal lining and other betterment works on all reservations
will be undertaken as rapidly as funds can . be secured. Urbanization

of reservation areas near Phoenix and Tucscn, development of recreational
facilities, motels, resorts, etc., will require additional uses of water.

Watershed programs,

A Bureau of Indian Affairs' Range-Scil Survey crew is working on the Fort
Apache Indian Reservation preparing a resources inventory on 1,664,872
acres of range land. This will provide a complete inventory which the
Bureau will use to initiate management plans on the watersheds of the

Fort Apache Indian Reservaticm. In addition, the removal of undesirable
vegetation will go forward on all watersheds, ‘a2t the rate of 35,000 acres
per year. In support of the watershed programs it will be necessary to
continue conservation practices which annually approximate the construction
of 10 miles of dikes, 237 diversion dams in protecting approximately 129
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miles of gully banks and stream beds. Approximately 12,000 acres will be
-seeded to improved grasses each year.

Recreation, cultural, and scientific programs.

Recreational projects using water are planned at the proposed Santa Rosa
Wash Multiple Purpose Project on the Papago Reservation. This project has
been planned by the Corps of Engineers and the Bureau of Indiam Affairs,
and the feasibility report is nearing completion. Expansion of recreational
activities is proposed on the Fort Apache, San Carlos, Colorado River, Hopi,
and Navajo Reservations. The water requirements for these recreational
projects are shown on the table entitled "Future Water Demands and Supplies
‘on Indian Reservations".

Authorization of Priocrity of Planning.

Arizona Projects.

Headgate Rock Power Plant.

When the Colorado River betweern Headgate Rock Dam and Palo Verde Dam is
channelized an additional head can be made available to improve the
economic feasibility of a power plant at Headgate Rock Dam., Preliminary
estimates of costs and revenueg indicate that a feasibility type study
should be made. Power produced at this plant may be delivered into the
adjacent transmission line belonging te the Bureau of Reclamation, and
distributed as a part of the Lower Colorado River power gemeration.

Phase IT - Long=Range Programs

Procject Investigations

Water Sunply,

Rehabilitation and Betterment of Existing Irrigation Projects.

All of the Indian irrigation projects are in need of rehabilitation and

betterment of some type. These projects have been in existence for many
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years., Many structures have almost served their useful life; lining of
canals and laterals is necessary; many well casings are old; and on some

reservations proper protection against flood damage has not been provided.

The Bureau of Indian Affairs is preparing rehabilitation and betterment
reports on the reservation irrigation systems as rapidly as available
manpower can do it. As much of the rehabilitation and betterment work as
possible will be done under the Immediate Action (Phase I) program. Any
works not completed will be done under the Long Range (Phase 1I) program.

Ground-water projects.

Ground-water projects on Indian reservations in Central Arizona are facing
the most serious prospect of depletion of ground-water reserves. This is
especially true at the Ak’Chin; Gila River, Papago, and San Xavier Reserva-
tions. The only opportunity for continuing these projects into the long-
range future will be for importation of water from the Colorado River. There
are approximately 46,500 acres of such lands, which require approximately
230,000 acre-feet of water.

Agency Programs.

Project investigations should be carried out for the Fort Mohave, and
Chemehuevi Reservations on the mainstream of the Colorado River. Plans for
these projects have not been completed, although their locations adjacent

to the mainstream provide adequate water supply. Uses of water for municipal
and industrial purposes on almost all of the reservations is known only in a
general way. The exact determinations of future requirements should be
investigated more thoroughly. It is known for certain that urban expansion

on the Salt River Reservation is eminent, and prospects for industrial
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enterprises, motels and resorts, have been proposed and are being negotiated
at the present time at a number of the reservationms.

Specific Investigations.

Watershed Management and Improvement.

The 146,000 acre Coprduroy Watershed on the Fort Apache Indian Reservation in
Arizona was planned for initiation of treatment in 1955. Gaging stations
were established and will remain until definite conclusions are reached
regarding the effect of treatment on watershed discharge. Treatment was
‘completed in 1959 including the following:

1. Juniper, pinon, manzanita removal - 34,646 acres.

2. Logging (pine) 201,852,000 Board Feet.

3. Prescribed burning (pine) - 17,880 acres.

4, Logging Oak - 250 cords.

5. Slash burning - 2,900 acres.

6. Grass seeding - 9,361 acres.

7. Roads and trails - 80 miles

8. Fence construction and repair - 30 miles.

Total cost - $271,128.

Data collected by U.S.G.S., following treatment has not been published.
Studies are in progress on two controlled areas on the Fort Apache Indian
Reservation by the U,S,G.S. One study is on the Cibicue Ridge watersheds
which are composed of two small watersheds each with gaging stations and
complete weather recording stations including canopy interception gages
and measurement of soil moisture penetration. When collection of basic
data is completed one watershed will be cleared and seeded to grass. No

conclusive data has been released on this study.
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The second small watershed study is also on the Fort Apache near Cedar
Creek and is called the Apache Ponds. Two small, uniform watersheds were
selected side by side and interception ponds built on each. Timber andl
brush were removed from one watershed in 1958. The cleared area was
seeded to grass and is gaged each year. When the study has been completed
there is little doubt that the cleared area will show a marked increase in

runoff.

The 186,000 acre Cibicue watershed, also on the Fort Apache Reservation,
is in the final year of treatment and will be under study for at least
three years thereafter to determine effect of treatment on water yield.
In the adjacent Carrizzo Creek watershed no treatment has been initiated
and surface gauging is carefully recorded each year for comparison.

Water Salvage.

Phreatophyte control.

Tests were initiated this year by the U.S.G.S. on the Gila River bottoms
west of Bylas, Arizona, above Coolidge Lake to determine consumptive use

of 'water by phreatophytes, principally salt cedar, and on the San Carlos
River where the study is conducted on mesquite and cottonwood. At the
completion of the first three years of testing the areas will be cleared

to provide the environment for determining results. Concurrently the
University of Arizona and Bureau of Reclamation are cooperating with the
Bureau of Indian Affairs and the San Carlos Tribe in working out the most
successful method of phreatophyte eradication and grass species~fof replace-
ment of the worthless vegetation.

Channel losses.

Channel losses as distinguished from use of water by phreatophytes growing
ad jacent to the channel, is not important on Indian Reservations, except
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at the Colorado River Reservation. There the width of the Colorado River
is greater than necessary in some locations causing evaporation losses
which might be reduced by channelization.

Recreation, Cultural and Scientific Programs.

In a program of channelization on the Colorado River Reservation, consid-
eratioh should be given to placing the excavated material in such a manner
asvtdgbrovide,beaches for recreational purposes. The Colorado River is an
important recreational feature for Southern California and Arizona, and

the addition of useable beaches would be of great advantage.

On the Fort Apache Reservation are impqrtant opportunities for additional
recreational facilities, especially lakes for fishing, and potable water
supplies at camp grounds and for the communities in the area. Without
question communities on the reservation as well as off the reservation
are going to expand greatly in the future and will need water. It is
proposed that reservoir sites on the reservation be investigated with the
viewpoint of utilization of the water for multiple purpose uses. Improve-
ment of irrigation supplies for Indian lands along East Fork of White
River, projects taking water from North Fork of White River , and from
other streams on the reservétion, would be of importance. These uses

could be combhined with recreational and fish and wildlife uses in

multiple purpose projects.
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APPENDIX 8

THE USE AND VALUE OF DESALTING PLANTS

Saline Water Conversion Plants are part of the Pacific
Southwest project area at the present time, and will be a source of
supply in the future. Attention is directed within the report to
two plants now in operation and to the potential value of desalting
plants in the development of water resources for the area. This
Appendix provides more detailed information discussed in the follow-

ing paragraphs:

CHAPTER III--PRESENT WATER SUPPLIES AND USES

Lower Colorado River Tributary Areas :

Water Use
Desalting, Buckeye, Arizona

Southern Californisa

Water Use
Desalting, San Diego, California
Principles of Operation
Recent Developments
Future Developments

CHPATER IV-~FUTURE WATER DEMANDS AND SUPPLIES

Sources of Supply

Desalting

. Cost of Energy
Targe Size Plant Cost Studies
Prototype Plant
Description of Water Conversion Plant
Description of Power Generating Plant

OFFICE OF SALINE WATER

Charles F. MacGowan
Director

UNITED STATES DEPARTMENT OF INTERIOR



CHAPTER III--PRESENT WATER SUPPLIES AND USES

Lower Colorado River Tributary Areas

Water Use - Desalting

Buckeye, Arizona

The City of Buckeye, Arizona installed a 650,000 gallon per day
desalting plant in 1962 to provide municipal water. The plant con-
gsists of three stacks of two stages each of 275 memfrane pairs which
we intended to reduce the feed water of 2060 ppm. The salt passing
through the water mains which was formerly 14,000 pounds per day is
reduced to 2720 pounds per day. ' The plant is monitored by three
water level controls, five pH controls, three conductivity cqntrols,
two pressure controls, and one electric current control. The waste
stream of 160,000 gallon per day contains 8300 ppm total dissolved
golids, and joins the City effluent from the City's sewage treat-
ment plant before being fed to the Arlington Canal River,

The cost of the water produced is about $0.33 per 1,000 gallons,
with 11 mill per Kwh power, when operating at full load., The City
vater rates, however, have increased from $0.47 per 1000 gallons to
$1.28 per 1000 gallons, becuase the plant operates on partial load
moét of the time. The $0.81 increase also includes other expenses
incurred to assure a more adequate water supply for the City. The
cost of the rplant was $305,000.

The results obtained illustrate the costs that can be obtained

by the use of an électrodialysis process plant with water low in

those constituents that cause polarization of the membrane. The high
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water temperature 85°F also contributes to low cost water. The
plant has been in operation since January 1962 and will be useful
for evaluation of tHis process for special water containing chiefly

salt.

Southern California

Water Use -~ Desalting

San Diego, California

The City of San Diego, State of California, and the United
States Government have made égregments which resulted in the con-
struction and operation of a modest size demonstration plant to
develop the engineering, economic, and operating potential of the
flash distillation process for desalting sea water. The cost of
the construction contract was.shared equally by the Office of Saline
Water of the Department of the Interior and the Department of Water
Regsources of the State of California. The prime responsibility
remained with the Office of Saline Water, The California Department
of Water Resources performed valuable services by checking drawings
and meking field inspections. The City of San Diego provided the
grading for the site, an improved road to the site, and installed
a pumping plant and pipe line to convey the product water to a city
reservoir.

The plaht is the first large multi-stage flash in the United
States and is among the largest in the world. It mekes the most
efficient use of fuel energy of any plant, and embodies a new con~-
cept of long tube evaporators which would be utilized in large size

production plants.
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The primary purpose of the plant is to demonstrate the technical
and economic:aspects of the distillation process for desalting sea
water. In line with this purpose, the plant will continue to pro-
duce fresh.water, as it has since March 1962, to establish engineer-
ing, reliability, and cost data for evaluation of the process.

A secondary and highly important purpose is to find ways of
improving the process and to eliminate any technicél difficulties
that may develop. In line with this purpose there are design fea-
tures that will extend the prange of operating temperature which will
provide a more efficient use of the fuel energy.

Operating under design conditions, the plant has consistently
produced a million gallons of water per day having 10 to 15 parts
per million (ppm) by weight of dissolved solids. It has 36 flash
chambers or stages, and provides for recirculation of brine to
supply the heat required for vaporizing the water, thereby economiz-
ing on the fuel energy required. The stages are contained in ten
horizontal vessels, which were factory built and transported to the
site as assembled units. They are connected together to form one
continuous circuit of 36 stages, in series. Auxiliary equipment
inéludes the boiler, pumps, piping, brine heater, instruments, and
an operations building. The entire plant occupies a working space

of approximately 1.5 acres,

Principles of Operation

The operation of the plant is pictured in the flow sheet of
Figure 2. Sea water is brought into the plant at about four times

the production rate and pumped through the condensers of the lowest
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temperature. stages to accomplish the condensing of steam at low
temperature. About 45% of the intake water is returned to the ses,
while the rest is introduced to the degasifier where the oxygen,
nitrogen, and some carbon dioxide are removed to the vacuum jet
eductor. The sea water then combines with the brine stream which is
continuously recirculating through the condenser tubes passing
through each chamber or stage (zigzag line) of the.34th to 1st or
highest temperature stage. Throughout this part of the circuit, the
brine passes to the brine heater where the brine is heated 8 to 100F
before being released to the flash chambers. Heat for the brine
heater is supplied by steam from the boiler, TFor better economy, the
steam is first used to drive turbines throughout the plant.’

From the brine heater, the brine passes to evaporation side of
the first stage where s smali portion flashes into vapor, and then
in succession through the reméining stages back to the 36th stage.
Fach successive stage is maintained at a lower pressure than the pre-
ceeding one which results in approximately 0,3% of the brine flash-
ing in each stage, This steam condenses into product water, giving
up its heat of vaporization to the brine flowing inside the tubes,

By this arrangement, about 90% of the heat required for boiling is
recirculated and only 10% needs to be "new" heat added from the boiler.
The plant actually produces at an economy ration of 10.5, that is,
produces 15:5 pounds of water for each 1000 Btu of "new" heat added.

Brine is withdrawn continuously by the blowdown pump in an
amount equal to the product steam in order to control the quantity of

dissolved salts in the recycle steam.
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The product water flows from stage to stage and is cooled by
partial flushing and recondensing on the brine tubes above. The prod-
uct water is withdrawn from the 36th stage by the product pump and
delivered to the San Diego water supply system.

Recent Developments

The control of scale forming constituents in the brine was orig-
inally achieved by adding four ppm of additive compound, Hagevap, to
the feed water. This was effective for temperatures up to 200°F. More
recently, acid additive has been used to control the alkaline scale
forming constituents. This méthod known as the "pH control method"
releases all the carbon dioxide in the incoming water, which ig then
95% or more removed in the degasifier.

Use of this method of scale control has permitted operation at
temperatures up to ZSOOF without scale formation. This method reduces
the quantity of fixed gases in the condensing zone so that greater
output can be obtained for the same heat transfer surface. The plant
output has éctually been increased 40 per cent--to 1,400,000 gallons
per day. Another advantage has been the elimination of caustic addi=-
tion to adjust the pH of the product water or of the circulating stream.

For an optimized design the higher temperature operation will
result in higher economy ratio. ZFor the large plants the 2500F opera-
tion will optimize at 13.% economy ratio, which makes a materisl re-
duction in stéam requirements,

The cost of the "pH control method" of scale prevention is about

the same as that for the chemical additive Hagevap.,



Future Developments

Process improvements are currently under development that indicate
the flash distillation can be adapted for use with brackish waters where
high concentrations can be obtained for the blowdown waste. Pilot
plant results have shown that the flash process can operate success-
fully with a calcium sulfate slurry of one percent which will prevent
scale formation at temperatures up to 300°F. Economic studies show
that operating temperatures as high as 350°F can be justified and success
with the calcium sulfate slurry aﬁpears likely.

Success with high—température, high concentration operation can
be assured by operating the multi-stage flash process in part as multi-
effect. The use of three or four groups of stages or effects operating
each at given concentrations will provide conditions to assure that the
calcium sulfate will remain in suspension. Under these conditions, the
blowdown may be brought to 16 to 18% total salts without deleterious
effect upon the process. The high concentration would occur in the low
temperature effect where the boiling point elevation, due to salt con-
centration, is minimized.

‘When working with sea water, the concentration factor would be
about five and the volume of blowdown reduced to one quarter of that
from the presént operation of the San Diego plant. With brackish
waters of about 3000 ppm total dissolved solids, the blowdown would be

only one-twentieth of the product stream, thus minimizing the waste

disposal problem,
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The multi-effect, multi-stage flash process operating at tempera-
tures up to 350°F would lend themselves to large energy savings. With
fuel at $0.30 pér million Btu, these plants would optimize at an
economy ratio of 20 to 22 to one thus reducing the energy required to
half of that required in the presently designed plants. It is expected
that the advanced concept of multi-effect, multi-stage, high temperature,
high concentration factor flash process will be developed on a million
gallon per day scale at the San Diego plant by suitable modification to
the equipment.

There are other variations of the distillation process under
study such as the thin film evaporators, the use of drop wise éonden—
sation promotors, the vapor reheat technique, plate type heat exchangers,
and plastic heat transfer films which may add incremental advantages to
the distillation process. Additional improvements are anticipated from
the research and development studies which are being conducted on an

expanded and accelerated basis by the Office of Saline Water,.
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CHAPTER IV--FUTURE WATER DEMANDS AND SUPPLIES

New Sources of Supply

Summary

New sources of supply for future water demand for the Pacific
Southwest Area must include consideration of desalting presently
unuseable saline waters that are readily and abundantly available in
the area. Because of energy considerations, two specific situations
were considered for this study. The first of these ié for three plants
located in the Los Angeles area, each of which will produce 135,000
acre feet of high quality water per year (150,000,000 gpd). For this
area, fuel cost for gas was based upon experience of 36 cents per
million Btu. The cost of water from water plants of this size, com-
bined with a 417 megawatt electric power generating station, would be
agbout $105 per acre foot (32 cents per 1000 gal). The investment cost
for this plant is estimated at $86,000,000 and for the power plant at
$53,500,000, making a total of $139,500,000 for both.

-In the San Diego area and other locations in the Pacific Southwest,
coal offers a low cost source of energy. Using Four Corners Area coal,
a base price of 23 cents per million Btu has been computed. The cost
of water from/?S0,000,000 gpd water plant combined with a 417 megawatt
elecfric povwer generating station would be $90 per acre foot (28 cents
per 1000 gal.). The investment cost for this plant is placed at
$86, 000,000 end for the power plant at $65,000,000, making & total of
$151,000,000 for both.

Desalting

The desalting of water on a large scale is an entirely new approach

as a scurce of supply. With good foresight, the Congress, in 1952,
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directed the Department of the Interior to sponsor a program of re-
search and development in this field. The program has been conducted
by the Office of Saiine Water, and two processes have been developed
to a degree that large size practical plants can be built based on des’
sign concepts that have been successfully demonstrated in small scale
operating plants.

The first of these is the electrodialysis process, which is being
utilized in two production plants - one at Buckeye, Arizona (city
financed) and the other at Webster, South Dakota. Both are using in-
cremental componentsvof as large a size as can be manufacturedQ‘ The
former is designed to produce about 650,000 gpd at $0.33 per 1000
gallons from a water having chiefly salt (NaCl) as an impurity. The
latter is producing about 250,000 gpd at about $0.95 per 1000 gallons
on & water requiring extensive'pretreatment of the brackish feed water.

There are few water supplies in which the saline content is chiefly
salf, hence the opportunity of realizing costs from large electro-
dialysis plants of less than $0.50 per 1000 gallons ($160 per acre foot)
is not very promising. The cost of water b& this process from very
large plants has been estimated at from $0.30 to $0.60 per 1000 gallons
when.handling brackish waters of 2000 to 3000 ppm total dissolved solids
content. While this process may show promise after more development,
it is not now recommended for very large plants.

