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Columbia-North Pacific Region Framework Study on water and
related lands. The results of the study are contained in the
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The purpose in this appendix is to forecast power loads,
generation, and transmission for the Columbia-North Pacific Region
as they relate to the future use of water. These measures of power
development are related to other water and land uses through their
modification of water supplies of the region. The impact on water
supplies is twofold. First, the development of hydroelectric capa-
bility has a major influence on use of water supplies for other pur-
poses. In many instances it is a major determinant for water control,
where the conflict with other water uses is slight. Second, the
development of thermal electric capability will require a water
supply for steam condensation which must be considered with use of
water supplies for other purposes.

The appendix has been formulated specifically in keeping with
standards of the Water Resources Council (49).1/ As such, it relates
power development to the broad-scaled analysis of water and related
land resource problems and furnishes a general appraisal of the
probable nature, extent, and timing of power development in the region.

Althiough project formulation studies were not undertaken,
specific generating projects at each of the three levels of power
development have been identified for study purposes. These levels
were the years 1980, 2000, and 2020,

For some portions of the appendix, studies were made in con-
siderable detail. This is particularly true of the studies which
developed the staging of electric power development. Such detail,
however, 1s not in conflict with the objective of broad-scaled
analysis. The detail is in study of a power system not in the study
of individual projects. Studies of such detail have been madec
possible only through the mathematical simulation of the entire
regional power generating system on large capacity digital computers.

In most other appendixes of this framework study, the
Columbia-North Pacific Region has been divided into subregions.
This was not done for the power appendix as the results thereof
would be of little value. Although it is entirely feasible to
identify power loads and generation by subregions, a coordinated
power system serves the Pacific Northwest in its entirety by means
of a high-voltage transmission network. Some subregions are rela-
tively power rich and their resources are used to help meet the
needs of other subregions which have high loads but few power
resources.

1/ See Bibliography.




BACKGROUND

Electric power service to the region may have begun in 1882,
when the first electric light plant in Washington began operation in
Tacoma. On June 3, 1889, a hydroelectric plant was completed at
Willamette Falls at Oregon City. In September 1890, alternators
were installed at the plant and were connected with Portland by what
may be regarded as the first long-distance transmission line in the
United States. This plant, considerably modified, operates today
as the T. W. Sullivan plant of Portland General Electric Company.
Municipal electric plants began operation in McMinnville in 1889,
in Centralia in 1893, in Tacoma in 1894, in Seattle in 1902, and in
Eugene in 1910.

The Private Utilities

The privately owned utilities which serve the region had
their origin in small, locally owned enterprises to provide utility
services including gas supply and electricity. Some were subsidi-
aries of railroad companies. Puget Sound Power § Light Company was
formed through an extensive series of mergers in western Washington
which established the company in 1912, and continued through 1940.
The Washington Water Power Company started as a small enterprise in
Spokane in 1885. Through successive reorganizations it evolved into
a successful electric and street railway company by 1899, although
acquisition of other small systems in western Washington and
northern Idaho continued for a considerable period thereafter.

Through a similar pattern of successive reorganization other
major privately owned utilities sprang up in Oregon and Washington.
The Pacific Power & Light Company was incorporated in June 16, 1910.
This company, which originally served southeastern Washington and
northeastern Oregon, subsequently merged on separate occasions with
Northwestern Electric Company, Mountain States Power Company, and
California Oregon Power Company to hecome the largest privately
owned utility in the region. In addition, the company serves
central Wyoming.

The Portland General Electric Company serves part of the
city of Portland and adjoining areas in northwestern Oregon. From
its small beginning at Willamette Falls in 1889, it went through
successive reorganizations to become the company it is today.
Active opposition to the company at an early date resulted in a
referendum in 1912, by which Portland extended a franchise also to
Northwestern Electric Company, thus creating an unusual condition
of competition within a single city.




For a long period the private utilities in the region were
subsidiaries of holding companies. Both Washington Water Power
Company and Pacific Power & Light Company as well as Idaho Power
Company and Montana Power Company, which serve southern Idaho and
Montana in the region, were controlled by the Electric Bond and
Share Company. Through Federal intervention in the 1930's,
Electric Bond and Share was divested of control of these and other
utilities. A coordinating service which the company provided the
private utilities in the Pacific Northwest was continued through
the Northwest Power Pool, but in time this function as well was
separated from the company.

lhe Municipal Systems

facoma was the first large city of the region to establish
municipal ownership. At about the same time, several smaller
cities undertook to acquire their own electric systems including
Port Angeles, McMinnville, Forest Grove, and Centralia. The
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largest municipal utility in the region, and indeed a large one
under any standards, has been Seattle City Light. Although
empowered by charter to provide street lighting since 1869, the
city did not become a power utility until the Charter of March 3,
1896, which provided for ownership and operation of power supply
facilities. In time municipal service was provided throughout the
city, although not without a series of campaigns involving rate
reductions in competition with the private utilities then serving
the city.

The city of Eugene became a municipal electric system
through its operation of water supply facilities, as have many
other systems. In September 1908, the city purchased the existing
water system and used the balance of the bond issue to construct
the Walterville hydroelectric plant on the McKenzie River. The
plant was constructed primarily to provide pumping power, but it
provided a surplus for commercial sale. The city then bought out
its franchise holder, the Oregon Power Company, in February 1916,

The Cooperative Systems

Electric cooperatives are private, nonprofit enterprises,
locally owned and managed, and incorporated under state law.
Some of the earliest cooperatives were formed in Southern Idaho
over 50 years ago to distribute power from the Government's Minidoka
project to small groups of rural customers. Two of the first were
Northside Power Company and Rural Electric Cooperative,

The large growth in the cooperative power field came about
with the creation of the Rural Electrification Administration by
Executive Order of the President on May 11, 1935, The original
plan to promote rural electrification was to make low-cost money
available to private companies in the electric distribution business.
Company research at that time indicated that rural electrification
was not economical even with the availability of 2 percent money.
Since private companies were not willing to build into rural areas,
groups of people began seeking means of getting electricity to
their homes. They found the cooperative form of enterprise as a
solution to their problem, Over a period of 35 years about 1,000
cooperatives were formed and received loans from the Rural
Electrification Administration; 38 of these are located in the region,

Federal Power Development

Federal power development in the eastern part of the region
dates back to 1906 when the first hydroelectric power was authorized
for construction by the Bureau of Reclamation., The first Federal
hydroplant in the region began operation in 1909, as a part of the




Minidoka Reclamation Project in southern Idaho. Continuing
reclamation development in ldaho provided hydroelectric power at
the Boise Diversion project in 1912, and at Black Canyon in 1925,

In the western part of the region, the Federal Columbia River
Power System was added in 1937 to the pattern of mixed private-
public ownership. Two Federal generating plants were being completed
by that time. Bonneville project was planned by the Corps of
Engineers as the first step in developing the navigation of the
Lower Columbia River, while Grand Coulee was being constructed by
the Bureau of Reclamation as a part of the 1 million-acre Columbia
Basin irrigation project of central Washington. Both projects, in
addition, provided power for commercial sale. On August 20, 1937,
the President signed the Bonneville Project Act. Power to be
generated at Bonneville was to receive the widest possible use and
the project was to be interconnected with other Federal projects
and publicly owned power systems,

Bonneville Power Administration was made the marketing
agency for power generated at Grand Coulee by Executive Order of
August 20, 1940, 'The Bonneville and Grand Coulee plants were inter-
connected at Midway Substation early in 1941, A year later, the
first Grand Coulee power was flowing east to Spokane and west over
the Cascades to Puget Sound. A line was extended north from
Portland to connect with the Grand Coulee line near Seattle, and
Walla Walla and Lewiston were linked to Midway. In the course of
this development, interconnections were made with the municipalities
and private utilities thus setting the stage for eventual coordinated
operation, <

Following World War 11, the Federal Government continued
its policy of multipurpose water resource development, and major
projects were constructed at McNary, Albeni Falls, Chief Joseph,
The Dalles, and in the Willamette Basin (Corps of Engineers'
projects) and at Hungry Horse, Anderson Ranch, and Palisades
(BR proje~ts). ‘hese projects, together with the completion of
the initial power installation at Grand Coulee, accounted for
nearly two-thirds of the capacity added to the regional power system
through the fifties,

Due initially to the budget restraints caused by the Korean
war and later to the policies of the administration then in power,
Federal hydroelectric development was largely curtailed during the
middle and late fifties, Construction continued on projects already
well underway, but planning and design were delayed for new projects
even though authorized, Because of the long time interval required
to design and construct major water resource projects, it was not
until the sixties that the effects of this policy were felt,

Between 1960 and mid-1968, when the first units went into service
at John Day, only 15 percent of the capacity added to the Pacific
Northwest power system was Federal,

(72}
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The "no new starts" policy of the fifties was cventually
rescinded and the construction of Federal projects was resumed,
Between 1968 and the early seventies, when the first thermal plants
will be placed in service, Federal hydro projects will supply most
of the region's additional generation requirements., Table 13 lists
the projects which make up the Federal Columbia River Power System,

Non-Federal Public Agencies

The Washington public utility districts stepped into the
gap created by the lack of newly scheduled Federal generation by
requesting licenses for the large mid-Columbia River projects,

At the same time financing arrangements were arrived at whereby
the capability of such projects was disposed of to other utilities,
as the capability of these large plants far exceeds the loads of
the licensees, Under such arrangements, construction was started
on Priest Rapids in 1956, Rocky Reach in 1957, Wanapum in 1959,

and Wells in 1963.




P RESENT s I TUATION

The power resources of the region because of current inter-
utility contracts and transmission interconnections should be
regarded as a unit for planning purposes. The power load of the
region should therefore be regarded as a unit for the same reason.
In detail this approach is less supportable for some loads and
resources than others, but it nevertheless provides a rational
analysis.,

PRESENT ELECTRIC POWER REQUIREMENTS

United States

The phenomenal growth in the use of electric power in the |
United States, which on the average has doubled every decade for its |
85-year history, is due in large part to the fact that the industry's
technological progress has made electricity one of the best bargains
available. Its use is taken for granted. Yet without electricity |
there would be no modern communications, no television or other |
electronics, no electroprocess industries, and few of the appliances |
which have become indispensable in most American homes today.

The electric power industry of the United States has grown
in capital investment from an infant born in the 1880's to a giant,
now the largest in the Nation. Electric power's growth is unmatched
in rate and consistency by any other major industry. Production has
increased at about twice the rate of increase of overall industrial
production, The consistency of this expansion and, especially, the
relatively stable flow of expenditures for new electric system plant
and equipment have provided a persistent impetus to the Nation's
economic¢ growth and have acted as a cushioning force during business
recessions.

The electric power industry requires particularly large
capital outlays, Its average annual dollar expenditures for plant
and equipment are by far the greatest of any industry. In 1968,
for example, construction expenditures of the investor-owned segment
of the electric utility industry alone amounted to over $7 billion,

Electric energy generation and use in the country increased
at an annual compound rate of about 7 percent until, in 1955, the
total energy requirements of the country were approximately 035
billion kilowatt-hours. The growth rate in the next decade, 1955-1965,
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was slightly lower--averaging about 6.2 percent annually, the

Nation's total requirement in 1905 amounting to 1,156 billion

kilowatt hours. These total energy requirements and those for
1960 are shown in table 1, broken down by type of use.

The month-by-month variation in energy requirements and
peak demand (the annual "load shape'") is of importance in schedul-
ing the operation of hydroelectric plants and the maintenance work
to be done on all types of generating units. Monthly energy and
demand countrywide totals for the major electric power systems for
the years 1955, 1960, and 1965 are contained in table 2,

Table 1 Flectric Energy Requirements and Supply of the United States

1955 s 1960 1965
(Million Kilowatt-hours)

Flectric Energy

Requirements
Electric Utility

Domestic 22,002 189,084 274,246
Commercial 80,657 121,437 188,960
Industrial 258,689 330,484 436,906
Other y 37,976 51,634 65,745
Electric Utility Classified -
Subtotal 499,324 692,639 965,857
Losses 57,920 70,869 91,980
Total, Utility Requirements 557,244 763,508 1,057,837
Industrial Generation for Own lise "7,3531” 85,184 98!b5‘)_1_/
lotal Requirements 634,597 848,692 1,156,496
Supply
Electric Utility Generation 548,301 1,054,813
Industrial Generation 82,2281/ 101,831
International Energy Transfers
Imports 4,567
Exports -499 -
Net Transfers 4,068 __“_;148
Total, Supply 634,597 848,692 1,156,496
1/ Alaska data incomplete for this year, ., . .
Table 2 - Monthly Energy and Peak Demand
Major Electric Power Systems of the United States
1955 1960 1965
Peak Peak Peak
Month Energy Demand  Energy Demand Energy Demand
(In Millions of Kilowatt-hours and Millions of Kilowatts)
January 43,547 84.1 63,185 120.9 86,363 160 .6
February 39,936 83.7 59,581 117.4 78,961 160.0
March 44,090 83.4 63,607 116.9 86,422 156.0
April 41,840 82.3 58,139 113.8 80,338 152.9
May 43,160 83.9 59,972 116.3 83,640 160.8
June 15,926 86.5 61,675 22.0 86,255 170.2
July 46,269 89.3 63,306 124.2 91,507 174.3
August 48,830 91.6 66,674 127.8 93,776 178.8
Septemher 45,714 90.1 61,800 126.1 87,452 17551
October 46,999 90.6 61,282 119.8 85,805 1597
November 47,465 96.1 60,591 122.2 85,322 167.9
December 50,347 98.3 65,300 128.7 92,059 17251
Year 542,123 98.3 745,112 128.7 1,037,900 178.8




Pacific Northwest

Compared with the United States, the Columbiua-North Pacific
region, referred to herein as the Pacific Northwest, has a similar-
ity in annual load factors but has a winter rather than a summer
annual peak demand and has a greater per capita energy use,.

In the region the 1955 annual load factor was 66 percent,
Ten years later it was 05 percent. ‘The national experience was
63 percent in 1955, increasing to 67 percent by 1965,

Maximum annual electric power demands in the Pacific Northwest
occur in the winter months. In contrast, summner demands have been
greater nationally. Two characteristics help deternine the seascnal
electric power requircments, The proportion of homes with electric
heat is much greater in the Pacific Northwest than nationally, and
summer air conditioning is not as important in the region as elsewhere,

Nationally, home electric heating installations were less
than 2 percent of the total during 1965, Regionally, 20 percent
of the homes had electric heat in 1965, These factors contribute
to the differing seasonal patterns in national and regional electric
power requirements,

Another difference in regional power use, compared with the
Nation, is the much greater per capita annual energy use in the
Pacific Northwest, In 1965, the regional per capita consumption
was 12,0676 kilowatt-hours--more than double the national average
of 5,944 kilowatt-hours,

This high per capita consumption results from the avail-
ability of low cost hydroelectric power., During 1965, 99 percent
of all electric power sold in the region was generated at hydro-
electric projects in contrast with 20 percent from this source
nationally. Regional wholesale electric power costs are among the
lowest in the Nation because of this. The benefits to the area
are important, High electric power consuming electroprocess
industries have been attracted to the Pacific Northwest. Lower
wholesale power costs are furthermore reflected in lower resale
rates which also encourage greater residential and commercial
consumption,

Annual Energy Loads

Table 3 shows the annual energy requirements in the Pacific
Northwest during the 1955-1965 period. The power requirements
shown include Oregon, Washington, the 11 counties in western Montana,
and all of Idaho, with the exception of the Utah Power & Light
Company service area in the southeastern part of the state,




Table

Electric Energy

Sales
Domestic
Irrigation
Commercial
Industrial
Other

Total Sales
Losses

Requirements

% o
Columbia-North

Llectric Energy Requirement
Pacific Region

=¥ ;jz»;i;rl“l‘:u, 1 f X/L’ T\Erﬁw-( ST e
955 ST Ny 1965
T (Million Kilowatt-hours) pi
11,083 15,941 20,687
1,272 1,671 2,421
4,191 6,027 8,781
20,876 24,848 34,346
760 815 1,090
38,182 49,302 67,325
8,229 5,579
43,411 54,881

Regionally, sale
generally comparable to
table 4., Approximately
consumers in the region

s by major consumer classification are
the national distribution as shown by
31 percent of energy sales went to domestic
compared with 28 percent nationally during

1965, Commercial sales were 13 percent in the region and 19 percent
nationally, while industrial sales were 51 percent within the region
compared with 45 percent nationally. Some of these differences in
percentages between commercial and industrial classifications may

be due to definition, What is classified as a commercial customer
by one distributor may be called an industrial account by another,
The combined commercial and industrial percentage is 04 percent

both in the Pacific Northwest and nationally,

Table 4 - Energy Sales by Major Sales Categories
A R g S 1955 1960 P
Sales Categories PNW ~—lf7\' PNW .S, S

o = {Percent)

Domestic 9 24 32 27 31 28
Commercial 11 16 12 13 19
Industrial 55 52 50 48 51 15
Otherl/ _5 8 o 8 5 8
Total 100 100 100 100 100 100
1/ Includes street lighting, station use, and irrigation,

Percentage increases in total energy sales by major
categories were lower in all instances in the Pacific Northwest
when compared with the Nation during 1955-1965. The 1905 sales
to domestic consumers were 87 percent higher than 1955 in the
region while the national increase was 125 percent. The 1965
energy sales to commercial customers were 110 percent higher than
1955 in the region while the national increase was 134 percent.
The 1965 energy sales to industry were 65 percent higher than 1955
in the region while the national increase was 09 percent, Overall
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growth in electric energy requirements in the region during 1955-65
was at a 5.7 percent compound annual rate. This was below the
national rate of 0.2 percent for the same period.

Percentage increases do not reflect the entire picture since
the growth rates are from substantially different levels. The
historically greater use per consumer in the Pacific Northwest will
continue, although regional and national differences may be less
pronounced in the future.

The compound annual rate of increase in number of domestic
customers was 2.1 percent in the Pacific Northwest, and 2.4 percent
nationally during the 1955-05 period., This reflects the slightly
lower population growth rate in the region compared with the Nation.
The ratio of population to total domestic customers decreased over
the period in the Pacific Northwest as well as in the Nation as
follows:

Item 1955 1965
Regional Population 5,074,000 5,871,900
Ratio: Pop./Dom. Cust. B.3/1 Sel/1
Total U.S. Population 165,931,000 194,572,000
Ratio: Pop./Dom, Cust. ST 3.4/1

Kilowatt-hour use per domestic customer in the Pacific
Northwest was more than double the national average during this
period as shown by table 5. Resale rates are amorg the lowest in
the Nation. This has resulted in a high saturation of major electric
appliances. Also, active promotion of electric heat installations
contributed to the greater use. One in five homes in the region
had electric heat by 1965. The reasons for greater regional domestic
energy use per customer are better understood from the following
comparison between the United States and the Pacific Northwest
showing the percent of homes with major electrical appliances.

Such a comparison is made in the following bar chart
(figure 1) from data published in the U.S. Census of Housiqﬁ,
1960 (8). The national relative usage exceeded the region only in
air conditioners and television during 1960.

fable 5 - Annual Energy Use per Domestic Customer
Year — United States Pacific Northwest
(Ki1lowatt hours)
1955 2,773 7,267
1960 3,854 9,465
1965 1,993 11,011
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Commercial energy use per customer has also been consist-
ently greater in the area during this period as shown by table 6.
[mproved lighting, electric heating, and air conditioning of new
office buildings have contributed to this growth. The trend toward
larger shopping centers and fewer smaller enterprises also is
evident during this decade.

Table © Annual bknergy Use per Commercial Customer

Year : United States

~ Pacific Northwest
(Kilowatt-hours)

1955 12,656 20,556
1960 17,006 26,625
1965 27,399 36,607

Energy sales to industry in the region accounted for
51 percent of the total sales in 1965. Heaviest power users in
the region include the aluminum industry, pulp and paper manufactur-
ing, nonferrous metal mining and refining, and the phosphate indus-
try. Approximately 30 percent of the national aluminum reduction
capacity is located in the area. Sales to industry are shown in
table 7.

Table 7 - Total Industrial Sales

Pacific Northwest
in Percent of
Year United States Pacific Northwest mited States

(Million Kilowatt-hours)

1955 258,689 20,876 8.1
1960 330,484 24,848 7.5
1965 436,906 34,346 7.8

Both nationally and regionally, industrial sales as a per-
cent of total sales have declined during the 1955-65 period. Some
of this apparent decline may be due to reclassification between
commercial and industrial accounts.

Irrigation sales in the region during 1965 were 3.6 percent
of total annual energy sales. Although this is a small amount of
the total regional sales, it is highly significant in several local
areas. Almost 15 percent of the sales in southern Idaho and over
10 percent in northeast Washington were used for irrigation during
1965. Improvements in pumps and sprinkler irrigation equipment have
made possible the delivery of water to land never before considered
irrigable. Consequently, more economically marginal land is being
reclaimed and irrigated. Plans to lift water 800 to 1,000 feet to
lands previously not classified as irrigable will increase the
pumping load substantially. A second noticeable trend in irriga-
tion is the extension of the season beyond the 2 or 3-month period
to as much as 10 months for improved crop production. These two
factors will assure an increase in electric power sales in the
coming years.
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Other sales include street and highway lighting. Less than
2 percent of total sales were in this category during 1965,
Although this category as a percent of total sales in the region
was declining during the 1955-05 period, the 1965 sales were 40
percent more than the 1955 level.

Monthly Peak and Energy Loads

Electric utility loads have become increasingly sensitive
to temperature variation in recent years due to space heating. By
1965, the load response was almost 1 percent per degree Fahrenheit
in the Pacific Northwest. For example, a 10-degree drop in temper-
ature will increase the load approximately 9 percent. During 1965,
the total regional load response to temperature approximated
82,000 kilowatts per degree., Thus a 10-degree drop in temperature
would increase the area load by 820,000 kilowatts. The temperature
response causes some variation in load shapes from year to year.
In some local areas summer irrigation loads are important in
determining the annual load shape.

