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This is one of a series of appendices to the Willamette Basin Corn—
nrehenstve Study ma in report. Each anpendix deals with a particular
aspect of the study. The main report is a s~nmnary of information con-
tained in the appendices plus the findings , conclusion , and recomenda—
tions of the investigation.

This appendix was prepared by the Power Committee under the general
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Between the crests of the Cascade and Coast Ranges in northwestern Oregon lies
• an area of 12 ,045 square miles drained by Willainette 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 , Portland , 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 roughl y rectangular , with a north—south dimension of about 150 miles
and an average width of 75 miles . It is bounded on the east by the Cascade Range , on
the south be the Calapoova Mountains , and on the west by the Coas t Range. Columbia
River , from Bonneville Dam to St. Helens , forms a northern boundary . Elevations range
fr :m less than 10 feet (mean sea level) along t h e  Columbia , to 450 feet on the valley
floor dt Eugene , and over 10,000 feet in the Cascade Range. The Coast Range attains
clev a~ i ons of slightl y over 4,000 feet.

The E’illame tte ~
‘a1ley floor , about 30 miles wide , is approximatel y 3 ,500 square

mil e s in extent and lies below an elevation of 500 feet. It is nearly level in ~anv
p 1i ~ e~~, gentl y rel,ling in others , and broken be several groups of hills and scattered
but

~ i 11 ,ins’ t te Riv er forms at the confluence of its Coas t and Middle Forks near
Spring field. It has a total length of approximately 187 miles , and in its upper 133
mIIt ~-, r lows northward in a braided , meandering channel. Through most of the remaining
5~ m iles , it flows between hi gher and more well defined banks unhindered by falls or
rapids , except for ~i11amette Falls at Oregon Cite . The stretch below the falls is
sub ject to ocean tidal effects whi ch are transmitted through Columbia River.

Most of the major tributaries of ~i11amette River rise in the Cascade Range at
elevations of 6,000 feet or higher and enter the main stream from the east. Coast
Fork Ejilamette River rises in the Calaoooya Mountains , and numerous smaller tribu—

• taries rising in the Coas t 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 Calapoova Mountains and on the north by the divide between
the ~icKenzie River drainage and the Calapooia and Santian, drainages eas t of the valley
floor and by the Long Tom—Marvs River divide west of it. The Middle Subarea includes

• all lands which drain into Wlllamette 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 Willarn ette River from Fish Eddy to its
n ’u t h  or directl y into Columbia River between Bonneville and St. Helens ; Sandy River
is the only major basin stream wh ich does not drain directl y into the Willamette.

For detailed st u d y , the three subareas are further divided into 11 subbasins
as shown on the  map . 
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P I ’ R P O S E  A 5 f l  S C O P E

The ourpose of this Appendix is to show the present power needs and
existin g generating capacity in the Willamette Basin , to determine fu-
ture power needs , to identify pot ent ia l  p rojec ts  in the basin which
could he developed for power generation , and to evaluate potential
p rojects  as to their u t i l i t y  for powe r development. The power poten-
ti als wi thin the basin are presented from a single—purpo se viewpoint to
determine the maximu m extent to which the water resource could be de-
veloped for  power generation .

Powe r requirements , load character is t ics, interconnections, and
power—source potent ia l s  are projected to the years 1980, 2000, and 2020.
These projections are the basis for planning lon g—ran ge , comp rehen sive

• water resource development. The 1980 estimates provide the basis for
devel opmen t of a plan to meet early power needs of the basin. The
longer—term appraisals are more conjectural and tentative.

A b r ief “Glossary of Power and Rate Terms,” as used th~ Dughout this
Study , is included at the end of this Appendi x~

R E L A T I O N S H I P  T O  O T H E R
P A R T S  O F  R E P O R T

This Appendix draws upon dat a 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 — Ir ri—
gation).  Power d i rec t ly  a f f e c t s  forest  managemen t bec ause of the need
for  t ransmission line corridors (Appendix C — Land Measures and Water-
shed Protection) and land use for  power sites, Als o , thermal generatin g
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 Appendi x M and the main report . The relationship of power to all
the other functions of multipurpose water resource development is
covered in detai l in Appendix M — Plan Formulation .

i—i
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H I S T O R Y

Use of water for power in the Willamette Basin was introduced by
• the early Oregon settlers. The f i rs t  water—p ower development was under-

t aken about 1838 by Dr . John McLaughlin , who erected a sawmill which
used a water wheel for power on Abe rnethy Islan d at Oregon City. In
subsequent years, enterprises using the power of falling water at Wil—
l amette 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 f i rs t  generation of hydroelectr ic  power in the basin , by the
-

• Oregon City Electric Company, took place in 1888; a plant was built at
Willamette  Falls to supp ly electric energy to Portland and Oregon City.
In 1889 , a new p lan t  was ~ut  into operation by Willamett e Falls Elec t r ic
Company,  which t ransmitted power to Port land in the form of direct  cur-
rent for  Stree t l ight ing.  Alternat ing—curren t generators were installed
in that  p lant  early in 1890. The f i r s t  long—di stance  tran smission of
al ternat ing—curren t power in the United States was made f r om that  p lan t
to Po r t land that  year .

Late in 189 5 , three 450—kilowat t generators went into service at
W il l am e t t e  Fal ls .  This was the first stage of construction of a new
powerhouse (the present 1. W. Su ll i van P l a n t )  bui l t  by Portland General
Electri c Company . During those early years , several compan ies were
develop ing 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 presen t com panies——Crown Zellerbach

L Corporation and Publishers Paper Company.
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Following the initial start at Willamette Falls , hyd roelectric

power was developed on other streams in the basin, Portland Genera l
• Electric Company constructed Faraday in 1907 and River Mill in 1911 on

the Clackainas River, and Bull Run on the Bull Run River in 1912. In
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 Clackanias
Rive r , and in 1929 the City of Eugene built Leaburg on the McKenzie
River.

• Some of the earlier major hydroelectric developments in the basin
are tabu lated below:

Table 1—1
Ear ly h ’ydroe Zectri c P~~er Deve lopnent

Name of Present Initial Initial Date

• Project Owner River Capacity in Service

- Sullivan PGE Willamette 1,350 KW 1895
• Farad ay PGE Clackamas 7,500 KW 1907

• River Mill PGF. 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 192 9
Westfir Westfir Lumber N,Fk.Willainette 1,950 KW

PGE: Portland General Electric Company

~4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I”1T1 
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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 Santiszs
River, the first of the Corps of Engineers projects with generating
facilities , was put into service. In the following years, seven more
Corp s 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 lists some of the older steam plants and the
McMinnville internal combus tion plant:

Tab le 1—2
Early Steam and Inter ’tia l Combustion Pl an ts

Name of Present Initial Initial Date
Project Owner Location Capacity in Service

Station “E” PGE Portland 2 ,000 KW 1904 Ret.
Springfield PP&L Springfie ld 800 KW 1906
Station “H” PGE Salem 1,000 KW 1906 Ret,
Station “V’ PGE Portland 2 ,000 KW 1910
Stat ion “N” PGE Port land 2 ,500 KW 1911 Ret.
Pittock PP&L Portland 7 ,000 KW 1914 Ret.
Lincoln PP&L Portlan d 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

~~i: 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 line•
up to 66 ,000 volts to serve the Willame t te Valley south of Salem.
Cali fornia Oregon Powe r Company was interconnected to the Wil l am et te

~~ 
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transmission grid dur ing  that  t ime. The t ransmission f a c i l i t i e s of the
la t te r three companies are now owned and operated by ~ac 1f i c  Powe r and
Li ght Comp any. Today , the Willamette Basin has a vas t  network of t rans-
missi on and dist r ibu t ion  f a c i l i t i e s .
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The Willamette Basin differs hyd rologically from areas east of the
Cascade Range , where most of the region ’s major hydroe lectric facilities
are located. Fall and winter storms in the Basin increase water supplies
and , therefore , power generation, at a time when streamf lows in the
eastern portion of the region are normally low. Northwest hydroe lectric
power projects are shown on Map L I — i .

The Willamette Basin is strongly dependent upon out—of—basin sources
for electric power. The Willainette Basin contains less than 5 percen t
of the Pacific Northwest region ’s l and area and about 5 percen t 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 wi th the rest of the Pacific Northwest re-
gional power grid and power flows into and out of the Willainette 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 niininmm—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 wi th the Missouri
Basin, and the Central sectors of the United States , are being inves-
tigated .

Photo 11-7. Celi lo D—C Substation Unde r Con8tr~4ction - Par t of Pacific
Northwes t-Pacific Southwest In ter tie (USBPA Photo) .
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P O W E R  R E Q U I R E M E N T S

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.
Mos t of these products are distr ibuted from the Port of Portlan d , a
major West Coas t 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 meta1~ producers near Albany and Portland. The
Willamette Basin has many small industries and commercial enterprises,
These power requirements , coupled with domestic power requirements of
the heavily populated valley , make the W illamette Basin one of the major
electrical load centers in the Pacific Northwest. The basin ’s peak load
currently amoumts to some 3 million kilowatts.

~ndus trial use by about 1,000 customers amounts to 37 percent of
the t tal load. The largest user grou p (numerically) is the 400,000
plus domestic customers who create about 35 percen t of the basin ’s total
energy requirements, Commercial establishments buy nearly 18 percent ,
while about 2 pe rcent is used for irri gation and other purposes. Trans-
mission and distribution losses amount to about 8 percent.

Details of electric energy sales for  1965 are shown on Table 11—1.

Tab le II— ].
Electr ic Energy Sa les

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

L O A D  C H A R A C T E R I S T I C S

Load characteristics of the Willam ett e  Basin are typical of those
experien ced 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 coumon in other areas in the West.
Therefore, the spread between winter and s~~mer loads in the basin is
substantial; load requirements in 1964 ranged from a minimim~ 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 in~
- • dustry requirements rather than by heavy industry. For othe r than the

(above described) seasonal fluctuations, the peak requirements of the
basin are relatively stable.

Load factor——the average energy requiremen t divided by the peak de-
mand in the same period——is an indicator of l oad characteristics used

• th roughout the power industry . Willamett e Basin load f a c t o r  in the peak
month of December 1964 was 63 percen t , whe reas the load factor for the
yea r was approximately 52 pe rcent. The yearly load fac to r  for  the
Paci f i c  Northwest as a whole is about 65 percent .

P O W E R  S O U R C E S

Tot al i n s t a lle d  generating capacity in the Willamette Basin is
about 938 ,000 kilowatts .  The 35 existing hyd roelectric generat ing
projects in the Willamette Basin have a total nameplate rating of about
718,000 kilowatts. Authorized addition s to the existing Cougar hyd ro—
electric prolect would increase the total namep late rating by 39,500
kilowatts. Additionall y , the basin has 23 thermal power plants , with a
total  insta l led capacity of about 220 ,000 k i lowat ts .

Ove r half  of the basin ’s hyd roelect r ic  generat ing capacity, 408,000
kilas.’atts , i s ins ta l l ed  at ei ght  Corps of Engineers multipurpose projects .
Publ ic  agencies b u i l t  f ive hyd roelect r ic  projects with about 112 ,000
k i l o w a t t s  of ins ta l led  canacity ;  the Ci ty  of Eugene operates fou r of
the se. A rthtor amoun t of the basin ’s hydroelectr ic  power is generated
at indus t r ia l  f i r m s for  p lan t use. The 22 remaining hydroelectric pro—
j ec ts  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 Crewell’s t~iree—kilowatt plan t located
on Dobbins Creek in the South Santiam basin to the Corps of Engineers
120,000—kilowat t Lookou t Point Poverp lant on the Middle Fork Willamette
River. Hyd roelectric and thermal power plants in the basin are pre—
sented in Tables 11—2 and 11— 3 , respect ively , and are shown on Map 11—2.

For many years , power generation from other areas of the Pacific North—
west has been used to make un the difference between Willarnette Basin
power needs and generation within the basin. As mentioned before , over
thre e— fourths of the basin ’s power supp ly was imnorted in fiscal year
1Q69. This power was imported by Bonneville Power Administration ,
Pacific Power and Ligh t Company , and Port l an d General  Elect ri c Company.

Although generat ing facilities within the basin are under diverse
ownershins , their operat ion is coo rdinated hydraulica lly and electri—
call v with other uti l ities of the area to obtain the most effective

L 
utilization of water resources and electr ic newer facilities.

11—3
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— T R A N S M I S S I O N  O F  P O W E R

A number of electric utilities , both private and public , distribute
power in the Willamette Basin. Six cities are served by municipal
systems: Forest Grove, Canhv , McMinnville , Monmouth , Eugene, and Spring-
field. Salem is served by Portland General Electric Company and a coop-
erat ive, 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 Midd le Subareas.
Lane County and Blachly—Lane County Cooperat ives serve rural areas in
the usper 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 edge of the l ower basin.

The Willasiette Basin trancmission 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 1Q90 in red. Generating facilities in the
Willaniette Basin are interconnected with those throughout the Pacific
Northwest by this regional transmission grid. This vast network 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 Willainette Bamin 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 mower throu gh
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 Willainette Basin transmission facilities
as of December 31 , 1Q68, are shown on Map 11—3.
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P R O B L E M S

The largest port ion of electric power used in the Willanette Basin
is imported from the generating complex of the Pacific Northwest via
the area electric power transmission grid. Present power requirements
of the basin are being met adequately. Rights—of—way for transmission
tines to brin g the necessary amounts of e lectr ic power into the basin
are becoming crowded. Planners for  new lines seek routes to avoid wi l-
derness areas , recognize restrictions for  recreation and other coinpet—
ing land uses and consider alternat ives 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 h ave developed con-
f l ic ts  with prior p lanned conservation releases from multipurpose res-
ervoirs, At the present, reservoir releases for flood control, irriga-
tion, f isheries , and water quality usually can be effectively used for
power generation but confl ict  with recreational uses of the reservoir.
However, during the winter when storage levels must be held down to
provide flood control space , power generation is reduced due to the
lover 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
proportionat, to benefits derived,
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Photo 11—2. Recreat irM on a Stor ’ape Reae~~ oir (USP PA Photo).
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SPECIAL RESERVOIR RELEASES

Water quality—or more specifically, dissolved—oxygen content——in
the Portland Harbor reach of the Willatnette River has become critical
on several occasions. In this reach , where water pollution is severe
even under norma l conditions, the problem becomes intensified during
meriods of low flow and higher—than—normal temperatures. Since 1q65 ,
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 streamfiow augmentation at the request of water
pol lu t ion  control o f f ic ia l s .  Also , water releases were made by Port land
General Electric Company from their upstre am storage. Energy losses as
a result of the Company’s storage releases were replaced by EPA. This
shows the vulnerability of power storage in emergency situations. When
power storage is also critical, any decisi on ~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 Port land
General Electric in seven draft tubes at the T. V. Sullivan plant at
Willainette Falls. Also, Crown Zellerbach Corporation and Publishers
Paper Company installed aeration devices in their poverplants 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 , h owever , emohasized t h a t  there is
no legal authority to meet stream pollution abatement needs at the ex-
pense of authorized project functions. They have also emphasized that
stre ainflow augmentation should not he considered a subst i tute  for  ade-
quate water treatmen t, and that such re1ease~ are subject to agreement
by af fec ted  Federal agencies , in this  case , Bonnev i l l e  Power Ad ininistra— S

tion .