The secdhd of these is the distillation process, exemplified by
the three demonstration plants located at San Diego, California; Freeport,
Texas; and Roswell, New Mexico; using, respectively, the multistage flash
evaporator, the multi-effect falling film evaporator, and the forced-

circulation vapor-compression evaporator. The results obtained from
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these plants (all at a million gallons per day capacity) have been
good, and the multistage flash process is presently only slightly
superior to the other two.

The flash type distillation process has been most extensively
studied, including designvconcepts for very large plants - up to 150
million gallons per day. The other two processes tend to optomize
in plants of 5~10 million gallon per day size. Results show that the
flash distillation process maximizes the use of equipment items that
have been previously developed in large size for other pufposes. In
addition to this, the flash pfocess can be readily adapted to use
steam ffom e tapping turbine and thus in this combination is provided
with a cheaper source of steam.

It is in combination wifh electric generation stations that two
gizes of plants - 50,000,000 aﬁd 150,000,000 gallons per day - have
been studied and the cost of water developed. Energy cost studies have
been, made by the Office of Oil and Gas, Office of Coal Research, and
the Bureau of Mines,

Cost of Energy

Energy costs constitute about half of the total cost of producing
water from the very large plants, The investment cost accounts for
another third of the costs, while the operating and maintenance costs
make up about one-sixth of the costs. When producing water from the
combination o%"an electric power generating station and a sea water

conversion plant, there are a number of ways the resulting costs can

be distributed.
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For this particular study, the basic guide has been that

the electric power produced should cost the same as that from an

‘ electric
unassociated plant having the same net/output as the combined plant.
The procedure adopted was to charge all energy costs to the power
plant and derive the difference in electric generating costs for two
hypothetical plants - one combined with a water plant and the other
unassociated. Thus increased operating, ~investment and fuel costs
are reflected in the difference in electric power costs from the two
plants. The electric costs ha&e been developed in Tables IT and IIT
for the unassociated and combined plants of 150,000,000 capacity,
respectively. When using gas, the difference in electric cost is 2H
mills per Kwh which, when credited with 4O MWH pover, results in a fuel
charge of $0.22 per million Btu, 60% of the cost of gas originally.
W?en burning coal, the difference is 1.5 mills per KWH, with a net
fuel charge of $0.16 per million Btu, which is 70% of the cost of coal
originally. )

Energy for the plants could be either of nuclear origin or
any one of the three fossil fuels., A recent study by the Bechtel
Co?poration has indicated that the cost of energy from the former may
be competitive with conventional fuel and will depend upon the progress
being made 9n reducing costs from large plants. For this reason, it was

decided to use fossil fuel costs and leave the choice of fuels for a

later decision when nuclear fuel costs are more clearly defined.
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Because ofbrestrictions imposed by the City of Los Angeles
to avoid smog formation, the use of natural gas for electric gener-
ation is required eight months of the year. Gas supplied to the Los
Angeles area has increased in cost from 25 to 36 cents per million Btu
in the six-years prior to 1961. Residual fuel oil cost has fluctuated
considerably during this period and, more recentl&, has stabilized at
about the same cost. For these reasons, a basic gas fuel cost of %0.36

per million Btu was adopted with standby provision for conversion to

oil for the Los Angeles area.

For other sites in the Pacific Southwest, coal is a cheaper
source of energy when supplied from the Four Corners Area (New‘Mexico,
Arizona, Utah and Colorado) by pipeline. This coal at 10,500 Btu per pound
heating value is available for about $2.80 per ton at the mine. The
cost of transporting the coal, based upon past experience, should be
iess than 4 mills per ton-mile. The cost per million Btu of coal
delivered to four sites has been calculated to be: Phoenix, arizona -
18.2 cents; Yuma, Arizona - 21 cents; San Diego, California - 23.4 cents,
and Mecca, California -~ 21.9 cents; or an average cost of 21.1 cents per
million Btu.x The use of pipeline coal requires somewhat more energy than

train-delivered coal, therefore the adjusted cost of coal used in this

study was ;, 23 cents per million Btu. (see Ref. 14).
Each 150,000,000 gallon per day plant requires coal at a rate
of 2,860,000 ton per year of Four Corners Coal. The economical trans-

6

portation of coal is based upon the delivery of 8 to 10 X 10~ tons per
year. This would mean that three water plants should be located in the

isame area so0 that the demand for coal would justify this means of transport.
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large Size Plant Cost Studies

Under contract with the Office of Saline Water, the Bechtel
Corporation developed the distillation plant economics for 1€ case
studies that encompassed a range of design criteria. Thesé were:
inlet water temperatures of 65 and 85°F.; brine maximum temperature
of 250 and 3000F.; and steam costs of 5, 15, 25, and 35 cents per
million Btu, all for the 150,000,000 gallon per day capacity plant.

In addition, a single cost study for 50,000,000 gallon per day plant
was undertaken using 250CF, maximum temperature and 20 cent per million
Btu for fuel,

Not all the above criteria were considered in this study;
however, the results of the study showed the following:

l. The effect of.combining power generation with water
production is to reduce the cost of water about 20 percent.

. 2. The effect of increasing the scale of operation in com-
bination plants from 50 to 150 million gallons per day is to reduce the
cost of water about 25 percent.

3. The effect of reducing inlet water temperature from
85 to 65°F, is to reduce the cost of the water by about 3 percent with
brine temperature at 250°F.

The sea water conversion plant selected for this study would
be one co&bined with a thermal electric power plant., The 150,000,000
gallon per day water plant would be coupled with a 417 Mwh generator
station (net for sale). The gross generating capacity would be about
500 Mwh, of which 40 Mwh would be used in the water plant, The 40 Mwh
- is not included in the 417 Mwh net capacity,

- 8 -13 -



The investment cost of the water plant was determined to
be $86,000,000, and the cost of the product was found to be _ 28
cents per 1000 gallons, or about $90,0Q0 per acre-foot, as shown in
Table I. Of this total cost, 10 cents results from capital costs,
and 13 cents is the energy cost. These unit costs were derived for
the coal-fired electric power plant which produces power for 7 mills
per Kwh. An unassoclated power plant would produce power at 5:2 mills
per Kwh., The difference between these two net energy costs was used
as the basis for the eneréy cost for the water plant. The derivation
of the electric power cost is given in Tables II and III for the two
power plants. The costs for the power are based upon privafe utility
financing and upon Federal Power Commission data published in Technical
Memorandum No. 1 and Supplement No. 1 of January 1962. The power plant
for the comﬁined plant is higher because of the larger boiler required
%o produce the extra steam. The unit costs as developed in Table III for
the combined plant are based upon producing 457 mwh, but the final =zxk
unit cost is based upon selling 417 Mwh.

These same tables show the cost of water from a 150,000,000
gallon per day water plant combined with a gas-fired thermal power plant,
The cost of water from such a plant is 32 cents per 1000 gallon, or
$105.00 per acre foot., The energy cost of 36 cents per million Btu for
gas is con;iderably higher than the 23 cents per million Btu for coal;
however, investment and operating costs are lower and bring the cost of

water to nearly the same value,

NOTE: Capital and operating costs given above were obtained
from a report by Burns and Roe, Engineers and Constructors of
N.Y.C. entitled "Engineering Evaluation of Costs of Dual Purpose
Conversion and Power Plants; (OSW contract No, 14-01-0001-336).
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The capital required for the combined plant is $86,000,000
for the water plant, plus $65,000,000 for the coal-fired power plant,
making a total of $151,000,000. The gas-fired power plant cost is
placed at $53,500,000, making & total of $139,500,000 for the combined
plant. A seaside acreage of about 160 acres with 1500 foot frontage
on the sea would be suitable for the plant site.

Prototype Plants

Construction of very large size plants should be preceded
by the construction of a prototype plants of lesser capacity but
embodying the design concepts necessary for the large-size plant. As
a part of this program, it is proposed to build a 50,000,000 gellon
per day water plant combined ,with a 139 Mwh thermal electric power
plant. The investment cost of such a combination would be $30,300,000
for the water plant and $28,000,000 for the coal-fired power plant, for
a total of $58,300,000. The net cost of energy from such a combination
woulé be 6 mills per Kwh (Table IV) and the cost of water 34 cents per
1000 gallon or $ilO per acre foot (Table I).

A gas-fired power plant would cost $23,000,000, and the total
cost for the combined plant would be $53,300,000, The net cost of
eneréy from such & cbmbination would be T mills per Kwh (Teble IV) and
the cost of the water 36 cents per 1000 gellon or $120 per acre foot

(Teble I). A¢seaside acreage of about 85 acres with 1200 foot frontage

on the sea would be suitable for the plant site.
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A pictorial presentation of a 150,000,000 gpd plant is shown
in Pigure i. The perspective depicts in the left foreground the intake
system with the stop log and associated trash rake, the line of 18
rotating screens, and the sluiceway for the discharge of trash into
the disposal canal, followed by the concrete forebay and the intake,
coaling water,'and screen wash pumps. Next in line are the recycle,
blowdown, and ?roduct pumps in front of the two heat rejection evapor-
ator sections. The first of these incorporates an internal degasifier
and the ejector system for removal of fixed gases. Following this are
the 26 stages of évaporapors and, last in line, the brine heaters.

The power generating plant is to the right, with two boiler
units and two steam-driven generators. The exhaust steam from the
steam turbines is used in the brine heaters to heat the circulating
.brine. .In the center of the picture is the operations building, control
room, and shops., Product coolers are shown next to the power substation.
In the left background is the chlorine and sulfurie acid storage tanks

and & carbon dioxide equalizing tank.

Description of Water Conversion Plant

Flow Description

The presumed site of this mutlistage flash vaporization
plant is adjacent to a sea water channel so that intake water can flow

directly into & forebay where trash is removed and the water is screened

and chlorinated before entering the pumps. Net makeup water is acidified

for scale prevention and then allowed to degasify in an atmospheric open
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tank before flowing through the condenser coils in the heat reJectioﬁ
stages., It 1s then deaerated and mixed with the recycle brine iﬁ the
last heat rejection stage.

In order fo save on pumping costs because of difference
in pressure losses, sea water for heat rejection only is pumped through
other condensers in the heat rejection stages and .is finally discharged into
an open channel - to return it to the sea two miles away. Rejected brine
from the flashing brine stream in the last stage and other cooling water
streams are also discharged into this channel.

Recycled brine is pumped from the vacuum sump in the final
stage and returned through the condensers in the heat recovery stages
counterflow to the flashiﬁg brine.

After finally Being heated to 250°F, in shell} and tube=-
type heat exchangers by means of 30 psig exhaust steam from the boiler
plant, the hot recycle brine flows into the first stage of the evaporator
to begin fhe series of flashings.

Accumulations of noncondensible gases are drawn from every
sub-atmospheric stage through the steam jet ejector system. Pressure
stages are vented to atmosphere,

Distilled water product is collected in an open stream

.within the evaporstor., It also is arranged to flash from stage to stage
as a means %f recovering its sensible heat, It is finally pumped through
sea water coolers for delivery to plot boundary at 90°F maximum and 25 psig.

Condensate from the brine heaters and steam jet ejectors

is returned as boiler feed water.
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Intake System

For the approximstely three quarters of a million
gallons per minute of sea water taken into the plant, a forebay
entrance 300 feet wide is used. Gratings across the entrance collect
trash and debris. Mechanical raking facilities collect the trash
where it is lifted out and dumped into a sluiceway for discharging to
the outlet canal, Travelling screens then collect finer material from
the water flow. Water i1s pumped to backwash the screens into a col-
lection trough which discharggs into the sluiceway.

Chemical Treatment

A system of spargers is used to inject chlorine directly
into the concrete foreba& at frequent intervals to prevent biological
growths, It is estimated fhat about 750 1bs. per day of chlorine is
required for one hour'!s dosage per day.

Scale formation in the heated brine system is prevented
by decomposing the carbonates with sulfuric acid. To minimize acid
consumption, only the net makeup water ié treated. Acid is injected
into the pump discharge stream, and resulting pH is controlled so that
alkalization is not required. 330 barrels of acid are used per day.

The acidified sfream discharges over baffles for agitation
into an open basin where the mgjor part of CO2 is released to atmosphere,
The waterl?lows by pressure differential into the deaerator.

Evaporator

The evaporator train will consist of 28 stages to obtain

a high gain ratio of 13.4 pounds of product water per pound of steam

used.
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The concept of the proposed concrete evaporator strucfure
design includes use of prestressed and pretensioned sections to permit
use of thinner walls capable of withstanding the differential pressures
to the atmosphere and Between stages. Additionally, the use of stressed
concrete will minimize cracking and leakage. Flexible seals embedded in
the concrete at section joints provide for thermal expansion while pre-
venting in-leakage of air,

Each stage has been established with a length of 4O ft.
in the direction of flow. In prder to provide adequate brine surface
for release of vapors, the stages are 260 ft. wide. Brine flows across
the floor at about 5 ft. per second and about 1-1/h ft. deep. Distillate
collected from troughs unaer each condenser bundle flows in a separate
central channel along the fioor. It increases in width through the stages.

The flowing streams take their pressure drops through
"under flow'" weirs in the barrier walls with orifices properly sized
for each‘stage.

~The last of the recycling stages has extra length to con-
tain large piping manifolds. At this point, the heat rejection water
leaves the condenser streams and recycle brine enters.

-The concrete floor and portions of walls exposed to flowing
water are lined with bonded neoprene materials as suited for the various
temperatur; levels., Suppliers of the materials give assurance of good
service life for the exposure conditions encountered.

The arched roofs of each stage are arranged in sections
for removal in case condenser bundles are replaced., Rails in each valley

-cerry 2 gentry crane which spans the arch and carries its load to either
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gide of the evaporator. Access at each side permits a track crane to
" pick up the load from the gantry. The gantry can also be transferred
from stage to stage.

Condensers

Condenser sections are provided as open tube bundles with
fixed tube sheet and bolted channel at each end. . The channels are
esgentially tapered transition pieces flanged to serve as connecting
nozzles. The bundles are carried in structural steel members and are
supported from the evaporator floor°

The tubes are 1 inch in diameter, 18 B. W. G., and of
aluminum brass material. FEach stage contains about 318,000 sq. ft.

With condensers connected end to end in parallel streams
through the stages, the onl& internal piping is the short sections
through each wall and the one aresa where the incoming recycle and
outgoing heat reject waters are manifolded to the condenser rows.

Brine Heaters

~ Tubular surface for the brine heaters is divided into
9 units. This permits collection of brine from four condenser streams
to each unit, and yet results in units of reasonable size,
Design compargble to standard steam surface condensers
is used. Tubing is the same as in the condensers except for length,

)
which is sélected to give a proper balance between velocity and surface,

are
The bundles/arranged for single pass flow. A sump in the bottom of

each shell collects condensate for pumping and carries level controls.



Pumps and Drives

Principal pumping units for the water conversion plant
are summarized on the attached Exhibit.,

The 1argé water pumps are all of the vertical, low speed
type as used in hydroelectric and large pumped water storage installa-
tions. They are drivel directly with vertical synchronous motors.
Multiple units permit reduced rate operation of the plant in care of
unscheduled shutdown of a pump.

Two pumps of 127,000 gpm each are provided for supplying
feed water to the plant. Two pumps of 216,000 gpm capacity each are
provided for supplying heat reject water, and one pump Qf 120,000 gpm
capacity takes care of miscellaneous cooling needs. A fotal off806,000
gpm of water are required, 6f which 336,000 gpm are used for cooling
purposes,

The pumps taking water from the vacuum sump adjacent to
the deaefator stage are designed with a submerged impeller to provide
NPSH for the second impeller. This arrangement is recommended by a
manufacturer of these large pumps.

The other pumps listed are of conventional type for the
réspective services, Iach brine heater carries its own condensate pump,
If a pump, heater, or condenser section fails, only one of nine streams
would then‘ be shut down.

A substation is furnished to provide power and control
equipment for the water pumps. Power for the substation is taken from
.the generator station switchyard at the primary voltage, Two three-
.winding transformers rated 30/L0 MVA, OA/FA, 138,000 volts wye, 13,800

volts delta, 4,160 volts delte with ¥ 10% ITC on the primary

-8 .21 .



furnish power to the motors. The recycle pump drivers are wound
for 12,000 volts and controlled by air circuit breekers in a double
ended switchgear rated 15KV, 250 MVA and fed from the 13.8 KV windings
of the two transformers. The motors from 1500 to 4000 horsepower will
be wound for 4000 volts and will be controlled by air circuit breakers in &
double-ended switchgear rated 5KV, 250 MVA and fed from the 4,16 KV
windings of the two transformers.

One circuit breaker in each half of the 5KV bus furnishes
power to & 1000/1125 KVA Oh/FAIh16O - 480 volt transformer to provide
~ power to two 480 volt switchgear units, All motors 100 to 250 horsepower
are controlled by air circuit breakers in this switchgear.' One or more
440 volt motor control centers is installed as required to provide power
and control for miscellaneoﬁs small motors, lighting, etc, in the water
plant.
o All 4000 volt and 12,000 volt drivers are synchronous
motors. ‘All 440 volt motors are NEMA design B induction motors.
Enclosures for the synchronous motors are NEMA 2 weatherproof; enclosures
for induction motors are dripproof. All switchgear are outdoor with
protected aisles.

Description of Power Generation Plant

The power plant is a conventional gas-fired steam-electrilc
unit exceﬁﬁ for the deletion of a surface condenser. Two identical
units, each with a net genérator output of 227 megawatts are provided.
After allowing for losses in transformers, etc,, station net output is

estimated at 208.5 megawatts each.

The heat rate for the unit was taken as 14,000 Btu per KWH,
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Four feed-water tanks,with a combined capacity of 14 million
pounds of water, provide two hours of surge capacity at maximum load.

Tﬂe following description covers one of the twin units.

Total quantities should therefore be doubled to estimate tht total
output of the combined plants.

The turbine is a two-stage unit with intermediate reheat of
steam, and fluid-drive-~coupled boiler feed water pump, An auxiliary,
electrically-driven, feed water pump is provided for startup. Extraction
steam is taken from five points on the two-stage turbine to provide
feed water preheat.

A cqnvent_;o_nal power plant supplies energy where‘ primary
steam is generated in the boiler from feed water preheated to 528F,

The steam condition is 1050°F. at 2400 psig. It is expanded to 560
psia in the high pressure turbine, and returned to the boiler where it
is rehegted to T60°F., 530 psia. The reheated steam is then expaﬁded
in the second stage from where it flows to the brine heaters at 44 psia,
saturated. The brine heaters and the condensate return pumps are
described in more detail in the section on the water plant.

The two-stage turbines develop a gross output of 247 megawatts
each. The boiler feed pump absorbs 9.3 megawatts, and the remaining
aukiliariqs an additional 7.2 megawatts. Generator losses are estimated
at 3.5 megéwatts, leaving a gross output of 227 megawatts (electrical).

Total ‘station output is therefore 457 megawatts. After deduct-
ing 40 megawatts requirements in the water plant, the saleable power is

417 megawatts at full load. The net amnual heat rate of 14,000 Btu/Kwh

is required for the generating plant.
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Steam to operate the ejectors at the water plant is extracted
at 185 psia from the reheat turbine. Condensate from the ejectors at
90°F is first heated by extracted steam to 213°F., combined with brine
heater condensate and déaerated. Makeup water from the feed water tanks
is first demineralized and then deaerated. Normally, mske-up fram the
water tanks is not required, since the ejector condensate should suffice
to make up all losses.

