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INTRODUCTION

The Brldge Canyon Project, as shown on Drawing No. 65-314-26, is
an integral part of the Pac1flc Southwest Water Plan. This comprehen-
sive plan for the coordinated development and augmentation of the
water resources of the Lower Colorado River Basin and southern Calif-
ornia provides for the conservation of existing water supplies within
the Lower Colorado River Basin, the importation of water from areas of
surplus and the interchange of water between basins.

The electrical output of the Bridge Canyon Powerplant will be
integrated with generation from other Federal hydroelectric power-
plants on the Colorado River. It will be used to supply peaking power

- and energy to the commercial electrical load in the pover market area

and a portion of the water project pumping load in the Pacific South-
west Water Plan.

The Bridge Canyon Project is a feasible plan for the potential
hydroelectric development of one of the two remaining undeveloped
reaches of the Lower Colorado River. In addition to Bridge Canyon Dam
and Powerplant, project features would include the power transmission
system, the Coconino Dam and Reservoir, community and construction
facilities incidental to the project, and recreation and fish and wild-
life enhancement facilities.




SUIMARY

Project

Bridge Canyon, Lower Colorado River, Arizona.

Location

The Bridge Canyon Dam and Powerplant would be located in Mohave
County in northwestern Arizona at Mile 237.5 on the Colorado River,
117.5 miles upstream from Hoover Dam. Under normal operating condi-
tions, the reservoir would extend upstream to approximately River
Mile 143.5, a total distance of some 94 river miles.

Need

The Bridge Canyon Project would:

Provide urgently needed peaking generation capacity for the
electrical commercial load in Arizona, southern California, and
southern Nevada;

Provide energy for a portion of the watcr project pumping load
in the Pacific Southwest Water Plan;

Provide surplus revenues which, in combination with similar
revenues from other existing and potential hydroelectric power-
generating facilities, would be used for financial assistance in
developing urgently nceded additional water supplies for the water-
deficient Pacific Southwest.

Principal Features

The principal features proposed for construction consist of
Bridge C.nyon Dam and Powerplant, the transmission system facilitiles,
Coconino Dam end Reservoir and required access and operation
facilities. Recreation and fish and wildlife enhancement facilities
would be provided.

The Bridge Canyon designed dam is a conventional, variable-radius,
concrete-arch dam T35 feet high above foundation, with a crest length
of approximately 1,650 feet. The reservoir would have a capacity of
3,710,000 acre-feet at normal water. surface elevation of 1866. Of this
capacity, 2,490,000 acre-feet would be conservation, 730,000 acre~feet
inactive, and 490,000 acre-feet dead storage.

The design and cost estimates of the powerplant are based on the
concept of an underground plant located in a hall excavated in the left
canyon wall downstream of the dam. The installed capacity of the
powerplant is 1,500,000 kilowatts, comprised of six 250,000-kilowatt
generators.




The transmission system would consist of transmission lines
constructed from Bridge Canyon Powerplant to the load centers in the
pPower market area and to other Bureau of Reclamation powerplants in
the area. Switching stations and substations would be provided as
required for the delivery of power and energy to the load centers of
commercial power users and water project pumping plants.

Plan of Operation

The powerplant will utilize the Glen Canyon Reservoir cyclic
regulation of the Colorado River flows to produce power and energy
for cormercial sale and a portion of the Pacific Southwest Water Plan
punping load. Coordinated with the seasonal releases from Glen Canyon
Dam, the plant would be capable of operating at close to maximum
elevation at all times. Under this plan of operation, a maximum of
sbout 4 feet of drawdown would be required. The proposed Coconino Dam
and Reservoir would retain the major portion of the sediment load of
the Little Colorado River, thereby protecting the storage of Bridge
Canyon Reservoir from serious depletion by sediment, particularly in
the later years of project life.

Capital Costs

Bridge Canyon Dem and Reservoir

(N.w.s. E1. 1866) $163, 963,000
Bridge Canyon Powerplant (1,500,000 kw. ) 1%0, 530, 000
Transmission System Facilities 187,500,000
Coconino Dam and Reservoir 11,960,000

Recreation and Fish and Wildlife

Facilities 7,373,000
Total $511, 326,000

Power Production

. ]

Powerplant characteristics are as follows:

Average head 64l feet

Number of units (250,000 kw. each) 6

Installed capacity 1,500,000 kw.

Annual generation (100-year average) 5, 362,000,000 kw.-hr.
3




Annual Benefits

Power

Recreation

Fish and Wildlife

Area Redevelopment
Total

Annual Equivalent Federal Costs

100-year period of analysis

‘Benefit-Cost Ratio

100-year period of analysis

$42,073,000
658, 000

1, 305,000
358,000
$uk, 394,000

$22,618, 000

2.0 to 1.0
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CHAPTER I - THE POVER MARKET

The potential market for Bridge Canyon Project power, as shown
on Drawing No. 65-314-28, consists of the region designated by the
Federal Power Commission as the "Lower Colorado River Basin Power
Market Area." The power requirements of the area would include, in
addition to domestic and industrial demands, a portion of the electrical
energy for the operation of water conveyance facilities of the Pacific
Southwest Water Plan.