‘1 POWER LINE RIGHTS—OF—WAY

It is necessary to use some land for powerline occupancy. About
20,000 acres of agricultural and fores t lands in the basin are now uied 1]
for powerline rights—of—w ay. However, this land is shared by agricul—
tural , recreational , and wildl i fe  uses.

The agricultural use of much of the lan d is continued even after a
transmission corridor i~ put through. Row crops can still be grown, and
cattle can be grazed on the rights—of—way unused by structures. On the
other ha n d , forest  areas must usually be rem oved from t imber—gro wing
uses, because trees would interfere with the lines; Christmas tree
plantings are in exception to this , although they probably do not occupy S

a sizab le portion of the total right—of—way . Fire control is frequently
enhanced by access roads and the corridor serving as a fire break.
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I
To determine the highest use of forest land , its utility for tran s— S

porting electrical energy must be weighed against its use for other
purposes.

Transmission lines may traverse and adversely affect areas of rec-
reational value. Their visual impact must be considered in land  use
planning. Location of the rights—of—way when coordinated with recrea-
tion values gives an optimum balan ce in land use. The need for power—
line rights—of—way continues to remove land from corinercial forest.
While it is necessary to use forest lands for this purpose , transmission
planners should avoid the most productive 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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S E L E C T R I C  P O W E R  R E Q U I R E M E N T S

Electric power requirements of Willamette Basin are expected to
continue the rapid growth of the past. The combination of mild climate ,
abundan t wate r , and p l e n t i f u l  ag r icu l tu ra l  and fo res t  resources should
encourage continued commercial and industrial exnansion and support con—
curren t increases in nopulation . The area supports a high s tandard  of
living. Use of power net custome r ranks among the highest in the nation.
Under such circums t ances , a steady increas e in the need for  e l ec t r i c
powe r can he expected.

S H O R T — R A N G E  P R O J E C T I O N S  [
Electric energy sales in the Willamette Basin increased by 39 per-

cent during the 1960—65 period. This growth reflects both increases in
numbe r of customers and increased consumption per customer. These up—
ward trends are expected to continue to 1975. Table Ill— I summarizes 

S

actual energy sales in 1960 and 1965 and forecasts requiremen ts for 1970
and 1975 by class of customer; detailed forecas ts beyond the ten—year
period were not considered sufficien tly valid to be included in this
tabulation . The factors which have and will influence energy sales are
summarized later by custome r groups.

Table I L l — I
g t eciri c Enerq ’j Sales f o r  2960 and 196.5, 

5 -

and Ee timatod T?equiremente f or  1970 and 1975,
W~i lcij nette Basin

Act ual 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
Comm erc ia l  Custome r 25. 7 25 .5  22 .5  21.5

No. Customers
Domestic 352 ,207 405 ,09 1 483 ,500 558 ,920
Co mmer cial  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 6,760 9,222
Irrigation 20 54 85 120
Co mmercia l  1 ,601 2 ,385 3 ,566 4 ,985
Indust r ia l  3 ,636 5 ,040 7 ,969 11,282
MiacelJaneou~ 161 210 297 387

Total 8 ,081 12 ,490 18 ,666 25 ,996
~ Losses 9.6 8.2 8.0 8. 0

Fner~v Requirements (Millions
of KWH ) 9 ,034 13 ,618 20 ,289 28 ,256

December Peak (MW) 1 ,817 2 ,655 3 ,952 5 ,670

h I t — i  
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The values shown in Table Itt—i 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, smal ler families , and the establishment of
second homes by a larger number of more affluen t families. These fac—

-‘ tors will probably continue to increase the number of domestic customers
at a more rap id rate than population growth.

Average use per domestic customer , ad justed for exceptional weather
condition s, increased about 400 kwh per year from 1960 to 1965. During
that period , electric soace heating in the Willamette Basin increased
from about 12 percen t of the hones to almost 23 percent , accounting for
three—four ths  of the total increase. Further increases in domestic use
of about 400 kwh per year can be expected through 1970. Sli ghtly highet
increases are forecast from 1070 through 1975, based on the growing de-
mand fo r al l—year air condi t ioning.

1RRZCAT1ON

Energy sales for irri gation by 1075 will he more than double the
196 5 l evel. Sprinklers are used on abou t 95 percent of the land now
under i r r igat ion . rutu re growth w i l l  re ly  pr imari ly  on the use of
sprinklers . By the year 1075 over 360,000 acres will  be under irriga-
t i o n  compared to 244 ,000 ac res in 1966.

CO1t1ERC IAL

Commercial electric energy sales have increased as air condition—
ing, lighting, and electric—heating loads increased. Many shopp ing
centers , office buildings , and small factories have been constructed in
recen t years to  serv e the expanding economy . The se t .~ends are expected
to continue in the foreseeable future.

INDUSTRIA L

The Bonneville Power Administration serves four electro—process
industries in the Willamette Basin : Reynolds Metals Comnany 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 Corporat ion
and Oregon Metallurgical Cornoration locat ed at Alb an y , Wey erhaeuse r
Company at Springfield and Cottage Grove , Boise Cascade Cornoratton at
St. Helens , Crown 7•ellerbach Corporation at Weet Linn , Pub l ishers Paper
Company at Oregon City and Newherg , and Oregon Stee l Mills at Portland .
Expansion of these and other industrial nlants in the basin is expected
to occur at a rate of about 8 percent per year over the next 10 years.

111—2
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MiSCELLAN E OUS

Sales which do not fall under donestic , commercial , irrigation , or
industrial head ings are classified as miscellaneous . Sales to Federal
agencies or public authorities are classed under thi s head ing, for
example. C.rowth in this group is expected to paralle l that ~~~1 other
types of use.

L O N G — R A N G E  P R O J E C T I O N S

The long—range (1975—2020) trend in electric power demands in the
basin viii likely continue upward at about the sam e rate experienced in
years past. This estimate is based largely on confidence in future
e,u,ansion of the economy 1 and hence the need for electric power. The
basin ’s growth is expected to advance at a somewhat higher rate than

fr for the region as a whole . Regional wholesale elect ric power costs will
continue at lower than national average costs providing an inducemen t to

4 furthe r load growth. Future power requirements , in nart , will he
supplied f rom higher cost therma l generation compelling a gradual in—

r crease in power rates . However , the blendin g of hydroelectric power
generation with the rma l generation wi l l resul t in a continu ing l ower
local average wholesale power coSt 85 compared with the national average.
This w1I ~ he reflected in l ower resale rates in the region compared with
the nat ion .~s has been the histori c trend . Load forecasts are based on
the accumilatlon of utilit y loads and potential large electro—nrocess
ind ustri al power requirement s in the basin . Table III— ? shows energy
requi rements , peak demands , and a n n u a l  ioad factors estimated for each

• fIfth year of the peri od 1075—20’O .
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- Table 111—2
= F~sti ’nateA Eleotri c Power Loads, Wil l~ 71ette Rasin

Energy Demand Annual Load
Year M i l l i o n s ci KWH (1 ,000 KW) Fact or— %

7 1975 28 ,256 5 ,670 56.8
- 

1980 38,400 7~~73~) 56.7
- 1985 52 ,900 10,600 57.0

-- 1990 72 ,700 14 ,600 56.8

- 1995 99,700 20,000 56.8

2000 136 ,000 2 7 ,300 56. 8
2005 185,000 37,200 56.8
2010 250 ,000 50 ,200 56 .8
2015 338 ,000 67 ,900 56 .8
2020 457 ,000 91 ,800 56.8

Figure U I — I  shows actua l and forecast peak loads, the existing
resources, and capaci ty  required fron other sources.

~ -~
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The dramatic increase in electric power requirements projected in
Part I I I  — Future Demands requires immediate a t t e n t i o n  from all plan-
ners. A pivotal  point has been reached in the power industry of the
Pacific Northwest. Most of the economic hydroelectric energy wil l  soon
be developed. The few large undeveloped sites which still remain lie
outside the Willamette Basin. Consequently,  No r thwest utilities , in-
cluding those serving the basin , must look to other sources of power to
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
begin to satisfy the power needs. Large thermal plants will likely be
built to meet energy loads in the basin. Considerable power must he
provided fran 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 reregulatin g dam downstream with 4,500
kilowatts of installed capacity. No work has been initiated on this
project.
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Hydroelectric facilities could he installed at a number at poten-
tial multipurpose dams in the basin. Preliminary studies identify 18
sites plus four alternative sites. If all 18 were developed to include
hydroelectric power, these projects would add over 550,000 kilowatts to
the area powe r supply . Also , six potential single—purpose hydroelectric
nower projects ~-ou1d he deve loped to add 210,000 kilowatts .

Other possible sources of additional hydroelectric capac ity would
be pumped—storage projects. Numerous pumped—storage sites cou ld be de-
veloped in the Willamette Basin. initially, the ~3 largest of these
installation s could produce an aggregate ~.4,000,000 kilowatts and ulti—
matelv , about 128,000,000 kilowatts. Potential “conventional” hydra—
electric sites and pumped—storage projects are shown on Map IV— l .

Increased importation of power from outside the basin will be an-
other source of power supply . This will require the building of add !—
tional extra—high—volta ge transmission lines into the basin.

The alternative means of obtaining future electric power for the
basin 1 costs , and associated problems are presen ted here in.

P O W E R  R E S O U R C E S

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

The criteri a used to determine hydroelectric 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 developmen t of “conventional ” hyd roe lectric re—
— - sources with in the Willamette Basin fall into two categories. The first

includes hydroelectric power plants at potential multiple—purpose reser-
voir sites. The se:ond includes only potential single—purpose hydra—
electric projects. These sites are not ~~ be confused with the poten-
tial pumped—storage plants discussed later.

-- 

Within the Willamette basin , generation could be instal led at 18
potential multiple—purpose reservoir sites, having an estimated total
installation of about 550,000 kilowatts. in all , there are 22 project
sites (Tab le IV—l) with possible economic feasibility as addition s to
potential multiple—purpose projects. However , several sites are mutuall y
exclusive. Furthe r inve stiga tion of the 22 potentIal sites Is warranted
on ly if the associated dams and re setv ~~ i1 should he proposed for othe r
purposes. Five sites on the Molalla Kiv~’r—— Pine Creek , Pelkev , Upper
Pe l key, Three Hund red , and Fou r Hundred-—are in the same general loca—
tion , and are alternative s to each other.

_ _ _ _ _ _ _ _ _  .~~~~~~~~~~~~~~ - 
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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 J
kilowatts were first eliminated f rom 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 streamfiow and maximum -

gross head wi th an efficiency of 83 percent. The test for economic —

feasibility was made for specific power facilities only (without assoc-
iated dam and reservoir costs), using reconnaissance—leve l cost data
and a dep endable  capaci ty  of 80 percen t of the  i n s t a l l e d  capac i ty .

There are also six potential single—pu rpose hyd roelectric 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
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Planning Stat us Report on the “Wi l l amet t e  Rive r Basin ,” dated 1966 , and
are worthy of fu r the r  investigation . The determination of economic
feasibility for these pot ential projects is based on reconnaissance—
level cost dat a and value—of—power criteria presented in Addendum “A ,”

The potential developments shown on Tables IV—l and IV—2 have been
analyzed without imposing po~sibIe restrictions for non—power uses.
These restrictions shou ld be considered in any further investigation ,
using refined hydrologic data and cost estimates. Also , there is a
possibility that in soste cases reregulation would be required . The
costs and benefits in Tables IV—l and IV—2 are developed from data pre-
pared by the Federal Power Conisission and the Corps of Engineers, North
Pacific T)ivision.

Cost estimates for potential projects are based on assumed Federa l
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
Comuission. Powerhouse costs were dete rmined 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 finan c-
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 thoee 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 PLANT S

Power resource studies indicate that in the future , a major part
of the Pacific Northwest ’s base load will be met by nuclear poverplants .
Nuclear plants supply base—load energy at a relatively low cost but they
are an expensive source of peaking capacity. Therefore , more economical
me an s for providing peaking capacity are desirable. Until about 1990,
the peaking requirements of the region will probably be net by adding
generating units to the existing “conventional ” hydroelectric projects.
When the addition of those unite is completed , other sources of peaking
capacity must he developed. Several alternative sources are available ,
including pumoed—storage . Recent improvements in reversible pump—tur—
bines have Lreated 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 is unirlue amon g methods of hydro electric power gen-
eration in that it depends on other elec t rical—powe r sources for its
energY supply . It functions as an energy accumulator in that the

IV—4
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t ow—valued , off—peak capacity at 7 conventional ’ plan ts is converted to
high—value capacity by using off—peak energy to pump water from a l owe r
to a higher reservoir (Fig. tV—I ). The water stored in the higher res-
ervoir can then he returned through the turbines to generate p ower 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 1
dependability , low operating and maintenance costs , and adaptabilit y as
low—cost spinning reserve.

Low cost neaking capacity becomes Increasingly importan t as peak
loads grow and sizes of base toad generating units Increase , and as
demands for reliability become greater. Pumped—storage can hem r~ et
this requirement at a moderate cost. As large nuclear generating con—
plexes have sudden outages , some means must be avai l able to pick up this
lost generation. Reversible units are remarkably flexible. Not only do
they generate in one direction and pump in the othe r, but they can he
available i~Tm~ediately as spinning reserve if the inlet valve is open —
or less than one minute if closed. Start up from stands till is within
three minutes .

When operat ing as pumps, the reversible nump—turbines offe r a
double reserve capability. Fi rst , the power used for pump ing can be
Interrupted , and second , their own generat ing capacity is availab le to
meet peak loads. They also act as synchronous condensers for system
power factor correction.