Deaserated condensate is pumped up to 2815 psia and returned

to the boiler via steam-heéted'feed water heaters.
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TABLE I (A)

COST OF WATER FROM
MULTL STAGE FLASH DISTILLATION PLANT"
(7000 Hours'Operation per Year)

150 Million Gallon per Day

$/million gallon $/acre-£ft
average output average output
6 .
8
Investment Cost $86 x 10
per 10gallon 1,960.00 640.00
Annual Capacity Cost
1. Fixed Charges
a. Interestd 3.0 % 58.80 19.15
b. Amortization 1.654 32.30 10.52
c. Interim Replacements 0.35 6.88 ‘ 2.24
d. Insurance (in lieu 0f)0.25 4,90 1.60
--Total Fixed Charges 5.254% 102.88 33.51
2. Fixed Operating Costs
a. Operation & Maintenance 9.06 2.96
b. Gen & Adm Exp. -25% of 2a 2.26 " 0.74
Total FRixed Operating Costs 11.32 3.70
Total Annual Costs B(1)+ B(2) 114 20 37.21
Variable Operating Costs
1. Energy - Coal 130.00 42 .40
- Gas 170.00 55.45
2. " Operation & Maintenance 4,89 1.59
3. Chemicals (3,988/150) _25.90 8.45
Total Variable Operating Costs-Coal 160.79 ' 52.44
-Gas Z00.79 65.49
Total Costs (Coal) 274,99 _89.65
Total Cost per Net 1000 gal (Coal) 0.275
Total Cost per Acre-tt 326 x ,275 ’ 89.60
Total Costs (Gas) 314 .99 102,70
. Total Cost per Net 1000 gal (Gas) 0.315
Total Cost per Acre-ft 326 x .315 102.70
7

3

NOTES :

(1) Water Plants only federal financing

(2) Coal cost at 22.9 cents per million Btu

(3) Gas cost at 36 cents per million Btu

(4) Energy charge based on difference in cost between
combined and unassociated power plants, i.e.
(6.98-5.43= 1.55 mills for coal) and
(8.41-6.37= 2,04 mills for gas). See Tables Il and III,

(5) 326,000 gallon= one acre-~ft



A.

TABLE I (B)

COST OF WATER FROM

MULTI STAGE FLASH DISTILLATION PLANT

(7000 Hours' Operation per Year)

50 Million Gallon per Day

" $/million gallon $/acre-ft
average output average output
$30.3 x 10°
Investment Cost
per 10" gallon 2,075,00 676.00
Annual Capacity Cost
1. Fixed Charges
a. Interest ‘3.0 % 62.20 20.25
b. Amortization 1.654 34.30 11.18
c. Interim Replacements 0.35 7.15 2.33
d. Insurance (in lieu of) 0.25 _5.19 1.69
Total Fixed Charges 5.254% 108,84 . 35.45
2, Fixed Operating Costs
a, Operation & Maintenance 18.80 6.15
b. Gen & Adm Exp -~ 25% of 2a 4.73 1.54
Total Fixed Operating Costs 23.63 7.69
Total Annual Costs B(1) + B(2) 132 .47 43,19
Variable Operating Costs
1. Energy - Coal 170.20 55.50
-~ Gas 194.50 63.40
2, Operation & Malntenance 10.20 3,32
3. Chemicals (3,988/150) 26.62 8.68
Total Variable Operating Costs-Coal 207.02 67.40
-Gas Z31.32 75.30
Total Costs (Ccal) 339.49 110.59
Total Cost per Net 1000 gal (Coal) 0.339
Total Cost per acre-ft 326 x .275 110.60
Total Costs (Gas) 363.79 118.49
Total Cost per Net 1000 gal (Gas) 0.364
Total Cat per acre-ft 326 x .315 118,50

NOTES :

(D
(2)
(3
D)

(5

Water Plants only federal financéng

Coal cost at 22.9 cents per million Btu

Gas cost at 36 cents per million Btu
Energy charge hBased on difference in

cost between

comPined and unassociated power plants, i.e.

(6.98 -5.43
(8.41 -6.37
326,000 gallon = one acre-ft

1.55 mills for coal) and
2.04 mills for gas). See Tables IT and III.



TABLE T1

ELECTRIC POWER GENERATING COSTS, 150 mgpd
UNASSOCIATED PLAN'S
(7000 Hours Operation per Year)

COAL (1) GAs (2)
Gross Output Megawatt Hours 463 453
Net Capacity Megawatt Hours hl76 417 6
Investment Cost $60 x 10 $49.5 x 10
$/NET KW $/NET KW
A. Investment Cost - ) f“ .
Plant (Excluding Substation) $144.00 $118.70
B. Annual Capacity Cost
1. Fixed Charges ,
a. Cost of Money . 6.25% 9.00 7.h2
b. Depreciation (6.25% - 35 yrs) 0.71 1.02 0.84
¢. Interim Replacements 0.35 0.50 0.k2
d. Insurance 0.25 0.36 - 0.30
e. Taxes 5.72 8.24 6.80
Total Fixed Charges 13.28% $19.12 15.7
2. Annual Cost on Fuel Stock Investment
13.1 million Btu (Coal) 0.19
14 million Btu (Gas) 0.32
3. TFixed Operating Costs
« &a. Fuel - 6.73 x 10° (Coal) 1.54
5.75 x 100 (Cas) 2.07
b. Operation & Maintenance (65%)
(Coal) 1.87
(Gas) 1.49
c. Gen. & Adm. Expense(25%-3b) 0.47 0.37
Total Fixed Operating Costs 3.88 3.93
Total Annual Costs per KWH $23.19 $20.03
Mjlls/KWH Mills/KWH
Totel Fixed Costs in Milis/Net Kw 3.31 2.86
¢
C. Energy Cost - Variable Operating Costs :
1. Energy Fuel (9,600 - 960) Btu/KWH 1.98
(10,250.- 820) Btu/KwH 3.39
2. Operation & Maintenance 0.1k 0.12
Total Variable Operati ng Cost 2.12 3.51
D. Totel Cost per Mills per KWH 5.43 6.37

Capital Costs Based Upon Private Utilities Costs
(1) Coal at 22.9 cents per million Btu
(2) Gas at 36 cents per million Btu



TABLE III

ELECTRIC POWER GENERATING COSTS

COMBINED WITH WATER CONVERSION PLANTS, 150 mgpd.

(7000 Hours' Operation per Yeary

COAL (2) GAS (3)
Gross Output MWH 503 493
Net Capacity from Power MWH (1) b7 6 L7 6
Investment Cost $65 x 10 $53 x 10
$/Net Kw $/Net Kw
Investment Cost
Plant (Excluding Substation) $155.00 $128.00
Annual Capacity Cost
1. Fixed Charges .
a. Cost of Money . 6.25% 9.75 8.00
b. Depreciation (6.25% 35 yrs) 0.71 1.10 0.91
c¢. Replacements 0.35 0.55 0.45
d Insurance ' 0.25 0.39 0.39
e, Taxes 5.72 8.90 7.33
Total Fixed Charges $20.69 $17.08
1A Annual Cost on Fuel Stock Investment 0.46 0.72
2. Fixed Operating Costs
a. Fuel 9,500,000 Btu 2.2k 2.82
b. Operation & Maintenance 65% 2.08 1.6k
c. Admin & General Expense (25%-3b) 0.52 0.1
Total Fixed Operating Costs § 5.0k $L.87
Total Annual Costs per KWH $25.99 $22.67
Mills/KWH Mills{KWH
Total Fixed Costs in Mills/Net Kw 3.72 3.25
Energy Cost-Variable Operating Cost
1. Energy Fuel (15,000 - 1L00) Btu/KWH 3.01 L. .96
@ 0.228 per million Btu
2. Operation & Maintenance 35% 0.25 0.20
Total Variable Operating Cost 3.26 5.16
Total Cost per Net Kilowatt-hour, Mills 6.98 8.
Difference in Cost Combined - Unassociated 1.56 2.03

(Mills/KWH)

e e e ey
Fw -
e e e

40 MWH generated in addition used in Water Plant.
Coal at 22.9 cents per million Btu.
Gas at 36 cents per million Btu.

Variable operating costs are based upon 457 MWH.



TABLE IV

ELECTRIC POWER GENERATING COSTS, 50 mgpd
UNASSOCIATED PLANT
(7000 Hours' Operation per Year)

(1) Capitol Costs based upon private utility
(2) Coal at 22.9 cents per million Btu
(3) Gas at 36 cents per million Btu

COAL (2) GAS (3)
Gross Output MWH 153 153
Net Capacity from Power MWH 139 6 139 6
Investment Cost 2.5 x 10 17 x 10
$/Net Kw $/Net Kw
Investment Cost 147.50 126.50
Annual Capacity Cost
1. Fixed Charges
a. Cost of Money 6.25% 9.21 7.91
b Depreciation 0.71 1.05 0.90
¢. Interim Replacement0. 35 0.52 0.4k
d. Insurance 0.25 0.37 0.32
e. Taxes 5.72 8. 44 7.25
Total Fixed Charges . 19 59 $l6.82
2. Annual Cost on Fuel Stock Investment
1L million Btu @ 36¢ X 6.25% 0.32
13.1 Million Btu @ 22.9 x 6.25% 0.19
3. Fixed Operating Costs
a, Fuel - 5.75 x 102 Btu @ 36¢/1o6 6 2.07
6.73 x 10° Btu @ 22.9¢ /10 1.54
b. Operation & Maintenance 3.06 2.51
c. G&A - 25 of 2b 0.79 0.63
Total Fixed Operating Costs 5.39 5.21
Totel Annual Costs B(1)+B(2)+B(3) $25.17 $22. 35
. Mills/Kwh Mills/Kwh
Total Fixed Costs in Mills/Net Kw 3.59 3.19
Energy Cost-Variable Operating Costs
1. Energy Fuel (10,250 - 820) Btu/Kwh 3.39
- ( 9,600 - 960) Btu/Kwh 1.98
2 . Operation & Mantenance 0.24 0.19
Total Variable Costs 2.22 3.58
Total Cost per Net Kilowatt~Hour, Mills 5.81 6.77



TABLE V

ELECTRIC POWER GENERATING COSTS,

50 mgpd

COMBINED WITH WATER CONVERSION PLANTS

Gross Output‘
Net Capacity
Investment Cost (1)

Investment Cost (1)
Plant (Excluding Substation)

Annual Capacity Cost
1. Fixed Charges

a. Cost of Money . 6.25%
b Depreciation 0.71
c. Interim Replacement 0.35
d Insurance 0.25
e. Taxes 5.72

Total Fixed Charges

2. Annual Cost on Fuel Stock Investment
29.5 x 10° Btu

3 Fixed Operating Costs
& TFuel - 1F,000 x 7000 x 10% x 22.9¢/10°
14,000 x 7000 x 8% x 364 /106
* b. Operation & Maintenance 65%
c. Admin. & General Expense 25% of 2b
Totel Fixed Operating Costs

Total Annual Costs B(1)+B(2)+B(3)

Total Fixed Costs in Mills/Net Kw

Energy Cost -~ Variable Operating Costs
1. Fuel (14,000 - 1400) Btu/Kwh

2, Operation & Maintenance 35%

Total Variable Costs

Total Cost per Net Kilowatt-Hour, Mills

Difference in Cosﬁ - Combined - Unassociated
(Mills/Kwh) (7.12 - 5.81) coal
(8.39 - 6.77) gas

Power Plant Privately Financed
Cogl cost at 22.9 cents per million Btu
Gas cost at 36 cents per million Btu

CcoAL (2)

170
139
$28 x 10

$/Net Kw

$183.00

11.43
1.30
0.64
0.46

10.48

GAS (3)
167

139
$23 x 10

$/Net Kw

6

$150.00
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SUMMARY

The Lower Colorado River Basin includes southeastern California,
southern Nevada, scuthwestern llew Mexico, scuthwestern Utah, and almost
all of Arizona (see Geological Survey Appendix for map). As southern
California 1s generally treated as a singie market area, data from the
following southern California countieg vwere included in this brief
study: Imperial, Kern, Los Angeles, urange, Riverside, San Bernardino,
San Diego, San Luis Obispo, Santa Barbara, and Ventura.

Historically a mining area, the value ¢f mineral production in
1962 was about $1.5 billion (fig. 2). Petroleum and copper are the
major mineral products of the basin (tables 1 through 4).

Reserves of fossil fuels are more than adequate to meet foreseeable
future power needs which eppear to be increasing expeonentially (fig. 5),
as basin population increases linearly (fig. 1). In the Arizona area,
coal will become the dominant source of energy; in southern Californis,
nuclear generation will be the major source of energy (table 6).

Water consumption by the basin's mineral industry will increase
from 130,000 acre-feet in 1960 to over 320,000 acre-feet by 2000 {fig. 3).
Most of the water consumed will be For the processing of copper cre,
crude petroleum, and nonmetallic minerals such as sand and gravel (table k4).

Employment in the Lower Colorado River RBasin mineral indusiry,
about Lh,000 in 1960, will neariy double by 2000 {fig. 4).
The mineral industry of the Lower Basin States will benefit directly
from the Lower Colorado River Project. Iarge quantities of electrical
energy, over and above the hydroelectric power available, would be
reguired to obtain and transport waters from various sources to the con-
sumer. This will create a very substantial demand for coal and perhaps
other fuelis from Utah, New Mexico, and such additicnal sources as may
be eccnomic. Construction of project features--dams, hydroelectric
plants, agueducts--wilil recuire cement, sand and gravel, and other pro-
ducts of the mineral iandustries.

The Bureau of Mines specifically recommerds that plans for the
Lower Colorado Kiver Project include, insofar as possible, provisions
of adequate supplies of water of suitable guality for existing and
potential mineral development. Achieving this objective is essential
to the defensive strength and eccnomic growth of the Nation.
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The need for a plan of watsr deveiopment arose from the Supreme Court
decision on June 3 in the case of Arizona v. Californis, which decided
basic issues of long standing and preserted "to the people of the Pacific
Southwest...their grestest conservation challenge,..to meet the water needs
of that region which is at once the driest and fastsst growing in the United
States."

In broad ocutline, the objectives of the plan being preparad for consid-
eration by the affected States are to alleviate present water deficiencies
and to meet future water demands without detriment to any arca. Additional
water for the immediate future, defined as the i7-year period to 1980, will
be obtained from conservation of existing supplies through reclametion and
other techniques , desaiinization of saline waters, import from areas of
surplus, or a combination of all Thres.

Personnel of newiy formed Arezs V and VI of the Bureau of Mines at
Denver and Sau Francisco c0¢&aLorarPa in the analysis of mineral Industry
statistics under the guidsnce of a Bursau representative on the Departmental
task force in Washingiton, D. C. Mineral resource and industry considera-
tions involving Arizona, New Mexico, and Utah were assigned to Area V at
Denver; those involving California and levada were handied by Area VI at
San Francisco, including cocrdination of the report.

ine Iuie the past mineral pro=-
duction in be Lower Co¢orado Plver Eqair@ current anc iong-range water
requirements of the mineral industry, sources I energy for futurs power
requirements, and applicable Bureau of Mines resesrch efforts. Mineral
examinations that the Bureau of Mines hazs made on p%oahqu reservolr sites
in the areaz are listed, together with those reservolr sites and aqueduct
routes that should be examined in the future.
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LOCATION AND PHYSICAL FEATURES
The Lower Colorado River Basin, comprising a major portion of the
Pacific Southwest, is an ares of geographic, Topographic, geologic, and
climatic extremes.

Although usually regarded as arid desert land, which much of it is,
the area also contains high p1a+ea*S and mountainaue ragions that are
heavily forested. Altitudes raage from ue;ww 2ea level in the Imperial
Valley and Salton Ssa of California to L >eﬂ atop Humphrey's Peak,
north of Flagstaff, Arizona.

Annual precipitation in Arizons, the central State in the Lower

Z
Colorado River Basin and ths ounly one drained entirsly by the Colorado
and its tributarles, ranges from L inches in the desert southwest to as

muck as 30 inches in some mountainoue aress. High temperature and low
relative hum;d*%y ars respongible in this ares for the highest evapora-
tion rates in the nation, rivalesd only by the Bio Grande Basin in Texas.

Sharp contrasts are evident on all sides--lush irrigated croplands;
parched and barren aikali flats; wide expanses of level or gently rolling
desert blarketed with mesguite, sage, yvucca, and cactus; awesome gorges
dominated by the Grand Canyon of the Coloradc; and verdant highlands that
culminate in rugged peaks on which snovcaps are not uncommon.

The area incindes parts of two regions of the Intermontene Highlands
(ref. 10), the Colorado Plateau, which lies iargely in Utah, Colorado,
New Mexico, and Arizona, and the Basin and Range Region (Great Basin),
which is chiefliy in Nevada and Utah, but extends into southern California
and Arizona where it merges into the lexican FPiateau. The Cclorado Plateau
consists actually of many plalteaus separated by steep escarpuents and deep
canyons carved into sedimentaxry rock. In recent years, the Lolorado
Plateau has become notable for its production of uranium, petroleum, and
natural gas. The Basin and Range region, waich includes Death Valley and
the Mohave desert, is characterized by numerous north-south mountain
ridges; thick blankets of unconsolidated sedinments usually occupy The
depressions betwaen ridges. A richly mineralized belt extends through
central and southeastern Arizona, whers most of the copper mines are
situated.



MINERAL TNDUSTRY
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ndustyry of the Lowar ﬁolamau: River Basin. Past performance
reuo;ds of the industry have beer studied for the fen-ysar period 19%3
through 1962, The performance data for this period have besn extrapolated
to obtain an sstimate of anticipa- zeformance of the mineral industry
of the basin for the year 1980 as¢¢ figures 1-5 and tables “=7}. The
graphs (figures 1-5;, although based upom the accurate data found in tables
1.7, are smoothed in an effort to predict long-range trends of the industry.
Data referred to in the following discussion ars from ths figures and so do
not always coincide with corresponding date in the tables.
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0il and gas and copper currently account for aimost three-fourths of
the total value of mineral commodities produced in the basin. In 1953
the total vaiue of all mineral commoditiss was 31.17 biilion. In the
fol owing ten years to 1962 mineral proam\tlon increased 28 percent to
$1.51 biliion per vear. The value wiil be $1.8 billion per year by 1980,
baged upon extrapolation of past production. Also in 1953 the mineral
industry consumed 100,000 acre-fest of fresh water. Over the ten-year
study period water co ~ump+1or incrsased L0 percent. It is expected to
veach 230,000 acra-feet by 1958C. The number of persons employved by the
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Fereous metals, pridcipaZJJ iron from California snd molybdenum from
Arizona, account for less than 2 percent of the total vaiue and water con-
sumption of the bhasin's mvnezai indugtry. Between 1953 and 7962 ferrous
metais production grew in value from $16 milidion per year to 335 miilion;
water consumption grew from L,PGQ acre-feet ner yvear to 2,100; and employ-
ment grew from 2,000 persons to 3,000, iy to anticipated increased
iron ore exporis to Japan, it Is esti 198C, value of annual
production will be $50¢ milliion; L Ol acpe-feat; and
employment, 5,000 parsons-.