Monthly peak and energy loads listed in table 9 are shown
in percent of annual requirements in table 8, For comparative
purposes, the loads shown in table 9 are also shown on figure 2.

Fable 8 - Monthly Energy and Peak Requirements
Major Electric Power Systems, Columbia-North Pacific Region

1955 1960 B L TR
Month Energy Peak iji%ié- Alblg fnvrgv Peak i
(Percent of Annual Requirements)
January 8.35 86.65 ikl 100,00 9.05 90.61
February 7.54 84.19 8.25 94.98 8.00 87.46
March 8.37 82.65 8.71 98.17 8.50 85.80
April 7.84 80.74 8.07 88.64 7.92 82.40
May .97 79.48 8.57 89.74 8.2% 84.33
June 5.09 8§2.09 7575 85.55 7.87 80.16
July 8.00 78.46 8.00 83.24 7.98 A7 AR S
August 8.31 80.03 8.16 85.78 8.12 79.56
September 8.320 84.67 /.68 84.76 7.86 84.10
October 8.54 88.87 8.08 88. 14 8.24 84.36
November .22 100.00 .43 97.60 8.55 92.56
December 9.57 98.08 9.19 98.87 9.70 100.00
Year 100.00 100.00 100 .00

Total Reg}onul Electric Loads

Table 10 summarizes annual peak and energy requirements for
the region along with other related data discussed above for the
1955-1965 period. Minor differences in totals will be noted when
total energy sales shown on table 10 are compared with totals on

14
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table 9, Table 9 summarizes data for Class I utilities while
table 10 summarizes operations for all utilities in the area.

iHlourly Loads for Typical Weeks - (April, August, and December 1905)

April, August, and December 1965 hourly loads are shown in
tables 11, 12, and 13. The first full week in each month is shown,

Maximum hourly loads within the year occur during the winter
in the Pacific Northwest in contrast with the national occurrence
during summer months. Another regional characteristic is the
seasonal change in time during the day of maximum load., Winter
maximum loads generally occur in the evening while spring, summer,
and early fall maximum loads occur in the late morning hours before
noon or occasionally immediately after the noon hour,

Table 9 - Monthly Energy and Peak Demand
Columbia-North Pacific Electric Power Systems, Class | Utifitie

N U R FRPRET =y 196 ¥ 19¢

Month Fnergy ”—;}‘\‘.I}_ lit‘_r.'»\f#h¥‘l'z|i_r i::-.'L--' ) ':71?-‘

(in millions of kilowatt-hours and thousands of kilowatt

January 3,623 6,667 4,998 ),264 6,7 3¢ 31 .8
February 3:27] 6,478 4,528 8,799 953 11,424
March 3,630 6,359 1.778 9,09 6,32
April 3,401 6,212 4,430 8,212 ,B83
May 5,458 6,115 1,704 8,514 6,11 1
June 3,508 6,31¢ 4,250 )¢ s 1 4
July 3,469 6,037 1,38 e L0941 1 1
August 3,606 6,158 3.479 94 6,038 1 5
September 3,555 6,515 Knd 8 , 84¢ 10,98
October 5,704 6,838 4,431 8, 1ot 6,13 11 )
November 3,997 7,694 1,623 9.042 t ¢ 1 ]
December 1,149 7,546 y,039 9,160 17 1 3,0€
Year 13,371 7,694 4,862 9,204 '4,397 13,06
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Table 10 - Population and Flectric Power Use
Columbia-North Pacific Region, All Utilities

Item 1955 1960 1965

Population 5,074,000 5,489,729 5,871,900
Ratio: Pop./Dom. Cust. 3.3/1 3.2/1 3.1/1
Domestic Customers 1,525,116 1,684 173 1,878,814
KWH Use Per Dom. Cust. 7,267 9,465 11,011
Total Domestic Use-GWil/ 11,083 15,941 20,687
Ratio: Pop./Com. Cust. 24.9/1 24.2/1 24.5/1
Commercial Customers 203,885 226,363 239,883
KwH Use Per Com. Cust. 20,556 26,625 36,607
Total Com. Use-(WH 4,191 6,027 8,781
Industrial Customers 6,621 6,373 6,486
Industrial Use-KWH Per Capita 4,114 4,526 5,936
Total Industrial Use-(CWH 20,876 24,848 34,346
Irrigation Use-GWH 1,272 1,671 2,421
Other Use-GWH 760 815 1,090
Total Sales-GWH 38,182 49,302 67,325

Losses -GWH 5,229 5,579 7,110
Total Requirements-GWH 43,411 54 881 74,435
Per Capita Use-KWt 8,556 9,997 12,676
Peak Use-Mw 7,555 9,164 13,068
Energy Use-Avg. MW 4,956 6,265 8,497
Load Factor-Percent 65.6 68.4 65.0

17 Million KWH.

Table 11 Regional Hourly Load, April 1965, Columbia-North Pacific Region

floar — Sunday TWonday  Tuesday  wednesday  Thursday — Friday — Saturday
oy o x4 i W:g.lb.lff\ B i

1 6,953 6,594 7,197 7.252 7,066 7,004 7,164
2 6,640 6,340 6, 6,965 6,772 6,552 6,807
3 6,468 6, 283 6, 6,764 6,635 6,327 6,569
4 6,374 6,278 6, 6,661 6,552 6,304 6,533
5 6,414 6,405 5,822 6,788 6,609 6,381 6,519
6 6,455 6,805 7,23 7,189 7.01? 6,778 6,748
14 6,685 7,835 8,316 5,243 8,054 7,747 7,249
L] 7.227 9,293 9,630 9,542 9,294 9,137 8,092
a9 7867 10,015 10,190 9,977 9,759 9,856 8,870
1o 8,047 10,251 10,268 99 9 850 9,969 9,217
11 8,030 10,361 10,234 9,863 9,664 9,933 9,309
7,948 10,072 9,943 9,544 9,347 9,651 9,178
13 5,339 9.757 9,802 9,269 9,089 9,479 8,359
14 §,107 9,753 9,743 9,182 9,081 9,496 8,166
15 7,802 9,601 9,522 &, 985 8,807 9,208 7,899
16 7,570 9,488 9,998 8,858 5,821 9,188 7,759
17 7,626 9,533 9,550 8,893 8,850 9211 7,860
1% 8,015 9,844 9 ,R09 9,158 9,235 9,477 8,139
19 8,653 10,041 9,945 9,400 9 588 9,707 8,373
20 9,118 10,143 10,206 9,696 9,649 9,819 8,677
21 9,069 9,792 9,839 9,495 9,370 9,442 8,57
22 8,783 9,169 9,338 9,014 8,832 8,890 8,191
23 8,078 8,551 4,590 8,260 8,163 8,358 7,697
24 7,355 7,748 7,845 7.57% 7,559 8,051 7,197
Total: 1,412,572 megawatt-hours

Weekly Average: 8,408.2 megawatt-hours
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Table 12 - Regional Hourly Load, August 1965, Columbia-North Pacific Region

e —

Hour “Sunday Monday Tuesday Wednesday Thursday Friday ~ Saturday
(Megawatts)

1 6,130 6,124 6,544 6,536 6,630 6,636 6,612
2 5,994 5,997 6,257 6,307 6,364 6,362 6,333
3 5,823 5,922 6,140 6,220 6,274 6,228 6,177
4 5,788 5,900 6,069 6,193 6,223 6,257 6,093
5 5,717 6,005 6,190 6,376 6,423 6,401 6,145
6 5,772 6,462 6,739 6,920 6,934 6,943 6,345
7 6,102 7,432 7.794 7,853 7,936 7,900 6,862
8 6,691 8,414 8,690 8,725 8,722 8,669 7,588
9 7,157 9,122 9,11} 9,260 9,254 9,176 8,290
10 7,507 9,528 9,428 9,510 9,487 9,522 8,546
11 7,651 9,590 9,407 9,558 9,466 9,453 8,728
12 7,675 9,548 9,281 9,411 9,325 9,277 8,688
13 7,498 9,631 9,276 9,404 9,385 9,271 8,455
14 7,334 9,446 9,157 9,253 9,239 9,166 8,367
15 7,167 9,281 9,011 9,083 9,094 8,999 8,144
16 7,144 9,102 8,858 8,912 8,905 8,817 8,115
17 7,216 9,153 9,005 8,985 $,914 8,852 8,177
18 7,324 9,020 8,850 8,890 8,775 A 8,759 8,096
19 7,335 8,900 8,690 8,72 8,598 8,621 7,985
2 7,549 8,879 8,713 8,750 8,665 8,635 8,109
2 7,818 8,82 8,793 8,841 8,803 8,744 8,213
2 7.528 8,298 8,292 8,376 8,414 8,361 7,830
23 6,926 7,577 7,593 7,674 7,733 7,753 7,216
24 6,418 6,909 6,953 6,959 7,088 7,050 6,738

Total: 1,326,235 megawatt hours
Weekly Average: 7,834 .3 megawatt-hours

Table 13 - Regional Hourly Load. December 1965, Columbia-North Pacific Region
Hour Sunday Monday Tuesday wednesday Thursdav Friday Saturday
(Megawatts)

1 7.252 7,031 7,383 7,503 7,607 7,633 7,950
2 6,897 6,705 6,975 7,132 7,373 7,297 7,503
3 6,650 6,623 6,750 6,957 7,065 7,045 7,262
4 6,558 6,516 6,706 6,891 7,042 6,947 T, 184
5 6,483 6,608 6,752 6,972 7,158 7,045 7:171
6 6,608 6,997 7,148 7,439 ,535 7,514 7.572
7 6,841 8,094 8,250 8,635 8,702 £,640 7,864
L] 7,298 9,719 9,783 10,143 10,269 10,190 8,691
9 8,150 10,407 10,318 10,696 10,861 10,929 9,669
10 8,701 10,658 10,465 10,732 10,949 11,063 10,246
11 8,956 10,564 10,320 10,613 10,840 10,955 10,380
12 9,066 10,211 9,980 10,214 10,496 10,628 10,325
13 9,105 9,952 9,768 9,917 10,236 10,383 10,124
14 8,965 9,822 9,817 9,910 10,183 10,389 9,894
15 8,856 9,605 9,668 9,779 10,085 10,170 9,748
16 8,824 9,729 9,767 9,876 10,236 10,219 9,760
17 9,305 10,367 10,403 10,560 10,898 10,820 10,429
18 9,744 11,012 11,030 11,177 11,445 11,308 10,976
19 9,587 10,734 10,856 11,023 11,223 11,198 10,811
2 9,484 10,437 10,597 10,830 10,912 10,801 10,466
21 9,334 10,006 10,210 10,333 10,484 10,404 10,048
2 8,953 9,464 9,701 9,763 9,877 9,840 9,579
23 8,350 8,787 8,942 9,074 9,138 9,358 9,064
24 7,546 7.942 8,108 8,261 8,301 8,016 8,318

Total: 1,538,569 megawatt-hours
Weeklv Average: 9,158.0 megawatt-hours




EXTSTING ELECTRIC POWER RESOURCES

The total of the region's electric generating capacity as of
December 31, 1969, was 18,963 megawatts, installed at 186 plants.
Well over 90 percent of this capacity is hydroelectric. With the
exception of the 800 megawatt Hanford nuclear plant, most of the
thermal capacity is old and normally used only as reserves. In
addition, there is under construction 8,353 megawatts of capability,
about 70 percent of which is hydroelectric. A large share of the
hydro capacity currently under construction consists of expansion
of existing projects. Two large thermal plants are under construc-
tion, the coal-fired 1,400 megawatt Centralia plant and the
1,106 megawatt nuclear Trojan plant, near Rainier, Oregon.

About half of the existing capacity of the region is
installed at Federal multipurpose hydro projects. All but a few
minor plants are a part of the Federal Columbia River Power System,
whose production is marketed by the Bonneville Power Administration.
The BPA transmission grid interconnects all of the System plants
except five Bureau of Reclamation plants located in southern ldaho.
In addition to the 8,496 megawatts of existing capacity, there are
7,263 megawatts of Federal hydro capacity under construction. The
Federal Columbia River Power System projects are summarized on
table 14.

The balance of the region's power resources is under the
ownership of the public and private utilities. Table 15 summari:zes
all of the region's power resources by utility.

The non-Federal utilities within the Columbia-North Pacific
Region have 120 hydroelectric projects with an installed hydro-
electric capacity of about 9,188 megawatts. Added capacity of
501.6 megawatts is being installed at the Rocky Reach project of
Chelan County PUD. The non-Federal utilities have 29 thermal
electric plants with an installed capacity of 1,239 megawatts of
which 64 percent is at the nuclear plant at Hanford. The remaining
plants operate only in years when the power system approaches a
deficiency condition. These generating capacities are summari:zed
by utilities on table 15.

The bulk of the generating capacity of the areca lies on the
main Columbia River where the plants are both Federally and non-
Federally owned. The firm capabilities of these plants are greatly
enhanced by reservoir storage. Table 16 is a summary of the reser-
voirs which provide this regulation, their programmed storage
release, and the gain in energy which they provide over the 8-month
critical streamflow period at site and to downstream plants under
1968-69 conditions. The firm power capability of the region,
particularly on the main Columbia River, is greatly enhanced by
reservoir storage. Table 16 summarizes the reservoir storage of
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the Columbia River Power System. As shown, the total usable storage
at 33 reservoirs is 28,469,000 acre-feet. All this storage is oper-
ated in direct coordination for the Columbia River Power System.

In addition, there are reservoirs less directly coordinated, but
which nevertheless provide power benefits from storage. Minor
miscellaneous storage is operated by the power utilities and power
storage in the following amounts is operated by the Bureau of Reclamation
at reservoirs constructed principally for nonpower purposes.

Palisades 1,202,000 acre-feet
American Falls 45,000 acre-feet
Minidoka 95,000 acre-feet
Anderson Ranch 123,000 acre-feet
Cascade 653,000 acre-feet

lotal 2,418,000 acre-feet

With the power storage on table 16, all power capability of
the region can be fitted to firm load with recurrence of historical
streamflows over the period August 16, 1936, through April 15, 1937.
When Mica Reservoir is completed, this critical period will extend
to a period at or near the 43 months of September 1928 through

20




“auepdaasog paiyl ayy v PatteIsut Juiaq sjtun My 000009 X1s pue PUNOMAL 3G 03 SITUN p] 103 YIBD MY GO0 L] JO ASEAIDUL ue Sapniouj
"S1TUN UTPW pUNOMAI INOJ 10J YOBA My QO0‘L[ JO ISPAIDUT PUR SITun IDTAIIS DAIYD SIPN]IU]
TUOTIRWE[DDY JO neddng--yg ‘stasurduy jo sdioy--3)

€L < 9 Sz s3da(o1d 3o 1aqunu [e30j
—
0g0'6s7" 17 088°6LP°S 000°€97°L 0S1'96t‘8 L31oeded parreasur ejop o
000°0rs v 000°0$S 13 - - - - ERTIS CEp]-Tysey i) urjosy
000 0rs < 0000y + 000°0Ct 3 - - TRUa00Yy RUBJUOY ER) Aqq1]
00s*r 1 00<‘y 1 - - - - ATTUINIK A4 °S uoda1(y the) agnalg
000°090°1 9 000° 099 ¢ 000*00¢ < - - 223EMI8OL) "4 N oyep} k) yEYSIOM]
000" 6r T . S 000°6¢ z - - andoy uodaig g ) ¥y331) 3507 p
0009t 4 = - 0009t z - - uo3lay oyep] a9 u033] |
000 018 9 000°Sor € 300° S0t € & - ayeusg uoldurysey ER) 23TuRI 13m0 |
000°018 9 000°soy € 000°sot S - - ayeus uoiBurysey i 25009 213117
0007018 9 000° S0 € 000°s€t [ 000" 0T ¥ 6961 AT ERLITS uo3Burysey E ) 1P3IUdLNUOY 10407
000°00L°C oz 000°0FS t 000 018 9 000°0ss°1 01 8961 A(np riquno) ‘ysey- a1 ER) Aeq uyor
00007 F 4 - - - - 000°02 4 8961 “dny weilues yinos uoBaag e 133804
000°08 < & - > = 000°08 < LO6T aunp werues appuy uodaiy 10 12304 uaa1n
000° 09 € 000°s¢ 1 7 % 000°st A POGT "G4 ALZUINON “N4 S uodaig ER) aednon
000°p11 t = = = = 000°¢11 { LEGT "994 ayeus oyep ue SapPS 11P4
nos‘or < 0ns‘et 1 # = 000°LT < 0S61 "39q 25108 "%y °S oyepy a8 yduey uosiapuy
000's8 z = - - # 000°s z SIGL "d9q a1304ey oyep; LT uofur)y yorg
0051 € B = = 0081 & 161 Aew astog oyep] s UoTSI341Y(] Istog .‘ "%, |
oop sl L P> \ = = 0or‘¢l L 6067 Aew ayeus oyep| ET] BYOPTU Ly
G00° 0§ z < = ; e 00¢*0g z TOGL A€W 9130UELLM N W woRoig 9 Y221 s1itn g= 8
- o

088709 9 088 c¢ € - . 000 0.2 € 1961 *292q ayeus uolFutysey 0 doqaey 23] %
0sz 1t 1 * % 5 - osz 1t [ g6G] - ¥ny LR LAt uoFurysry ue rIOYy
000°L08 1 L 14 = * 000889 8 0006111 91 LS61  Aey riqunio) “ysen- a1 (k] satreq ayy
000°c Z = > S = 000°C c 9561 "Q24 zaIye] uo3Jurysey L datpury;
000°690°7 L 000°sv0* 1 18 = = 000°vz0°1 a1 cs61 8oy erqungo) uo3Furysrey E R ydasor 3oaryd
000°S1 1 = 2 7 5 000°'s1 1 SS61  Aeiy QUIDWEL[IM N4 W uodaig 1D da3xaq
009°ze < = S = = 000y £ SS61 "aeN A1) pudy oyep; 10 Spie4 tuwaqry
000071 € - * g = 0000t ¢ PS61 "230 SRRELLIDR U E RN uoSaip E] U0y INOYOO]
00081 [ “ = 2 = 00081 1 vS61 aunp WeTIURS YaoN uoSaig 1 3110 Sy
000086 vl = = 0 * 000086 vl £S61 "AON eiqunio) TYsem - taxQ 1 ATENIN
000001 z - 4 y = 000 001 z €561 Ang wriues yaoN uodaig 1 110133
000° 582 v v - = - 000°S87 3 TS61 330 PEAYITL4 "4 S BUEIUOK He asxoqy Axdunyy

(00061 14 000°L6 F 4 = i vrqunio) uojdurysey(sautqang dumy) 2arno) pues)
000" 1L1°0 o0¢ ( = - \Mcoo.mmm.m 9 \.mcoc.mvc.n 81 1r61 3dag elqumio) uoiBurysey 8 A2[N0) puel ‘.
00t * 866 a9t 00008 9 - - 00%“81S ot SE6T aungp viqunio) TySeM-T3L() 1 S[[ tAouuog !
S3jEmO] Ty s3tuf) SIIEMOITY  S3tup S3IBMO[TY  Ss3tup Si1iEmOq 1Yy s1tuf) CREEEETS weaIys uot3edo] \.—:.f..:ou( 1datoay :
{3toede) 3o L31oede) 30 L3toedey jo A3toede) jo utl ayeq Surieaadp

1e30] Iaqumy 1e30] 13 quny 1BI0]  1aquny 18301 Jaquny [®131ug
%30} i, paziioyny __UoT3dnI3suo) 1apuf £ Jurisixy

6961 ‘1§ 19quwada( jo se suotie(leau] jo Juryey ajepdowey PazrioyIny pur UOTIdDNAISUO) IIpup
‘Butisixg sidalody ‘SUOIIEdT110adg [RIIUIY) WAISAS 1AMOG IAATY PIquN]O) [EIdpaq - ¢l arqe]




$20°090° s 861
oT6 R 1 S0
065" 160"y 6
05T 1 o
0sTL ot
0088 z
067" Sér 6
05t sEe 6
Lr0' 156 €€
orr'zoT *
0soor v
05 96971 81
€68 1
008 1
ast 1
[
.
1
Y
s
t
]
*
i
1
s
1
1
s
1
o
H
t
£5
1
1
Surly
jo_"oN

$09°796'81 981
arF Loy ot 1333
0L£°2E6's 6
oSt T
0gs°agg o1
0089 z
069 08§ 6
058 609 6
LP0°8LL €€
orr‘zor v
050°02 v
001°962"1 81
f6r 1
008 1
081 1
9.0's6P'9 §s
STuet 3
00 *81L ]
006°¢ 1
0 0
957 682 1 ¢
09508 z

z

1

9

1

1

5

1
0¥9° 96 4
000'246 s
000" 6 1
0T9°2 §
(4] 1
ST 555 s
[ r
000’81 !
FL S ¢ L
051968 ST
000° 91 1
09t t
w¥uiey  Sioeng
aividouny 30 o8