Pumped—storage may he designed t o  operate on a seasonal , weekly5
or daily cyc le. Seasonal pumped—storage Is economical in a system where
there is a period in the year when there is both surplus water and sur—
plus energy. The surp lus energy would be used to pump the surplus water
into a holding reservoir to he used for generation during per~od~. of
greatest power demand. In the Willamet te Basin , however , the streamfiow
and power—demand patterns do not appear to be favorable for seasonal
pumped—storage operation. Moreover , hi gh—head reservoir sites capable
of storing sufficient water for seasonal operation are not available in
the basin , Dai ly 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 ideall y suit—
ed to furnish off—peak pumping power. Best efficienc y is obtained when
therma l plan t loadings are maintained at near maximum output. C- .eneral—
lv , the energy needed for pumping is obtained from surplus eeneration
at base—load thermal plants 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 he numped at ni ght (and on weekends) and released during
the day to generate energy for meeting the system ’s peak toads (Fig.
TV—2). Due to inefficiencies in the operation of the pump—turblnes ,
approximatel y 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 phase. However , this increased energy use Is justified by the high
value of the peak generat ion.



Selection of Pumped—Storage Sites

In the pump ed—storage  s tudies , most of t he  e f f o r t  was p laced  on
locating sites suitable for large peaking p lants capable of operating
on a daily or weekly cycle using off—peak therma l energy. These are
the sites discussed in subsequent paragranha of this section. Some
consideration was also given to seasonal storage projects capable of
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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—stre am, a few mi les 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 exis t ing Wil lan ie t te  Basi n p lants  such as Detroi t , Lookout Point ,
Green Peter and Cougar (projects with existing or potential reregulating
reservoi rs ) was evaluated , and note excep t Cougar appeared to have any
possibi lity of economic feasibility . At such time as the need develops
for use of Wi llamette 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~
vol r.

Potential sites with an investment cost of less than $150 per kilo-
watt , and their characteristics , are sunisarized on Table IV—3. The lo—
cations of these sites are shown on Map IV—l. Site—select ion 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 Willau~ tte 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 mIlls 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 availab le at 1.27 mills per KWH , and that 1— 1/2
KWH of pumping energy will he required for each KWH of peaking energy ,
the cost of pumped—storage capacity will he $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
eithe r gas turbine or steam—electric peaking p lants down to annual ca—
pacity factors of about 2 percent.

Annual Canacity Pumped—Stora~e Thas Turbin~~ Steam—Electric
Factor~ Percent $/KW—Year~~ $LKW—Year ~~.‘ Peakin,~~ $/KW—Year~~.’25 10.67 — 17.14

2’) 9.84 — 15.20
15 9.00 — 13.21
10 8.17 17.7) 11.06
S 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 comparable to that used in computing pumped—

storage costs (4—5/?” over 50 years).
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Table IV— 3
Por-enti~ 1 Ft~mped—Storage Si tea i ’i the Wi l l a me t t e  Ba8 i~i

Totol
Plan t Length fl ail~ Turbine Draw down inve .t ..-nt Cap ac i t y

C,~ .cltv Head P,n.tock Storage Capa c ity  Upper Lower Co.t Cn~ t -Site 1,000 11W !~ Ft . Ft . AF cf ,  rt . ‘t . S/SW 5 / j ~)j y r .

Box Canv,x, 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

FfB hth Creek 1,000 1,340 7 ,400 7,300 10,200 42 44 127 6.90
3 ,000 21 ,900 30 ,100 87 10? 109 5.90

Er,,a BeLl 1 000 0 ,590 4 ,200 6 ,000 8,600 89 16 107 5.90
4 ,000 24 ,000 33 ,150 192 59 89 4.80

(iander 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

Sw’a~lt Lake 1,000 1,790 12,500 5,300 7,600 7 2) 113 6.20

T1~~ anogas 1,000 1,560 13,200 6,000 8,800 59 21 129 7.00
2,000 12 ,000 17 ,350 100 55 108 5.80

Waldo Lake 1 000 2,190 2 1,000 4,600 6,204 1 lb 144 7 .90
3,000 13,800 19,000 3 45 107 S .80

Beaver Marsh 1,000 1,_ 7 - )  12 ,700 7 ,800 10 ,0 ’Y 64 6 145 7.80

Corral Plat 1,000 1,210 3,500 9 ,000 11 ,300 58 71 120 6.60

Cow Pwa.e, 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 Hnr.e 1,000 1,190 11,600 7 ,900 11,500 14 50 135 7.41,

Frenth ‘etc 1,001) 1,630 10 ,50 0 5~~800 0 ,4 ll) 92 20 125 6 .80
4 ,000 2 3 ,200 33 ,6,0 166 67 99 1.3 0

Honco Lake 1,000 2 ,000 11,0(01 4 ,80)) b ,’iO’ 53 22 111 6.10
4 ,000 19 ,200 26 ,0” 1,4  75 88 4 .80

Me 1ak~’a 1,000 1,380 3 ,600 6 ,900 9,0))’ 49 114 6 .22
2 ,000 13 ,800 10 ,200 42 64 102

(lIallle Mei~dow. 1,000 1,740 13 ,800 6 ,030 7 ,1-0,) 60 70 143 7. 70
3,000 18 ,000 21 ,200 88 ~1 113 6 .10

Penn Lake 1,000 1,400 13 ,~ 10 6 ,800 0,S ’Y l  7 1 70 142 7 .70
2 ,000 13 ,600 1~~,76” 114 124 121 6.50

W i ldcat Swany 1,000 1,450 0, 6,) 6,700 ,—00 ‘9 54 175 e.80

Ferlev Lake. 1 ,000 ,2’~0 10 ,1-00 7 ,1-0)’ 11~,60h) 3)- 23 126 1 ,90

Irowder Pith-c 1,000 1,62 0 7 ,600 6 ,000 8,500 133 94 116 6.30
2,000 12 ,006 16 ,110 2I 7 68 1’’ ‘.5)

Iron, ~p,dnwa 1 ,000 1,700 11 ,01)11 ,6’) l’ 8 ,000 4 )  0 7.00
2,000 11 ,000 15 ,$ir - 6$ 21 104 5.60

Oo.mlnp Creek 1 ,000 97 1) 1 ,300 9 ,700 14,100 54 31 1’ - 7 .60
2 ,000 19 400 27 350 82 0 1,1 1 .50

I - ,

Elk l o ke  1 ,1)’)’ - ,9 14 l° ,000 6 ,31)0 ,200 19 2 1 134 7 .3’
10 ,0) ’) ~ 7~~’0 0  72 , - ’ ” -  134 ~ 1

Fall, Creek 1,01,, 2 , 66 ’ )  4 ,800 1 ,’- )) ’  5 ,(~-)( -. ‘ - 13 126

V 3 ,0111 11 ,6 ’ ” )  (, 0l~1, 12’- 4 -  94 ~.10

E f f e c t  of Pumped—Stor age Plant  Op era t ion  on Str e amflow

Mos t of the s i t e s  located in th i s  survey wou ld he deve l oped as by-
d r a u l i c al l v  independent  n r oj e c t s ;  the reservoi rs  would he c o n n a r a t l v e lv

r small and would be used exclusive ly for pumped—storage operation s. The
large , irregular flows associated wi th peaking operarlc’r wou l d  occu r r’-ly
between the upper and lower reservoirs. Once flu e-’ , only a comparative—
lv small amount of inflow ~.‘ould be required to make ur l e ak a pe  ~-in •v at o—
ration l .jsses. For the m ost nart inflows ~.‘o - ,ibd be passed anti the ~‘ra—
tion of the project would have ve ry lI ttle effect on the flows downst re~. n~.

‘v— i 
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Table IV— 3 (Continued)

?1~nt La~ gth Dail y 1~rhioe - o~ - -:’~ 1n,ent~~ nt C.~1 - -~i tv
C~,p , , c i t v  14co6 36-n, tnck Stor a9e ~~~~ I t v  6 #p~ -- ~.r C~-.t - , 0 •~ -

Sit- j~.000 swj,./ Ft. Ft . 411 c m Ft .  F t .  2 1 - 4  2 1 .  Y r .

Cn,do, Meodov, 1,000 2,730 11,000 3,500 5 ,000 31 25 132 7.10
4 ,000 14 ,000 20 ,000 85 63 94 5.10

Harter Mow,tal, 1,000 2 ,040 12,000 4 ,800 6 ,700 36 59 147 8.00

Little Meadowa 1,000 1,660 9,000 5 ,800 8,200 77 74 123 6.70

(‘1.1110—Mono, 1,000 1,980 18 ,000 5 ,300 6 ,900 7 31 133 7.20
10,000 53 ,000 25 ,500 54 183 96 5.20

Pigeon Prairie 1,000 1,390 7,000 7,500 9,850 27 17 117 6.40
2 ,000 15 ,000 19 ,600 4 7  32 105 5.70

~no,,, Pe ak 2 ,000 2 ,210 22,000 8,400 12 ,400 114 38 129 7.00
4,000 16 ,800 24,250 152 53 112 6.10

0w,,,, Peak #1 1,000 2 ,000 14,000 4 ,800 6,900 69 48 119 6 ,50
2,000 9,600 13 ,700 125 58 100 5.40

Tueb le Lake 1 ,000 2 ,270 10,500 4 ,300 6 ,400 39 2 112 6.10
6 ,000 25 ,800 36,050 204 14 94 5.10

B~ t t 1 e  Creek 1,000 1 ,080 11 ,000 8,400 12 ,600 71 27 144 7.90
6 ,000 50,400 70,100 248 116 118 6.40

Big Eddy 1,000 1 ,560 3,200 6,304) 8 ,800 42 20 101 5.60
3,000 18,900 25 ,800 71 78 79 4.40

C-,ch~ ‘leodow 2,000 2 ,560 25 ,000 7 ,400 10,800 81 95 133 7.10
4 ,000 14 ,800 21 ,700 127 158 116 6.20

Cott,,~ nod 1,000 1,990 10,000 4 ,700 6,900 58 39 121 6.60
6 ,000 28 ,2 00 40 ,300 194 208 85 4.60

Sink ,-eek 1 ,1)8) 1,350 1~~500 1,000 10,100 50 57 120 6.50
2 ,0”O 4 ,000 20 ,200 74 80 91 5.00

P.a~-I ne 2 ,000 1 ,22 0 4 ,092) 15 ,000 22 ,500 110 26 120 6,50
6 ,013) 45 ,000 65 ,800 III 82 118 6.40

‘ion- ‘ieodn., 1 ,000 1 ,770 11 ,000 3 ,700 7 ,750 55 64 116 6.30
2 ,000 11,400 15 ,600 88 112 95 5.20

Toroan , ‘ r ) n r  1 ,000 1 ,540 15 ,000 6,04)0 9 00) -  90 28 133 7,20
3,000 18 ,04)0 2. ,l , 0 l l  110 1-)  115 6.20

Wanderer . Peak 1,000 I~~8),0 12 ,000 5 ,’ ((0 1 ,4 0 103 62 121 6.60
4 ,00(3 20 ,’)-) ” 19 ,1 9 ’ )  2 2 !  141 96 5.743

- - la tn u re l l 2 ,‘0) 9 3 ,0-6 , 2 2 ,0 1  , - ,,)0 ’l 9 ,~~~ )’ 00 ‘~~ o 1  121 6.50

-: M,,ltnonah 1,6(8) 1,710 3 ,0)8) ‘,,12 )) 7 ,000 .4 3rd 95 5.70

k I n d ‘ reel 1 ,000 1 ,46)1  6 ,109) 1, 3 , 9 ,  4 , 31’) )  91 lb 118 6.40

1’ I , 1 ( c a t e -  m inimum and maximul ” cannci to .
Rune,) - ,- - -  — --.- , r , r o ’e t I I r und 4 —5 / 9% i ,terlSt,

Recreational Use

Almost every body of water is viewed by the mubli c as a potential
itte for water—based recreation . While it is ~osstble that a few o

f the
oumped—storage reservoirs could be used for some recreation , not all of
them could be fully used for both power and recreation due to confl ict—
tri g needs for pool operation . In most cases, reservoir drawdo~’n for
power would he great ; therefore , public access to pumped—storage pro-
jec t areas would have to he restricted.

IV— ! 3
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Best Sites

Of the 43 sites listed in Table IV—3 , 24 cou ld be developed to pro—
vide an ultimate installed capacity of up to 2,000,000 ki lowatts each ;
13 cou ld accommodate Installation s between 2,000,000 and 4,000,000 kilo—
watts; four sites could be deve l oped with up to 6,000,000 kilowatts each ;
and two sites have potential for 10,000,000 kilowat t Inetallatioa each.
While all these sites show favi~srab le Investment costs, other factors may
render them infeasible. Some sites are located in Wilderness Are as 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 Maxiuum Installation

(1 ,000 kilowat ts)

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 r
Squaw Meadow 2 ,000
Tarzan Springs 3 ,000

It should be emphasized that while this list is considered to in—
d ude 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 puinped—stor—
age potential in the Willaniette Basin——potential that could be developed
in conjunction with base— load therma l 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

5 future load pattern, but it is eviden t 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 generatin g 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 are a which can
be economically harnessed for base—load generation are already being de-
veloped , or plans for their use are well under way. Thus , nearly all

IV—l4
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future energy requirements must necessarily be met by constructing large
thermal generating plants .

New capacity to supply peak demands can he obtained by adding gem—
crating units at some of the existing hydroelectric plants and by con-
structing pumped—storage prolects and fossil—fuel electric generating
plants. Nuclear— fuel plants would not he developed for low plant—factor
peaking operat ions largely because of their high capital cost.

The type s 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 support ing large base—load , steam—electric
plants . Transportation costs for moving stich 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 cos t , quick start—up , require few auxiliaries , can
he made semi—automatic in starting and stomping, and adapt readily to
remote control , reducing the need for at—site attention by operat ing
personnel. They can he located wi th conside rable freedom , since their
coolin g water requirements are nil and they are not dependent on any
single fuel source. Maintenance costs are low bec~~se of simp le , corn—
pac t construction wi th all parts readily accessible. Gas—turbine elec-
tric generators are ideal for use for peakin g service.

Diese l—e ngine—dr iven  generators o f f e r  the same adv antages as gas
turbines relative to installed costs, operat ion , and mainten ance. They
are superior to gas turbines when used for serving small gener~’l loads.

Steam—electri c units designed 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. Oil— r-r gas—
fired boi !ers permit rapid startup and shutdown , with min imum attention
from a smal l number of operators. Maintenance requirements are also
minimi zed by use of these fuels. All steam—cycle generating plants re—
quire coo l ing water in quantity and at low temperature to dispose of
unused heat if their installed costs are to he low. Steam-electric peak-
ing olants permit greater capacity in a single generattng unit than
either gas turbines or diesel units.