Physiography

The entire area is drained by the Colorado River, with the excep-
tion of the coastal area of southern California, the inland basins of
California and Nevada, end small basins in Arizona which drain into
Mexico.

The area is characterized by a wide variation of land elevations
ranging from over 12,000 feet in Arizona to sea level and below in
southern California. East of the mountains which border the coastal
area in California are closed drainage basins extending into Nevada,
separated by low mountain ranges. The southwestern section of Arizona,

‘at elevations generally less then 2,000 feet, is predominantly a desert

while the north and east sections are mountainous with high plateaus.

Average temperatures vary generally with the precipitation pattern.
The low precipitation areas, averaging as little as 2 inches annually,
are primarily desert and have high temperatures which can range up to
115 degrees during the long summers. The higher precipitation areas,
which receive up to 30 but average about 10 inches annually, are
generally in the higher mountains where winter temperatures may be in
the below-zero range. Southern California, influenced by the ocean
winds, has the most moderate climate in the area throughout the year.

Population

The population of the area which could be served by the Bridge
Canyon Project has increased overall by about 48 percent in the 1950
to 1960 period. In the period from April 1960 to July 1962, this
trend continued, and projections of future population by many entitiles,
both private and Government, indicate that this trend is expected to
continue, if not increase. The number of seasonal visitors to the area
is also increasing. The electrical energy consumption is not only
expected to keep pace with the population growth, but to accelerate
as additional electrical mechanisns are developed for domestic and
industrial uses. The population of the area, based on official 1960
U.S. Bureau of Census data, was approximately 10,670,000, and is
expected to approach 20,000,000 by 1980, by which time all of Bridge
Canyon power would be absorbed.
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Population distribution is extremely unbalanced, with a large
majority being concentrated in a few metropolitan areas. The Los
Angeles vicinity alone contained about 87 percent of the people in
the area in 1960. Five metropolitan areas--Los Angeles, San Diego,
and San Bernardino in California, and Phoenix and Tucson in Arizona--
accounted for over 95 percent of the total population of the area.

The 1960 census, as presented in the following tabulation,
indicates the unusuel population increase that has occurred in the
metropolitan areas since 1950. )

1950 1960
Metropolitan Area Population Population Increase
Los Angeles-Long Beach b, 367,911 6,742,696 56%
San Diego 556,808 1,033,011 85%
San Bernardino-Riverside-

Ontario 451,688 809,782 80%
Phoenix 331,770 663,510 100%
Tucson 141,216 265,660  838%
Clark County, Nevada 18,289 127,016 165%

Econory

The region has experienced steadily increasing prosperity in
recent years. Manufacturing and aero-space allied industries continue
to flourish in Arizona and southern California, with the Los Angeles
area nov ranking third among the Nation's industrial arees. Agriculture
and mining, the original economic bases, are next to manufacturing in
income production. Military installations also contribute much to the
general economic base. The influx of people to the area, both perma-
ment and transient, continues to increase, and providing the necessary
services for these people is an increasingly important factor in the
general economy.

Resources
el idah ot )

The region has long been an important mineral-producing area,
and there is a continuing development of reserves. Arizona leads the
Nation in the production of copper, but lesser quantities of many other
minerals are produced in the area. California's now declining oil
production ranks third in the Nation, as exploration for new reserves
continues throughout the region. In addition to lumber production,
some of the large timber reserves in Arizona are used in the production
of fiber for paper pulp. The desert soils of the area are highly pro-.
ductive, but adequate water supplies are not available even to
permanently sustain the presently irrigated acreage.




Problems and Needs

The basic problem of this dynamic growth area is that of obtain-
ing adequate supplemental water supplies to sustain the present economy
and provide for future growth of population and industry. In the past,
water was usually obtainable by simple gravity diversion or shallow
pump 1lift in sufficient quantities to provide for the water needs of
the area. This condition was relatively short lived, and long-term
holdover storage reservoirs and high pump 1lift projects later became
necessary to regulate and distribute waters to the farms and growing
communities. The end of this era is now fast approaching, as the
physical limits of local water supplies have been reached in many areas.
No longer can a development request and receive water by merely demon-
strating the need and the ability to pay.

Historically, most water development projects of the area were
besically for agricultural consumption, with municipal, industrial,
power, recreation, and other aspects being secondary or incidental
participents. Today, this cycle is reversing as urban developments,
demanding water supplies in areas of limited quantities, can only
obtain water by condemning agricultural water rights. Coincident with
the growing requirements for water ere the demands for ever-increasing
quantities of electrical energy for domestic and industrial use and
for the pumping of water.