INVED

ONTISTXH TviolL

6961 ‘15 daquwadaq ‘uotBay drjioey YIION-Elqun

P s “25UaDTL 3O uswuopueqe Jo3 Furpuad uotss TWEO) 13m0 [PIIPay 03 woirgedsddy 7
sweteset 9 £87°608' €8 z9t 0S¢ LS8 S 009°99L L ¢ £E6°P0L LT o5t STYLOL D1410%4 HINON-Y[8WI100
NG & feeTevs ot YU 08iseT iy 0097505 £ § TN Gzt SIVIOL N3 -NON
899° g5 b4 rzLtore'y i 020°29L 0 0 0 Z0L'8L9¢ % sreio] 23eATIy
) Cn [ i 0 [ o @ oSt T T 03 19m04 § WET] uiaisIm
o 0 0Sz*L0L ot ozLtoe 0 0 0 0£5°959 ot ‘0) 13m0y 1a3iem uoiFurysew
0 0 00€'9 4 0 o 0 0 00g*o £ ‘o) Iyt 4 1amo4 Wl
000° 06 B 067 Sor L 000°p11 0 0 0 969067 L ‘03 4By 3 samoy punos 3a8ng
00s°sL 1 058°655 8 /7008°s2 o 0 0 0SS “#ES 8 100 DTIIDALF [RIIUI) pur(IL04
00859 s LrLsoR 8 000°€ST 0 0 0 A A d vl 87 100 1yt g 1am0g dr3fdey
0 0 ort'zoz v 0 0 0 0 ortizor v 07 13m04 PURIUOK
[ 341 2 00s‘y Z 0 0 0 0 0ns'y z ‘00 1am04 § I4IT] euriUOK
s8‘9 1 SPS RO i 007 ‘865 0 0 0 Sreesz’l &t ‘0) 13m04 oWep]
£6% 1 0 [ 0 0 0 0 1] 0 TO) 10m0 4 JajEmivI])
0 0 008 1 0 0 0 (] 008 T ‘0] $IVIVLIIN dr3rdei-vrurojiie)
0 ° ost 1 0 0 0 0 0st 1 "0 12m04 wIUELY

S3eAtig

S1S°s86 o 110°601°8 kil 058°560° 2 £ 009°€0S 1 195°605"S 8¢ stelo) ITigng
300" 0% 1 CRNEH 1 0 o 0 0 STioz T woasds A1ddng 1amog dtrang uoaBurysew
000°6S T 00Z°0s8 9 005" 061 0 ] 0 L 659 a9 3o A1) ‘wwodey
0 o 006°€ T o Q a 0 006 1 30 231D “aueyods
0 0 000°0r1 g 000°0t1 € 0 0 0 0 G4 AIUNC) YS TWOOUS
0001 z LR o d 9 005" 56§ 0 000°7 1 asz 81’1 S 30 4313 ‘arageas
0 0 09509 z 0 o 0 0 09599 z and <auno) arrtazg pusy
o1g's z 0 0 0 0 0 (] 0 ‘doo)y ¥ty § 13m0y swIQ
o'y 1 0 0 0 o 0 0 0 30 A31) *Ir1rANUTNON
0951 € ‘T 3 0 0 o o € oup *IyRiy g semoy ArTey 2a%07
00s‘T 1 008 L € 0 0 ¢ 0 € 30 K31 ‘sitrey oyrpl
008" 21 1 0 0 0 0 0 0 0 o aNd A3uUno) Jogaey; sseln
0 o 009°168°7 2 0S8 16 0 o [\ Q5L 618y z and A3mo) e
0 0 081 1 o 0 0 Q 081 1 “doc ) DTI1d31§ [eany 13ty [1v4
si8°97 H 00s 111 ¥ 0 0 0 ] oos* it t 30 {11 ‘auslng
0 0 05T vLe 1 o o 2 0 0sT'rie 1 and £3uno) ser¥nog
1 000" 0L 1 o o0 0 0 000 0L 1 ad Sune) 131pm0)
. 1 05¥ I8 v 000865 0 009" 10$ 0 0S8 16 v g Aun0) werayy
0 0006 % 0 0 0 0 000°6 1 30 A1) ‘wrpesaud)
1 088" z 0 0 0 0 08y ‘7 z 30 A1) ‘42134 siauuoy
0 ozt t 0 0 0 0 (74 1 30 Q) taayey

Aang

RLLELEERL

TosNl e 0$5°6S2°12 8€ 088 6LE'S 2 000°€92 "L 9 009° 915" % L3 STVIOL TYEI0T4
) o TR = [ = o (] ° Y ? 1d1a3s1g vorawdtia] ojedey
000°81 1 0 o 0 0 0 0 0 0 pavy pawy ey
298 9 008 1 0 o 0 0 008 1 321AIIS WEY [RuOTIEN
0 0 080°657° 17 £ ORR6LE'S z 000'597 "¢ 9 051 9688 sz WILSAS 19m0y4 13aty ergEnie)
o 0 000°91 ! 0 0 0 0 000" 9t 1 uOtiPWE]394 3O newaing
0 0 09¢ 1 o 0 0 o 0%t ! Sitejjy uwIpu] 3o neasng

RiLELEE]
x‘.a:na sumlg :n.-..:-x siuep wy Yuriey sjuery l.f-.:u-u saueyy l-.-.::u suvly u:_.s

sierdowey  jo ‘o  aaejdowey  jo ‘oN ayepdowey 39 “on  aepdoe © “on  aiejdowey 40 o SV

-—:vu-“ [LELIS pasuast] Uo3IMNIISUo) a<~a-!u
30 pazvioqany st il
) R P i _O¥auit g R ST R T Z3br.

07 *PIsUSIL] JO PATIIONINY PUE ‘UOTIONAISUO) Japu ‘Butistay sidafory Jo sariooede) waisds - ST dnqey

o

22

g v




March 1932. Studies show that hydroelectric capability outside this
period will be no less than this critical period capability. In
many months there will be considerable additional energy to meet
secondary loads.

As all generating utilities in the west part of the region
operate in close coordination, their capabilities under such coordi-
nation measure the loads that they can carry. Table 16 shows that
these utilities had a collec.ive firm energy load carrying capability
for the 1969-70 contract year of 11,611,100 average kilowatts. This
is for a critical storage release period of August 16 through April 15.
As there is a 683,300-kilowatt surplus of peaking capability in the
system, while energy loads and resources are in balance, this energy
capability measures the firm load that the system can carry. The
amounts for individual utilities on table 17 reflect sales of firm
power between the utilities and, therefore, are not a measure of
individual utility generating capability.

fable 16 - Storage Reservoirs, Columbia River Power System, 1970-71
e A e 5 o Usable
River Basin _ _Reservoir Storage Content
e (1,000 ac-ft)

Columbia Arrow 7,145
Duncan T B |

hootenay Lake 565

Hungry llorse 3,161

I'lathead Lake 1,219

Noxon Rapids 231

Priest Lake 70

Albeni lalls : R 1953

Cocur d'Alene Lake 223

Long |ke 104

Grand Coulee 5,232

Lake Chelan 677

Brownlee 980

lohn Day 535

Round Butte 274

Lower Columbia Swift #1 447
Yale 190

Merwin 115

Packwood lLake 3

Moseyrock 1,298

Puget Sound Cushman 372
Alder 180

White River 43

Ross 1,052

Upper Baker 185

Lower Baker 142

Willamette Hills Creek 244
Lookout 337

Cougar 154

Green Peter 313

Foster 29

bDetroit 321

Iimothy Lake L.

TOTAI 28,409
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The system operated by the parties to the Coordination
Agreement is smaller than the region in that the hydroelectric
resources in southern Idaho are omitted. Adding the capability of
Idaho Power Company and the Federal Upper Snake River projects in
the amount of 827,000 kilowatts, the firm energy load carrying
capability of the Columbia-North Pacific Region for 1969-70 is
12,438,100 kilowatts.

Fable 17 - Pacific Northwest Coordination Agreement
Firm Energy Load-Carryving Capability, 1969-70

Tverage Megawatts

United States Columbia River Svstem 6,407.9
City of Fugene 44.7
City ot Seattle 728.3
City of Tacoma 389.8
Grant Countyv PUD _'()_x]/
Chelan Countv PUD 33”‘\]/
Pend Oreille Countv PUD 59.9
Douglas County PUD 0.0/
Cowlitz County PUD 0.0}/
Puget Sound Power § Light Co. L1367
Portland General Electric¢ Co. 807.9
Pacific Power § Light Co. 1,055.7
I'he Washington Water Power Co. 604.6
The Montana Power Co. 183.0
Colochum Transmission Co. 124 .0
lotal 11,611 .1

I/ Amount remaining after salc of firm capability to other listed
utilities

EXISTING TRANSMISSION FACILITIES

A vast network of transmission circuits links generating
plants to load centers in the region. Transmission circuit voltages
range from 69 kilovolts to 500 kilovolts. In some areas, the lower
voltage circuits may be considered transmission circuits, while
circuits of the same voltage in other areas are considered to be
subtransmission or even distribution circuits. In general, at the
present time, circuits at the 115-kilovolt level and higher are
considered to be transmission circuits. Circuits of 230 kilovolts
and even higher are coming into increasingly common use, however,
for intrasystem and subtransmission networks.

A recent survey of the systems of the Northwest Power Pool
indicates approximately 12,000 miles of transmission circuits rated
230 kilovolts or higher in service in 1967. Most of these circuits
are in the Columbia-North Pacific Region. A breakdown of these
circuits by voltage categories is as follows:
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230 kilovolts-345 kilovolts 11,100 miles
500 kilovolts and higher 980 miles

These lines operate most of the time without manual inter-
vention through a highly sophisticated communication system. For
example, it is estimated that 38,000 relays are in service in the
region to provide protection for generating facilities and
transmission circuits.

By the end of 1970, an additional 3,700 miles of transmission
line rated 230 kilovolts or higher were added to the Northwest Grid.
Approximately one-third of these lines were of 500 kilovolts or
higher. This includes the Northwest portion, 265 miles, of the
800 kilovolt direct-current line between The Dalles and Los Angeles.
Right-of-way requirements for these and projected lines are making
serious inroads in timber, agricultural, and populated areas.
However, the use of higher transmission voltages materially reduces
the land requirements measured in terms of acres per kilowatt trans-
mitted. For example, a 500-kilovolt line of modern design will
transmit in the order of five times the power normally carried by
a 230-kilovolt line, with little or no increase in right-of-way
requirements, 125-150 feet in width for the 500-kilovolt line, as
compared with 125 feet for the 230-kilovolt line. In addition,
unlike right-of-way for highwavs and roads, some production can be
sustained on land occupied by transmission lines.

The location and characteristics of the hydro power supply,
the interdependence of electrical and hydraulic coordination and
the many transactions between systems in the form of sales,
purchases, and exchanges have resulted in a multitude of inter-
connections between the major generating systems. Figure 3 shows
these interconnections in diagrammatical form. These inter-
connections have been made at practically every transmission and
subtransmission voltage level. A few of those which are shown
were completed before 1930. In addition to these interconnections
between the major systems, there are many more with the smaller
nongenerating systems, particularly between Bonneville Power
Administration and these systems. These additional interconnections
are made at all voltage levels but generally at or below 115 ki lovolts.

In addition to the many system interconnections within the
region, there are interconnections with other regions. In 1958,
the Northwest Power Pool was interconnected with the Rocky Mountain
Power Pool. Further interconnections were made in 1964, when the
Pacific Southwest and New Mexico areas were interconnected with the
Northwest Power Pool and the Rocky Mountain Power Pool. The inter-
connection of western systems was furthered substantially when the
large capacity, extra high voltage interties with the Pacific
Southwest were completed. Of these interties, two are of
500 kilovolt alternating current and a third is an 800 kilovolt
direct-current line.
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The lines permit sales of surplus Northwest secondary energy
and peaking capacity to the Southwest. Exchange of capacity between
the two regions to take advantage of seasonal differences in load
will provide substantial advantages to both regions. The exchange
of Pacific Northwest capacity for Pacific Southwest energy will
effect savings in capital cost for the Southwest utilities and
increase the firm power available in the Northwest. Off peak steam
energy from the Southwest will enable the Northwest to firm up some
330,000 kilowatts of secondary energy. The lines also make it
possible for the utilities which have purchased Canada's share of
the treaty power to sell this power in the Southwest subject to
recall as needed in the Northwest.

COORDINATED SYSTEM OPERATION

Coordinated system operation had its beginnings in the early
transmission interconnections between utilities. These provided the
physical opportunity for voluntary coordination through a power
pool. Such voluntary coordination culminated in 1964 in three
accomplishments which greatly expanded the scope of power operations
and will vastly affect the flow regimen of the Columbia River. The
three were (1) ratification of the Columbia River Treaty by Canada,
(2) authorization of the Pacific Northwest-Pacific Southwest high
voltage transmission interconnections, and (3) the Pacific Northwest
Coordination Agreement. These actions should not be viewed in
isolation but are in fact closely interdependent. The time schedule
for completion of each was geared to the accomplishments expected
of the other two.

The Northwest Power Pool

The Northwest Power Pool was formed during World War I as
a result of an order by the War Production Board for interutility
cooperation to increase power generation for industrial production.
This operation proved so successful that it has been expanded to
include virtually all of the major generating utilities in the
Columbia-North Pacific Region and British Columbia. There were
beginnings of pooled operation in the Northwest considerably before
that time, however. In 1923, the Seattle and Tacoma municipal
systems were linked together, as were The Washington Water Power
Company and The Montana Power Company. Further interconnections
were made through the years so that by the time the War Production
Board order was issued, a fairly effective regional transmission
system was in existence. The construction of the Federal grid by
the Bonneville Power Administration further strengthened the system.

The Power Pool is a voluntary organization whereby the
generating facilities of the members are operated together in a




coordinated manner so that the regional load can be met most
efficiently. Operating programs are prepared annually on the basis
of the utilities' forecasted loads and available resources. In
1964, to conform to the requirements of the Canadian Treaty, many of
the coordinated operating procedures of the Power Pool were formalized
as a part of the Pacific Northwest Coordination Agreement, which is
discussed in detail later. Although not all members of the Power
Pool are signatory to the Coordination Agreement, the terms of the
agreement must be fulfilled by the Power Pool in preparing its
annual operating program. In fact, the same load and resource

data and system analysis serve as the basis of both the Power Pool
and Coordination Agreement operating programs.

The actual day-to-day operations of the Pool are carried
out by agreements and understandings between the respective power
dispatchers, power scheduling, and other operating personnel. As
an adjunct to the operating program activities, the Pool performs
certain other mutually beneficial functions. Examples are the
emergency load dropping program, coordination of maintenance
outages, various types of testing programs, and an annual review
of operations.




Western Systems Coordinating Council

Work of the Western Systems Coordinating Council began in
the fall months of 1967. Membership of the council consists of
38 systems with large capacity generating facilities and trans-
mission circuits that serve 36 million people having an electric
power demand in 1969 of approximately 49 million kilowatts. The
council members cover all or part of 13 western states and British
Columbia with high voltage transmission loops extending 2,700 mile
around the perimeter of the area.

\ primary function of the council is to provide to each
member a source of additional generating reserve capacity from

neighboring systems. Greater use of the more efficient generating
facilities is provided. Greater flexibility is achieved in
programming maintenance work. Coordinated scheduling of futurc
generating facilities permits the enhanced economies of larger
generating units. These benefits collectively result in reduced
capital and operating costs.




<

Work of the council is achieved through an Executive
Committee, plus committees on Operations, Planning Coordination,
Environment, and Public Information. The council maintains liaison
with the Western Conference of Public Service Commissions and
through its operating committee with the Mid Continent Area Reliability
Coordination Agreement (MARCA) on operation of the east-west
transmission interconnection.

Columbia River Treaty

Following a long series of negotiations, the Columbia River
Treaty was entered into by Canada and the United States in January
1961. The final step in implementation of the treaty occurred on
October 1, 1964, with the payment to Canada of $254 million for its
share of the downstream benefits resulting from construction of the
treaty reservoirs. In late August of that year, the Coordination
Agreement was signed about the same time that Congress was acting
on the Pacific Southwest interconnection. The treaty provides for
Canada to build three reservoirs; Duncan, Arrow Lakes, and Mica,
with a total storage of 15.5 million acre-feet usable for improving
streamflow in the United States. Construction of these projects is
to be completed within 9 years after the ratification date. In
addition, Canada is to provide the lands and prepare the reservoir
site for the Canadian portion of the Libby reservoir.

In return for benefits received, the United States is to
give Canada one-half the dependable capacity and one-half the energy
gained in the United States as a result of Canadian storage. The
benefit is to be determined by '"first added" computations which are
described in the treaty. The United States, in addition, is to pay
Canada at the time of commencement of operation of each of the
three reservoir amounts totaling $64,400,000 for flood control
benefits derived in the United States over the treaty period.

Following ratification of the treaty by the United States,
changing conditions in Canada made ratification by Canada increas-
ingly difficult. Other new capability made the power surplus to
the needs of British Columbia and suggestions for sale outside the
Province had not been received favorably. In the end, however,
arrangements were completed in January 1964, for operational
assurances, assurances that the United States would use its best
efforts to raise the $254 million for purchase of the Canadian
share of the benefits, and for the Protocols necessary to clarify
certain treaty provisions. Subsequently, the utilities in the
Northwest and the Federal agencies directly concerned with power
worked continuously to complete all interrelated agreements
necessary to effect sale of the entitlement by October 1, 1964.
The sale extends through the year 2002 to 2003, when the last
power benefits under the treaty accrue.
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As shown on table 16, Arrow and Duncan reservoirs constructed
under the treaty presently provide 8,556,000 acre-feet of storage
usable for power generation. When Mica Reservoir is completed, the
three treaty reservoirs will provide 20,500,000 acre-feet of active
storage. Of this storage, 15,500,000 acre-feet are provided by the
treaty for power use in the United States. Mica reservoir is
scheduled for initial operation in April 1973. The treaty permits,
in addition, the completion of Libby project in the United States,
with active capacity of 4,965,000 acre-feet on condition that the
reservoir be available for filling in the spring of 1972.

Pacific Northwvst~ﬁifific Southwest Intertie

As the power purchased from Canada will be surplus to needs
of the Pacific Northwest in early years, the transmission inter-
connection with the Pacific Southwest became of increased
importance. As a culmination of years of study, proposals, and
counter proposals, a recommendation for four high voltage lines to
the Southwest was presented to Congress by the Secretary of the
Interior on June 24, 1964. Further negotiations led to minor
amendments of July 21 and July 27, 1964, and to the final plan.
Congress put its final stamp of approval on the plan August 14,
1964, and appropriated funds to begin Federal portions of the lines.
As feasibility of the last of the four scheduled lines was
incremental to that for the preceding three, feasibility was tested
by a favorable report furnished Congress on October 7, 1964.
Because of indefinite date of completion of the fourth line, sub-
sequent definite scheduling of thermal generating plants in the
Pacific Southwest preempted some of the contemplated benefits. As
a consequence utilities of the Southwest announced on March 14,
1969, their intention to delay firm use of the line until after
1977. Plans for completing this specific line were, therefore,
shelved.

Pacific Northwest Coordination Agreement

The third of the interrelated accomplishments in 1964, which
control operation of the Columbia River's hydroelectric development,
1s the Pacific Northwest Coordination Agreement. The agreement is
a contract for planned operation among the major power generating
utilities of the region. It became effective on January 4, 1965,
and is to terminate on June 30, 2003. The agreement is among
16 parties controlling power generating facilities in an area which
approximates the Columbia-North Pacific study area.

The generating capacity of the parties as summarized on
table 18 is 20,203,000 kilowatts at 109 hydroelectric plants and
400,000 kilowatts at 14 thermal-electric plunts. As defined by
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the contract the firm energy load which the coordinated system is
able to carry in 1970-71 is 11,611,100 average kilowatts.

There are 22,485,000 acre-feet of reservoir storage owned
by the parties and dedicated to coordination use subject to the

i i . P 3 1 il ot
owning parties' primary use as limited by the agreement.
fable I8 - Pacific Northwest Coordination Agrecement
Estimated Capability of Signatory Partics, 1970-71
Ve P AN 2 3 “llvdroclectric Plants  Thermal-clectri 1ant
caking Capacity Peaking pacie
Party y Number Megawattss Number Megawatt
! 1
Imited States? 2¢ 10,900 ! i 02
City of Eugone 1 137 1
City of Seatt le § 1,46
Citv of Tacoma t 6O 2 I
rant County PUD 2 1,845
helan County PUD 5 J,02¢
end Oreille County PUD 1 7
Douglas County PUD 1 820
owlitz County PUD 0 0 ()
Puget Sound Power & Light Co ( 310
Portland General tlectric Co 5 661 "
Pacitic Power & Light Co 54 :.wu‘X ’Q
The Washington Water Power Co. 10 831
The Montana Power ( 2
Colockum Transmission Co ) ( 0
fotal a9 2 l; o
1/ Includes the Federal GCovernment and the nited States Intity with Southern Tdaho plant
and Packwood Lake.
At full reservoir levels estimated January 1971
3/ New Production Reactor available to the United States by contract irrent ly not credit
with firm peaking capacity.
1/ Includes Swift No. 2 of Cowlitz County PUD and plants in Klamath River Ba

Although the final impetus to the coordination agreement
stems from the Canadian Treaty and the transmission interconnection
with the Southwest, the basic causes for its completion lie much
further in the past. The history of all these would be tedious,
but a few of the more important causes can be listed as follows:

1. Informal noncontractual planning for operation through /////
the Northwest Power Pool established a useful pattern of cooperation
among the utilities.

2. Construction of the Federal transmission grid provided
a vital physical means for interchange of power among utilities.

3. Although the ownership of storage reservoirs rested with
diverse utilities, the collective operation of these reservoirs
determined the firm load which the powerplants of the region could
carry.




4. The interutility flow of storage benefits is recognized
by Section 10(f) of the Federal Power Act which requires inter-
utility payments, with important exceptions, for storage benefits.

5. With increased reservoir storage the interconnected
systems face a critical storage release period exténding beyond a
single year which intensifies the neced for .interutility planned
operation.

6. When interconnected, utilities have a reduced total
requirement for generator reserves.

A fundamental concept of the Coordination Agreement is "Firm
Load Carrying Capability'" commonly abbreviated FLCC. For the coordi-
nated system of all 16 parties, the FLCC is the aggregate firm load
that the system could carry under coordinated operation under
critical period streamflow conditions and with use of all reservoir
storage. Critical period has reference to the streamflow period
over which, if all energy generation is fitted to load, there would
be a minimum capability to carry firm load. During all other
periods there would be an additional margin of capability, or
energy would be retained in reservoirs from which such additional
margin could be generated.

In order to accomplish such coordinated operation, the
combined power facilities of the parties are operated to produce
optimum ability to carry firm load. Each party is entitled to a
FLCC equal to its capability in the critical streamflow period of
the coordinated system with full upstream storage release, with
two exceptions. The exceptions are the reimbursement of treaty
benefits to Canada and restoration of capability to parties which
suffer loss in critical period capability as a result of the change
in critical period capability brought about by treaty storage.
Firm load carrying capabilities are sustained by the interchange
of energy between parties.

