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BASIN DESCRIPTION

Between the crests of the Cascade and Coast Ranges in northwestern Oregon lies
an area of 12,045 square miles drained by Willamette and Sandy Rivers--the Willamette
Basin. Both Willamette and Sandy Rivers are part of the Columbia River system, each
lying south of lower Columbia River.

With a 1965 population of 1.34 million, the basin accounted for 68 percent of
the population of the State of Oregon. The State's largest cities, Fortland, Salem,
and Eugene, are within the basin boundaries. Forty-one percent of Oregon's popula-
tion is concentrated in the lower basin subarea, which includes the Portland metro-
politan area.

The basin is roughly rectangular, with a north-south dimension of about 150 miles
and an average width of 75 miles. It is bounded on the east bv the Cascade Range, on
the south bv the Calapoova Mountains, and on the west bv the Coast Range. Columbia
River, from Bonneville Dam to St. Helens, forms a northern boundary. Elevations range
from less than 10 feet (mean sea level) along the Columbia, to 450 feet on the vallev
floor at Eugene, and over 10,000 feet in the Cascade Range. The Coast Range attains
elevacions of slightly over 4,000 feet.

The Willamette Valley floor, about 30 miles wide, is approximately 3,500 square
miles in extent and lies below an elevation of 500 feet. It is nearlv level in many
places, gently rolling in others, and broken by several groups of hills and scattered
buttes.

Willamette River forms at the confluence of its Coast and Middle Forks near
Springfield. It has a total length of approximatelv 187 miles, and in its upper 133
miles flows northward in a braided, meandering channel. Through most of the remaining
54 miles, it flows between higher and more well defined banks unhindered by falls or
rapids, except for Willamette Falls at Oregon Citv. The stretch below the falls is
subject to ocean tidal effects which are transmitted through Columbia River.

Most of the major tributaries of Willamette River rise in the Cascade Range at
elevations of 6,000 feet or higher and enter the main stream from the east. Coast
Fork Willamette River rises in the Calapoova Mountains, and numerous smaller tribu-
taries rising in the Coast Range enter the main stream from the west.

In this study, the basin is divided into three major sections, referred to as
the Upper, Middle, and Lower Subareas (see map opposite). The Upper Subarea is
bounded on the south by the Calapooya Mountains and on the north by the divide between
the McKenzie River drainage and the Calapooia and Santiam drainages east of the valley
floor and by the Long Tom-Marys River divide west of it. The Middle Subarea includes
all lands which drain into Willamette River between the mouth of Long Tom River and
Fish Eddy, a point three miles below the mouth of Molalla River. The Lower Subarea
includes all lands which drain either into Willamette River from Fish Eddy to its
mouth or directly into Columbia River between Bonneville and St. Helens; Sandy River
is the only major basin stream which does not drain directly into the Willamette.

For detailed study, the three subareas are further divided into 11 subbasins
as shown on the map.
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RRUSREPROSS S AND SHELOPUE

The purpose of this Appendix is to show the present power needs and
existinp generating capacity in the Willamette Basin, to determine fu-
ture power needs, to identify potential projects in the basin which
could be developed for power generation, and to evaluate potential
projects as to their utility for power development, The power poten=
tials within the basin are presented from a single-purpose viewpoint to
determine the maximum extent to which the water resource could be de-
veloped for power generation,

Power requirements, load characteristics, interconnections, and
power-source potentials are projected to the years 1980, 2000, and 2020,
These projections are the basis for planning long-range, comprehensive
water resource development, The 1980 estimates provide the basis for
development of a plan to meet early power needs of the basin., The
longer~term appraisals are more conjectural and tentative,

A brief "Glossary of Power and Rate Terms," as used thnpughout this
study, is included at the end of this Appendix,

RELATIONSHTIP TO OTHER

PARTS OF REPORT

This Appendix draws upon data contained in the three supporting
appendices=--A - Study Area, B - Hydrology, and C = Economic Base. It
is related more specifically to some of the functional appendices, and
data developed in this and other appendices are used interchangeably as
required, Power is closely related to irrigation because it is used to
operate irrigation pumps during the summer months (Appendix F = Irri-
gation), Power directly affects forest management because of the need
for transmission line corridors (Appendix G - Land Measures and Water=-
shed Protection) and land use for power sites, Also, thermal generating
plants may have an impact on the water temperature of streams on which

they are located (Appendix L - Water Pollution Control,)

This Appendix provides the background for the power presentation
in Appendix M and the main report, The relationship of power to all
the other functions of multipurpose water resource development is
covered in detail in Appendix M - Plan Formulation,
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HISTORY

Use of water for power in the Willamette Basin was introduced by
the early Oregon settlers., The first water-power development was under-
taken about 1838 by Dr. John McLaughlin, who erected a sawmill which
used a water wheel for power on Abernethy Island at Oregon City., In
subsequent years, enterprises using the power of falling water at Wil-
lamette Falls were established. Those firms constructed low-head timber
dams and flumes to divert sufficient water to drive their rather crude
wooden water wheels, The first water-driven turbine in Oregon was in-
stalled on Silver Creek near Silverton in 1850, Thereafter, water was
developed for power in many new settlements,
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The first generation of hydroelectric power in the basin, by the
Oregon City Electric Company, took place in 1888; a plant was built at |
Willamette Falls to supply electric energy to Portland and Oregon City. :
In 1889, a new plant was put into operation by Willamette Falls Electric
Company, which transmitted power to Portland in the form of direct cur- ]
rent for street lighting, Alternating=-current generators were installed |
in that plant early in 1890, The first long-distance transmission of
alternating=current power in the United States was made from that plant
to Portland that year,

Late in 1895, three 450-kilowatt generators went into service at |
Willamette Falls, This was the first stage of construction of a new
powerhouse (the present T. W. Sullivan Plant) buile by Portland General |
Electric Company, During those early years, several companies were |
developing water power for paper~making purposes. Water wheels were |
installed to drive pulp grinders and other machinery and to produce
electric power for consumption on the premises; these forms of hydraulic
power are still being used by the present companies--Crown Zellerbach 1
Corporation and Publishers Paper Company.
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Photo I-1,

Plants Using Waterpower at Willamette Falls,
Oregon City (Croam Zellerbach Photo).

I-3




.

Following the initial start at Willamette Falls, hydroelectric
power was developed on other streams in the basin, Portland General
Electric Company constructed Faraday in 1907 and River Mill in 1911 on
the Clackamas River, and Bull Run on the Bull Run River in 1912, 1In
1911, the City of Eugene built Walterville on the McKenzie River. Those
plants are still in operation today, although numerous changes, altera-
tions, and improvements have been made through the years, In 1924,
Portland General Electric Company constructed Oak Grove on the Clackamas
River, and in 1929 the City of Eugene built Leaburg on the McKenzie
River.

