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FORWARD 

During the last few months of 1973, almost everyone has become aware of the very important 
role of energy in our lives. World energy consumption during the last 30 years has exceeded the total 
amount of energy used during all previous historic time; and, at the present rate of increase, that energy 
consumption could quadruple by the year 2000. The per capita use of energy in this country is greater 
than in any other country in the world, Because exploration, discovery, and development of fossil fuels 
in this country have not kept pace with our requirements, we have found ourselves relying more and more 
on imports from other countries. In fact, many people have advocated the importation of fossil fuels be
cause they felt the environmental impact of domestic exploration and development was too great. How
ever, we are now faced with an embargo of oil products to the United States by oil-producing countries 
who wish to influence our foreign policy. We must now submit to these economic pressures or else cope 
with the serious effects of energy shortages on our economy. The shortage of oil has far-reaching effects, 
ranging from the manufacture of plastics, clothing, and other synthetic materials, to food processing and 
transportation. We need to accelerate development of energy resources in this country not only because 
of the present (1973) embargo on oil but also because the oi'l-producing nations are developing more en
ergy uses for their own citizens. As these countries gradually obtain more material wealth, their need 
for foreign capital decreases, and they are more apt to cut back on oil production to make their oil ex
ports balance their needs. 

We need a three-pronged approach to solve the nation 1s energy shortage. Firstly, our known 
energy resources, both economic and subeconomic, should be inventoried. These resources should be 
reviewed periodically in relation to changing economic and technological conditions. As economic con
ditions change and technology advances, resources that are not commercial at the present time may be
come so in the future. 

Secondly, we should begin to actively look for new energy-producing resources, and also for 
undiscovered reserves of presently known resources, such as coal, gas, oil, uranium, and geothermal, 
The good hydroelectric sites have been utilized, coal resources are fairly well known, less is known 
about uranium resources, and still less is known about potential fields of oil and gas or geothermal energy. 
A great deal of research needs to be done on possible future energy sources, such as fusion, hydrogen, 
solar power, and wind. 

Thirdly, conservation measures that are reasonable and wel I planned should be applied in order 
to reduce detrimental side effects to a minimum while still retaining the economic feasibility of explora
tion and production of energy resources. 

This report on Washington 1s energy potential is the first step in developing an inventory of the 
state's energy resources. The five most commonly used sources of energy are covered-geothermal, coal, 
oil and gas, uranium, and hydroelectric. The reports on each energy source are preliminary in nature. 
New research and technologies in the future will undoubtedly provide more information than we are able 
to present here. 

The sections on coal, uranium, and oil and gas are essentially reprinted from existing reports, 
with some modification and updating of information. The coal section was originally published in the 
1973 KEYSTONE COAL MANUAL, The uranium and oil and gas sections were published in the Senate 
Committee on Interior and Insular Affairs Committee Report on 11 Mineral and Water Resources of Washing
ton" (U.S. Geological Survey, and others, 1966), 

The electrical energy resources section was prepared by Lloyd Buchanan, a utilities engineer 
with the Washington State Uti Ii ties and Transportation Commission, who has made an effort to determine 
the actual electrical resources of the state. This is a new approach to assessing these resources; previous 
published reports have dealt with Washington only as part of a large region, 

This report presents information on known and potential energy sources in Washington that will 
prove useful in solving our present energy crisis as well as providing for our long-term future energy 
needs. 

January 8, 1974 

III 

Vaughn E. Livingston, Jr. 
Washington State Geologist 
Division of Geology and Earth Resources 
Olympia, WA 98504 
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GEOTHERMAL ENERGY POTENTIAL OF WASHINGTON 

By 

J. Eric Schuster 

INTRODUCTION 

Geothermal energy is the heat of the earth's in

terior, generated largely by radioactive decay of 

uranium, thorium, and potassium that is present in 

the rocks of the crust and mantle. Sometimes temper

atures in the crust are high enough to melt the rocks; 

these molten rocks may rise to the surface, forming 

volcanoes and lava flows, or solidify within the upper 

crust to form masses of intrusive igneous rock cal led 

batholiths. 

Molten rocks, in the process of being intruded 

into the crust or extruded upon it, bring tremendous 

quantities of heat energy to or near the earth's sur

face. Ground water often circulates through or near 

these hot rocks, and the heated water, being less 

dense than cool water, rises toward the earth's sur

face. If these waters reach the surface, they form 

hot springs, geysers, and fumaroles. 

Hot springs have been used by man for thousands 

of years as baths, recreational spas, and for cooking 

food; but it was not realized until the twentieth cen

tury that drill holes could tap live steam for elec-

tri ca I power generation. 

Today, electrical energy is generated from geo

thermal steam at many places, including Italy, Ice

land, New Zealand, the Soviet Union, Japan, Mex

ico, and at The Geysers in California. The total 

generating capacity from geothermal sources is pres

ently about l, 000 megawatts-about the same ca

pacity as a single coal-fired generating plant, such 

as the Centralia plant in Lewis County, Washington. 

Although electrical power from geothermal sources 

now supplies only a tiny fraction of the world 1s power 

needs, the use of geothermal resources has barely 

begun. Geothermal energy may, in the future, sup

ply several percent of the world's energy needs, and 

could be particularly important in areas where alter

native sources of power are in short supply. The State 

of Washington is one such area where petroleum and 

coal are in short supply or economically unattractive, 

and geothermal energy might supplement hydroelec

tric power at lower cost than any other alternative. 

Geothermal reservoirs that are usable for elec

trical power generation occur under special geologic 

conditions. First, there must be a source of heat

this is generally a hot igneous rock, at moderate to 

shallow depth in the earth's crust. Second, a suit

able reservoir rock must exist above the cooling ig

neous rock. The reservoir rock must have consider

able porosity and permeability (the ability to contain 

and easily transmit large quantities of fluid), and it 

is often a sandstone or thoroughly fractured igneous 

rock. Third, fluid must exist in the reservoir rock to 

provide a medium for heat transfer to the surface. 

Fourth, a cap rock or borrier must exist on top of the 

reservoir to prevent the rapid escape of heated reser

voir fluids. Fifth, a source of recharge to the reser

voir is a desirable feature to replace fluids lost from 

the geothermal reservoir through natural seepage or 

production from drilled wells. It is the task of those 

working in geothermal exploration to find and evalu

ate information related to these five conditions. 

EXPLORATION METHODS 

Exploration for geothermal energy can be divided 

into two phases-discovery and development. The 
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discovery phase is concerned with locating prospec

tive target areas within a large tract of land,. most of 

which will be barren of usable geothermal energy. 

Development con only take place if the discovery 

phase has been successful. There is considerable 

overlap in the geological, geophysical, and geo

chemical techniques used in these two phases. 

During the discovery part of geothermal explora

tion1 geological mapping, sampling of hot springs to 

determine their temperatures, flows, and chemical 

compositions, geothermal gradient and heat-flow 

measurement, and ground-noise surveys have the 

ability to locate geothermal target areas at low to 

moderate cost. Geological mapping is a necessary 

first step (fig. 1) because areas of young volcanic 

rock, thermal manifestations, suitable reservoir rock, 

and favorable geologic structures must be located 

through geologic mapping before it is advisable to 

apply many of the other techniques. 

The purpose of geothenmal-gradient and heat

flow measurements is to locate areas where tempera

ture increases with depth more rapidly than usual and 

the flow of heat through the upper crust is greater 

than usual.. Such areas have a greater probability 

of containing economically attractive deposits of 

geothermal energy. However, geothermal-gradient 

and heat-flow measurements are valuable when ap

plied over a large area even if no strongly anomalous 

heated areas are found. This value lies in the inter

pretation of thennal and tectonic events (igneous 

intrusion and extrusion, folding, and faulting) that 

con be mode When the distribution of heat-flow val

ues is known for a region (see Blackwell, this volume, 

p. 31). Knowledge of these events can lead to a bet

ter understanding of the areas in a region that are the 

most likely to contain geothenmal energy (Blackwell 

and others, 1973), A program of geothermal-gradient 

and heat-flow measurements in Washin~ton is being 

conducted by the Department of Natural Resources, 

in coopenotion with David D. Blackwell, of Southern 

Methodist University. 

An inventory of thermal and mineral springs that 

includes temperature, flow, and chemical composi

tion can be a relatively inexpensive way to locate 

promising geothermal areas. For example, the con

tent of silica and the ratio of sodium to potassium are 

primarily dependent on the temperature reached dur

ing the traverse of spring waters from their source. 

Even though the spring water may be cool when it 

reaches the earth 1 s surface, these chemical indica

tors are capable, under the right conditions, of dem

onstrating that high temperatures exist at depth with

in o:,me spring systems (table 1). The Department of 

Natural Res:>urces is engaged in a program of sampling 

spring water for geothermal exploration purposes; and 

several other investigators have reparted on the chem

ical composition of spring waters, but not for the pur

pose of discovering geothermal resources (Campbell 

and others, 1970; Tabor and Crowder, 1969; Van 

Denburgh and Santos, 1965). 

A relatively new geophysical technique known 

as ground-noise measurement may prove to be a 

valuable tool for locating geothermal target areas 

(Combs, 1972). Moving fluids or perhaps phase 

changes within geothermal reservoirs ore thought to 

generate low-frequency seismic noise that con be 

detected using specially designed recording equip

ment. This technique is not fully developed and the 

ground-noise phenomenon is not fully understood, 

but indications are that the method will, in the fu

ture, provide an exploration tool that can search 

large areas at relatively low cost. Robert Crosson 

and Ian Mayers (1972) conducted a ground-noise sur

vey in Washington during 1971 for the Department of 

Natural Resources, but the results were inconclusive. 

If the above-mentioned regional techniques meet 



with success, there are many additional tools that con 

be used in the evaluation of geothermal anomalies or 

targets. Geological studies, spring water sampling, 

geothermal-gradient and heat-flow studies, and 

ground-noise measurements are still applicable; but 

they are concentrated in smaller ore~s and are applied 

more intensely. In addition, gravity measurements, 

electrical resistivity surveys, isotope studies, and 

other techniques may be used to help determine the 

size, shape, temperature, chemical nature, and 

power-producing potential of a geothermal anomaly. 

Many of these exploration tools or methods were 

developed by and borrowed from the oil and minerals 

exploration industries. 

Washington may have two problems that are not 

generally encountered in other western states where 

geothermal exploration has token place. Most of 

Washington's geothermal potential lies in the Cas

cade Mountains, much of which is on area of mod

erate to high rainfall. Because of high rainfall, 

widespread areas of fractured and porous rock have 

very deep circulation of cool ground water. The 

cbwnward percolation of cool water may effectively 

dilute thermal waters to the point where they are not 

recognizable, either by temperature or chemical 

content, as thermal springs when they reach the sur

face. Heat flow and geotherma·I gradients are also 

damped and difficult to interpret (Blackwell, this 

volume, p. 30). High rainfall and deep circulation of 

ground water may, in part, explain why the many 

surface manifestations of geothermal areas in other 

parts of the western United States are present to a 

much smaller extent in Washington. High rainfall 

also leads to a thick, 1 ush canopy of vegetation that 

makes field investigations more difficult and may hide 

some thermal and mineral springs that would other

wise have been discovered. 

GEOLOGIC ASPECTS 7 

WASHINGTON'S POTENTIAL 

GEOLOGIC ASPECTS 

The most obvious indications that Washington has 

geothermal potential are the five !.tratovolcanoes that 

occur in the state. The fol lowing excerpt from 

Livingston (1972) provides a brief description of the 

geology and eruptive history of these volcanoes: 

Mount Baker is the northernmost of the five 
volcanoes. It is a 10,778-foot stratocone that 
has been built on a platform of pre-Tertiary met
amorphic and crystal line rocks. The cone prob
ably had its origin back in Pleistocene time. 
However, there are records of activity in 1843, 
when quantities of ash were blown out of the 
summit; in 1854, when the summit was obscured 
by rolling mosses of dense smoke; in 1858,when 
night clouds over the mountain were illuminated 
by an eruption; in 1859, when bright jets of 
flame were seen issuing from two separate fissure 
openings, and bright flashes of light and dense 
smoke were reported over the mountain; and, in 
1870, when great volumes of smoke issued out of 
the summit crater. As recently as last year, a 
steam jet was seen emitting from the mountain. 

The next volcanic peak to the south is 
10,436-foot Glacier Peak, which is another 
stratocone, and, like Mount Baker, is bui It on a 
platform of pre-Tertiary metamorphic and crys
tal line rocks. Mapping in the areo indicates 
that there have been no major eruptions of the 
peak more recent than 12,000 years ago; how
ever, smaller eruptive centers surrounding the 
peak may have been active as recently as 2,000 
years ago. Glacier Peak is very isolated, and 
it is possible that minor volcanic activity such 
as steam jets and fumerolic action could have 
taken place during historic time but gone unno
ticed. 

Southward about 80 miles from Glacier Peak 
is Mount Rainier, which is the highest of the 
five stratocones in Washington. Mount Rainier 
rises to an elevation of 14,410 feet and is built 
on a platform of Tertiary volcanic and granitic 
rocks. Rainier is probably the best known of 
all the peaks in Washington and has been studied 
the most extensively. Eruptions were reported 
in 1843, 1854, 1858, and 1870. If, indeed, 
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these eruptions did occur, they must have been 
feeble, because there is no documented evidence 
to substantiate these reports. In 1878 and again 
in 1888, early settlers described a series of brown 
billowy clouds issuing from the crater. Mudflows 
that have come off the mountain as recently as 
1949 have been related to local volcanic hot 
spots. It is thought by some geologists that heat 
generated within the mountain melted glaciers 
on the mountain 1s slopes, thereby releasing an 
enormous amount of water that saturated the 
pyroclastic debris on the slopes of the mountain 
and caused the debris to flow down the mountain
side as mud flow. Severa I explosions and rock 
fol Is have recently occurred on Mount Rainier 
that might possibly have been caused by heat 
generation. At the summit of the mountain 
there is sufficient steam issuing from the eastern
most of two sma 11 snow- and i ce-fi I led craters to 
melt out caverns beneath the edges of the ice 
along the crater wall. Steam emerging from the 
crater has not been analyzed so its composition 
is not known. 

To the south of Mount Rainier about 50 miles 
is Mount St. Helens, considered to be the young
est of the stratovolconoes in Washington. This 
is a 9,671-foot symmetrical cone built on a 
platform of Eocene to Oligocene volcanic elastic 
rocks of the Ohanapecosh Formation. It is re
ported that this mountain erupted in 1831, 1842, 
1844, 1845, 1847, and 1854. The 1842 erup
tion blew pumice over The Dalles, Oregon,some 
30 miles to the southeast. In 1847, a long col
umn of dark smoke was noted above the summit, 
and, in 1941, five jets of steam were noted 
about 800 feet below the summit on the west slope 
of the mountain. The jets, which made no noise 
nor had any odor, issued from rock crevices up 
to 3 inches wide. Temperatures of the five vents 
were 178°F, 180°F, 190°F, 188°F, and 142°F. 

The fifth strotocone in Washington is 
12,307-foot Mount Adams, which is located 
about 30 miles to the east of Mount St. Helens. 
No eruptive activity has been reported from 
Mount Adams during historic times. There ore 
hot gas jets in the crater of the mountain with 
reported temperatures of 150'°F and a strong hy
drogen sulfide odor. Numerous smal I sulfur de
posits in the crater are evidence of past fumar
olic action. It was reported by Fowler in 1935 
that when the sulfur deposits were penetrated by 
drilling, fumarolic action would start, using the 
drill hole as the vent. 

Mount Adams has some constructional fea
tures that are different from the other four stro
tocones in Washington. It appears that the 
mountain originally started as a shield volcano 
and then in its later phases became a stratocone. 

The stratocone is perched on top of a large low 
apron of flow rocks. Associated with Mount 
Adams are the flot Pleistocene to Recent lava 
fields of Yakima, Klickitat, and Skamania 
Counties. Some of the flows that make up the 
fields appear to be very young and, judging 
from the trees that are growing on and next to 
them, are probably not more than 1,000 years 
old. 

The young lava flows in Yakima, Klickitat, and 

Skamania Counties cover more than 1,000 square 

miles and constitute, with Mount Adams and Mount 

St. Helens, a large target area for further geothermal 

exploration. Within this broad upland area there are 

many small cinder cones and shield volcanoes (fig. l) 

with associated lava flows. Hammond ( 1973) reports 

that many of these are less than 50,000 years old. 

If the magma chambers or conduits that fed these 

young flows are of sufficient size, they may still con

tain considerable heat that, under favorable condi

tions, could support geothermal reservoirs. 

Except for the young volcanic rocks of Mount 

Baker and Glacier Peak, there are no volcanic rocks 

less than one mil lion years old outside of the area 

shown on figure 1. There are occurrences of volcanic 

rocks, probably of Pliocene age, in northwestern 

Okanogan County (Huntting and others, 1961); west 

and south of Glacier Peak (Yeats, 1958, Plate l and 

p. 185-186; Vance, 1957, Plate land p. 288-291; 

Rosenberg, 1961, plate XI and p. 93-95; Spurr, 

1901, Plate LXXX and p. 799-801); in Chelan 

County (Willis, 1950, Plate 46 and p. 117, 119); in 

Franklin County (Trimble, 1954); and in Asotin 

County (Huntting and others, 1961), but these rocks 

are probably too old for the existence of a hot magma 

chamber or feeder beneath them. 

There are no intrusive rocks in Washington that 

are younger than Pliocene (one million years). In

trusive rocks must be less than about one million 

years old to support a geothermal reservoir. Model 

calculations show that the heat from intrusive rocks 

is lost very quickly, and intrusions of modest size 

would have little or no heat remaining one million 



years or so ofter their emplacement (D. D. Blackwell, 

written communication, 1973). It is probable that 

very young intrusives exist in Washington, especially 

in the southern Cascade Mountains where large vol

umes of young volcanic rocks attest to widespread 

activity during Quaternary time and extending into 

the last few thousand years (Hammond, 1973). These 

intrusives would, presumably, still be covered by 

young lavas that have not been removed by erosion. 

SPRINGS 

In addition to the young volcanic rocks that 

point to a geothermal potential for Washington, there 

are some forty-three mineral and thermal springs in 

Washington (Valentine, 1960, p. 64-67). Hot 

springs are an obvious clue to the existence of geo

thermal energy, because they represent an escape of 

heat from rome buried source. If the springs are near 

boiling, it can be assumed that the heat source is 

fairly intense, but most of Washington 1s springs are 

cold-the warmest are about 50°C. In such cases 

the measurement of temperature and volume of flow 

does not provide much information about possible 

source temperatures. However, the chemical compo

sition of these spring waters can supply considerable 

information. 

The solubility of some chemical constituents of 

rocks, such os silica, is greater in hot water than in 

cooler water (White, in press; Fournier and Truesdell, 

1970). Even ii spring waler hos cooled considerably 

when it finally reaches the earth 1s surface, the dis

solved chemical constituents that were taken into so

lution when the water was hot often remain in the 

water. Therefore, if the chemical composition of 

spring waters is compared with published data, source 

temperatures can often be estimated. Table l pre

sents estimated source temperatures for all spring 

waters in Washington for which chemical data are 

available. The curve for prediction of source temper-

SPRINGS 11 

ature through silica content was taken from Fournier 

and Truesdell (1970) and is their curve A, to be ap

plied to waters cooled entirely by heat conduction. 

The curve for prediction of source temperature using 

No/K is curve G of A. J. Ellis, published by White 

(in press). 

As figure l and table 1 indicate, there are five 

springs-Mount Baker, Kennedy, Gamma, Longmire, 

and Summit Creek-that yield silica temperatures in 

excess of 150°C. A source temperature in excess of 

l 50°C is of possible interest as a geothermal area 

capable of producing electrical pawer (Combs, 1972, 

p. 50). 