Prior to the start of a contract year, a schedule of critical
period reservoir operation is set up to provide optimum FLCC to the
coordinated system. From the same operation an energy content curve
is derived for each reservoir. This curve represents a schedule of
levels that the reservoir should follow in order to assure FLCC for
the coordinated system, although adjustments are provided to reflect
improved forecasted streamflows as the season advances. If, as may
frequently happen, the system requires a planned cut back on
releases in order to hold storage for later use, thereby reducing
the generation of the storage owner and other downstream owners
below FLCC, these owners have the right to receive interchange
energy from a party with excess capability. Subsequently, when
the cut-back storage is scheduled for release, the interchange
energy will be returned on request of the supplying party.




Provision is made for payments for any imbalances in interchange
energy accounts at the end of a contract year.

Under the agreement a downstream owner is entitled upon
request to energy which he could generate at his plants if upstream
reservoirs released all water above energy content curves. At his
option the upstream owner can deliver energy "in lieu'" of such
water if he has surplus energy and the storage should be conserved
for later use.

The agreement also provides for the storage of surplus
energy of one party in available reservoir space belonging to a
second party. The original owner of the energy pays a storage
charge upon the return of such energy.

The agreement makes interconnecting transmission facilities
available for coordination use subject to the owners' prior
requirements. Equitable charges are provided for capacity, energy,
transmission, and other services in addition to the charges for
interchange and storage.

A formula is provided in the agreement for determination of
that part of reservoir costs which will be paid by downstream bene-
ficiaries, based on the improvement in these beneficiaries' FLCC
through operation of the storage. The contract expresses the
intent that these payments discharge the obligation for payments
under Section 10(f) of the Federal Power Act.

The agreement also provides for the determination of reserve
capacity requirements and includes provisions safeguarding nonpower
uses of the water, including irrigation, flood control, and releases
for fish life. Prior contracts, water rights, Federal reclamation
projects, and the rights of public bodies to preference power are
also protected.

THE HYDRO-THERMAL PROGRAM

To the present time, load growth in the region has been met
by the construction of new hydroelectric plants. Considerable
feasible hydroelectric capability remains for development, as is
discussed subsequently herein, but this cannot be developed at a
rate which meets the load growth of the region which in the 10 years
through 1965 averaged two billion kilowatt-hours per year. The
load is expected to triple in the next 20 years. A demand of this
magnitude 1s most economically met by large scale thermal electric
plants integrated with hydroelectric peaking facilities.

To meet the challenge of new power supply, the Joint Power
Planning Council, which is made up of representatives from the
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utilities in the Pacific Northwest, has established a plan project-
ing the development of about 20 million kilowatts of hydro peaking
capacity and 21.4 million kilowatts of thermal-electric capacity by
1990. The plan, selected from the various alternatives which were
studied, has the following features:

1. Non-Federal utilities will build thermal plants,
located, sized, and scheduled to best satisfy regional needs.

2. Maximum sized thermal plants will provide limited
surplus power which will be acquired by BPA on a short term with-
drawable basis from private utilities' share of power under exchange
arrangements.
3. Public agencies' share of thermal plant capability will
be acquired by BPA under a net billing arrangement. That is, each
public agency's share of thermal plant cost will be offset against
amounts owed BPA by that customer under all his obligations to BPA.

4. The acquired thermal power will be pooled with existing
Federal hydropower and the integrated product will be furnished BPA
customers at established rates.

S. Peaking power, high voltage transmission, and forced
outage generator reserves will be provided private utility thermal
plants from the Federal system.

6. Regional reserves for unanticipated load growth will be
provided by the Federal system.

The proposed hydro-thermal program appears to be the most
practicable method for providing an integrated power supply for the
region. Without the necessity of additional legal authorization, it
would provide a further source of power for the load growth of
preference customers. It would allow the utilities, both those
publicly and privately owned, to construct the largest and most
economical thermal generating plants, provide minimum cost bulk
transmission for both hydro and thermal power, and provide a power
supply for the growth of electroprocess industries. [t would
enhance use of the Federal investment in hydroelectric and trans-
mission facilities and would stimulate continued economic growth of
the region. The additional investment in electrical facilities
including generation, transmission, and distribution will approxi-
mate 16 billion by 1990. Approximately two-thirds of this
investment will be by non-Federal entities and about one-third by
the Federal Government.
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UNITED STATES REQUIREMENTS

Electric power signifies convenience, growth, dynamism.
Industrial growth during past years has been consistent and high,
almost 7 percent annually. The prospect for a continuation of
steady expansion in future years secems good, and the estimates are
made assuming such a continuation. They are predicated on a con-
clusion to the war in Vietnam coupled with a companion assumption
that the economy will shift to other avenues of growth without any
sizable setback because of a contraction in military spending. No
attempt 1s made to forecast cyclical variations in the demand for
electric power even though such oscillations have taken place in
former years and are certain to happen in the future.

Increases expected in the various categories of electric
energy use are discussed in the paragraphs following.

Domestic energy use in 1966 amounted to 299 billion kilowatt-
hours with an average use per customer of 5,200 kilowatt-hours.
Continued growth in sales and use of all types of appliances,
particularly high-energy requirement devices such as electric
ranges, water heaters, and space heating and cooling equipment, is
expected to build annual residential energv requirements to
16,900 kilowatt-hours per customer, totaling 1,417 billion
kilowatt-hours by 1990,

Electric energy needs of commercial users (restaurants,
hotels, shops, etc.) which in 1966 totaled some 209 billion
hilowatt-hours are also growing even faster than our exploding
population. While not as great in magnitude as residential usage,
commercial requirements will increase at a higher rate and will
total 1,142 billion kilowatt-hours in 1990, |

Industrial production of the country should continue its
upward climb. '"With an optimistic and growing population, there is
good reason to believe the forecasts that by 1980 our output will
be four-fifths larger than at present.'(4) Production increases
coupled with the ever-expanding use of electric power in industry
form the basis for the projected industrial energy use in 1990 of
2,393 billion kilowatt-hours.

Future electric energy requirements classified as "Other,"
i.e., miscellaneous uses including street lighting, electrified
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transportation, etc., are estimated to increase at a rate roughly
paralleling the growth in the other classifications reaching
2064 billion kilowatt-hours in 1990,

Table 19 summarizes projected energy requirements of the
Nation by classification at 10 -year intervals, 1970-1990, inclusive.

lahle 19 Prorected Electric Energy Requirements of the
United States by Classification

Classification S ag s 1980 T 1990

~ (billion kilowatt-hours)

irm, luding Irrigation
ind Drainage ing 2 83 132
Nonfarm Domestic 381 759 1,417
Commercial 279 579 1,142
Industrial 616 1,260 2,393
ither 66 136 264
imate Consumer Total 1,394 2,817 5,348
13 269 504
ta 1,529 3,086 )

PACIFIC NORTHWEST REQUIREMENTS

Regional annual energy requirements will increase from
74,435 million kilowatt-hours in 1965 to 1,096 million megawatt-
hours by 2020. This represents an overall 55-year compound annual
rate of growth of 5.0 percent.

Basic Assumptions

Basic assumptions for estimate of regional power requirements
are as follows:

Population will grow from 5.9 million in 1965 to 7.3 million
by 1980 in the Columbia-North Pacific Region. By 2020 the population
will be 12.7 million. During the 1965-2020 period, the compound
annual rate of growth will be 1.4 percent.

Employment opportunities through industrial diversification
will supplemernt the present natural resource based industries in
agriculture, forest products, and mining. Regional growth will
assure an expansion and greater employment opportunities in the
service industries.

The regional wholesale electric power costs will continue
at lower than national average costs as an inducement to industrial

38




growth. Future power will be generated, in part, from higher cost
steam turbine generators. Both fossil fuel fired plants and nuclear
powerplants will contribute to the regional power supply. The
blending of hydroelectric power with steam generation will result
in a continuing lower local average wholesale power cost compared
with the national average.

Energy Loads by Consumer Classifications

The projected power requirements reflect a steady growth in
sales to all major consumer classifications.

Domestic

Ratios between population estimates and domestic customers
have been developed to 1980 based on historical trends. Average
annual use per domestic customer will grow from 9,465 kilowatt-hours
in 1960, to 17,700 kilowatt-hours by 1980, based on the major
appliance saturation estimated in table 20.

Fable 20 Lstimated Contribution of

ed Appliances to Total Domestic \verage llse

-

Ay iance  Contribution
Percent \vg. Annual to Total
s ppiiance Satuzain g KW Use Vg Use- KHli
196(
Electric lleat 12 11,000 1,320
Water lleater 81 4,500 3,045
Rangt 83 1,400 1,162
Automatic Laundry 31 1,000 510
Freezer 29 900 261
Air Conditioners 5 1,500 75
ALl Othersk 2,492
fotal Usc 9,465
1980
Electric Heat 15 12,000 5,400
Water Heater K6 v, 500 4,730
Range 88 1,400 L2382
Automatic Laundry 75 1,000 750
Freezers 30 1,600 180
\ir Conditioners 20 1,500 300
A1l Othersl/ 3,808
fotal Use 17,700

1/ Radio, television, electric blankets, blenders, coffeemakers,
dishwashers, fryvpans, irons, mixers, toasters, vacuum cleaners,
etc.
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By 1980 approximately 26 percent of regional energy sales
will be to domestic consumers. From past experience, the forecast
domestic consumption could be conservative. The introduction of
new appliances and consumer acceptance of electric space heating
could mean that the 1980 estimate might be realized earlier.

Commercial

Ratios between estimated population and number of commercial
customers have been developed to 1980 based on historical trends.
Average annual use per commercial customers will grow from
36,607 kilowatt-hours in 1965 to approximately 67,200 kilowatt-
hours by 1980.

Commercial customers will require more electricity to satisfy
greater demands for improved lighting, electric heating, and air
conditioning, as already evidenced in the newer shopping centers.
Records for the number of commercial establishments now having
electric heat installations are not available but evidence of a
widespread and growing use exists. Competition will force modern-
ization of existing commercial establishments. By 1980, approxi-
mately 13 percent of regional energy sales will be for commercial
use.

Industrial

No ratios between population and industrial customers were
developed. There is little reliability on the number developed and
no assurance on the size of the industrial plants.

Average energy use per industrial customer is of dubious
value in forecasting due to wide variation in consumption among
individual customers. Instead, the total demand for this category
was developed based on potential growth of industries likely to
expand or initially operate in the area. Industrial sales will
represent 56 percent of the total regional energy sales by 1980.
This is slightly higher than the national total due to electric-
process industries locating in the Pacific Northwest. CGreater
energy input per unit of product in the forest products industries
and pulp and paper manufacturing is forecast. Higher metal prices
and extensive mineral reserves will sustain continued mining and
refining. Manufacturing in the aerospace industries will continue
at a high level. The regional advantage of available lower cost
power will attract more of the aluminum and other electroprocess
industries. Other electroprocess industries forecast for the arca
include magnesium and titanium production.
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As additional lands are brought under irrigation, power
loads will increase substantially for this purpose. During 1966,
7.3 million acres were irrigated in the region, of which 1.8 million
were sprinkler irrigated. By 1980, 10.1 million acres will be
required to meet future needs, of which 4.7 million will be
sprinkler irrigated. Much of the new land is at higher elevations,
requiring greater pumping loads. By 1980, approximately 4 percent
of regional energy sales will be for irrigation use.

Street and Highway Lighting

Growth can be expected in street and highway lighting. More
existing avenues will have street lighting installations to improve
community safety. New highways will require greater illumination.
A\pproximately one percent of total sales were in this category in
1965. Forecast 1980 sales will be double this level but will still
represent one percent of total sales.

Losses and Annual lLoad Factors

Transmission losses as a percent of total power generated
for the public supply were 10 percent during 1965. By 1980, energy
losses will double but will be approximately 9 percent of the total
power generated. The decline in loss ratio is consistent with the
utility industry experience both nationally and locally. The change
in loss ratios in the area will be due, in part, to the greater use
of higher voltage lines during the 1970's. As more of the higher
voltage lines are used, the loss ratios will decline. In time, as
load growth absorbs the extra capacity of these lines, there will
be a tendency for loss ratios to increase. Another factor will be
the location of new steam electric plants closer to load centers
requiring shorter transmission distances.

The average of the annual load factors during the 1955-65
period was 66.7 percent with a standard deviation of 2.7 percent
in the Pacific Northwest area. That is, two-thirds of the time the
annual load factors were within the range of 64.0 through 69.4 percent.
A least squares trend line for the period indicates a declining
load factor in the area. This is contrary to the national experi-
ence in recent years where the annual load factor has been increas-
ing. In a limited sample, one or two unusual occurrences can
substantially influence the trend line. During the 1955-65 period
the unusually cold December occurred late in the period and the
unusually mild December occurred earlier. Had these instances been
reversed, the trend would not be as pronounced. Adjusting these
2 years to near normal conditions, there is still a slight decline
noticeable.
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Aside from historical evidence as an aid in determining
future annual load factors, consideration of the composition of
future electric loads gives some justification for a near static or
slightly declining trend in annual load factors in the area through
the year 2020. Extensive electric space heating is anticipated;
but extensive summer air conditioning to offset this lower load
factor seasonal service is not. However, utility promotion of more
air-conditioning sales may be expected. Irrigation loads will be
greater. The high load factor electroprocess industry served in
the area substantially influences the annual load factor. During
1965, approximately one-fifth of the area energy load comprised
this class of service. By 2020, with the growth of sales to other
classes of service the ratio of electroprocess industry load to the
total will decrease. This can cause the annual load factor to
decline. The conclusion made for this forecast is that annual load
factors decline from 65 percent in 1965 to 64 percent by 1980.

This same annual load factor was used for the subsequent period
through 2020.

Total Annual and Monthly Loads

Estimates of power requirements for the years 2000 and 2020
have not been developed in detail. Growth rates paralleling the
Pacific Northwest area forecast used by the Pacific Northwest
Utilities Conference Committee (20) were used as guidelines in the
extension to the year 2020. Regional loads for the years 1965,
1980, 2000, and 2020 are shown in table 22.

For comparative purposes, selected annual rates of growth in
electric power requirements for the Pacific Northwest are as follows
in percent for designated periods.

Actual--
1955-1965 556
1960-1965 6.5

Forecast--

1965-1980 6.5
1980-2000 4.7
2000-2020 4.2
1965-2020 5.0

Regional monthly peak and energy load patterns were
constructed by using the index shown in table 21. This index is
based on the monthly load patterns developed by the utilities in
the area and used in a recent Pacific Northwest Utilities
Conference Committee report (4). The index was used for the years
1980, 2000, and 2020 in table 23 to show regional monthly peak and
energy requirements.
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There are other Pacific Northwest area load forecasts. These
differ because of designated service areas or date of preparation.
The Pacific Northwest Utilities Conference Committee West Group
Forecast (PNUCC) report prepared jointly by major utilities with
generation in the region has been a basic planning document and is
revised annually. The Columbia-North Pacific Region service area
is larger than the PNUCC area because all of Jdaho and Western
Montana and minor parts of Nevada and Wyoming are included. However,
loads used in the Columbia-North Pacific Region report are
comparable with the PNUCC (1968) report when appropriate adjustments
are made. Federal Power Commission forecasts follow designated
'""Power Supply Areas'" and do not coincide with either of the above
designated areas. For longer range planning purposes one load
forecast is generally used rather than a "high'" and '"low'" range.
Because of substantial differences in population forecasts for two
of the subregions, prepared by different planning groups, this
report departs from this procedure and shows two load levels for
the years 2000 and 2020.

The Columbia-North Pacific report used population
projections prepared by the Office of Business Economics of the
U. S. Department of Commerce. Higher population projections were
proposed by Regional Economic Studies Technical Committees for
the Puget and Willamette Basin investigations.
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The growth in electric power requirements in the region
will result in a large sustained investment in power generating
facilities. The requirement of 512 billion kilowatt-hours by 2000
1s approximately equal to the power requirements of the entire
United States in 1955, shown by table 2. The new generation to
meet this load growth by 2000 exceeds the installed generation of
any country in the world except the United States or the Soviet
Union. The significance of this growth to basin planning lies in
the impact of hydroelectric plants on river development and in the
large water requirements for cooling thermal generating plants,

ELECTRIC POWER RESOURCES

At present the region's power requirements are supplied
almost entirely from hydro generation, Most of the economically
feasible hyvdro energy in the region is provided by the hydroelectric
plants existing and under construction, The remaining unconstructed
hydro projects are of smaller size and cannot be completed at a rate
sufficient to meet the growth of energy load. Opportunities remain
for construction of hydro peaking capability somewhat further into
the future. The load which the hydroelectric resources are unable
to meet will be supplied by thermal electric generation. In keep-
ing with the past pattern of cooperation in the region, and for
maximum economy, these thermal plants will be provided by coopera-
tive investment by both public and private utilities,

Hydroelectric Resources

In the past, the main source of electric energy in the
Pacific Northwest has been its hydroelectric resources. The
rapidly growing population and expanding economy have accelerated
hydroelectric development to the extent that a substantial part
of the region's economical hydro sites will soon be developed, and
the region will have to turn to thermal-electric sources to serve
the bulk of the base energy load growth. Although the number of
remaining economical sites decreases as development takes place,
the gradual shift to a hydro-thermal system will increase the
demand and value of hydro peaking capacity. It may be expected
that many projects which formerly proved to be marginal or
uneconomical under higher plant factors will be reconsidered as
sources for low load factor peaking., In addition, the increasing




demands for additional water resource development projects to
satisfy the growing needs for municipal and industrial water,
irrigation, water quality, recreation, fish and wildlife, and

flood control will provide many opportunities for including hydro-
electric power as a project function. Among the major basins

where little or no water resource development has been accomplished
are the Salmon and Clearwater rivers., Others of lesser magnitude
are the John Day, Wenatchee, Snoqualmie, and the Upper Snake River
and tributaries. Major undeveloped sites also remain on the Middle
Snake, Flathead, Kootenai, and Middle Columbia rivers.

In addition to the construction of new conventional hydro-
electric projects, there are a number of other ways by which the
hydroelectric resource base of the region can be improved. The
value of the existing hydroelectric generation can be increased
by modifying the regulation of reservoirs to permit the optimal
utilization of both the hydroelectric and thermal generation
resources of the region. The way in which this regulation is
carried out will gradually change as the proportion of thermal to
hydro generation changes. In addition, valuable peaking capacity
can be obtained by adding units at existing plants and through the
construction of pumped-storage projects.

Inventory of Potential Projects

Ihis section presents an inventory of the identified
potential conventional hydroelectric projects located in the river
basins cited above. It is emphasized here that the inclusion of
any project plan or proposal in this repert does nct constitute an
implied preference and, further, that the omission of any project
or proposal does not constitute an implied rejection of those
projects, It is recognized that some of the projects listed could
have a detrimentual effect on fish and wildlife populations. Others
may conflict with existing or proposed plans for the use of the
site's land and water resources. Fecr these reasons, certain
agencies and other organizations have gone on the record as opposing
a number of the projects listed in the inventory. It is impossible
to identify all of the possible conflicts on a project-by-project
basis as in many cascs the information is not available. iowever,
the fact that these potential conflicts could exist should be kept
in mind and given consideration in plan formulation and detailed
project studies,

The project descriptions are arranged by subregion and the
sources of data are indicated by reference numbers at the end of
the project descriptions. ‘The tabulated data summaries prepared for
most of the subregion's list project average annual energy based

on 2010 irrigation depletions and maximum plant capability (overload)

under ultimate development., This 1s usually 15 percent greater than
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installed (nameplate) capacity. Figure 5 shows the location of the
existing and potential projects of the region having a capacity of

5,000 kilowatts or more. Figure 6 shows these projects in profile

form.

Subregion 1, Clark Fork-Kootenai-Spokane

Clark Fork River The Clark Fork River, known as the Pend
Oreille River below Pend Oreille Lake, drains over 25,000 square
miles of forested, rugged, and relatively sparsely settled area in
British Columbia, northern Idaho, and western Montana, and has an
annual runoff of over 19 million acre-feet. The stream is partially
controlled by existing reservoirs; however, major undeveloped sites
remain on the Upper Clark Fork, North Fork Flathead River, Lower
Flathead River, and Blackfoot River. Major potential sites in the
Flathead and Clark Fork basins are tabulated below and further
discussed in subsequent paragraphs. Paradise Project, located on
the Clark Fork rather than Flathead River, is included in the
discussion because it is an alternative for development of the
Lower Flathead River. Quartz Creek Project, also located on the
Clark Fork, has been included to complete the listing for that area.

T 1 - Pot 14l ir I hregior
5 i - i \-‘!|1_. = Hltimate
Isab e ! Annual Flant
Project Strean torage fead i ne xL,j Capability
(1,000 ft ft Average MW M
pruce Park a M. 1 Flathead 60 I 15 380
lacier View: N. F. Flathead 1,510 i
Smoky Kangel N. F. Flathead 1,51 35 ¢ 330
nemile Prairie Black foot 88 284 21 )2
Rapids= Flathead 668 1t 124 516
224 0L Flathead I'ondage 160 131
an Bridgess flathead 101 13t 93 412
Knowless Flathead 3,084 23 180 \88
Paradised Clark Forhk 1,080 240 288 1,192
rartz Creek Clark bork Pondage 130 18 120
ullivan Creek willivan Cr 62 V48 7 16
Kootenar Falls Kootenat Pondage 161 107 345
Libby Reregulator Kootenai ffondage 8 31 50
Enaville Coeur d'Alenc 00 28 80
Subtotall 4,425 2,902 176 1,929
i/ Alternative developments for North fork Flathead River N e i
Alternative developments for Lower Flathead River
3/ At ite generation only
1/ Spruce Park, Smoky Range, Ninemile Prairie, High Buffalo Rapids, Ouart: Creck, hootenai Falls,
y Rervegulator, Inaville, a ullivan Creek
& average megawatts, facluding generation ar Jownstream projects
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Spruce Park The project was last investigated in joint
studies made by the Bureau of Reclamation and the Corps of Engineers
leading to a Memorandum Report on the Clark Fork Basin, September
1967. The damsite is located on the Middle Fork of the Flathead
River, 50 miles above its confluence with the North Fork. The dam
would be an earth and rockfill structure about 400 feet in height.
The reservoir at normal pool elevation 4,480 feet would extend
15 miles up the Middle Fork. Gross storage would be 610,000 acre-
feet, of which 600,000 acre-feet would be usable for flood control
and power generation. Coordinated operation with Hungry Horse
Reservoir would result in a total of 700,000 acre-feet of effective
storage for control of major floods. A 22-foot diameter, 8-mile
long pressure tunnel through the Flathead Range would deliver water
to a powerplant located on th: shore of Hungry Horse Reservoir.