Some of the earlier major hydroelectric developments in the basin
are tabulated below:

Table I-1
Early Hydroelectric Power Development

Name of Present Initial Initial Date
Project Owner River Capacity in Service
Sullivan PGE Willamette 1,350 KW 1895
Faraday PGE Clackamas 7,500 KW 1907
River Mill PGE Clackamas 6,600 KW 1911
Walterville City of Eugene McKenzie 1,128 KW 1911
Bull Run PGE Bull Run 11,250 KW 1912
Oak Grove PGE Clackamas 25,500 KW 1924
Leaburg City of Eugene McKenzie 6,000 KW 1929
Westfir Westfir Lumber N,Fk.Willamette 1,950 KW

PGE: Portland General Flectric Company

Photo I-2. Detroit Dam, North Samtiam River (USCE Photo)
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No major hydro power development took place in the Willamette River
Basin for the next 20 years., In 1953, Detroit Dam on the North Santiam
River, the first of the Corps of Engineers projects with generating
facilities, was put into service. In the following years, seven more
Corps of Engineers projects and several nonfederal projects with genera-
ting facilities were built in the basin,

The development of thermal-electric power in the Willamette Basin
has been slow due to the abundance of low=cost hydropower in the Pacific
Northwest and the high cost of fuel-electric plants. During the early
stages of power development, prior to the transmission network of today,
a number of steam plants were built to serve particular load centers,
The following tabulation 1ists some of the older steam plants and the
McMinnville internal combustion plant:

Table I-2
Early Steam and Intermal Combustion Plants

Name of Present Initial Initial Date
Project Owner Location Capacity in Service
Station "E" PGE Portland 2,000 KW 1904 Ret,
Springfield PP&L Springfield 800 KW 1906
Station "H" PGE Salem 1,000 KW 1906 Ret.
Station "L" PGE Portland 2,000 KW 1910
Station "N" PGE Portland 2,500 KW 1911 Ret.
Pittock PP&L Portland 7,000 KW 1914 Ret.
Lincoln PP&L Portland 7,500 KW 1919
Willamette Valley Willamette Val,

Lumber Company Lumber Co. Dallas 5,250 KW 1920
McMinnville City of

McMinnville McMinnville 2,740 KW 1926

Eugene City of Eugene Eugene 6,000 KW 1931

PGE : Portland General Electric Company
PP&L: Pacific Power & Light Company
Ret.: Retired.

For nearly 50 years after the first long-distance transmission line
was placed in service, power transmission facilities were developed
primarily on a local needs basis., Generating plants were generally
located near the load centers, and only sufficient transmission facili=-
ties were constructed to deliver power to these centers, In the late
1930's, Federal high-voltage (230,000-volt) transmission lines were
constructed to carry Bonneville and Grand Coulee power to the Portland
and Seattle load centers, It was then that a regionally integrated
transmission and distribution system began to develop. A Federal
115,000-volt power line was constructed from Portland to Eugene by 1940,
By that time, Portland General Electric Company had built 57,000-volt
transmission lines and distribution lines in the Willamette Valley north
of Salem., Northwestern Electric Company also served a part of the
Portland area. Mountain States Power Company built transmission lines
up to 66,000 volts to serve the Willamette Valley south of Salem,
California Oregon Power Company was interconnected to the Willamette

1-5
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transmission grid during that time., The transmission facilities of the

latter three companies are now owned and operated by Pacific Power and

Light Company, Today, the Willamette Basin has a vast network of trans-

mission and distribution facilities.

Photo I«3, North Fork Dam, Clackamas River
Compmu Photo).
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The Willamette Basin differs hydrologically from areas east of the
Cascade Range, where most of the region's major hydroelectric facilities
are located, Fall and winter storms in the Basin increase water supplies
and, therefore, power generation, at a time when streamflows in the
eastern portion of the region are normally low, Northwest hydroelectric
power projects are shown on Map II-1,

The Willamette Basin is strongly dependent upon out-of-basin sources
for electric power, The Willamette Basin contains less than 5 percent
of the Pacific Northwest region's land area and about 5 percent of its
installed generating plant capacity. However, the basin's power require-
ments are about 23 percent of the regional load. Transmission lines in
the basin are interconnected with the rest of the Pacific Northwest re-
gional power grid and power flows into and out of the Willamette Basin
as required., Over 75 percent of the present power supply is imported.

Other power market areas, intertied with the Pacific Northwest
Region, can use surplus Northwest secondary energy and peaking capacity
during their heavy load periods., In turn, these other areas can pro-
vide energy during their minimum=-load periods to firm up some of the
secondary energy generated in the Northwest. Construction is already
completed on part of the Pacific Northwest-Pacific Southwest Intertie,
the biggest single electrical transmission program ever undertaken in
the United States, Other interties, such as a tie with the Missouri
Basin, and the Central sectors of the United States, are being inves-
tigated.

Photo II-1, Celilo D=-C Substation Under Congtruction - Part of Pacific
Northwes t-Pacific Southwest Intertie (USBPA Photo),
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POWER REQUIREMENTS

A large portion of the power requirements in the Middle and Upper
Subareas are attributable to the lumber industry and its supporting
services, Forest products are supplied for use throughout the world.
Most of these products are distributed from the Port of Portland, a
major West Coast seaport, and a terminal for rail and barge traffic, in
the Lower Subarea, The largest individual industrial power users in the
Basin are the primary metals producers near Albany and Portland. The
Willamette Basin has many small industries and commercial enterprises.
These power requirements, coupled with domeatic power requirements of
the heavily populated valley, make the Willamette Basin one of the major
electrical load centers in the Pacific Northwest. The basin's peak load
currently smounts to some 3 million kilowatts,

Tndustrial use by about 1,000 customers amounts to 37 percent of
the tctal load, The largest user group (numerically) is the 400,000
plus domestic customers who create about 35 percent of the basin's total
energy requirements., Commercial establishments buy nearly 18 percent,
while about 2 percent is used for irrigation and other purposes. Trans-
mission and distribution losses amount to about 8 percent.

Details of eslectric energy sales for 1965 are shown on Table II-1,
Table 1I=-1

Electric Emergy Sales
Willamette Basin - 1965

Energy (1,000 Percent

Customers kilowatt hours) of Total
Industrial 1,034 5,040,000 37.0
Domestic 405,091 4,801,000 35.3
Commercial 52,395 2,385,000 17.5
Irrigation & Other 6,303 273,000 2,0
Losses 1,119,000 8.2
Total 464,823 13,618,000 100,0

LOAD CHARACTERISTICS

Load characteristics of the Willamette Basin are typical of those
experienced elsewhere in the Pacific Northwest, That is, peak loads
occur in the winter months when daylight is short and when electrical
heating accentuates the normal increase in power usage, The summer
loads which are normally lower have neither the high irrigation pumping

11=-2
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nor the heavy air-conditioning loads common in other areas in the West,
Therefore, the spread between winter and summer loads in the basin is
substantial; load requirements in 1964 ranged from a minimum of 1,679
megawatts in July to a peak of 2,792 megawatts in December,

The basin's peak demands are dominated by domestic and light ine
dustry requirements rather than by heavy industry. For other than the
(above described) seasonal fluctuations, the peak requirements of the
basin are relatively stable,

Load factor--the average energy requirement divided by the peak de-
mand in the same period--is an indicator of load characteristics used
throughout the power industry. Willamette Basin load factor in the peak
month of December 1964 was 63 percent, whereas the load factor for the
year was approximately 52 percent. The yearly load factor for the
Pacific Northwest as a whole is about 65 percent,

POWER SOURCES

Total installed generating capacity in the Willamette Basin is
about 938,000 kilowatts, The 35 existing hydroelectric generating
projects in the Willamette Basin have a total nameplate rating of about
718,000 kilowatts, Authorized additions to the existing Cougar hydro-
electric project would increase the total nameplate rating by 139,500
kilowatts., Additionally, the basin has 23 thermal power plants, with a
total installed capacity of about 220,000 kilowatts,

Over half of the basin's hydroelectric generating capacity, 408,000

kilowatts, is installed at eight Corps of Engineers multipurpose projects.