It must be pointed out that there are several pos

sible sources of error in the prediction of source tem

perature using silica and No/K. Some of the fol

lowing sources of error are discussed by White (in 

press): (1) Silica temperatures ore usually minimum 

temperatures because heated spring waters are often 

diluted by low-silica ground water on their way to 

the surface, and silica may precipitate to some ex

tent on its way to the surface; (2) silica temperatures 

may be too high for acid waters low in chloride be

cause rock silicates other than quartz (Fournier and 

Truesdell's curve A is based on the assumption of 

equilibrium between quartz and water) are dissolved 

by such waters; (3) Na/K temperatures hove no sig

nificance for most acid waters; and (4) the Na/K 

ratio for hot spring waters is dependent not only on 

source temperature, but also on the mineral assem

blage that has reacted with the water, so a knowl

edge of the type of rock through which the waters 

have percolated is necessary for an accurate analysis 

of Na/K values. 

In addition, the data of table 1 were collected 

from several authors, who probably used different 

sampling and analytical techniques, and whose pur

poses were other than geotherma I exploration. There

fore, some of the data may not be accurate (see the 

three silica values for Kennedy Hot Spring, table 1); 
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TABLE 1 .-Estimated source temperahJres for spring waters 

TH[RMAL Si>klNGS 

1:ap I 1 --·--r--~· ----T---,--
1-n:1bffr I :~::;=e ----1-~;,~.,_1'0-- I :::,~ ! _ ,..,.:e•(°<l '""~2.._ ~ 
I t 

Do -- --------- do --------- ..•• do --- I est. 30 t:'lil. 3-5 7.7 

2~ L»n!i~.;-- ~;.-SE-~;:' 29:(is:aE ·1 ;.;.: --· I ---ii___ I :·5 

' 7 Gamma I ~st. S~ cor. 24, (31•13El !,ookoml,h 1 ... 1. 60 est. 3-4 7.9. 

4 Mount &-,kct SHi 20, (38-9E) i Whato:,m I 42 7 8 

12 C',urlo~'~-- ~±..:~:.r:~~~~----- i ~~~~·~- 2~ 25 ~ 
11 Oly~':__ ~:::~.:.'~i~~~----- 'I ~~~'!:"--- 1 : 135 ~:~ 

Do --·· ------··- de- -- ···---- --·· d~ --- 47 7. 5 

! 
I 

Do --- ---··--- __ do -------- I ___ co ___ 46 7 .5 
Do --- ---- ---- cb --···"·--·- ··-- do --- 43 7 .5 
Co ··-- ........... do --------- ,. --- do --- 47 7.5 

I 

Do --- --------- do --------- i --- do --- 30,5 7 

I 

lO 

6 

26 

D,; ---
Do ---

Sci Dvr. 
De ··-°" --·· 
Do ---

Sulphur 
r., ---
Du--·· 

Ohara~cosh 

JO Bvn!'leville 

-.~ .... ~ ............... t").J -·--------

. 41 St. Marth,'• ,·--·~--- ··---···-· 

~ 27 ···1-·S;.,mmitCre.,k. ·-··. f" Ne<1re,.n, IS, (14-llE,l 
. 17 rlamir,u Goy..,, I SE:! 27, (21-6E) ' I 
! 23 H. ~. M~lford II SW! 3, (14-\SE) 

· : 24 Malorte SF.i 32, (16-l 7E) 
1 36 , BubblillQ Mike 31, (5-7E) 

j 39 I ·City of Vancowur I SWl. 33, (2-2E) 
'I 42 r- .. /1'1, A, L$0rv.:rcio ! NW,i- '.'i1, (2-llE) 

! 
I 
I 

I 
I 
I 

. I 

2i ,, l~~nown NW! 32, (19-23E) 
35 lralt},like 31, (.5-7E) 
22 Rottlesr,nke : Nfi L9, (l2-25E) 

9 Edwards Svil 24, (31-..\E) 
20 Moi,lewoo<i S..":! 32, (20-4E) 
15. King County Wal<>r.. Sei 29, (2.>-31:) 

34 
30 

5 
29 
18 
2 

:.I 
33 
32 
16 
28 

37 
38 
lS 
19 
31 

8 
14 

Dist. 19 
Bear Cr4lek 
Lonesome s~ie R.:>ad 

City of Blalne 
U. S. forest Servi~ 
Spring n 
Stc,te of Wa,hir,gt<>n 
Lo,obe& 

S~ Rf> Durbery 
Doc.,n C:eck 
C"<!tchen Crf!ek 
OiOMaid 
Landsl1de 

Uttl,, Iron Mike 
l.ittlc Sodo 
S,-..en1c 
Seq•JO I; f'ehe.v 
sr-r;ri1,1 710 

Upp~, Kennndy 
U.S. Air N',r~ 

S~~ 20, (6- lOE) 
NWJ 30, (7-8E) 

~WtJ, (40-lE) 
I-AA'?, 25, (37-8::) 
S~ 13, (7-7E\ 
Nei 33, (20-2E; 
hlW:! 36, (39-2~) 

NW:i 20, (.3S-26f) 
S~ 1, (7-12E) 
Sf'.':,\ 11:1, (7-llE) 
S#a 21, {21-61:) 
S'N:;t 34, (0-7E) 

31 (5-7E) 
sE.f 5, {PE) 
28 (26-13E) 
sij 19, (lME) 
NB. 36, (7-7E) 

Nr"l l, (30- 12E) 
.i, 124.·4'>n 

~--- ·•••-- I ----· 

l/ Listed , n Se leeted Rflferenca.. 

Y 6DL: !\elow di,tact'on limit. 

L..w,s 
King 
'Yakima 
--- do ---
51ca...nnio 

Clc:nk 
Klickitat 
Gr"Jrt 
Sk::rna·,io 
Benion 

Snohomish 
p;,.,ce 
Klr.!iJ 

Kliekii>.at 
Skcimonio 

Whatcom 
--- do--·-
Sbmor1la 
Pit.!'rce 
Whatcom 

Okor,~g,.," 
Y11kima 
-- do···-
King 
Skamanio 

--- do ---
--- do ---
Kine 
Pi.,ree 
SkoJt1anic.i 

Snoh<lmish 

l.'.I 
12.5 
15 
\7 
8.5 

10 
14 --... -.......... _ 
IO ---------· 
10 
8 
8 

13 
4.5 

-- .. --... --.. -
12 
4 

)2 ________ .. _ 

12 
:S5 

3 
11 
5t5 

10 
8 

10 
l:l 
4 

_..., ___ ..... ,- ... _ 

I 

NO NTHER.\\AL SPRINGS --·1---------- 6 
-------- 8.5 
-------- 7,6 
---··---·· 7. 7 
-------- j 6.5 

I 
7 
7.8 

7.5 

7.3 

7.1 
7.2 

7,3 
i.3 
6;9 

7,3 

I I 
7,7 
6,9 
6.9-
8 
6,9 

.5 

30 5 
---··---- 6. 9 
··------- 7. l 

-------- 6.6 
Spokane 2 -~----.L.=:~=-..: ---~~- -· 



in Washington, (For spring locations see figure 2.) 

(OVER 20° C) 

I Cl I Si02 Na K 

(parts per mi Ilion) 
··-

612 380 I 808 67.8 
643 136 655 64 
676 0 660 75 
615 170 402 37.2 ns 150 491 77 

lOS 140 165 10 
2671 120 1592 130 

461 8Dl 358 28 
0.5 120 

I 
74 1,3 

0,5 90 65 1. 1 

0.7 80 78 1,3 
0,7 70 77 1.3 
0.6 70 I 73 1.3 
0.7 60 

l 
77 1.4 

I 0.4 30 51 0.9 

BDL~/ BDL 39 0.7 
8Dl BDL 79 1,5 

1,7 120 84 1.6 
1.7 70 i 81 1.2 

17 58 I 80 2.6 

BDL ~ BDL BDL BDL 
52 .! 120 108 2.4 

L ~ 75 103 1.7 

~ 0 96 2 
80 i 981 51 

151 8Dlk 1.5 
636 SOL 291 6.2 .. --

lUNDER 20° C) 

1552 170 1790 87 
5600 90 4640 35 

9, l 66 13 5.8 
1.B 53 17 4.3 

276 50 176 5.1 

2.9 50 4.2 5.6 
5.0 48 7.8 2.1 
6.0 47 

318 40 · 211 6,2 
2.8 36 7,2 1.7 

3.6· -31 5.6 1.4 
2. l JO 4.5 1.6 
6.0 28 6.0 1.2 

I 24 5.4 0.6 
6 24 6.0 0,6 

3.3 24 5.8 2.0 
4.0 23 6,4 2.4 
1 19 3.4 0.6 
3.0 19 5.0 1,4 

22 19 18 3.0 

1.5 18 9.1 2.8 
I 17 59 1.2 
l 17 3.4 0.2 

1574 BDL 1280 5.5 
<l 9 3,4 0.2 

561 BDL 404 9,6 
36 8Dl 28 13.6 

BDL BDL BLD l .2 
3.4 9.8 4.8 1. 1 
l 15 2.6 0.3 

681 10 626 79 
1.2 11.5 1.8 0.4 

Predicted Source 
Na/K, 
Atomic rotic 

Temperature ( 0 C) 
Source of dota JI 

1 

1 
1 

I 

-
1 

1 

20 
17 
15 
19 
11 

27 
20 
22 
97 
00 

02 
00 
95 
94 
97 

95 
90 
88 
16 
52 

77 
03 
82 
32 

43 
80 

36 
226 

4 
7 

58 

1 
6 

58 
7 

7 
5 
8.5 

15 
17 

5 
5 

10 
6 

10 

5.5 
S4 
29 

396 
29 

71 
J.4 

7.4 
15 

13.5 
8 

Si02 

227 
154 

168 
160 

157 
148 
<50? 
148 
132 

125 
118 
118 
110 
75 

<50? 
•50? 
148 
118 
105 

<50? 
148 
122 

125 

<50? 
<50? __ _[. 

--nr · 132 
, 114 
j 103 

100 

100 
98 
97 
90 
82 

77 
75 
70 

68 
68 

65 
65 
55 
55 
55 

53 
50 
50 

<50? 
•50 

<50? 
•50 
•50? 
•50 
<50 

•50 
•50 

Na/K 

170 Campbell and others, 1970 
188 Tabor and Crowder, 1969 
200 Div. Mines and Geology files, 1971 
175 Campbell and others, 1970 
238 Tabor and Crowder, 1969 

142 Campbell and others, 1970 
170 Oo 
160 ();, 

•80 Do 
•BO Do 

•80 Do. 
•BO Do. 
<80 Do. 
•80 Do 
<80 Cb. 

•80 Do. 
•80 Do 
<80 Do. 
<80 Do. 
95 Van Denburg ond Sanlas, 1965 

Campbell and others, 1970 
•80 Do. 
<80 Tabar and Crowder, 1969 
<80 _l'• M<- ... Goo<"I R<M, "" 128 ampbel! and others, l 70 

<80 Do. 
<80 Do 

----.---
120 Campbell and other>, 1970 
<80 Do. 

>300 Van Denburgh and Santo$, 1965 
•JOO Do. 

88 C~mpbell and others, 1970 

•JOO Van Denburgh and Sanlas, 1965 
•300 Do 

Do. 
88 Campbell and othen., 1970 

•300 Van Denburgh and Santo,, 1965 

>300 Do. 
•JOO Do. 

275 Do. 

200 Div. Mines and Geology files, 19n 
187 Do. 

•JOO Von Der.burgh and Santos, 1965 
•300 Do 

252 Div. Mines and Geology file•, 1972 
•300 Van Oenburgh and Santos, 1965 

250 Do. 

•JOO Do. 
•80 Div. Mines ar>d Geology file,, 1972 
136 Do. 
<80 Campbell and others, 1970 · 
136 Div. Mines and Geology files, 1972 

80 Campbell and others, 1970 
>300 D<> 

Do. 
•300 Von Denburgh and Sonto,, 1965 
200 Div. Mi n..s o..d Geology fi les, 1972 

213 Div. Mines and Geology files, 1971 
290 Von Denburgh ond Scsntas, 1965 
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FIGURE 2.-Selected springs in Washington. (See table 1 for analytical data and predicted source 
temperatures. Spring numbers on this page correspond with map numbers of table l ,) 
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and it is possible that different investigators sampled 

different springs that are here reported as the same 

spring, or that they sampled the same spring at dif

ferent places along its discharge channel. This might 

acCX>unt for some of the variability among what ap

pear to be replicate analyses of the same spring. 

The Na/K method was developed to assess data 

from near-boiling springs, and the method may not 

be applicable to some of the low temperature waters 

included in table 1. Low absolute quantities of Na 

and K in some of th~ waters might also cause large 

percentage errors in the analyses (the difference be

tween l and 2 parts per million is more difficult to 

distinguish than the difference between 100 and 200 

parts per million) and errors in the resulting Na/K 

values. 

In short, silica temperatures for the springs of 

table 1 are probably usable, but the possibility of 

errors must be realized •. No/K temperatures are 

clearly not as good, and, according to Fournier and 

Truesdell ( 1970), "Little reliance should be placed 

on this ratio (Na/K) as a temperature indicator un

less the estimated temperatures also have some support 

from other data such as silica. n 

It is interesting to note that the five springs 

with estimated silica temperatures above 150°C are 

located near Mount Baker, Gl.acier Peak, and Mount 

Rainier (see figure 2), while no equivalent silica 

temperatures were found associated with Mount St. 

Helens, Mount Adams, or the large field of young 

volcanics in the Southern Cascade Mountains. Pos

sibly there has not been enough sampling and analysis 

of thennal waters in the Southern Cascades to reveal 

springs with high source temperatures. 

RESOURCE ESTIMATES 

It may be worthwhile to formulate sorne ideas 

about the magnitude of Washington•s geothermal re• 

source potential. Such a Formulation might lead to 
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a better understanding of the importance of geother

mal energy. 

If we assume that Washington, on the average, 

has a nonnal geothermal gradient of about 30°C/km 

(degrees Celsius per kilometer) that begins at a sur

face temperature of 10°C, and we consider al I rock 

clown to a depth of 30,000 feet (9. 14 km}, then the 

average temperature of this rock is 

(9.14 km)2(30°C/km) + 100c = 1470c. 

Since Washington's area is about 69, 127 square miles 

(179,038 krn2), we have 

(179,038 km2) (9.14 km):. 1;636,000 krn3 

of rock above a depth of 30,000 feet at an average 

temperature of about 147°C. If we assume that this 

rock has a granitic composition, the heat released in 

cooling each cubic kilometer is about 6.4X 1016 

calories (White, 1965, p~ 14). The total stored heat 

in rocks of the crust to a depth of 30,000 feet in 

Washington is 
3 16 3 (1,636,000 km )(6.4X 10 cal/km ) _23 

= l.05XHr cal. 

Since one calorie equals 1. 16X 10-6 kilowatt hours., 

the electrical equivalent of this stored heat is 

(1.05X 1a23cal) (1.16X 10-6kwh/cal) 17 
= 1.2X 10 kwh. 

Washington used about 6X 1010 kilowatt hours ~f 

power in 1970 (Livingston, 1972), so Washington's 

total stored heat in the upper crust is, theoretically, 

sufficient to supply its 1970 power needs for 
17 · 

1.2X 10 kwh _ 2 OOO OOO ------ , , years. 
6X 101\wh/yr 

Washington's geothermal resource cannot, of 

oourse, supply our needs for 2 million years, because 

we do not possess the technology to extract all of 

this heat. We do have the obi lity to extract heat 

from the earth's crust if a body of hot igneous rock 

brings tne heat near the surface, ·if a fluid is present 

to transfer heat to the surface, and if several other 

geologic conditions are favorable, as outlined ear

lier in this paper. With these conditions in mind; it 
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is possible to calculate a more realistic estimate of 

Washington's geothermal-energy potential. 

Washington has about 1,300 square miles 

(3,400 km2) of Tertiary intrusive rock exposed at the 

surface (Huntting and others, 1961). If these rocks 

are assumed to extend to a depth of 30,000 feet 

(9. 14 km), then their volume is 

(3,400 km2) (9. 14 km)= 31,000 km3 • 

These rocks range in age from 50 million to 13 mil

lion years--a time span of 37 mi I lion years (my) 

(Grant, 1969, p. 23, 26). This means that the rate 

of intrusion during most of the Tertiary Period was 

about 

(31,000 km3) = 840 k 3/i 
37 my m my. 

If this rate of intrusion is ciss1.med to have con

tinued to the present, then 840 cubic kilometers of 

intrusive rock have been injected into the earth1s 

crust in Washington during the last one million years. 

If actually present, these intrusive rocks would prob

ably still be buried, and could retain a considerable 

fraction of their heat, Rocks of granitic oomposition 

give up about 7X 1017 calories per cubic kilometer 

on cooling from 900°C to mean-earth-surface tem

perature (White, 1965, p. 14), so, assuming that 

only 10 percent of these rocks are still molten, they 

would, theoretically, contain 

(7X 1017cal/km3) (0.1) (840 km3) l9 
:::: 5.9X 10 cal. 

The equivalent electrical energy is 
19 -16 

(5,9 X 10 cal) (l.16X 10 kwh/cal) l3 
= 6.8X 10 kwh, 

enough to supply Washington 1s 1970 electrical needs 

for 

6.ax 1013 kwh 1, l 00 years. 
6X 1010 kwh/yr 

If conditions are right for the existence of geo

thermal reservoirs in only 10 percent of this young, 

hot granitic rock, and only 10 percent of the heat in 

these reservoirs can be economically converted to 

electricity, geothermal resources in Washington 

would, in theory, be able to supply the state's power 

needs for 

{l, 100 years) (0. l) (0.1) = 11 years. 

This estimate is probably quite conservative be

cause only the exposed area of Tertiary intrusive 

rocks was used in the calculations. It is likely that 

the area underlain by Tertiary intrusives is larger than 

l, 300 square mi les--many intrusives are probably 

at least partially covered. 

Blackwell (this volume} considers that all parts 

of Washington east of the western foothills of the Cas~ 

code Mountains have equal probability for the pre

sence of geothermal anomalies, because the entire 

area is characterized by high mantle heat flow. In 

making the above estimate of geothermal potential, 

based on an area of exposed Tertiary intrusive rocks, 

no consideration could be given to blind or covered 

intrusive rocks, but their existence would certainly 

increase Washington• s geotherma I energy po tentia I • 

SUMMARY 

Washington 1s five large stratovolcanoes, large 

fields of young lava flows in the Southern Cascade 

Mountains, and thermal or mineral springs are evi

dence of geothermal potential. Five of the springs 

yield silica temperatures in excess of 150°C (Kennedy, 

227°C; Longmire, 168°C; Summit Creek, 168°C; 

Gamma, 160°C; and Mount Baker, 157°C), and 

Na/K temperatures are in reasonable agreement for 

Kennedy, Longmire, and Mount Baker springs. Bar

ring analytical errors, Mount Baker, Glacier ·Peak, 

and Mount Rainier, around which these springs are 

located, must be considered prime geothermal targets. 

More data must be collected before any assessment of 

their power potential is made. 

Although chemical analyses have, so Far, failed 

to indicate high subsurface temperatures in the young 

lava fields of the Southern Cascade Mountains, the 

area has yet to be thoroughly tested. Detailed geo-



logic st-ucl:e$, geochfiri1ical samrling of springs, ar;d 

geophysical invtstigations need tc t::e continued or 

begun beforf..! an inl'eliigent e·miuatien of gee-thermal 

pvt.ential can be m:ic:e ·1n this are•1. Fm example, the 

yo,.mg vokC1nic ce:-itr;!r$ Oi1 Ha:11mond 1 s :nt1p (figt;re l), 

except fot Mount Rqinier, \,\ount Sr, Helem, Moun!· 

Adorns, 'Jnd a few orhers, have not be-~ri ;;tudiAd in 

detai I. Any c:f tf·:ese ynung cent 3rs of volcanism 

rnighl· turn out to be the sil"e of a H1Jitl--fllled geo·

thermo! re::.ervoir_. or a hr,r, O·.iried bod'/ of 1.lry rno~i

matic rock. 

All·hc;.ugh no gec;,Jherrni~I rE:.)~rvoirs or ho!· .• buried 

bodies of rnugmo have been loca·i'ecl in Washingtcn, 

His possible to colcuiotc- ~he hypothf;ticcd magnitude 

of Wosrlington's ;-1eotherr1cl re$ources. if a is as

sumed that the :;;tc1fe 1 s average geol'hcrmoi gradient 

is 3Q°C/ktn, then t'he heat Si'CtE.'ci r,,bo-.,,e CJ depth of 
?" 