Nonmetallic Minerals

Nonmetallic minerals account for 20 percent of the totsl mineral pro-
duction value and for 35 percent of the total water consumption by the
Lower Colorado River Basin's mineral industry. Sand and gravel, stone, and
cement make up about 65 percent of the nonmetallic minerals production.

In the metropolitan areas of the basin, the anticipated population increase
will result in a greater demand for water by nonmetallics, especially the
sand and gravel industry.

From an annual production value of $140 million in 1953, nonmetallics
rose 118 percent to $305 million by 1962. Annual production by 1980 is
estimated to be $400 million. Annual water consumption was 30,000 acre-feet
in 1953; 49,000 in 1962; and is estimated to reach 75,000 by 1980. The
industry employed 8,000 persons in 1953; 10,000 in 1962; and may employ
15,000 by 1980.

Fuels

Fuels, consisting mostly of petroleum and natural gas products from
California, account for over 4O percent of the total value of the basin's
annual mineral production and for over 30 percent of the water consumption.
Water is used in the petroleum industry primarily for cooling in refinery
operations.

The value of fuels production was $723 million in 1953, $1 billion
in 1957, and back to $7OO million in 1962. However, in terms of a
constant 1960-value dollar, fuels production in the basin declined about
17 percent between 1953 and 1962, as reflected in the curve on figure 2.
During the same period water consumption by the industry increased
steadily from 34,000 acre-feet per year to 48,000. Employment remained
fairly constant at about 18,000 throughout the period.

The seeming parsdox between the decline in production value as
opposed to the rise in water consumption is explained by the fact that
California's reserves are being depleted, thereby reducing production,
while crude oil imports have increased, thereby increasing refinery
operations and associated water consumption.

By 1980 the fuels industry of the basin is expected to have an
annual production value of $750 million, annual water consumption of
100,000 acre-feet, and employment of 19,000 persons.

Reserves of fossil fuels in the basin and surrounding areas are
more than adequate to meet foreseeable future demands.



Future Possibilities

Despite a current downward trend (in terms of 1960 dollars)
the value of mineral producticn of the Lower Cclorado River Bassin will
increase (fig. 2), as the Lower Colorado River Basin population increases.
The downward trend 1s caused by & declining production of the southern
California oil fields (an increasing percentage of California-refined
srude oil is from foreign sources). This trend will be reversed as the
immense reserves of southern California offshore.cil come into production
in the near future. The estimates depicted in figure 2 are very
approximate and are merely cffered tc indicate the trend.

Many mineral resources, not now major factors in the Lower Colorado
River Basin mineral industry, are found in large, but low-grade deposits
in the basin area. Changing technology or price increases cculd encourage
the utilization of these resources in the future. Thus it is possible
that the predicted mineral productior value (fig. 2), water consumption
(fig. 3), and employment estimetes (fig. 1), especially for the year 2000,
are on the ccnservative side. The major commodities are discussed briefly
below:

Anorthosite, used (from Wyoming) as en experimental
source of aluminum during World War II, occurs in large
exposures in the Los Angeles erea. A combination of unavaila-
bility of foreign bauxite, increased aluminum consumption, and
technologic breakthroughs, may effect the utilization of this
resource.

Extensive seafloor phosphorite deposits, discovered off
the coast of southern California, may soon become technologi-
cally feasible to mine for the California market.

Kern and San Bernardino Counties contain the largest
gold mines in southern Californis. The Randsburg district,
once exceptlonally productive, could become an important
gold producing area under favorable economic circumstances.

The Atolia district in San Bernsrdinc County has been
one of the two major sources of tuungsten in California.
Research, now belng conducted on a worldwide basis for new
applications and markets for tungsten, may boost the demand
for this high-temperature metal.

Future continued development of heavy industry in the
Lower Colorado River Basin may briag about utilizaticn of
the potentially great low-grade iron ore deposits throughout
Arizona.



WATER CONSUMPTION BY THE MINERAL INDUSTRY

Water consumption by the mineral industry in the Lower Colorado River
Basin will increase from approximately 130,000 acre-feet in 1960 to over
320,000 acre-feet by 2000 (fig. 3). Most of the water consumed will be for
the processing of copper ore, crude petroleum, and nonmetsllic minerals
such as sand and gravel (table 4).

Consumption date represent a minimum as they include only that quantity
of water lost by evaporation or by incorporation in a product (ref. 9).
Recirculaetion of water notwithstanding, & given mining operation usually
tekes in considerably more new water (fresh water used for the first time in
en operstion) than it consumes. Most of the difference is lost by discharge
into a stream or ground water or mey be stored in a reservoir. While dis-
charge into surface water may be avallable for immediate reuse, discharge
into ground water mey not be available for reuse until 1t has percolated to
an ares where 1t can be utilized. This can teke many years. For thls reascn
the mineral industry requlres some quantlty of weter thet is less than their
total intake of new water but more than the total actual consumption. This
reletionship 1s not clearly defined.

Based upon the fact that the Arizona minerel industry as a whole takes
in twice as much new water as it consumes (ref. 9), a total basin water
intske estimate, ranging from 260,000 acre-feet in 1960 to 650,000 acre-feet
in 2000, is shown on figure 3. This estimate assumes that the same relation-
ship between new water intake and consumption exists in southern California
and southern Nevada, a fact that has not yet been determined.

In southern California the major demand has been about equally divided
between the petroleum and the nonmetallics industries (table 7). The main
use for water in the petroleum industry is for cooling in refinery operations.
This use will not increase as rapidly as refinery capacity because of emphasis
on recirculation of fresh water and increased use of saline water wherever
possible.

In Arizona most of the water required by the mineral industry is used
in copper operations. A continuing drop in the grade of copper ores minsd
will greatly increase the tonnage of ore processed and the quantity of water
used in flotation of the ores.

Water consumption bty the mineral industry in southern Nevada is rela-
tively minor (about 2,000 to 3,000 acre-feet in 1962). Nonmetallic minerals
processing requires meost of that. Those portions of New Mexico and Utak
within the Lower Colorado River Basin have nc significant mineral producition.

In the metropolitan areas of the basin, the population increase will

result in greater demand for water by the nonmetallic minerals industry,
egspecially the sand and gravel industry.

7



POWER REQUIREMENTS AND SQURCES

Although the Lower Colorado River Basin's population will increase
linearly (fig. l), its power requirements will increase exponentially
(fig. 5) as energy use per capita continues to grow. Electrical
requirements will increase from about 44.3 billion kwh in 1960 to 171.5
billion kwh by 1980 (fig. 5 and table 5) and may exceed TOO billion kwh
by 2000 (fig. 5).

Hydroelectric capacity will continue to grow but its relative
importance will be dwarfed by the increase in thermal generation capacity.
Most thermel generation units in the Arizone area will utilize coal or
gas. Coal will become the dominant source of energy by 2000. In the
southern Californis area the situation is different. Despite large
local reserves of oil and gas and the possibility of Western coal being
transported to the load centers by means of coal slurry pipelines cr
integral trains, nuclear generation will become the msjor source of energy
by 1985. Table 6 shows the predicted relationship of energy sources in
the State of California. Because of air pollution regulations, nuclear
generation will be encouraged to develop even more rapidly in southern
Celifornia.

Reserves of fossil fuels are more than adequate to meet foreseeable
future power needs.

Estimated proved reserves of natural gas in California, as of 1961,
were 9.1 trillion cubic feet (ref. 1). Interconnected fields in the
Mountain States and Texas contained an estimated 143 trillion cubic feet
in 1960 (ref. 3). Tied-in pipelines make at least a portion of the total
quantity available to the Lower Colorado River Basin area. Assuming
1,075 Btu per cubic foot of natural gas and 34 percent (ref. 13) efficiency
(future thermal plants will be even more efficient, therety decreasing fuel
demands), only 6.5 trillion cubic feet of gas would be reguired to generate
the 700 billion kwh energy requirement predicted for 2000. Of course, not
all of the power reguirement will be met by utilizing natural gas energy.

Proved reserves of crude petroleum in California, as of 1961, were
3.9 billion barrels (ref. 1). At 6 million Btu per barrel and 34.5 percent
efficiency (ref. 13) the 700 billion kwh year 2000 requirement is equiva-
lent to about 1.1 billion barrels of oil. Although other Western States’
0il reserves could be tapped, 0il is not expected to play a vigorous role
in the expanding thermal generation field (table 6).

While California has only 47 million tons of coal and lignite (ref. 8),
Colorado, New Mexico, and Utah have a combined bituminous coal reserve of
85 billion tons (ref. 3). Assuming 25 million Btu per short ton of bitumi-
nous coal and 35 percent efficiency (ref. 13), only about 270 million tons
of bituminous coal would be consumed in generating the 700 billion kwh
year 2000 requirement.

8



FUEL FOR SALINE WATER CONVERSICN

The Office of Saline Water has been successful with its one-million-
gallon-per-day multistage flash distillation demonstration plant at
San Diego, California. It now plams to construct a 300-million=-gallon-
per-day plant, utilizing the same conversion process, to be on stream by
1975. The facility will be located in California, either near Los Angeles
or in the Salton Sea area. The plant will be equipped with two 500-megawatt
generating plants. Sea water heating will require 90,000 kw plus all the
waste heat produced in the generation of power., The remaining 910,000 kw
will be marketed to help offset the cost of the flash distillation process.,
Fuel for power generation will be furnished either by oil or gas (availgble
in California), coal (from Utgh, New Mexico, or other Western States), or
nuclear energy.

Mine-mouth power plants, with high-voltage transmission lines, will not
be feasible because utilization of waste heat is part of the multistage flash
distillation scheme, Thus the thermal plant will be constructed alongside
the saline water conversion plant., Coal, if utilized, is not found in
quantity in California and would therefore be transported to the conversion
site by railroad or pipeline (powdered coal in a water or oil slurry).

In comparing fuel costs, delivered price per million British thermal
units is the significant factor. It is estimated that for large contracts
such as would prevail under the contemplated project Utah coal could be
produced and sold for 15¢ to 17.5¢ per million Btu, f.o.b, mine., Current
costs are on the order of 20¢ per million Btu. Transportation costs via
coal=slurry pipeline have been estimated at 1.4 to 1.7 cents per million
Btu per 100 miles., Thus coal from northeastern Utah could be delivered to
a Los Angeles site at 23 to 25 cents per million Btu, probably nearer the
latter figure. Cost at the Salton Sea site would be less. New Mexico coal
could probably be delivered at the Los Angeles site for about the same price.
Possible lower mining costs at the large but low-grade lignite deposits of
Wyoming and the Dakotas might yield fuel as low as 14 cents per million Btu,
f.0.b, mine., However, the additional transportation cost would increase the
delivered price to approximately 40 cents per million Btu.

Transportation charges for unitized or integral train haulage of coal
have been estimated at up to 12 to 13 percent higher than the coale=slurry
transportation cost. Transportation charges for railroad haulage of coal
based upen filed tariffs would be agbout 3.0 to 7.6 cents per million Btu
per 100 miles (ref. 16), and about l.4 to 1.7 cents per million Btu per
100 miles based on known unitrain rates,

The smog problem in southern California could conceivably preclude the
utilizaticn of coal as a fuel regardless of cost per million Btu,

The comparative prices of oil and gas in the Los Angeles area are
32,2 cents per million Btu and 34.3 cents per million Btu, respectively (see
ref. 6)., Increased demand for oil and gas, coupled with declining production
and smog regulations could possibly set the stage for an all-nuclear electri-
cal generating facility at the saline water conversion site.
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BUREAU OF MINES STUDIES

Reservoir Site Examinations

The following reservoir site examinations have been completed,
and detailed reports submitted to the Bureau of Reclamation, by the
Bureau of Mines:

1. Bridge Canyon........e.eve..... Arizona
2. Marble Canyon...sceceessssess., Arizona
3. Maxwell Reservoir.....cse.s.... Arizona
4. River Mountains......eev.s..... Nevada
5. Senator Wash....eevvsesseeesess California

The following reservoir sites are scheduled for examination in
order to define possible mineral resources involvement:

1. ButteS:ceccosseccsssnsnsocscconss Arizona

2. CharlestOn.csccecocsccoososasaas Arizona

3. HOOKEI:seooeescoosoccossosonansoans NEeWw Mexico
k., Lower GUNlOCK.:cosoccacocosscss Utah

5. Virgin Cityesscoccocsscssasassa Utah

The area to be involved in the Central Arizona Agueduct System
will also be examined by the Bureau of Mines.

Canal-Lining Research

Promising results have been obtained in the laboratory phase of
canal-lining research now nearing completion at the Salt Lake City
Metallurgy Research Center of the Bureau of Mines. If the technique
developed proves as successful in field tests as in the laboratory,
it can be applied at many places in the Lower Colorado River Basin
with appreciabie savings in first cost and annual charges.

Primary objective of the research, sponsored by the Missouri River
Basin Project, was to find a low-cost means of reducing canal leskage
and consequent waste of water and land. Bureau technicians attacked
the problem througn mineralogical and chemical channels. They found that
adding certain salts to either coarse- or fine-grained maeterials con-
taining some clay would reduce percolation rates sharply and make the
mixtures relatively impervious. Many water-soluble salts were tried
as sealants in controlled laboratory tests, and among the most effective
was sodium carbonate. In permesbility tests under both freezing and
thawing conditions, the sodium-carbonate treatment also proved reason-
ably durable. Moreover, the method is relatively inexpensive: costs
of sodium carbonate and its application are estimated at 1-1/2 to 2
cents per square year each, or a total of 3 to 4 cents per square yard
treated.

i0



During the current fiscal year, personnel of the Bureaus of
Reclamation and Mines will utilize the laboratory results to design
full-scale field tests of the treatment method. Canal-lining materials
(soil samples) from seepage problem areas in Nebraska and New Mexico
now are being tested in the laboratory, preparatory to selecting one or
more field test sites.

Nevada Mineral Industry Water Requirements

In fiscal year 1964 the Bureau plans to study the water-use
practices of the mineral industry in Nevada similer to the study
performed in Arizona (wef. 9). Because the mineral industry (par-
ticularly copper) is such an important element in the economy of
Nevada, the availability and utilization of water must be gquantified.
Water cost figures will be especially useful in interpreting costs of
conservation practices such as recirculation. Similar studies in
other water-starved States of the West, with emphasis on the effect of
water shortage on mineral industries, should be an important Bureau effort
in the future.

Other

The Bureau will continue to investigate, through cooperative
agreements with California and Nevada, mineral occurrences of
potentigl importance to the States' economies. Future exploration
will help determine the availability and usability of the nonmetallic
minerals such ag clay, limestone, and barite, so necessary to the
expanding population of the Lower Colorado River Basin.

0il field reservoir data will be analyzed in an attempt to
increase the accuracy of petroleum production forecasts to better
determine the availability of fuel for the area.

Bureau research on pipeline transportation of coal (powdered

coal, in a water-slurry), proceeding now in the East, may be of
interest in future fuel transportation considerations in the basin.

11



CONCLUSIONS AND RECOMMENDATIONS

The highly important role of the mineral industry as a customer for
water was clearly demonstrated by the Bureau of Mines study in Arizona
(ref. 9). Similar studies for southern California and the remainder of
the Lower Colorado River Basin should be made. Only in this manner can
the estimate of water consumption (fig. 3) be refined to an accurate
water requirement forecast.

Reserves of fossil fuels are more than adequate to satisfy future
power demands (fig. 5 and table 5). Bituminous coal will be in such
great demand for power generation by 2000, mostly in Arizona, that
production from mines in the immense reserves of coal in Colorado, Utah,
New Mexico, and Wyoming must be increased to satisfy that demand.

Arizona alone will need 5.65 million tons a year by 1980 and 47.5 million
tons a year by 2000. The magnitude of this requirement is realized when
one compares it to the combined coal production of the four states for
1961-11.8 million tons.

Transportation of so great a tonnage probably will be the greatest
problem confronting consumers of coal. Unit trains may be capable of
moving only a part of it, and it is likely that a combination of means
of transmitting energy-coal trains, EHV transmission, possibly pipeline
(in special situations), and tie-ins of power-transmission lines will
be used.

Only the most superficial investigation, and practically no study,
could be given the subject of this report. The subjects' importance and
magnitude require much more serious investigation, analysis, and evaluvation
than was possible in the little time available to them.

It is recommended that thorough studies be made of future need for

water, fuels, minerals, transportation, and the other needs that the
Lower Colorado River Basin development will create.

12
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Commodity
ClaY.vereoenssansonnsnasasas ...thousand short tons..
Copper (recoverable content of ores)... short tons..
Gold (recoverable content of ore)..... .troy ounces..
Lead (recoverable content of ores)..... short toms..
Lime ..vviivcnncnannreninrnnns thousand short tons..
Pumice ....oovivininscnnnnnrooroennnns Y [
Sand and gravel........coviinienresenns do..... cerees

Silver (recoverable content of ores)
thousand troy ounces..

SLONB..ecvravrasesenes tereeees thousand short tons ..

Zinc (recoverable conitent of ores)......short tons,,

1953

Quantity Value
(thousands)
198.6 5 720.2
465,445 267,165.5
115,430 4,040.0
12,351 3,235,9
96.4 1,238.2
123.8 426.0
3,463.4 2,696.4
4,555.8 4,123.3
543.8 623.7
40,893 9,405.4

1/ Figures withheld to avoid disclosing individual company confidential data.
Source: Department of the Interior, Bureau of Mines, Minerals Yearbooks.

Quantity

255.

438,350
118.221
9,269

88.
80.
3,851.

4,407,

)
21,467

8

1954

s

Value

(thousands)

820.6
258,626.5
4,141.2
2,539.7
1,131.3
125.9
3,161.5

3,989.2
82
4,637.1

TABLE 1. -Summary of mineral production, Arizona and sout
1955 1956 1957
Quantity Value Quantity Value Quantity Value
(thousands) (thousands) (thousands)
258.,0 3 281.8 114.9 s 180.1 119.4 $ 182.7
520,468 388,269.1 579,298 492,403.0 582,964 350,944,1
129,498 4,532,5 149,272 5,224.6 155,644 5,447.9
13,078 3,897.2 17,985 5,647.4 17,729 5,070.3
112.0 1,437.6 157.6 2,128,4 162.0 2,417.2
92,1 372.7 114.6 366.1 397 640
7,862.8 6,593.8 8,278.8 6,527.8 11,325.7 9,989.3
4,883.3 4,419,6 5,561.5 5,033.4 5,586.3 5,056.2
1,659.6 2,431.3 1) (@8] 24,807 3,582.8
37,917 9,327.6 60,512 16,580.2 66,585 15,447.8

hwestern New Mexico, 1953-62

Quantity

121.0

541,373
146,350

13,007
1,475
401

17,520.5

4,843.5
1,588.8
37,566

Value

(thousands)

187.2
284,762.1
5,122.0
3,048.4
2,076.6
1,025.0
12,501.5

4,383.5
2,826.2
7,663.9

Quantity

(1)
469,965
127,760

10,828
139.3
797.0

14,577.2

4,056.3
2,502.5
41,961

1959
Value

(thousands)

(1)

$ 288.558.
4,471,
2,490.
1,875.
1,153.

13,070.