Each typ e of peaking unit referred to above has a ran ge of appli-
cation in which it is superior to the other two types. For strictly
neaking duty——with usage of up to 200 to 400 hours per year at rating——
any of the three types are superior to conventional base—load , steam—
electric units. For spinnine reserve operation , gas turbine and die sel—
engine units are superior in small capacitie s and the steam neaking unit
is •uneric’r in the medium and large capacities.
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The variable cost of fuel for any generating p lan t is an importan t
compontent of the total cost of production of energy from that  plant.
The othe r maj or cost component is the fixed charge resulting from the
original investment in land and facilities. At base—load plants, var-
iable fue l costs are much more importan t than at peaking p lants. Con-
versely , at peaking plants low fixed charges are more important than
the level of variable fue l costs.

NUCLEAR—FU ELED PLANT S

In less than 30 years , the application of nuclear energy to gen-
erate electric power has evolved from the laboratory into comeercial
use. Emerging into a we l l—established field of keen competition in
electric power generat ion , nuclear electric energy generating plants now
under construction are expected to compare favorably in terms of power
costs with other base—load power p lants. 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 ~s sufficien t to assure its utilization. In
the Willamette Valley , nuc lear power can probably provide base—load
electric energy at a cost lover than most other potential sources .

Historical ly , 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 curren t level of fossil— fueled
plants . However, the variab le 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 operat ing staff is required for a nuclear plant than
for “conventional” power plants.

Like ord inary fossil—fue l—fired , steam—e lectric 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

r 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-supp ly system is substituted for the fossil fue l furnace
and boiler. Shielding must be provided to contain hazardous radiation ,
and special containment facilities and other safety features must be
incorporated to preven t the escape of radio—active material in the un-
likely event of a reactor accident.

At present , large light—water nuclear plants waste about two—th i rd s
of the total heat generated , due to low thermal efficiencies. High—
temperature , gas—cooled reactors will operate at efficiencies of 40 per-
cent or better . Fast Breede r Reactors presently under development are
also exmected to have cycle efficiencies of 40 percent or better ; these
FBR ’s are expected to become crnmerc ially competitive by the late IPBO’ s.
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i’ho!- -I TV— 3, Typica l Natural-draft Cooling Towere (Te nnesoee Valley
Authori ty Pho to) .

The prob lem of condensing the steam discharged from the turbines
is coninon to both conventional fossil—fue l steam plants and nuclear
steam plants. Water , the usual coolant pumped throu gh the condenser ,
absorbs unusable heat given up by the condensing steam.

Present turbine—generators in thermal power plants operate most
efficiently with a condensing temperature of 90—95 degrees Fahrenheit.
This relatively low—temperature heat has no present market and is ,
therefore, wasted.

Heat—Dissipation Systems

The heat—dissipat ion systems applicable to either l arge nuclear or
fossil—fueled power stations are: once—through cooling, evaporative ,
and dry exchange.

Once—through Cooling Systems

Power p lants using once—throu gh cooling systems need an adequate
water supp ly ; therefore , they must he located along rivers , lakes, and
tidewaters . Water is pumped through condensers , absorbs heat , and is -

returned to the source. Once—through cooling systems are usually the
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simplest and least expensive when sufficient cooling water is available.
The heat—dissipat ion rate from a 1,000,000—kilowatt nuclear power plan t
of 7 billion British Thermal Units per hour require about 1,600 cubic
feet oar second (720 ,000 gallons per minute) of water to limit the cool-
ant temperature rise to not more than 20 degrees F. The cos t of a f resh—
water , once—throu gh system wil l  normal ly  be 4 or 5 percent of the direct
const ruct ion cos ts for  the plan t as a whole . Sal t—water  sys tems cost
more due to the expense of noncorrosive materials , water treatment , and
other facilities.

Evaporative Cooling Systems

Some p lan t  locat ions may not have an adequate water supply fo r once—
thro ugh cooling. Imposed t empe ratu re l imita t ion s , excessive colt s for
pumpi ng, or othe r restr ict ions may also rule out the use of a once—
through system.

No rmally , an evaporative cooling system uses natura l— or mechanical—
draft cooling towers, coolin g ponds , or spray ponds. These systems cool
the recirculating water primarily by evaporat ion , augmented by convec-
tive transfer of heat to the atmosphere and , in some cases, by radiation
of heat. Evaporative cooling systems require much less water than once—
through systems. The water make—up requi rements for a 1,000,000—kilowatt
nuclear power plant may range from 25 to 100 cfs. These systems eject
virtually the entire heat load to the atmosphere rather than to bodies
of water , thus avoiding thermal effects on water quality or aquatic life.

Compared to once—through cooling systems, the evaporative systems
have several disadvantages. They require greater capital expenditures
and pumping power costs. They usually have higher condenser tempera-
tures , which lower the canadty and efficien cy of the turbines , result—
ing in hi gher generating costs. Furthermore , they use water consump—
tively; the plant, therefore , competes for water supply with irrigation,
municipal , industrial , and other uses.

The operation of a coolin g tower or pond might introduce unwelcome
atmospheric conditions , such as fogging or “dr izz le ” downwind of the
plan t under some conditions. Disposing of “blowdown” flows from the
system is also a problem. This hlowdovn flow , 1 to 4 cubic feet per
second , consists of water heavily burdened with dissolved solids , both
the natural lv occurring substances in highly concentrated form and
chemicals added for required treatment of the water system.

Natura l—Draft Cooling Towers — Natural—draft systems utilize the
density difference between ti~~ heated , essentially saturated air within
the tower and the atmospheric air surrounding the tower , to establish
and maintain circulation of air through the structure . The major struc-
tural feature of a natural—draft tower is a tall , hollow hyperbolic
shell which acts as a chimney and creates a draft for air circulation.
Cool ing actua lly takes place in the lower part of the tower, These
towers are quite large , on the order of 400 to 500 feet hi gh and about
300 to 350 feet in base diameter.