30,000 feet is about ·i .05Xllr..:i colories:-·--eq,;ivol~nt 

'ro l. 2 X 10 
17 

ki !ow,.:itt hours--··-·•.)( en,~t·gh to supply 

Washirigto:1'$ ~970 e!-€ctrical r:,ower neech for 2 mil-

lion years. ~)ince we J:, not h,;:ive the ted1nok:sy tr:, 

extrad thL hent, a more m~aningful r;:sfonate of gecr 

thermai reserves m.:1y be calcu!c1ted b; det€..r.~11ining 

the rate of igneous Intrusion during the Tertiarr Pe

riod ar.d assuming that this rote hos contlriu!-:d to ;·he 

pre5ent. Usirg this rr1ethod 1 geothe1ma! re'iOur.:es ln 

Washi11gi-on are e:,HrnateJ c1~: 5.9X 10.19 calories·--· 

· I · 6 "X 'lllJ k'I ' ' eqt.iiva ent ro .c;~ 1 ; ow<~fr nou:·~:-·~-or enou9r. 

to supply \/V'ashin0to1~ 1s '1970 eleddco! power needs 

for l, iOO yeur~;. IF gecthum-::il rn:r.-ervolrs ex!::J ln 

only ll) percent of the yo•.rng !rJrus!ve rock, a;1d 

only 10 percent of the heat fro7"l 1·he~c reservoirs car. 
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be com,e1ted tc eleciTlCHy,. thfm ci conservotive es

tirnate of Washin9tor.\ geothcrmr:! resource!. is 
~ , .. ·17 . • • . 11 
.:>.9X lU ca1ori~:.;--·equ1,.,cle'1!' ·f.:., 6.8X 10 kili.:,-

watt hour;,--or ~nough ro supply Vv'cshingron 1s elec

tricctl po·,111::·r ner:!ds for ~ ~ 7·eurs. It 1s r.ot pr<..1ctical 

to assume tkit :~eolht.::rmal E:nel-S)' vril': e·1er supply all 

of \IVoshington s eJectdccd po 1N~r ne2d:; be·-::::ciuse ex

i"iiing rn·.wr k:Jnlla~ions will be in open]tion well 

inh the fot1He. 1~ :s., r.;<;:rhaps} more d.esirab!e to 

:.tare~ ~hC1t ~J<:;0tl-1P.nnc.1 t·1··t~i":J}' could supply "!0 percent 

of \t,/~sh°;n8to·1\ eiectriccd p·Yder nei:.;ds, ~r thn 1970 

kive! t' fo.:· aCou1· l !O yems. 

D!!-.CU~!~.:r1 of _gerJ~herrnai poh:nt!of has been 

confined mosHy to the C.lScad·~ /\1iountaiVi and pai·

ticuiar!y to t\-,e Soud,,~,·n (,:1:,ccci,~s l:.ecause this is 

the mea vA·,er·e 51..1rfr,~:e tT'onifo~Jotions ;;{ geothermal 

eno2r;;1v o~:,:ur, Bee-a use ~1f low heat flow west of the 

Caso;d.s~ ~h:·s ,oart of Woshing!"on :~;-of:.,ably has little 

geu+enr,al fXJlf.nticd; 1--,owe-1,e,, ii" i$ posslble that 

~ol:rc~s of geuthcn;1a! {.·nerJ:' ex1$t in eastern \Va:.;h

in8tor1 (8.k1,::kw2I!, l~ds volu.-ne, p. 3"l) ·11i•·h::>Ut surface 

cxpre;:s$br- .. r:-1en.;:0r~, 1::~11,;ed on hect~fiow studies, c1II 

of'Na,;hington tcisl· r,F rhe ,..-,.·es'rern foothills of the 

Co:::ced,.! ,\AoiJntrJins rY,'.Jst bs:.~ lX.•n::.!dered as having geo

t-hermol p·.)h~ntil11. Bc,:ous.c°) volcanoes, young lava 

flo·,<1s, lhen:10[ om·: r.fr1eml spri'lg;,, 1.,nd pro3pectively 

fcrvorolJle gec.ilDgk strucrn,es exi'sr ln rhe Ccsc:ades 

:ind particularly th8 S:::vthcrn Cci:·ca<les, th1s oreu 

niust· be cor•sider6'J the most 1ikr~dy for the discovery 

of 9e0th0rnn! ,·1s,sourccs \o1•ii·h the lr:;05t expenditure cf 
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I NTROOUCTIO N 

lhe JT1ost direct way to study the geothermal po

tentid of a:i ureo is to study the variations in the 

escape of heat from the earth 1s interior, together 

with the distribution of recent volcanic rocks and of 

hot sprir1gs. Previous studies of heat flow in the west

ern United States have incl udcd a f.aw measurements 

in the State of Wmhington (Roy and others, 1968b; 

Blackwell, 1969; Sass and others, 1971). However, 

no previous stl;dy has focused in any detail upon 

Washington~ The density of heat-flow data in WastJ

lngton is 110\v as great or greater than for any other 

state in the western U11ited States; therefore, the 

thei·mal paHern is moderatel)' well understood and 

may serve as a model for understanding the thermal 

pattern in the rest of the western United States. 

HEAT FLOW 

GENERAL 

Preliminary values of heat flow are presented 

for 12 different localities in Washington (table l, 

figure 1). In addition, gradient data are presented 

at an additio11ol two localities. Most of the heat

flow determinations in the Cascade Range and in the 

Okanogan :~ighlunds are from holes drilled for the 

purpose of mineral exploration, and cuttings or core 

samples from the holes were made available to the 

author for thermal conductivity measurements by the 

exploration companies. 

The mechanical de~ails of data acquisition and 

reduction ore summarized by Rey and others, ( 1968b), 

The data are listed in t;:ible 1. In the table, the 

9radier:ts are lea5t-squares straighl· l!nes fitted to the 

temperature-depth d".lta, and the conductivity values 

listed are mean harmonic averages. The geothermal 

gradients listed are the measured values uncorrected 

for topography or other effects. Standard errors are 

shown beneath the appropriate data entry. All of the 

heot-flow values were calculated either as the prod

uct of the least-squares gradient and the average 

hannonic thermal conductivity, or by fitting a least

squares straight line to the SL.:mmed thermal resistence 

and temperatures. Topographic corrections have 

been applied to all of the heat-flow values listed in 

table 1. The corrections were calculated in the con

ventional way (Birch, 1950) and were carried to a 

distance of 20 kilometers, in most instances. lndivid

ua 1 heat-flow measurements wi 11 not be discussed 

here; only the general results will be discussed ac

cording to the physiographic provinces outlined in 

figure l. 

Before discussing the data in detail, however, 

some general comments about heat-flow information 

are necessary. fn general, the heat flow measured 

at the surface on a continent is the sum of several 

components. The two components that usually pre

dominate are the heat flow from the deep interior of 

the earth (below the crust), and the heat flow gene

rated by the decay of the enclosed uranium, thorium, 

and potassium in the rocks of the crust. In local areas 

there may be additional significant components from 

other causes, such as local heat-source anomalies 

(for example, high-temperature ground water or shal

low crustal magmatic heat sources). In order to eval

uate the possibility that a particular measurement 

reflects a nearby geothermal anomaly, all other com

ponents must be subtracted from the measured heat 

flow, 

In the absence of local anomalies, the heat-flow 

measurements at the surface in plutonic rocks should 

show a scatter related to the mantle heat flow and 
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TABLE 1.-Preliminary measurements of gradient, thermal conductivity, and heat flow in Washington 

-
Corrected 

North West 
Conductivity Geothem,a I 

heat flow 
Locality latitude longitude 

mi Iii cal gradient 2 Geologic 
cm sec°C °C/km ;,,cal/cm sec unit 

Okanogan Highlands 

Curlew 49°00' 118°36' 7.6 .!/ 25.2 1.7 Mesozoic 
[0.3] [0.6] greenstone 

Nespelem(3)ij 48°22' 118°53' 7.8 18. 1 1.7 Mesozoic 
granodiorite 

Oroville 49°00' 119°29' 7.6 25.2 1.7 Mesozoic 
[0.2] [O. 1l greenstone 

Reardan(2) 47°52' 118°07' 7.8 25.6 2.1 Mesozoic quartz 
[0.5] monzonite 

Republic 48°40' 118°46' 5.7 31. 1 1.8 Oliogocene 
[O. 1l [0.2l volcanics 

Tonasket 48°43' 119°31' 8.3 20.0 1.8 Mesozoic quartz 
[0.3] [0.3] monzonite 

Columbia Plateau 

Odessa 47°20' 118°55' 4.0 42.0 1 .7 Miocene basalt 
[0.5] [2.0] 

Cascade Ro nge 

Mazama 48°37' 120°23' 6.2 24.0 1. 7 Mesozoic 
[O. 1l [0.1] metamorphics 

Randle(2) 46°21' 122°06' 9.0 17.0 1.5 Cenozoic intrusives 
[2.0] and extrusives 

Roslyn 47°13' 121°00' 21.0 Eocene sediments 

Trinity 48°06' 120°50' 55.0 Mesozoic 
(1 0. OJ granitic rock 

Wenatchee 47°22' 120°18' 5.2 26.8 1.5 Eocene 
[0.5] [0.2] sediments 

Puget-Wi I lamette Depression 

Anacortes 48°28' 122°38' 7.8 12. 1 0.9 Pre-Mesozoic 
[O. 1] [0.2] quartz diorite 

Coast Ranges 

Westport 46°51' 124°06' 3.5 26.5 0.9 Pleistocene 
[O. 1] [2.2] sediments 

V Bracketed numbers are standard errors. 

V The numbers in parentheses following some locality names are the number of drill holes used at 
that locality. 
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FIGURE 1.-Physiogrophic provinces and preliminary heat-flow measurements of Washington, 

the heat production (from U, Th, and K) of the plu

tonic rocks (Roy and others, 19680). In areas where 

the ho 1es penetrate sedimentary rocks1 the appropriote 

heat-production value to use would be calculated 

from the basement radioactivity. The vertical aver

age distribution of radioactivity for plutonic rocks is 

related simply to the surface value (Roy and others, 

1968a; Lachenbruch, 1968, 1970). 

For plutonic rocks the relationship between sur

face heat flow and the measured surface heat produc

tion is a straight line. The intercept value of this 

straight line is the heat flow from beneath the radio

active layer ( from below 20 to 30 kilometers). The 

slope of this straight line has the dimensions of length; 

that is, kilometers. The value of the slope is the 

scale depth for the distribution of surface heat pro

duction. If the slope of the line is known for a par

ticular area, then the contribution of the heat produc

tion from radioactive elements in the crust to a 

particular heat-flow measurement con be calculated 

by multiplying the value for the slope of the line 

times the measured heat production. If this value is 
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then subtracted from 1h"1 rner.isured surfoce r.eat flov.1 1 

the re~ulting value would be The rncntle contribution 

plus any contribution that rni._~ht be presen from o 

shallow geothermal source. Thfa vaiu~ can rhen be 

compared with the intercept va!:Je (o kno·1vn constant) 

for the particular province to dt:termine: whether or 

not there is a near-surface anomuly present in the 

data. Ir r;eneral, mi::asured surface heat-·flo·N vclucs 

iil excess of 3.0 ,"cal/cm
2
sec mav be considered 

immediately to be anomalous. Lower '!l"Jlues may also 

-1·-

~ 
0 

\ 
\ 

'Xl 
0 

I 
I 

I I , I 
o.9o / I 

I I , 
9 ~ 

reflect a local onornaly, but the effect of heat pro

duction mus!· be ccnsidered for those coses. For f:Jr

ther d;;c,Jssion see Blackwell (i971) and Ray end 

others (lQ72). 

Figure ~ 5hows physiographic provinces nnd th-e 

mec$Ured ~urfoce heat-flow vaiues. Figure 2 shews 

values of reduced heat flow, from which have beer. 

subtroc·;-cd the crustal contribution in the monner oui·

lined abcve, The scole depth used is 10 kilometers. 

So for an overage crustal granitic rot:k with a heat 

• i.4 

----·----1 
if) !.3 •'.4 

01.3 

•'4 

. I 
0.7 J I I Dl.3 

~ D / I I 5------\l ~ -EXPLANATION 
__ /.. D Published heat-flow v::ilue~. 

~ New values 

FIGURE 2.--Reduced heat-flow v,:;i!ues (heat-flow va!ces minus rh~ cruste1I component from the 
de<:C1'1-' ,...,f Ur Th, and K). Cak•Jlat!:d by subtrar.f!ng the he::1i' !1ruduction hmes JO kilo
:11-ete.rs from t:,e measur~d surfocr_, htat-r"low, Voli.:es cf > l .J <Jre r:harncterisi"lc of 
ti1e O(•~os of ,:enQZOk vo!cl1nism i<. 1-lie wesrern United States. 



production of about 5.0 X l0-l 3 cal/crn"sec, a heat 

flow of 0.5 /•cal/cm
2
sec would be attributed to the 

crust. The areas of high heat flow in the western 

United States seem to be characterized by a mantle 

heat flow (reduced heat flaw) of appi-oximately 

1.4 ± 0.1 ;<cal/cm
2

sec (Roy and others, 1972). Thus 

if a value shown in figure 2 falls significantly below 

1.4, then the area would pr,asumably not be porl of 

the anomalously high mantle hea!-flo·N area. On the 

other hand, if a single value falls much above 1.4,. 

then that value has an extra component of heat flow, 

perhaps due to a geothermal reservoir. 

OKANOGAN HIGHLANDS 

Detailed heat-flow measurements ai" six new lo

calities are available for the Okanogan Highlands. 

These heat-flow values range from 1. 7 to 2. 1 µeel/ 

cm
2

sec (table 1 and fig. 1). The average of these 

values, together with the three previously published 

values (Blackwell, 1969; Roy and others .. ·1968b), 

is 1.87 ± 0.24 J•cal/cm
2
sec. Use of the heat pro

duction measurements to estimate and remove ~he 

component of heat flow due to the crustal radio

activity sources results in the val'Jes shown in 

figure 2. The scatter of data is obviously much 

reduced (corresponding values cannot be calculated 

for the heat-flow values in the sedimentary rocks of 

the Kootenay Arc and therefore these points do no! 

appear on the map). The scatter of values is from 

1.3 to 1.4 ucal/cm
2
sec, well within the range io 

be expected for the mantle heat flow in whClt has 

been called the Cordilleran Thermal Anomaly Zone 

(the Basin and Range Province, the Cclumbia Pla

teau and the northern Rocky Mountains; Bla,:kwell, 

1969; Roy and others, 1972). Thu,, it appears from 

this limited data that no areas are indicated •,uhern 

a heat-flow comp:::inent due to any local geot!iermai 

source is present. A much more extensive progrcen 
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of heat-flow measurements would be necessary, how

ever, to prove that no loca ! geothermal sources 

exist in the Okanogan Highlands. 

COLUMBIA PLATEAU 

One new heat-flow measurement (table 1) is in

cluded for !·he Columbia Plateau Province. Together 

with the three published values of heal· flow (Sass 

and others, 1971), these data suggest an overage 

heat flow for the Columbia Plateau beiween 1.4 and 

1.7 ;,cal/cn/sec. Gradient values measured in 

the Columbia Plateau basalts are subject to uncer

tainty due to the large and presently unpredictable 

effect of vertical and horizoni·al ground-water flow 

in the porous interbeds, both regionally and within 

a well bare. The gradient presented for the hale 

near Odessa (Development Associates, Basalt Ex

plorer No. \) was obte1ined below a depth of about 

3000 feet because above that depth water circulation 

destroyed the geothermal gradient. On the bcsis of 

unpublished data it does appear that there are high 

gradients (up 1·0 60° C/km) in some wells to the 

east of appraximal·ely 119°W. longitude; however, 

these estimated gradients in water wells may be 

serioudy in error. The hole near Odessa bottoms in 

granitic rock. If this grnnitic rock is similar in heal· 

production 1·0 !·he rocks outr.:ropping 1~0 the north, then 

the reduced heat flow wouid ag:.1in be approximately 

1 .4. However t farther south the aci"ua! .surface heat 
~ 

Flow is '."";nly 1.4 to 1.5 p-cal/cm·~sec. There, seismic 

studies (Hill, "i972) sugg0sl· that no granite crust is 

prese1.,:· wv) thct J·he to~cd crustal section consisl·s of 

abouf 20 kik.,rl'.eter5 of basalt and gabbro. Thus the 

crustal he(Jt producHcn confr!bution t(J the heat f!ow 

will be vE::·;r :;rnall (perhaps on the order of. l to .2 

/"co!/ct:1·\ecL und rcdurA!cl he(Jt-flow values will 
' . . f 1 ? 0 I/ 2 
cc in rhe rnngE": i.:1 ·- to 1 ~~' /<-ca, cm sec, very 

s!mifqr to values to the north. Therefore, of though 
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the surface heat-flow values are somewhat lower in 

the Columbia Plateau than in the Okanogan High

lands, it would appear that the actual mantle heat 

flow is nearly the same, and b::ith provinces are part 

of a region of anomalously high mantle heat flow. 

CASCADE RANGE 

Only scattered heat-flow data are available 

from the imJX>rtant Cascade Range Province. Heat

flow data that are available suggest that the province 

contains a transition in mantle heat flow. Heat-flow 

measurements are particularly difficult to make in the 

Cascades because of the extremely rugged topography, 

and because the rocks seem to be pervasively frac

tured and subject to large flows of ground water 

through these fractures. Due to the many uncerl·ain

ties none of the heat-flow measurements in the Cas

cades are considered to be as reliable as those made 

to the east or the west. However, as mentioned 

previously, the heat-flow values available do tend 

to suggest a transition in maritle heat flow somewhere 

near or west of the center of the Cmcad-e Range. 

Because of this transition it is more diffkult to eval

uate the heat-flow measurement$ for the possibility 

of local geothermal anomalies. Furthermore,- because 

of the variable heat production of plutons in the Cas

cades, it is more difficult· to e!;timate what th~ base

ment heat production might be. None of the presently 

measured heat-flow data are interpre7ed to reflect 

geothermal anomalies; however I il is possible that at 

the Trinity locality (where only an approximate gra

dient is available) the heat flow may be "anomalously" 

high. 

COASTAL PROVINCE 

The Coastal Province consists of the Puget

Willamette Depression and the Coast Ranges. All 

the observed heat-flow va I ues in this area are low. 

Geological reconstructions suggest that the crustal 

section in this area is a sequence of cont!nental

margin marine sediments with intercalated basa!ts, 

probably sitting upon an oceanic type crust (Snavely 

and Wagner, 1963, for example). Therefore, as in 

the case of the Columbia Plateau1 the crustal con

tribution to the radioactivity will be small, and the 

measured surface heat-flow values will be within .1 
2 

to .2 1<cal/cm sec of the mantle heat flow. The 

one value of heat flow in this region measured in 

basement rocks is on Fida Igo Island (Anacortes) in 

the Turtleback Complex. Here the reduced heat 

flow is essentially the same cs the surface heat flow 

because of the extremely low heat production of the 

rock. However, because of the structural complex

ities of the area (see Misch, 1966), it is entirely 

possible that the Turtleback rocb are sitting on top 

of an oceanic crustol section similar to that beneath 

the other heot-·flow measurements. lf so, again, 

the reduced heat flow would be approximately .8 

;..-.cal/cm 2sec. Heat-flow measurements are not 

available for the area of Olympic National Park; 

however, unless the heal· flow there is much higher 

than it is in the surrounding terrain, it would appear 

that the hot springs !·here (Olympic and Sol Due Hot 

Springs) musf· be due ~o deep circulation rather than 

to a shallow sourc,J of ma9matic heat (the relatively 

low source temperatures given by Schuster I this vol

ume, table l, tend to support the idea that shallow 

sources of magmatic heat are absent). 