The rated head would be about 860 feet. Two generators would
provide a total installed capacity of 380,000 kilowatts. The
average annual generation is estimated at 45,000 kilowatts at-site
plus 20,000 kilowatts added annually at downstream hydroelectric
plants. The damsite is located on a stream designated for study
for possible inclusion in the National Wild and Scenic Rivers
System. (38)

Glacier View Dam and Reservoir The damsite is located on
the North Fork of Flathead River, 74 miles upstream from Flathead
Lake and 39 miles downstream from the International Boundary. This
multiple-purpose project is an alternative to the Smoky Range
development described below. The dam would consist of a zoned-
earthfill embankment about 290 feet in height and have a crest
length of approximately 1,800 feet. Gross storage capacity at
normal full pool elevation 3,600 feet would be 1,800,000 acre-feet.
Usable storage between full and minimum pool elevation 3,465 feet
would be 1,510,000 acre-feet. Initial installation would consist
of three generating units and provisions for future installations
of two additional units to provide a total ultimate capacity of
325,000 kilowatts. Average annual generation would be about
42,000 kilowatts at-site with 15,000 kilowatts added annually at
downstream plants. The project was investigated jointly by the
Bureau of Reclamation and the Corps of Engineers in a study lead-
ing to a Memorandum Report on Clark Fork Basin, September 1967.
The project was initially investigated in studies presented in
House Document 531. That report proposed a project having a full
pool elevation of 3,725 feet providing usable storage of 3,160,000
acre-feet out of a total storage of 4,800,000 acre-feet. The
project was not recommended for construction because of objections
by the National Park Service and by recreation interests concern-
ing possible adverse effect on wildlife range and recreational use
of the western section of Glacier National Park. The damsite is
located on a stream designated for study for possible inclusion in
the National Wild and Scenic Rivers System. (30, 38)
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Smoky Range Dam and Reservoir This project is an alternate
to development of Glacier View. Smoky Range damsite is located on
the North Fork of Flathead River, 63 miles upstrecam from Flathead
Lake and 50 miles downstream from the International Boundary. The
dam would be a zoned-ecarthfill embankment having a maximum height of
370 feet above bedrock and a crest length about 3,500 feet. At full
pool elevation 3,550 feet, the reservoir would extend upstream
26 miles and submerge the Glacier View damsite. Usable storage
for flood control and power would be 1,510,000 acre-feet with a
drawdown of 175 feet. Initial installation would include three
66,000 kilowatt generating units with provisions for future
installation of two additional 66,000-kilowatt units to provide a
total generating capacity of 330,000 kilowatts. Average annual
generation would be about 65,000 kilowatts at-site and about
12,000 kilowatts would be added annually at downstream plants. The
project was also included in the 1967 study of the Clark Fork Basin.
The project was initially investigated in studies presented in House
Document 403, 87th Congress, 2d Session. That report proposed the
same project as described above but with a smaller powerplant
installation. The project was not recommended for construction
because the Secretary of the Interior requested that further con-
siderations of this project be dropped because of adverse effect
on Glacier National Park and on the fish and wildlife resources of
the impoundment site and related areas. The damsite is located
within the area designated for study for possible inclusion in the
National Wild and Scenic Rivers System. (33, 38)

Buffalo Rapids No. 2 and No. 4 This is one of five alter-
native schemes for development ot the Flathead River downstream
from Kerr Dam. Application for joint license was filed March 9,
1965, for Buffalo Rapids Project No. 2507 by the Confederated Salish
and Kootenai Tribes of the Flathead Reservation, and the Montana
Power Company. The Buffalo Rapids No. 2 damsite is located on the
Flathead River at river mile 60.7. The reservoir at full pool
elevation 2,702 feet would extend upstream to the tailwater of
Kerr Dam. Storage would be limited to pondage, and the gross head
would be 80 feet. The Buffalo Rapids No. 4 damsite is located on
the Flathead River at river mile 36.5. The reservoir at full pool
elevation 2,619 feet would extend upstream to the tailwater of
Buffalo Rapids No. 2. Storage would be limited to pondage, and the
gross head would be 80 feet. Each powerplant would contain two
60,000 kilowatt units. The combined average annual generation of
the two projects is estimated at 131,000 kilowatts. Total peaking
capability is estimated at 276,000 kilowatts. Studies presented in
Memorandum Report on the Clark Fork Basin considered each powerplant
would ultimately contain four units providing a combined peaking
capability of 552,000 kilowatts for the total development. (38)
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High Buffalo Rapids No. 4 High Buffalo Rapids No. 4 is
another alternative for development of the Lower Flathead River.
The damsite is located on the Flathead River, 36.5 miles upstream
from the confluence of the Flathead River with the Clark Fork and
about 11.5 miles above the town of Dixon, Montana. The dam proposed
in House Document 403 would consist of a concrete-gravity intake
structure tied into an earthfill dam. The concrete-gravity intake
structure would have a maximum height of about 280 feet above
bedrock and would be 1,300 feet long. The earthfill section would
have a maximum height of 160 feet above natural ground and would
be 8,600 feet long. The reservoir at normal full pool elevation
2,700 feet would provide 668,000 acre-feet usable storage with a
drawdown of 67 feet. Gross head for power would be 164 feet. The
power installation proposed in House Document 403 would consist of
4 units, each having a rated capacity of 56,000 kilowatts, with a
substructure for future installation of one additional unit of the
same capacity. Studies presented in the Memorandum Report on Clark
Fork Basin considered an ultimate powerplant installation totaling
516,000 kilowatts in eight units. Average annual generation for
the latter installation is estimated at 124,000 kilowatts at-site
plus 7,000 kilowatts added at downstream plants. (33, 38)

Sloan Bridge This project is an alternative plan for
development of the Flathead River below Kerr Dam. The damsite is
on the Flathead River about midway between Buffalo Rapids No. 2
and Buffalo Rapids No. 4 sites, 44.7 miles upstream from the con-
fluence with the Clark Fork and 27.8 miles downstream from Kerr
Dam. The reservoir at full pool elevation 2,700 feet would extend
upstream to the tailwater of Kerr Dam. The gross storage would be
512,000 acre-feet, of which 400,000 acre-feet would be usable for
flood control and power generation. Gross head would be 130 feet.
Eight units would provide a total generating capacity of
412,000 kilowatts. Average annual energy generation is estimated
at 93,000 kilowatts at-site plus 3,000 kilowatts added at downstream
plants. (38)

Knowles Dam and Reservoir The damsite is located near the
mouth of Flathead River, 2.7 mil¢s upstream from its confluence
with the Clark Fork. The reservoir at full pool elevation 2,700
feet would extend upstream or the Flathead River to tailwater of
Kerr Dam and submerge the Buffalo Rapids and Sloan Bridge damsites.
As proposed in House Document 403, the main dam would be a zoned-
earthfill embankment with a maximum height of 266 feet above
streambed and a top length of 2,050 feet including a concrete
gravity nonoverflow wraparound section. A concrete gravity intake
structure and spillway section would be tied into the earthfill
dam section. Gross storage would be 4,959,000 acre-feet, of which
3,084,000 acre-feet would be usable for flood control and power
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generation. Gross head would be 230 feet. The reservoir would
inundate 28 miles of the main line of the Northern Pacific Railway
and 7 miles of the Polson branch line. It would also inundate

14 miles of petroleum pipeline, 28 miles of U.S. Highway 10-A, and
87 miles of county, Forest Service, and National Bison Range roads.
Approximately 9,000 acres of irrigated land and 1,600 acres of
unirrigated cultivated land, and 36,400 acres of pasture and grazing
land including a portion of the National Bison Range are located in
the reservoir area. The powerplant considered in the Memorandum
Report on Clark Fork Basin, September 1967 (7), consists of eight
units providing a total installed capacity of 588,000 kilowatts.
Average annual generation is estimated at 180,000 kilowatts at-site.
£33, 38)

Paradise Project The damsite is located on the Clark Fork
approximately 105 miles upstream from Pend Oreille Lake and four
river miles downstream from the mouth of the Flathead River.
Paradise Dam and reservoir project is an alternate plan of develop-
ment for the Flathead River below Kerr Dam. The reservoir at full
pool elevation 2,700 feet would extend upstream on the Flathead
River to the tailwater of Kerr Dam, submerging the Knowles, Buffalo
Rapids, and Sloan Bridge damsites, and back water 46 miles up the
Clark Fork. Gross storage would be 6,500,000 acre-feet, of which
4,080,000 acre-feet would be usable for flood control and power
generation. The dam would effectively control downstream flows
from both the Clark Fork and the Flathead River. Gross head would
be 240 feet. The main dam would be a zoned-carthfill embankment
with a maximum height of 270 feet above streambed and a top length
of 3,750 feet. A concrete-gravity intake structure and spillway
would be tied into the main earthfill dam and a saddle dam across
a side channel. The Paradise Project would require substantial
relocations. The Northern Pacific Railway operates two main lines
from DeSmet to Paradise and parts of both of these lines lie in
the reservoir area. The Polson branch line would have to be
relocated. About 13 miles of Chicago, Milwaukie, St. Paul, and
Pacific Railroad would require relocation to higher ground. About
14 miles of Interstate highway and 38 miles of primary Federal and
State highways also would require relocation. The reservoir at
full pool would inundate about 9,000 acres of irrigated land;
about 3

3,700 acres of nonirrigated, cultivated land, and

38,600 acres of pasture and grazing land, including a portion of
the National Bison Range. The Memorandum Report on Clark Fork
Basin, September 1967, considered a project with an ultimate power
installation of 12 units providing a total plant capacity of
1,192,000 kilowatts. The project would generate an annual average
of 288,000 kilowatts. (33, 38)




Quartz Creek This would be a single-purpose, run-of-river
power project., The damsite is located on the Clark Fork, 56.5
miles upstream from its confluence with the Flathead River, and
19 miles upstream from Superior, Montana. A concrete-gravity dam
180 feet high with a total length of 600 feet would develop a gross
head of 130 feet for at-site power generation. The reservoir at
full pool elevation 2,895 feet would extend up the Clark Fork for
10 miles. Storage would be limited to pondage with a pool fluctu-
ation of about 2 feet. Relocations would include 1.3 miles of
Chicago, Milwaukie, St. Paul and Pacific Railroad, 0.5 mile of
Northern Pacific Railway main line, and about 0.6 mile of secondary
roads. The powerplant installation would consist of four generat-
ing units providing a total of 120,000 kilowatts. Average annual
energy production is estimated at 48,000 kilowatts. (38)

Ninemile Prairie Dam and Reservoir This would be a
multiple-purpose project located on the Blackfoot River in Missoula
County, Montana. The damsite is about 22 miles upstream from the
confluence of Blackfoot River with the Clark Fork. This site was
investigated in studies leading to preparation of House Document
No. 403. A project at the Ninemile Prairie site has also been
studied by the Bureau of Reclamation and the data contained in
House Document No. 403 were derived from a report dated June 1958,
by the Regional Director of Region 1 to the Commissioner of the
Burcau of Reclamation. The dam would be a zoned, rolled, earthfill
structure with a height of 300 feet above streambed and a crest
length of 1,700 feet. The reservoir at normal full pool elevation
3,819 feet would extend 14 miles upstream to a point 4 miles above
the confluence of the Clearwater River and the Blackfoot River.

The reservoir would provide 1 million acre-feet of storage capacity
of which 885,000 acre-feet would be usable for flood control and
power generation. The powerplant would contain three 20,000 kilo-
watt generating units. Studies presentéd in Memorandum Report on
Clark Fork Basin, September 1967 (7), €onsidered a powerplant having
four generating units to provide a tgtal installed plant capacity
of 92,000 kilowatts. At-site, power generation would average

21,000 kilowatts annually and dowpStream production would be
increased 9,000 kilowatts annually. (33, 38)

Sullivan Creek The project would be located in the northeast

corner of the State of Washington, a few miles from the International
Roundary, on Outlet Creek and Sullivan Creek in the vicinity of

Metaline Falls. Application for license for this project was filed
on June 14, 1965, by Public Utility District No. 1 of Pend Oreille
County, Washington. The project would consist of an earth and

)

rockfill dam maintaining a pool elevation of 2,594 feet, providing
approximately 61,600 acre-feet of storage, and a powerhouse contain-
ing two 6,800 kilowatt units. Average annual generation would be




about 7,000 kilowatts. The project would replace the existing
Sullivan Lake Project, which is presently operated only for storage.
Federal Power Commission action is pending on the application. (9)

kootenai River The Kootenai River drainage basin is located
in southeastern British Columbia, northwestern Montana, and northern

Idaho. Three-fourths of its drainage area and two-thirds of its
length are in British Columbia. This study deals only with that
portion located in the United States. The Kootenai River enters

the United States at Gateway, Montana, about 190 miles downstream
from its source, where it begins a long, sweeping U-shaped course
that takes it 40 miles into Montana and back into Canada after
cutting diagonally across the tip of the Idaho panhandle. The
average annual runoff at Libby, Montana, based on 54 years of
record, is about 8,700,000 acre-feet. Several potential power
sites were investigated in studies leading to House Document 531
and 403. (30, 33) Based upon information presented in those
reports, all have been eliminated from further consideration
except for Kootenai Falls Project and Libby Reregulation Dam.
Studies have not progressed to determine whether power facilities
will be included at the Libby Reregulation Project.

Libby Reregulator A reregulating dam must be constructed
below Libby Dam to permit full utilization of Libby's peaking
potential while still maintaining stable flow conditions in the

Kootenai River downstream. The reregulating dam was authorized as
a part of the Libby Reservoir project, but additional authorization
would be needed for a power installation. As a part of their

current Columbia River and Tributaries Study, the Corps of Engineers
is making studies to determine the feasibility of installing power.
Site selection studies have indicated that a project at river mile
208.9 having a normal full pool elevation of 2,130 feet would best
fi1l the reregulation needs. Preliminary power studies indicate

that a powerplant would be justified at the reregulator. These
studies were based on a 4-unit powerplant having a nameplate rating
of 43,800 kilowatts. Maximum head would be about 54 feet and
average annual energy about 30,600 Kkilowatts.

Kootenai Fall I'his would be a single-purpose run-of-river
power ;wwﬁ§wr located about 4 miles upstream from Troy, Montana. A
concrete dam, 153 feet hiz" with a total length of 1,340 feet, would
develop a gross head of 160 feet for generation of power. At normal
pool elevation 2,060 feet, the reservoir would extend upstream about
15 miles. Major relocations would include about 16.5 miles of

Great Northern Railway main line, 7 miles of U.S. Highway 2, and
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10 miles of forest roads. Powerplant installation would total
about 300,000 kilowatts. Average annual generation is estimated
at 107,000 kilowatts, (8 3)

Coeur d'Alene River The Coeur d'Alene River drains the

\\awtvrn-:i‘pr of a portion of the Bitterroot Range and flows
southerly and westerly to enter Coeur d'Alene Lake about 15 miles
due south of the city of Coeur d'Alene, ldaho. The potential of
Coeur d'Alene River for water resource development was investigated
in studies presented in House Document 531. (30) The studies
considered a multiple-purpose project at the Springston site at
river mile 3.5, and a future project at the Leland Glen site at

river mile 55.0, as the most favorable plan for developing the
stream. The plan was not recommended in House Document 531 because
of the economic impact on the area which would be inundated. The
Enaville Project was also considered in the 1948 studies, but was
eliminated because this site would control only 60 percent of the
mean runoff; whereas the combination of Springston and Lelan Glen
would fully control the mean runoff of the stream. In studies
presented in House Document 403 (33), the Enaville site was selected
because development would avoid the possibility of damage to mining
interests and still provide rcasonable control of runoff for flood
control and power.

ville Project The damsite is located on the Coeur d'Alene

En:
River, adjacent to the town of Enaville, Idaho, 35.6 miles upstream
from Coeur d'Alene Lake and 1.2 miles upstream from the confluence
of the main river with the South Fork of Coeur d'Alene River. The
dam would be a rockfill embankment with a maximum height of
280 feet above streambed and a top length of 1,550 feet. The
spillway would be a concrete gravity spillway section with a crest

length of 135 feet. The powerhouse and outlet structure would be
located near the toe on the right side of the spillway and would
be served by a 25-foot diameter steel-lined tunnel driven through
rock under the right abutment. The reservoir would have a total
capacity of 1,012,000 acre-feet at full pool elevation 2,430 feet.
Usable storage would be 700,000 acre-feet for flood control and
power with a drawdown of 106 feet. At full pool the reservoir
would have a surface area of 9,000 acres, all of which is within
the boundaries of Coeur d'Alene National Forest. As reported in
House Document 403, the project would have one 43,000-Kilowatt
unit installed. Based on present criteria, the plant would have
an installed capacity of 70,000 kilowatts and a peaking capability
of about 80,000 kilowatts. Average annual generation would be
28,000 kilowatts at-site. Average annual generation downstream
would be increased by 34,000 kilowatts. (33)
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Subregion 2, Upper Columbia

This subregion consists of the streams that drain into the
mainstem Columbia between Richland, Washington, and the Canadian
border. Potential projects in this subregion include Sullivan
Creek, on a minor tributary; the four-dam Wenatchee River Project;
and Ben Franklin, on the Columbia.

Table 25 Potential Hydro Projects, Subregion .

Average Ultimate
Usable ros Annual Plant
¢

__ Project __Stream _Storage ;AL Fnergy ( ‘I”f"' lity
(1,000 ac-t CEE.) Average MW) (MW)
Chawawa Wenatchee R. 10 672 20 145
Beaver Creek Wenatchee R. 32 60 s 14
Leavenworth Wenatchee R Pondage 620 67 120
Urvden Wenatchee | Pondage 87 11 20
Ben iranklin Columbia R. Pondage ./ 80 428 938
TOTAI 132 1,499 533 1,237

Wenatchee River The Wenatchee River drains a segment of
the eastern slope of the Cascade Range through its three principal
tributaries, Little Wenatchee, White, and Chiwawa rivers. The
Little Wenatchee and White are tributary to Wenatchee Lake, which
is the source of the main Wenatchee River. The Chiwawa joins the
Wenatchee about 5 miles downstream from the lake. The Wenatchee
River is about 47 miles long and flows in a southeasterly direction
to enter the Columbia at mile 468.4. The drainage basin of the
Wenat “hee River totals about 1,350 square miles. Potential multiple-
purpose sites investigated in studies leading to House Document 531
(30) included Plain Site on Wenatchee River and Chiwawa Site on
Chiwawa River. These sites were further revieted in studies lead-
ing to House Document 403 (33). More recently an Application for
License has been filed with Federal Power Commission by Chelan
County PUD No. 1 for Wenatchee Project No. 2151-Washington. An
amended application submitted in June 1965 proposes four develop-
ments as follows:

Chiwawa The Chiwawa development would consist of an
impervious core earthfill dam located on the Chiwawa River, upstream
from Big Meadow Creek, with full pool at elevation 2,545 feet, a
5.8 mile penstock tunnel; and the Dirtyface Mountain powerhouse on
Lake Wena*chee, containing three units totaling 145,000 kilowatts
and operating under a gross head of 672 feet. One of these units
would be an 80,000 kilowatt conventional unit and the other two,
20,000 kilowatts and 45,000 kilowatts, respectively, would be
reversible pump-turbines. Usable storage in the Chiwawa Reservoir
would be 400,000 acre-feet. Average annual generation would be
about 20,100 kilowatts, (23)
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Beaver Creck The Beaver Creek development would consist
of an earthfill and concrete-gravity dam on the Wenatchee River,
upstream from the junction with Beaver Creek, providing a pool
elevation of 1,873 feet and a powerhouse containing two generating
units, one 4,000 kilowatts and one 10,000 kilowatts, operating
under a gross head of 60 feet. The Beaver Creek Dam would control
Wenatchee Lake and would provide 32,000 acre-feet of usable storage
in the upper 10 feet. Average annual generation would be about
7,300 kilowatts. (23)

Leavenworth The Leavenworth development would consist of
of an earthfill diversion dam near Chiwaukum Creek on the Wenatchee
River, with a pool elevation of 1,750 feet; a 7-mile tunnel and
penstock; and a powerhouse containing two generating units, one
80,000 kilowatts and one 40,000 kilowatts, operating under a gross
head of 620 feet. Six thousand acre-feet of pondage would be
available behind the Chiwaukum Creek Dam. Average annual generation
would be about 67,000 kilowatts. (23)

Dryden This project would consist of a new concrete
diversion dam at the site of the existing dam on the Wenatchee
River raising the water elevation an additional 11 feet, a 3,600-
foot-long canal to forebay, and a powerhouse containing two 10,000-
kilowatt units operating under a gross head of 87 feet. Average
annual generation would be about 11,000 kilowatts. (23)

Mainstem Columbia River On the Columbia River from the
head uf—ﬁLNnry reservoir (Lake Wallula) to Priest Rapids tailwater,
approximately 65 feet of head remain undeveloped. The reach was
investigated in 1948 in studies leading to preparation of House
Document No. 531. Sites found to be physically feasible from
seismic surveys were the Ringold site at river mile 355 and the
Richland site at river mile 348. Subsequent field explorations
and office studies indicated the Richland site to be more favorable.
The site is now referred to as the Ben Franklin site.