IV—lR



-- -—-‘ —

~~~~~

--- —- — -

~~

---—--——-- -
~~~~~~~~~~

—-
~~~~~

-

/ 11

DRIFT
HOT WATER ELIMINATOR
DI STRIBU TOR

- - 

_ _ _ _  ~
- . •‘o::~:- p ~~~~~~~~~~~~~~~~~ 

- -

COLD WATER
BASIN
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Some 1,000,000—kilowatt nuclear plants would use two towers, each
havin g a design flow of about 300,000 gallons per minute and a heat load
of 3,600 ,000 ,00fl Mu/h r. The average annual evaporation rate wou ld be
about 32 cf~. If such a plan t were continuously operated at full capac—
ltv (100 percen t plan t factor~- , the total water consumption due to evap—
oration would he abou t 23,000 acre—feet oer year. The capital costs of
natural—draft tower systems for a 1 ,000,000—kilowatt installation are
$8 to $P million more than for comparable once—th rough cooling systems.

A single natural—draft tower currently being designed for the Tro—
jan 1 ,100,000—kilowatt nuclear plan t would use 352,000 gallons of cool-
ing water per minute wi th a heat- load of 7,900,000,000 Btu /hr. This
will he the heaviest heat load handled by a single tower. The estimated
capital cost is about S5 million more than a once—through cooling system.
Figure IV—4 shows a natur al— draft tower.
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‘~ Towera, r~~s Flow , Wet ~ ip~
(Marieti Plwto).

Mechanical—Draft Coo l ing Towers — Systems with me chanical—draft

cool ing  towe rs pe r fo rm the same funct i on  as n a t u r a l — d r a f t  systems , but
in a differen t manner. The towers hou se the packing and water—distribu-
tion systems ; a large propeller—tvi ,e fan in the top of a tower cell
draws air in through the packing and exhausts it above the towe r cell .
The available canacity of a single fan limits the cell size to about 35
to 40 feet on a side and from 20 to f~1) feet high. A 1,1)00,000—kilowatt
nuclear nower plan t might require 3” to 3f cells , widel y spaced to min-
imize air recirculatton , covering ~ ground area some 321) by 1 ,200 feet
(about 0 a c r e s ) .  A olan t of this size would require about 4,800 horse-
power for fan operation.

The installation costs for a mechanical — draft system are consider—
ably less than for a natural — draft system. [)~ re . t - ‘ T I ~~.~~~~T t h ~~~ t~~~~~-’fl - ‘. -‘ l~
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about $4 million for a 1,0(10 ,000—ki lowatt plant.  However , oper at in g and
maintenance costs are considerably higher. These towers are also more
apt to cause ground fogging and “drizzle” in the vicinity of the plant
than the natural—draft towers. Photo IV—4 shows the wet—type mechanical
draf t cooling tower in operation.

Cooling Ponds — At sites with available land and favorable terrain ,
the cooling—pond method may be considered. Wi th suitab ly flat land , a
pond can be constructed mere ly by enclosing it with earth dikes ; also ,
an existing lake, or river flood plain , may be utilized as a cooling
pond . A pond capable of serving a 1,000,000—kilowatt nuclear power
plant wou ld require about 2,000 acres of surface area with a depth of
from 15 to 20 feet. The exact amount of surface area would depend upon
climatic conditions, local winds , and humidity.

A cooling pond must be sized to dissipate not only the heat removed
from the condensers , hut also the heat of sunlight incident to the pond.
For a pond large enough to serve a 1,000,000—kilowatt plant, the solar
the rmal load may equal or exceed that imposed by the plant. Seepage may
also cause a lr~sg of water, Both of these effects add to the consumptive
use of water by a cooling pond. The solar effect wi l l , in warm summer
weather , approx ’mately double the evaporation rate of water as compared
to a cooling tower.

Spray Ponds — This type of cooling considerably reduces the amoun t
of sur face  are a needed in a pon d , since the hot water  is sprayed in° o
the pond through a system of nozzles. The cooling occurs while the water
falls through the air. In operation , a spray pond is actually interme-
d ia t e  between a cool ing  pond and cool ing t ower. This typ e of cool ing is
subject to a high windage loss of water. Al though a spray pond is an
attractive cooling device for smaller heat loads, this type of cooling
system for a large nuclear power plant would be more expensive than a
quiescent pond o~. a cooling tower.

Hybr id Coolin& SvsteTns

When r iver f l ows are marg inal for once— through cooling, or thermal
restr ictions are imposed on plant effluents so that once—through cool—

• 
jog would he operable for only part of the year , a hybrid system which
combines two types may be necessary . In such cases , it might he desir-
able to install an evaporative system sized to full plan t capacity for
operation only when once—through coolin g could not be used. The capita il
cost of the hybrid system would be equal to or greater than a full—scale
evaporative system.

Dry—Exchange coo l ing Systems

Dry—ex change cooling systems have certain advantages in that the
c irculating water system need not he separated f rom the condensate sys-
tem and t~i e water is pumped directly to the tower. All the heat is
d issipated by convective exch ange. ~aturai— draft or forced—draft towers
nay be uso- ’. With condensate—quality water used throughout the system ,
pr’ -}- or~ of s c a l i n g, corrosion and fouling of water sill heat—exchan ge
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Photo .TV—5. .4 T~e~~ o? Pl an t Ua inp a ~ 1hr~d Jo ~-~’li ’~~ ~~~~~~~~~~~~~~~ (TVA P b c to) .

su rfaces  are minimized.  Thi s type of system con sumes very l i t t le  water ,
often a vital consideration in water—short areas.

Howeve r , the cost of the extensive tower piping and extended sur-
face construction (such as finned tubing) required for dry—exchange
systems may be four to five times that of an evaporative system. For a
1 ,000,000—kilowatt nuclear power plan t, the cost of such a system would
be p rohibi t ive  for  any normal s i tua t ion . Such a sys t em would be con—
sidered on ly when sufficien t water is not avai lable  for  operation of
.‘ther types of cooling systems.

Land Area Requirements and Uses

The decision of whe re to locate a large therma l generating station
presents olie of the most cha l l eng in g problems an e lec t r ic  u t i l i ty  faces
when plannin g to add camac i tv  to obtain a power supply at the lowest
cos t .  Factors considered inc lude  d i s t r ib u t i o n  of load , load growth ,
existing and prospective pattern s of loading of the transmission system ,
interconnections with other systems , availability of l and , foundation
conditions, and availability of cooling water. There Is also a growing
conce rn t h a t  thermal discharges mi ght harm the environment (atmosphere
fogging, icing, and temperature rises in streams , l akes , and ocean
water clue to  coo l ing—water discharge).

Federal regulations and othe r considerations establish the mininsim
re qu ired si te area f o r  nuc lea r  plan ts. A 1,000 ,000—ki lowatt li ght—water
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molerated nuclear plan t site will need a minimum exclusion area having a
radius of 3 ,000 feet. The term ‘exclusion area” is def ined as an area
imuediate lv surrounding a nuclear reactor where human habitation is pro-
hibited to assure safety in the event of accident . The exclusion area
required for this size o

1 nuclear plant site would contain abou t 650
acres , plus easements and access rights—of—way. For waterfron t sites ,
the required Lan d area will approximate a semicircle of some 32r to 350
ac res. A site on a peninsula may require a much smaller area. The cx—
clusion area may vary in shape f rom site to sIte depending upon local
terrain , prior subdivision s, and the inclinations of the owners. This
area including both land and water Tmjst be controlled by the plan t owner.

Federal regu l at ions specifically permit traversing the exclusion
area of a nuclear power plant by highways , railroads , or waterw ays. Ac-
tivities unrelated to operation of the reac tor may be permitted in an
exclusion area under appropriate limitation s, provided that no signifi—
can t hazards to public health and safety will result. The owner may ,
wi th Federal approval , allow agriculture , compatible industries , hunt ing
and fishing, and even pic~ii~ king in the exclusion area providing there
are no overnight facilities. Arrangements must be made for radiation
monitoring, evac ua ti on , and other safety precautions.

The number of good sites available for large therma l generation
stations is dec reasing because of competing demands for land and water
requi red to service the growin g population and fulfill its recreational
needs , The interests of the electric utilities and their customers can
best be served by constructing the larges t economi cally justified gen-
erating complex on each site selected. Experts in reactor design pre-
dict that by 19R0, single units of 1,500,000—kilowatts capacity will be
in use in multi—unit plants, which will have a total installed capacity
of more than 6 million kilowatts.

The ha ndicap of res t r ic t ive  site requirements in some localit ies
could be overcome, at least partial ly, by including several reactor
units on a single site. This would require that the isolation and safe-
ty provisions at the individual reactors are such that an accident at
one reactor would not endanger the nuclear complex. In this case, an
exc lusion area not much larger than that provided for a single reactor
probab ly would suffice. Unit costs could also be reduced by use of a
reactor—fue l handling and maintenance facility common to all units , and
by the use of other common fac i l i t i es .

~y fully exploiting the advantages of multi—unit nuclear stations ,
l ower power costs as well as othe r benefits could be realized. The
capital—cost  out l ay could be shared by several u t i l i ty  system s and re—
suit in establishment of a nuclear generation center. While such a
developmen t would reduce the number of nuclear plant sites, conserve
valuable land , and provide economies of construction and operation , the
cost of transmitting power from such a singl e large source throughout a
large market area would have to be compared to the cost of transmitting
from several strategically located and dispersed smaller sources and the
disadvantage to national defense from a large concentration of capacity.
However , a large—capacity transmission grid covering broad areas of the
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count ry would tend to minimize unit t ransm1a~ ion costs and would result
in additional potential savings In customer power costs.

Power Ceneration and Costs ot Nuclear Plants

Nuclear plants to he built in the next decade in the Will~~ et te
Valley and those to he constructed in the distan t future can he expected
to operate at relative ly hi gh capacity factors (80 to 90 percent) , he
cause this manner of operation takes the greatest advantage of the
plan t ’s low energy costs. However, experience with existing plants
operating elsewhe re in the United States has shown that nuclear plants
can follow load variations, i.e., be operated at low capacity factors
of 40 to 60 percent if necessary.

The capital and operating costs of nucle ar p lants determine whethe r
or not such plants are economically competitive with other types of
thermal power plants . Wi th nuclear plants , perhaps even more than wi th
fossil— fuel thermal plants , insta llation s with large r units tend to
cost less per kilowatt to construct and to produce energy at l ower unit
costs.

Maximum Nuclear Power Requirements for Willamette Basin

As stated previously, nucl ear power p lants will be operated primar-
il y to supply base—load coergy requirements in the Pacific Northwest and
Willamette Basin. Hydroet.-ctit c generation , both from within and out-
side the basin , will supp ly most of the peaking generation required ,
especially during the early years.

?~kst of the information avai l able on land and water requirements
for nuclear power plants Is for the 1 ,000 ,000—kilowatt , singl e—uni t  size.
If all the_basin ’s ener~~ requirements in 2020 are to be supplied ,~~
nuclear power plants within the basin, the equivalen t of fifty—nine
l~,000,000—kilowatt plants wou ld he required. The capacity associated
wi th the base load energy would he supplemented by importation of hydro
p eaking or by generat ion at pumped—storage plants or other peaking plants
located within the basin. The following table shows the maximum land
and water  requirements in the bas in  if a l l  the capaci ty  was assumed to
be built in fifty—n ine l ,000,c,00—kilowat t nuclear plants with a single
type of cooling system:

Table IV— 4
Pote nt i-at Lan—~ -z ~ -’i ~.‘~t-e r Reau~ rer k ’P l S r’cr 5!~ Mtclear  E l a n t s

Site Cooling Cooling Water
Area Pond Are a Water Consumed

Cooling System (Acres) (Acres) (CFS) (CFS)

Once— through 20,hSfl — 94 ,400 71
Evaporatlve* 38,350 — — 2 ,124
Ponds 17 ,700 88,500 — 3,540

*For either natural draft or induced draft cooling towers.
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The figures presented here are for maximum requirements. Actuall y ,
various types of cooling systems will probab ly be used. Also , many of
the p l a n t s  may be located outs ide  the Wil lamet te  Basin , on the coast,
or on large l akes.

Possibl.e Nuclear Power r)evelopmen t In Willamette Basin

The Bonneville Power Administration research report , “Nuclear Power
Plan t Si t ing in the Pacific Northwest ,” by Battelle Northwest , presen ts
two examp le sites for nuclear mowe r plants in the Willamette Basin.
Roth of these 1 ,000,000—kilowatt nuclear power plan t sites would require
evaporative cooling systems. One site in the middle part of the Willam—
ette Basin is on the Santiam River. The othe r site is in the southern
mart of the basin on the Willamette Rive r.

The Eugene Water and Elec tric Board has under consideration a
1,000,000—kilowatt nuclear power plant. In July 1967, the Board voted
to seek out an engineering firm to make preliminary desi gn and site

— studies . A bond issue for financing the p lant was authorized on Novem—
ber 5, 1968, by the electorate. Site selection studies are well under-
way . EWEB nian s for operation of the plan t to begin about the end of
1976.

Portland General Electric Comp any is building the Trojan nuclear
generating plan t on the Oregon side of the Co lumbia River  4 .5 mi l e s
south of Ranier. The site is on ly a few miles outside the northern
boundary of the Willamette Basin. The 600—plus—ac re site is near large
electrical loads (Portland is 42 miles southeast of the site). The
plan t , which includes a large cooling tower , has been gran ted a waste
discharge permit by the Oregon St ate Environmental Commission. The
Trojan plant will generate mo re than a million kilowatts of electricity
from the atom when completed in 1974. It is expected to cost $206
m illion.

Pacific Power and Ligh t C omp any has considered a prospective site
for a large thermal—electri c plan t east of Lebanon , Oregon. However,
development on this site has been delayed .

F U T U R E  T R A N S M I S S  I O N  F A C  I L I T I E S

Providing sufficient rights—of—way for the increasing number of
transmission lines presents one of the utilities ’ bi ggest problems.
This will he particularly true for the movemen t of power from the main
sources of generation east of the Cascade Range to the population and
Indus trial load centers to the west. The P a c i f i c  ‘~o rthwest  load is
estimated to increase from about Ii gigawatta (13 ,000,000 kilowatts) in
l- ~f,5 t~ approximately ~ l gigawatts in 2000 and 229 gigawatts by 2020.

The Wil lamette Basin will experience l oad growth from 2.65 giga—
watts in 19b5 to 27.3 gigavatts at the turn of the century and Qj.R
gig aw at t s  by 2020. Local  t h e r m a l  g e n e r a t i o n  w i l l  he i n s t a l l e d  to meet
much of the Increas e In energy loads. However , some large—b lock , extra—
high— voltage power transmission from areas outside 0’ the basin will
likel y he necessary to meet peak demands.
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Photo I V—6. 500-ky Trcuzsniieaion Line (LJ SBPA Photo) .

By 1990, when virtually all of the feasible hydro sites in the
Northwest will have been developed , loads are expected to more than
triple 1970 levels. This will require transmission additions almost
double the capacity previously built. (See Map 11—3).

At present , with an essentially all—hydro system , three—fourths of
the load requirements for the Willainette Basin are imported from hydro-
electri c generation sources east of the Cascades. As the transition to
a thermal—generation base progresses , such plants within or adjacen t to
the basin will be needed to meet more and more of the area ’s load re—
quirements. However , these will be primarily base—load plants , with
peaking requiremen ts largely supplied by hydroelectric plants east of
the Cascades. This means construction of new transmission lines into
the Basin with attendan t increases In rights—o f—way. Some additional
north—south lines will also be needed to provide integration and hulk—
load power transfers wi thin the basin and with adjacen t load areas.

By the fall of 1970, three 500—kilovolt lines into the Willainette
Basin will be needed in addition to the existing 230—kilovolt system.
By 1980, the equivalent of seven 500—kilovolt lines into the area will
be needed; and by 1990, the transmission equivalen t of ten 500—kilovolt
lines will he necessary. Competing needs for land use will , no doubt ,
preclude the construction of this many tranamount ain lines. This total
even exceeds the estimated canacity of the available mountain—pass
routes, Clearly , other measures for providing the necessary tran sinis—