Public agencies built five hydroelectric projects with about 112,000
kilowatts of installed camacity; the City of Eugene operates four of
these. A minor amount of the basin's hydroelectric power is generated
at industrial firms for plant use. The 22 remaining hydroelectric pro-
jects in the basin, with an installed capacity of 198,000 kilowatts, are
owned and operated by private entities, Hydroelectric projects in the
basin range in size from Burnice Grewell's three-kilowatt plant located
on Dobbins Creek in the South Santiam basin to the Corps of Engineers
120,000=ki lowatt Lookout Point Powerplant on the Middle Fork Willamette
River, Hydroelectric and thermal power plants in the basin are pre-
sented in Tables I1I-2 and 11I-3, respectively, and are shown on Map II-2,

For many years, power generation from other areas of the Pacific North-
west has been used to make up the difference between Willamette Basin
power needs and generation within the basin. As mentioned before, over
three-fourths of the basin's power supply was imported in fiscal year
1969, This power was imported by Bonneville Power Administration,
Pacific Power and Light Company, and Portland General Electric Company.

Although generating facil{ties within the basin are under diverse
ownershins, their operation is coordinated hvdraulically and electri=-
callv with other utilities of the area to nbtain the most effective
utilization of water resources and electric power facilities,

I1-3
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Table 11?2
Develoned Waterpower Plants

. Decemher 31, 19€8

¥ Mechanical droelectric Plants
+ Location Power Installed Peaking Usable Pool Crose
E~ Stream Mile Plants Capacity Capability Storage Elevation Head
o Plant Class _ Stream (Above Mouth) Sec. T, R hp L.1] LU Acre-feet Feet feet
> Upper Willamette Subarea
Hills Creek Fed, M. Fk. Willamette 232.5 35 218 3E 0 30,000 34,500 243,600 1541,0 318,0
B Lookout Point Fed, M. Fk. Willamette 206.9 13 18 1w 0 120,000 138,000 336,500 926.0 231.0
Dexter Fed, M, Fk. Willamette 203.8 9/ 19% 1w 0 15,000 17,250 4,800 695.0 $7.0
Rsy Nelson Pri, Glenwood Cr, YA RA o 1 1% NA NA 206.0
Carmen Pub, McKenzie 83.0 1 158 6F 0 80,000 101,600 12,000 2605,0  S13.0
F Trail Bridge Pub, McKenzie 8.9 1 155  6E o 10,000 11,000 2,113 2092.0 8.0
Cougar Fed, S. Fk. McKenzie 4.5 3N 165 SE 0 25,000 28,750 154,000 1690,0  4%.5
Leaburg Pub, McKenzie 33.3 9 178 1E L] 13,500 14,820 n 734.0 90.0
Walterville Pub, McKenzie 24.5 29 178 1w 0 8,000 9,500 34S 598.0 56.0
R Montoe Feed Pl Long Tom AL 7% 33 145 SW 20 a a o A 7.0
g NW Mining & Milling Pri, Puddin Rock Cr. 1.5% 20 238 1E 49 25K 25¢ NA NA 217.0
Subtotal 70 301,532 355,452 753,358
Middle Willamette Subarea
3 Thompson Mill Pri, Calaspooia 23.5 8 13s W 205 0 0 o NA 1.0
4 Scott Young Pri, Minto Cr, 0.1 15 118 7E 0 59 59 0 NA 100,0
1 Mineral Springs Pri, Breitenbush 10.5% 20 9s 7E 0 35 35 L] NA 18,0
Breitenbush Hot Springs Pri, Breitenbush 10, 3% 20 9s 7€ L 12 12 0 NA 7.0
9 Detroit Fed, North Santiam 60.9 7 105 SE n 100,000 115,000 323,000 1563.5 357.5
x Big Cliff Fed, North Santiam 58.1 35 s 4E n 18,000 20,700 2,430 1206, 0 97.0
Marion Investwent Pri,  North Santiam 28,8 1n 95w ] 900 ann 0 A 14,0
f Stayton Pri,  North Santiam Canal 21.0 10 9s 1w 0 600 700 0 465.0 15.0
A Bumice Grewell Pri, Dobbins Cr, 0.5* 32 138 3E L} 3 3 NA NA $2.4
4 Green Peter Fed, Middle Santiam 5.7 10 138 2E 0 80,000 92,000 333,000 1nia 00,0
Foster Fed, South Santiam 7.7 27 138 1e 0 20,000 23,000 13,600 640, 113.0
3 John Wills Pri, Wiley Cr. 0.6 27 138 1E o kLY 36 NA NA 30.5
3 Lebanon Pri, S, Santiam Cana} 11125 o 144 190 a %3,0¢ 10,8
Crown Zellerbach Pri, S. Santiam Canal 15.0* 11 128 2w 614 0 0 o A 9.0
Willamette Paper Pri, S. Santiam Canal 14.5% 2 125 2w n 192 192 N NA 1.0
Albany Pri, S, Santiam Canal 1.5 6 11s W o 800 500 NA 5.0
Rolla Shelton Pri,  Thomas Cr, 18.0 8 108 1E 0 15 15 NA NA 25.0
r Aumsville Mi]1 Pri, Mil] Cr, 17,0% 31 88 1w 0 0 ) )
%411 Creek Pri. My Cr, 0,2¢ 22 s W 0 o f NA
Columhia Paper Pri, 0.1% 22 s W 0 0 A
Coffee Lake Pri, e 1.0% 23 4s w 12 12 londage NA
Norma Holman Pri, Molalla 18.3 2 58 2E 0 o NA
Subtotal 20,808 753,264 heo
Lower Willamette Suba
Gladva Dallas Pri,  Parrot & Beaver Crs. 1.0% 23 s 1E 25 ] J 25.0
f Sulliven Pri,  Willamette 26.6 3t 28 IF 0 15,400 15,000 400
E. west Linn Pri, Willamette 26.6 125 2E 18,640 13,900 13,000 .
r Oregon City Pri, Willamette 26.6 31 28 2E 16,000 1,50 1,400 40,
Timothy Meadows** Prt, 15.8 26 58 8E o Ll r ’ °s.n
Oak Grove Pri, 47,6 22 Ss  6F 0 51,000 49 000 2790
North Fork Pri, 3.1 11 4S  4E 0 38,400 54,000 134, 8
- Faraday pri, 26,2 13 35 4E n 38,450 44,000 1.0
R . River M{1] Pri, Clackamas 23.3 27 3§ 4 0 19,050 23,000 Wa.E R2,0
. Lake Oswego Pri, Oswego Cr, 0.6% 10 2s 1E 0 522 $2 Voncage 100,00 °n,n
Machinery Sales Pri, Bridal Ve{] Cr, 0,3* 22 IN S 157 n d NA 65,6
i Eclus Follock Fri, Bowman Cr. 0.1% 5 28 S o A h A .0
o Bull Run Pri,  Bull Run 1.5 6 2§ SE 0 21,000 22 000 a0 6570 326.0
' Subrotal 346,822 195,228 223 224 70,570
TOTAL 36,596 117,564 €31 94 1,519,958

-
NA  Not Availabl

used through all Clackamas River plants,

Y 11=4
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TRANSMISSION OF POWER

A number of electric utilities, both private and public, distribute
power in the Willamette Basin. Six cities are served by municipal
systems: Forest Grove, Canbv, McMinnville, Monmouth, Eugene, and Spring-
field. Salem is served bv Portland General Electric Company and a coop-
erative, Salem Electric, Portland is served jointly by two private
utilities, Portland General Electric Company and Pacific Power and Light
Company. Portland General Electric also serves most of the rest of the
Lower Subarea of the basin., Pacific Power and Light serves much of the
more intensively developed portions of the Upper and Middle Subareas,
Lane County and Blachly-Lane County Cooperatives serve rural areas in
the uvper basin. Consumers Power Company, a cooperative, serves rural
areas in the Middle Subarea, In addition, West Oregon Electric Co-op
serves a small area on the western edpe of the lower basin,

The Willamette Basin transmission system is an integral part of
the Pacific Northwest interconnected regional transmission grid, The
degree of integration is illustrated on Map IV=3, which shows the high
voltage grid as of January 1970 in green and a projected system for
possible development by 1990 in red. Generating facilities in the
Willamette Basin are interconnected with those throughout the Pacific
Northwest by this regional transmission grid. This vast netwcrk permits
PGE to import power from its plants in the Deschutes River Basin,
Pacific Power and Light is able to import power from its Lewis River
generating complex to the north of Willamette Basin and its Umpqua River
generating plants to the south, Major BPA lines traversing the basin
transmit power from powerplants throughout the Pacific Northwest to the
Portland, Salem, and Eugene load centers. The exchange of power through
these transmission facilities also permits the use of Willamette Basin
power anywhere in the Pacific Northwest. However, power requirements
in the basin normally preclude the use of basin resources to serve out-
of-basin power markets, Major Willamette Basin transmission facilities
as of December 31, 1968, are shown on Map II-3,
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' Photo II-2, Recreation on a Storage Reservoir (USBPA Photo).