Ben Franklin Dam Development of the Ben Franklin site was
reviewed in 1958 in studies leading to preparation of louse
Document 403. A survey report dated July 1969, prepared by the
Seattle District, Corps of kEngineers, recommends that the Ben
Franklin multiple-purpose project be authorized for construction.
The damsite is located at the head of McNary reservoir, 10 miles
upstream from Richland, Washington, 13 miles above the mouth of
the Yakima River, and 23 miles above the mouth of the Snake River.
It is 49 miles downstream from Priest Rapids Dam. The Columbia
River above the damsite drains 97,000 square miles in the United
States and Canada. As proposed in the feasibility report, the plan
consists of a powerhouse, 15-bay spillway designed to pass a flow




of 1,600,000 cubic feet per second, and earthfill dams connecting
to the abutments on cach side. An earthfill dam about 600 feet
long would connect the spillway to the left abutment. On the right
bank, the earthfill dam would extend 7,100 feet from the powerhouse
to the right abutment. At full pool elevation 400 feet, the gross
head for power generation would be 60 feet. The powerhouse would
contain 16 generating units having a total installed capacity of
976,000 kilowatts. Average annual generation is estimated at
428,000 kilowatts. (42)

Subregion 3, Yakima River

There are no potential hydroelectric projects in the subregion.

Subregion 4, Upper Snake River

This subregion consists of the drainage basin of the Snake
River above King Hill. Important tributaries in this subregion
are the Henrys Fork, Greys, and Hoback rivers.

wm fal he River Ixisting 8 12 19=
nake River Pondage 13 14
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Thousand Springs The damsite is located at river mile 584.3
on the Snake River immediately downstream from the existing Thousand
Springs powerplant of the Idaho Power Company, southwest of Wendell,
Idaho. The dam would be a zoned earthfill embankment with a maximum
height of 194 feet. With a normal pool elevation of 3,054 feet,
total reservoir storage would be 595,000 acre-feet, of which
400,000 acre-feet would be usable for power production and flood
control. The powerplant would have an installed capacity of
150,000 kilowatts in three units. At-site power generation would
average about 53,000 kilowatts annually.(32)
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Lynn Crandall The damsite is located on the Snake River at
mile 872.5, about 30 miles downstream from the existing Palisades

Dam. The dam would be an earthfill structure, 290 feet in height
above streambed having a crest length of 2,500 feet. The reservoir

at maximum pool elevation 5,375 feet would provide 1,460,000 acre-

feet of storage capacity of which 1,280,000 acre-feet are usable

tor power generation, irrigation, flood control, and reregulation

of Palisades discharges. Installed capacity would consist of four
units of 60,000 Kilowatts each. Maximum gross head would be 270

feet. The project is under investigation by the Bureau of Reclamation.

Included as part of the development will be the addition of
{35,000 kilowatts of peaking capability at Palisades Dam. The two
new units would be housed in a separate power plant downstream from
the existing Palisades plant. Water would be conveyed to the new
plant through a tunnel which would tap into the present outlet

tunnel. (22, 24)
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American Falls The proposed power plant would be located
at the existing American Falls Dam. The powerplant is authorized
for construction by the Burcau of Reclamation. The powerplant would
contain three 10,000-kilowatt generating units. Replacement of
American Falls Dam is currently under study. Such studies will
include resizing and redesign of the powerplant. (23, 24)




Clark Ranch The reregulator for the power producing complex
Palisades and Lynn Crandall, the Clark Ranch damsite, is located at
about mile 865 on the Snake River. The dam would be an earthfill
structure providing about 27,000 acre-feet at normal pool elevation
5.094 feet. A 30,000-kilowatt powerplant with gross head of about
40 feet would provide average annual generation of about
16,000 kilowatts. (12, 24)

Eagle Rock Dam and Powerplant The dam would be located on
the Snake River at about river mile 708.4, about 70 miles upstream
from Milner Dam and 7 miles downstream from American Falls, Idaho.
The dam would be an earthfill structure with a maximum height above
streambed of about 45 feet and a crest length of nearly 1,500 feet.
Total installed capacity would be about 30,000 kilowatts. All
releases passing American Falls Dam would be available for power
generation at the Eagle Rock project. Average energy generation
is estimated at 16,300 kilowatts annually. (32)

Mesa Falls Project The damsite is located on the Henrys
Fork of Snake River, about 15 miles by road northeast of Ashton,
Idaho. The project would consist of facilities to develop the head
created by Upper and Lower Mesa Falls.

Mesa Falls Diversion Dam would be located just upstream
from Upper Mesa Falls. It would be an earthfill-type structure
with a maximum height of 40 feet above streambed and a crest length
of 240 feet. The normal water surface of the reservoir would be
at elevation 5,680 feet. A penstock would run about one mile from
the diversion dam to a powerplant to be located downstream from
the lower falls. The 15,000-kilowatt powerplant would operate
under a static head of about 210 feet. Average annual energy is
estimated at about 11,600 kilowatts. (32)

Warm River The damsite is located about 8 miles northeast
of Ashton, Idaho, on the Henrys Fork of the Snake River,
approximately one-quarter mile downstream from the confluence of
Henrys Fork and Warm River. The dam would be a rockfill structure
about 265 feet in height and 1,600 feet in length at crest
elevation 5,485 feet. The reservoir would have a total capacity
of 140,000 acre-feet at normal pool elevation 5,470 feet, of
which 75,000 acre-feet would be usable for power production and
flood control based upon 70 feet drawdown.  With maximum reser-
voir elevation at 5,478 feet, the pool would extend upstream to
the Mesa falls project. Power generating facilities would consist
of two units providing a total installation of 35,000 kilowatts,
Average annual generation is estimated at 22,000 kilowatts.

(23, ¥2)
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Ashton Dam This is an existing project constructed in
1917, on the Henrys Fork of the Snake River, about 2 miles west
of the tcwn of Ashton, Idaho. The present dam, which has a
5,800-kilowatt powerplant, is owned and operated by Utah Power
and Light Company. Reconstruction of Ashton Project would

more fully develop the potential of the site to meet increased
demands for flood control and power. The present dam would
be inundated by the proposed structure which would be located
about 400 feet downstream from the existing development. The
proposed dam would be a concrete-gravity structure about

105 feet in height above streambed and 3,020 feet long at
crest elevation S,200 feet. An earthfill section about

2,300 feet long would also be required. The reservoir would
provide 48,700 acre- feet total capacity, of which 40,000 acre-
feet would be usable for power generation and flood control.

A 12,000 kilowatt powerplant would generate approximately

7,800 kilowatts annually. (23, 32)

Granite Creek The damsite is located on the Hoback
River in western Wyoming, about 13 miles upstream from its
confluence with the Snake River. The Granite Creek development
appears the best of three alternative sites on Hoback River
because of its greater potential for power production, irriga-
tion storage, and flood control. The dam would be earthfill,
about 325 feet in height above streambed with a crest length
of about 1,350 feet. The reservoir would have a capacity of
470,000 acre-feet, of which 403,000 acre-feet would be
usable on a forecast basis to provide water for new irrigation
downstream, flood control, and power production. The power -
plant would have an installed capacity of 16,000 kilowatts.
Average annual generation at-site would be about 6,300 kilowatts.
(32)

Elbow Project The damsite is located on the Greys
River about 26 river miles upstream from its confluence with
the Snake River in Lincoln County of western Wyoming. The dam

would be of the earthfill type about 356 feet in height above
streambed, having a crest length of approximately 2, 300 feet.
The 450,000 acre-foot reservoir could provide 319,000 acre-
feet of wusable capacity. This storage, operated in conjunction
with Alpine and Granite Creek reservoirs on a forecast basis,
would provide a maximum amount of water for new irrigation
downstream, and for flood control and power production. The
powerplant would be located adjacent to the control house
near the left downstream toe of the dam and would have
an installed capacity of 14,000 kilowatts, Average energy
generation at-site is estimated at 5,600 kilowatts
annually. (32)
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Alpine Dam and Reservoir The Alpine site is considered
to be the most favorable remaining site for major multipurpose
storage development in the Upper Snake River Basin. The site
is located on the Snake River about 3 miles upstream from
the Wyoming-Idaho State Boundary. The dam would be a rolled-
earthfill structure about 440 feet in height above foundation,
and about 1,280 feet long at the crest. The reservoir at
full pool elevation would provide a total of 1,078,000 acre-
feet of storage, of which 878,000 acre-feet would be usable
for power generation, irrigation, and flood control. The
powerplant would provide a total capacity of 270,000 kilo-
watts. Annual average at-site generation is estimated at
111,400 kilowatts. The addition of the Alpine reservoir
to the system would allow greater flexibility in operation
of Jackson Lake and thereby enhance its use for recreational
purposes. (32)

Subregion 5, Central Snake

This subregion consists of the drainage of the
Snake River below King Hill, Idaho, and above Oxbow Dam on
the Oregon-Idaho border. Important tributaries in this
subregion are the Bruneau, Boise, Owyhee, Payette, and Weiser
rivers.

Table 27 Potential Hydro Projects, Subregion 5
e T T ~ Average  Maximum
Usable (iross Annual Plant
T Project __Stream __Storage k!uul Inergy Capability
(1,000 ac-ft) (ft) (Average Mw) (MW)
Lucky Peak Boise R. Existing 240 33 106
Iwin Springs Boise R. 490 159 37 104
Garden Valley S.| Payette 1,940 115 71 175
( V. Rereg S.F. Payette Pondage 120 18 36
Upper Scriver N.F. Payette Pondage 147 24 38
Lower Scriver N.I Payette Pondage 740 43 120
Guffey (High) Snake R. Pondage 103 60 85
Swan Fails-Guffey Snake R Pondage 105 59 186
Duncan Ferry Owyhee R, __743 210 s B _la
TOTAI 3,173 2,740} 2041/ 6781/
1/ Swan Falls-Guffey Project, an alternative to lligh Guffey, not included in totals.
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Lucky Peak Dam and Reservoir Lucky Peak Dam is an exist-

ing earthfill dam 250 feet in height, located on the Boise River
about 10 miles east of Boise, ldaho, at river mile 64.5. The
project provides 280,000 acre-feet of usable storage for control

of destructive floods along the main stem of the Boise River for
some 60 miles downstream. The operation of the three Boise River
reservoirs (Lucky Peak, Arrowrock, and Anderson Ranch) is coordinated
to provide up to 776,500 acre-feet of flood control space during

the spring runoff season and ample irrigation water during the valley
growing season, with the Lucky Peak Reservoir being maintained as

long as possible at a level to permit maximum usage of its recrea-
tional facilities. There are no power generating facilities at
Lucky Peak at the present time, however, current plans call for
providing such facilities if and when Twin Springs project, subse-
quently discussed, is authorized for construction. Initial
installation would consist of two 20,150-kilowatt conventional
units with space provided for installation of a third unit at a
later date. The third unit would be a reversible pump turbine unit
rated at 66,000 kilowatts. Average generation with the ultimate
installation is estimated at 32,600 kilowatts annually. A




reregulating dam will be provided downstream to serve as the lower
reservoir during pumped-storage operations and to maintain suitable
flows downstream (23, 39)

Twin Springs Project The damsite is located at river mile
105 on the Boise River. The project would consist of a rockfill
dam 470 feet high creating a reservoir which, at maximum pool eleva-
tion 3,850 feet, would provide 600,000 acre-feet of storage, of
which 490,000 acre-feet would be usable for flood control and power
generation. Initial installation would consist of two 17,250-
kilowatt and one 34,500-kilowatt unit plus space for an additional
future unit of 34,500 kilowatts, giving an ultimate installed

capacity of 103,500 kilowatts. Average annual generation with the

ultimate installation is estimated at 36,600 kilowatts. (23, 29)

Carden Valley Project The damsite is located on the South
Fork Payette River about 4 miles below the mouth of the Middle Fork.
The dam would be a concrete-arch type about 435 feet in heipht above
streambed and would have a crest length of approximately 1,400 feet.
'he reservoir at normal water surface elevation 3,335 feet would
have a total capacity of 2,400,000 acre-feet of which 1,940,000
acre-feet would be usable for power generation, flood control, and
irrigation. The powerplant would have an initial installation of

'-L"J/ ' ith s

v ’«g e 3N ke 4%

A _{3{‘ -rv'v..r.f:-:}d&_. 3
- L‘b“_‘:‘z' (‘ ¢

< A,




R

131,250 kilowatts and an ultimate installation of 175,000 kilowatts.
\ reregulation dam would be located on the South Fork of Payvette
River about 3 miles downstream from Garden Valley Dam and about
one-half mile upstream from the confluence of the South and North

Forks of Pavette River. The reregulation dam would be a concrete-
gravity structure about 130 feet in height above streambed with a
crest length of approximately 435 feet. The reregulator powerplant

would have an initial installation of 27,000 kilowatts with
provisions for future installation of an additional 9,000 kilowatts.
I'he Garden Valley Project, which includes Smiths Ferry diversion,
Upper and Lower Scriver, Garden Valley Dam and reregulation, has
been recommended for construction by the Bureau of Reclamation. (14)

Upper and Lower Scriver Creek Projects This development
involves diversion of flows from the North Fork Payette River
through the intervening divide to the South Fork drainage and

Garden Valley reservoir. The difference in elevation, about 1,200
feet between the North Fork at Smiths Ferry diversion and Garden
Valley reservoir, would be utilized for power production by the
Upper and Lower Scriver Creek plants along the diversion route.
Smiths Ferry diversion would consist of a concrete-gravity diversion
dam about 40 feet in height above streambed with a crest length of
about 240 feet, creating a reservoir having normal water surface
elevation at 4,528 feet. A concrete intake structure and concrete-
lined pressure tunnel would convey water to Scriver Creek, a
tributary of the Middle Fork of the Payette River. Tunnel length
would be about 4.6 miles and the capacity would be about 1,385 cubic
feet per second. The tunnel would terminate at the Upper Scriver
Creek powerplant from which water would be discharged into Scriver

Creek reservoir. The powerplant would have three generating units,
having a total installed capacity of about 37,500 kilowatts, and

would operate at a gross head of 445 to 475 feet depending upon the

water surface elevations at Smiths Ferry reservoir and Scriver
Creek reservoir. The Scriver Creek Dam would be an earthfill type
structure about 171 feet in height above streambed with a crest
length of about 580 feet. The reservoir created would provide
about 4,950 acre-feet of usable storage for reregulating flows to
the Lower Scriver Creek powerplant. Water from Scriver Creek
reservoir would be diverted by tunnel to the Lower Scriver Creek
powerplant, a distance of about 1.1 miles. Capacity of the tunnel
would be about 2,500 cubic feet per second. The tunnel would
terminate at Lower Scriver Creek powerplant from which water would
be discharged into Garden Valley reservoir. The three-unit Lower
Scriver Creek powerplant would have an installed capacity of 90,000
kilowatts with provisions for future installation of an additional
30,000 kilowatts. The gross head at the plant would be about 740
feet depending upon water surface elevations of Scriver Creek and
Garden Valley reservoirs. (14)
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Guffey Project The damsite is located on the Snake River at
about river mile 445.5, about 3 miles upstream from Walters Ferry
Bridge. The reservoir at maximum normal water-surface elevation
2,354 feet would have a total capacity of about 332,000 acre-feet,
of which 27,000 acre-feet would be usable for power production and
irrigation. The plan proposed for construction by the Bureau of
Reclamation consists of an earthfill dam about 190 feet in height
above streambed, a powerplant containing four generating units with
a total installed capacity of 85,000 kilowatts, and the necessary
pumping, distribution canals and drainage facilities to irrigate
the Dry Lake area and the lands on the south side of Snake River
downstream from Guffey Dam. An alternative to this project is the
Swan Falls-Guffey project discussed below. (14, 24)

Swan Falls Guffey Project Idaho Power Company has proposed
to redevelop the existing Swan Falls project located on the Snake
River in Idaho at river mile 455.9, and to construct a reregulating
dam at the Guffey site. The Swan Falls redevelopment would consist
of a new rockfill dam and powerplant at the site of the existing
development. The new dam would be higher and the powerplant would
be larger in capacity than the existing project. The reservoir
would extend 29 miles upstream to the town of Grandview. The plant
would be operated as a run-of-river plant utilizing the discharges
from the existing C. J. Strike plant upstream. The Guffey develop-
ment would consist of an earthfill reregulating dam, reservoir,
and powerplant. The reservoir would extend 12 miles upstream to
the Swan Falls development. Maximum static head would be 65 feet
at Swan Falls and 40 feet at Guffey. The initial installation at
Swan Falls would be four 22,500 kilowatt units with provision for
three more, giving a total initial capacity of 90,000 kilowatts and
an ultimate capacity of 157,000 kilowatts. The Guffey Reregulator
would have two units, rated at 14,500 megawatts each. However,
operation of the reregulator would limit dependable capacity to
about 21,000 kilowatts. Average annual generation at Swan Falls
and Guffey Reregulator would be 38,000 and 21,000 kilowatts,
respectively. (24)

Duncan Ferry The damsite is located on the Owyhee River
about 75 miles upstream from Owyhee Dam. Duncan Ferry reservoir,
operated in conjunction with Owyhee reservoir, would provide
supplemental water for the existing Owyhee Project, provide flood
control on the Owyhee River, enhance sports fishery, and recreational
values of the area, and provide at-site power generation. The dam
would be a rolled-earthfill type structure 218 feet in height above
streambed and a crest length of about 520 feet. The reservoir
would have a total capacity of 1 million acre-feet, of which
635,000 acre-feet would be joint-use capacity for irrigation, power
production, and flood control. An additional 108,000 acre-feet
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would be used exclusively for power production. Installed capacity
at Duncan Ferry powerplant would be 14,000 kilowatts. Average
annual energy production is estimated at 8,500 kilowatts.{32)

Subregion 6, Lower Snake

This subregion consists of the drainage of the Snake River
below Oxbow Dam and includes the draining of the Imnaha, Salmon,
and Clearwater rivers. Also included in this subregion is an un-
developed reach of the Snake River commonly known as the '"Middle/
Snake," for which a number of alternative development plans havé’
been proposed. The potential hydroelectric projects located j
this subregion are summarized in table 28.

ible 2R tential Hyvdro Projects, Subregion ¢

na GardensZ> nake

Middle Snake River THhe reach of the Middle Snake River
between Lower Granite reseyvoir and Hells Canyon Dam remains
undeveloped although therd are several alternative plans currently
being analyzed. A projgf€t at Asotin site, Snake River mile 146.5
is authorized for consftruction by the Corps of Engineers. The
Middle Snake River befween Asotin reservoir and Hells Canyon Dam
couldsbe developed b at least four alternate plans. These are
tabulated below and further described in subsequent paragraphs.
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fable 29 Alternative Hydro Developments, Middle Snake River
Average “Ultimate
Usable Gros Annual Piant
. Project __Storage lead ienerations apability
(1,000 ac-ft) (ft A e M TMW)
High Mountain Sheep 2,250 565 608 3,430
China Garden: !‘Hml.l‘b'_v 10. 190 625
Subtotal 2,250 667 708 1 055
A\ppaloosa 1,500 110 157 2,250
Low Mountain Sheep )'yml;l‘&- 153 12 360
subtotal 1,500 503 579 610
Pleasant Valley 622 38 2 2,170
Low Mountain Sheej Por 181 188 600
subtotal 63 570 770
Nez Perce 1,700 615 957
China Gardens Pondage 52 100
Ll o il L i
Subtotal 1,700 667 .5 1,08

1/ At-site generation based on 2010 irrigation diversions

It should be noted that the potential output of the Nez
Perce project is considerably larger than the other alternatives.
This is because Nez Perce utilizes the flow of the Salmon as well
as the Snake. In order to compare the total development potentials
of the various plans, Lower Canyon on the Salmon should also be
included as a part of all but the Nez Perce plan.

A\sotin Project The damsite is at river mile 146.8, the
upstream limit of Lower Granite reservoir. The reservoir at normal
pool elevation 842.5 feet would extend upstream 26 miles to the
China Cardens damsite. At this pool elevation, Asotin Dam will
provide 104.5 feet of effective head for power production. The
initial installation would be three 135,000 kilowatt units giving
a total plant capability at 15 percent overload of 466,000 kilowatts.
The ultimate installation would add at least two more units giving
a total plant capability of 776,000 kilowatts. Average annual
energy production under 2010 irrigation depletions is estimated
at 214,000 kilowatts. The project was authorized for construction
under provisions of the Flood Control Act of 1962. [t will be a
run-of-river development for the production of hydroelectric power
with provisions for the future addition of a navigation lock.