sion capacity are required , such as increasing the capacity per circuit
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or developing new methods of electri c power transmission . Possible
tran smission developmen t for the baein by 1990 is shown on Map IV—2 ,
The regional transmission grid , including l ines in the Wi l lamette , is
shown on Map IV—3 , Present plans call for the construction of several
of these lines at voltage levels in excess of 500 kilovolts .

-
, L A f D  REQUIREMENTS

The land requi red for electric power transmission has been a prob-
lem not o~ Iy In areas of concentrated population , but through urban ,
rura l , t orested , recreation , and other areas as well. However, as
t ransm ission vol tages increase , the land required per kilowatt for
t ransmission right—of—way decreases. Future transmission lines mus t
have markedly greater powe r transmission capacities per right—of—way to
reduce their Impact on land use and remain within the limits of avail—
able  r i g h t s — o f — w a y .  in creas ing  transmission voltage levels provide one
method of accomplishing this , since line capacity increases approximate-
ly as the square of the voltage. For examp le , one 500—kilovo lt line
carr ies tour t imes as much power as a 230—kilovolt line; yet , Its 150—
foot right—o f—way Is only ?5 feet wider than that of a 230—kilovolt l ine.

By 1980, there will he in oneration , planned, or under const ruction
some 510 circuit—mi tes of 500—kilovolt or higher capac ity lines in the
Wi ll amette Basin. The land requirements for these lines would approxi-
mate 9,800 acres If new rights—of—way were required for all. However ,
portions of the new l ines will be routed over existing rights—of—way
now occupied by lower—voltage lines which will he retired. This will
increase the transmission capacity per right—of— way and reduce the need
for new rights—of —~ av.

Additjona~ 230-kilovolt transmission lines in the Willamette Basin
wil l  also be required. These lines will serve as integrat ing lines
with in the area and as sub—transmission for customer service

Whatever future lan d requirements may develop , the need for carertJ
location of transmission corridors with respect to other land uses will
continue. Where poss ib l e , nianners will route transmission l ines through
areas having the least conflict with other uses.

RFSEA RCH ANI) rEVELOPMENT

One t r.’psmi~ si on alternative under serious study is th at of going
to voltage ~eve1s in excess of 500 kilovolts. Several 700—ki lovolt
cl ass lines are in operatle~n or under construction in this and other
countries. Since a 70fl—l~ilovolt line has approximately twice the capac-
ity of a 500—kilovolt l ine , use of this voltage level as an overlay to
the extensive 50°—kilo volt grid being developed would reduce the circuits
require l and the impact on lan d use .

(Z tudies are alio nroeressing on l ,0t)1l~ k I l ovo1~ tr ansmission fa cil —
i~~te~~. A 1 ,000—kilovolt line has anrroximate v fou r t1m~’s t~~e rapacity
of a 500—ki l ovolt line. This voltage l eve l could reduce t h e  tot.d number
of lines s t i l l  further. However , to naintain rel i abil i t y and continui ty
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of service , an o rde r ly  s t r eng then ing  of the system is needed (at  500
k i l o v o l t s )  before  going to the hi gher voltage. The highe r the line Ca—
pacity, the greater the impact on the system when that line is lost due
to a short circuit or some other con tingency. Further studies are neces-
sary to determine the optimum level of voltage for the circuits compris-
ing the next grid overlay , both from a technical and an economic stand-
point.

The laying of underground cable on existing rights—of—way is anothe r
me thod of increasing the transmission capacity of each right—of—way .
Today , this method would cos t 10 — 25 times as much per kilowa tt as over-
head lines. Research continues because in certain areas, such as large
metropolitan centers , underground transmission is the on ly acceptable
method . In this case, transmission distances are short and the increased
costs have much less imnact  on system power costs than for a transmission
distance of 100 — 300 miles .

Direct—curren t transmission may be emp loyed for large—block power
t ransfers in future years. At the present time , direc t curren t can
compete economica l ly with alternat ing— curren t transmission only when
dis tances are greater than approximately 500 miles for overhead lines
and 30 — 60 miles for undergroun d cables. Direct—curren t terminals are
tmre complex and costly than a—c substation equipment , but d—c line
costs are only about two—thirds those of alternating current. Since
most future transmission distances in the Northwest will be less than
300 miles , direct current will provide no economic benefit unless ter-
minal costs can be markedly reduced . Some prac tical advantages of d—c
are: (1) the more sophisticated controls help damp oscillations and
undesirable power surges from the a—c system with which it is in cercon—
nected and (2) the ability to add malor power inteeds to a system with-
out increasin g short circuit duties on existing enuinment. If other
f a ctors renuire goin g underground , direct—curren t cables could become
very attractive .

The ~ryogenic (low temmerature) field may accelerate the use of
d—e transmissi on wi th the development of sunerconducting cables having
men~ times the capacity of conven t iona l  l ines or cables. By refri gerat—
ing the conductors to temperatures near absolute zero, a system can at—
tam transmission of mower essentially without losses thus allowing
very high power flows net circuit. Even though the cost per circuit
would he hi gh , the unit cost ner kilowatt transmitted cou ld be quite
low.

Research is orogressing on superconductors , but thus far no signif-
ican t breakthroughs hav e resulted. Successful developmen t of an ambient—
temperature superconductor would revolutionize the whole field of power
transmission.

EFFECTS OF THERMA L PLANT LOCATI ON

Therma l plants will in general he located adj acen t to or nea r  the
ma jor l oad centers to minimi ze t ransmission cnsts , bot h in f a c i l i t ies
required and in transmission losses . Of course , a number of other
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f ac to r s  w i l l  i n f l u e n c e  p l a n t  locat on . Amon g these are environmental
geologic considerations and the desire of the constructing agencies t~
locate thermal plants within their servic e area.

Studies based upon transmission consideration s alone have been Thl

for dete rmining the optimu m scheduling and location of these plants
through 1PR5. Results Indicate that the preponderance of the new thei
mal plants to he constructed by 1QPS shou ld be located west of the Cal
cades and south of Puget Sound. Power normally flows to the West and
South in the western portion of the Northwest grid . The Portlan d are-
is approximately 100 miles farthe r from the large mid—Columb ia general
ing comniex than the Puget Sound region. In effect , locating a plant
in the Portland area rathe r than Puget Sound would save approximately
100 miles of transmission line plus resultan t line losses. This patti
would continue during the early peri od of thermal addition s only. Whi
the north—south f]ows on the coastal grid are reduced to low values , I

distribution of new the rmal plants will follow the load growth patten

P R 0 B L E N S

Future demands to satisfy electric power requirements of the Wil .
mette Basin will create two general problems——competition among vario~
lan d and water uses , and disposal of therma l plant cooling water.

Fluctuations of electric powe r demands will normally be met by ii

tegrated production from thermal and hydro plants, An importan t valut
of the hydro plants in the bas in will he their ability to produce peal
log power. Peaking—nowe r generation usually requires reregulation of
nower plant releases. Development of the remaining Willauiette Basin
conventional hydroelectric sites will require reregulation facilit ies
if they are to be operated as high—capacity peaking plants.

Technologi cal advances , increased competition for water , and use
of surplus thermal energy to supp ly pumped—storage plants will aid in
assuring the feasibility of thermal plants. Whi le the basin is expec
to remain a power—deficient area, large thermal plants—-nuclear or fo~
s-il—fueled ——will probably become a reality in the basin and he coordli
ted with hydroelectri c plants to keep power imports to a minimum.

Competition among power generation , distribution , and other usua
more publicized land and water uses has increased greatly in the past
few years and wi]l become critical in the fu ture. Irrigation , fish a:
wildlife , rec reation , power , f lood contro l , municipal water supply,
navigat ior , and water quality control are uses which mus t be consider
in the manag~went of water resources.  Wat e r  schi~d u l in g  p r a c t i c e s  in
managing multip le—purnose reservoi x are he lping to minimize competit
between water uses.

nigh—voltage transmission lines may eventually he placed under—
c r i u r i d , thus alleviatin g problems involving agricu l ture , timber , and
w~~~” t’~~~~ C interests.
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and 
- 1- The lack of l arge coal deposits in the basin will preclude the con—

struction of large fossil— fue l , steam—electric plants and favor construc-
tion of nuclear plants. Another factor favoring nuclear plants is that
air pollution from the alternative fuel—fired p lants is avoided.

- - Disposal  of thermal—plan t coolin g water is one of the economic

- - problems facing power interests. Moa t of the r ivers  of the basin are
too smal l or too warm to permit  disposal of heated discharges from large
thermal plants. The water quality standards of the State of Oregon wi ll

- 
not permit disnosal of untreated heat discharges which would elevate

- - the temperature of the stream beyond the limits set. Nuclear plants
w i l l  l i k e l y  need large cool ing  towers or ponds , which add to the costs.

- A possible , but as yet untried , solution would be to make water from
cooling ponds available for irrigation . Experiments are presently under

he way to determine the effects of using heated water for Irrigation.

C o o l i n g  w a t e r  r e q u i r em en t s  f o r  the  large anount of n u c l e a r — f u e l e c
gene ra t ion  needed to supp ly t he  basin ’s energy requ i rements  w i l l  pr esen t
a se ri ou s problem . For the  e s t i m a t e d  equ iva l en t of h f  t v — n i n e  I , 1flu , 000~

a— kilowatt p l a n t s  needed by the  year  202 0 , the annual  consumpt ive  use of

3 
water unde r the alternative coolin g methods wou ld amount to over 50,000
acre—feet for once—through coo ling, about 1,500,000 acre—feet wi th cool-
ing towers , or up to 7 ,400,000 acre—fee t with all plants using cooling

- ponds, Water storage would have to he alloc ated from sources in t i~~
bas in to supply the water consumed during the summe r and p cssible some

- for winter use. This would require the deve lopment of addiri t-nal storage
in the Wi llam ette Basin by 2020 to conserve runoff for this purpose .
From about 0.2 to 10 percent of the average annual runoff of W illamette
Basin would be needed to supply the 2020 consumptIve use if the total
energy supply is developed in the has-in with nuclear pI-m ts .

An alternative to buildin g base—load power plants i:~ the basin is
to locate prolects amon g the Oregon Coast or in othe r areas and l mr c -r t

ed power. Two problems immedi ately arise , (1) transmissi on corridors mun;t

- he made avai l a b l e , and (2) oh’ec t-~cin s to construction alc,n c- coastal ar e -i i

a— must he overcome . These or similar p roblems remain to i-e solved regard-
less of what area W illam ette Basin planners l ook to for so-irces ot

- power. If such an alternative is adopted , additional hack —un sources

lv - such as pump e 1—storage oro~ ects should be develnned In the basin to
- 

- - provide for greater reliabilit y of service.

D o u b l i n g t h e  e l e c t r i c  powe r p r o d u c t i o n  a b o u t  every 10 years  Is  nc~--

d ess~ary to keen up with power demands in this area. An early start on a
good public information program Is necessary , telling t h e  people what is

- needed , what is n i an n e d , and why and how their community benefits . The
people must he mad e ~ware of the need for more dams , foT pumper-’—sto rare
projects , for large therma l generating facilities , of the safety of
nuclear power plants , and c-f the t ransmission system necessary ~ r deliver
power t o the consumer. It ~ S expected that imp roved c- rMer technology
will be developed be fore the end of tho ceniurv to r.solve y~ - -~ s~ of the
proble ms foreseen for the basin ~i- 1 the p- -w-’r indu str y ‘brou ghrut t~nc
world.

LV—3 0

-- - -~~~~~~-- - - - -- -~~~~~~~~ --



4

-: :-. - - ~

- 
—

— -
~

I



SUMMARY

The history of electric p ower development in the Willamette Basin
dates hack to the 1 880’s. The firs t long distance power transmission
line in the nat ion was constructed in the Willamette Basin , with the
Portland city streets lighted by electric power generated at the Wil lam—
ette Falls hydroelectric plant. The Pacific Northwest region ’s advance d
technology of power product -ion and t ransmission is recognized throughout
the world. Here , residential power consumption is among the world ’s
highest per capita. Private and public agencies have worked together to
give the basin a dependable sunplv of low—cos t power. The basin alone
is not self— sufficien t in its power sunplv , bu t its deficien cy is made
up by importing power from generating sources to the north and east.
This power is transmitted over the region ’s vas t network of high—voltage
transmission lines. Large hydroelectric projects on the Columbia River
suppl y much of the power used in the Basin.

The power demands of the basin are exnected to climb to more than
90 million kilowatts by the year 2020 and there will continue to he a
need for supply at a reasonable cost. Historically , the consumption of
elec tric power has nearly doubled every decade. It is predicted that
70 percen t of all energy used will he electrical by the turn of the
cen tury . The me an s of serving this need must advance correspondingly .
The total installed generat ing capacity in the Willamette Basin is now
about 938,000 kilowatts. The maximum neaking capability of all power
plants in the basin was only about 27 percen t of peak demand in 1968 and 

-

would he less than 1 percen t of peak demand in 2020. In calendar year
1968 about 3 bIllion kilowatt—hours of e l e c t r i c  energy was p enera ted  in
the basin. That was some 17 percent of the year ’s req ui remen ts b~~
would be only about six—tenths of 1 r’ercen t of forecast energy needs tur
2020. EstImated i~uture electric power requirements are:

Peak Demand Annual Energy
Year 1 ,000 Kilowatts 1 ,000 Kilowatt—hours

‘980 7,730 38,400,000
7000 2 7 ,300 136 ,000 ,000
2020 91 ,800 457 ,000 ,000

The basin ’s industr y has experienced profitable operation s under
favorable business conditions . It has a productive , hi ghly educated
work force. Ind ustry is moving Into the basin at an accelerating rate ,
usin g more and more of the l ow—cos t electric power available. The growth
of an area can he dtrectlv re lated to its use of energy , A megal opol i s
is developing within the Willame tte Basin . By 2020, it is exnected to
eacomnass the Eugene , Salem , and Portlan d areas , and extend north to
Seattle. Thfs will require a mac’ive Incre ase in generating plants and
transmission systems,

_ _



F U T U R E  P O W E R  S U P P L Y

Several possible means to satisfy the projected electric power needs
have been studied. The basin ’s poten tial hydroelectric sites have been
inventoried with the single objective of power supply . The probable re-
sources for the future include , along with increased power Imports from
outside the basin , nuclear powerplants to supnly the around—the—clock
base loads , numped—sto rage plants to suoplv peaking, and possibly some
small conventional hydroelect ric plants supp l emen t ing both base and peak
load power supp l ies.

Several possible nuclear powerp lant sites for the basin have been
mentioned hut onl y one plant , Trojan , has advanced to the actual con-
st ruct ion stage. By the year 2020, it is estimated that up to 69,000,000
kilowatts ot nuclear capacity or alternatives will he needed to supply
base— load requirements of the basin in addition to nower supplied f rom
existin g and projected hydroelectric and thermal plants and from imports.
While nuclear plants utili zing c o n v e n t i o n a l  s team t u r b i n e s  connec ted  to
generators are used tod ay , research is being conducted on the use of
thermionic gener at-.rs , f u e l  ce l l s , magne t o—hyd rodynamic (MIlD ) generators ,
and nuc lear  fu sion reac tors . In Miff) generators , electrodes are placed
in the high—temperature jet stream of gasses forced at high veloc ity
through a magnetic field; direct curren t at relatively hi gh volta ge is
ob tained.

The basin has no significan t fossil—fue l supply; therefore , any
developmen t of this typ e of generation would require that fuel he im-
ported . Current estimat ed transportation costs for moving such fuels
to the basin are quite high. These c ircumst ances inhibit the construc-
tion of base—l oad fossil—fue l ed plants in the basin. Cas-turhine peak—
1mg plants or fossi l—fuel fired steam peaking units are alternatives to
conven tional or pumped—storage hydroelectric peaking power.

The potential for conventional hyd roelectric development is limited .