Peaking power and energy requirements now demand a high percentage
of present installed capacity, especially for the areas that have been
developed within desert regions. This demand arose with the now wide-
spread use of air-conditioning equipment in home and industry. The
irrigation pumping requirement in central Arizona adds to the summer
load. It is probable that, as urbanization spreads over presently
irrigated lands, the relatively constant summer irrigation pumping
load will give way to more pronounced peaks as the pumps are converted
to supply irregular municipal and industrial water requirements.

There is also a need for an adequete supply of peaking power and
energy in the southern California areca, as well as in the desert areas.
Because of the larger total demend, peaking requirements are of greater
magnitude than in the desert areas, although the daily duration is
somevhat shorter at certain times of the year.

Present Dévelopment and Requirements

Present power developments in the Lower Basin market area range
from lerge hydroelectric and fuel-burning plants, serving the metro-
politan areas in southern California and south-central Arizona, to
local powerplants serving the smaller towns and communities.

The principal suppliers of energy in the California portion of
the market area are the citles of Los Angeles, Burbank, Glendale, and
Pasadena; the Southern California Edison Company; the San Diego Gas and




Electric Company; the California Electric Power Company; Imperial

Irrigation District; and the Bureau of Reclamation. The energy is
produced at several hydroelectric plants within or near the market
area, in addition to large steamplants located near the load centers.
Hoover, Davis, and Parker Powerplants on the Colorado River form a
major source of supply. Hoover Dam Powerplant is operated for the
Bureau of Reclamation by the city of Los Angeles and the southern
California Edison Company, and Parker Dam and Davis Dam Powerplants
by the Bureau of Reclamation. The cities of Pasadena, Burbank, and
Glendale operate municipally owned steam and hydroelectric plants, and
the Imperiasl Irrigation District owns and operates steam and hydro-
electric plants and distributes energy in the Imperial and Coachella

Valleys. Most of the power systems of these agencies are interconnected,

but integration of their operations is, in some cases, limited by
existing facilities.

In Arizona, the prircipal agencies generating and distributing
electric power are the Salt River Project Agricultural Improvement
and Power District; the Arizona Public Service Company; the Tucson
Gas, Electric Light and Power Company; Citizens Utilities Company;
Arizona Electric Power Cooperative; the Bureau of Indian Affairs; and
the Arizona Power Authority. In general, these agencies serve the
more densely populated areas in the south-central part of the State.
The Bureau of Reclamation, by virtue of the power delivered from
Hoover, Davis, and Parker Powerplants, is a large producer of electric
energy utilized in the State.

In southern Nevada, Clark and Lincoln Counties and the Atomic
Commission's testing facilities in Nye County are supplied from the
Nevada Power Company's Clark Steamplant, the Parker-Davis Project, and
the Hoover Powerplant. The major operating agencies for this area are
the Colorado River Commission of Nevada, the Amergosa Electric Cooper-
ative, the Nevada Power Company, the Lincoln County Power District,
the California-Pacific Utilities Company, the Bureau of Reclamation,
and the city of Boulder City. Some of the foregoing utilities are
purchasing electrical power from the Bureau of Reclamation as pre-
ference customers under the Reclamation Project Act of 1939, and it is
anticipated that they would purchase additional power and energy to
meet growing loads.

Transmission lines of sufficient capacity for present loads
extend from Hoover, Davis, and Parker Powerplants to the load centers.

The installed generation capacity in the area was about
11,700,000 kilowatts as of December 31, 1962. Additional installed
capacity of 3,700,000 kilowatts was planned for construction after
1962, some of which is now either in service or under construction.
Planning since 1962 will have anticipated some of the additional
capacity needed for the period beyond 196k,

The consumption of electric energy in the metropolitan areas of
Los Angeles County, San Diego, and south-central Arizona continues to




increase tremendously as during World War II and the immediate postwar
years. Continuous installation of power generation facilities has been
required to meet population influx and "space-age" requirements.
Additional large installations will be necessary to meet the ever-
increasing demands.

The growth of industrial activity and increase in population
during the 1950-1960 period was reflected by an increase in energy
requirements of 27.4 billion kilowatt-hours, from 16.7 billion
kilowatt-hours to 44.1 billion kilowatt-hours. During this period,
the peakload of the market area increased from 3,100 000 kilowatts to
7,800 000 kilowatts. The 1961 increase was about l~ times the average
annual increase of the 1950-1960 period. During thls year, the energy
requirements increased about 3 billion kilowatt-hours to 47 billion
kilowatt-hours, and the peakload demand increased 600,000 kilowatts
to ebout 8,400,000 kilowatts. To meet the 1950-1961 1ncreased demand
of 5,300, OOO kilowatts and to provide reserve capacity, the principal
energy-producing agencies increased their installed capacity by
6,131,000 kilowatts.