(33, 43)

High Mountain Sheep - China Gardens The High Mountain Sheep
damsite is located at river mile 189.0 on the Snake River about
one-half mile above the confluence with the Salmon River and about
2.7 miles below the mouth of the Imnaha River. The development
proposed by Pacific Northwest Power Company and Washington Public
Power Supply System in a joint application to the Federal Power
Commission consists of a concrete arch type dam approximately
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670 feet high to provide a full reservoir elevation of 1,510 feet
extending 58 miles up the Snake River to Hells Canyon Dam. The
project would provide 2,250,000 acre-feet of usable storage for

flood control and power gencration. Penstock intakes would be set

at an elevation low enough to permit maximum withdrawal of 3,100,000
acre-feet if needed. The initial installed capacity has been
tentatively established at 1,290,000 kilowatts in three units and

an ultimate generating capacity in seven units of 3,010,000 kilowatts.
The plant capabilities (at overload rating) would be about 15 percent
higher. The gross head for power with tailwater elevation 940 feet,
China Gardens pool elevation, would be 565 feet. Under 2010 irriga-
tion depletions, the project would generate an average of about
608,000 kilowatts annually. Facilities for trapping adult salmon

at High Mountain Sheep and transporting them elsewhere for propagation
would be incorporated in the development. (19)

While China Gardens was not included as a part of the 1969
amended application, it would be required for full development of

this reach. The damsite is located on the Snake River at mile 172.5,
about 16 miles below the mouth of the Salmon River. The dam would

e

develop 102.5 feet effective head between High Mountain Sheep and
Asotin. The dam would be a straight concrete-gravity type with a
normal pool elevation 945 feet. The initial installation would be
three 110,000 kilowatt units, giving a total plant capability of
375,000 kilowatts. The ultimate installation would be five units,
giving a total plant capability of 625,000 kilowatts. Average annual
generation under 2010 conditions would be 190,000 kilowatts. (15)

Appaloosa-Low Mountain Sheep This development is an alter-

native to High Mountain Sheep development. The Appaloosa damsite
is located on the Snake River at mile 197.6, approximately 8 miles
upstream of the High Mountain Sheep damsite. The dam would be a

concrete arch structure, having a maximum height of about 600 feet.
At normal full pool elevation 1,510 feet, the project would provide
1,500,000 acre-feet of usable storage for flood control and power
generation. The initial installation would consist of a four-unit
powerhouse having a total installed capacity of 1,300,000 kilowatts
and plant capability at 15 percent overload of 1,500,000 Kkilowatts.
Ultimately, two more units would be added, giving a total installed
capacity of 1,950,000 Kkilowatts and a capability of 2,250,000
kilowatts. Under 2010 conditions, the project would generate on
the average about 457,000 kilowatts. Since the Appaloosa project
is located farther upstream on the Snake River than High Mountain
Sheep, less land would be flooded. The plan also leaves an open
stretch of the river from the Low Mountain Sheep reregulator, past
the mouths of the Imnaha and Salmon Rivers, and down to the head
of the pool behind Asotin Dam. Facilities for trapping adult
Salmon at Low Mountain Sheep and transporting them elsewhere for
propagation would be included in the development.
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An integral part of the Appaloosa alternative, as proposed
in the amended joint application filed by PNPCo and WPPSS, the Low
Mountain Sheep reregulating dam would be a concrete gravity
structure, located at mile 192.5 on the Snake River, about 0.75
miles upstream from the mouth of the Imnaha River. About 30,000
acre-feet of reregulation storage would be provided in 70-feet
drawdown between maximum pool elevation 1,100 feet and minimum pool
elevation 1,030 feet. The initial installed capacity would be
156,000 kilowatts and the ultimate capacity 312,000 kilowatts. At
15 percent overload, the plant capabilities would be 180,000 and
360,000 kilowatts, respectively. Average annual generation under
2010 conditions would be about 122,000 kilowatts. (19)

Pleasant Valley-Low Mountain Sheep This plan, which also
includes reregulation at Low Mountain Sheep, was the plan proposed
by Pacific Northwest Power Company in their original license
application in 1955. Now included again, as one of the three
alternatives in the 1969 joint application, the Pleasant Valley
damsite is located on Snake River at mile 213.0, about 15-1/2 miles
upstream from the Appaloosa damsite. Like High Mountain Sheep and
Appaloosa, the dam would be of concrete arch construction and would
be about 550 feet high. At normal full pool elevation 1,510 feet,
usable storage totaling 622,000 acre-feet would be provided with a
124-foot drawdown. Plans call for the initial installation of
four units, having a total installed capacity of 1,088,000 kilowatts
(plant capability of 1,240,000 kilowatts). Ultimate installation
would be seven units, totaling 1,890,000 kilowatts (2,170,000
kilowatt capability). The average annual generation would be
391,000 kilowatts.

The Low Mountain Sheep reregulator included in the Pleasant
Valley plan would be located at the same site as the Appaloosa
reregulator and would also be of concrete gravity construction.
However, the Pleasant Valley reregulator would have a maximum pool
elevation of 1128. Reregulation storage of 28,000 acre-feet would
be obtained with a 15-foot drawdown. 1Initial installed capacity
would be two 175,000 kilowatt units giving a total plant capability
of 400,000 kilowatts at 15 percent overload. The ultimate capacity
would depend on downstream developments. Average annual generation
under 2010 conditions would be about 188,000 kilowatts. (19}

Nez Perce-China Gardens Although no longer under active
consideration, Nez Perce is the fourth alternative for development
of the Middle Snake. The damsite is located on the Snake River at
approximately river mile 186, about 2-1/? miles beiow the mouth of
the Salmon River. As proposed by Washington Public Power Supply
System in thcir amended application of August 10, 1960, the reser-
voir would have a maximum pool elevation of 1,510 feet and provide
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4,700,000 acre-feet of usable storage for power production and
flood control with 213.5 feet drawdown. The reservoir at full
pool would extend 63 miles up the Salmon River, 61 miles up the
Snake River to the Hells Canyon tailwater, and about 10 miles
upstream on the Imnaha River. The dam would be a concrete, double-
curvature arch type, approximately 700 feet high with the length
along the crest being about 1,950 feet, including thrust block and
adjoining spillway. As proposed, the project would initially have
10 units, giving an installed capacity of about 2 million kilowatts
and a maximum plant capability at 15 percent overload of 2,290,000
Kilowatts. Under ultimate development, six more units would be
added, giving a maximum plant capability of 3,550,000 kilowatts.
Using present criteria, fewer, larger units would be used and the
ultimate plant capability would be greater, on the order of

S million kilowatts. Based on 2010 irrigation depletions, the
project would generate about 957,000 kilowatts annually. Because
a high dam located below the mouth of the Salmon River would block
and perhaps destroy the important anadromous fish runs in the
Salmon, Imnaha and Middle Snake River, the Nez Perce project has
been abandoned in favor of High Mountain Sheep or alternative
project located above the mouth of the Salmon River. (48)

Although not included in the license application, China
Gardens would be required to fully develop the reach under this

plan also. The dam would be a concrete gravity structure located
at mile 172.5 and, with a normal pool elevation of 895, would
develop 52.5 feet of head. Average annual generation and ultimate

plant capability would be 100,000 and 325,000 kilowatts, respectively.

Salmon River The Salmon River drains an area of about
14,100 square miles of central ldaho and has an average annual
runoff of about 8,100,000 acre-feet. Although the Salmon River
and tributaries offer some of the greatest potential for develop-
ment of hydroelectric power in the United States, the basin remains
undeveloped chiefly becaus. of objections made by fish interests
on the grounds that construction of dams on the Salmon River
would cause irreparable damage to the anadromous fish runs. The
Wild and Scenic Rivers Act, approved by President Johnson on
October 2, 1968, has designated the 237-mile main stem of the
Salmon River from its confluence with the Snake River to the town
of North Fork, for study for potential inclusion as a component
of the National Wild and Scenic Rivers System.

Lower Canyon Project The damsite is located at river mile
0.5 on the Salmon River. The development proposed in Heuse Document
403 consists of a rockfill type dam approximately 700 feet high,
having a crest length of 2,200 feet. At normal pool elevation
1,575 feet, the reservoir would extend about 70 miles upstream to




the Freedom damsite. The project would provide 2,500,000 acre-feet
of usable storage for flood control and power. Installed capacity,
based upon present criteria, would be approximately 2,500,000
kilowatts. The gross head for power with tailwater at elevation

940 feet, pool elevation of China Gardens, would be 635 feet. In

a system providing for maximum development of the Salmon River
(including 2,300,000 acre-feet of storage at Crevice), the Lower
Canyon project would generate an average of 503,000 kilowatts annually.
In this system the Crevice project would provide the necessary
storage regulation for power, and therefore the Lower Canyon storage
would not add any appreciable generation at downstream projects.
Because of the importance of the Salmon River runs of anadromous
fish, 1t was recommended in House Document 403 that authorization
and construction of Lower Canyon project be delayed pending develop-
ment of adequate fish passage facilities. The site is located
within the segment of the Salmon River designated for study for
possible inclusion in the National Wild and Scenic Rivers System.
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Freedom Project The damsite is located on the Salmon River
at mile 69.3, about 17 miles downstream from Riggins, Idaho. At
normal pool elevation 1,780 feet, the effective head would range
from 205 feet to 413 feet depending on the drawdown at Lower Canyon.
The reservoir would extend to a point about 7 miles upstream from
Riggins, Idano, or about 6 miles downstream from the Crevice damsite.
The powerplant capability (overload) under ultinate development
would be approximately 800,000 kilowatts, and the average annual
generation would be 162,000 kilowatts. As in the case of Lower
Canyon, the Freedom project would block the important salmon runs
and construction should be delayed pending development of adequate
fish passage facilities. The project is located within the segment
of the Salmon River designated for study for possible inclusion in
the National Wild -and Scenic Rivers System. (33)

-

Crevice Project The damsite 15 located at mile 89.7, about
13 miles upstream from Riggins, Idaho. As proposed in House
Document 403, the dam would be a rockfill type structure providing
an effective head of 725 feet. The reservoir, at normal pool
elevation 2,570 feet, would extend upstream 65 miles and provide
2,300,000 acre-feet of usable storage based on 30 percent drawdown.
The project would generate on the average about 435,000 kilowatts
at-site and add about 20,000 kilowatts at downstream plants. On
the basis of present criteria, the powerplant capability would be
approximately 2,200,000 kilowatts. The project is located within
the segment of the Salmon River designated for study for possible
inclusion in the National Wild and Scenic Rivers System. (33)
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Pahsimeroi Project The damsite is located on the Salmon
River at mile 301.5 about 3 miles below the mouth of Pahsimeroi
River. As reported in Senate Document 51, 84th Congress, lst
Session, the river is about 250 feet wider at low-water level.
Geological conditions appear favorable for a dam 300 feet high
creating a reservoir with 1,042,000 acre-feet of usable storage
based upon 35 percent drawdown. This reservoir would afford almost
complete regulation of Salmon River at the site, would eliminate
local flood damages, reduce downstream flood damages an appreciable
amount, firm up low flows for power generation at downstream plants,
and make possible a power generating capability of about 125,000
Kilowatts based on present criteria. (31)

Challis Project The damsite is located on the Salmon River
at mile 333.3 between Challis and Clayton at river elevation 5,100
feet. As limited by the elevation of the town of Clayton, a dam
350 feet high at this site would provide about 530,000 acre-feet
of gross storage capacity. Based on 35 percent drawdown, about
350,000 acre-feet of usable storage would be available for power,
irrigation, and flood control. Most of the flood control benefits
would accrue from the protection of the agricultural lands which
intermittently border the Salmon River for 90 miles downstream.
Based on present criteria, it is estimated that the powerplant
capability would be approximately 125,000 kilowatts. The average
annual generation would be about 25,000 Kilowatts. This project
should not be confused with the Challis Creek Reservoir, a small
irrigation storage reservoir proposed by the Bureau of Reclamation
for Challis Creek, a tributary of the Salmon River. (13, 31)

Tailholt Project The damsite is located on the South Fork
Salmon River at mile 32.3 about 4 miles downstream from the mouth
of Secesh River. As reported in Senate Document No. 51, 84th
Congress, lst Session, the site appears geologically sound and
topographically favorable for construction of a high dam. Total
storage of about 700,000 acre-feet could be obtained with a dam
about 550 feet high. Based on a drawdown of 35 percent, approxi-
mately 470,000 acre-feet of usable storage would be available.
Storage on South Fork would be desirable as it is a high runoff
producing tributary of the Salmon River. Based on present criteria,
it is estimated that the project generating capability would be
approximately 250,000 kilowatts. (31)

Clearwater River The Clearwater River drains an area of
about 9,600 squuYQT}ﬁTtx of central Idaho and has an average annual
runoff of about 11,300,000 acre-feet. Except for a small existing

installation at Lewiston and the Dworshak project being constructed

on the North Fork of Clearwater River, the hydroelectric potential
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of the subbasin is virtually undeveloped. Structural provisions
have been made to permit adding three more units to the Dworshak
powerplant. This would increase the project's peaking capability
to 1,219,000 kilowatts. This large block of capacity would require
reregulation facilities to smooth out the varying hourly discharges
and provide a more uniform daily flow in the main stem of the
Clearwater River.

Penny Cliffs Project The Wild and Scenic Rivers Act, signed
by President Johnson on October 2, 1968, designates the Middle Fork
of the Clearwater River as a component of the National Wild and
Scenic Rivers System. Therefore, development of Penny Cliffs or
alternatives on the Middle Fork have been foreclosed. However, a
brief description of the Penny Cliffs project follows:

The damsite is located on the Middle Fork at river mile 78.9
about 4 miles upstream from its junction with the South Fork. As
reported in House Document 403, topography of the site is favorable
for an embankment type dam. A rvockfill dam with a maximum height
of 620 feet would provide a normal pool elevation 1,855 feet. Usable
storage of 2,300,000 acre-feet would be available for flood control
and power generation. The project would generate on the average
about 223,000 kilowatts annually. Based on present criteria,
ultimate plant capability would be 1 million kilowatts. (33)

Lenore The damsite is located at mile 31.1 on the Clearwater
River, 2 miles upstream from Lenore, ldaho, and about 9.5 miles
downstream from Ahsahka, Idaho. The reservoir with 10 feet of draw-
down would provide approximately 11,000 acre-feet of pondage for
power generation and reregulation of Dworshak peaking releases.
At normal pool elevation 975 feet, the reservoir would extend 11
miles up the Clearwater River and up the North Fork to Dworshak Dam.
The dam would have an effective height of 75 feet and would be about
1,830 feet in length. Fish passage facilities would be located on
both the south and north shores. The project would generate an
average of 75,000 kilowatts annually, and the ultimate plant capa-
bility, which would depend on downstream development, could be as
much as 375,000 kilowatts. (34)

Peck Project This project is an alternative to the Lenore
project. The damsite is located on the Clearwater River at river
mile 36.0, about 5 miles upstream from Lenore damsite. At normal
pool elevation 975 feet, the reservoir would extend 11 miles up the
main stem Clearwater and to Dworshak Dam on the North Fork. The
project would provide an effective height of only 40 feet as
compared with 75 feet at Lenore. The project would generate an
average of 38,000 kilowatts annually and its total ultimate plant




capability would be about 175,000 kilowatts. Fish passage
facilities would be located on both shores. (31)

Agatha Project This project is an element of the plan that
includes the Peck development. The damsite is located at mile 26.5
on the Clearwater River. At normal pool elevation 930 feet, the
project would have an effective height of 53 feet. The reservoir
would extend up the Clearwater River to Peck Dam. The project would
have an ultimate plant capability of about 275,000 kilowatts and
would generate an average of 58,000 kilowatts annually. Fish passage
facilities would be provided on both shores. Development of Lenore
project in lieu of Peck would probably foreclose development of
Agatha. (31)

Myrtle Project The Myrtle Project is an element of the

Peck plan. The damsite is located at mile 17.5 on the Clearwater
River. At normal pool elevation 877 feet, the project would

develop 66 feet of gross head. The reservoir would extend up to
Agatha Dam. The project would generate an average of 71,000 kilowatts
annually and have an ultimate plant capacity of about 350,000
kilowatts. Fish passage facilities would be provided. (31)

Lapwai Project This project would develop the remaining
35 feet of head between the existing Washington Water Power Company
dam at Lewiston and Myrtle Dam. The damsite is located on the
Clearwater River at mile 9.8. At normal pool elevation 805 feet,
the project would generate an average of 38,000 kilowatts annually.
The ultimate plant capability would be approximately 175,000
kilowatts. Fish passage facilities would be provided. (31)

Subregion 7, Mid Columbia

The Mid Columbia subregion consists of the area drained by
the Columbia River below the mouth of the Snake River and above
Jonneville Dam. The only potential hydroelectric project in this
subregion is the Ninefoot Creek Project on the White Salmon River,
a minor north shore tributary.

Ninefoot Creek Dam Project The Ninefoot Creek damsite is
located at river mile 34.7 on the White Salmon River in Washington.
Amended application for license was filed by the Public Utility
District No. 1 of Klickitat County, Washington, on April 15, 1963.
The project would consist of the Ninefoot Creek Diversion Dam on
the White Salmon River, an 8,000-foot canal, the Green Canyon
forebay reservoir on Green Canyon Creek, a 3,350-foot penstock,
the Trout Creek Powerhouse on Trout Lake Creek, and a reregulating




reservoir on Trout Lake Creek. The plant would develop 904 feet

of head, and the usable storage in the Green Canyon reservoir would
be about 7,000 acre-feet. The powerplant would contain two 20,000
kilowatt units and would generate about 10,000 megawatts annually.

(9)

Subregion 8, Lower Columbia

This subregion consists of the drainage of the Washington
tributaries to the Columbia between the Grays River and Bonneville
Dam and the Oregon tributaries between the Clatskanie River and St.
Helens. The major tributaries in this subregion are the Lewis and
Cowlitz rivers.

Table 30 - Potential llydro Projects, Subregion 8
T 3 \Wwerage  Ultimate
Usable ross \nnual Plant

Stream Storage Head

cneration
ke e e L S

(1,000 ac-ft) (ft.) (\Werage Mw S

Project

Cowlitz Falls Cowlitz R. Pondage 4] > 2
Muddy Lewis R. 277 500 1 126
Meadows, Lower Rush Cr. PPondagc 1,001 18 63
Meadows, lpper Meadows (r. 1) 850 1

TOTAIL 347 2y &0l 105

1/ 115 percent of installed ( }\.n}zut-]» latc) capacity

Cowlitz Falls Public Utility District No. 1 of Lewis County,
Washington, has filed an application for preliminary permit for
Cowlitz Falls Project. The proposed plan consists of a concrete-
gravity diversion dam about 70 feet high and about 400 feet long
to be located on the Cowlitz River, about 5 miles southeast of Kosmos,
Washington; a reservoir providing about 3,000 acre-feet of usable
storage; a concrete-lined diversion canal about 1,000 feet long;
intake structure, and 150-foot long steel penstocks; and powerhouse
providing total capacity of about 45,000 kilowatts.

Lewis River The Lewis River drains an area of 1,050 square
miles lying between the Cascade Range on the east and Columbia
River on the west. The main branch of the Lewis River has its
source on the northwest slope of Mt. Adams. It flows in a south-
westerly direction approximately 110 miles and joins the Columbia
River at mile 87.0, about 19 miles downstream from Vancouver,
Washington.

Muddy Project The project would be located on the Lewis
River at mile 61. Application for license was filed by Pacific
Power & Light Company on November 26, 1956. This storage project
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would consist of an earthfill dam which would provide 277,000 acre-
feet of usable storage at full pool elevation 1,300 feet. Maximum
gross head for power generation would vary from 300 to 335 feet,
depending on the pool elevation at Swift No. 1, just downstream.

The powerplant would have an installed capacity of 110,000 kilowatts.
Federal Power Commission action is pending on this application.

This project would be operated in coordination with the company's
Merwin, Yale, and Swift projects located downstream. (23)

Meadows Project The project would consist of two power-
plants utilizing the flow of Rush, Curly, Meadow, and Big Creeks,
tributaries of the Lewis River. Application for license was filed
by Pacific Power & Light Company with the Federal Power Commission
on January 28, 1959. The initial installation would consist of a
diversion dam on Rush Creek and the 25,000-kilowatt Lower Drop
powerhouse on the proposed Muddy Reservoir. The ultimate develop-
ment would include in addition the Skookum Reservoir on Big Creek,
a diversion dam on Meadow Creek, the 25,000-kilowatt Upper Drop
powerhouse on Rush Creek, and an additional 30,000-kilowatt unit
at the vower Drop powerhouse. The Lower Drop would develop 1,061
feet and the Upper Drop 850 feet of gross head. Usable storage in
the Skookum Reservoir would be 70,000 acre-feet. All dams will be
earth and rockfill. (23)

Subregion 9, Willamette

This subregion consists of the Willamette River Basin in
Oregon. A number of potential hydroelectric projects were investi-
gated in the Willamette Basin Comprehensive Study of Water and
Related Land Resources completed in 1970. One conventional hydro-
electric project, the Shellrock Project, has been included as a
long-range element of the Comprehensive Basin Plan. In addition,
several potential pumped-storage projects have been included in the
plan, and these are discussed in the pumped-storage section of this
chapter. For further details of the sites investigated, reference
should be made to Appendices J (Power) and M (Plan Formulation) of
the Willamette Report. (25, 26)

Shellrock Project This project would be a single-purpose
hydroelectric project located on the Oak Grove Fork of the Clackamas
River above Lake Harriet. Water would be diverted from the Oak
Grove Fork just below Timothy Lake and conveyed 4 to 5 miles downstre:
in a pipeline to develop about 925 feet of head. The powerplant
would have an installed capacity of 35,000 kilowatts and a peaking
capability at 15 percent overload of about 40,000 kilowatts. Aver-
age annual energy would be about 12,300 megawatts. Operation of
the plant would be coordinated with the existing Timothy Lake and
Oak Grove projects. (9, 25, 26)
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Subregion 10, Coastal

fhis subregion consists of all Oregon and Washington streams
draining to the Pacific Ocean except for the Columbia River. Only
one potential project from this subregion is included, the Eden
Ridge project on the South Fork Coquille River in Oregon.

Eden Ridge Project The damsite is located on the South
Fork Coquille River. Application for license was filed January 29,
1960, by Pacific Power & Light Company with the Federal Power
Commission. The applicant has indicated plans to amend the appli-
cation to construct the project in two stages. The first stage
would include a concrete-arch or concrete-gravity dam at the Eden
Ridge site with normal pool elevation 2,240 feet and a powerhouse
with initial capacity of 30,000 kilowatts. The second stage would
include raising the dam to provide a pool elevation of 2,340 feet,
construction of Lockhart Dam about 3 miles downstream, and increas-
ing the powerplant installation to about 90,000 kilowatts. Usable
storage would be 110,000 acre-feet at Eden Ridge Reservoir and
2,600 acre-feet at Lockhart Reservoir. The average annual genera-
tion would be about 22,000 kilowatts. Power will be developed by
releases from either Eden Ridge or Lockhart Reservoirs through a
12,000-foot power tunnel and 3,100-foot penstock to the powerhouse.