The aggregate capacity which might he develoned at some 24 sites identi—
fled in this study would provide about 760,000 kilowatts.

The basin has a vast potential for pumped storage. Cons ider ing
only the nine most favorable sites , 42 ,000,000 kilowatts of capacity
could he developed . Abou t 26,000,000 kilowatts of peaking capacity wil l
he needed in the basin to supp lement othe r power sources. This potential
peaking could he developed when sufficien t base—load the rmal plants have
been installed and afte r the more economical peaking additi~ ns have b een
made at existing hvdro plants in the Northwest . In 20 to 30 years ,
pumped storage will become competitive with other method s of supplying
peaking power. Future thermaL p iantb wiil be supplying the base—load
power and off-pe a’, energy for Dumping nower. Water for pumped storage
m ay serve a dual  purp ose , t h a t  f o r  g e n e r a t i n g  nesier for m eak inc- ai;d as
steam—plant condensing water.

Impor t of powe r from outside the basin is expected to increase , how—
ever , it is un l ikely that all of the increase in power reauirement-~ oould

_



he Imported . Planners have f ore.-s st that approx Imately 16 ,000,000 kilo-
watts will he brough t inv-D the basin to help meet demands for the years
2000 and 2020. This will require substantial additions to the region ’s
transm ission grid . Before long , the Pacific Northwest will probabl y
he tied to other power—producin g regions by gian t power grids electri cal—
l v integrat ing the eastern—western and northern—southe rn United States
and parts of Canada. This wi l l  permit taking advantage of diversity in
power requirements between the northern and southern climates , and be-
tween the eastern and western areas.

Research on improved power transmission is unde r way. Under in-
vest igat ion are wave propagation via wave guides , wireless t ransmission
of energy , and super—conducting circuits . Cryogenic research may de-
velop practical super—cooled conductors where resistance to f low and
accompanying power loss approach zero. This will pe rmit vast quantities
of powe r t o  flow ove r a single circuit. R e l i a b il i ty of serv i c e is also
a must f~ r the transmission system develop ing in the basin. As the
growing populace uses electricit y in ever increasing quantities , an
ab undan t and un interrupted supp ly of power heccines more important .

R E C O M M E N  D A T  I O N S

Powe r has played an import ant role in elevating man ’s standa rd of
liv ing to its present level. The man of t omorrow will use some 20
times the energy he uses today. A p lentiful supply of reliable eiec—

~ric powe r at a reasonable cost Is needed to promote future growth. The
greatest reliability of service is obtained from local generation using
l o c a l  resources , thus  el imina t ing some h a z a r d s  inheren t  w i t h  long—
distance transmission .

Powe r resource deve lopmen t s h o u l d  he responsive to the whole  spe c-
t ru m of man ’s r e q u i r e m e n t s — — l a n d , w a t e r , a i r , f ood , hous ing ,  l i gh t  .~~.-i
r ower , communication , r e c r e a t i o n , e t c .  A l l  must  he considered so t h a t
one i s  not deve loned to  the  exc lu s ion  of o t h e r s .  But man ’s deman d f o r
c om f o r t  and convenience in the f orm of e l ec t r i c  power must  he cons idered
in the Ii~,ht of i mportan ce to  h is  g r e a t e s t  good . Because of the compe—
tition for the use of land for purposes other than powe r , t h e r e  i s  an
u rgen t oced fo r  the prope r a u t h o r i t i e s  to  t a k e  Im m e d i a t e  s tep s t o  reserve
desirable conventional hydro , p u m p e d — s t o r a g e , and t h e r m a l — e l e c t r i c  power
s i t e s  fo r  f u t u r e  d e v e l o p m e n t .  A l s o, proner investigation s should he

• c o ndu c t e ’ to assu re  nuhli c accent ance of the selected sites for future
9ower use .

W h ile pr ob lems associated wi th flowe r productlcn -~n d  t r a n sm i s~i I o n
throug hout the h a s i n  see— formtda kle , managemen t and eng ineers of t h e
powe r in d u s t  rv are c~-n fid ent that a l y  -inces t h r ou c : h r e s e a r c h 1nr~ tech—
n - c ” w i t l  overr ”~~ them . Res~ jtch w ill ultimatel y provi e niethL-~~; of

~ -u-pr n r - l - i c r  ior~ and t r an s m i s s i c - ’ i  t h a t  are  unknown t o d a y . F u r t h e r  S t t i d v
an’l p i T O  ing  mus t  h•’ conr  in u n d  t o  assure t h e  o r d e r  lv deve h~pment cf

— t  ic , iu r le~~r , cenvon t i-~n~~l hv A r -~, ~ind  o u m n e d — s t  ~- r a ~~e e l e c t r~ c
c~’~i e r a t i n g  o l a n t s  to s uo o lv  t h e  f u t u r e  ri rwer ne eds  ot t he  b a s i n .  ~u f f ~~—
d e n t  t1~ c must be a l lowed  f o r  deve l opmen t o~ a p r o l e c t  b e f o r e  i t  Is  
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ac t u a l  lv needed . For example , the lead time necessary f o r  p l a n n i ng , li-
cen s i n g ,  and c o n s t r u c t i ng  a n u c le a r  p o w e r— g en e r a t i .  ~ p l a n t  Is abou t 7
years.

T H E  C O M P R E H E N S I V E  P I A ~~

A n a ly s e s  l e a d i ng  to the  d e v e l o p m e n t  of a c o mp r eh e n s i v e  p l a n  f o r  use
of t he  bas in ’s w a t e r  and r e l a t e d  lan d recources an~ how t hese  r e s o u r c e s
w i l l  c o n t r i b u t e  to  m e e t i n g  f u t u r e  rower demands -are oresented b Ar~~rn~~i x
M — F l— i n Formulation .

_ _ _  __ _ _  _ _ _  ~~~~
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G L O S S A R Y  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

POWER ANfl RATE TERMS
— CAPABILITY

Peaking Capabi l i ty  — the maximum peak load th a t  can be supplied by a
— generat ing un i t , station , or sy stem in a s tated time per iod.  It

may be the maximum instant aneou s load or the maximum average load
over a designated in terval  of time .

CAPAC l’L’~

Dependable Cap aci ty  — the load—carry ing a b i l i ty  of a s t a t ion  or sys tem
under  adverse condi t ion s fo r  the t i m e  in te rva l  and period spec i f i ed
when related to the  charac ter i s t ics  of the load to be supp lied.
Denendah ie capac i ty of a system includes net firm power purchases.

Ins ta l led  Can ac i tv  — the to t a l  of the capacit ies as shown by the name —
plates of similar kinds of anpara tus  such as generat in g u n i t s ,
turbines , synch ronous condensers , transf ormers , or other equipment
in a s t a t i on  or system.

Peaking Capacity — generating equipment normall y operated only during
the hours of h ig hest da i ly , weekly , or seasonal loads. Some gen-
e r a t i ng  equ ipment  may be op erated at ce r ta in  t imes as peak ing cap—
acitv and at other t i m e s to serve loads on a round—th e—clock basis.

DEIIANI) — the rate at which electric energy is de l ivere d to or by a svs—
tern , part of a system , or pIece of equipment , expressed in k i lowa t t s
or othe r suitable unit , at a given instan t or averaged over any desig-
nated period of time .

DIvERsrrY, LOAD — the difference between the peak of coincident  and non—
-‘ - coinciden t demands of two or more individual loads.

ENEIWY — that w h i c h  does or is carahle of doing work. It is measured
In terms of the work it is canable of doing; electric energy is
usually measured in kilowatt—hours.

r i m  Energy — electric energy which is intended to have assured avail—
ability to the custome r to mee t all or any agreed upon portion of
h is load requirements.

Off—neak Energy — electric energy supplied during periods of relatively
ln~-, svs tern demands as spec i fied h~’ the supplier.

F \C l~~ )R

Load r ac tor  — t h e  r a t i o  of the  average load over a designated period
to the n e ; i k — l e a d  o c c u r r i n g  In t h a t  p e r i o d .

_ _  
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C a p a c i ty  Factor  — the r a t i o  of the average load on a machine or equiP-
ment f o r  the period of t i m e  considered , to the c ap a c i ty  r a t i ng  of
the machine or equ ipment.

Plant  ~‘ac tor  — the ratio of the average load on the plant for the
period of t i me considered to the aggregate rating of all the gen-
erating equipment installed in the plant.

Powe r Fac tor — the r a t i o  of kilo ’qat ts  to k i l o v o l t — a mp e r e s .

LOAF) — the amount of electric powe:~ del ivered at a given point.

Base Load — the minimum load In a s t a t ed  period of time .

Peak Load — the maximum load in a stated ~eriod of time .

PLANT (STATION)

hy d r o e l e c t r i c  P lan t  — an e l e c t r i c  p owe r plan t utilizing falling water
for the motive force of itc prime movers.

Pumped—Storage Plan t — a power plant utilizin g an arrangement whereby
electr ic energy is generated for peak load use by utilizing water
pu mped i n t o  a stora ge reservoir usually during of f —p e a k  periods.
A pump ed—storage p lan t may also be used to provide reserve generat-
ing canaci ty .

POWER

Firm Power — power intended to have assured availability to the
customer to meet all or any agreed upon portion of his load require-
ments.

R ESL RV E

Spi nn ing  Reserve — generating capacity connected to the bus and ready
to take load. It also Includes capacity availab le in generating
units which are operating at leFs than their canabilitv.

THET~fAL — a term used to identify a type of electric generating station
or power plan t, or the canacitv or cariah ,ilitv thereof , in w i i c h  the
source of energy for the prime move r Is heat.
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H Y D R O E L E C T R I C  P O W E R  V A L U E

The benef its of power produced by a conventional or pumped—storage
hydroelectric project are equivalen t to the value of the power to the
users as measu red by the amount they would be willing to pay for such
power . Normal ly , the cost of power from the mos t likely alternative
source is an appropriate measure of the value of the power produced by
a project.

The value of powe r can be expressed in two comp o n e n t s — — c a p a c i t y
value and energy va lue .  The can ac i ty  value is de r ived  f r o m  a de te rmina-
t ion  of the fixed costs of the selected alternative source of suppl y.
The energy value is de t e rmined  from those costs of the alternative
which relate to and vary  w i t h  Its energy output . The fixed costs are
those annual costs governed by the investment fri generatin g and trans-
mi ssion f a c i l i t ies, thei r apnropr i a t e  f inancing  charges , and ce r t a in
o t h e r  ope ra t i ng  costs which vary very little with hours of operation .
The energy value is de te rmined  f rom the cost of fue l consumed and opera-
t ion  and main ten ance costs which  var-y wi th  energy o u t p u t .  The capaci ty
and energy components  are ij~~~a l ly  expressed in te rms of dol la rs  per
kil owatt—year and mills per kilowatt—hour , respectively. The capac it y
comp onen t is related to the dependable capacity of the hydroelectric
plan t and the energy component of the average usuable energy output of
the plant ,

The value of hyd roelec t ric power can he estimated for either or both
of two locations: (11 at—marke t, i.e., at a load center; or (2) at—site ,
where power leaves the hydroelectric plant.

The alternative to a hydroelectr ic project is the most likely power
supply source that normally would he selected for addition to the region-
al power supply if the projec t is not constructed . At the present t ime
the most likely alternative is a modern thermal—electric generating
plant. The proper type of thermal plan t al ternative is the one which
will pro ’xcte the most economical source of peaking, in termedia te , or
base load service in the absence of the hydroe lectric plant expec ted
to he used for any one of these types of service. No values based on
a coal—f ired steam—electric power plan t were estimated since, under
present circumstances, it does not apPear that additional plants of this
typ e w i l l  be constructed west of the Cascades , after the Centralia Plant
is completed .

In estimating power value , consideration must he given to differ—
ences in dependability between the project and its alternative. Dif-
ferences in operatin g f lexibility , service availability and fast loading
features which stem from plant characteristics need to he considered.
These characteristics include the low speeds and temperatures of the
rugged hvdro plan t machinery in contrast to high speed , high temperature
and preesure of high efficiency thermal plants. Usually, consideration
of these faL t~ r* will indicate that a credit to the value of hydroelec-
tric project plan t capacity is warranted. Estimates of this credit vary
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from 5 to 15 percen t of the at—market cost per kilowatt of alternative
the rma l capacity.

Power values derived here in are based on present day ( J anuary 1 ,
19h9) price levels , and are ap p l i c a b l e  to  those hy d r o e l e c t r i c  sources
projected to he constructed in the three study perlods—— 19R0 , 2000, and
202 0.

POWER VALUES BASED ON TYPES OF ALTERNAT IVE POWER PLANTS

The three  types of the r m a l — e l e c t r i c  p l a nt s  considered an~~ropr 1a te
as alternat ives to hydroelectric projects with annual capacity factors
( ra t i o  of annua l  average l oad to  the  c a p a c i t y  r a t i n g  of equ i p m e n t )  ran g-
ing from I to  qo percent are as follows :

Hy dra  P lan t
Capacity Factors

Type o t P  Ian t (Percen t

Gas Turbine 1 to 10
Steam—e lectric peaking 2.5 to 30
Nuclear—electric 20 to 90

A l t h o u g h  each p l a n t has an ass igned hand of capacity factors , in
a c t u a l  p r a c t i c e  not  every one of them w o u ld  he op era ted  ove r the  f u l l
hand owin g to des ign and operational constraints and economic considera—
t ions.

The description of these pl ants is given in Table A—i. The capital
costs include all costs of a modern thermal—electric plan t as construct-
ed. Plan t designs Include features for min imizinR production of pollu—
tants and wastes which have adverse effects on the environment.

Table  A— 2 shows costs of thermal power at the generator bus , a t —
marke t and the a t — s i t e  values of hyd r o e l e c t r i c  p r o j e c t  power  f o r  ranges
of capacity factors. Power values include a credit of 10 percen t to
cover the advantages of hydra c apacity discussed previously. The
estimates of project plan t at—site power values were obtained by deduct—
ing f rom the at—marke t values a hvdro plan t average Pacific Northwest
t ransmiss ion  liabilit y of $2.25 per kilowatt—year , a 4.5 percen t ca~ ac—
ity loss , and an energy loss which varies with the annual capacity
factor.

Costs and values were estimat ed on both private and public non—Fed-
eral  construc ti on of the alternatives. Private mower costs assume that
the financing will he with a money cost of 7 percen t. The financing of
public non_rederal alternative sources is assumed to he at an interest
rate of 4.75 percent . The total annual fixed ..harge rates for ‘lants ,
substations, and transmission lines vary not only with the type pf financ—
ing hut also with estimated service live s, interim replacemen t costs ,

A-2
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insurance , and taxes. Values developed for both types of financing per-
mit the evaluation of power benefits at projects which may be constructed
to supply either a public or a private market . For a particu lar hydro
project ’s output , the appropriate value should be the lower of the values
shown for the annual capacity factor at which the hydroe lectric plant is
expected to operate.

In addition , composite at—market and at—site values are shown . They
were developed by weighting the private and public non—Federal values on
the basis of the p resent division in Pacific Northwest power supply which
is split between public and private app:oxiniately 3 to 1. The resultan t
values permit power benefits to be computed for those projects which are
expected to supply a mixed private and public market. Thus , one type of
fin ancing is not favored to the exclusion of the other.

Composite at—site values, i.e., with both the capacity and energy
components included , are given in mills per ki lowatt—hou r in Table A— 3
and p lo t t ed  on Figure A—i . Also shown in Table A—3 is a range of capac-
i t y  factors and corresponding values. The curves and the uniform values
are apnropri ate for estimat ing at—si te power benefits of hydroelectric
projects which may supp ly a mixed private and public non—Federal market
as in the Puget Sound , Will amette River Basin , or Columbia—North Pacific
areas of the Pacific Northwest , but excluding the predominantly private
system market of the midd le and uppe r Snake River Basin. These data are
used in developing the benefits shown in Tables IV—l and IV—2 of the
main text.

FEDERAL FINANCED RIVER DEVELOPMENT PROJECTS

The evaluation of power benefits at Federal river development pro-
jects is guided by Senate Document No. 97 which was prepared under the
direction of the President ’s Water Resources Council. The Document
provides that where benefits are measured by alternative costs , as is
the case for power, the alternative cost will be based on the alterna—
tive me an s that would mos t like ly be utiiiaed to provide equ ivalen t
product or services. In the Pacific No rthwest where no Federally financed
thermal plants are planned, this most likely alternative has been con-
sidered to be a composite of private and public non—Federa l thermal
plan ts described in the preceding section.

The Document provides , however , that in formulating projects , bane-
tits and costs shal l be exp ressed in comparable quantitative economic
terr-s to the fullest extent possible . Generation costs at a Federal