3,671.
4,042,
9,651,

wWaWw O NWOo =

Quantity

(1)
605,869
148,467

10,491

183.
1,158.
14,747,

5,078.
4,326,

49,581

1960
Valu
(thouss
Q)
$ 388,¢



TABLE 1. -Summary of mineral production, Arizona and southwestern New Mexico, 1953-62

1953 1954 1955 1956 1957 1958 1959 1960 1961 1962
Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value
(thousands) (thousands) (thousands) (thousands) (thousands) (thousands) (thousands) (thousands) (thousands) (thousands)
198.6 $  720.2 255.8 820.6 258,0 5 281.8 114.9 s 180.1 119.4 $  182.7 121.0 s 187.2 1) ¢Y) (1) (1) (1) (1) (1) 1)

465,445 267,165.5 438,350 258,626.5 520,468 388,269.1 579,298 492,403.0 582,964 350,944.1 541,373 284,762.1 469,965 $ 288.558.1 605,869 $ 388,967.3 666,610 $399,965.7 726,910 s 447,770,
115,430 4,040.0 118,221 4,141.2 129,498 4,532.5 149,272 5,224.6 155,644 5,447.9 146,350 5,122,0 127,760 4,471.7 148,467 5,196.1 152,107 5,324.3 144,832 5,065.4
12,351 3,235,9 9,269 2,539.7 13,078 3,897.2 17,985 5,647.4 17,729 5,070.3 13,007 3,048.4 10,828 2,490.6 10,491 2,455.1 8,250 1,701.5 8,097 1,490.1
96.4 1,238.2 88.9 1,131.3 112.0 1,437.6 157.6 2,128,4 162.0 2,417.2 1,475 2,076.6 139.3 1,875.3 183.7 2,926.3 192.2 2,780.4 203.0 3,316.7
123.8 426.0 80.8 125.9 92.1 372.7 114.6 366.1 397 640 401 1,025.0 797.0 1,153.7 1,158.0 1,165.6 899.0 1,893.2 756.C 1,640.0
3,463.4 2,696.4 3,851.8 3,161.5 7,862.8 6,593.8 8,278.8 6,527.8 11,325.7 9,989.3 17,520.5 12,501.5 14,577.2 13,070.9 14,747.2 14,459.9 22,654.4 25,710.1 16,178.8 17,835.8
4,555.8 4,123.3 4,407.8 3,989.2 4,883.3 4,419.6 5,561.5 5,033.4 5,586.3 5,056.2 4,843.5 4,383.5 4,056.3 3,671.3 5,078.1 4,596.4 5,401.8 4,993.5 5,750.7 6,238.9
443.8 623.7 (¢H) (1) 1,659.6 2,431.3 (1) (1) 24,807 3,582.8 1,588.8 2,826,2 2,502.5 4,0642.7 4,326.3 5,173.2 3,655.8 4,710.6 4,405.5 6,674.3
40,893 9,405.4 21,467 4,637.1 37,917 9,327.6 60,512 16,580.2 66,585 15,447.8 37,566 7,663.9 41,961 9,651.3 49,581 12,791.7 52,482 12,070.5 54,901 12,626.9

company confidential data.
8, Minerals Yearbooks.



TABLE 2 - Mineral production in Arizona, 1953-62

1953 1954 1955 1956 1957 1958 1959 1960
Commodity Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value
(thousands) (thousands) (thousands) (thousands) (thousands) (thousands) (thousands) (thousanc
Beryllium concentrate.........short tons gross weight., -- (1) ——— (1) - (1) 6 $ 2.6 5 $ 2 18 $ 10 -- - - {
Brucite......ovevviieneninnnnnen, cecinnee ..short toms.. 100 $ 1.3 -~ -- -- - -- -- -- -- -- -- -- -- --
ClayB..v.vivieonntnsevancansnanna .thousand short toms.. 197.4 715.2 253.7 § 814.2 254.4 $ 868.7 2/111.7 2/167.6 118 . 177 119 1/9 2/ 120 2/$ 179 2/ 173 2/ 8
Coal (bituminous)................. thousand short tons.. 5.1 32.1 10.9 68.1 8.9 59.3 10.1 66.0 9 62 8 54 7 63 6
Columbium-Tantalum comC...............c0cnuu.s pounds., . -- - - -- -~ 1) -- (1) 2,435 7 - -- - -- -
Copper (recoverable content of ores)...... short tons.. 393,524 225,883.4 377,927 222,976.9 454,105 338,762.3 505,908 -430,021.8 515,854 310,544 485,839 255,551 430,297 264,202 538,605 345,
FLUOTBPAT . v ieevinerioosonsossnseonoansans short toms.. 1,951 113.3 - (1) -—- 1) - 1) - ——- .- .- as .- -
Gem BLONES. ...t vrevnncns eeaesescrcaronannenne Ceeees (3) (1) 3) (@8] (3) 97 (3) 104 (3) 75 (3) 86 (3) 88 (3)
Gold (recoverable content of ores)........ troy ounces.. 112,824 3,948.8 114,809 4,018.3 127,616 4,466.6 146,11 5,113.9 152,449 5,336 142,979 5,004 124,627 4,362 143,064 5.
GYPBUR .. vttt erneeearaenrasaecsenens short tons.. 13,484 43.8 - (1) ~- (1) 95,66 366.1 .ew (1) -- ()] -- -- --
Iron Ore (usable).............. long tons gross weight.. -- -- - -- -- -- -- -- ———- - -- -- -- .- --
Lead (recoverable content of ores)......... short toms.. 9,428 2,470.1 8,385 2,297.5 9,817 2,925.5 11,999. 3,767.7 12,441 3,558 11,890 2,787 9,999 2,300 8,495 1
Lime. . ..ovrevienennnenineannns, thousand short tons.. 96.4 1,238.2 88.9 1,131.3 112.0 1,437.6 126.9 1,755.8 138 2,127 126 1,817 123 1,666 148 2,
Manganese ore and concentrate (35 percent or more Mn)
short toms gross weight.. -- (1) -- - 1,444 1) 42,008 3,468.3 79,505 6,626 62,279 5,220 68,183 5,727 1,626
Manganiferous ore and concentrate (5 to 35 percent Mn) )
short tons gross weight.. -- -- -- -- -- -- -- -- -- -- 1,455 32 10,693 234 8,677
MeTCUTY. vttt irieeiere bennaranenens 76-pound fladks.. -- -- 163 43.1 477 138.5 -- (1) 28 7 53 12 -- (¢9) -~ Q1
Mic8 (BCTAP) . .v v vitiinrvncnonnranesaans "....short tonms.. -- (1) 1,682 17.8 1,353 8.7 -- .- 1,650 17 1,717 25 3,069 55 -- (1
Molybdenum (content of concentrate)...thousand pounds.. 1,446.6 1,425.6 1,538 1,524.9 1,497 1,510.5 2,392 2,670.5 2,385 3,071 2,320 2,827 3,181 4,019 4,359 5,
Natural gas .............oovvuvununs million cubic feet.. -- - -- ~- -- (1) 21 3.0 -- -- -—- -- -- -- --
Perlite. .oveit it e et short toms.. .- (1) 1,296 7.0 10,568 84.0 15,928 108.4 15,646 114 -- ()] -- -- --
Petroleum (crude)............. thousand 42 -gallon bbls.. -- -- -- - .- -- -- -- -- - - 1) 25 (1) 73 Q1
PUMICE. .ot it et thousand short tons.. 123.8 426.0 80.8 125.9 92.1 372.7 114.6 366.1 397 640 401 1,025 487 1,153 703 1,
Rare earths (concentrates) . «c.oeesenrserrensens pounds. . -- - -- -- - -- -- -- - - 150 0.5 -- - .-
Sand and gravel...........ccouvun. thousand short tons.. 3,446.8 2,680.5 3,764.1 3,067.1 7,755.3 6,518.9 7,932.5 6,166.8 10,287 9,222 12,208 9,526 13,458 11,966 14,490 14,
Silver (recoverable content of ores)
thousand troy ounces.. 4,351.4 3,938.3 4,298.8 3,890.6 4,634.2 4,194.2 5,179.2 4,687.4 5,279 4,778 4,685 4,240 3,898 3,528 4,775 4,
SEOme. vt v e vttt e thousand short toms.. 4/ 442.4 4/ 618.7 1,205.5 1,914.3 1,600.9 2,328.6 1,623.0 2,474.5 2,101 2,982 1,528 2,731 2,468 3,998 4,249 5,
Tungsten (60% WO3 basis)................... short tons.. 134 468.9 132 475.0 181 676.4 186 636.7 5 9 -- -- -- -- --
Uranium OTe.......coviiiiiiinreeronasisenses short toms.. -~ -—- .- -——— - -- 274,505 5,408 286,037 6,277 257,756 7,049 253,390 6,309 283,684 6,
Zinc (recoverable content of ore).......... short toms.. 27,530 6,331.9 21,461 4,635.8 22,684 5,580.3 25,580 7,008.9 33,905 7,866 28,532 5,821 37,325 8,585 35,811 9,
Value of items not disclosed: Asbestos,barite, - 6,165.5 -- 8,171.6 -—- 9,201.4 -- 17,900.6 - 10,441 -- 11,734 .- 9,811 -- 15,

bentonite, cement, diatomite, feldspar, helium,
nitrogen compounds, pyrites, silica, vanadium,
vermiculite and values indicated by footnote 1.

1/ Included in value of items not disclosed.
%/ Excludes bentonite.

3/ Weight not recorded.

4/ Excludes limestone for cement and lime.
5/ Not available,
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Quantity

253.7
10.9

377,927
3)
114,809

8,385
88.9

163
1,682
1,538
1,296

80.8

3,764.1

4,298.8
1,205.5
132

21,461

1954

$

Value
(thousands)

¢8)

814.2
68.1

222,976.9

(¢))
4]

(¢9)

4,018.3

2,297.5
1,131.3

43.1
17.8
1,524.9

7.0

125.9

3,067.1

3,890.6
1,914.3

475.0
4,635.8
8,171.6

Quantity

254 .4
8.9

454,105
3)
127,616

9,817
112.0

1,444

477
1,353
1,497

10,568

92.1

7,755.3

4,634.2
1,600.9
181

22,684

1955

Value
(thousands)

(1)
$  868.7
59.3

(1)
338,762.3

(1)

97
4,466.6

1)
2,925.5
1,437.6

1)

138.5
8.7
1,510.5
(€3]
84.0

372.7

6,518.9

4,194.2
2,328.6

676.4
5,580.3
9,201.4

Quantity

6

2/111.

10.1

505,908
3)
146,11
95,66

11,999.
126.

42,008

2,392
21
15,928

114.

7,932,

5,179.
1,623.

186
274,505
25,580
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TABLE 2 - Mineral production in Arizona, 1953-62

1956

Value
(thousands)

$ 2.6
2/167.6
66.0

¢))]
430,021.8

1)

104
5,113.9
366.1
3,767.7
1,755.8

3,468.3

(€))
2,670.5
3.0
108.4

366.1

6,166.8

4,687.4
2,474.5
636.7
5,408
7,008.9
17,900.6

1957

Quantity Value
(thousands)
5 $ 2
118 177
9 62
2,435 7
515,854 310,544
75
152,449 5,336

M

12,441 3,558
138 2,127
79,505 6,626
28 7
1,650 17
2,385 3,071
15,646 114
397 640
10,287 9,222
5,279 4,778
2,101 2,982
5 9
286,037 6,277
33,905 7,866
-- 10,441

Quantity

18
119
8

485,839
3)
142,979

11,890
126

62,279

1,455

53
1,717
2,320

401
150
12,208

4,685
1,528
257,756
28,532

1958

Value

(thousands)

$ 10
1/9
54

255,551
86
5,004
69
2,787
1,817

5,220

32

12

25
2,827
)
(1)
1,025

0
9,526

4,240
2,731
7,049
5,821
11,734

.5

Quantity

2/ 120
7

430,297
3)
124,627

9,999
123

68,183

10,693
3,069
3,181

25
487

13,458

3,898
2,468
253,390
37,325

1959

Value
(thousands)

2/$ 179
63

264,202
88
4,362

2,300
1,666

5,727

(1)
1,153

11,966

3,528
3,998
6,309
8,585
9,811

Quantity

2/ 173
6
538,605
3
143,064

8,495
148

1,626

8,677

4,359

73
703

14,490

4,775
4,249
283,684
35,811

1960

Value
(thousands)

(¢Y)
2/ § 260
58

345,784
120
5,007
1,988
2,430

40

190
¢9)
¢))
5,211

(1)
1,164

14,235

4,322
5,107
6,219
9,239
15,851

Quaatity

8

2/165
587,053
3)
145,959

246
5,937
167

148

4,878

67
745

21,953

5,120
3,582
228,225
29,585

1961

Value
(thousands)

$ 4

2/ 240
352,232
119
5,109
(1)
1,223
2,430

1)

-

29
6,232
(1)
(1)
1,893

24,706

4,733
4,626
4,965
6,804
18,910

Quantity

1

138
644,426
3)
137,207

6,966
174

4,412

43
756

15,579

5,454
4,333
15
143,196
32,888

1962

Value
(thousands)

$0.

184.

396,853.

119.
4,802.

(1)
(1)

1,282.
2.914.

(6Y)

¢))

1)
5.864
1)
(1)

1,640.

17.404

5.917.
6.616.

14.
3.047.
7,564.

(5
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Commodity

Barite......co i iievnnnnn short tons..
Clays.............. thousand short toms..
Coal (bituminous)..thousand short toms..
Copper (recoverable content of ores)
short tons..
Fluorspar........ P ..short tous..
Gem stones..... P IR tesaenseeeeons
Gold (recoverable content of ores)
troy ounces..
Iron Ore (usable) ..
thousand long tons, gross weight..
Lead (recoverable content of ores) -
short tons..
Lime .......... ....thougand short toms..
Manganese (35% +)..thousand short tonms..
Manganiferous ore (5%-35%)
thousand short toms..

Molybdenum .............. ++..1,000 1bs..
Perlite...ccoiveenrnnsnncnns short tons..
Pumice...... feerees thousand short tonmns..

Salt...............thousand short tons..
Sand and gravel....thousand short tons..
Silver (recoverable content of ores)
thousand troy ounces..
Stone............. thousand short touns..
Tungsten .......coovvevneee short toms..
Uranium Ore............ .... short tonmns,..
Zinc (recoverable content of ores)
short tons..

L
2

3

Weight not recorded.

Quantity

(2)
1.2
3
71,920
2)
2,606
5.9
2,923
(2)
(2)
(2)
(2)

1953
Value Quantity
(thousands)
(2) (2)
$ 5.0 2.1
18.4 2.5
41,282.1 60,423
@ @
91.2 3,512
(2) 3.3
765.8 884
(2) 20.5
(2) (2)
(2) (2)
(2) 2)
15.9 87.%
185.0 109.0
5.0 (2)
-- 2)
3,073.5 6

13,363

/ Catrom, Socorro, Grant, Sierra, Luna, and Hidalgo Counties.
/ Figures withheld to avoid disclosing individual company confidential datas.
/

1954

Value

)
$6.4
18.4

35,649.6
@)

122.9
(2)

242.2

82.2

2)
2)
2)

9% .4

98.6
2)
1.4

1.3

Quantity
(thousands)

2)
3.6

66,363
(2)
2
1,882
9.2
3,261

41.7

15,233

Value
(thousands)

)
$13.1

49,506.8
(2)
14.3

65.9
2)
971.8

272.7

(2)

(2)
21.5
74.9

225.4
102.7
1.6

3,747.3

TABLE 3 --Mineral production in southwestern New Mexico, 1/ 1953-62

1957

Quantity

4, bk
1.4
2.0

62,381.2 67,110

1956
Quantity Value
(thousa..ds)

(2) (2)
3.2 $12.5
1.7 8.9

73,390

3) 13.5
3,162 110.7
3.1 14.3
5,986 1,879.7
30.7 372.6

(2) (2)
38.8 138.5

Q) (2)

(2) (2)

2) (2)
346.3 361.0
382.3 346.0

(2) 2)
(2) 0.4

(2) 2)
34,932 9,571.3

(3)
3,195
0.2

5,288
24.0

2)

42.5
@)
2)
2)

1,038.7

307.3
379.7

2)
32,680

Value

(thousands)

$97.7
5.7
15.6

1958

Quantity

2)
2.0
2.0

40,400.1 55,534

10.7
111.9
1.1
1,512.3
290.2
2)
151.9
(2)
(2)
2)
767.3

278.2
600.8

(2)
7,581.8

3)
3,371
2)
1,117

21.5
27.0

)
602
2)
(2)
5,312.5

158.5
60.8

2)
9,034

Value

(thousands)

(2)
$ 8.2
12.0

29,211.1

12.2
118.0
(2)
261.4
259.6
2,184.9
(2)
684.0
2)
(2)
2,975.5

143.5
95.2

2)
18,429

Quantity

320
(2)

39,668
200
3)

3,133
2)

829
16.3
27.3

(2)

705
(2)

210
(2)
1,119.2

158.3
37.5

¢
4,636

1959

Value
(thousands)

$6.4
(2)

24,356.1
6.9
16.5

109.7
(2)

190.6
209.3
2,228.5

(2)
845.8

2)
0.7

(2)
1,104.9

143.3
44,7

2)
1,066.3

Quantity

492
(2)

——

67,264

)
5,403
1.2

1,996
35.7

(2)
(2)
()
455
)
257.2

303.1
77.3

(2)
13,770

1960

Value

(thousands)

$9.9
€]

43,183.3

10.5
189.1
26.8

467.1
496.3

(2)
(2)
(2)
106
(2)
224.9

274.4
66.2

2
3,552.7

1961

tit Vai
Quaatity (thot
600 $1¢
2 @
79,557 47,733
3) 21
6,148 215
2) (
2,323 478
25.2 350

(2) ¢
2) ¢
2) C
154 0
1.1 7
701.4 1,004
281.8 260.
73.8 84 .
2) 2
22,898 5,266,



mtity

D
1.2
3

.,920
)

',606
5.9
', 923

2)

1,363

Value Quentity
(thousands)
(2) (2)
$ 5.0 2.1
18.4 2.5
41,282.1 60,423
2 @
91.2 3,512
(2) 3.3
765.8 884
(2) 20.5
(2) (2)
(2) 2)
2) (2)
15.9 87.%7
185.0 109.0
5.0 (2)
.- (2)
3,073.5 6

d Hidalgo Counties.
{ividual company confidential data.

1954

Value

(thousands)

2
$6.4
18.4

35,649.6
@),

122.9
(2)

242.2

82.2

(2)

2)

)
9%.4

98.6
2)
1.4

1.3

Quantity

2
3.6

66,363
(2)
@
1,882

9.2

3,261

41.7

(2)

(2)
1.1

197.5

249,
58.7
(¢

-

15,233

Value
(thousands)

(2)
$13.

49,506.
)
14.

65.
(2)
971.

272.

(2)
2)

21.
74.

225.
102.

3,747.

P RE'S

O

1956
Value
(thousa..ds)

Quantity

(2)
3.2
1.7

73,390

3)
3,162
3.1

5,986
30.7

2)

38.8
(2)
2)
(2)

346.3

382.3
(2)
(2)
(¢

34,932

TABLE 3 --Mineral production in southwestern New Mexico, 1/ 1953-62

(2)
s12.