The Nevada powerload demand is characterized by a winter heating
peak and the Arizona load by a summer alr-conditioning peak. Their
industrial demands are not of sufficient magnitude to materially
flatten the pesks. California, with a large year-round industrial
demand, has only a minor peek which occurs during the winter. The
market area, as a whole, has a minor winter peek which 1s only
1 percent higher than the summer peek demand.

In the summer of 1961, only about 50 percent, or h 200, 000 kllo-
watts, of the maximum demand of 8,400,000 kilowatts was required
throughout the 24-hour day. At thls same time, 15 percent of the
maximum demand, or 1,260,000 kilowatts, was required for only 57 hours
during a week. Aoout 10 percent or 8h0 000 kilowatts, was required
for only 41 hours a week. These perlods of maximum demand occur in
the 5 days, Monday through Friday, each week. Portions of the
pealkload demands of these periods are being provided by noncontinuous
operating hydroelectric plants.

Future Power Requirements

According to Federal Power Commission estimates, the electrical
requirements for 1970 and 1980, which do not include project pumping,
and as presented in the following tabulation, will be 93 billions of
kilowatt-hours and 172 billions of kilowatt-hours, respectively,
with peakload demands of 17,000,000 kilowatts and 31,000,000 kilowatts.




Estimated Estimated 1/
Estimated annual noncoincident required
energy requirements peak installed
(Millions of demand capacity
Kilowatt-Hours) (Thousands of Kilowatts)
Load . .Load Increase
Incremental  Accumula-
Increase tive Total
1950 16,713 3,085
1960 L4k 135 27,422 a7,k22 7,790
1970 93,009 48,874 76,296 17,000 19,500
1975 127,200 34,191 110,487 23,000 26,400
1980 171,534 Ll 334 154,821 31,000 35,700
l/ Includes 15 percent reserve capacity needed to meet peak demand.

As previously stated, additional future installations will
continue to be planned well in advance of need so construction can
be completed in time to meet the ever-increasing demands.

Installed generation capacity as of 1962 and that planned for
construction after that year amounts to 15,400,000 kilowatts.
Generation to meet the projected 1975 domestic and industrial require-
ments 1s estimated to be 26,400,000 kilowatts. Disregarding the
capacity that might be needed by project water supply pumping plants,
the 1,500,000-kw. capacity of Bridge Canyon Powerplant could readily
be absorbed in the market area as it would constitute only about
14 percent of the additional capacity installation of 11,000,000 kilo- -
watts that will be needed to meet the projected 1975 domestic and
industrial requirements.

10
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CHAPTER II - PLAN OF DEVELOPMENT

The Bridge Canyon Project would produce peaking power and energy
vhich will be required by commercial loads in the Lower Colorado River
Basin power market area, and would also supply a portion of the power
and energy required by the water-pumping projects of the Pacific .
Southwest Water Plan. The powerplant would be interconnected with
other hydroelectric plants on the Colorado River, and its output
would be integrated with generation from these other installations.

The commercial peaking power and energy available from Bridge
Canyon would be utilized to meet the expanding power demands of the
area and to earn revenues for a Development Fund which would be used to
provide financial assistance for development necessary to augment the
area's inadequate water supply. The portion of the output of the
1,500,000-kilowatt Bridge Canyon Powerplant available for commercial
sale would provide part of the capacity that will be needed to meet
the projected 1975 peakload demand of 23,000,000 kilowatts.

In addition to the generation of power, the plan of development
provides for silt control, recreation, fish and wildlife conservation,
and benefits to area redevelopment.

The principal features of the plan would be: (1) Bridge Canyon
Dam and Reservoir; (2) Bridge Canyon Powerplant with an installed
capacity of 1,500,000 kilowatts; (3) an electrical transmission
system; and L) Coconino Dam and Reservoir. Owing to the inaccessi-
bility of the inner gorge, the initial activity would be the construc=-
tion of access roads and of community facilities for the workers and
their families adjacent to Bridge Canyon Dam site. The construction
of the dam and powerplant and the transmission system would follow in
sequence. Drawing No. 65-314-26 shows the location of Bridge Canyon
and Coconino Dams and Reservoirs.

Climatological Factors

Climate at the Bridge Canyon Dam site is characterized by dry,
hot summers and mild, frost-free winters. The annual precipitation
for the area is approximately 11 inches, most of which often comes in
the form of torrential rains or cloudbursts during July, August, and
September. May and June are normally extremely dry months. Snowfall
is very rare in the canyon but occurs nearly every year on the plateau
country.

Temperatures in the vicinity of the damsite range from a low of
about 17 degrees to a high of 128 degrees Fahrenheit. The temperature
at the townsite on the plateau would be approximately 19 degrees
lowver than in the canyon.