OFFSHORE AREAS 

Offshore the heat flow ropidly increases so that 

olong the Juan de Fuco Rise, several hundred kilo

meters offshore, heat-flow values are extremely high, 

up to 7 to 10 ;<cal/cm
2

sec. These high values of 

heat flow me interpreted to be due to the formation 



of new crustal material along the rise. It is possible 

that with odvances in technology the vast amount of 

heat in the high temperature crustal material offshore 

might be utilized in the future (Lister, 1973). 

GEOTHERMAL POTENTIAL 

Based on heat-flow data alone, the State of Wash

ington can be divided into f\'v'l> parts in terms of geo

thermal potential. From the western foothills of the 

Cascades to the Pacific, on the basis of the present 

data, the possibilities for developing econom1c geo

thermal reservoirs are small .. .6.boul the only type of 

resource thal might be present woulcj be moderate

temperature water at fairly great depths (thu maximum 

gradient in the area would appear tc be about 30° 

C/km). On the other hand, all parts of the slate 

from the western faothi lls of the Cascades to the Idaho 

border have an equal probobi lity for the presence of 

geothermal anomalies. The mantle hec1t flow in these 

areas, which is the important F'arameter,. is as high 

as in any other large area in lhe v,cstern United 

States, such as the Basin and Ro.nge Province in 

Nevada, where many geothermal on?malies hcve al

ready been identified. 

However, the lack of recent volcanics and the 

relative paucity of hot springs in the Okanogan 

Highlands and Columbia F-'la~eaLi Provinces suggest 

that if geothermal anomalies are present 1·hey have 

little or no surface expression, and thuz may be much 

more difficult to locate than areas that are leaky 

(associated with hot springs or other thermal features). 

Nonetheless, in other such areas of the western United 

States it would appear that as much as 5 to 10 percent 

of the total surface area might be involved in geo

thermal anomalies having little or no surface expres

sion. For example, Blackweli and Baag (1973) have 

described a blind geothermal anomaly in the Precam

brian Belt Series rocks of Montana. Observed sur-
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face gradients there are as high as 250° C/km, even 

though there are no surface manifestations of abnorm-

a I ly large gradients. Such blind sources cannot be 

ruled out in the Okanogan Highlands or the Columbia 

Plateau Provinces at the present time. In addition, 

low-grade geothermal resources, in the form of medium

to high-temperature ground water should be present 

in many areas of these two provinces. The area of 

young basalt volcanism in Klickitat, Yakima, and 

Skamania Countie~ is unfortunately not represented 

by any heat flow or gradient data. The area appears 

geologically very attractive and perhaps data can be 

obtained ·there in the future. 

If geothermal anomalies are actually present in 

the Columbia Plateau, they may be ve,y difficult to 

locate because of the pervcsive influence of ground 

water circulation. In the Okanogan Highlands the 

density of heat-flow measurements is relativ~ly high; 

but, to fully explore the area for geothenmal poten

tial, heat-flow measurements with a spacing of 5 to 

10 kilometers would be necessary~ So geothermal 

anomalies may still be discovered there. 

The province that looks most attracl'ive from the 

combined information on heat flow, recent volcanism, 

and hot spring activity is the Cascade Range. How

ever, some of the problems that might be encolmtered 

in pro~pecting for geothermal reservoirs in the Cas

cade Range have olready been pointed out. These 

are the some ones that make the measurements of the 

bockgro1md heot flaw difficult-steep topography, 

fracturing, onJ high rainfall. 

ORIGIN OF THE HEAT-FLOW PATTERN 

As illustrated in figure 2, the heat-flow pattern 

in Washington is predominated by a transition in heat 

flow corresfX)ndin9 approximately to the we$tern foot

hills of the Cascades. East of these foothills, the 

temperatures in the earth are high and there has been 
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Cenozoic volcanism and tectonic activity. To the 

west of this boundary, heat flow is abnormally low 

and the tectonics have been dominated by continental

margin type interactions. This two-part distribution 

of heat flow is inferred to be related to the presence 

of a subduction zone off the Oregon and Washington 

coasts during most of the Cenozoic (Blackwell, 1971; 

Blackwell and others, 1973). 

It has been suggested that during most of Cenozoic 

time a lithospheric block, called the Farallon Plate 

(Atwater, 1970), has been overridden by the North 

American continent. As this lithospheric plate sank. 

into the mantle, it formed a zone of tectonic activ

ity in western North America, similar to the island 

arc areas in the western Pacific. The heat-flow 

, pattern associated v,,ith these island arc areas consists 

of abnormally low heat flow between the trench and 

the first volcanic arc, and a region of high heat flow 

from the first volcanic arc inward for a distance of 

several hundred kilometers (Matsuda and Uyeda, 

1971). At the present time, the tectonics of the 

Northwestern United States still reflect this interac

tion, Only a small remnant of the Farallon Plate, 

between the Juan de Fuca Rise and the North Ameri

can continent, remains. This plate is spreading away 

from the Juan de Fuca Rise and is sinking beneath the 

Northwestern United States. 

The magmatic front, or the first volcanic isl_and 

arc, is represented in the Northwestern United States 

by the chain of Cascade volcanoes (see Dickinson, 

1970}; therefore, the outer arc or low heat-flow 

region consists of the Puget-Willamette Depression 

and the Coast Ranges, whereas the high heat-flow 

inner region is composed of the Okanogan Highlands, 

Columbia Plateau, and Cascade Range Provinces. 

Although this pattern is still being actively re

inforced in the Northwestern United States, the pat

tern in the Southwestern United States is more com

plicated as the Farallon Plate has completely disap

peared and there is strike-slip motion (the Son An

dreas Fault) between the Pacific Plate and the North 

American Plate (Atwater, 1970). The pattern in the 

Northwestern United States also extends northward 

into Canada {Judge, 1973; Hyndman, 1973}. Thus 

it appears that the Northwestern United States is 

the type example of the behavior which is thought 

to have been characteristic of the whole western 

United States during the Mesozoic and the first half 

of the Cenozoic. 
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COAL IN WASHINGTONl/ 

By 

Vaughn E. Livingston, Jr. 

INTRODUCTION 

Because of tremendous coal reserves in the United 

States, -coal should play an important part in helping 

to relieve the nation's energy crisis. The maximum 

projected production for the next 15 years indicates 

that a little over l percent of the nation's 780 bi I lion 

tons of recoverable coal will be used. In 1971, 500 

million tons of coal supplied 19 percent of the energy 

consumed in the United States. By 1985, over 850 

million tons will be required to supply 17 percent of 

the nation's energy requirements. Considering all 

uses of coal, the National Coal Association estimates 

that the demand for coal in 1973 will be around 648 

million tons, whereas in 1985 it will rise to approxi

mately l, 150 million tons. The bulk of the produc

tion will be consumed by electric utility companies, 

while the remaining production will be shared by in

dustrial plants, coke manufacturers, community and 

residential users, and by producers of synthesized gas. 

The production of synthesized gas, through coal 

gasification, appears to be a partial solution to the 

shortage of natural gas that is expected to occur in 

the next 20 years. However, the coal-gasification 

industry is not expected to be fully mobilized until 

around 1980, at which time an additional 300 million 

tons of coal per year'Will be required to supply the 

industry. 

Although the nation's coal reserves appear ade

quate for several hundred years, environmental, labor, 

J/ Report modified from Livingston, Vaughn E., 
Jr., 1973, Seam analyses and description of U.S. 
coalfields [Washington] • .l.!:!. 1973 Keystone Coal In
dustry Manual: Mining Informational Services, Key
stone Coal Industry Manual, McGraw-Hill Mining 
Publications, p. 545-551. 

and transportation problems, as well as governmental 

leasing policies, could seriously hamper coal mining 

to the point where production may not meet future de

mands. As an example, 60 percent of the coal mined 

today will not meet (1973) EPA air quality standards. 

Although Washington has over 6 billion tons of 

recoverable coal, it is not an abundant economic re

source. With the exception of the Centralia coalfield, 

most individual fields are limited in quantity, are of 

variable composition, and because of steeply-dipping 

beds and great thicknesses of overburden, many beds 

are not suitable for low-cost, open-pit mining opera

tions. These factors contribute to the high cost of 

Washington coal and make it impossible for the 

state's coal producers to compete in out-of-state mar

kets. The average cost of Washington coal in 1972 

was $8.21 per ton, whereas the national average was 

$4.99. In 1972, the average cost of Montana coal 

was only $2.18 per ton. Improved underground min

ing methods, such as using a jet of water under very 

high pressure to break up the coal, may result in 

lower mining costs for Washington coal. Hydraulic 

mining methods are being used with success in foreign 

countries and are being studied by at least one coal 

company in Washington. However, in order to be 

competitive with other coal producers, the cost of 

mining Washington coal in underground mines should 

not exceed $5.00 per ton. 

In spite of apparent coal production obstacles, 

the use of coal as fuel for coal-fired electric power 

plants in Washington will probably increase. How

ever, until the state's coal can be mined at a lower 

cost, much of the coal will have to be supplied by 

out-of-state producers. 
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CO A L M I i'J I N G I N WA SH I N GT O ~--J 

At the end of 1972, only four companies were 

mining coal in Washington. The most significant of 

these is l·he Centralia Steam-Electric Project where 

coal is mined to supply fuel for a steam-electric gen

erating facility. Annual production of coal in Wash

ington is about 3 million tons, of which 99 percent is 

mined at the Centralia strip mine. 

The active coal mining companies in Washington 

are Washington irrigation & Development Co. of 

Centralia, Black Prince Coal Co. of Centralia, 

Queen Coal Co. of Wilkeson, and Palmer Coking 

Coal Co., Inc. of Black Diamond. Washington Irri

gation & Development Co. operates the Centro I ia 

strip mine and supplies coal exclusively to the steam 

plant· located in the Hannaford Valley, just east of 

Centralia. Becau~e the facility has only been in 

operation a short time, a reliable annual average 

production has not been established. During 1972 

the company produced appcoximately 2,650,000 

short tons of coal from the Big and Smith seams. 

Biack Prince Coal Co. produces about 9,000 to 

10,000 short tons of coal annually. The company's 

production is used totally for domestic heating in the 

Ceni-ralia mea. The coal is being mined from the 

Victory seam. 

Queen Coal Co. sells most of their coal to the 

Wilkes::in stone quarry where it is used to produce 

steam. Almos!· all of the rock sawing, drilling, and 

hoisting equipment 1Jt the stone quarry are steam 

operated. Annual production of the Ouee11 Coal Co. 

is aboui 400 tons a year, with a small amount being 

sold for domestic heating. The coal is being pro

duced from the Wingate seam. Because of poor stro

tigrciphic control and complications due to faulting, 

the Wingate was not correlated wil"h any of the coal 

seems I isted in the ana iyses or thickness and reserves 

tables. 
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Palmer Coking Coal Co. produces about 30,000 

short tons of coal a year, most of which is used for 

industrial heating. The company estimates that no 

more than 2 or 3 percent of the annual production is 

purchased for domestic heating. The coal is being 

produced from the Rogers seam. 

RESERVES 

Most of Washington's coal reserves occur in areas 

along the western foothills of the Cascade Mountains. 

The r·eserves occur in a discontinuous string of fields 

from near the Canadian border on the north to the 

Columbia River in the vicinity of Longview in Cowlitz 

County to the south. Other significant reserves occur 

on the eastern flanks of the Cascade Range in the vi

cinity of Cle Elum in Kittitas County. 

Estimated reserves of coal in the state as of Jan

uary l, 1973, are as follows: 

0illions of Short Tons 

Anthracite 5 

Bituminous .............. 1,868 

Subbituminous ••••••••••• 4, 191 

Lignite ••••••••••••••••• 117 

Mining in the bituminous areas of the state has re

moved about 1.25 million tons of coal during the 

last 12 years. A new strip mining operation to supply 

coal for a steam power plant has removed about 3 .5 

million tons of subbituminous coal in the last 2 years 

(1971-1972). Estimates above, of coal in place, 

were extended to a depth of 3,000 feet and include 

measured, i !"1di cated, and inferred reserves. 

STRUCTURAL GEOLOGY 

In general, the coal measures of Washington 

occur in rocks that have undergone considerable tee-
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ton ism. Folding and faulting are common and some 

beds have dips of 90°. Only in a few areas are dips 

gentle enough to permit strip mining. The most se

verely contorted beds are in the Glacier anthracite 

area of Whatcom County where the beds have been 

extensively folded, faulted, and sheared. The amount 

of deformation seems to have had some control in de

veloping the rank of the coal, and, in some cases, 

may be responsible for certain other properties such 

as desi rabi Ii ty for coking • 

COAL-BEARING ROCKS 

Coal-bearing rocks of Washington are al I Tertiary 

in age. They range in age from Paleocene in What

com and Skagit Counties to Oligocene in Cowlitz 

County, however, most of the coa I-bearing rocks are 

middle Eocene in age. In western Washington the 

coal generally occurs in nonmarine rocks that grade 

westward into marine rocks. In eastern Washington 

the coal occurs in isolated nonmarine Tertiary 

sedimentary basins. 

COAL-BEARING AREAS 

Twelve coal-bearing areas can be identified in 

Washington. They are shown in figure 1, which in

dicates the rank of coal produced from these areas, 

and also shows areas where isolated occurrences of 

coal have been reported, These twelve areas are 

listed below: 

l • Whatcom County 

2. Skagit County 

7. Centralia-Chehalis 

8. Morton 

3. Issaquah-Grand Ridge 9. Eastern Lewis County 

4. Green River 10. Kelso-Castle Rock 

5. Wilkeson-Carbonado 11. Roslyn 

6. Fairfax-Ashford 12. Taneum-Manastash 

The fields in Whatcom and Skagit Counties occur 

in the Bellingham sedimentary basin; the Issaquah-

Grand Ridge, Green River, Wilkeson-Carbonado, 

and Fairfax-Ashford occur in and along the eastern 

edge of the Puget sedimentary basin; the Centralia

Chehalis and Morton fields are in and on the eastern 

edge of the Chehalis sedimentary basin; and the 

Kelso-Castle Rock coalfields are in the Cowlitz 

basin. 

WHATCOM COUNTY AREA 

The coal-bearing rocks of Whatcom County un

derlie an area of over 500 square miles. Most of the 

rocks appear to lie in a northwest-plunging basin, 

bounded by metamorphic and igneous rocks on the 

south and east and covered by glacial drift to the 

north. The strata in the southern part of the area have 

been folded into a series of northwest-trending struc

tures. Limbs of some of these folds dip as high as 60°. 

Most of the coal in the county is high-volatile C 

bituminous rank. 

Two principal beds have been mined in the area, 

the Bellingham No. l and the Blue Canyon. The 
) 

Bellingham No. l has an average thickness of about 

14 feet, with the best coa I being the upper 7 to 8 

feet. The Blue Canyon seam averages about 7 feet 

thick. Although there are many other coalbeds in 

the area, these two seem to be the most significant. 

The Bellingham No. l has about 54 million tons of 

reserves and the Blue Canyon has about 50 million 

tons of reserves. 

Analysis (as-received basis) of the Bellingham 

No. l cool is as follows (Beikman and others, 1961, 

p. 13): 

Moisture(%) ••.•.••••••••••• 

Volatile matter(%) •••••••••• 

Fixed carbon (%) •••••••••••• 

Ash (o/o) •••••••••••••••••••• 

Sulfur (%) •....•.••••••••.•• 

7.3 
35.8 

41.3 

15.7 

0.3 
Btu ••......•..••••.•..••••• 10,542 



Analysis (as-received basis) of the Blue Canyon 

coal is as follows (Beikman and others, 1961, p. 13): 

Moisture (%) • • . • • • • . • • • • • • • 1.6 

Volatile matter(%).......... 41.3 

Fixed carbon (%) •••..••••••• 

Ash (o/o) •••••••••••••••••• , • 

Sulfur(%) ••••••••• , ••••••• 

55.0 

2.2 

1. l 

Btu . . • . . • • • • . . • . . • • • • • • • • • • 11, 919 

Of special interest in Whatcom County, because 

it contains anthracite coal, is the Glacier field. For 

years operators have attempted to work this field, but 

to date all attempts have failed. Geologists have es

timated that there may be as much as 50 mi 11 ion tons 

of reserves in the field; however, Beikman and others 

(1961) estimated 4.8 million tons of indicated reserves. 

Analysis of the anthracite is as fol lows (Beikman 

and others, 1961, p. 13): 

Moisture(%) • • • • • . • • • • • • • • • 5.0 

Volatile matter(%).......... 7.2 

Fixed carbon (%) • • • • • . • • • • • 76.8 

Ash (%) • • • . • . • • • • • . • • . • . • • • 11 • 1 

Sulfur(%).................. 1.0 

Btu ••..••.••••.••.•.•.••••• 12,660 

Thickness of the beds of the Whatcom County 

coalfields, along with reserves for each; are shown 

below: 

Thickness Reserves 
Coalbed 

(feet) (millions of 
short tons} 

Blue Canyon 7 50 

Lake Whatcom 3 113 

Bellingham No. 1 14 54 

Bellingham No. 2 2 21 

Unnamed 4± 19 

Unnamed 22 

Unnamed· 3 27 

Unnamed 3 10 

Total 316 
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SKAGIT COUNTY AREA 

Most of the coal-bearing rocks of Skagit County 

are separated from the Whatcom County coal-bearing 

rocks by an east-west trending band of pre-Tertiary 

metamorphic rocks. The coal-bearing rocks cover an 

area of about 700 square miles. They have been 

mildly to severely deformed and dip up to 90°. Rank 

of the coal from only a few complete analyses is 

bituminous (Beikman and others, 1961, p. 17). 

The most significant beds in the county seem to 

be in the Cokedale area where coking coal was mined 

during the early part of the century. Analyses (as

received basis) of the Cokedale coal are as follows: 

Proximate analysis 
(percent) 

Mois- Volatile Fixed Ash 
ture matter carbon 

Sul fur Phosphorus 
(percent) 

3.oY 35.o 60.0 2.0 2.0 

o.3v 3.8o 86.38 8.60 0.62 o.3o 

1/ From Beikman and others, 1961, p. 17. 

?/ From Jenkins, 1924, p. 31. 

Detailed data on bed thickness and reserves are not 

available; however, Beikman and others ( 1961, p. 

17) estimate that there are 507 mi I lion tons of coal 

in the Skagit County field. 

ISSAQUAH-GRAND RIDGE AREA 

The coalbeds in this area occur in six distinct 

subareas: Newcastle-Grand Ridge, Cedar Mountain, 

Renton, Tiger Mountain, Niblock, and Taylor, 

Newcastle-Grand Ridge Area 

The structure of the Newcastle-Grand Ridge 

area is fairly simple and relatively uniform through

out the coalfield. The beds strike eastward from 

Newcastle to Issaquah where they warp around to a 
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north-northeasterly strike. Dips are genera I ly 30° to 

40° but increase to 75° in the Gra.nd Ridge area. 

The coalbeds are in nonmarine rocks of the Puget 

Group and are probably near the top of the Eocene 

section. 

Most of the coal production has come from the 

No. 4, No. 3, and Muldoon beds, with lesser 

amounts being produced from the Bagley, May Creek, 

Dolly Varden, No. 2, and Jones seams. Below are 

,listed analyses (as-received basis) from the more sig-

nificant coalbeds of the Newcastle-Grand Ridge 

area (Beikman and others, 1961, p. 34): 

Proximate analysis 
(percent) 

Volatile Fixed Sulfur 
Coalbed Moisture matter carbon Ash (eercent) Btu 

No. 4 16. l 30.5 42.2 9.0 0.5 9,920 

No. 3 16. l 31.9 40.6 l l.3 .8 9,665 

No. 2 13.8 32.5 36.0 17.7 .5 9,140 

Bagley 12.7 35. l 40.2 l l.9 .4 10,227 

May Creek 15.0 34.3 40.2 10.3 .6 10,047 

Muldoon 14.4 33.0 38. l 14.3 .7 9,537 

Do I ly Varden 14.2 32.2 40.4 13.0 .7 9,986 

Jones 13.8 35.2 36.2 14.8 .6 9,890 

Thickness of the Newcastle-Grand Ridge coalbeds, along with reserves for each, are show below: 

Mine Thickness Reserves 
{where measured) Coalbed ( feet) (millions of short tons) 

Newcastle-Coal Creek No. 4 5 34 

Newcastle-Coal Creek No. 3 8 56 

Grand Ridge No. 2 3 7 

Newcastle-Coal Creek Bagley 17 61 

Newcastle-Coal Creek May Creek 3 36 

Newcastle-Coal Creek Muldoon 5 39 

Newcastle-Coal Creek Do I ly Varden 2 38 

Newcastle-Coal Creek Jones 5 35 

Total 306 

Cedar Mountain Area 

The structure of the Cedar Mountain coal area is 

a southeast-plunging anticline that has been cut by 

several northwest-trending faults. One main fault 

cuts the coalfield almost into equal portions, both 

east and west. Because of poor data, it has not been 

possible to correlate the seams with any degree of 

surety from one side of the fault to the other. Total 

reserves in the field are estimated at 67 million tons. 