8

62,381

13

110.
14.

1,879.
372.

2

138.

(2)
2)

2

361.
346.

2
(¢

0.

9,571.

1957

Quantity
4,441
5 1.4
.9 2.0
.2 67,110
.5 (3)
7 3,195
3 0.2
7 5,288
6 24.0
(2)
5 42.5
(2)
(2)
(2)
0 1,038.7
0 307.3
379.7
4 -
2
3 32,680

Value
(thousands)

§97.
5.
15.

40,400.

10.
111.
1.

1,512,
290.

(2)

151.

(2)
2)

(2)

767.

278.
600,

(2)

7,581.

o~ ~

1

Quantity

~
NN
oo

55,534
3)
3,311
(2)
1,117

21.5
27.0

)
602
)

(2)
5,312.5

158.5
60.8

2)
9,034

1958

Value

(thousands)

(2)
$ 8.2
12.0

29,211.1
2.2
118.0

)
261.4

259.6
2,184.9

(2)
684.0

(2)

(2)
2,975.5

143.5
95.2

2)
18,429

Quantity

320
(2)

39,668
200

(&)
3,133
2)

829
16.3
27.3

(2)

705
(2)

210
(2)
1,119.2

158.3
37.5

2
4,636

1959
Value
(thousands)

$6.

¢))

24,356.
6.
16.

109.

(2)

190.
209.
2,228.

(2)

845,

2)

0.

(2)

1,104.

143.
44,

2

1,066.

4

W o

wwo

492
(¢))

67,264

3
5,403

1.

1,996

35.

2)
(2)
(2)
455
2)

257.

303.
77.

2)
13,770

Quantity

7

2

960
Value

(thousands)

$9.9
2

43,183.3

10.5
189.1
26.8

467.1
496.3

(2)
(2)
(2)
106
(2)
224.9

274.4
66.2

2)
3,552.7

Quantity

600
2

79,557

3)
6,148
)

2,323
25.

(2)
(2)
2)
154

1

'281.

73.

(2)
22,898

.1
701.4

1961
Value Quantity
(thousands)
$10.2 252
2) 2)
47,733.7 82,668
21.3 (3)
215.3 7,525
2 ¢))
478.5 1,131
350.4 29.0
--- (2)
(2) (2)
(2) ¢))
(2) 87
0.2 ---
7.1 (2)
1,004.1 599.8
260.5 296.7
84.6 75.2
) (¢
5,266.5 22,013

1962

Value
(thousands)

$ 4.1
2)

50.923.1

22.3
263.4
1¢))

208.1
402.7
(2)

)

2)
0.7

2)
431.8

321.9
58.3

)
5,062.9

Ten Year Summary

Quantity

25,020

Value
(thousands)

$1,221.2

267.7



TABLE 4.--Value, water consumption, and employment of the mineral industry of

southern California and Clark Co,, Nevada, 1953-62

Metals and Non-Metals

truction Material: F t
Production 1/ Construction Materials 2/ wPels 3/ - o Total
Number Number
Value Water Cons.| Number Value Water Cons.| Number Value Water Cons. Value Water Cons.

fear (thousands)| (acre-ft) |Employees | (thousands)| (acre-ft) |Employees | (thousands)| (acre-ft) E?gizyies (thousands)} (acre-~ft) Employeds
1953 $ 72,14k 5,700 1,100 Yls 82,867 20,000 3,700 L/ $ 723,293 3,000 18,200 $ 878,304 60,000 26,000
1954 75,888 6,200 L, hoo Y 107,412 28,000 k,200 Ly 952,509 36,000 18,600 1,135,809 70,000 27,000
1955 106,899 8,200 L, 700 174 122,986 27,000 L,h32 9h5,756 37,000 18,600 1,175,641 72,000 28,000
1956 119,124 10,400 5,000 Y/ 155,148 35,000 5,h92 97,276 39,000 17,900 1,220,548 81,000 28,000
1957 160,291 7,700 5,hh7 101,703 30,000 5,352 1,050,695 41,000 18,000 1,312,689 79,000 29,000
1958 11h,383 7,400 5,219 147,454 33,000 L,970 932,701 2,000 16,300 1,194,538 82,000 26,000
1959 123,382 7,300 5,242 162,434 35,000 5,210 833,591 ki, 000 17,000 1,119,407 86,000 27,000
1960 126,59 7,600 4,959 157,522 3k, 000 5,281 790,489 46,000 18,000 1,07h,607 88,000 28,000
1961 143,672 8,900 5,356 1,5,816 37,000 5,267 778,682 47,000 18,000 1,068,170 93,000 29,000
1962 127,988 8,200 5,100 L/ 177,kL24 41,000 5,500'5/ 701,553 48,000 18,000 1,006,965 97,000 29,000
l/ Includes barite, boron minerals, bromine, calcium chloride, chromite, clay, copper, diatomite, feldspar, fluorspar, gem stones, gold, gypsum,

volcanic cinders,

sodium sulfate, sulfur, silver,

strontium ore, talc,

iodine, iron ore, lead, lime, lithium minerals, magnesium compounds, manganese ore, mercury, mica, perlite, potassium salts, pumice, pumicite,

rare earth metals, salt, sodium carbonate, soapstone, pyrophyllite,

tungsten, uranium ore, wollastonite, and zinc which have been grouped because the individual values of many of the commodities would disclose
confidential company data.

£ e w

Extrapolated.

Includes stone, cement, and sand and gravel.

- Includes petroleum, natural gas, natural gas liquids, peat, and carbon dioxide.



TABLE 5, =-~Electrical requirements of the Lower Colorado River Basin
(in billion kwh)

- Arizona
Southern California Southern Nevada
Year Central Nevada Western New Mexico Total
1960 3307 1066 Llo3
1961 360l 12,0 8oL
1965 5002 1509 66,1
1970 70,L 22,66 9360
1975 9603 3069 12702
1980 12945 k2,0 17105

Source of datas:s

Reference No, 12



TABLE 6, --Electrical generation in California, by energy source
(in billion kwh)

THERMAL
Natural

Year gas 0il Coal Nuclear Hydro Total
1950 568 bo2 - - 14.8 2L,.8
1955 16,3 11.6 — - 1L.6 42,5
1960 31.8 1.6 — - 17,4 63,8
1965 5h.7 15,8 - 0,5 21,8 92,8
1970 76,7 26,0 - 863 2700 138,0
1975 89,0 24,0 3,0 50,0 31,0 1970
1980 89 2l 3 119 35 270
1985 91 2l 3 194 39 351
1990 91 25 3 289 L2 L50
1995 82 25 3 Lo8 L 562
2000 70 25 6 558 L6 705
Total 697.3 219.2 21,0 1,626,8 332.6 2,896,9

Source of datas

Reference Noe T



TABLE T, --Water consumption (in acre-feet) of the Southern California and
Clark County, Nevada, Mineral Industry

Nonferrous Ferrous
Year metals metals Nonmetals Fuels Total
1953 400 500 25,000 34,000 60,000
1954 800 800 32,000 36,000 70,000
1955 1,000 1,200 33,000 37,000 72,000
1956 2,000 1,700 41,000 39,000 8L,000
1957 500 1,700 36,000 41,000 79,000
1958 200 1,300 39,000 42,000 83,000
1959 300 1,400 41,000 Ll,000 87,000
1960 100 1,500 39,000 46,000 87,000
1961 600 1,200 43,000 47,000 92,000
1962 200 1,800 47,000 148,000 97,000

11111
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THE INFLUENCE OF THE LOWER COLORADC RIVER
LAND USE PLAN ON THE USE OF WATER IN THE STATES OF
ARTZONA AND CALIFORNIA
Under the Lower Colorado River Land Use Plan covering the area between
Davis Dam to the Intermational Boundary, the largest portion of the
proposed use of Federally-owned Reclamation withdrawn land will be for
public recreatiom facilities integrated with the Bureau of Reclamation
use of the land for reclamation functioms such as water storage, con-
gservation and delivery, channel control and flood protectiom. Consumptive
use of water in support of these recreation facilities will be primcipally
for domestic purposes. Ground water where available in sufficient guantity
and of potable quality is a better source of this domestic water as it
generally has a lower bacteria count, reguires less processing and requires

less investment im a distribution system than water from a surface source.

Under certain circumstances ground water scurces tend to be self replacing.
Sewage when processed and purified through underground facilities such

as septic tanks returns to the ground water aquifer. Development under
the Lower Colorado River Land Use Plan anticipates heavy use of septic

tank facilities for disposal of sewage.

Portions of the area proposed for development under the Plan will have
landscaping which requires irrigation water. Most of these areas are

at present covered with heavy stands of phreatophytes, which preliminary
study by Region 3 of the Bureau of Reclamatiom and other studies in the

Rio GrandkeValley, show to use an amount of water egual to or greater

=it



than the amount needed to maintain grass and other plartmaterials.
Some landscaping near recreatiomnal facilities will be on lands
currently used for agriculture. It is anticipated that the water
requirement per unit of area for landscaping will be less than the

amount used for crops.

A large portion of the Federally-cwned land included in the Lower
Colorado River Land Use Plan and currently used for agriculture is
proposed for lease to State Wildlife management agencies for develop-
ment as wildlife management areas. These agencies plan to continue,

on a share cropping basis, farming the areas currently in agricultural
production. Optimum juxtaposition of cover, feeding and nesting areas
is a basic principle of game management and it is anticipated that the
total area farmed by these agencies and using water will remain
approximately equal to the presemnt area. Fence‘rows and brush areas
will remain with possible replacement by species of plants which provide
comparable cover but do not use as much water as the existing phreatophytes.
Use of water by the Bureau of Sport Fisheries and Wildlife on National
Wildlife refuges has not been included im this report as that agency is

submitting its own report for this comprehensive study.

Development of marinas, swimming and other water oriented facilities
requires comstruction of quiet water lagoons. Surface evaporation

from these lagoons will use some water.



The entire Southern California and Arizonaz region is a water scarce
area. Studies of the recreational use on the Lower Coclerade River
show that the major portion of the people who visit the River are from
the cities adjacent to the River and the Southern California and
Phoenix-Tucson metropelitan areas. These areas are, when the Central
Arizoma Project is completed, heavy users of Colorado River water for
domestic purposes. It appears that demand for Colorade River water
for domestic purposes will be present regardless of whether it is
present im the immediate River area or if it is present in one of the
urban areas to which the water will be transported. Further, if there
are no organized facilities available to accommodate this recreational
use the area is likely to be used in an uncontrolled mamner temding te

create a River pollution problem.

Persons using the Lower Coloradec River areas cother than the Southern
California and Phoenix-Tucson metropolitan areas, are drawn to the
region by its unique climatic characteristics and demand facilities of
all tybes. These people will come teo the regiom as long as there are
facilities in any portion of the region to accommodate them. If the
facilities are not available in the immediate vicinity of the Lower
Colorade River, they will go to other portioms of the region where
facilities are available and in many cases still use Colorade River

water after it has been transported a considerable distance.

Recreational use of the lands included im the Lower Colorado River Land

Use Plan at the present time is estimated to be 3.8 million visitor days.



Ultimate possible use, under the developments proposed in the Plam, is
34 million visitor days. The preponderance of facilities proposed for
development under the Lower Colorado River Land Use Plan are in support
of short term use by visitors. This type of use does not encourage the
heavy per capita water consumption which is present inm permanent resi-

dential areas.

An estimated average use per visitor day is 50 gallons. As the ultimate
recreation use is reached, areas of Federally-owned land now in
agriculture will be used to provide space for this recreatien. This

shifting of land use will result in less water comsumption.

Permanent residential use on lands leased under the Lower Colorado River
Land Use Planm will be limited. Townsites mot on reclamation withdrawn
land will provide homes for the majority of the pecple providing services
for the wvisitors to the area and will alsc provide homes for those
people who wish to live in an area where the recreation facilities om
the River will be available without extensive travel from their homes.
Except for one proposed townsite near Cross Reads, Califormia, the
proposed residemtial areas will be comsiderable distamce from the River
and will have to rely on groumd water for domestic water supply in their
early stages of development. When the population of these residential
areas reach their ultimate size, it may be necessary for these proposed
municipalities to imstall water systems to supplement this ground water

source,
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Bonneville Power Administration is the power marketing agency for
32 multipurpose federal dams existing, under construction, or authorized
in the Columbia River Basin., This is the largest hydroelectric system
in the United States and one of the largest in the world., Completion of
hydroelectric projects presently authorized will raise the total name-
plate rating of the system to over 10 million kilowatts.

As marketing agent for the federal dams, Bonneville Power Adminis-~
tration is required to construct, operate, and maintain a transmission
system to carry the power from the generating plants to the load centers
and to interconnect the federal power piants so that they can be
hydraulically and electrically coordinated, The transmission grid which
extends from Canada on the north to Southern Oregon on the south, and
from the Pacific Coast to Western Montana, at present consists of nearly
9,000 miles of high voltage transmission line and over 200 substations,

Hydroelectric generation provides over 96 percent of the Pacific
Northwest's electric energy requirements, Since there are insufficient
storage reservoirs to completely control the large seasonal and annual
variations in streamflow, power surplus to the regions? needs is
frequently available,

The following tables show Pacific Northwest peak and energy power
surpluses for the years 1967-68, 1969-70, 1974-75, 1979-80, and 1984-85,
It should be noted that the estimated surpluses are after deducting
Canadian pcalk and energy entitlament, It now appears possible that a
large part of the Canadian entitlement may become available for sale

in the United States outside the Pacific Northwest,



EXPLANATORY NOTES TO APPENDIX TABLES _1 THROUGH 6

The loads used in these analyses are based on the Pacific Northwest Area require-
ments included in the Federal Power Commlssion’s National Power Survey. The area
includes all of the statea of Oregon, Washington, and Idaho (except for the
service area of Utah Power and Light Company), Montana west of the Continental
Divide, and the service area of Pacific Power and Light Company (Copco Division)

in northern California,

Main stem hydro resources for the 1967-68 and 1969-70 levels of development are
based on the BPA, Branch of Power Resources! adju&ted 20~year regulation study
20-1 which includes High Arrow Lake and Duncan Lake storage in Canada, Hydro
resources for the 1974=75, 1979-80, and 198L-85 levels of development are based
on the Corps of Engineers' study C-l, which includes the full Canadian storage
and U.S, Columbia River Power projects., Installations in the C«l study have

been adjusted for the three load levels,

The New Production Resactor was used as a dual purpose thermal source with
660,000 and 776,000 kilowatts for energy and peak, respeotively, at 1967~68

and 196970 levels of development.

Other resources of the area are included from summary data shown in the
January 1961 report of the Power Planning Subconmittee, CBIAC, Power Resources
of Hydroelectric Projects with Hydraulic Operations Independent of the Columbia

River System, adjusted for minor changes 1n resource schedules.



ESTIMATED ENERGY SURPLUS - PACIFIC NORTHWEST AREA

Appendix Tables _1 _through _6_

Average surpluses represent the remainder of the total energy resources
after deducting firm energy requirements, Canadian energy entitlement, and the
replacement of the average energy in kilowatts of existing thermal resources,
replacement of 50 percent of thermal resources for 1972-73 and thereafter, and

serving interruptible load, all as indicated in the following table.

Canadian Existing New Total Interruptible
Level of Entitlement Thermal Thermal Resources Load
Development Average mw Average mw Average mw Average mw
1967-68 L72 LLo ~- 202
1969-70 189 L67 -- 202
197075 792 -- 2,560/ -
1979-80 59 - 8,6922/ -
198L-85 396 -- 17,0753/ -

l/ Includes 122 mw thermal energy reserves,
2/ Includes Llh mw thermal energy reserves.

2/ Includes 813 mw thermal energy reserves.



Year July
1928-29 L356
1929-30 3091
1930-31 2300
1931-32 692
1932-33 L538
1933-34 5052
193435 2932
1935-36 L1o1
193637 2961
1937-38 3275
1938-39 L319
1939-k0 3725
15L0-~k1 2301
194142 99
1942-43 Les2
1943=kl 5624
1944=L5 99
19L5=L6 3803
1946-U7 L757
1947-L8 L175
19L8-L9 L635
1949-50 3262
1950-51 5071
1951-52 LLoo
1952-53 4617
1953-54 5125
195455 L670
1955-56 L831
1956~57 Lgko
1957-58 Lahh
Sending End Capacity

L50 mw Le7

600 mw 567

900 mw 8Lo
1000 mw 930
1050 mw 975
1200 mw 1110
1350 mw 1245
1500 mw 1380
1800 mw 1650
2250 mw 2055

Aug.,

1675
99
99
99

1L79

3236
903
16L6
99
99

99
83
99
99
1521

250k
99

1526
1275

2689

3209
2Lkl
1002

2101
3676
2387
2130

99

310

578
631
656
731
8oL
873
975

Estimated Energy Surplus - Pacific Northwest Area

TABLE 1

1967-68

(Thousands of Average Kilowatts at Point of Generation)
Sept. Oct, Nov. Dec, Jan, Feb. Mar, Apr,
330 330 330 330 330 330 330 330
99 99 99 99 99 99 99 1122
99 99 99 99 99 99 692 692
99 99 99 99 L29 L29 3311 3964
1534 1298 1298 1298 1298 1298 2168 2903
2879 3564 Lo31 Lshs  L667 3928 L35k Lor2
1024 1434 2625 2237 2029 1632 1775 1978
297 297 297 297 297 297 297 2088
99 99 99 99 99 99 99 99
963 963 1491 1491 1491 1491 2736 3880
L59 819 819 819 819 819 1258 2862
1052 1052 1052 1052 1052 1052 2898 2715
1110 1110 1110 1110 1110 1110 1110 60l
33Lo 3340 33Lk0 3216 2067 1882 1614 2u79
1425 1L2s 2126 2126 2Lh2h 2h2k 242, L980
39 394 5L 5L 3ol 39h 394 394
99 99 99 99 99 99 99 99
99 1466 1466 2206 2510 2510 2510 3763
2385 2L2l 2708 3776 2752 3136 3447 Lok2
2112 3612 3364 28L4 3027 2LL6 2619 3497
1615 1615 1615 1615 1615 1615 3098 Log2
1526 1526 2108 2108 2178 2677 3689 L620
2527 3928 L165 Lol2 3857 5159 L638 5179
2454 3398 29178 2902. 2335 3109 3046 L35k
361 361 361 361 3317 3055 2608 2L5h
22443 2S5 2455 2455 2455 2590 2796 3762
2966 2852 2487 1858 1746 1525 1007 1353
2369 3439 3715 4316 3936 3059 3903 5020
2207 2128 2128 2128 2128 2223 3262 3554
994 1888 1888 1888 1888 2950 2807 3832
Average Monthly Surplus as Limited by Alternative Service Plans
366 378 378 378 392 392 Lol k21
Lé1 L83 L83 L83 502 502 sak 551
651 690 690 690 719 719 767 794
713 755 757 7517 789 789 834 874
741 787 790 790 824 824 871 91l
813 874 882 882 921 921 . 978 1031
883 957 970 970 101k 1014 1080 1146
950 1031 1054 1054 1104 1104 1180 1256
1056 1146 1198 1209 1266 1253 1372 1476
1200 1295 1383 1394 1459 1450 1640 1792

1101

May

1320
1674

692
L502
LLL8

35Lb
3333
Lo3k
1894
L671

2942
2888

99
3541
L630

99
2566
L872
3823
L633

5188
500k
S143
L7u3
L121

L365
3276
5023
L576
L795

L2t
567
8L0
930
975
1110
124k
1374
1629

1993

k27

8L0o
930
975
1110
1245
1380
1647
2026

Ave.