11
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Settlement and Economy

The nearest sizable town to the Bridge Canyon Dam site is
Kingman, Arizona, which is 50 miles southwest. The immediate vicinity
is sparsely populated with Hualapai Indians. The tribe is very poor
and their economy is based on grazing, timber sales, and selling
merchandise to tourists traveling U.S. Route 66. The personnel
required for construction activities would not be available from the
permanent population of the area.

Bridge Canyon Facilities

Bridge Canyon Dem site is located in northwestern Arizona,
approximately 20 airline miles north of the town of Peach Springs,
Arizona, and 50 miles northeast of Kingman. It is on the Colorado
River st River Mile 273.5, known as the "Lower Gneiss Site" 117.5 miles
upstream from Hoover Dam, and is in unsurveyed section 22, Township 28
North, Range 12 West, in Mohave County. The reservoir.would extend
into Coconino County.

The eastern section of the Bridge Canyon Reservoir region is
characterized by the extreme narrowness of the gorge and by very high
sheer walls. Some of these nearly vertical walls rise in step fashion
some 3,000 feet above the river. The canyon widens considerably as
the river turns south, below Whitmore Wash, and in this section,
between Granite Park and Diamond Creek, it reaches its greatest depth,
over 5,500 feet. South of the river and extending from west of the
Aubrey Cliffs to the Grand Vash Cliffs are vast colorful canyons,
plateaus, and mountains. North of the river the region is divided
into a series of canyons and plateaus.

Bridge Canyon Dam and Reservoir--The general plan and section
for Bridge Canyon Dem are shown on Drawing Nos. 359-D-274 and
359-D-275. The dam would be a conventional varisble-radius, concrete-
arch structure 736 feet above foundation and with a crest length of
approximately 1,650 feet. The designed crest elevation is 1,876 feet.

The river outlets would have a meximum capacity of 93,500 cubic
feet per second and the poverplant turbines 39,160 cubic feet per
second. A b5-foot-diameter spillway tunnel is designed to pass
212,000 c.f.s. et maximum water-surface elevation 1876.

~ Eight 8- by 12-foot river outlets at elevation 1,550 feet would
discharge 52,000 cubic feet per second with a reservoir water-surface
elevation 1,650 feet and 93,500 cubic feet per second at maximum
reservoir vater-surface elevation 1,876 feet.

Three 8- by l2-foot conduits at elevation 1,225 feet would provide
for bypassing water during the filling of the dead storage. These
three conduits wouwld discharge about 26,700 cubic feet per second with
the reservoir water-surface at elevation 1,350 feet.
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" for the construction of a thin-arch, concrete dam. The lower three-

The reservoir formed by the dam would have a capacity of
3,710,000 acre-feet at normal water-surface elevation 1,866 feet.
This would consist of 2,h90,000 acre-feet for emergency conservation
storage; 730,000 acre-feet of inactive storage; and h90,000 acre-feet
of dead storage. Under normal operating conditions the reservoir
water-surface elevation will only vary about 4 feet.

Powerplant--An underground powerplant with an installed capacity
of 1,500,000 kilowatts is planned for location in a hall excavated in
the left canyon wall downstream from the dam. A separate vault for
the main transformers would be provided upstream from the generator
hall with connecting adits for generator voltage bus structures.
Present plans include six 250,000-kilowatt generators to be driven at
a speed of 150 revolutions per minute by six 400,000-horsepower Francis-
type turbines. The turbine design head is 650 feet. Taree single-
phase transformers would be furnished for each two units. Two 500-ton
overhead traveling cranes are also included in the plant plans for
handling generator rotors and other parts. A machine shop equipped to
handle routine maintenance is also included.

Geology--Geologic conditions at the damsite are very favorable

quarters of the dam would rest on sound, massive granite gneiss
wnich is overlain in the upper abutment by the hard, quartzitic
Tapeats sandstone. The extreme top of the dam would contact the
weak Bright Angel shale formation, but a small thrust block in the
right abutment and grouted concrete construction joints would be
expected to relieve the shale of most of the load from the dam.

.

T e s m ¥ AT M § Ty

Exploration of the site disclosed no importent structural
defects. Percolation tests show the gneiss to be impermeable and
free from extensive jolnts. As sound rock is exposed over most of
the area, stripping would be confined principally to keyways and
other critical areas. The river channel deposlits are silt and sand
with some large boulders near the bedrock surface. Bedrock was
encountered at a depth of 64 feet (elevation 1154) in the deepest
portion of the channel. The diversion tunnel would be in generally
hard, sound, granite gneiss which is exposed at both portals.

Exploration of the damsite consisted of 27 diamond drill holes
totaling 5,325 lineal feet, and 5 test drifts totaling 263.5 lineal
feet. Drawing No. 359-D-255 shows the location of the geologic
sections, the diemond drill holes, and the test drifts, and Drawing
Nos. 359-D-201 and 359-D-202 show the geologic sections.