PROBLEMS

The largest portion of electric power used in the Willamette Basin
is imported from the generating complex of the Pacific Northwest via
the area electric power transmission grid. Present power requirements
of the hasin are being met adequately. Rights-of-way for transmission
lines to bring the necessary amounts of electric power into the basin {
are becoming crowded., Planners for new lines seek routes to avoid wil- i
derness areas, recognize restrictions for recreation and other compet- ;
ing land uses and consider alternatives to new rights-of-way through
highly developed areas where the most power is actually used.

The principal problems in hydroelectric power generation result
from conflicting requirements on reservoir storage for non-power pur=-
poses. Increasing demands for recreational areas have developed con-
flicts with prior planned conservation releases from multipurpose res-
ervoirs, At the present, reservoir releases for flood control, irriga-
tion, fisheries, and water quality usually can be effectively used for
power generation but conflict with recreational uses of the reservoir,
However, during the winter when storage levels must be held down to
provide fiood control space, power generation is reduced due to the
lower head. One of the major needs of the area is for the development
of additional multipurpose storage and the equitable allocation of its
uses to the various needs. Each function should bear project costs
proportionate to benefits derived,

I1=-7




SPECIAL RESERVOIR RELEASES

Water quality--or more specifically, dissolved-oxvgen content-=in
the Portland Harhor reach of the Willamette River has become critical
on several occasions., In this reach, where water pollution is severe
even under normal conditions, the problem becomes intensified during
periods of low flow and higher=than=normal temperatures. Since 1965,
when the problem became most acute, a number of measures have been taken
which have lessened the severity of the water pollution problem,

In 1965, special releases from storage reservoirs were made by the
Corps of Engineers for streamflow augmentation at the request of water
pollution control officials, Also, water releases were made by Portland
General Electric Company from their upstream storage. Energy losses as
a result of the Company's storage releases were replaced by BPA, This
shows the vulnerability of power storage in emergency situations. When
power storage is also critical, any decision %o use the stored water for
pollution abatement instead would be even more difficult than in the
1965 situation.

Since that time aeration devices have been installed by Portland
General Electric in seven draft tubes at the T, W, Sullivan plant at
Willamette Falls, Also, Crown Zellerbach Corporation and Publishers
Paper Company installed aeration devices in their powerplants at Wil=-
lamette Falls in 1968,

The Corps of Engineers has agreed upon request to release water
stored in their Willamette Basin reservoirs when emergency conditions
dictate. The Corps of Engineers has, however, emphasized that there is
no legal authority to meet stream pollution abatement needs at the ex-
pense of authorized project functions. They have also emphasized that
streamflow augmentation should not be considered a substitute for ade-
quate water treatment, and that such releases are subject to agreement
by affected Federal agencies, in this case, Bonneville Power Administra-
tion,

POWER LINE RIGHTS=-OF-WAY

It is necessary to use some land for powerline occupancy. About
20,000 acres of agricultural and forest lands in the basin are now used
for powerline rights-of-way. However, this land is shared by agricul-
tural, recreational, and wildlife uses,

The agricultural use of much of the land is continued even after a
transmission corridor is put through, Row crops can still be grown, and
cattle can be grazed on the rights-of-way unused by structures, On the
other hand, forest areas must usually be removed from timber-growing
uses, because trees would interfere with the lines; Christmas tree
plantings are in exception to this, although they probably do not occupy
a sizable portion of the total right-of-way. Fire control is frequently
enhanced by access roads and the corridor serving as a fire break.

11-8




To determine the highest use of forest land, its utility for trans-
porting electrical energy must be weighed againsat its use for other
purposes.

Transmission lines may traverse and adversely affect areas of rec-
reational value, Thelr visual impact must be considered in land use
planning., Location of the rights-of-way when coordinated with recrea=-
tion values gives an optimum balance in land use. The need for power-
line rights-of-way continues to remove land from commercial forest.
While it is necessary to use forest lands for this purpose, transmission
planners should avoid the most pnroductive sites whenever possible by
coordination with forest land managers.

Major transmission line rights-of-way are customarily seeded to
provide forage for wildlife or domestic animals if not used for agri-
culture or other purposes.
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Photo 1II-1, Sprinkler Irrigation (USBPA Photo).
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ELECTRIC POWER REQUIREMENTS

Electric power requirements of Willamette Basin are expected to
continue the rapid growth of the past. The combination of mild climate,
abundant water, and plentiful agricultural and forest resources should
encourage continued commercial and industrial exnansion and support con=-
current increases in nopulation. The area supports a high standard of
living, Use of power per customer ranks among the highest in the nation.
Under such circumstances, a steady increase in the need for electric
power can be expected.

SHORT~RANGE PROJECTTIONS

Electric energy sales in the Willamette Basin increased by 39 per-
cent during the 1960-65 period. This growth reflects both increases in
number of customers and increased consumption per customer., These up-
ward trends are expected to continue to 1975, Table 11I-1 summarizes
actual energy sales in 1960 and 1965 and forecasts requirements for 1970
and 1975 by class of customer; detailed forecasts beyond the ten-year
period were not considered sufficiently valid to be included in this
tabulation. The factors which have and will influence energy sales are
summarized later by customer groups.

Table I1I=]
Electric Fnergy Sales for 1260 and 1965,
and Estimated Nequirements for 1970 and 1976,
Willamette Basin

Actual Estimated
1960 1965 1970 1975

Population 1,168,899 1,338,900 1,450,500 1,648,800
No. persons per:

Domestic Customer 3.32 3.30 3,00 2.95

Commercial Customer 257 2545 22.5 21,5
No, Customers

Domestic 352,207 405,091 483,500 558,920

Commercial 45,571 52,395 64,470 76,690
Average KWH/Customer

Domestic 10,107 11,852 14,000 16,500

Commercial 35,130 45,514 55,000 65,000
Energy Sales (Millions of KWH)

Domestic 3,563 4,801 6,769 9,222

Trrigation 20 54 85 120

Commercial 1,601 2,385 3,546 4,985

Industrial 3,636 5,040 7,969 11,282

Miscellaneous 161 219 297 387
Total 8,981 12,499 18,666 25,996
7 Losses 9.6 8.2 8.0 8.0
Fnergy Requirements (Millions

of KWH) 9,934 13,618 20,289 28,256
Decemher Peak (MW) 1,817 2,655 3,952 5,670
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The values shown in Table III=1 for 1970 and 1975 are based on
projections made by utilities serving the area and reflect their assess-
ment of potential growth,

DOMESTIC

The number of domestic electric customers (farms, homes, and sea-
sonal cabins) has increased more rapidly than the population. Factors
contributing to this growth have been the wave of World War II babies
reaching marriageable age, smaller families, and the establishment of
second homes by a larger number of more affluent families, These fac=-
tors will probablv continue to increase the number of domestic customers
at a more rapid rate than population growth.