Most of the production of coal in the Cedar 

Mountain area came from the Jones and Cedar Moun

tain No. l beds with lesser amounts coming from the 

New Lake Youngs No. 2, Ryan No. 1, Discovery, 

and Cavanaugh No. 2 seams. Coals of the Cedar 
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Mountain area range in rank from subbituminous A 

to high-volatile C bituminous. 

Analyses (as-received basis) from coals of the 

Discovery, Jones, and Cavanaugh No. 2 beds are 

shown below (Beikman and others, 1961, p. 38). 

Proximate analysis 
(percent) 

Volatile Fixed 
Coalbed Moisture matter carbon Ash Sulfur Btu 

Discovery 10. l 34.4 37. l 18.3 .5 9,755 

Jones 10.7 36. l 42.2 10.9 .4 10,700 

Cavanaugh No 2 9. 7 40. 1 43.7 6.5 .9 11,800 

Thickness and reserves in millions of short tons are shown below for the coalbeds in the Cedar 

Mountain coalfield. 

Thickness Reserves 
Coalbed 

Cavanaugh No. 2 

Jones 

Discovery 

Ryan No. 1 

New Lake Youngs No. 2 

Cedar Mountain No. 2 

Cedar Mountain No. l 

(in feet) 

3.5 

3.5 

4 

9 

5 

8 

12 

(millions of short tons) 

5 

9 

12 

17 

3 

8 

13 

Total 67 

Renton Area 

The coal-bearing rocks in the Renton area occur 

in the Renton Formation. Folding in the area has 

been moderate to intense with maximum dips reach

ing 65°. Several northwest-trending faults, of which 

at least two appear to be significant in size, cut the 

coal seams. The coals of the Renton area con be 

classified as either subbituminous A or high-volatile 

C bituminous. Most of the coal produced from the 

Renton field came from the No. 3 seam w,ith lesser 

amounts being mined from the Springbrook, No. 2, 

and No. 1 beds. 

Analyses (as-received basis) of several of the 

coal seams are as follows {Beikman and others, 1961, 

p. 38). 
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Proximate analysis 
(percent) 

Mois- Volatile Fixed Sul fur 
Coalbed ture matter carbon Ash (percent) Btu 

No. 1 16.6 32.2 39.9 11.2 0.5 9,546 

No. 2 15.0 32.6 38.6 13.8 .6 9,470 

No. 3 15.4 34.6 41.5 8.4 .5 10,277 

Springbrook 14. 1 33.5 46.9 5.6 .4 11,060 

Sunbeam 14.9 36.0 42.3 6.8 1.0 10,823 

Newenham 13.2 37.4 43. 1 6.3 1.6 11, 130 

Thickness and reserves for the coalbeds in the Renton area are shown below: 

Coalbed Thickness 
( feet) 

Reserves 
(millions of short tons) 

Renton No. 1 

Renton No. 2 

Renton No. 3 

Newenham 

Springbrook 

Sunbeam 

Senior 

17 (with 8 feet of coal) 

14 (with 8 feet of coal) 

10 (with 8 feet of coal) 

10 

10 

9 

0.5 
5 

4 

6 

5 

5 

8 

9 

Total 55.5 

Tiger Mountain Area 

Little is known about the geology of the Tiger 

Mountain coal area. The coal occurs in rocks of the 

Puget Group. The rocks have been folded and the 

beds strike northeast and dip about 45° to the north

west. The coal is subbituminous Brank. 

Smal I amounts of coal were produced from the 

No. 1 and No. 3 seams in the Tiger Mountain area. 

An analysis (as-received basis) of the No. 1 bed is 

as follows (Beikman and others, 1961, p. 38): 

Moisture(%) .......... 19 .2 

Volatile matter(%) ..... 32.5 

Fixed carbon(%) ....... 35.9 

Ash(%) 

Sulfur(%) 

Btu 

12.4 

0.2 

8,810 

Thickness and coal reserves of the beds in the Tiger 

Mountain area are shown below: 

Coalbed 

No. 1 

No. 3 

Thickness 
( feet) 

3 

6 

Reserves 
(Mil lions of short tons) 

Total 

3 

6 

9 
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Niblock Area 

Like the Tiger Mountain area, little is known 

about the geology of the Niblock area. The coa I 

seams occur in the Puget Group but their stratigraphic 

position is not definitely known. The coalbeds occur 

on the west limb of a southeast-plunging anticline. 

The beds strike about N. 45° W. and dip up to 75° 

to the southwest. The coal is high-volatile A bitu

minous. 

Information on individual coalbeds is lacking 

for the Niblock area but Beikman and others ( 1961, 

p. 38) estimate the total reserves to be about 14 

million tons. 

Small amounts of coal have been produced from 

the No. 5, No. 4, and No. 3 seams in the Niblock 

area. Analyses (as-received basis) of coals from the 

Niblock area are as follows (Beikman and others, 

1961, p. 38): 

Proximate analysis 
(percent) 

Mois- Volatile Fixed 
Coalbed ture matter carbon Ash Sulfur Btu 

No. 5 4.9 27.3 43.5 24.3 1.5 10,580 
No.4 6.1 22.7 58.8 12.4 .9 10,710 
No. 3 8.2 27.2 53,9 10.7 .5 12,440 

Taylor Area 

The coal-bearing rocks of the Taylor area occur 

in the Renton Formation. The coa I beds crop out 

around the nose of a southeast-plunging syncline with 

dips ranging from 40° to 80°. Coals in the Taylor 

area range in rank from high-volatile B bituminous 

to high-volatile A bituminous. 

A small amount of coal has been mined from the 

No. 2, No. 4, No. 5, and No. 6 seams with most 

of the production coming from the No. 5 bed. Anal

yses (as-received basis) are as follows (Beikman and 

others, 1961, p. 38): 

Proximate analysis 
(percent) 

Mois- Volatile Fixed 
Coalbed ture matter carbon Ash Sulfur Btu --·-
No. 2 6.4 36.7 41.4 15.5 1.3 11, 140 

No. 3 4.9 36.1 34.1 24.9 1.9 10,000 

No.4 4.8 36.5 48.6 lo. l .8 12,410 

No. 5 4.3 35.6 45.2 14.9 .7 11,870 

No. 6 5.6 36.0 44.0 14.4 .9 11,550 

Unnamed 6.0 34.2 42,9 16.9 .4 11,000 
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There are least 10 coalbeds in the Taylor area but reserves data are available for only the following: 

Thickness Reserves 
Coalbed ( feet) (mi 11 ions of short tons) 

No.2 5 4 

No.4 3 3 

No. 5 4 5 

No. 6 4 6 

Total 18 

GREEN RIVER AREA 

The coalbeds of the Green River area occur in 

the Puget Group. Although the area has been quite 

thoroughly mapped, the stratigraphic data are not ad

equate to make correlations to coalfields in other 

parts of the Puget basin. The coal-bearing rocks have 

been extensively folded into a series of north- to 

northeast- and northwest-trending anticlines and syn

clines. The folds are cut by numerous northwest

trending faults of greatly differing magnitudes. Some 

may have displacements of over 1,000 feet. Rank of 

the coal in the field ranges from subbituminous B to 

high-volatile A bituminous, however, most of it is 

high-volatile B bituminous 

By far the most production from the Green River 

,area has been from the McKay seam. Other seams 

that have had substantial production are the Gem; 

Rogers; Ravensdale Nos. 3, 4., 5, and 9; the Fulton; 

Franklin No. 10; Dale No. 4; Harris; Navy No. 6; 

Big Seam; and Bayne Nos. 2 and 3. Analyses (as

received basis) of the Green River coal are shown be

low (Beikman and others, 1961, p. 54). 

Proximate analysis 
(percent) 

Mine or Mois- Volatile Fixed Sulfur 
prospect Coalbed ture matter carbon Ash (percent) Btu 

Danville Frazier 15.6 32.5 43.0 8.8 0.5 10,860 

Eight-Foot 8.9 38.1 40.3 7.6 .9 12,555 

Landsburg No. 11. 1 47.5 41.3 10.0 .3 12,140 
Six-Foot 9.0 39.9 41.2 9.9 .5 12,610 

Rogiars 12.3 40.8 42.3 4.6 .4 11,500 
Ravensdale Ravensdale No. 9 7.3 40.3 46.6 5.8 .6 . 12,370 

Ravensdale No. 5 9. l 36.5 41.3 13.0 .6 10,856 

Ravensdale No. 4 7.4 37.4 44.0 11.2 .5 11,500 
Ravensdale No. 3 9.4 36.3 45.0 9.2 .6 11,455 

Dale-McKay· Dale No. 4 16.0 32.6 41.8 9.4 .5 9,855 
Dale No. 7 14.9 32.8 42.9 9.3 .6 10, 116 
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Proximate analysis-Continued 
(percent) 

Mine or Mois- Volatile Fixed Sulfur 
eroseect Coalbed ture matter carbon Ash (eercent) Btu 

Dale-McKay ·Gem 11.6 34.7 40.8 12.7 .5 11,438 
(Continued) 

McKay 9.7 38.8 46.0 5.2 .5 12, 134 

Franklin No. 10 6.1 37.0 40.6 16.2 .6 13,567 

Kummer Kummer No. 4 18.7 32.7 32.9 15.7 .6 10,360 

Kummer No. 1 13.7 32.4 41.6 12.0 .4 10,545 

Sunset No. 1 12.7 31. 1 43.7 12.5 .9 9,890 

No. 2 5.0 34.2 42.3 18.4 1.6 11,205 

No. 7 4.9 26.4 30.2 38.5 .4 7,990 

Navy No. 6 5.1 33.9 44.6 16.4 .. 5 11,488 

No.4 4.8 33.0 45. 1 17.1 .6 11,445 

Eureka Unnamed 5.9 31.3 43.9 18.9 .5 10,940 

Occidental No. 1 5.2 34.6 47.4 12.6 .7 12,075 

No. 2 5.4 33.0 47. 1 14.5 .7 11,590 

No. 3 4.4 35.8 47.8 11.8 .9 12,268 

No. 6 5.3 33.0 45.9 20.7 .5 10,660 

No. 14 4. 1 34.9 51.6 11.9 .5 

Carbon-Bayne Carbon 4.6 32.7 49.5 13.1 .8 12,280 

No. 3 and No. 5 7.5 33.8 44.0 14.5 .6 11,050 

No. 2 and No. 3 4.4 33.3 44.0 18.2 .6 11,362 

No. 1 5.5 32.0 48.9 13. 1 .4 11,475 

Pocahontas No. 6 4.6 31.0 52.2 12.2 .7 12,730 

Durham No. 2 3.4 31.4 47.8 17.4 .9 14,300 

Elk Dutch 5.8 31.8 32.9 29.5 .6 13,620 

Victory 7.2 34.4 38.4 19.9 .8 13,305 

No. 1 7.6 33.2 43.7 15.3 .4 12,130 

Big Elk 5.7 35.9 42.6 15.6 .6 11,550 

No. 2 5.6 33.7 45.0 15.6 .6 11,285 

Kangley-Alta Big Seam 4.7 38.0 45.2 12.1 .9 12,420 

McIntyre Unnamed 10.5 35.2 42.4 11.9 .4 10,700 

Thickness of the various coal seams in the Green River district and their estimated reserves are 

shown below: 

Thickness ,Reserves 
Coalbed ( feet) (mi II ions of short tons) 

Kummer No. 4 5 9 

Dale No. 4 5 7 
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Thickness of the various coal seams in the Green River district and their estimated reserves-Continued 

Coalbed 

Harris 

Dale No. 7 

Gem 

Kummer No. 

McKay 

Kummer No. 0 

Fulton (No. 12) 

Franklin No. 10 

Occidental No. l 

Carbon 

Eureka - Unnamed 

Navy No. 6 

Sunset No. l 

Occidental No. 2 

Carbon-Bayne No. 3 

Navy No. 4 

Sunset No. 2 

Durham No. 2 

Occidental No. 3 

Carbon-Bayne No. 2 

Sunset No. 7 

Occidental No. 6 

Carbon-Bayne No. l 

Occidental No. 14 

Pocahontas 

Frazier 

Ravensda I e No • 9 

Eight-Foot 

Ravensdale No. 5 

Landsburg No. l 

Ravensdale No. 4 

Six-Foot 

Ravensdale No. 3 

Dutch 

Big 

Victory 

Elk No. l 

Thickness 
(feet) 

3 

3 

3 

5 .. 5 

9 

3 to 5 

23 

20 

16 

3 

4.5 

6 

5 

3 

5 

8 

2 

11 

35 

5 

3 

3 

13 

3 

3 

8.5 

3 

7.5 

25 

20 

6 

5.5 

8 

3 

5.5 

9 

3.5± 

Reserves 
(millions of short tons) 

14 

4 

18 

9 

59 

7 

70 

55 

2 

6 
1 
2 

4 

l 

3 
1 
2 

l 

2 

l 

4 

2 

6 

2 

6 

4 

15 

4 

4 

4 

2 

2 

7 

4 
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Thickness of the various coal seams in the Green River district and their estimated reserves-Continued 

Coalbed 

Big Elk 

Elk No. 2 

Rogers 

Thickness 
( feet) 

11 

2 

10 

Total 

Reserves 
(millions of short tons) 

10 

unknown 
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WILKESON-CARBONADO AREA 

The coal seams of the Wilkeson-Carbonado area 

occur in the Carbonado Formation, which is the old

est formation of the Puget Group exposed in the area. 

The rocks have been tightly folded into a series of 

north- northwest-plunging anticlines and synclines. 

Dips are moderate to high, ranging from 30° to ver

tical. The area is cut by what appears to be three 

fault systems, one striking northeast, a second strik

ing north-northwest, and a third striking northwest. 

The coals range in rank from medium-volatile bitumi

nous to high-volatile A bituminous. This field con-

tains several beds of coal that have good coking 

qualities. 

Most of the coal produced in the Wilkeson

Carbonado area came from the Wilkeson Nos. 2, 3, 

4, and 5; Carbonado No. 5; and Melmont No. 3 

seams. Other coalbeds that have produced are the 

Wingate, Wilkeson Nos. l and 7, Winsor, Morgan, 

Big Ben, and Melmont Nos. 5 and 6. Analyses (as

received basis) of coals from the Wilkeson-Carbonado 

area are shown below (Beikman and others, 1961, 

p. 66, 67). 

Proximate analyses 
(percent) 

Volatile Fixed Sulfur 
Coalbed Moisture matter carbon Ash (percent) Btu 

Wilkeson No. 5 3.9 33.3 54.5 8.4 0.8 13,475 

Wilkeson No. 4 3.3 34.2 52. l l 0.3 l. l 13,468 

Carbonado l'fo. 5 3.8 34.9 50.6 10.6 .6 12,910 

Wilkeson No. 3 2.8 31.4 51.4 14.2 .4 12,637 

Wilkeson No. 2 3.7 28.8 52.4 14.9 .6 12,302 

Wilkeson No. l 2.7 28.7 52.7 15.7 l • l 12,483 

Morgan (No. 7) 2.6 29.9 48.7 18.7 .5 12,398 

Wilkeson No. 7 2.8 24.3 61.9 10.8 .5 13,410 

Big Ben 3.7 29.9 53.3 13.0 .5 12,843 

No. 10 or Winsor 4.91 31.46 43.80 19.82 0.41 10,938 

No. 8 or Pittsburg 4.69 32.71 42.22 20.38 .55 10,856 

Snell 6.70 25.71 50.10 17.50 .78 11,560 
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Proximate analyses - Continued 
(percent) 

Volatile Fixed 
Coalbed Moisture matter carbon Ash Sulfur Btu 

Black Carbon 5.08 32.82 39 .14 22.96 0.54 10,442 

Melmont No. l 9.2 9.4 63.7 17.7 .7 11,130 

Melmont No. 2 5.8 12. 1 64.9 17.2 .4 11,770 

Melmont No. 3 3.4 22.5 59.9 15.2 .4 12,580 

Thickness of beds and bed reserves for the Wilkeson-Carbonado area are shown below: 

Thickness Reserves 
Bed ( feet) (millions of short tons) 

Wilkeson No. 5 2 20 

Wilkeson No, 4 2.5 24 

Wilkeson No. 3 4 55 

Wilkeson No. 2 4 41 

Wilkeson No. l 3 15 

Carbonado No. 5 6 6 

Carbonado No. 8 4± 8 

Morgan No. 7 5 12 

Big Ben 4± 2 

Wilkeson No. 7 5 13 

Spiketon No, 12 3 8 

Spiketon No, 11 3 7 

Spiketon No. 10 4 13 

Spiketon No. 8 5 14 

Spiketon No, 7 4.5 13 

Spiketon No. 6 7 9 

Crocker 2 5 

Snell 2 2 

Burnt 3 7 

Black Carbon 4 9 

Melmont No. 4 
{ combined 4 

Melmont No. 2 14 

Melmont No, 2~ 3 
{ combined 

Melmont No. 3 10 

Melmont No, 4 3 2 

Melmont No. 5 3.5 4 

Melmont No. 6 4± 4 

Total 298 
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FAIRFAX-ASHFORD AREA 

The coal in the Fairfax-Ashford area occurs in 

sedimentary rocks of the Puget Group but the strati

graphic relations have not been determined beyond 

that. The structure of the area is not completely 

known but appears to be a series of smal I northwest

trending anticlines and synclines cut by numerous 

faults. In the Ashford area the beds have been in

truded by igneous rocks. Dips in the area are usually 

steep, 60° and higher being quite common. The coal 

varies in rank from medium-volatile bituminous to 

high-volatile A bituminous and is reported to have 

coking qualities. 

Only limited production has been reported from 

the Fairfax area and none from the Ashford area. 

Analyses (as-received basis) of coals from the Fairfax

Ashford area are shown below (Beikman and others, 

1961, p. 79). 

Proximate analysis 

Mine or 
Prospect 

Fairfax 

Prospect 

Montezuma 

Ashford 

Coalbed 

No. 3 (McNeil!) 

Blacksmith 

No. l 

No. 2 

No.3 

No.4 

No.5 

No. l 

No. 2 

No. l 

No. 2 

No. 3 

No.4 

Ni squally 

(percent) 

Volatile 
Moisture matter 

1.9 23.3 

3.3 21.0 

2.9 21.3 

3.0 20.6 

3.3 22.5 

2.0 21.9 

3. l 20.9 

4.8 26.4 

2.6 24.8 

5. 7' 19.2 

3.0 18. l 

4.0 18. l 

2.6 21.0 

5.8 15.3 

Fixed 
carbon Ash Sulfur Btu 

64.5 10.3 0.5 13,720 

63.0 12.7 .7 13,050 

63.8 12.0 .7 13,240 

63.4 16.3 .4 13,050 

65.5 8.2 .5 13,787 

64.7 11.4 .6 13,490 

65.0 10.9 .4 13,390 

60.7 8. l l . l 13,630 

52.8 19.8 .7 11,860 

62.4 12.7 1.0 12,640 

56.2 22.7 .7 11,250 

58.5 19 .4 .5 11,820 

65.6 10.8 .6 13,420 

64.7 24.2 .4 10,410 

Thickness of the different beds and the reserves for each are shown below. Because of poor cor

relation between beds in the area it was impossible to match exactly the names between the analyses and 

thickness and reserves. 

Coalbed 

Montezuma No. 