hydroelectri c project in the Pacific Northwest must therefore be lesa
than power generated at a Federally—fin anced thermal plant if the pro—
ject is to he proposed for construction .

_
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Table A—l

Pacific Northwest
Descrip tion of The~ nal—e iectric Pi’mts
(Alternatives to Hudroe lectric Plwits

Wz th Specific Ranpes of C~~aci t~ Facto rs ,
January 1969 Pr ’ice Love l~e)

-~ - Type of Plan t
Gas— Steam
turbine electric Nuclear—

Item Peaking Peaking electric

Capaci ty Fac tor
Range in Percent I — 2.5 — 40 20 — 90

Total Capacity , MW 640 800 2 ,000

Units: Number 4 2 2

Size, MW 160 400 1,000

Capital Cost , $/KW 77 82 159

Fuel: Type Oil Oil Nuclear

Average Fuel Cost ,
$/Million Btu 0.88 0.452 0.12 —

Average Net Heat Rate ,
Btu/KW I -l 16,500 11 ,078 10,500

1/ Equivalen t to a nuclear fuel cost of 1.23 mills/kwh (5 fue l cy cle
average) and a ne t p lan t hea t ra te of 10 ,500 Btu/kwh (with turbine
rating at design back pressure of 1.8” — ‘.0” H g ) .

2/ For comparison only with conventional steam—electric plants.
Nuclear plan t efficiency in Btu/kwh not normally specified since
it is not relevan t in computations of fue l energy costs.

Source: Federal Power Commiss ion.
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Sheet l o f  3
Table A—2

Pacific ?/orthweBt
Va lueB of Hy droe lectric P l~ zt Power

Raaed on Unit Annual Coats of Power f,lt,m
A ite rnative Therma l Sources
(J cmuary 1989 Pri ce Leve ls )

Gas—turbine Peakiiig Plan t
Canacity :

Annual : : Public : : Composite
Capacity : Private : Non—Federal : : Values

Factor : Financing : Financing : Energy : Capacity : Energy
IPercent): (~ /K W— Yr ) : j $/KW—Yr) : (Mill s/KWH ) : (S/KW—Year):(Mill s/KWR )

I;

Cost of Power at Thermal Plant Generator Bus

1.0 8.71. 6.08 20.88 — —
2.5 8e78 6.14 17.49 — —

5.0 8. 86 6.19 16.10 — —
7.5 8.94 6.25 15.65 — —
10.0 9.01 6.30 15.42 — —

Value of Hydroelectric Power at Marke t

1.0 11.91 8.45 20.96 9.32 20.96
2.5 11.99 8.51 17.57 9.38 17,51
5.0 12.08 8.57 16.19 9.45 16.19
7.5 12.08 8.64 15,75 9,52 15.75
10.0 12.24 8.69 15.52 9.58 15,52

Value of Hydroelectric Power at Site
• 

1.0 8.80 5.49 20.77 6.32 20.77
2.5 8.87 5. 55 17.38 6.38 17.38
5.0 8.96 5.61 15.99 6.45 15.99
7.5 9.04 5.67 15.52 6.51 15.52
10.0 9.11 5.72 15.27 6.57 15.27

Source: Federal Pov~r Commission ,

4 .
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Sheet 2 of 3
Table A—2

Pacific No~thwea t
Valuea of Hydroe lectri c Plai t Power

Based on 1/nit Annual Costa of Power f rom
• Altei~tative Ther ’na i Sources

(J ~ iuary 1969 Pri ce Levels )

Oil—fire d St~ aa—e1ectric Peaking Plan t
• : Capacity

Annual : : Public : : Composite
Capacity : Private : Non—Federal : : Values
Factor : Financing : Financing : Energy : Capacity : Energy

(Percent) : ($ /K W—Yr)  : ($/KW—Yr) : (Mills/KWH) : ($/KW—Year) :(Mille/KWH)

Cost of Power at The rmal Plant Generator Bus
2.5 10.43 7.63 5.83 — —

• 5.0 10.90 8,10 4.71 — —
7.5 11.33 8,52 4.31 — —
10.0 11.65 8.83 4.10 — —
15.0 12.22 9.38 3.91 — —
20.0 12.66 9,81 3.80 — —
25.0 13.01 10.15 3.76 — —
30.0 13.40 10.52 3.80 — —

Value of Hyd roe lectric Power at Marke t
2.5 14.76 10.77 5.88 11.77 5.88
5.0 15.30 11.32 4,76 12.32 4.76
7.5 15.79 11.79 4.36 12.79 4e36

10.0 16.16 12,16 4.15 13.16 4.15
15.0 16.81 12.18 3.97 13,79 3.97
20.0 17.31 13.28 3.87 14.29 3.87
25.0 17.71 13.66 3.83 14.67 3.83
30.0 18.15 14.08 3.88 15.10 3.88

Value of Hydroelectric Power at Site
2.5 11.52 7.71 5.82 8.66 5.82
5.0 12.03 8.23 4.70 9.18 4.70

• 7.5 12.50 8.68 4.30 9.64 4.30
10.0 12.85 9,03 4.08 9.98 4.08
15.0 13.48 9.63 3.90 10.59 3.90
20.0 13.95 10.10 3.79 11.07 3.79
25.0 14.33 10.47 3.75 11.43 3.75

• 30.0 14.75 10.87 3.79 11.84 3.79

Source: Federal Power Commission.
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Table A—2 
-

Pacific Northwest •

Values of Hydroe lectri c Pl ant Power
Based on 1/nit Annual Coats of Power f r om

A lternative The~’mal Sources(J w uar~g 19C9 Price Levels )

Nuclear—Electric Plan t
Capacity :

Annual : : Public : : Composite
Capacity : Private : Non—Federal : : Values
Factor : Financing : Financing : Energy : Capacity : Energy
(Percent): ($JKW—Yr2 : ($/KW—Yr) : (Mills/KWH) : (SIKW—Year):(Mills/KWH)

Coat of Power at Thermal Plan t Generator Bus
20 22.86 16.75 1.44 — —
30 22.88 16.77 1,37 — —
40 22.93 16.82 1.34 — —
50 22.97 16.86 1.32 — —
60 23.05 16.96 1.31 — —
70 23.10 16.99 1.30 — —
80 23.20 17.09 1.29 — —

• 90 23.35 17.24 1.29 — —
Value of Hydroelectric Power at Market

20 29.08 21.38 1.46 23.31 1.46
30 29.11 21.41 1.39 23.34 1.39
40 29.16 21.46 1.36 23.39 1.36
50 29.21 21.52 1.34 23.44 1.34
60 29.29 21.60 1.33 23.52 1.33
70 29.35 21.66 1.33 23.58 1.33

• 80 29.46 21.77 1.32 23.69 1.32
90 29.63 21.93 1.32 23.86 1.32

Value of Hydroelectric Power at Site

20 25.19 17.84 1.43 19.68 1.43
30 25.22 17.87 1.36 19.71 1.36
40 25.27 17.92 1.32 19.76 1.32
50 25,32 17.97 1.30 19,81 1.30

• 60 25.39 18.05 1,29 19.89 1.29
70 25.45 18.11 1.28 19.94 1.28
80 25.56 18.21 1.27 20.05 1.27
90 25.72 18.36 1,27 20.20 1.27

Source: Federal Power C osmission.
0
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• Table A-3

---

~

•

~ 

Pacific Norr.hweet

~~ff gdree-le.ctri~ P lant Power Values At Site 1/
• (d anuw ’y 1969 I ’ricé Levels-i - -  

- -

Annual Annual
Thermal Source Capacity Total Capacity Uniform

(Hydro Plan t Factor Value 3) Factor Value 1’
Alternative) (Percent) (Mills/KWH) (Percent) (Mills/KWH)

Gas Turbine 1.0 92.92 1.0 92.90
2.5 46.51
5.0 30.72 2 .5 45.40
7, 5 25 .43

10.0 22.77 5.0 25.70

Steam—electric 2.5 45.36 7.5 19.00
(Peaking) 5.0 25.66

7.5 18.97 10.0 15.50
10.0 15.47

• 15.0 11.96 15.0 12.00
20.0 10.11
25.0 8.97 20.0 10.10
30.0 8.30

25. 0 9.00
Nuclear—e lectric 20.0 12.66

30.0 8.86 30.0 8 3 0
• 40.0 6.96

50.0 5.82 40.0 7.00
• 60.0 5.07

70.0 4.53 50.0 5.80
80.0 4,13
90.0 3.83 70.0 4. 50

- 
9 0 0  3.80

1/ Appropriate for determining power benefits of hydroelectric projects
which may supply a mixed private and public market.

2/ Total values derived from composite at—site capacity and energy
components of value given in Table A—2.

3/ Taken from cur ves shown on Figure A— i .

Source : Federal Power Commission .
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F igure A —I

PACIFIC NORTHWEST COMPOSITE

HYDRO ELECTRI C PLANT TOTA L POWER VA LUES AT SITE
- BASED ON ESTIMATED COSTS OF ALTERNATIVE

THERMAL-ELECTRIC PLANTS
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P U M P E D — S T O R A G E  S I T E
S E L E C T iO N C R I T E R I A

In selecting the sites to be included in the pumped—storage inven-
tory, the following factors were taken into consideration: (1) Source of
energy, (2) Topography, (3) Opera ting pa ttern , (4) Plant size and char-
acteristics1 (5) Reservoir size and characteristics, and (6) Penatock

• size and characteristics,

SOURCE OF ENERGY

It was assumed that low—cost, off—peak energy would be available
fro m thermal p lants, and that these plants would be located in or near
the Willatnette Basin, thus keeping transmission losses from the thermal
plants to the pumped—storage plants relatively small.

TO POGRAPHY

The physical c~ aracteristics of a site have a direct bearing on
the cost of development. To minimize colts, sites were sought which
had fa i r ly  high heads (600 feet or more) , short penstock requirements ,
and small enbankment requirements. Wi th higher heads , it is posaible
to reduce costs of the pump-.turbine, motor—generator equipment , the
diameter of the penstocks, and the size of the reservoirs.

OPERATING PATTERN

The operating pattern of a pumped—storage plant is governed by
three inter—related factors: (1) the system load shap e, (2) the re la-
tive capabilities and economies of the other types of power plants
available (which determines what part of the load each will carry), and
(3) the amount of off—peak thermal energy available for pumping. These

• factors will change as time progresses, with the situation becoming in-
creasingly favorab le for the utilization of pumped—storage as thermal
power assumes a larger part of the base load.

• It is assumed that  the pumped—storage plants will operate on a
weekly cyc le , generating during the weekday peak hours and pumping
during the off—peak hours at ni ght and on weekends (See Figure IV—2 in
main text). Studies are now underway which will provide an indication
of how pumped—storage wilt best fit into the future load pat tern. Pend-
ing the results of these studies, an arbitrary decision was made on the
amount of storage to he provided in deve loping data for project compar—
~son purposes. Suf f ic ien t  storage was provided to permit generation
f or 8 houri at rated capacity.  An example of one loading condition is
illustrated by Figure IV—?. in this example , the pumped—storage plant
is required to operate at full capacity for only a short period each
weekday afternoon. For most of the generat ing periods, the pl ant is
operating at less than rated capacity. Thus, the plant iu generating
the equivalent of approximately 5 hours at rated capacity each weekday.
The balance of the storage is used for carry—over of weekend storage
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unti l  it is required later in the week. The night—time off—peak pumping
energy , together wi th the storage carried over f rom weekend pumping, is

• su f f i c i en t  to provide the storage required to  meet the daily peak genera-
tion through the week. Additional flexibility could be attained at most
sites by increasing the storage to allow more carry—over of weekend pump—

• ing. If 8 hours of generation at full capacity each weekday were re-
quired for pumned—storage power instead of the equivalent of 5 hours of
generation at rated canacity each weekday as mentioned above , almost
twice the reservoir storage capacity would be required. This increase
in reservoir capacity wou ld increase investment costs and possibly
eliminate some of the potential sites. The amount of storage moat appro-
priate for each plant will he determined at the t ime of its design. This
additional capacity cou ld be developed at most of the sites inventoried

PLANT SIZE ANt) CHARACTERiSTICS

All sites evaluated are suitable for plants having a capacity of at
least 1,000 MW. This minimum size was se lected for two reasons . First ,
the present tren d in pumped—storage construction is toward larger plants
to reduce unit costs. Secondly , this made it possible to eliminate the
numerous small sites and keep the number of sites under consideration to
a workable- number. In evaluating the better sites , an attemot was made
to derive costs Thr several plan t sizes, up to the maximum feasible in-
stallation. The factor controlling th~ maximum installation was the
amount of usable reservoir storage attain~b1e at the site coupled with
drawdown limitation. —

The heads available at most of the sites permit the use of revers-
ible Francis pump—turbines. Although present technology limits the de-
sign of reversible units to heads of about 1,600 feet, the indications
are that reversible units with heads as great as 2,000 feet can be de—

• veloped by the time these projects would be needed, sometime after 1990.
- • There are a number of sites in the Willamette Basin having heads even

• higher than 2,000 feet. Based on presen t technology , these sites would
require separate pumps and impulse turbines. The size of the units
selected were the largest feasible for a given installation.

RESER VOIR SIZE AND CHARACTERISTICS

Reservoir size is governed by the usable storage requirements, the
allowab le dra wd own , and , in the case of the lower re se rvoirs , the amoun t
of pump—turbine submergence requ ired . The usab le storage requirements
are a function of the ülant capacity and available hydrostatic head
(see Figure 8—1). To keep embankment costs at a minimum, very little
dead storage would normally he provided . Hence , the drawdovn s necessary
to obtain the required usable storage are sometime s quite large . At
some si tes , however, where it is anticipated that there would he public
access to the reservoir, drawdovns are minimized in the interest of
safety and aesthetics. To do this , it is necessary either to limi t the
generating capacity of the site or to increase the dead storage.
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Addendum B (Cont ’d.)

PENSTOCK SIZE AND CHARAC TERISTICS

Penstock diameter is dependen t on the flow requirements and the
maximum allowable velocity. The allowable velocities are based on eco-
nomic and hydraulic considerations. On the basis of preliminary studies,

• lined tunnels would be more economical than exposed penstocks. The max-
imum tunnel diameter was set at 40 feet, with multiple penstocks being
used where larger flows were required.

PROC EDURE

The pumped—storage site inventory is based on a map survey. Pro-
spective sites were located using A rmy Map Service 1:250,000 plastic
relief maps and U.S. Geological Survey topographic quadrangle mapse
From these maps suitable locations for the upper and lower reservoirs
were se’ected , penstock lengths determined , and storage requirements
calculated. Prolect costs were then determined , based on individual
cost calculation s made for the following components:

I. Physical

a~ Embankment (Dams, Dikes, Reservoirs)
b. Relocations, Lands, and Rights—of—way
c. Powerhouse
d. Penstock

2. Other

a. Contingencies
b. Engineering and Overhead

• c. Interest during Const ruction
d. Operation, Maintenance, and Replacement

• e. Amortization

Embankment costs include the costs of earthfilled dams and dikes , out—
let works, and intake structures. Relocation costs are included in the
total on ly when significant relocations, such as malor highways , would
be required. Powerhouse costs are based on data made available by the
Hydroelectric 1)esign Branch of the North Pacific Division , Corps of
Engineers. These data were developed for conventional powerhouse.; how-
ever, where geological conditions permit , savings might be realized by
using underground powerhouses. Cost calculations made for sites having
heads of more than 2,000 feet have been ad justed to reflect the addition-
al cost of units consisting of a separate pump and turbine connected to
a common motor—generator. It was assumed that for plants having heads
of greater than 2,000 feet, scoarate pumping and generating units would
be required. Penstock costs are based on a concrete lined power tunnel
with bifurcation and a section of steel Ithing prior to entry into the
turbine, All physical costs have been indexed to January 1968. The
total investment cost was derived by combin ing physical costs, contin-
gencies of 25 percent , engineering and overhead (including contract
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administration , supervision , and inspection) of 12 percent, and interest
during construction of 4—5/8 percent over a 4—year period. Since it was
apparent that there would he many sites available which could be devel—

• oped at less than $150 per kilowatt, projects having investment costs of
greater than $150 per k i lowat t  were eliminated from fur ther  considera-
tion.

In addition to the investment costs, annual capacity costS were
computed , which include amortization of the investment costs ove r 50
years at 4—5/8 percen t interest and estimated operation , maintenance,
and replacement costs.

The resulting numped—storage project costs, listed on Table IV—3
are pure capacity costs. They do not include the cost of pumping energy
and may not be compared with alternative peaking sources without the
addition of a pumping energy cost. That cost , however , is not site—
related. It will be determined by the part of the peak load to be
carried by the pumped—storage project and by the source of the pumping
energy. Furthermore , in actual system operation , different pumped—
storage plants will probably operate at dif ferent load fac tors and will
therefore have differen t return energy requirements. When specific load
factor and energy value data become available , the annual capacity coats
listed in Table IV—3 can be used as a basis for computing total annual
costs for the individual projects.

As a result of the preliminary site selection studies , certain gen-
era l observations can he made with regard to the effect of the various
site characteristics on capacity coats. The valt cost d~’clines markedly
as the head increases as is illustrated by Figure 8-2. The cost in-
creases significan tly as the distance between the upper and lover pool
increases. This increase is much more pronounced with low head plants

• than with high head plants as is illustrated by Figure B—). The rela-
tionship of component costs to the total investment cost is shown by
the following table.

Major Components Percent of Investment Cost

Dams, Reservoirs, & Relocations 7
Powerhouse 38
Penstocks 20

• Contingencies & Other* 35

* Includes allowances for contingencies, engineering and design,
suoervi sion and inspection , overhead , and interest  during
construction .

As shown in the above t abu l ation , the powerhouse and penStock costs
constitute the majority of the pro~ect physical costs. Since the power-
house unit costs are dependen t largely on head , it is apparen t that the
better sites would generally be those having hi gh heads and re l atively
short penstoc~ s.
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Fi gure 8—2 — Investment Cost vs. Eead fo r
1,000 MW Pumped Storage P7 -ant
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Figure B—3 — Investment Cost vs. Pensto ck Leng th fo r
1,000 MW Pu mped Storage P lant
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y Inc’udes interest during construct ion arid cont ingencies. 
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