Average use per domestic customer, adjusted for exceptional weather
conditions, increased about 400 kwh per year from 1960 to 1965. During
that period, electric space heating in the Willamette Basin increased
from about 12 percent of the homes to almost 23 percent, accounting for
three-fourths of the total increase, Further increases in domestic use
of about 400 kwh per vear can be expected through 1970, Slightlv higher
increases are forecast from 1970 through 1975, based on the growing de=-
mand for all-year air conditioning.

IRRIGATION

Fnergyv sales for irrigation by 1975 will be more than double the
1965 level. Sprinklers are used on about 95 percent of the land now
under irrigation. Future growth will rely primarily on the use of
sprinklers. By the year 1975 over 360,000 acres will be under irriga-
tion compared to 244,000 acres in 1966,

COMMERC IAL

Commercial electric energy sales have increased as air condition-
ing, lighting, and electric-heating loads increased. Manv shopning
centers, office buildings, and small factories have been constructed in
recent years to serve the expanding economy., These tiends are expected
to continue in the foreseeable future,

INDUSTRIAL

The Bonneville Power Administration serves four electro-process
industries in the Willamette Basin: Revnolds Metals Company at Trout=-
dale, and Pacific Carbide & Alloys Company, Pennwalt Corporation, and
Union Carbide Cornoration in Portland, Some of the major industrial
plants served by other utilities in the basin are: Wah Chang Corporation
and Oregon Metallurgical Cornoration located at Alhany, Weyerhaeuser
Company at Springfield and Cottage Grove, Boise Cascade Cornoration at
St. Helens, Crown Zellerbach Corporation at West Linn, Publishers Paper
Company at Oregon City and Newberg, and Oregon Steel Mills at Portland.
Expansion of these and other industrial plants in the basin is expected
to occur at a rate of about 8 percent per vear over the next 10 years.

I1I-2
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MISCELLANEOUS

Sales which do not fall under domestic, commercial, irrigation, or
industrial headings are classified as miscellaneous. Sales to Federal
agencies or public authorities are classed under this heading, for
example, Growth in this group is expected to parallel that of other
types of use.

LONG=-RANGE PROJECTIONS

The long-range (1975-2N20) trend in electric power demands in the
basin will likely continue upward at about the same rate experienced in
vears past., This estimate is based largely on confidence in future
exnansion of the economy, and hence the need for electric power. The
basin's growth is expected to advance at a somewhat higher rate than
for the region as a whole. Regional wholesale electric power costs will
continue at lower than naticnal average costs providing an inducement to
further load growth, Future power requirements, in part, will be
supplied from higher cost thermal generation compelling a pradual in=-
crease in power rates, However, the hlending of hvdroelectric power
peneration with thermal generation will result in a continuing lower
local average wholesale power cost as compared with the national average,
This wiil be reflacted in lower resale rates in the region compared with
the nation as has been the historic trend. Load forecasts are hased on
the accumalation of utiiity loads and potential larpge electro=process
industrial power requirements in the basin. Table IIl-2 shows enerpgy
requirements, neak demands, and annual ioad factors estimated for each
fifth year of the period 1975-2020,

111-3
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Year

1975
1980
1985
1990
1995

2000
2005
2010
2015
2020

Table II1I=2
Fgtimated Flectric Power loads, Willamette Basin

Energy
(Miliions of KWH)

28,256
38,400
52,900
72,700
99,700

136,000
185,000
250,000
338,000
457,000

Demand

(1,000 KW)

5,670
7,730
10,600
14,600
20,000

27,300
37,200
50,200
67,900
91,800

Annual Load
Factor=7

56.8
56.7
57.0
56.8
56.8

56.8
56.8
56,8
56.8
56.8

Figure I1I-1 shows actual and forecast peak loads, the existing

resources, and capacity required from other sources.
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Figure I11-1 - Peak Load and Peak Generating Capaci tu
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The dramatic increase in electric power requirements projected in
! Part III - Future Demands requires immediate attention from all plan-
ners., A pivotal point has been reached in the power industry of the
Pacific Northwest. Most of the economic hydroelectric energy will soon
be developed. The few large undeveloped sites which still remain lie
outside the Willamette Basin, Consequently, Northwest utilities, in-
cluding those serving the basin, must look to other sources of power to
1 supply their future needs.

To meet the peak demand by 2020, Willamette Basin will need over
90,000,000 kilowatts, about 90 times the basin's present generating ca-
pacity. The potential hydroelectric projects in the basin could not
4 begin to satisfy the power needs. Large thermal plants will likely be
built to meet energy loads in the basin. Considerable power must be
provided from other sources to supply reserves for outages and addition-
al peak needs. Some of this will be imported.

The only potential hydroelectric development in the basin which has
progressed beyond the preliminary stage is the authorized expansion of
the existing Cougar project., This includes adding 35,000 kilowatts at
site and building the Strube reregulating dam downstream with 4,500 i
kilowatts of installed capacity. No work has been initiated on this j
project.

Photo IV~1, Cougar Dam (USCE Photo).

IV=-1
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Hvydroelectric faciiities could be installed at a number ot poten-
tial multipurpose dams in the basin. Preliminary studies identify 18
sites plus four alternative sites. If all 18 were developed to include
hvdroelectric power, these projects would add over 550,000 kilowatts to
the area power supply. Also, six potential single-purpose hydroelectric
power projects could be developed to add 210,000 kilowatts.

Other possible sources of additional hydroelectric capacity would
be pumped-storage projects., Numerous pumped=-storage sites could be de-
veloped in the Willamette Basin. Initially, the 43 largest of these
installations could produce an aggregate 44,000,000 kilowatts and ulti-
matelv, about 128,000,000 kilowatts, Potential "conventional' hydro-
electric sites and pumped-storage projects are shown on Map IV=-1,

Increased importation of power from outside the basin will be an=-
other source of power supplv, This will require the building of addi-
tional extra-high-voltage transmission lines into the basin.

The alternative means of obtaining future electric power for the
basin, costs, and associated problems are presented herein.

POWER RESOURCES

In the studies of power resources for the Willamette Basin, several
methods of producing power were examined. The limited potential hvdro-
electric resources were found inadequate to supplv all the power re-
quirements of the basin., The possible sources of power for the basin-=-
hydroelectric, fossil-fuel electric, nuclear-electric, and importation
of power--are discussed in the sections following.

The criteria used to determine hvdroelectric power values are pre-
sented in Addendum "A.," These data are used to determine the compara-
tive benefits of power produced by "conventional" hydroelectric plants.

"CONVENTIONAL" HYDROELECTRIC PLANTS

Possible sites for development of “conventional"” hvdroelectric re-
sources within the Willamette Basin fall into two categories. The first
includes hydroelectric power plants at potential multiple-purpose reser-
voir sites. The second includes only potential single-purpose hvdro-
electric projects, These sites are not (o be confused with the poten-
tial pumped-storage plants discussed later.

Within the Willamette Basin, generation could be installed at 18
potential multiple-purpose reservoir sites, having an estimated total
installation of about 550,000 kilowatts, In all, there are 22 project
sites (Table IV=1) with possible economic feasibility as additioms to
potential multiple-purpose projects. However, several sites are mutually
exclusive, Further investigation of the 22 potential sites {s warranted
only 1f the assoclated dams and resertv.' is should be pronosed for other
purposes, Five sites on the Molalla Kiver=-Pine Creek, Pelkey, Upper
Pelkey, Three Hundred, and Four Hundred--are in the same general loca-
tion, and are alternatives to each other.