Montezuma No. 2 

Montezuma No. 3 

Montezuma No. 4 

Thickness 
( feet) 

3.5 

3 

2.5 

3.5 

Reserves 
(mi II ions of short tons) 

l 

2 

3 

3 
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Thickness and reserves of the Fairfax-Ashford area-Continued 

Coalbed 

Montezuma No. 5 

Montezuma No .6 

Blacksmith 

Mct'--Jeill 

Unnamed 

Unnamed 

Unnamed 

Nisqually 

Thickness 
( feet) 

3 

2 

2 

3 

3 

3 

4± 

14 

Reserves 
(mi II ions of short tons) 

3 

3 

l 

2 

l 

13 

Total 34 

CENTRALIA-CHEHALIS AREA 

Coalbeds in the Centralia-Chehalis area oc

cur in the Skookumchuck Formation of late Eocene 

Age. The rocks in the area have been gently 

folded and faulted with most dips being below 30°. 

The structural trends are dominately northwest with 

minor folds trending to the north. The coals range in 

rank from lignite to subbituminous B but most is sub

bituminous C. 

Even though the Centralia-Chehalis coalfield 

is the largest field in the state, not much coal has 

been mined there in the past. Production has been 

reported from the Black Bear, Tono No. l, Upper 

Thompson, Lower Thompson, Smith, and Mendota 

coal seams. Analyses (as-received basis) of the coal 

seams in the area are shown below (Beikman and 

others, 1961, p. 87): 

Proximate analysis 
(percent) 

Volatile Fixed 
Coalbed Moisture matter carbon Ash Sulfur Btu 

Golden Glow 29.0 34.8 28.6 7.6 1.4 8,053 

D 8, F 16.8 33.9 32.0 17.3 4.0 8,700 
Tono No. 26.9 32.6 32.5 7.9 .9 8,218 
Tono No. 2 24.4 32.4 33.9 9.3 1.9 8,270 
Upper Thompson 26.4 32. 1 30.6 10.8 l. 1 7,756 

Lower Thompson 26. 1 31.0 30.9 12.0 1.5 7,810 
Big 24.9 31.7 33.2 1 o. 1 .7 8,350 
Little Dirty 24.4 33. 1 31.6 11. 1 1.4 8,235 
Smith 22.8 29.7 29.5 1 o. 1 .6 8,763 
Penitentiary 25.5 30.6 31 .2 12.7 4.4 7,530 

Mendota 22.0 32.0 33. 1 12.9 1.7 8,343 

Black Bear 18.8 31. 1 30.4 19.7 2.2 7,877 
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Thickness of the various seams and the reserves for each are shown below. 

Thickness 
Coal bed ( feet) 

Tono No. 17 

Upper Thompson 8 

Golden Glow Lie 

Mendota 6 

Lucas Creek 5 

Lower Thompson 6 

Big 20 

Little Dirty 5 

Smith 8.5 

Penitentiary 3.5 

D & F 5 

Tono No. 2 4.5 

Black Bear 5 

The Big and the Smith seams are currently (1973) 

being strip mined to provide fuel for the Washington 

Water Power-Pacific Power and Light steam plant at 

Reserves 
(millions of short tons) 

913 

609 

l 01 

682 

6 

175 

742 

21 

309 

28 

12 

6 

88 

Total 3,692 

Centralia, Washington. This plant when in full oper

ation will have a generating capacity of 1,400 MW 

and consume about 4,800,000 tons of coal per year. 

MORTON AREA 

Little is known about the geology of the coal 

seams in the Morton area. The coal occurs in what 

is thought to be the eastward ·nonmarine extension of 

the McIntosh Formation, which is middle Eocene in 

age. The coa I seams dip steeply to the west a long 

along the west limb of a north-trending anticlinal 

structure. The coal is mostly high-volatile bitumin

ous rank. 

There are no reports of significant production 

from the Morton area beyond digging of prospect 

adits. Analyses (as-received basis) for the Morton 

cool seams are shown below ( Beikman and others, 

1961, p. 101): 

Proximate analysis 

Mine or 
Prospect 

Hi-Carbon 

Coalbed Moisture 

6. l 

(percent) 

Volatile 
matter 

34.9 

Fixed 
carbon Ash Sulfur Btu 

'40.9 17.9 0.9 10,765 
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Proximate analysis-Continved 
(percent) 

Mine or Volatile 
Prospect Coalbed Moisture matter 

Unnamed . . . 13.5 21.7 

Luth kens . . . 8.5 27.3 

Hofstetter 8.1 4.6 

East Creek i'Jo. 2 4.2 26.7 

No. 3 6.4 34.4 

!'.lo. 4 7.5 31. 9 

Unnamed 9. l 27.8 
Snow 11.2 31.2 

Unnamed 9.3 14.4 

7.7 11.7 

Crystal 6.3 32.5 

Fixed 
carbon Ash 

49.6 15.2 

44.8 19.4 

62.3 25.0 

51.6 17.4 

37.6 20.7 

37.2 23.4 

33.2 29.9 

47.2 10.4 

30.6 45.7 

54. l 26.5 

38.9 22.3 

Sulfur 

0.4 

.3 

.3 

1.2 

.6 

.9 

.6 

.6 

.7 

l. l 

.6 

Btu 

10,500 

9,820 

11,630 

10,160 

9,540 

8,060 

11,160 

5,740 

9,740 

9,990 

Definitive data on thickness of the Mortot') coal beds are lacking but Beikman and others ( 1961, 

p. 103) estimated there are 44 million tons of reserves in the field. 

EASTERN LEWIS COUNTY AREA 

The coalbeds in eastern Lewis County occur in a 

narrow belt of steeply west-dipping sedimentary rocks 

of Eocene age in the vicinity of Summit Creek east of 

Mount Rainier National Park. The coal has been sub

jected to such intense deformation that some of it is 

anthracite in rank, however, it is very bony and has 

a high ash content. 

There has been no production of coal from this 

area. Average analysis (as-received basis) for the 

coals is as follows (Beikman and others, 1961, p. 103): 

Moisture (%) .............. 5 

Volatile Matter(%) ......... 7 

Fixed carbon(%) .......... 51 

Ash(%) .................. 26 

Sulfur(%) ................. 0.6 

Btu .................. 9,700 

Definitive data on bed thickness are not avail

able but Beikman and others (1961, p. 103) estimate 

there are less than 4 million tons of reserves in the 

area. 

KELSO-CASTLE ROCK AREA 

Coal seams of the Kelso-Castle Rock area occur 

in rocks of the Cowlitz Formation of Eocene age and 

the Toutle Formation of Oligocene age. The coal

bearing rocks in this area have been gently folded 

into broad open northwest-trending anticlines and 

synclines. Dips of the beds are low, rarely exceed

ing 25°. Faults are present but of small displacement. 

The coal in the Cowlitz Formation ranges in rank 



from lignite to subbituminous B but is mostly subbitu

minous C. The Toutle Formation contains only 

lignite-rank coal. 

During the late 1890's, a minor amount of coal 
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was produced from this area but there has been no 

additional activity since that time. Analyses (as

received basis) of coal from the Kelso-Castle Rock 

area are as follows (Beikman and others, 1961, p. 104): 

Proximate analysis 
(percent) 

Volatile 
Coalbed Moisture matter 

Leavell 32.2 29,2 

Cherry Creek 14. 1 30,8 

Unnamed 22.2 33.3 

Do 16.3 36,3 

Walker 31.0 24.9 

Silver Lake 32,0 22.7 

Unnamed 19.9 19.8 

Schuff 22.3 32,0 

Cedar Creek 
No. 1 32.5 26,6 

Do 30.3 28,6 

Unnamed 36.3 26,3 

Because of coal seam correlation problems in the 

area, available bed-thickness data are not reliable. 

Fixed 
carbon Ash 

32. 1 6.5 

33.2 11. 9 

27. 1 17.4 

30. 1 17.4 

23,5 20,6 

17. 1 28.2 

32.5 27.8 

35.7 10,0 

24.7 16.2 

26.2 14.9 

21.0 16.4 

Sulfur 

0.55 

1.0 

4.0 

4.6 

;2. 

.9 

.6 

2.5 

.5 

.5 

.6 

Btu 

7,200 

7,850 

6,810 

4,520 

7,250 

8,140 

6,200 

6,680 

5,510 

Beikman and others (1961, p. 105) estimate the re

serves to be 150 million tons. 

ROSLYN AREA 

The coal seams in the Roslyn area occur in the 

rocks of the Roslyn Formation of Eocene age. The 

major structure of the area is a large northwest

trending, southeast-plunging syncline. The coal 

ranges in rank from high-volatile A bituminous to 

high-volatile B bituminous with the latter occurring 

in the southeastern part of the field. 

By far the most extensively mined coalbed in 

the Roslyn field is the Roslyn seam from which 90 

percent of the coal mined in the field was taken. 

The only other bed with mentionable production is 

the Big Dirty from which 4 percent of the production 

came. The remainder was mined from the Plant, 

Green, and Wright seams. Analyses (as-received 

basis) of the coals from the Roslyn field are as follows 

(Beikman and others, 1961, p. 23): 
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Proximate analysis 
(percent) 

Volatile Fixed 
Coal bed Moisture matter carbon Ash Sul fur Btu 

Big Dirty No. 3.6 35.8 45.9 14.6 0.3 12,097 

No. 3 3.7 34.0 48.8 13.4 .5 12,250 

Roslyn (l'Jo. 5) 4.5 36.5 47.0 12.0 .4 12,078 

Plant (No. 6) 4.2 34. l 46. l 15.6 .5 11,960 

Green ( i'Jo. 7) 3.8 32.8 46.6 16.7 .3 12,035 

Wright (No. 8) 4.5 31.8 47.0 17.6 .4 11,840 

Thickness of the coal seams and the reserves for each are shown below: 

Thickness Reserves 
Coal bed ( feet) (millions of short tons) 

Big Dirty 15± 75 

Roslyn No. 5 6~': 54 

Plant No. 6 3 93 

Green i'.Jo. 7 2 7 

Wright No. 8 3 13 
Unnamed 2 40 

Total 282 

TANl:UM-MANASTASH AREA 

Little work has been done in this area. The 

coal-bearing rocks are Eocene in age and are thought 

to be part of the Naches Formation. 

There has been no production of coal from the 

Taneum-Manastash area. Analyses (as-received 

basis) of two samples given by Beikman and others 

(1961, p. 33) are as follows: 

Moisture(%) ........... 10.42 
Volatile matter(%) ..... 30.33 
Fixed carbon(%) ....... 36.43 
Ash(%) ............... 22.82 
Btu ............... 8,978 

7.45 
37.52 
47.88 

7.5 
12,062 

The coal is high-volatile A bituminous rank. 

Bed thicknesses are not available. Reserves are esti

mated by Beikman and others ( 1961, p. 33) to be 40 

million tons. 
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OIL AND GAS IN WASHINGTON 

By 

Weldon W. Rau and H. C. Wagner 

INTRODUCTION 

Over 75 percent of the total energy consumed 

in the United States comes from petroleum products. 

According to National Petroleum Council studies, 

our nation's requirements for energy will double by 

1985. Obviously, in this period of time, the need 

for petroleum will be greatly increased. Several 

opfrons may be followed in order to cope with these 

demands: {l) import more foreign oil at the risk of 

endangering our national security; (2) cut back on 

our consumption by changing our life style; or (3) 

increase domestic exploration for petroleum. The 

latter option was highly recommended by the 

National Petroleum Counci I (1973). Regardless of 

which one or combination of the three options is 

followed, it is indisputable that there is a definite 

need to fully explore all possible domestic sources 

of petroleum . 

Washington State, a substantial user of petro

leum products, has not yet become a contributor to 

the supply. Although exploration has been con

ducted in the state in a modest way over the past 

70 years, and over 400 holes have been drilled in 

search for petroleum with little or no commercial suc

cess, only about one-fourth of the holes were lo

cated by the use of modern technology. 

Considering the size of the areas within the 

state and on the adjacent Continental Shelf that are 

regarded as favorable for the occurrence of oi I and 

gas, it can be calculated that less than one test 

well for every 200 square miles has been drilled. 

Because of the complex structures and poor exposures 

in Washington, much closer spacing of exploration 

drilling must be done before the favorable areas 

have been adequately tested. 

', 

Several sizable areas within Washington State 

and its Continental Shelf possess all of the major 

geologic characteristics that are required for the 

accumulation of commercial quantities of petroleum; 

for example, source rocks, reservoir rocks, and 

proper structures and(or) stratigraphy. 

One of the most promising areas is the Conti

nental Shelf, which includes both state and federal 

lands. Continuous seismic profiling surveys indicate 

that structural and stratigraphic conditions are favor

able in many places in this large area where very 

little drilling has taken place (see Continental Shelf). 

The Grays Harbor basin has received moderate 

exploration, and significant shows of petroleum have 

been found in the moderately folded and faulted 

Tertiary sandstone and siltstone sequence of that area. 

Several major structures have been generally out-

1 ined, but they have yet to be adequately tested by 

drilling. 

The Puget Lowland, including much of the area 

between the Olympic Mountains and the Cascade 

Range, has for some time been regarded as potentially 

favorable for oil and gas production. Nonmarine 

Tertiary sandstones in the eastern part of the basin 

and marine Tertiary sandstones and siltston,es on the 

west flank of the basin interfinger- this relationship 

has intrigued geologists and encouraged exploration 

in this area. Unfortunately, much of the Puget basin 

is covered with glacial drift, thus making explora

tion difficult. However, new techniques are being 

developed that will help to solve this problem. 

More exploration is required in this potentially 

favorable area also before it wi II have been ade

quately tested. 

The north flank of the Olympic Peninsula, 

including the Strait of Juan de Fuca, is another area 
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EXPLANATION 

EXPLORATORY WELLS: * Greater than 5,000 feet deep -¢- 2,000 feet to 5,000 feet deep • Less than 2,000 feet deep; 
core holes and most wells 
less than 500 feet not shown 

FAVORABLE 
Tertiary sedimentary rocks 

Areas in which most commercial 
oil and gas discoveries wi II be 
made; underlain by thick sequences 
of Tertiary marine and nonmarine 
strata (stipple= nonmarine); 
includes Continental Shelf, Juan 
de Fuca Strait, and Puget Sound 

FAVORABLE AND UNFAVORABLE 
UNDIFFERENTIATED 

Tertiary volcanic rocks 

Areas in which sedimentary rocks 
of possible petroleum potential or 
metamorphic and igneous rocks of 
no potential are covered by surfi
cia! volcanic rocks of variable 
thickness (stipple= pre-middle 
Miocene volcanic rocks) 

UNFAVORABLE 
Metamorphic and intrusive rocks 

Areas in which it is extremely 
unlikely that oil and gas wiil be 
found (vertical Ii ne pattern = 
strongly or weakly metamorphosed 
sedimentary and igneous rocks, 
mainly of pre-Tertiary age; dense 
screen pattern with + = large 
bodies of granitic, dioritic, and 
basic intrusive rocks) 

Fl GURE 1. -Generalized geologic map of Washington showing the locations of wells dri lied for petroleum between 1900 and 
1973, and areas classifled according to their petroleum potential. 
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with promising potential. A thickly folded and 

faulted sequence of Tertiary marine sandstones and 

siltstones exists in this area. Some of these rocks are 

potential source beds or reservoir rocks for petroleum. 

A few wells have properly tested some of these rocks 

and have had shows of petroleum, but the area as a 

whole has by no means been adequately evaluated. 

Although the four above-mentioned areas are 

considered by some workers as having the greatest 

potential for commercial quantities of oil and gas in 

this state, other areas in Washington that are thought 

to be less favorable should not be overlooked. 

Most of the discussion on Washington petroleum 

and natural gas that follows has been extracted from 

"Mineral and Water Resources of Washington" 

(United States Geological Survey, and others, 1966, 

p. 287-297), which was printed for the use qf the 

Committee on Interior and Insular Affairs, United 

States Senate. The report has been revised in places 

in order to add more recent information. 

PETROLEUM AND NATURAL GAS 

Exploratory test wells in the State of Washington 

have disclosed evidence of petroleum and natural 

gas in more than l 00 wells, but only minor produc

tion of these commodities has been obtained and 

neither is yet economically important. Solid hydro

carbons have been found only in small local occur

rences, and no sedimentary rocks classifiable as oil 

shale are known in the state. Nevertheless, 

Washington contains within its confines areas that 

possess the three geologic characters that are 

required for the accumulation of commercial quan

tities of petroleum and natural gas. These are as 

follows: 

(1) An adequate source of petroleum-generating 

material in the form of abundant marine ani

mal or plant life. 

(2) The presence of reservoir rocks in which 

important amounts of oi I and gas can ace u

m ul ate and from which they can be made to 

flow to wells for production at satisfactory 

rates. 

(3) Suitable structural or stratigraphic condi

tions that provide a means of localizing and 

entrapping the oil or gas in the reservoir 

rocks. 

Whether these three factors are to be found in 

a combination that would provide major commercial 

production of petroleum has yet to be determined 

definitely in Washington, although surface and sub

surface indications are favorable in many areas. 

The most obvious indications of the presence of 

petroleum and natural gas are oi I seeps and gas at 

the surface of the ground. Such seeps have been 

reported in several places along the west and north 

coasts of the Olympic Peninsula, at two localities 

adjacent to Willapa Bay in southwesternmost 

Washington, in the vicinity of Bellingham in Whatcom 

County, near Wenatchee in southern Chelan County, 

and near the Columbia River in southern Skamania 

County. These areas containing oil seeps were, of 

course, among the first to be prospected. In search

ing for other areas to test in Washington, the petro

leum geologist must search for less obvious indica

tions and must use basic geologic data gained 

through geologic and geophysical mapping, and 

test drilling. Many anticlinal structures suitable 

for oil accumulation have been mapped in 

Washington, and many that have been tested by 

drilling have had promising shows of oil and gas. 

Many similar structures are probably present but are 

hidden beneath the thick cover of sand and gravel 

deposited in Pleistocene time, are obscured by the 

dense vegetation, are buried under the great basalt 

flows of the Columbia Basin, or are concealed 

beneath the Pacific Ocean on the Continental Shelf. 



Other traps, such as those that form where a sand 

lens reservoir rock is entirely encased in impervious 

shale and is tilted so that the wedge edge points 

slightly upward, may be common near former shore

lines of the Oligocene and Miocene seas. Such 

shorelines exist at the surface and in the subsurface 

near the eastern and southern limits of the Puget 

Lowland, along the north and west coasts of the 

Olympic Peninsula, and surrounding some of the 

large O':)tcrop areas of lower to middle Eocene vol

canic rocks in the Willapa Hills region. 

The oil and gas possibilities of different parts 

of the State of Washington are dependent principally 

upon the types of rocks underlying the land surface. 

Intrusive igneous rocks, such as granite, and extru

sive igneous rocks, such as basalt, in themselves 

afford practically no possibility for commercial petro

leum production. Strongly metamorphosed rocks, 

whether originally sedimentary or not, have generally 

undergone such radical changes that they have re-
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tained little potential as petroleum producers. In 

general, only those areas that are underlain by 

marine sediments, and specifically, dark-colored 

organic-rich shales and porous sandstones, can be 

considered as good prospects for petroleum generation 

and accumulation. Consideration must, however, 

be given to the possibility of petroleum production 

from marine strata that underlie sediments of conti

nental origin or thick sequences of basalt where 

adequate stratigraphic traps or structural closures 

exist. 

In figure 1 is depicted a much generalized 

geologic map of Washington on which the wells drilled 

to date (January 1973) for petroleum are shown (loca

tions taken mainly from Livingston, l 958), and on 

which the rocks have been grouped into categories 

that can be used to discuss the petroleum potential of 

the six major physiographic regions of Washington. 

These regions are the Okanogan Highlands, the 

Columbia Basin, the Cascade Mountains, the Puget 

FIGURE 2.-Physiographic divisions of Washington. 
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Lowland, the Olympic Mountains, and the Willapa 

Hills (fig. 2). Each region possesses many distinc

tive geologic characteristics which in turn affect 

the petroleum potential of the area. 

In this discussion of the oil and gas possibilities 

of Washington, the authors have benefitted greal"ly 

from discussions with their associates and have drawn 

heavily upon published material. 