392
508
735
807
8LbL
W7
13&8
1145
1323
1566



Year July
1928-29 4193
1929-30 2839
1930-31 1948
193132 261
1932-33 Lh2h
1933-3L L857
193kL=35 2537
1935-36 3812
1936-37 26L5
1937-38 2930
1938-39 k271
1939-40 3457
1940-41 1946
194142 0
19L2<L3 k170
19L3-LL 5888
194L -5 0
19L5-46 3682
1946-4L7 L599
1947-48 Lo3l
1948-L9 L6L2
19L9-50 2973
1950-51 5275
1951-52 4338
1952.53 L608
1953-5) 5295
195L~55 L610
195556 L81L
1956457 L878
1957-58 L119
Sending End Capacity

L50 mw L1k
600 mw 5L9

900 mw 819
1000 mw 909
1050 mw 954
1200 mw 1089
1350 mw 1224
1500 mw 1359
1800 mw 1629
2250 mw 201L

Aug.
13L5
0

0
L3
2825

251
1110

210

0
1025
2112

958
703

2317

0
2867
2034

L3

1663
3342
19L8
1649

255
330
L73
517
536
588
638
683
763
8L6

TABLE 2
Estimated Energy Surplus - Pacific Northwest Area

1969-70
(Thousands of Average Kilowatts at Point of Generation)

Sept.. Qct. Nov. Dec, Jan, Feb, Mar. Apr.
0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 oLbL

0 0 0 0 0 0 261 261

0 0 0 0 0 0 3087 L063
8L43 510 510 510 510 510 1651 2795
2336 3019 3571 L238 LLos 35L1 4376 L179
306 702 1903 1398 1204 8LL 1179 1778
0 0 0 0 0 0 0 1779

0 0 0 0 0 0 0 0
304 304 722 722 722 722 2Los 3855
0 62 62 62 62 62 858 2907
285 285 285 285 285 39 2643 26LL
L56 Lsé Lsé L56 L56 L56 L56 0
3528 3528 3528 272l 1360 1238 1099 2415
768 768 1390 1390 197k 1974 197L 5150
0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 729 729 1416 2912 2912 2912 3861
1815 1871 2112 3L63 2126 2704 3231 k130
1518 3159 2811 2201 2L62 1866 2203 3L8L
921 921 921 921 921 921 2990 L20ok
1022 1022 1347 1347 1435 2179 353L L6950
1952 3515 3691 3506 3292 5153 Ls2bL 5385
1862 2958 2362 2258 1660 2629 2805 LL91
0 0 0 0 2740 25Lo 2187 2256
1659 173k 173k 1734 173k 2030 2378 3717
2L55 2278 1792 1028 920 724 319 1038
1771 28L7 3107 3918 3451 2521 3817 5163
1583 1432 1432 1432 1h32 1646 3071 35L7
269 1206 1206 1206 1206 2578 2373 3863
Average Monthly Surplus as Limited by Alternative Service Plans
264 292 297 297 312 315 3L9 369
33k 374 384 384 Lok Lol L55 L89
Lé8 517 ch2 5.8 578 57k 663 729
505 558 589 599 629 621 730 807
522 S77 613 623 65l nn 763 8L5
572 632 6863 693 729 71 859 955
622 682 748 758 795 781 9L9 1028
672 730 802 806 850 8L7 1039 1175
750 818 900 88L 9LL 970 1214 1393
803 925 1003 987 1050 1119 1456 1693

1314
1705

261
L770
L728

3735
3526
L2Ls
1905
Lig3L

3115
3054

0
3763
L915

0
2579
S1L6
Losk
4882

SL63
5274
5388
5006
L2o2

Lé50
3380
522l
L8L3
5079

L1l
5L9
819
909
954
1089
1223
1353
1609
1973

June

2163
1666

261
5382
k168

3187
L767
5299
1942
5o8L

3L38
2576

Lly22
5617

0
L7L1
5183
L691
Lh79

545k
5686
5265
4815
5623

L989
5062
5553
L857
52717

NN
SL9
819
909
95k
1089
122k
1359
1624
2001

Ave,

333
L3k
629
690
720
808
889
973
1125
1323



TABLE 3
Estimated Energy Surplus « Paciflec Northwest Area
197273
(Thousands of Average Kilowatts at Point of Generation)

Year July Aug. Sept. Oct., Nov. Dec, Jan. Feb. Mar, Apr. May June
1928-29 5296 0 0 0 0 0 0 0 0 0 0 0
192930 0 0 0 0 0 0 0 0 0 0 0 0
1930-31 0 0 0 0 0 0 0 0 0 0 0 0
193132 0 0 0 0 0 0 0 0 0 2337 L1o2 3347
1932-33 4848 0 0 o 0 Ll7 638 638 637 3859 L230 6751
193334 6272 2723 931 1707 3511 5221 5308 4169 503k 5396 4751 Lh16
193L~35 3070 0 0 0 0 1284 1433 1433 1432 2346 3653 L753
1935-36 L8l1 0 0 0 0 0 0 0 0 L975 3916 L685
1936-37 0 0 0 0 0 0 0 0 0 0 0 0
1937-38 0 0 0 0 0 0 0 0 1799 Su87 5772 6773
1938-39 5L1k 0 0 0 0 0 0 156 529  L556 354 3L9
1939-L0 111 0 0 0 0 0 0 1650 2543 4583 0 0
1940-41 0 0 0 0 0 0 0 3Lk 343 1705 0 0
194142 0 0 0 0 0 0 0 1217 1217 3977 2229 2225
1942443 4720 0 0 0 0 130 2325 3175 3179 6925 5885 6767
1943-hL 7778 704 0 0 0 0 0 0 0 0 0 0
194k L5 0 0 0 0 0 0 0 0 0 0 1558 1555
1945-46 0 0 0 0 0 0 0 0 2L77 sl 6363 7166
19L6=L7 5667 0 0 0 661 3Ls8 3458 L396 L396 5L86 Lh2s 63u6
1947-L8 sohl 0 0 2167 2113 2113 2478 2478 2L79 5074 6382 6533
194,8-49 5770 1650 0 0 0 0 0 2611 3113 5539 626l 5L89
194950 0 0 0 0 0 0 831 Losk 5179 5955 3735 7282
195051 717k 2242 128 1916 3292 L4801 L351 5986 5274 6248 6981, 7014
195152 5601 922 160 18LY 18LL 184l 18L4 3628 3627 6L71 6180 5756
1952-53 53L1 0 0 0 0 0 0 3065 3066 3066 L1968 6653
1953~5L 6656 422 0 0 162 1706 1865 3123 3123 516L 5155 6811
1954~55 6224 3852 12Lh 518 518 518 518 518 519 986 3346 581k
1955-56 6LL0 889 0 1095 1826 3999 3999 3999 5168 68L2 6985 7L80
1956-57 6065 0 0 2U5 2Lh 1153 1154 2825 2992 L883 5808 6838
1957-58 3775 0 0 0 0 0 1261 3683 3699 4178 56L6 6195
Sending End Capacity Average Monthly Surplus as Limited by Alternative Service Plans Ave,
LS50 mw 300 119 Lo 98 119 180 210 287 326 360 342 342 227
600 mw Loo 154 50 125 151 232 277 374 L26 L80 Ls2 L52 298
900 mw 600 217 70 175 203 332 396 535 608 720 672 672 L33
1000 mw 667 231 7 192 220 365 L33 589 668 800 i - 745 L77
1050 mw 700 238 76 200 228 382 Ls1 615 698 838 782 782 L99
1200 mw 800 258 81 222 253 L31 505 695 788 953 892 892 564
1350 mw 900 278 82 242 278 473 552 771 873 1067 1002 1002 627
1500 mw 997 298 82 262 303 511 595 8LY 956 1183 1112 1112 688
1800 mw 1187 333 82 299 353 578 675 979 1116 1410 1324 1323 805

2250 mw 72 378 82 316 396 650 769 117k 1341 1740 1638 1638 966



TABLE L
Estimated Energy Surplus - Pacific Northwest Area
1974=75
(Thousands of Average Kilowatts at Point of Generation)

Year July Aug, Sept. Oct, Nov, Dec, Jan, Feb, Mar, Apr, May June
1928-29 5749 0 0 0 0 0 0 0 0 0 0 0
1929230 0 0 0 0 0 0 0 0 0 0 0 0
1930-31 0 0 0 0 0 0 0 0 0 0 0 0
1931-32 0 0 0 0 0 0 0 ) 0 0 3231 Lli20
1932433 1675 0 0 0 215 0 3792 2836 1818 599 4565 7354
193334 6135 1112 heg 2699 L2 bors G620 Olal LBl 5935 Losf 3831
193L4=35 493 0 0 0 0 962 2L35 3hko 0 0 L891 k927
193536 lo22 0 0 0 0 0 0 0 213 3691 6055 L5 3L
1936-37 0 0 0 0 0 0 0 0 0 0 0 0
1937-38 0 0 0 0 0 0 23 333 3235 5190 6Lk 6593
1938-39 L686 0 0 0 0 0 0 268 0 2L12 2259 1860
1939-40 0 0 0 0 0 0 0 3047 2625 79 1563 0
1940-41 0 0 0 0 0 o 0 1528 0 0 0 0
19L1-k2 0 0 0 0 0 0 1978 2870 0 805 3090 5707
1942-43 2933 0 0 o] 0 1355 61k41 6516 L296 6811 76 7903
19k 3kl 8368 0 0 0 0 o] 0 0 0 0 0 0
19hk =45 0 0 0 0 0 0 0 0 0 0 0 L6k
194546 0 0 0 0 0 0 605 3173 L301 L577 6221 6996
194647 Loks9 0 0 0 1128 5033 5161 7021 5693 L1y? 4331 1953
1947-L8 3248 0 0 31k2 3518 256l 6241 5L53 2753 3555 6838 7773
1948-L9 6291 972 0 0 86 0 3L5 L31k 3623 L4503 7272 5577
1949-50 0 0 0 0 0 0 2293 6516 ch26 Losl 6562 9298
1950-51 8L97 1021 0 1947 Lok 5631 663k 7651  L936  58L1 7672 B2k2
1951-52 6234 0 0 3330 1708 2778 Lho6  60L0 3L73 5974 7499 71L3
1952453 3980 0 0 0 0 0 L7688 626l 2428 776 5671 6783
195354 5876 0 0 0 68l 1285 Log2 6472 3970 2278 6886 8036
195L-55 7285 3003 2560 61 2019 1008 1810  Lo82 0 0 L79k 5817
1955«56 6112 0 0 1108 3220 5970 686k 5970 5535 7338 8473 9308
1956-57 6626 0 0 268 71 1925 3355 5605 L902 3289 7091 7678
1957-58 2882 0 0 0 0 0 3409 6323 3153 Lo67 7480 7394
Sending End Capacity Average Monthly Surplus as Limited by Alternative Service Plans Ave,
450 mw 285 60 29 86 132 165 267 320 262 288 3L5 3L5 215
600 mw 376 80 34 111 172 220 352 L20 347 383 L60 L5y 28L
900 mw 556 120 Ll 161 245 330 512 620 517 555 690 675 U1y
1000 mw 616 132 L8 178 269 365 566 687 574 609 767 749 463
1050 mw 6L6 136 L9 186 280 381 592 720 602 635 805 - 785 485
1200 mw 736 143 sl 208 313 L26 672 820 687 715 920 895 549
1350 mw 826 149 59 228 3L3 Lé9 752 920 772 795 1035 1005 613
1500 mw 916 15 6l 248 373 Sol 832 1020 857 875 1150 1115 676
1800 mw 1092 16l i 285 L30 o7l 992 1211 1027 1035 1372 1335 799

2250 mw 1347 179 89 319 L97 668 1209 1496 1268 1275 1702 1652 975



Year July
192829 5173
192930 0
1930«31 0
1931-32 0
1932-33 0
1933-34 5618
193L=35 0
1935-36 2436
1936-37 0
1937-38 0
1938-39 2659
1939-40 0
1940-L1 0
1941-k2 0
1942-43 678
194 3=l 6900
194k-45 0
1945-L6 0
19L6-U47 3191
1947-48 1147
1948-49 5725
194950 0
1950-51 8311
195152 5690
195253 1797
1953-5L 3791
1954=-55 7074
195556 5080
195657 £927
1957-58 677
Sending End Capacity
L50 mw 255
600 mw 340
900 mw L9s
1000 mw sLs
1050 mw 570
1200 mw 643
1350 mw 713
1500 mw 783
1800 mw 923
2250 mw 1118

Aug.

[eNoNoNeoNo) [eNeoNeoNoRo] [eNeNoNoRo] [eNoNoNoNo]

[eRoNoRoNe]
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TABLE

Estimated Energy Surplus - Pacific Northwest Area

(Thousands of Average Kilowatts at Point of Generation)

Sept,
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0
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Feb,

0
5062
3287

850
4369
6058
3834
3541

4363
1509
3643
3289
3249

NOOOO

105

0
0
1149
3012
0

3k9
2645
1872
266
0

736

0
2625
1754

0

0
5350

378
1183

e B X EX RSN PR R

)
56
76
83
86
oL
99

104
111
111

60

80
120
133
1o
160
180
200
236
281

8

150
200
291
318
331
390
Lo3
438
508
599

217
287
L2s
L69
490
555
620
685
806
986

156
201
285
312
325
357
382
Lo7
L5s
503

208
273
390
L26
LLs
L99
shh
588
663
754

£

669
701
796
891
986
1176
1h52

315

630
700
735
8Lo
9hs
1050
1260
1561

Ave,

148
195
28L
312
327
370

LLé
521
623



TABLE 6
Estimated Energy Surplus ~ Pacific Northwest Area
198L.85
(Thousands of Average Kilowatts at Point of Generation)

Year July Aug. Sept, Oct. Nov. Dec, Jan, Feb., Mar, Apr, May June

1928-29 2552 0 0 0 0 0 0 0 0 0 0 0

1929-30 0 0 0 0 0 0 0 0 0 0 0 0

1930-31 0 0 0 0 0 0 0 0 0 0 0 0

1931-32 0 0 0 0 0 0 0 0 0 0 0 0

1932-33 0 0 0 0 0 0 0 0 0 0 0 38L0

1933-3L 3081 0 0 0 0 551 661 2 0 1256 925 0

193k-35 0 0 0 0 0 0 0 0 0 0 0 0

1935-36 0 0 0 0 0 0 0 0 0 0 659 0

1936-37 0 0 0 0 0 0 0 0 0 0 0 0

1937-38 0 0 0 0 0 0 0 0 0 0 1255 1936

1938-39 0 0 0 0 0 0 0 0 0 0 0 0
1939-L0 0 0 0 0 0 0 0 0 0 0 0 0

1940-h1 0 0 0 0 0 0 0 0 0 0 0 0

194142 0 0 0 0 0 0 0 0 0 0 0 579

1542-43 0 0 0 0 0 0 0 156 0 1238 0 3LL3

194 3-Lh L127 0 0 0 0 0 0 0 0 0 0 0

194b-U5 0 0 0 0 0 0 0 0 0 0 0 0

1945-L6 0 0 0 0 0 0 0 0 0 0 9L2 21L9

194647 122 0 0 0 0 0 0 98L 0 0 0 0

1947-48 0 0 0 0 0 0 0 0 0 0 2891 Lshé

1948-L9 317h 0 0 0 0 0 0 0 0 0 3706 L52

1949-50 0 0 0 0 0 0 0 80 0 0 1228 6123

1950-51 5832 0 0 0 0 0 L8 2095 0 0 3629 5095

1951-52 3234 0 0 0 0 0 0 0 0 0 ¢ 3047 2514

195253 0 0 0 0 0 0 0 0 0 0 0 2358

1953-5L 716 0 0 0 0 0 0 159 0 0 3229 4906

195455 Lé10 0 0 0 0 0 0 0 0 0 0 1299

1955-56 2305 0 0 0 0 0 62 0 0 1945 LisLh 6159

1956-57 3329 0 0 0 0 0 0 0 0 0 2,86 3947

1957-58 0 0 0 0 0 0 0 0 0 0 2739 3178

Sending End Capacity Average Monthly Surplus as Limited by Alternative Service Plans Ave.
L50 mw 154 0 0 0 0 15 19 L1 0 LS 195 240 59
600 mw 20k 0 0 0 0 18 26 51 0 60 260 31k 78
900 mw 298 0 0 0 0 18 26 71 0 90 381 Lsh 112
1000 mw 328 0 0 0 0 18 26 77 0 100 L18 501 122
1050 mw 343 0 0 0 0 18 26 78 0 105 L69 52l 130

1200 mw 388 0 0 0 0 18 26 86 0 120 L8l 594 143
1350 mw L33 0 0 0 0 18 26 88 0 128 527 663 157
1500 mw L78 0 0 0 0 18 26 93 0 133 567 728 170
1800 mw c68 0 0 0 0 18 26 103 0 143 647 858 197
2250 mw 703 0 0 0 0 18 26 116 0 148 767 1039 235

9



ESTIMATED PEAK SURPLUS - PACIFIC NORTHWEST AREA
Appendix Tables 7 through 12

Pacific Northwest capacity surplus represents the remainder of total capacity
of the area after deducting the estimated firm area peak load including
reserves for maintenance and unscheduled outages, at 7 percent and 10 percent
of peak loads for the periods Avgust through March and April through July,
respectively, Canadian dependable capacity entitlement, displacement of
existing thermal capacity, and interruptible loads, all as indicated in the
following table.