Construction materials--As no satisfactory natural aggregate
deposits occur within a reasonable distance of the damsite, the
utilization of crushed Redwall limestone would be made. The Redwall
limestone forms the upper part of the rim of the outer gorge above
the damsite. Two quarry sites slightly downstream from the damsite
have been selected to provide continuous operations.
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Water supoly and powerplant operation--Water supply for Bridge

Canyon Powerplant operation is based upon studies of future average
annual depletions of streamflow made in 1957 for the "Financial and
Economic Analysis" of the Colorado River Storage Project, which were
published in 1958 as Senate Document No. 101, 85th Congress,

24 Session, and upon the February 1960 Colorado River Storage Project
operation studies.

Glen Canyon Reservoir, the principal storage feature of the
Colorado River Storage Project, will provide cyclic regulation of the
flows of the Colorado River. Based upon the recurrence of Colorado
River flow corresponding to the 1906-1959 period after making appro-
priate deductions for future water uses within the Upper Colorado
River Basin, it is estimated that power releases from the Bridge
Canyon Powerplant would produce an average of 5,362,000,000 kilowatt-
hours of energy each year, based on a 100-year period of analysis.
After supplying transmission losses, 1,350,000 kilowatts of capacity
end 4,933,000,000 kilowatt-hours of energy would be available for
supplylnv commercial loads and pumping requirements of the Pacific
Southwest Water Plan. Under normal operatlon, the reservoir would
fluctuate between elevations 1866 and 1862.

Operation of the powerplant would be fully integrated with both
Glen Canyon and Marble Canyon hydraulically and electrically to
provide optimum daily and seasonal operation.

Access--The potential damsite access highway from its junction
with U.S. Highway 66, at a point 3.6 miles west of Peach Springs,
to the damsite, would be a two-lane surfaced road with a total length
of 24.5 miles (see Drawing No. 65-314-26). From the junction with
Highway 66 the road would run in a northerly direction across the
flat plateau country to the rim of Hindu Canyon, a distance of about

12.5 miles. Grades would not exceed 3.5 percent and only three slightA

curves would be required. Construction would be relatively easy with
very little clearing required. The 12-mile descent from the rim to
the inner gorge at the damsite, by way of Hindu Canyon and Bridge
Canyon, would require considerable heavy and difficult construction
involving sharp curves, steep grades varying from 3 to 8 percent, and
a tunnel 4,100 feet long.

The. present unimproved road from Peach Springs to the saddle on
the divide between Hindu and Bridge Canyons could be made. serviceable
as a temporary construction road. From the saddle, the damsite is
presently reached by means of a difficult 12-mile pack trail. A
temporary road would be constructed to replace the pack trail until
the main highway to the damsite could be completed. This temporary
road would not only be needed for the highway construction but would
also faclilitate the construction of other features such as the town
water supply. The total length of the proposed pioneer road from the
Hindu-Bridge Canyon saddle to the damsite would be approximately .

10 miles.
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Tovnsite--A large temporary construction camp would be required
durinz tne period that work is in progress and a smaller permanent
camp would be needed for project operations after completion of
construction. The cemp .facilities would be located on a plateau
south of the canyon rim in an area designated as Cedar Town Site.
The area is about 12 miles south of the damsite, by way of the
potential access road, and about the same distance north of the
junction with U.S. Highway 66 near the town of Peach Springs, Arizona.
Facilities required include housing, administration buildings,
business activities, and public facilities such as schools, parks,
churches, and other comrunity services. Water supplies would be
pumped from the Colorado River and treated for domestic use. Sewage
treetment facilities would also be included.

Transmission system--Transmission lines would be constructed
from the Bridge Canyon Powerplant to the load centers in Arizona,
southern California, and southern Nevade, and to other plants on the
Colorado River for maximum utilization of the hydroelectric power
potential. The transmission lines would interconnect Bridge Canyon
Powerplant with the load centers, the Parker-Davis and Colorado River

torage Project transmission systems, and the Havasu Pumplng Plants.
Switching stetions and substations would also be built to provide for
line sectionalizing, interconnection with existing Bureau transmission
systems, and delivery of power and energy at the load centers.

Rights-of-way--Lands required for the dam, powerplant, and
reservoir are in the Hualapai Indian Reservation, Lake Mead Recreational

Area, Grand Canyon National Park, Grend Cenyon National Monument,
Kaibab National Forest, land withdrawn for reclamation purposes, and
possibly a few private owmerships. Five powersite reserves and two
waterpower designations covering the damsite and part of the reservoir
area were made during the period between 1914 and 1941,

Tndian lands--All the features required for the construction of
the project except the dam and a portion of the reservoir area will Dbe
located within the boundaries of the Huelepai Indian Reservation. It
1s estimated that approximately 20,132 acres of Huelapai Indian
Reservation land would be required for rights-of-way.