IV=2
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The 22 potential multiple~purpose developments were selected from
a list of sites being considered by Federal construction agencies. All
possible developments with a potential capacity of less than 20,000
ki lowatts were first eliminated from further consideration, Of those
sites over 20,000 kilowatts, 22 were found to have economic feasibility,

Potential installations were evaluated by assuming an overall plant
factor of 40 percent, utilizing average annual streamflow and maximum
gross head with an efficlency of 83 percent. The test for economic
feasibility was made for specific power facilities only (without assoc-
iated dam and reservoir costs), using reconnaissance-level cost data
and a dependable capacity of 80 percent of the installed capacity,

There are also six potential single-purpose hydroelectric develop~-

ments in the basin, with a total installed generating capacity of 210,000
kilowatts (Table IV-2), These sites were selected from a list of poten-
tial hydroelectric developments shown in the Federal Power Commission's

Photo IV=2, C(ollawash River Gorge near Austin Point (USCE Photo).
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Planning Status Report on the "Willamette River Basin," dated 1966, and
are worthy of further investigation. The determination of economic
feasibility for these potential projects is based on reconnaissance-
level cost data and value-of-power criteria presented in Addendum "A,"

The potential developments shown on Tables IV-1 and IV-2 have been
analyzed without imposing possible restrictions for non-power uses.
These restrictions should be considered in any further investigation,
using refined hvdrologic data and cost estimates. Also, there is a
possibility that in some cases reregulation would be required, The
costs and benefits in Tables IV-]1 and IV=2 are developed from data pre-
pared by the Federal Power Commission and the Corps of Engineers, North

Pacific Division. s

Cost estimates for potential projects are based on assumed Federal
construction, The cost figures shown for "conventional" hydroelectric
plants are not to be compared with those for pumped-storage projects
due to differences in assumptions used. Intake costs, penstock costs,
and operation and maintenance costs for the projects listed on Tables
IV-1 and IV-2 were estimated from data developed by the Federal Power
Commission. Powerhouse costs were determined by using curves prepared
from actual costs incurred at projects in the area. This information
was developed by the Corps of Engineers,

Cost estimates were based on January 1969 prices and Federal financ-
ing with interest and amortization at 4~5/8 percent over a 50-year
period, The reader should recognize that prices and the interest rate
to be used for a detailed feasibility analysis of any of the projects
discussed in this appendix would be those pertinent to the constructing
entity and financial conditions prevailing at the time, Estimates here-
in are intended to identify projects for possible future detailed study.

PUMPED-STORAGE PLANTS

Power 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 supply base-load energy at a relativelv low cost but they
are an expensive source of peaking capacity. Therefore, more economical
means for providing peaking capacity are desirable, Until about 1990,
the peaking requirements of the region will probably be met bv adding
generating units to the existing '"conventional' hydroelectric projects.
When the addition of those units is completed, other sources of peaking
capacity must be developed. Several alternative sources are available,
including pumped-storage, Recent improvements in reversible pump-tur-
bines have created considerable interest in pumped-storage, especially
in areas where reservoir sites with high head are available, as they
are in Willamette Basin.

Operation

Pumped-storage 1s unique among methods of hydroelectric power pen-
eration in that it depends on other electrical-power sources for its
energy supplv., It functions as an energy accumulator in that the
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Figure IV-i = Tynrical Pumped SCtorace Project
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low-valued, off-peak capacity at "conventional" plants is converted to
high-value canacity by using off-peak energy to pump water from a lower
to a higher reservoir (Fip, 1V=1). The water stored in the higher res-
ervoir can then be returned through the turbines to generate power dur-
ing peak=-load periods, when it is most needed and thus has its greatest
value. Pumped-storage installations offer many of the advantages of
"conventional" hydroelectric plants such as rapid start-up, long life,
dependability, low operating and maintenance costs, and adaptability as
low=-cost spinning reserve.

Low cost peaking capacity becomes increasingly important as peak
loads grow and sizes of base load penerating units increase, and as
demands for reliability become greater. TPumped-storage can help meet
this requirement at a moderate cost, As large nuclear pgenerating com-
plexes have sudden outages, some means must be available to pick up this
lost generation, Reversible units are remarkably flexible. Not only do
they generate in one direction and pump in the other, but they can be
available immediately as spinning reserve if the inlet valve is open -
or less than one minute if closed. Start up from standstill is within
three minutes.

When orerating as pumps, the reversible pump-turbines offer a
double reserve capability, First, the power used for pumping can be
interrupted, and second, their own generating capacity is available to
meet peak loads. They also act as synchronous condensers for system
power factor correction.

Pumped-storage may be desipgned to operate on a seasonal, weekly,
or dailv cycle. Seasonal pumped-storage is economical in a svatem where
there is a period in the year when there is both surplus water and sur-
plus 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. In the Willamette Basin, however, the streamflow
and power-demand patterns do not appear to be favorable for seasonal
pumped-storage operation. Moreover, high~head reservoir sites capable
of storing sufficient water for seasonal operation are not available in
the basin, Daily and weekly pumped-storage hold considerable promise,
especially since thermal plants will assume an increasing share of the
region's base load in the future. Thermal plants are most ideally suit-
ed to furnish off-peak pumping power, Best efficiencv is obtained when
thermal plant loadings are maintained at near maximum output. General=-
ly, the energy needed for pumping is obtained from surplus generation
at base-load thermal nlants during low-load hours. As more thermal
plants are put into operation, more off-peak energy will become avail-
able for use by pumped-storage plants.

Water can be pumped at night (and on weekends) and released during
the day to generate enerpgy for meeting the system's peak loads (Fig.
IV=-2), Due to inefficiencies in the operation of the pump~turbines,
approximatelv one and one-half times as much energy is required to pump
the water "uphill" as is obtained from the falling water in the generat-
ing nhase, However, this increased energy use is justified by the high
value of the peak generation.

V-8
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Selection of Pumped-Storage Sites

In the pumped-storage studies, most of the effort was placed on
locating sites suitable for large peaking plants capable of operating

on a dailv or weeklv cvcle using off-peak thermal energy. These are

the sites discussed in subsequent paragranhs of this section. Some

consideration was also given to seasonal storage projects capable of

Loads Served By
Pumped Storage Generation

A

Pumping
Energy
Required

A b A R R A Loads Served By .................

fjészéggggffgfg Conventional Hydro and Thermal Generation 15?§§5f§§5ff§i§5

Fiqure IV-2 - Tuptiecal Weeklu Sustem Load Curve
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storing water for late-summer release for water quality enhancement as
well as power generation., An example is the New Era site, which is lo-
cated off-stream, a few miles above Oregon City. However, the power
benefits from such a project would be incidental, and therefore similar
projects would be best considered on the basis of other benefits such as
pollution abatement. The possibility of installing reversible units at
the existing Willamette Basin plants such as Detroit, Lookout Point,
Green Peter and Coupgar (projects with existing or potential reregulating
reservoirs) was evaluated, and none except Cougar appeared to have any
possibility of economic feasibility, At such time as the need develops
for use of Willamette Basin hydroelectric plants for peaking power, the
possibility of installing a reversible unit at Cougar dam should be con-
sidered. This would require construction of Strube reregulating reser-
veir.