Canadlan Dependable ‘
Level of Capacity Entitlement Existing Thermal Interruptible Load

Development mw mw mw
1967-68 L2 585 205
1969-70 1 975 612 205
197L=75 1,397 -- -
1979-80 1,302 * - e

198L -85 1,173 - -

10



TABLE 7
Estimated Peak Surplus = Pacific Northwest Area
196768
(Mousands of Kilowatts at Point of Gensration)

Year Jul. Aug, Sept., Oct, Nov. Dec, Jan, Feb, Mar, Apr. May Jun.
1928-29 7692 8150 7673 6881 5340 L726 L295 Lh66 L596 4211 5190 6636
1929=30 8020 8026 5872 6882 g228 14681 L4092 166 LéL3 4297 S48 6585
1930-31 7740 7957 7629 6839 5274 4603 4196 L660 Lhss 4325 5284 6559
1931-32 7729 7838 7574 6694 5164 Lssh L1ko 4597 4965 5099 53k 6555
1932-33 7896 812k 7823 6804 5503 Lg22 4506 5107 5164 4918 5319 6097
1933-3k 7451 8056 7743 6747 5211 L81h Lé5h 5250 5580 L693 5530 6617
193L=35 7929 7837 7525 6619 537k L8l L6l LSkl 5317 4500 5357 6718
1935-36 7717 7987 1720 6725 5129 1h86 L1 L8 Lh71 1781 5415 6620
1936=37 8029 7981 7857 6830 5166 LskL9 3969 4374 415k 3593 L84k 6563
1937-38 7748 7929 7L87 6L67 5059 L558 4210 1688 U797 Lh22 5320 6287
1938-39 7588 8019 7618 6813 5257 L678 4295 L4581 5011 L6L6 5336 6822
:1939=40 79h1 7997 7826 6827 5207 4679 Lo6L 1666 5239 506L 5607 6586
'1940-L1 7776 7941 7618 6676 5373 L8oo Ll L6L8 4798 1628 5383 6410
1941-42 77h0 7813 7607 6787 5371 14883 LL81 U771 u876 L672 SLL8 6706
1942-43 7853 8091 7851 6809 5381 L861 4399 1935 L992 1680 5256 6369
194 3=lb 757k 8159 7879 6908 5356 L7L7 4336 4848 L627 14188 4997 6LL6
194h=k5 7789 7995 7816 6841 5280 Lh83 3917 u527 U746 4293 5189 6l475
1945-h6 7732 8024 7670 6676 5297 L673 L132 4700 5125 u572 5286 6403
1946=ls7 7832 8133 7850 683L 5310 4833 LsLo 5063 5465 5055 5291 6531
1947-4L8 7925 8172 7854 6922 sLés 4850 Lul7 5178 5239 4980 4898 5257
1948-49 7796 8145 7880 6860 5348 L77h L237 4753 L757 L6217 5263 6850
1949-50 8091 8008 7867 682l 5377 L787 14389 L8L6 5271 5327 5505 5755
1950-51 7223 8147 7869 6910 5568 5066 4733 5418 590k 5LL7 sL77 6284
195152 7659 8155 7860 6896 5357 L823 4383 L97Y sol2 u56lL 5170 656
1952-53 7973 8osk 7871 6852 5289 L1692 Li22 5146 5250 4655 sL3y 6319
19535k 7737 8164 7862 6837 5335 4798 4396 4851 5115 14838 5205 5942
195455 7129 8okL9 7870 6862 5382 L791 4371 4905 LoLg 4750 5300 6547
1955=56 7406 815k 7870 6916 5603 5053 1686 5284 5534 4729 14893 5917
1956-57 7741 81L4 7860 6851 5333 L817 4333 4718 4906 4636 5110 6183
1957-58 8022 8019 7861 68L1 5332 1818 1367 L4735 L87h L811 5321 6499

Minimum Monthly
Peak Surplus 7129 7813 5872 6167 5059 LL83 3917 L37h Lish 3593 L8LL 5257
Average Monthly
Peak Surplus 7749 8okL2 7705 6808 5322 L755 4336 4817 L995 L667 5281 6L00

11



Year
=

1928-29
1929-30
1930-31
1931~32
1932-33
1933-34

193435
1935-36
1936-37
1937-38
1938-39
1939-40

1940-01
1941-l2
1942-43
1943-=Ul
194h-U5
1945-46

1546<47
1947-48
1948-49
1949-50
1950-51
1951-52

1952-53
1953-5l
1954-55
1955-56
1956-57
1957-58
Minimum Monthly
Peak Surplus
Average Monthly
Peak Surplus

Jul.

7ho1
7782
7562
7u9n
7632

7100 -

7670
Th27
7%
7,88
7331
7696

7538
8170
7582
7264
8223

W89

7559
7663
7521
7853
6853
7358

7715
7451
6728
7046
7457
7784

6728
7519

Avg.

7936
8495
8396
8307
7921
7853

7608
7784
8lbk
8398
8185
7%

8o
8282
76883
7950
8,51
8481

7910
7954
792k
7784
T9Ub
7952

7851

7961
7833
7935
794

8L88 "

7608
8078

Sep.

7748
6215
7975
7957
7535
7455

7178
7817)
8216
7150
7510
7497

7308
7316
7530
7557
8153
7541

7509
7520
75hh
7538

7530

7530

7975
7541
7549
7543
7541
7535

6215
7552

Oct,

6839
7110
7065
6934
6366
6310

6169
6755
7059
6028
6377
6385

6233

6345

6366
648}
7074
6265

6397
6501
6413
6380
651)
6507

6832
6396
6ls2
6473
6lné
6431

6028
6528

TABLE 8
Estimated Peak Surplus ~ Pacific Northwest Area
1969-70
(Thousands of Kilowatts at Point of Generation)

Nov,

5071
522l
5280
5159
4832
4530

L693
L928
5159

Dec.

4371
4593
Ls22
L359
65
14050

Lo79
L199
Lli59
3605
3922
3ne

Lolo
4125
104
3997
Lhoo
3925

4086
4099
Lo1?7
Lo19
L322
Lo77

ks
Loko
Lo32
4302
4062
4083

3805
lihh

12

Jan,

3887
3959
4060
3902
3706
3847

3653
3863
3836
341
3495
3299

3640
3676
3604
3539
3789
3362

3767
3651
365
3550
3958
3611

3621
3594
3567
3919
353L
3583

3259
3678

Feb,

L21k
LL8L
4212
lahs
50
14587

281
236
14387
4033
3933
L4007

3989
4112
14283
197
4587
L4085

Lhl3
U531
29
L210
L4801
L4358

Lk99
4212
L2h7
L1683
L1065
[ARkY

3933
L28h

Apr,
3938

3827
L6o2
Ling
Lok

3990
h255
3295
3896
4173
L4562

4706
72
ha3l

“h253

3994
b130

L4596
L4508
L187
1893
so11
haok

L166
Lhol
4276
L253
5202
U377

3295
hall

May_
Lus1s

LB8%0
4928
4518
5089

Loks
5036

L9Ls
4961
5204

5179
5051

h81h
L792
4893

L4895
LLh80
LBTL
5130

L7166

5056
1823
4907
Wh27
4710
4938

Lhak
L89?

Jun,

6367
6316
6290
6245
5757
6275

6423,
6330
6258
5975
6553
6317

6325
61427
6092
6382
6205
6058

6226
L4762
6576
5385
5968
6169

600l
5575
625l
5521
829
6161

L762
6101



Year

1928429
1929-30
1930-31
1931-32
1932=33
1933-3L

1934=35
1935-36
1936-~37
1937-38
1938-39
1939-40

1940-11
19142
194243
1943-hk
1944-L45
1945-U46

19L6-=L7
1947-L8
1948=L9
1949-50
1950-51
1951-52

1952-53
1953=5k
195h~-55
1955~56
195657
1957-58
Minimum Monthly
Peak Surplus
Average Monthly
Peak Surplus

Jul,

5884
6127
6120
6026
6091
5836

5999
6048
6111
6075
6063
6100

6123
6040
6111
6068
6130
6118

6059
6099
5977
6153
5655
5949

6157
6081
5L96
58L5
5966
6116

5496
6021

Aug,

6227
6212
6188
6105
6195
6172

6056
6156
6202
6167
6210
6202

6231
6134
6239
6233
6232
6228

6221
6226
6218
6223
6240
6238

6241
6241

6195

6221
624
62hh
6056

6206

Sep,

5710
4703
5661
5560
5678
5659

5388
5588
5676
5576
5680
56L9

5683
5588
5699
5716
5643
5690

5681
5695
o706
c702
5696
5697

711
5709
5718
c710
5711
o708

4703
5633

Oct.

L3ho
L4328
Ly28l
Lo55
4259
hahh

21
1198
L2175
L202
4293
1281

L4353
4255

h301

L377
L31h
h327

4329
L392
4329
4330
W28
hh27

4318
L32l
14338
1384
4356
h371

Los5
L30L

- TABLE 9.
Estimated Peak Surplus - Pacific Northwest Area
1972-73
{Thousands of Kilowatts at Point of Generation)

Nov,

2222
2140
2167
1798
2261
2108

2167
2047
2077
2164
2162
2110

222}
2229
2252
2240
2178
2210

2213
2278
2209
2227
2353
22,3

an
2215
2237
2352
2210
2211

1798

2190

Dec,

1365
1333
1247

758
1hh3

- 1380°

1389
1182
1203
1h07
1350
1369

1409
1483
1476
1470
1171
1LoL

1451
b9
1Lk
1390
1569
1hhh

1351
1419
1401
1547
1430
1459

758
1372

13

Jan,

873
732
734
60
970
1012

933
796
1614
9hly
881
856

96L
1000
970
893
578
971

1043
986
886
965

1138
957

982
96L
923
121
963
60

887

Feb,

1870
1936
1729

51k
1992
2132

2002
18Lhs
1594
1993
1956
2031

1963
201)
2091
1942
1376
2027

2122
2187
2010
2135
235
2139

2233
2147
2009
2247
2040
2127

51k
1958

Mar,

2506
2hn
2147

745
2636
2801

2753
2528
1783
2667
2686
2789

2532
2608
2766
2549
1649
275L

2833
2852
2715
2887
31Lh
2792

2881
2820
2716
288l
2137
264k

745
2576

Apr.,

2622
2527
2337
1269
2605
2647

2655
2909
1690
2761
2728
2770

2528
2575
2748
2615
1510
2837

2915
2838
2907
2920

28N

2768
2734
2837
2971
26l0
2732

1269
2629

May

3169
362
3286
2387
3030
3638

3225
3513
2607
387
3483
3518

3120
3160
3476
3339
2l72
3606

3515
3406
3585
3573
3758
3537

3115
3304
3048
3292
3315
3265

2387
3291

Jun,

76k
L4850
4738
L51Y
4185
L6666

h701
L821
1,558
L761
1859
4846

L576
L6785
4768
L7904
L506
L8l

© LBo9

3523
k903
L3kl
13689
1,886

L0
L7l
502
h192
4638
4785

3523
h621



Year

1928~29
1929-30
1930-31
193132
1932-33
1933-3L

1934-35
1935-36
1936-37
1937-38
1938-39
1939-40

1940-l1
1941=42
1942-43
1943=4Y
194445
1945-h6

19)6=U7
19,7-48
1948-L9
1949=50
1950-51
1951-52

1952-53
1953-5)
1954-55
1955-56
1956-57
1957-~58
Minimum Monthly
Peak Surplus
Average Monthly
Peak Surplus

Jul,

6583
6740
6732
6595
6723
6651

6621
6681
6715
6695
6701
6708

6729
661
6731
6711
6736
6657

6733
6752
6650
6760
6,70
6665

6780
6740
6429
64,78
6690
6726

6429
6674

Aug,

6857
6868
6816
6675
682,
6805

6682
6784
6827
6793
6835
6828

6857
6757
6867
6859
68L,6
6787

68116
6852
6846
6848
6869
6865

6866
6867
6855
6850
6873
6872

6675
6829

SGEQ

6525
5519
6Lk
6300
6L93
647k

620}
6L02
6492
6393
6493
6465

6499
6398
6510
6532
6421
61438

6497
6509
6519
6515
6509
6513

65217
6525
6528
6523
6526
6521

6200
6hh2

Oct,

4955
holi2
141900
4658
L87h
4860

4735
14813
889
4817
L9o7
1,896

L965
1,866
U916
L995
La7h
4877

4946
5004
Lok7

LolT .

soLbL
SoLl

4935
L939
14957
5000
1972
L986

L658
LoLs

TABLE 10
Estimated Peak Surplus -~ Pacific Northwest Area
1974=75
(Thousands of Kilowatts at Point of Generation)

Nov,

2573
2491
2517
2127
2599
246

2515
2391
2L2s
24,88
2507
2453

2568
2570

Dec,

1638
1631
1547

885
1710
1583

1663
1hh6
1490
1625
1612
1632

1670
1730

174k

1732
14k
1593

1730
1718
1679
1659
1842
176

1611
1688
1664
1819
1699
1720

885
1631

1h

Jan,

1096
931
837

0

1033

1115

1127
1007

753
1069
1086
1062

1170
1180
936
1104
8oL
958

109k
1011
1097
1025
1187
1010

1026

1022

98l
1165
960
1163

0

1000

Feb.

2326
2103
1691

59
1857
2505

2395
2282
1697
2233
2393
2lsh

2393
2388
1943
2378
181
18L9

1979
1980
2h21
2031
1977
1839

2112
2003
1847
208
1941
2345

59
20l45

Mar,

3077
271l
2168

s3L
227
3433

3380
3170
2262
3015
3357
3437

32004
3063
2028
3177
2200
2030

2366
222,
2983
2593
2369
2108

219
2437
2366
2118
2076
288l

534
2576

Apr.

39
2838
2h12
1566
2196
3796

3697
3878
2550
3396
3730
3743

3578
3503
2753
3537
2131
2598

2456
2304
3721
2853
2833
2630

2387
2498
271k
2879
241k
3635

1566
2954

May

3833
3678
3359
3392
3172
4211

L201
4209
3512
L218
h229
4208

Lo
170
3535
4136
3028
3hal

3323
3260
L217
3un
3818
3863

3209
3364
3059
3640
3483
L261

3059
3718

Jun,

5175
5198
4386
5299
4881
5171

5292
5302
5201
5298
5323
5312

5173
5287
4519
5328
4902
5099

5170
4399
5383
L6558
5124
5347

5007
L969
Lh70
4835
51,8
5373

4399
5101



Year

1928-29
1929-30
1930431
1931-32
1932-33
1933-34

1934-35
1935-36
1936-37
1937-38
1938~39
1939=40

1940=l1
19L1-h2
1942-43
1943-Uk
194l-45
19l45=46

194647
1947-48
1948-49
1949-50
1950-51
195152

1952-53
1953-5h
1954-55
1955-56
1956-57
1957-58
Minimum Monthly
Peak Surplus
Average Monthly
Peak Surplus

Jul,

82hk
8L410
8402
8272
8394
8320

8298
8361
8392
8372
8378
8385

8406
8318
8L08
8388
813
8334

8410
8429
8316
8437
8122
833l

8457
8417
8076
8097
8360
8403

8076
83L5

Auvg,

8565
8576
8524
8383
8532
8513

8390

- 8492

8535
8501
8543
8536

8565
8u65

- 8575

8567
855
8L95

8554

8554
8556
8577
8573

8574
8575
8563
8558
8581
8580

8383
8537

Sep.

7939
6933
7888
771k
7907
7888

7618

7816

7906
7807
7907
7879

7913
7812
7928
7946
7835
7852

7911
7923
7933
7929
7923
7927

7941
7939
7942
7937
7940
7935

7618
7856

Oct,

5767
5754
5712
5470
5686
5672

5547
5625
5701
5629
5719
5708

5717

5678 -

5728
5807
5686
5689

5758
5816
5759
5759
5856

- 5853

5747
5751
5769
5812
5784
5798

5470
s727

TABLE 11
Estimated Peak Surplus - Pacific Northwest Area
1979-1980
(Thousands of Kilowatts at Point of Generation)

Nov,

2503
2421
2y
2057
2529
2394

245
2321
2355
2418
2437
2383

2198

2500
2528
2513
2385
2119

2489
2556
24,82
2504
26h0
2520

2uLs
2487
2507
2630
24,87
2513

2057
2160

Dec.,

1252
1245
1161

Lé9
1321
119

1277
1060
110k
1239
1226
1246

1284
13Uk
1358
1346
1055
1207

134k
1332
1293
1273
1456
1330

1225
1302
1278
1433
1313
1334

169
1243

15

Jan,

526
3ho
237

0
29
535

557
137
151
199
516
492

600
610
338
534
217
360

L96
la2
527
W27
589
h12

128
L2l
386
567
362
593

0

L33

Feb,

2275
1987
1550

0

1699
2hsh

23k
2231
1567
2182
23)2
2403

23l2
2337
1785
2327
1727
1691

1821
1822
2370
1873
1812
1681

1954
1845
1689
1926
1783
229)

0

1937

Mar.

3357
2891
2326

568
2238
3739

3686
3476
245k
3321
3663
3743

3510
3369
2139
3483
237k
2141

2477
2335
3259
270
2,80
2219

2530
2548
2u77
2229
2187
3190

568

2770

Apr,
3848
3196
276l
18148
21490
L323

h22l
Llos
2939
3923
l2s7
4270

Llos
4030
3074
o6l
2471
2892

2750
2598
L4248
3147
3127
2965

2681
2792
3008
32140
2708
162

1848
3352

Jun,

6270
630
6086
61138
5956
6306

6431
6Ll
6321
6437

6462
6451

6312
6426
5993
667
5975
6183

6272
sh2s
6522
5698
6221
6186

608l
6053
Sh3lh
5917
6232
6512

5425
620l



Year

1928-29
1929-30
1930=31
1931-32
1932-33
1933-34

193435
1935-36
1936-37
1937-38
1938=39
1939-L0

19,,0-h1
1941-42
1942-43
19h3=hk
19L4=U5
1945-46

1946-47
1947-48
1948-49
1949-50
1950-51
1951-52

1952-53
195354
1954=55
1955~56
1956-57
1957-~58
Minimum Monthly
Peak Surplus
Average Monthly
Peak Surplus

Jul.

8794
8960
8952
8783
894l
8870

8846
8911
8942
8922
8928
8935

8956
8868
8958
8937
8963
8843

8960
8979
8863
8987
8655
888l

9007
8967
861L
86l7
8909
8953

8614
8891

Aug,

9175
9186
9134
8949
912
9123

9000
9102
9145
9111
9153
9146

9175
9075
9185
9177
9158
9072

916l
9170
916l
9166
9187
9183

918)
9185
9173
9168
9191
9190

8949
91kl

Sep.

8476
7470
825
8199
8Ll
8l425

8155
8353
8U4L3
834l
8l
8116

8450
8348
8L65
8483
835k
8356

8,8
8L60
8470
8l66
8460
8L6L

8478
8476
8L79
87k
8477
8472

7470
8389

Oct,

5565
5552
5517
5207
Shsl,
570

5345
5423

TABLE 12
Eatimated Peak Surplus - Pacific Northwest Area
198),-85
(Thousands of Kilowatts at Point of Generation)

Nov,

878
796
822
356
90k
769

820
696
730
793
812
758

873
875
903
888
720
761

86L
931
857
879
1015
895

820
862
882
1005
862
888

356
830

Dec,

[oNeoNeNoNoRe) [+NeoRoNaoRoNa) [eNeoNeNoNo o]

[eNoRoNoRoNo]

[N eNoNoNoNoRol

o

—
[ex)

Jan,

oNoNoRoNoNo] 1 OOO0O0OO0 o ReNoNeoNoRe) [oNeoNoNoRo N

o2 oNeRoNoNoNo]

o

Feb,

549
256
0
0

0
728

616
505

0
L39

616
617

616
611
L8
599
0

0

82
83
643
145
76
0

227
106

189
567

281

Mar.

204,
1572
962

902
21126

2373
2162
1113
1985
2350
21130

2196
2055
8ol
2163
96l
798

11l
999
1946
1391
1167
905

1216
1212
1163
892
874
1876

1469

Apr,

2956
2296
1817

859
1571
3430

3332
3523
2009
3007
3372
3385

3213
3138
2171
3156
1478
1973

1831
1679
3358
2255
2236
2073

1789
1873
2116
2318
1817
3270

1478
243

May

3888
3694
331
3352
3115
L361

hi3h2
4360
3528
352
1379
14360

4211
4317
3533
4263
2901
3381

3293
3227
L3Lg
3lksk
3609
3932

3170
332
2966
3647
3160
Lhos

2901
3749



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