OKANOGAN HIGHLANDS 

The Okanogan Highlands in northeast Washington 

consist principally of igneous and metamorphic rocks 

in about equal proportions (fig. 3). The igneous 

rocks are largely granites and associated intrusive 

rocks of Cretaceous and Tertiary age; the meta

morphic rocks are primarily quartzite, crystalline 

limestone, argillite, and greenstone, ranging in age 

from Precambrian to Jurassic. In the western part 

of the Okanogan Highlands the rocks include indu

rated marine sediments of Permian and Triassic age 

that have been intruded by large bodies of Creta

ceous granite. Thin patches of nearly flat-lying to 

gently warped volcanic rocks of Eocene and Miocene 

age overlie the intrusive and metasedimentary rocks 

in the central and southern parts of the High I ands. 

The older rocks have been faulted and closely folded 

into anticlines and synclines. 

Some of the shale and limestone beds may have 

served as source beds for oil and gas, but any perro

leum originally present would have been destroyed 

at the time of the Mesozoic and later igneous intru

sions and tight folding. The possibilities of finding 

oil or gas in commercial quantities in this area are 

very unfavorable. Nine exploratory wells drilled 

in Stevens and northern Spokane Counties botl"omed 

in Paleozoic sediments and granite. The deepest is 

reported to have gone 5,280 feet. No shows of oi I 

and gas have been verified in these wells. 

COLUMBIA BASIN 

The Columbia Basin occupies appro;cimately the 

southeastern quarter of Washington. It lies south 

of the Okanogan Highlands and east of the Cascade 

Mountains, and extends southward far into Oregon 

and eastward into Idaho to the foothills of the Rocky 

Mountains. The Basin is underlain mainly by 

basaltic lava flows, with very minor pyroclastic 

materials and tuffs all of middle Miocene to early 

Pliocene age. In many places post-Miocene sed

imentary rocks of continental origin overlie the 

basalt and are in turn overlain by gravels, sands, 

silts, and clays of Quaternary age. Subordinate 

local deposits of lignitic fluviatile and lacustrine 

sediments int·ercalated within the lava flows probably 

accumulated in temporary shallow depressions caused 

by the damming of stream valleys by lava. The lava 

flows rise gradually toward the southwest onto the 

broad north-south axial upwarp of the southern part 

of the Washington Cascades. The Blue Mountains of 

Oregon extend as an uplifted area in the southeastern 

corner of the state. In th is extension metamorphic 

rocks of Carboniferous to Triassic age are exposed in 

river bottoms unconformably under a cover of 2,000 

feet or more of basal1·. 

The basaltic lavas of the Columbia River Group 

lie in a shallow downwarp into which at least 10,600 

feet of I ava was ext·ruded. Toward the margin of the 

basin the number of flows and the total thickness 

become progressively less. The volcanic rocks in the 

western part of the basin have been folded into sev

eral asymmetric ridges that trend northwest-southeast 

or east-west generally with low dips on the south and 

steep to overturned dips to the north. 

The lithologic charncter of the rocks on which 

the basalt of the Columbia Basin rests is of importance 

in considering the possibilities of obtaining oil or gas 

in this region. Along the entire northern boundary 
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of the plateau and southward along the state's eastern 

boundary to the southeastern corner the basalt flows 

rest on argillite, schist, crystalline limestone, and 

quartzite or on granite and similar intrusive rocks. 

Presumably these metamorphic and igneous rocks 

extend south and west considerable distances beneath 

the lavas of the plateau. Along the western margin 

the lavas lap onto a floor composed generally of 

folded older lavas and continental sedimentary rocks 

of Eocene age; sheared argillite, graywacke, and 

altered lava flows, shown as unfavorable on figure l, 

crop out in a small area in western Yakima County. 

The subsurface extent of these continental sediments 

is unknown, but it is possible that they may extend 

southeast to the Ratti esnake Hills area <y,/eaver, 

1938, p. 10). Along the southern boundary of the 

state, the Columbia River has failed to cut through 

the basalt cover and nothing is known concerning 

either the age or lithology of the underlying rocks. 

About 80 miles to the south in north-central Oregon, 

however, late Mesozoic marine strata occur in an 

embayment that may extend to Washington; but no 

evidence is yet available to indicate how far. In the 

western part of the Columbia Basin, parts of al I of 

Chelan, Douglas, Grant, Kittitas, Yakima, Klicki

tat, Adams, Franklin, Walla Walla, and Benton 

Counties may be underlain in the subsurface by sed

imentary rocks possibly productive of petroleum if 

the structural conditions are favorable. 

The Columbia Basin area is not, however, 

barren of petroleum indications or products. In 1913, 

a wel I that was being dri lied for water on the north

east slope of the Ratti esnake Hi I ls in northern Benton 

County encountered a flow of gas estimated at 

between 70,000 and 500,000 cubic feet per day 

under about 5! pounds per square inch pressure. The 

Rattlesnake Hi I ls gasfi eld, located on a faulted anti

cline (Hammer, 1934, p. 852), was not immediately 

developed, but by 1936 fifteen wells were in produc

tion and nearly a billion cubic feet of gas had been 

distributed to seven towns in the Yakima Valley 

(Glover, 1936, p. 11, 12). The gas came from 

porous vesicular zones in the basalt at depths of 

700 to 1 , 260 feet. Analyses of the gas showed an 

average nitrogen content of nearly 10 percent, a 

small amount of oxygen, no ethane or heavier hydro

carbons, and an average methane content greater 

than 80 percent (Kirkham, 1935, p. 229; Glover, 

1936, p. 12). The source of the gas is unknown, 

but the very high methane content and presence of 

substantial nitrogen suggest a vegetal origin. The 

Rattlesnake Hil Is gasfield was abandoned in 1941. 

In 1958 an attempt was made in that area to drill 

through the basalt to determine the presence or 

absence of marine Cretaceous or Eocene strata. At 

the total depth of 10,655 feet the bit was still drill

ing in volcanic rock (Popenoe, 1959, p. 1389); but 

chemical, lithologic, and electric log data suggest 

that the Miocene basalt flows were drilled through at 

about 4,000 feet and that the hole bottomed in vol

canics of Eocene or Oligocene age. 

Exclusive of the drilling in the Rattlesnake 

Hills gasfield area of Benton County about 25 wells 

have been drilled in the Columbia Basin area in 

Spokane, Asotin, Lincoln, Grant, Chelan, Kittitas, 

Yakima, Klickitat, and Walla Walla Counties. A 

deep test in southwestern Lincoln County drilled 

completely through the basalt at 4,465 feet and 

passed through more than 200 feet of consolidated 

sand and clay before bottoming in 15 feet of Oligo

cene? quartz latite at 4,682 feet. Two of the 

Spokane County wells bottomed in granite and gneiss; 

all others bottomed in basalt. A deep test in Grant 

County has a total depth of 4,575 feet, and recorded 

a gas and tar-like oil show. Two Yakima County 

wells also recorded gas and tar-like oil shows; and 

a total of 14 other wells in Kittitas, Yakima, and 

Klickitat Counties recorded shows of gas. The tar

like oil shows, in addition to the more widely distrib

uted gas, may owe their origin to the heat from a 



thick basalt flow as it overrode a peat swamp or thin, 

wet lignitic sediment (Felts, 1954, p. 1669). 

CASCADE MOUNTAINS 

The Cascade Mountains of Washington consist 

primarily of a deeply dissected high plateau surface 

upon which volcanic cones of andesitic lava formed 

in Quaternary time. The northern part of the range 

differs markedly from the southern part both topo

graphically and geologically (Weaver, 1945, p. 1390), 

The northern part is composed largely of Cretaceous 

and Tertiary granitic intrusive rocks and of pre

Tertiary metamorphic rocks (figs. l and 3) that have 

been folded into a series of anticlines and synclines 

trending about N. 40° W. The oldest rocks consist 

largely of pre-Devonian gneissic amphibolite and 

quartz diorite overlain by lower to upper Paleozoic 

sandstones, quartzites, crystalline limestones, argil

lites, phyllites, and greenstones that have been 

intruded by granite and associated plutonic rocks. 

Marine shales, sandstones, and conglomerates of 

Cretaceous age unconformably overlie the older rocks 

in a large southeast-trending synclinal graben east of 

the Cascade crest. In western Whatcom County and 

southeastward to Chelan, Kittitas, and western 

Yakima Counties the older rocks are overlain uncon

formably by continental lake and stream deposits of 

Cretaceous to Eocene age in which coalbeds and 

basalt flows occur locally. The Eocene beds were 

folded, eroded, and covered unconformably by ande

sitic rocks of Eocene to Miocene age. 

In the southern part of the Cascade Mountains 

of Washington the pre-Tertiary rocks are overlain by 

a thick cover of Tertiary volcanic flows and debris, 

and subordinate amounts of intercalated continental 

sedimentary rocks, all of which are gently warped 

upward along a north-south axis (Weav~r, 1945, 

p. l 391). The volcanic rocks consist of Eocene and 

Oligocene sequences of tuffs, breccias, and lava 
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flows of basaltic to rhyolitic composition. These 

volcanic rocks are as much as 5,000 feet thick and 

contain interbedded sedimentary rocks of lacustrine 

and fluviatile origin. They are overlain by basaltic 

and andesitic flows of Miocene, Pliocene, and 

Quaternary ages. 

No marine Tertiary sedimentary rocks are known 

to occur in either the northern or southern parts of the 

Cascade Mountains and although small quantities of 

methane gas may have been formed from vegetal 

material in the lacustrine clays, the limited areal 

extent of these nonmarine rocks makes accumulations 

of commercial importance doubtful. Although shown 

in the unfavorable category, relatively unmetamor

phosed Mesozoic marine s,edimentary rocks in a large 

elongate synclinal graben, trending S. 40° E. from· 

the 121 ° longitude line at the Canadian border, may 

have petroleum possibilities. No indications of oil 

and gas have been reported from them, however. 

The only exploratory well in the northern part of 

the Cascade Mountains was drilled 4,903 feet into 

the Paleocene strata south of Wenatchee in Chelan 

County. As stated above, these fresh-water strata 

contain a few beds of subbituminous coal and much 

carbonaceous shale which could be a source of gas 

and, possibly, oil (Glover, 1936, p. 10). This well 

had reported shows of oi I, and in several zones a 

considerable volume of gas. Oil seeps are reported 

but unconfirmed in and near the town of Wenatchee. 

In the southern part of the Washington Cascades the 

only well drilled was near an oi I seep in southern 

Skamania County. An oil show was reported at 250 

feet, and the well was abandoned at 750 feet after 

having drilled 160 feet in basalt. 

PUGET LOWLAND 

The nearly level plain that lies between the 

Cascade Mountains on the east and the Olympic 

Mountains and Willapa Hills on the west composes 
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the Puget Lowland. The lowland is underlain prima-· 

rily by Tertiary sedimentary rocks with a locally 

thick cover of Pleislocene gladal debris. On the 

south 1"f1e lowlC'nd is iimited by a westward extension 

of the Cascade Mountains held up by foceo1e ard 

Miocene volcanic ·rocks. North of the San Juan 

Islands, the southernmost part of the Georgia Straits 

embayment extends into the Bellingham area; an 

extension of the Willamette Lowland of Oregon barely 

enters western Clark County. 

Resting upon the older granites and schists in the 

eastern portion of the Puget Lowland, and extending 

disconnectedly under the central part oF the Cascade 

Mountains, are Cretaceous and Eocene shales and 

sandstones as much os 14,000 feet thick. They are 

largely of continental and brackish-·water origin, 

and contain interbedded volcanic rocks and a large 

number of commercially important coaloeds. Some

what farther west, these Eocene rocks are inl·er

bedded with fine-grained sedimentary rocks contain-· 

ing marine fossils and are overlain by strata of 

Oligocene age !·hat are largely of brackish water or 

near-shore marine origin. In the wertemmost parts 

of the lowland, thick sequences of marine siltstone 

of I ate Eocene age could be source beds of petrol eurn, 

and their interbedded sandstones could form reservoir 

rocks. These siltstones are overlain by Oligocene 

and Miocene sedimentary rocks in which are sand

stone beds that could serve as reservoir rocks for 

oil or natural gas that migrated upward along shear 

zones or fault planes. 

Surface geologic mapping has delineated several 

anticlinal structures and faults 1n the area of the 

Puget Lowland (Snavely, and others, 'i958, p. 84··93; 

Vine, 1962; Gower and Wanek, 1963), ond geo

physical investigations have outlined a few deep 

structures in the axial part of the basin. Considerable 

drilling on the surface struc!'ures hos been done in 

central Lewis and western King Counties with oii 

traces or shows reported in 14 tests and gas shews 

reported in 16. 

About 45 other test wells have been drilled in 

the Pugel' lowland in parts of Snohomish, Island, 

Kitsap, Pierce, Thurston, and Cowlitz Counties. 

Of these, about 18 reported traces or shows of oi I 

and 25 had shows of gas. /), few surface structures 

and most of the deep structures await test dril Ii ng, 

and stratigraphic traps that formed where wedges of 

sandstone were overlapped by shale units along the 

eastern margin of the lowland provide additional 

exploration targets. 

In western Whatcom County, about 5 miles 

northwe~t of Bellingham in the southern part of the 

Georgia Strait embayment, gas in sufficient quantity 

for domesi"ic use is obtained from glacial sand lenses 

in Pleistocene sediments at depths less than 500 feet, 

and commonly at about 170 feet (Livingston, 1958). 

The gas has a high methane-nitrogen content and 

possibly originated from the decay of vegetal matter 

in Upper Crel'aceous? to lower focene continental 

sands!ones and shales that unconformably underlie 

the giacial debris, or possibly from marine organic 

remains and vegetal matter withi'n the Pleistocene 

clays, sands and gravels (Glover, 1935, p. 42). 

Meire than 90 wells have been drilled in western 

What com County, many of which are not shown on 

figure l. Most were shallow wells, only 3 having 

been dri 11 ed deeper than 5, COO feet, 5 deeper than 

2,000 feet, and 20 deeper than 1,000 feet. Only 

6 wells n=co•ded oil shows, but most of the wells had 

good gas shows or domestic production. 

OLYMPIC MOUNTAINS 

Oil was first reported in Washington as early as 

·1881 along th(~ beach on tne western side of the 

Olyrnpic Peninsula (Lupl·on, 1915, p. 23) where there 

me outcrops of sandy shole having a kerosene odor 

(the "smell muds" of the Indians). At some places a 

smali amount of 40- io 47-·gravity paraffin-base oil 

seeps from the outcrop. In this same general area 



gas mounds have been formed where mud-laden water 

saturated with petroleum gas has bubbled to the sur

face and built up mud cones. 

The Olympic Mountains occupy an area of about 

4,000 square miles, in the northwestern corner of 

the state. The core of the range consists of more 

than 20,000 feet of indurated, complexly folded and 

faulted argillites and graywackes that presumably 

have little petroleum potential and are classed as 

unfavorable on figure l. Uplifted and eroded lower 

to middle Eocene basaltic pillow lavas as much as 

15,000 feet thick overlie these beds and form a 

horseshoe-shaped rim around the north, east, and 

south sides of the mountains. On the north side of 

the Olympics upper Eocene and Oligocene siltstones 

and sandstones, more than 15,000 feet thick, overlie 

the lavas and are in turn overlain by as much as 

2,500 feet of Oligocene and Miocene sandstone. 

Some of the siltstones have a decided petroliferous 

odor on freshly broken surfaces and are considered to 

be possible source beds for petroleum. 

A few anticlinal structures north and west of 

the Olympic Mountains have been tested but have 

not as yet yielded commercial quantities of gas or 

oil. About 40 wells have been drilled in Clallam 

and Jefferson Counties of which 18 were drilled 

deeper than 2,000 feet and 8 deeper than 5,000 feet. 

More than half had oil shows, and 15 recorded gas 

shows. In two wells drilled in 1931 and 1936 in north

western Jefferson County, oi I was encountered at 

sh al low depths and might have proved commercial 

under modern completion techniques. The 1931 test 

encountered 5 sands saturated with 39 .5° paraffin

based oi I between 200 and 2,200 feet. The l 936 test 

struck oi I at 287 feet, was completed and, on the 

pump, partially filled a 50-barrel tank at the rate of 

approximately 3! barrels of 40-gravity oil per hour 

(Glover, 1936, p. 22) before mechanical difficulties 

led to its abandonment. 
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WILLAPA HILLS 

The Willapa Hills and adjacent areas of south

western Washington include all the territory south of 

the Olympic Mountains and west of the Puget Lowland, 

an area of approximately 3,500 square miles. The 

stratigraphic sequence consists entirely of Tertiary 

rocks. The basal unit is early to middle Eocene in 

age and consists of 2,000 to 10,000 feet of basaltic 

pillow lavas and breccia. These lavas are overlain 

locally by a sequence of impure sandstones, but in 

most places are covered by middle to upper Eocene 

foraminifera-bearing dark siltstones and silty sand

stones as much as 6,000 feet thick. Such fine-

grained organic-rich rocks could be source beds for 

petroleum. 

In the eastern part of the Willapa Hills area, the 

upper Eocene strata consist largely of coal-bearing 

sandstones as much as 3,000 feet thick. Thin to 

thick units of basaltic lava and lapilli tuff commonly 

occur interbedded in this sandstone and siltstone se

quence, which is overlain in most places by a basal

tic sandstone or conglomerate of early Oligocene 

age. Tuffaceous marine siltstones, also of Oligocene 

age, overlie the basaltic sandstone and are as much 

as 7,000 feet thick in the central western part of the 

area. They pinch out eastward near the southwestern 

border of the Cascade Mountains where thick deposits 

of basaltic fragmental debris and andesitic lavas were 

being extruded onto the land surface throughout much 

of early Oligocene time. 

A thick sequence of sandstone and pebble con

glomerate accumulated in the marine and continental 

environments of Miocene and Pliocene time, partic

ularly in the western and northern parts of the Willapa 

Hi I ls area. These younger beds locally are suffi

ciently porous and permeable to serve as producible 

reservoir rocks. Thus, in southwestern Washington 

there are strata that are potential source beds for 
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petroleum generation and potential reservoir rocks 

for petroleum accumulation. These rocks have been 

tested locally, excellent indications of petroleum 

have been found in many tests, and subcommercial 

production has been obtained in four wells. 

The most notable success was based on seismic 

testing along the Pacific Ocean beach near Ocean 

City, just northwest of Grays Harbor, in a faulted 

anticline in strata that may represent the eastern 

limit of an offshore basin. In reporting on this test, 

the West Coast Subcommittee on Statistics of Explor

atory Drilling classed Washington as the 31st oil

producing state in the nation when the Tanner

Sunshine et al. Medina No. 1 well was completed 

August 20, 1957, with a rated flow of 178 barrels per 

day of 39° gravity oil from 3,952-3,958 feet in the 

Hoh Formation of Weaver (1916), of early Miocene 

age (Popenoe~ 1958, p. 1394). The well was pro

duced intermittently, and flowed approximately 

4,500 barrels in 1957, 4,000 in 1958, and 2,000 in 

1959. By the end of December 1959, the Medina 

No. 1 was reported to have become uneconomic and 

was shut in. Pumping in 1960 and 1961, however, 

produced about 2,000 additional barrels, bringing 

the approximate cumulative total to 12,500 barrels 

of oil. Three other near-commercial wells-the 

Union Oil Co. State No. 1 and State No. 3; and 

the Oil and Gas Development Co. Hawksworth-

State No. 4-+iad been drilled in the same area in 

1947, 1950, and 1951 . Each produced 1 00 or more 

barrels of oil. Problems in completion played a large 

part in the abandonment of the I otter of these wel Is. 

In 1962, two wells were attempted offshore on an 

extension of the Ocean City oilfield, but were 

abandoned because of mechanical problems; in 1964 

a well was drilled 2:t miles offshore to a depth of more 

than 5,000 feet before being abandoned. In 1970, 

12 additional wells were drilled onshore in the area. 

Al though good shows were found, no commercial pro

duction resulted. In all, some 30 wells were drilled 

in and near the Ocean City area. Other structures 

in the Willapa Hills have been tested but with less 

success. 