Potential sites with an investment cost of less than $150 per kilo~
watt, and their characteristics, are summarized on Table IV-3, The lo=-
cations of these sites are shown on Map IV-1, Site-selection criteria
used in the evaluation of pumped-storage potentials are presented in
Addendum "B,"

Costs

On the basis of the cost data shown on Table IV-3, it appears that
it will be possible to construct pumped-storage in the Willamette Basin
having an annual cost of about $6.50 per kilowatt based on 4-5/8 percent
Federal financing., Federal Power Commission studies indicate that the
annual fixed cost of nuclear thermal capacity at 4=-5/8 percent Federal
financing is $14.,26 and the variable (energy) cost is 1.27 milis per
kilowatt-hour. Assuming that the peaking capacity will be required for
876 hours per year (10 percent annual capacity factor), that off-peak
pumping energy will be available at 1.27 mills per KWH, and that 1-1/2
KWH of pumping energy will be required for each KWH of peaking energy,
the cost of pumped-storage capacity will be $8,17 per KW-year as com-
pared to $15.37 per KW-year for nuclear thermal capacity, Again using
current Federal Power Commission cost data, the tabulation below in-
dicates that pumped-storage at $6.50 per KW-year is more economical than
either gas turbine or steam-electric peaking plants down to annual ca-
pacity factors of about 2 percent.

Annual Capacity Pumped-Storage Gas Turbin Steam-Electric
Factor, Percent $/KW=Year L/ S$/KW=Year & Peaking, $/KW-Year =/
25 10.67 - 17,14 il
20 9.84 - 15.20
15 9.00 - 13.21
10 8.17 1773 11,06
5 7.34 11.24 8.75
2-1/2 6.92 7.99 7,45
1 6,67 5,96 -

1/ Based upon capacity cost of $6,50 per KW-Year and energy cost of
1.9 mills/Kwh.

2/ Based on financing comnarable to that used in computing pumped-
storape costs (4=5/87 over 50 years),
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Table IV=3
Potential Pumped-Storage Sites in the Willamette Basin

Total
Plant Length Daflv Turbine Drawdown Investment Capacity
Capacity Head Penstock Storage Capacity Upper lower Cost Cost 2/
Stte 1,000 kW L/ Fe, Ft. AF cfs JBE,UpE. $/KW S/KW ¥r. £
Box Canvon 1,000 890 6,500 10,000 15,400 88 27 139 7,60
2,000 20,000 29,900 134 48 128 7.00
Fighth Creek 1,000 1,340 7,400 7,300 10,200 42 48 127 6.90
3,000 21,900 30,700 87 107 109 5.90
Erma Bell 1,000 1,590 4,200 6,000 8,600 89 16 107 5,90
4,000 24,000 33,150 192 59 89 4,80
fander Lake 1,000 1,700 15,000 6,000 8,100 46 82 134 7.30
2,000 12,000 16,100 80 134 114 6.20
Summit Lake 1,000 1,790 12,500 5,300 7,600 7 2] 113 6.20
Timpanogas 1,000 1,560 13,200 A ,000 8,800 59 21 129 7.00
2,000 12,000 17,350 100 55 108 5.80
Waldo Lake 1,000 2,190 21,000 4,600 6,200 1 16 144 7.80
3,000 13,800 19,000 3 45 107 5.80
Beaver Marsh 1,000 1,270 12,700 7,800 10,800 44 87 145 7.80
Corral Flat 1,000 1,210 3,500 9,000 11,300 58 71 120 6.60
Cow Swamn 1,000 1,510 7,000 6,400 9,050 33 80 110 6.00
2,000 12,800 18,300 57 120 88 4,80
Dead Horse 1,000 1,190 11,600 7,900 11,500 14 50 135 7.40
French Pete 1,000 1,630 10,500 5,800 8,400 92 20 125 6.80
4,000 23,200 33,650 166 67 98 5.30
tonev Lake 1,000 2,000 11,000 4,800 6,900 53 22 111 6.10
4,000 19,200 26,800 154 75 88 4.80
Me lakva 1,000 1,380 9,000 6,900 9,900 49 44 114 6.22
2,000 13,800 20,000 82 84 102 5.50
Olallie Meadows 1,000 1,790 13,800 6,000 7,600 40 70 143 7.70
3,000 18,000 23,250 88 142 113 6.10
Penn Lake 1,000 1,400 13,500 6,800 9,800 71 70 142 7.70
2,000 13,600 19,700 114 124 121 6,50
Wildcat Swamp 1,000 1,450 £,500 6,700 9,450 29 59 125 6,80
Rerlev Lakes 1,000 1,290 10,600 7,600 10,600 36 23 126 6£.90
Browder Ridpe 1,000 1,620 7,600 6,000 8,500 133 34 116 6.30
2,000 12,000 16,700 217 68 101 5.50
Bruno Meadows 1,000 1,700 11,000 5,500 8,000 43 10 129 74,00
2,000 11,000 15,850 68 20 104 5.60
Downinpg Creek 1,000 970 2,300 9,700 14,100 54 37 137 7.40
2,000 19,400 27,350 82 96 119 6,50
Elk Lake 1,000 1,910 19,000 5,300 7,200 19 27 134 7.30
10,000 53,000 72,400 138 87 101 5.40
Falls Creek 1,000 2,440 8,800 3,800 5,600 a4 13 126 6,90
3,000 11,400 16,000 126 48 94 5.10

Effect of Pumped-Storage Plant Operation on Streamflow

Most of the sites located in this survey would be developed as hy-
draulically independent nrojects; the reservoirs would be comnaratively
small and would be used exclusively for pumped-storage operations, The
large, irregular flows associated with peaking operation would occur only
between the upper and lower reservoirs, Once filled, only a comparative=-
ly small amount of inflow would be required to make un lesakage and evapo=-
ration iusses. For the most part inflows would be passed and the -vera=-
tion of the project would have verv little effect on the flows downscream.
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Based on

Site

fordon Meadows

Harter Mountain
Little Meadows

Olallie-Monon

Pigeon Prairie

Snow Peak

Swamn Peak #1

Tumble Lake

Battle Creek

Big Eddv

Cache “Meadow

Cottonwood

Kink Creek

Peavine

Squaw “eadow

Tarzan Spring

Wanderer's Peak

Latourell
Multnomah

Wind Creek

Recreational Use

Tahle IV=3 (Continued)

Total

Plant Length Daily Turbine
Capacity Head Penstock Storage Cuapacity

1,000 KW 1/ re. Ft. AF cfs

1,000 2,730 11,000 3,500 5,000
4,000 14,000 20,000
1,000 2,040 12,000 4,800 6,700
1,000 1,660 9,000 5,800 8,200
1,000 1,980 18,000 5,300 6,900
10,000 53,000 75,500
1,000 1,390 7,000 7,500 9,850
2,000 15,000 19,600
2,000 2,210 22,000 8,400 12,400
4,000 16,800 24,250
1,000 2,000 14,000 4,800 6,900
2,000 9,600 13,700
1,000 2,270 10,500 4,300 6,400
6,000 25,800 36,050
1,000 1,080 11,000 8,400 12,600
6,000 50,400 70,100
1,000 1,560 3,200 6,300 8,800
3,000 18,900 25,800
2,000 2,560 25,000 7,400 10,800
4,000 14,800 21,700
1,000 1,990 10,000 4,700 6,900
6,000 28,200 40,300
1,000 1,350 6,500 7,000 10,100
2,000 14,000 20,200
2,000 1,220 14,000 15,000 22,500
6,000 45,000 65,800
1,000 1,770 11,000 5,700 7,750
2,000 11,400 15,600
1,000 1,540 15,000 6,000 8,900
3,000 18,000 26,050
1,000 1,840 12,000 5,000 7,400
4,000 20,000 29,150
2,000 3,040 22,000 6,000 8,950
1,000 1,730 3,000 5,700 7,900
1,000 1,480 6,000 6,300 9,300

Indicated minimum and maximum canacitv,
S0=vear nroject 1ffe and 4=5/87 interest,

site for water-based recreation.

ing needs for poo! omeration.