Yational park encroachment--Storage of water in the reservoir to
ts normal waser-surface elevacion 1866 would raise the water surface
through the Grand Canyon National Monument for a distance of 39 miles,
approximately 13 miles of which would border on the Grand Canyon
National Park along the common boundary upstream from the mouth of
Havasu Canyon. At the lower or western end of the park, near the mouth
of Havasu Canyon, the water surface would be raised about 89 feet
ebove natural conditions at normal riverflow. In the event of infre-
quent flood conditions, the surface of the river would be somewhat
higher for periods of short duration. This depth would gradually
lessen going upstream from Havasu Canyon until the effect would become
imperceptible at about 17 miles under all conditions of the riverflow.

15




Havesu Canyon encroachment--The Bridge Canyon Reservoir would
inundate the present mouth and the extreme lower end of the canyon
botton of Havasu Creex. This would provide a comparatively easy
access route into this scenie area while detracting but very little,
if any, from its natural beauty, With an casy route available, more
tourists would visit the canyon than at present, resulting in an
excellent opportunity for the Havasupal Indians to increase their
income from their established tourist enterprise.

D

Ixchange lands--The Indian lands required for rights-of-way
for Bridge Canyon Dam and Reservolr are tribal lands held in trust
for the benelfit of all members of the tribe, and these lands consti-
tute, to all intents and purposes, the only source of their
livelihood.

The Hualapai Indians are increasing in number and consequently
the available resources per individual are shrinking. The acquisition
of the lands for the Bridge Canyon Project further reduces these
resources. Adequate compensation would be provided either by cash
payment or exchange of lands for acquisition of right-of-way prior to

e

staxrt of construction.

Coconino Dam and Reservoir

‘This development on the Little Colorado River 1s proposed to
provide sediment and debris control for the Grand Canyon National Park
and to protect storage of Bridge Canyon Reservoir from serious
depletion by sediment. The dam would be located about 9 miles down-
stream from the town of Cameron, Arizona. :

Dam--The dem as presently plenned would be a concrete gravity-
type composite structure L80 feet long between abutments at the top
elevation 4300, ts total height above streambed would be about
250 feet. The dam would be composite in that it would consist of
barriers for the inner and outer gorges of the canyon. :

Reservolr--The reservolir would be operated for the single
purpose oi sediment retention by the use of stoplog placement to
maintain a 40,000 to 80,000 acre-foot detention pool. Sufficient
reservoir capacity would be avallable to provide for 100 years of
sediment storage.

Rights-of-way--At reservoir elevation h300, the area required
for rights-of-way would be approximately 76,000 acres, Approximately
45,000 acres lie within the present boundaries of the Navajo Indian
Reservation which are also included in Powersite Withdrawals
los. 450 and L51. Most of *he remaining lands are privately-ovned,
tate-ovned, or are public domain outside an organized grazing district.
A small part of Wupatki National Monument would also be inundated, but
the flowage would not affect any of the known archeological
attractions.
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Relocation of a portion of U.S. Hichway 89, which crosses the
Little Colorado River, would be required and improvements at Cameron,

frizona, valued at $700,000, wvould have to be acquired.

Construction cos s--The estimated capital cost of Bridge Canyon
Project, on the vesis of October 1961 prices, is presented in the
Tollowing tabulation. This total includes contingencies, engineering,
general exncnoeo, lands and rights, relocation of existing property,
ond constiruction and recreational facilities. A detailed summary
of costs is presented in table 1.

ridge Canyon Do end Reservoir

(W.%.S. EL. 1866) ‘ 513k, 690, 000
Bridge Canyon /ccess Road 1k,759, 000
Bridge Canyon Powerplent (1,500,000 kw.) 140, 530,000
Bridge Canyon Transmission System 187,500,000
Céconino Dam and Reservoir 11,960,000
Bridge Canyon Construction Camp l¥,523,000
Recreation Facilities 6,173,000
Fish and Wildlife Facilities 1,200,000

Total $511, 326,000

Construction prozram and schedule--The construction of the
Bridge Canyon Project, as proposed in table 2, is estimated to require
a preconstruction period of 6 months and a construction period of
9 years.