{23, 24)

Subregion 11, get Sound

[his subregion consists of all Washington streams draining
to the Strait oxr Georgia, Puget Sound, and the Strait of Juan de
Fuca west to the Elwha River. Included in the following discussion
are a number of potential projects under active investigation. In
addition, a number of lesser projects were investigated in the
Comprehensive Water Resource Study of the Puget Sound. (26)




North Fork Snoqualmie River Project The project would

consist of an carthfill embankment about 300 feet in height from
base to crest and a top length about 1,700 feet. The damsite is
at river mile 11.7 on the North Fork Snoqualmie River, about 11
airline miles north and east of Snoqualmie, Washington. Normal
full pool would be elevation 1,545 feet. The winter operation
would call for holding the reservoir below elevation 1,509 feet
from November to March of each year, thus providing 50,000 acre-
feet of flood control storage. An additional 43,000 acre-feet
would be reserved for power generation and low flow augmentation.
[he power generating installation would consist of two 13,000-
Kilowatt units and one 4,000-kilowatt unit for a total of 30,000
Kilowatts, operating under an average gross head of 243 feet. The
plant's peaking capability would be 34,500 kilowatts, and the
average annual generation would be about 7,000 kilowatts. This
project would be operated in conjunction with the North Fork
Reregulating Dam described below. (23, 26, 40)

North Fork Reregulating Dam The reregulating damsite is
located on the middle reach of the North Fork Snoqualmie River
5.8 miles downstream from the North Fork storage reservoir. The
project would depend on sustained and controlled releases from the
upstream dam for operation and would reregulate flows as required.
The dam would be a combination earthfill and concrete-gravity
structure about 1,050 feet long. Maximum height would be about

80 feet from foundation to crest. The powerhouse would be located
approximately 3.5 miles downstream at river mile 2.5. An 11,000-
foot long canal would convey water from the outlet works to the
penstock intake. The steel penstock would be 8.5 feet in diameter
and 2,000 feet long. The power generating installation would
consist of one 30,000-Kilowatt unit operating under a gross head
of 572 feet. The plant's peaking capability would be 32,3500
kilowatts, and the average annual energy production is estimated
at 23,000 kilowatts. (9, 26, 40)

Sultan Project A license for the project was issued by the
Federal Power Commission to Snohomish County PUD No. 1 and the city
of Everett, Washington, joint licensees, effective June 1, 1961.
fhe Jlicense authorized construction of the project in two stages.
Stage 1, which has been completed, is utilized solely as a stor-
age reservoir for the city's water supply system and consists of
Culmback Dam, a rockfill dam across the Sultan River at about mile
17, and diversion facilities located approximately 6 miles down
stream. The license required commencement of construction of
Stage Il by June of 1967, and completion by June of 1970. As
originally planned, SGtage [l consists of several elements. {he
most important would entail raising Culmback Dam from its present
elevation of 1,408 to elevation 1,478 to provide a reserveir with
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a normal operating pool at elevation 1,450. It would also include
construction of powerhouse No. 1 and pertinent facilities at Culmback
Dam. A second dam would be constructed about 3-1/2 miles downstream,
and an 11,500-foot-long tunnel would carry water to powerhouse No.

2, located just above the existing city of Everett diversion dam.

An additional tunnel would be constructed from the diversion dam

to the existing Lake Chaplain reservoir. A 10,000-foot lined power
canal would carry water from Lake Chaplain to powerhouse No. 3,
located on the Sultan River at river mile 6. The proposed installed
capacities are as follows: Sultan No. 1, two units totaling 84,000
Kilowatts; Sultan No. 2, two units totaling 32,000 kilowatts;

Sultan No. 3, one unit of 24,000 kilowatts. Phase II has since

been deferred, and, if constructed, may involve a somewhat different
plan of development, possibly involving pumped-storage. (23)

Pilchuck River Project An application for a preliminary
permit has been filed with the Federal Power Commission by the
city of Snohomish, Washington. The proposed project would consist
of a two-stage development. Stage 1 would include construction of
a 50-foot high concrete-arch dam and reservoir located about 17
miles upstream from the city of Snohomish on the Pilchuck River,

a water treatment plant adjacent to the dam, and a water supply
conduit to the city of Snohomish. Stage Il construction would
include increasing the height of the dam to 150 feet, a powerhouse
with installed capacity of 4,000 kilowatts, and appurtenant
facilities. (26)

l'hunder Creek An application for a preliminary permit has
been filed with the Federal Power Commission by Scattle City Light
for the Thunder Creek Diversion Project. The proposed project
would consist of a thin-arch diversion dam about 185 feet high and
about 450 feet long, located on Thunder Creek, a tributary of
Skagit River and a 6-1/2 mile long tunnel to convey water to Ross

Lake. It is estimated the power output at Ross powerplant would
be increased by about 15 percent by the proposed diversion. (26)

Lower Sauk Project Contained in one of the alternate long-
range pnll.'n—lfr'."i?iht.l\.(-' Puget Sound Study, the Lower Sauk Project would
be a multiple-purpose storage reservoir located at mile 5 on the
Sauk River. With a pool elevation at 490 feet, 134,000 acre-feet
of storage would be available for flood control, low flow augmenta-
tion, recreation, and power. Developing a head of 210 feet, the
powerplant would have an installed capacity of 96,000 kilowatts
(110,000 kilowatts at 15 percent overload) and would generate an

average of about 55,000 kilowatts annually. (26, 27)
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Subregion 12, Oregon Closed Basins

There are no potential hydroelectric projects in this
subregion.

Summary
—b

Throughout the Columbia-North Pacific Region there remain
significant undeveloped hydroelectric resources. The forecasted
power demands show that all of the hydroelectric capability which
can be economically developed in the Pacific Northwest will be
usable in meeting regional loads. It is possible that some of the
projects listed can be developed as single-purpose power projects.
However, the need for the most efficient use of our limited water
resources tends to favor multiple-purpose development. Opportunities
exist for developing hydroelectric power potential at storage
projects which will be constructed to meet such needs as irrigation,
flood control, water quality, municipal and industrial water supply.

Some of the projects discussed in this appendix have been
studied in considerable detail while the information available on
many other potential developments is limited, and additional study
is required to determine feasibility. Table 32 summarizes the un-
developed hydroelectric potential of the various subbasins discussed
in this appendix.

Tab 1 y wmma t Potential Hydrocelectric Projects
3 “Average Ultimate
Usab ¢ Lross AnnualZ2/ Plant
e Subyegion. ____Storage 11¢ “i,v |m'l'l'\ Ca ‘-"L’JL‘.
(1,000 ac-ft) (ft.) (Average Mw) (MW)
Clark bork-hootenan ‘ni i 4,425 2,902 558 1,920
tark Lork (3,725) (2,422) (358) (1,454)
hootenal (Pondage) (208) (138) (395)
Spokane (700) (272) ( 62) { 80)
Hpper Columbia §32 1,499 533 Y, 237
3 vak ima 0 0 0 0
1. Upper Snake 3,413 - 380 960
Central Snake [ . 2,740 24 078
« Lower Snake 11,212 4,275 2,629 12,730
“Middle Snake'2/ (2,250) (772) (1,012) (4,831)
almon (6,062) 62, 735) (1,210) {6,000)
Clearwater (2,300) (768) (407) (1,900)
Mid Columbia Pondage 904 10 10
v, Lower Columbia 37 2,281 103 270
9 Willamette Pondage 925 12 10
10 Coastal 110 1,797 22 a0
11, Puget Sound 325 2,263 116 320
12. Oregon Closed Basins P R a W e
1OTAL 25,437 21,763 4,090 18,295

17 Includes both at-site and increased gvlu-ru.l'lnvn at downstream '|\‘l‘;V|Tl-t.\‘.' B
2/ thigh Mountain Sheep, China Gardens, and Asotin.
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Reservoir Storage

The Columbia-North Pacific Region is divided into areas of
distinctly different hydrologic character, one lying west and the
other east of the Cascade Range. The coastal streams to the west
are relatively short and empty into the Pacific Ocean, Puget Sound,
or the Lower Columbia River. On the west side, precipitation from
the predominant winter storms is generally in the form of rain
rather than snow, and the runoff cannot be reliably forecasted more
than a few days in advance. East of the Cascades, the Columbia
River drains an area in excess of a quarter million square miles
where snowmelt runoff has a major effect on the annual streamflow
pattern. The ability to predict runoff from the snowfed streams
permits efficient management of the water resources by providing
the ability to operate storage on a forecast basis.

Compatibility of Storage Use The major annual flood on the
Columbia River occurs within the period from May to July and results
from the melting of snow which has accumulated during the winter.
During those months when the precipitation at the higher elevations
is being stored as snow rather than contributing to the river's
flow, the region's electric loads are highest. To obtain the
required generation, the low natural flows are supplemented by
releases from stored water, and thus the reservoirs which are operated
for power normally reach their lowest levels before the occurrence
of the May-July flood flows. Once the flood flows are stored, the
reservoirs may be held full for recreational use until the storage
is again required for power or other uses. Lfficient storage oper-
ation for power and flood control serves also to improve conditions
for navigation where open river recaches remain, by increasing depths
of flow during the low natural flow months. Irrigation and low flow
augmentation for pollution abatement also require the storing of
floodwaters, but, unlike power and navigation, the greatest need
for storage release occurs during the warm, dry summer months.

Thus water stored and released for irrigation and water quality,
although assisting in flood control, does not contribute as
directly to increased firm capacity or usable energy.

On the west side of the Cascade Range, the major floods are
caused by severe storms which occur chiefly during November,
December, and January. However, the magnitude and intensity of a
storm cannot always be used as an index to the resulting flood.
Temperature sequence, ground-water recharge, snowpack, and other
factors influence the rate as well as the volume of runoff. The
regulation of the multiple-purpose reservoirs located on the west
side, specifically those located in the Willamette River Basin, is
normally divided into three scasons: (1) major flood season,
November 1 - January 31; (2) conservation storing season, February 1 -
May 31; and (3) conservation release season, June 1 - October 31.
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Maximum flood control space is provided during the period of maximum
flood potential. During that season, the reservoirs are held
evacuated to minimum flood control pool, or filled and emptied as
the control and regulation of floods may require the use of the
flood control storage space. During a critical water year on the
Columbia River, power generation required at Willamette Basin
projects to meet system firm commitments may curtail scheduled
filling at some Willamette Basin reservoirs and result in partial
filling of the reservoirs to the extent that there would not be
enough conservation storage to meet irrigation and other high-
priority requirements during the conservation release period.

Should this occur, exclusive power storage and possibly dead stor-
age in the amount that power releases curtailed the scheduled filling
may be used for irrigation and other high-priority uses. This is

a risk that power will assume if special regulation for power
jeopardizes the normal rvreservoir filling.

Changes in Use of Storage The pattern of storage regulation
for hydroelectric power production will change as the Pacific
Northwest integrated power system progresses from a hydro base to
a thermal base. During the initial stage all available power stor-
age will be used during the adverse water years to produce the
maximum possible prime power. This will establish the maximum firm
load which can be carried by the svstem, and therefore, in yecars of
better than minimum flow, the available storage will not be fully
used for power generation, During the second stage of development,
thermal generation will grow rapidly, and installations at main
river hydro plants will be expanded. All available energy, includ-
ing much that was formerly spilled, will become usable for replacing
thermal electric energy. As much storage will be withdrawn during
the winter season as can be replaced with forecasted flood season
flows. As a result, the average annual use of storage will be
greater than in the initial stage. During periods of adverse
streamflow, all power storage necessary to meet firm loads will be
used as it would be in the initial stage.

In the ultimate stage of development, reservoirs will be
maintained at a relatively high level to provide full plant peaking
capability until the January peak load has cecurred. Following the
annual peak load, storage will be withdrawn, on a forccast basis,
to generate hydro energy to replace thermal energy and to prevent
subsequent spill during the flood runoff season. The change from
one stage to the next will be gradual, and the length of cach period
will depend on the rate of load growth, the rate of adding new stor-
age and thermal generation, and the magnitude of the ultimate hydro-
installed capability. The common objective in all three periods is
to reduce the spill of water during the high runoff period by stor-
ing flows in excess of downstream plant hydraulic capacities and
thus convert potential spill into a usable commodity.
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Peaking Installations

Peaking capacity may be defined as that part of a power-
plant's generating capacity which is operated during periods of
highest electrical energy demand. The amount of peaking capacity
to be installed in a hydroelectric plant is dependent on a number
of factors, one of the most important being operating limitations,
such as rate and amount of change in reservoir and tailwater ele-
vations, that may be imposed for the protection of other water-
oriented interests. Other factors include streamflows, reservoir
storage and pondage capacity, and available head. In the Pacific
Northwest, many hydroelectric projects are being designed and
constructed with provisions included for the future installation
of additional generating units when needed to serve increased loads.
In some cases i1t may be necessary to provide reregulation facilities
when the additional capacity is installed to smooth out the peaking
releases and maintain safe and acceptable conditions downstream.
Examples of such requirements are found at Libby and Dworshak where
an open river of some extent exists downstream from each of the
projects. Both the Libby and Dworshak powerplants have been designed

Comstruction at Grand Coulee Third Powerhouse could ultimately provide 7,200 my of addtitional
peaking capacity (Bureau of Keclamation).
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to operate ultimately at an annual capacity factor of approximately
20 percent. In addition to the initial installations, intakes,
penstocks, and substructures are now being constructed to facilitate
installation of the future peaking units,

At the Columbia River and lower Snake run-of-river projects,
facilities are also being included in the initial phase for the
future installation of additional peaking units. However, in the
interest of navigation and other water uses, the ultimate annual
capacity factor of these plants has been limited to about 40 percent.
This, coupled with available pondage and overlap provided at each
project, results in maintaining acceptable conditions for navigation
in the various reservoirs.

At Grand Coulee, construction of a third powerplant is
underway. When the six 000,000-kilowatt units currently authorized
are completed, the Grand Coulce project will provide a total rated
capacity of 5,907,000 Kkilowatts including the addition of two
48,500-Kilowatt pump-turbine units in the existing pumping plant.
Upon completion of the Columbia River Treaty projects in Canada and
the Libby Dam in the United States, the usable storage for regula-
tion of the Columbia River above Grand Coulee will be more than
tripled. The increased fim streamflow plus its high head make
Grand Coulee ideal for installing additional peaking capacity beyond
the six presently under construction. Consideration is being given
to further powerplant expansion by installing six additional 600,000-
kilowatt units. This would increase the total capacity, excluding
pump-turbines, to 9,470,000 kilowatts. The addition of four more
reversible pump-turbines at the pumping plant will increase the
total rated capacity to 9,701,000 kilowatts. The average annual
capacity factor would be about 25 percent.

At Chief Joseph, intakes were provided during the initial
phase for a total of 27 units, of which 16 units were installed.
Plans are currently underway to install the final 11 units during
the years 1975-77. When completed, the 27-unit powerplant will
provide approximately 2,009,000 kilowatts of rated capacity, and
2,482,000 kilowatts of peaking capability. Average annual capacity
factor will be approximately 50 percent. Like Grand Coulee, Chief
Joseph is also ideally suited for the installation of additional
peaking capacity beyond the currently authorized 27-unit plant.
Studies are underway considering raising the Chief Joseph pool to
more efficiently accommodate peaking releases from Grand Coulee as
well as to provide more generating units at site.

Table 33 lists proposed additions at existing hydroelectric
projects., At most of these plants, structural provisions have been
made for the future addition of the units listed. At other projects,
only the space has been provided.
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fahle 33 Proposed Additions to Lxasting Hvdroelectric Projects

Existing and

Fe _H_nAd:_r“(_n_vn_t_'r_u_-‘l_g_u'u Proposed Addition
o rojet o Wmits Tofal Capaciiy WoUmits  Total Capariiy

(B0} o

Konneville 1o 518.4 6 180.0
Tohn Day 16, 2,160.0 1 540.0
MeNary 11 980 .0 6O 12000
Priest Rapids 10 788.5 6 473.1
Wanapum 1o 831.2 O 198,58
Rock Island 10 212: 1 6-8 350.0
Chief Joseph 16 1,024.0 1) 1,045.0
Grand Coulce 23 1,“"1'.“]" 3 1,800.0
Grand Coulee ffumping Plant & 07.0 ) 194.0
Boundary 1 551.0 2 2158
Noxon Rapids i 282.9 1 0.7
Libby | 120.0 1 120.0
Chelan : 8.0 2 18,0
Ice Harbor y 70,0 » 332.9
Lower Monumental \ 1050 5 105.0
Little Goost 3 1050 3 105.0
lLower Granite 1050 3 1050
Dworshak ] 100.0 3 660 .0
tlells Canvan 3 104 ) 130.5
Oxbow 1 1900 | 87.5
Brownlce ! 004 ? 180.2
Bliss 3 75.0 1 250
Lower Salmon 1 600 ! 15.0

\nderson Ranct 2 270 1 13.
Cougar p 25.0 1 35.0
Merwin 5 1535.0 1 15.0
Yale 2 108.0 2 108.0
Mayficld 5 g 8 1 0.5
Mossvroch 2 00D ] 150.0
hiablo 4 120.0 o 120.0
1071\l 174 b5, 781 .5 91-3 9733, 2

1/ 1ncludes 7!'}4h|rulrl-nrg all of the 18 or tginal main units, which increases thetr
nameplate rating to 125 MW cach, and two of the three 10 MW station service units
Source: (6, 24)

Pumped Storage

Electrical resource studies indicate that, in the future, a
major part of the Pacific Northwest's base load will be met by
nuclear powerplants. Nuclear plants can supply base load energy
at a relatively low cost but are an expensive source of peaking
power. Therefore, more economical means for providing peaking
power must be sought. Studies indicate that the peaking require-
ments of the region will be met until about 1990, by adding
generating units at existing conventional hydroelectric projects.
When the addition of those units is completed, other sources of
peaking power must be developed. Several alternative sources are
available, including pumped-storage. Recent improvements in
reversible pump-turbines have created considerable interest in
pumped-storage, especially in areas where reservoir sites with
high head are available, as they are in the Columbia-North Pacific
Region.
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Operation Pumped-storage hydro is unique among methods of
power generation as it is dependent on other electrical power
sources for its energy supply. It functions as an energy accumula-
tor in that low-valued off-peak energy is stored by pumping water
from a lower to a higher reservoir (figure 7). The stored water
can then be returned through the turbines to generate power during
peak load periods, when it is most needed and has its greatest
value. Pumped-storage installations offer many of the favorable
characteristics of conventional hydroelectric plants including
rapid start-up, long life, dependability, low operating and mainte-
nance costs, and adaptability as low cost spinning reserve. Due
to transmission losses and inefficiencies in the operation of pump-
turbines, approximately one and one-half times as much energy is
required for pumping as is obtained in the generating phase.
However, this increased energy use is justified by the high value
of the peak generation.

Pumped-storage may be designed to operate on a seasonal,
weekly, or a daily cycle. Seasonal pumped-storage would be
economical only in a system where there is a period in the year in
which there is both surplus water and surplus energy. The surplus
energy would be used to pump the surplus water into a holding
reservoir to be used for generation during periods of greatest
power demand. Projects of this type are especially adaptable to

Upper
Reservoir

LS
'§§§§NN§§

\
N
\ N\

Lower Powerhouse
Peservoir

FIGURE 7. Typical Pumped Storage Project
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multiple-purpose development. An example of this is the Paterson
Ridge site, which is being considered as a multiple-purpose project
for irrigation, recreation, thermal plant siting, and seasonal
pumped-storage power generation.

Daily and weekly pumped-storage hold considerable promise,
especially in light of the fact that in the near future thermal
plants will begin assuming an increasing share of the region's base
load. As more thermal plants are put into operation, more off-peak
energy will become available for potential use by pumped-storage
plants. Water would generally be pumped at night (and on weekends)
and released during the day to generate energy for meeting the
system's peak loads.

Pumped-storage projects are generally classified as either
"pure" pumped-storage or ''combined" pumped-storage. A "pure"
pumped-storage project is one which operates exclusively as a
pumped-storage plant. The plant's generation capability is depend-
ent wholly on water pumped from the lower to the upper reservoir.
On the other hand, a "combined' pumped-storage project is a conven-
tional hydro project whose generating plant consists either
partially or wholly of reversible pump-turbines. Water pumped from
the lower pool serves only to supplement conventional reservoir
inflow as a source of energy. Although a few combined projects are
now being studied in the Columbia-North Pacific Region, this
inventory is primarily concerned with pure pumped-storage projects.
The latter are further subdivided into two categories: "independent"
projects, in which both the upper and lower reservoirs are used
exclusively for pumped-storage operations, and "adjacent'" projects,
in which the reservoir of a conventional hydro plant is used as
the lower reservoir of an adjacent pumped-storage plant.

Site Inventory A map survey was made to evaluate the pumped-
storage potential of the region. Due to time limitations, it was
possible to survey only a portion of the region. The portion west
of the Cascade Divide was selected because it contains the region's
major load centers. llowever, it must be recognized that a very
large potential exists in the castern portion of the region as well.
The eastern slopes of the Cascades in Washington, the Blue Mountains,
and certain portions of the Rocky Mountains in Idaho and western
Montana hold particular promise (figures 11-15).

Most of the effort was placed on locating sites for large
peaking plants capable of operating on a daily or weekly cycle
using off-peak thermal energy. Prerequisites for an economical
pumped-storage project of this type include the availability of
low cost energy for the pumping operations; favorable terrain to
permit the construction of the reservoirs with minimum investment
in dams, relocations, land and damages; and a location offering
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TUNNEL - PENSTOCK LENGTH (FT)

2,000 r

1.500 F Dam & Reservoir $8,000,000
’ Penstock Length 2,000 Ft.
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Figure 8. Investment cost vs. head for 1000 mw pumped-storage plant.
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Figure 9. investment cost vs. penstock length for 1000 nw pumped-storage plant.
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Plant having a head of 1500 ft., penstock length of
8,000 ft., and dam and reservoir costs ranging from
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