fect areas would have to be restricted,

L
4

V=13

L Urawcown
Upper lower
Ft, FEt.
31 25
85 63
36 59
77 74

4 31
54 183
27 17
47 32

114 38
152 3
69 4“8
125 58
39 2
204 14
71 27
248 116
42 20
71 78
81 9%
127 158
58 39
194 208
50 57
74 80
85 26
151 62
55 64
88 112
90 28
160 63
103 62
221 141
59 Negl
48 Nepl
87 130

Investment  Capacity
Cost Cost
S /KW $/Kw Yr.
132 7.10

94 5.10
147 8.00
123 6.70
133 7.20

96 5.20
117 6.40
105 5.70
129 7.00
112 6.10
19 6.50
100 5.40
112 6.10
94 5.10
144 7.90
118 6.40
101 5.60

79 4.40
133 7.10
116 6.20
121 6.60

85 4.60
120 6.50

91 5.00
120 6.50
118 6.40
116 6.30

95 5.20
133 7.20
115 6.20
121 6.60

96 5.20
121 6.50

95 5.20
118 6.40

Almost every body of water is viewed by the public as a potential
While it is possible that a few of the
pumped=-storage reservoirs could be used for some recreation, not all of
them could be fullv used for both power and recreation due to conflict=
In most cases, reservoir drawdown for
power would be great; therefore, public access to pumped-storage pro=-
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Best Sites

Of the 43 sites listed in Table IV=3, 24 could be developed to pro-
vide an ultimate installed capacity of up to 2,000,000 kilowatts each;
13 could accommodate installations between 2,000,000 and 4,000,000 kilo=-
watts; four sites could be developed with up to 6,000,000 kilowatts each;
and two sites have potential for 10,000,000 kilowatt installatioa each.
While all these sites show favorable investment costs, other factors may
render them infeasible. Some sites are located in Wilderness Areas or
other prime recreation areas, some would conflict with other existing
land and water uses, and others might be impractical from a geological
standpoint.

Of the 43 sites listed, a total of nine appear to be the most favor-
able and should be given first consideration for more detailed investiga-
tion. These sites are as follows:

Tentative
Site Name Maximum Installation
(1,000 kilowatts)

Elk Lake 10,000
Little Meadows 1,000
Snow Peak 4,000
Tumble Lake 6,000
Battle Creek 6,000
Cache Meadows 4,000
Cottonwood 6,000
Squaw Meadow 2,000
Tarzan Springs 3,000

It should be emphasized that while this list is considered to in-
clude the most promising of the sites reviewed, this should not preclude
consideration of the other sites in future studies,

It appears from this survey that there is considerable pumped-stor-
age potential in the Willamette Basin--potential that could be developed
in conjunction with base-load thermal plants, Considering only the nine
most favorable sites, as listed above, there is a potential generating
capacity of up to 42,000,000 kilowatts. Most of this capacity could be
installed for less than $125 per kilowatt. More study will be required
to see when and how pumped storage could best fit into the region's
future load pattern, but it is evident that pumped storage offers con=-
siderable promise as a source of future peaking capacity,

FOSSIL-FUELED PLANTS

Studies of future electric power loads and resources show needs for
additional generating capacity not only to supply the bulk of the energy
requirements (base loads) but also to be used for only a few hours a day
to meet peak demands. Most of the remaining sites in the area which can
be economically harmessed for base-load generation are already being de-
veloped, or plans for their use are well under way, Thus, nearly all

V=14
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future energy requirements must necessarily be met by constructing large
thermal generating plants,

New capacity to supply peak demands can be obtained by adding gen=-
erating units at some of the existing hvdroelectric piants and by con-
structing pumped-storage projects and fossil-fuel electric generating
plants, Nuclear-fuel plants would not be developed tor low plant~factor
peaking operations largely because of their high capital cost,

The tvpes of fossil fuel utilized in electric power generation are
coal, oil, and natural gas, Steam~electric plants may use any of these
types of fuel., There are no known denosits of coal, oil, or gas in the
Willamette Basin capable of supporting large base-load, steam-electric
plants, Transportation costs for moving such fuels to the basin are
quite high. These circumstances inhibit the construction of such plants
in the basin,

Gas turbines can be designed to operate by burning either natural
gas or distillate oil, Gas-turbine generators possess many features
which make them desirable for certain types of power-system duty. They
have a low installed cost, quick start-up, require few auxiliaries, can
be made semi-automatic in starting and stopping, and adapt readily to
remote control, reducing the need for at-site attention bv operating
personnel. They can be located with considerable freedom, since their
cooling water requirements are nil and they are not dependent on anv
single fuel source. Maintenance costs are low because of simple, com-
pact construction with all parts readily accessible. Gas-turbine elec-
tric generators are ideal for use for peaking service.

Diesel-engine-driven generators offer the same advantages as gas
turbines relative to installed costs, operation, and maintenance. They
are superior to gas turbines when used for serving small general loads.

Steam-electric units desipned for peaking capacity are different
from base-load units., Steam peaking units operate at lower pressures
and temperatures and use a simplified water=heating cycle. O0il- or gas-
fired boilers permit rapid startup and shutdown, with minimum attention
from a small number of operators., Mailntenance requirements are also
minimized by use of these fuels. All steam=cycle generating plants re=-
quire cooling water in quantity and at low temperature to dispose of
unused heat if their installed costs are to be low. Steamelectric peak=-
ing nlants permit greater capacity in a single generating unit than
either gas turbines or diesel units,

Each type of peaking unit referred to above has a range of appli-
cation in which it i{s superior to the other two types, For strictly
peaking dutv--with usage of up to 200 to 400 hours per year at rating--
anvy of the three types are superior to conventional base-load, steam-
electric units, For spinning reserve operation, gas turbine and diesel-
engine units are superior in small capacities and the steam peaking unit
is superior in the medium and large capacities.

Iv=-15
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The variable cost of fuel for any generating plant is an important
compontent of the total cost of production of energy from that plant.
The other major cost component is the fixed charge resulting from the
original investment in land and facilities, At base-load plants, var-
iable fuel costs are much more important than at peaking plants. Con-
versely, at peaking plants low fixed charges are more important than
the level of variable fuel costs,

NUCLEAR-FUELED PLANTS

In less than 30 years, the application of nuclear energy to gen=
erate electric power has evolved from the laboratory into commercial
use, Emerging into a well-established field of keen competition in
electric power generation, nuclear electric energy generating plants now
under construction are expected to compare favorably in terms of power
costs with other base-]load power plants, This competition has contrib=-
uted to major reductions in the price of coal and coal transport and has
stimulated improvement in other alternative power-generating sources.

The demonstration that nuclear power is practicable, safe, reliable,
and economically feasible is sufficient to assure its utilization., In
the Willamette Valley, nuclear power can probably provide base-load
electric energy at a cost lower than most other potential sources,

Historically, nuclear plants have cost more to construct than con-
ventional steam-electric, base-load plants, Until recently, capital
costs of nuclear plants had been declining rapidly on a per-unit capac=-
ity basis as the size increased., It is unlikely that capital costs of
a nuclear plant will ever fall to the current level of fossil-fueled
plants, However, the variable cost of nuclear fuel, if it is low
enough, can offset the higher capital cost of a base loaded nuclear
plant and make it economically competitive with a fossil-fueled plant,
A more specialized operating staff is required for a nuclear plant than
for "conventional' power plants.

Like ordinary fossil-fuel-fired, steam~electric plants, nuclear
power plants use heat to produce Steam to drive turbine generators.
The major difference is that fossil-fuel-fired plants use heat produced
by combustion of fossil fuel in a furnace, while nuclear plants use
heat produced by fission of nuclear fuels in a reactor, Basically, a
nuclear steam=supply system is substituted for the fossil fuel furnace
and boiler., Shielding must be provided to contain hazardous radiation,
and special containment facilities and other safety features must be
incorporated to prevent the escape of radio~active material in the un=-
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