Access facilitiles construction schedule--In order to accomplish
eccess to the damsite in the least time possible, it will be necessary
to award contracts simultaneously on several schedules of the access
facilities at the start of construction. '

The piloneer road could be constructed to provide early access
ior work on the main access highway and water supply facilities.
It is estimated that approximately 5 months would be required for
Its completion. * would eccelerate the construction of the main
highwaey to the damsite and would permit the necessary work prior
to the actual construction of the dam to proceed at a more rapid
pace and with greater economy. Construction of the main access
highway is estimated to take 18 months.
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Municipal water supply construction schedule--The full use of
the town would be limited until a water supply was made available,
and it i1s therefore considered a major controlling factor in the
preconstruction schedule for the dam. The pioneer road would be
extremely useful in initisting early construction of the pumping
plants, treatment plants, and conduits required Tfor securing water
from the river. '

- Dam structure construction schedule--It is possible that a
contract for the construction of the dam might be awarded 2 or
3 months prior to completion of the main highway. If this were to
happen, it would be possible, by means of the ploneer road, to startl

~construction immediately on the necessary drimary plant facilities

such as the compressor house, powerlines, shop, and warehouses.

Operation, maintenance, and replacement costs--The following
tabwlation presents the annual costs of the principal features of
the project. They inclucde operation and maintenance, including
administrative and general expenses, and payments to reserve for
replacement of equipment. : '

Operation &
Feature Maintenance Replacement Total

ridge Canyon Dam and Reservoir & 8%,900  $ 13,800 §$ 98,700

Bridge Canyon Powerplant 1,500,000 323,200 1,823,200
Coconino Dam and Reservoir 134000 - 13,006
Transmission System - - 2,112,000
Recreation 275,000 169, 000 Lkl 000
Subtotal - | $4, 490,900
Purchase Energy ' $ 913,000
Total Annual Cost $5,403,900
Rounded to $5, Lok, 000
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CHAPTER III - ECONOMIC ANALYSIS

Economic Justification

The Bridge Canyon Project would provide several different types of
benefits to the economy of the Southwest area. The nature of these
benefits and the methods by which they were derived are described in
the following paragraphs. Derivation of the project cost, the other
major element required in showing economic Jjustification, has been
described in the preceding chapter.

Power Benefits

Benefits accruing from the production of pover were determined as
costs of producing similar-type power at the lowest-cost alternative
source. It was assumed this would be steam-electric plants located
near load centers in the Lower Colorado River power market area. The
cost of energy procduced at such plants was supplied by the Federal
Powver Commission, San Francisco, California, and was used as the basis
for an estimate of alternative costs at the load centers. On this
‘basis the average annual equivalent cost was estimated to be
$42,073,000, which vas used as annual benefits for the power produced
at Bridge Canyon Powerplant.

Irrigation and Municipal and Industrial Water Supply Benefits

Irrigation water supoplies would not be developed by the Bridge
Canyon Project, as the Bridge Canyon Reservoir is operated primarily
for power production and the Coconino Reservoir for sediment retention.
Seasonal regulation of the Colorado River flows is provided by Glen
Canyon Reservoir.

Recreation Benefits

The National Park Service estimates annual benefits accruing to
recreation from the development of Bridge Canyon Project to be $658,000.

Fish and Wildlife Benefits

The Bureau of Sport Fisheries and Wildlife estimates the annual
benefits accruing to fish and wildlife from project development to be
$1,305,000.

Area Redevelopment Benefits

The Bridge Canyon Project would be constructed in part on the
Hualapai Indian Reservation, and in Mohave County, Arizona, both
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Gesignated redevelopment areas. It 1is assumed that unemployed area
labor would be utilized, wherever possible, in the construction,
operation, and maintenance of the project. .

Estimates of this type labor that might be utilized were based
on employment records of the Glen Canyon Unit of the Colorado River
Storage Project. The annual area.redevelopment benefits accruing from
the construction and operation of Bridge Canyon Project are estimated-
as follows: :

Construction $271,000
Operation 87,000
Total Annual $358,000

Benefit and Cost Summaries -

The following tabulation presents the annual benefits derived for
, the 100-year period of analysis, using an interest rate of 3 percent:

; Annual
; Purpose Benefits
é Power $k2,073,000
i Recreation 658,000 |
f Fish and Wildlife 1,305,000 i
Area Redevelopment 358,000 é
Total Sl ;394,000 !
|

‘The average annual project costs are summarized in table 3.

Benefit-Cost Ratio

The total annual benefits of $ul,39%,000 accruing from development
of thé project exceed the total annual costs of $22,618,000 for the
100-year period of analysis, at a ratio of 2.0 to 1.0.
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Table 3

Derivation of Average Annual Project Costs

Bridge Canyon Project

100-year Period

of Analysis
1/
Construction Costs $509,661,000
Interest During Construction g/ 34,291,000
Total Federal Cost $543,952,000
Average Annual Equivalent Costs
3 percent interest
100-year period . $ 17,214,000
Annual Operation, Maiptenance, and
Replacement Costs 3 5,0k ,000
Total Annual Equivalent Project Costs . $ 22,618,000

Excludes $334,000 of nonreimbursable and $1,331,000 of
reimbursable investigation costs.

=

Interest during construction computed at 3 percent.

w R

Includes annual operation, maintenance, and replacement
cost of recreation facilities, and $913,000 for purchase
energy.
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