The only other well of note in the Willapa Hills 

area was the Continental Oi I Co. Sims Royalty No. 1, 

drilled in 1954 in the Wishkah area of Grays Harbor 

County. The well was completed flowing 50,000 to 

60,000 cubic feet of dry gas per day, but was not 

considered to be commercial. 

CONTINENTAL SHELF 

The Tertiary basins of the continental margins of 

the Pacific Northwest are considered by some to hold 

great potential for oil and gas production (Braislin, 

and others, 1971). In 1964, six major companies 

(Atlantic Refining Company, Pan American Petroleum 

Corporation, Shell Oil Company, Standard Oil 

Company of California, Superior Oil Company, and 

Union Oil Company of California) spent more than 

7.7 million dollars in acquiring offshore leases from 

the Federal Government, west of the Washington 

coast. Structures to be tested were outlined by aero

magnetic, marine gravity, and seismic surveys that 

were conducted during 1963-64. As a result of this 

exploration, six wells were drilled on the Continental 

Shelf off Washington. None of these proved to be 

commercial. However, this relatively minor amount 

of drilling exploration in such a vast area of favorable 

production potential I eaves many structures yet 

untouched by drilling. 

Much of this area is blanketed by a sequence of 

moderately folded and faulted siltstones and sand

stones of late Tertiary age. The underlying older 

Tertiary siltstones and sandstones are complexly 

folded and faulted. In places there are indications 

that diapi ri c fo Ids or piercement structures have been 

formed where masses of these highly deformed older 

rocks have penetrated the overlying Mio-Pliocene 

sequence (Braislin, and others, 1971). Onshore out-



crops of these complexly disarranged older rocks are 

known to be petroliferous, and therefore they are 

generally considered favorable for source rock. Seis

mic records strongly suggest that other potential 

traps, both stratigraphic and structural, are present, 

particularly in the Mio-Pliocene sequence off the 

Washington coast. 

GAS STORAGE 

The most successful petroleum-related operation 

in Washington State has been the exploration and 

development of a much needed underground gas

storage reservoir developed by the Washington 

Natural Gas Company, the Washington Water Power 

Company, and the El Paso Natural Gas Company. 

The operation is located in Lewis County, a few miles 

south of Chehalis on a 3,000-acre site. The first 

test wells were drilled in 1962 and, to date, some 

60 wells nave been dri II ed. 

Reservoir rocks are sandstones of the late Eocene 

Skookumchuck Formation and the structure has been 

described as a complexly faulted dome. Presently, 

this unit has 17 .6 billion cubic feet of gas in stor

age, and the estimated growth is about 2.2 billion 

cubic feet per year. I ts future po ten ti a I is hoped 

to be about 30 billion cubic feet of gas. Gas for 

this unit comes largely from Canada and is stored 

during off-peak times to be distributed throughout 

the Pacific Northwest during periods of peak demand. 

Aside from the direct benefits the Pacific l~orth

west receives from this successful operation, it also 

brings definite encouragement to exploration efforts 

for natural reserves of gas and oil in Washington. 

It unquestionably proves the presence of reservoir 

rocks and structures to contain petroleum. 

Other areas with potential for underground gas 

storage are those generally considered favorable for 

oil and gas production. Perhaps outstanding among 

these areas is the eastern part of the Puget basin 
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where thick beds of nonmarine sandstone are known 

to exist and structures have been mapped. A few 

test wells for oil and gas production have been 

drilled in some of these structures and, although 

reservoir rocks were encountered, no commercial 

production resulted. This general area is not only 

geologically favorable but logistically ideal because 

of its proximity to the large market of the Puget 

Sound area. 

Additional structures in southwest Washington, 

both near the Centralia-Chehalis area and to the 

west in the Grays Harbor basin, should also hold 

definite promise for gas storage potential. Generally, 

sandstone beds become thinner and finer grained to 

the west, but nevertheless, beds nave been encoun

tered in drilling operations for gas and oil production 

in tne Grays Harbor basin tnat could definitely serve 

as reservoirs for gas storage. 

CONCLUSIONS 

Nearly 400 wells have been drilled in tne State 

of Washington; this exploratory effort does not in 

any way provide a measure of knowledge of the petro

leum possibilities of the state, because very few 

tests, proportionately, were located on the basis of 

sound geologic or geophysical data, and few of these 

provided detailed subsurface information. Tnis was 

pointed out by GI over (l 947, p. 4, 5) wno stated: 

•.. of the 244 or so wells drilled, 
only some 27 were at sites whose 
selection was determined by care
fully, properly conducted geologi
cal investigations, and possibly 6 
to l O additional ones were based 
upon less detailed but fairly ade
quate geological study .... 

Since 1947, another 75 or so wells have been 

drilled at carefully selected sites. Thus, the 100 or 

so wells drilled to date on scientifically located 

sites provide an average coverage of only l well per 
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l 00 square miles in the nearly l 0,000 square miles of 

favorable area in the western part of the state (not 

counting the Continental Shelf), or l well per 200 

square miles if potentially favorable areas in the 

western part of the Columbia Basin are included. 

It is certain that exploratory tests spaced closer 

than an average of one wel I per each l 00 or 200 

square rniles must be drilled before the petroleum 

resources of this region of poor exposures and complex 

structure and stratigraphy can be adequately appraised. 

The gasfields in Benton and Whatcom Counties and 

oil production in Grays Harbor and Jefferson Counties 

have proven that sources of petroleum are present. 

Furthermore, the successful underground storage of 

gas in the Lewis County area has proven reservoir 

conditions are present. Future test drilling alone 

can establish whether or not oil and gas in commer

cial quantity occur in Washington State. 
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URANIUM IN WASHINGTON 

By 

87 

A. E. Weissenborn and Wayne S. Moen 

INTRODUCTION 

Nuclear power growth establishes the basic de

mand for uranium in the United States. As of Sep

tember 30, 1972, 28 nuclear power plants were in 

operation, and 122 plants were under construction. 

In 1972, nuclear energy supplied 0.8 percent of the 

energy consumed in the United States. Forecasts in

dicate that by 1985, around 16 percent of the notion's 

energy will come from nuclear power plants. It is 

estimated that by 1974, the industry will require 

about 18,000 tons of uranium oxide; by 1985, the 

demand will be around 75,000 tons. Domestic re

serves of 273,000 tons of uranium oxide appear to be 

sufficient for about l O years. However, to assure on 

adequate domestic supply after 1983, all known ura

nium deposits in the United States will hove to be ex

plored and developed. The free world's uranium 

resources of about 1.6 million tons of u
3
o

8 
in con

ventional deposits are less than half the minimum pro

jected requirements to the year 2000. 

In 1972, a total of 37.6 million pounds of ura

nium oxide was produced in the United States. Wash

ington's share of the total production ~mounted to 

around 750,000 pounds, all of which came from the 

Midnite mine on the Spokane Indian Reservation, in 

Stevens County. Dawn Mining Company operates 

the mine, which produces up to 100,000 tons of ore 

annually and converts the ore into uranium oxide at 

the company's mill at Ford. 

Since 1970, all uranium produced in Washington 

hos been sold to Jersey Central Power & Light Com

pany and Metropolitan Edison Company, for use as 

fuel in their nuclear electric power plants on the east 

coast. Prior to 1970, the uranium produced by Down 

and several other mining companies hod been sold to 

the U.S. Atomic Energy Commission. 

The largest known reserves of uranium in Wash

ington are on the Spokane Indian Reservation. De-

posits held by Western Nuclear, Inc. are reported to 

contain 10 million pounds of uranium oxide, while 

reserves at Dawn Mining Company's Midnite mine 

probably exceed 2 million pounds. Uranium ore is 

also present in the Mount Spokane area of Spokane 

County, as well as in the Lost Creek area of Pend 

Oreille County; however, the total reserves fo~ these 

areas are probably less than 100,000 pounds. Ura

nium reserves at the Midnite mine appear to be suf

ficient for at least 3 years of continuous operation, 

while the reserves at Western Nuclear's Sherwood 

property ore sufficient for at least 6 years of produc

tion, once their mill is built. Undoubtedly, addi

tional reserves will be developed at both properties; 

however, it is doubtful that production from new re

serves wi 11 exceed post production. The production 

of uranium from areas outside the Spokane Indian 

Reservation depends to a large port on on increase in 

the price of uranium oxide. However, the combined 

known reserves of severo I post producers appear to be 

sufficient for only 2 or 3 years of mining. Thus, if 

Washington is to maintain its uranium production be

yond the next 8 years, additional deposits will have 

to be discovered and developed. 

The discussion on Washington uranium, by A. E. 

Weissenborn, that fo I lows hos been extracted from 

"Mineral and Water Resources of Washington," which 

was printed for the use of the Committee on Interior 

and Insular Affairs, United States Senate (United 

States Geological Survey, 1966, p. 157-166). In 

order to briryg this report up to date, the paragraphs 

in brackets hove been added. 

MINERALOGY OF URANIUM 

Uranium, the heaviest common element, is a 

mixture of three semistable radioactive isotopes, 
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234 237 238 238 
U , U , and U , U can be converted to 

. 239 234 239 plutonium (Pu ). When U or Pu are bom-

barded with neutrons, they fission, energy is released, 

and a chain reaction can be started. Uncontrolled 

chain reactions provide the terrible power of the atom 

bomb; controlled chain reactions in nuclear reactors 

produce heat which can be converted to power, and 

also provide radioactive isotopes for research and for 

industrial and military uses. 

Uranium occurs in nearly all geologic environ

ments except those typified by ultramafic rocks, the 

plateau basalts, and some ma.rine sediments (Stocking 

and Page, 1956, p. 5). The principal source of 

uranium in the United States is from deposits in sand

stone beds of continental origin, where uranium min

erals occur as impregnations between grains. The 

most important of these deposits are on the Colorado 

Plateau. Uranium is also found in lacustrine lime

stones and in some coal beds. It is also found in 

small concentrations in black shales of marine origin 

and in deposits of phosphorite. Important deposits 

occur in veins. Uranium is found in small amounts in 

many igneous rocks, and uranium minerals are com

mon but minor constituents of many pegmatites. 

Uranium is moderately soluble in water and may 

be carried long distances by the underground circula

tion. It is chemically reactive and thus may be a 

constituent of a large number of minerals. It can be 

removed from solution by adsorption on many differ

ent substances, including carbon, and commonly is 

found concentrated in carbonaceous sediments. These 

same characteristics account for its presence in many 

small deposits of little or no economic value. 

There are more than 90 minerals that contain 

uranium (Frondel and Fleischer, 1955). Of these 

the only ones that occur in significant quantities in 

Washington deposits are uraninite, an oxide (and 

pitchblende, a variety of uraninite); coffinite and 

uranophane, silicates; and autunite, meta-autunite, 

phosphuranylite, and torbernite, all of which are 

phosphates. 

WASHINGTON URANIUM DEPOSITS 

Until 1954, despite persistent search, no uranium 

occurrences of significance had been found in Wash

ington, In the summer of 1954, uranium minerals 

were discovered by the LeBret brothers on the Spokane 

Indian Reservation in Stevens County. The discovery 

was made while prospecting for tungsten at night, 

with an ultraviolet lamp. This find became the Mid

nite mine (fig. 1, No. 1) and touched off a uranium 

boom in the state. Shortly thereafter uranium was 

discovered on the Dahl farm on the west.slope of 

Mount Spokane (No. 2), some 40 miles east of the 

Midnite mine and about 30 miles northeast of Spokane. 

This became the Daybreak mine and marked the dis

covery of a second uranium area in the State. Other 

discoveries were made, but none so far have proved 

to be of the importance of the original two. As a 

result of these discoveries, a mill was built in 1957 

at Ford in Stevens County to treat the ores and Wash

ington became an important producer of uranium, 

Total uranium produced from the state to February 28, 

1965, is 4.7 million pounds of u
3
o

8 
from 1.2 

million tons of ore. 

Midnite Mine Area 

The Midnite mine has exposed a number of ore 

bodies along the western contact of a tongue of schist, 

phyllite, and quartzite of the Precambrian Togo 

Formation, which projects southward into porphyritic 

quartz monzonite of the Cretaceous Loon Lake bath

olith (Becraft and Weis, 1963, p. 59). Five of these 

bodies have been mined. Individual ore bodies are 

as much as 700 feet long, 200 feet wide, and more 

than 150 feet deep (Sheldon, 1959). 

Near the surface, the uranium ore is thoroughly 

oxidized and consists of a mixture of secondary ura

nium minerals intimately associated with iron oxide 

films and coatings. Individual crystals are generally 



less than 0.5 mm in diameter. Meta-autunite is by 

far the most abundant mineral, occurring as thin 

films on fractures or as discrete crystals on iron oxide. 

Uranophane and phosphuranylite are common, and a 

few other oxidized uranium minerals have been iden

tified (Becraft and Weis, 1963, p. 58-62). 

In 1957, Becraft and Weis identified sooty ura

ninite and coffinite together with pyrite and marca

site in a few specimens of unoxidized ore. In 1965, 

specimens of sooty uraninite were relatively plenti

ful in the Midnite open pit and veins of dense, shiny 

pitchblende were quite abundant in some of the faces 

of the open pit. According to Shoichiro Hayashi 

(written communication, 1964), the pitchblende is 

an intergrowth of uraninite and a niobium-bearing 

mineral or minerals. 

Almost all the uranium minerals are in the met

amorphosed sedimentary rock; only locally are sec

ondary minerals abundant enough in the underlying 

quartz monzonite to constitute ore. There is some 

evidence to suggest that the uranium is associated 

with small, steep faults which cut the Togo Formation 

near its contact. Some of these fractures may be 

older than the quartz monzonite. Redistribution of 

uranium occurred as a result of oxidation of the pri

mary uranium minerals by ground water. 

Production from the Midnite mine began in 1955 

and ceased in 1962. The Ford mill continued operat

ing on stockpiled ore until July 1, 1965, when the 

company's contract to deliver uranium concentrate to 

the Atomic Energy Commission was fulfilled. During 

the~ years of the operation, the mine produced 

1,125,637 tons of ore, all of which was treated at 

the Ford mill. In addition, some ore was shipped to 

Salt Lake City previous to August 1957, when the 

Ford mill went on stream. [ In 1969, after obtaining 

markets for 4 million pounds of uranium oxide from 

private utility companies, production resumed at the 

mine, and in January 1970, the Ford mill was back 
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in operation. Since 1969, the mine has produced up 

to 100,000tonsoforeannually.J 

Following the discovery of the Midnite mine, 

several other discoveries were made in the same gen

era I area. At the Lowley lease on the Spokane River 

about 7! miles south of the Midnite mine, uranium 

minerals were found in an intensely shattered zone at 

the contact of impure quartzite and granodiorite. 

About 285 tons of ore was shipped in 1956 (Becraft 

and Weis, 1963, p. 66); there has been no production 

since. In 1958 some diamond drilling was done with 

the aid of a Defense Minerals Exploration Administra

tion contract. Results were inconclusive. 

Small, sparse flakes of secondary uranium min

erals were found on the west side of Deer Mountain 

in sheared rock. The occurrence is at the contact of 

the Togo Formation and quartz monzonite of the Loon 

Lake batholith and is about 5 miles northeast of the 

Midnite mine. No ore-grade material is exposed 

(Becraft and Weis, 1963, p. 67). 

At the Big Smoke lease about a mi le north of the 

Lowley lease, uranium minerals occur along a faulted 

contact between granodiorite and pyroclastic and sed

imentary rocks of the Gerome Andesite. Metatorbern

ite is found as sparse, small crystals in carbonaceous 

shale and sandstone. The occurrence has been ex

plored by several shallow percussion holes and by ex

tensive bulldozing. Only minor amounts of uranium 

have been discovered (Becraft and Weis, 1963, pp. 

66-67). 

Uranium ore in an entirely different geologic set

ting was discovered in 1955 at the Peters lease as the 

result of an airborne scintillation survey. The Peters 

lease-also known as the Northwest Uranium mine

is about# miles southeast of the Midnite mine. At 

this locality, uranium is found in the basal member of 

the Gerome Andesite of Oligocene age. In the mine 

area the Gerome Andesite consists of interbedded 

tuffaceous sandstone, arkose, and carbonaceous shale 
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overlying a poorly sorted conglomerate about 100 

feet thick. The formation rests on quartz monzonite 

of the Loon Lake batholith. The conglomerate, which 

is poorly cemented, contains many cobbles and boul

ders as much as a foot in diameter and some that are 

much larger. The ore zone, which is about 30 feet 

thick, is near the base of the conglomerate. It con

tains much carbonaceous materials in thin arkosic 

lenses and in irregular, sporadically distributed 

masses. No recognizable uranium minerals are visi

ble at the deposit except for some green stainings at 

a few places near the surface. The conglomerate 

above the ore zone contains practically no carbona

ceous matter, but carbonaceous material is abundant 

in some of the beds above the conglomerate. In the 

mine area the ore zone lies from a few feet to as 

much as 80 feet below the surface. It is bounded on 

the west by a north-trending fault and on the south 

by an east-trending fault. Drill holes show that the 

ore zone continues west of the north-trending fault 

but has been down-dropped 285 to 345 feet. The 

uranium almost certainly was brought in by circulat

ing water and was deposited in the carbonaceous 

parts of the basal conglomerate. The source of the 

uranium, however, is uncertain (Becraft and Weis, 

1963, pp. 62-66). An interesting feature of the de

posit is the very meager surface showings to indicate 

its existence. The original discovery was made in 

carbonaceous layers above the conglomerate and was 

not especially promising. Not until the full thick

ness of the basal conglomerate had been tested by 

drill holes did the potential of the deposit become 

evident. 

The deposit was explored with the assistance of 

a Defense Minerals Exploration Administration con

tract from 1956 through 1958. It was operated first 

by the Silver Buckle Mining Co. and later by Dawn 

Mining Co. [In 1967, Western Nuclear, Inc. exten

sively explored the property and established reserves 

of 10 million pounds of uranium oxide. In 1969, the 
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company announced plans for a 2,000-ton-per-day 

mill; however, construction of the mill has been de

layed until the uranium market improves.] Although 

the ore is low grade, the relatively shallow depth of 

cover over most of the deposit and the unconsolidated 

nature of the overburden made possible low cost min

ing by open-pit methods. Little or no blasting was 

required in either the ore zone or the overburden. 

Total production to the time the mine was closed in 

March 1962 was 87,300 tons of ore containing 

305,700 pounds of uranium. 

Mount Spokane Area 

The first discovery in the Mount Spokane area 

(fig. 1, No. 2) was made when green crystals of 

autunite were found in a hole dug for a fence post on 

the Dahl farm. The discovery was reported in 1955 

but is said to actua I ly have been made some years 

earlier, although the uranium was not identified at 

the time. Mr. Dahl is said to have seen a specimen 

of autunite and recognized it as similar to the green 

crystals he had found on his farm some years previ

ously. This discovery became the Daybreak mine. 

Since 1955, at least 28 other occurrences have been 

found in a belt 1 to H miles wide on the west and 

south slopes of Mount Spokane, extending from the 

south fork of Deadman Creek ( about sec. 7, T. 27 N., 

R. 45 E.) northwesterly for about 14 miles to the 

boundary of Spokane and Pend Oreille Counties in 

Sec. 1, T. 29 N., R. 44 E. 

The east side of Mount Spokane is underlain by 

highly metamorphosed rocks of probable Precambrian 

age. The Precambrian gneisses and schists have been 

intruded by biotite quartz monzonite of Cretaceous 

age-part of a large intrusive mass known as the 

Loon Lake batholith. The quartz monzonite is simi

lar to other granitic rocks of the Loon Lake batholith 

except that the only dark mineral present is biotite. 

Hornblende, which is common elsewhere in the Loon 



TABLE ] -Uranium occurrences in Washington 

Index 
No. on Areo or property, location Type of occurrence 
fig. l 

CHELAN COUNTY 

14 Holden mine: Secs. 18-19, T. 31 N., R. 17 E. Abnormal radioactivity associated with ore on 

15 

16 

4 

11 

12 

13 

5 

6 

8 

9 

17 

18 

19 

Keefer claims: On west slope of Red Mountain. 

Winesap Canyon: Sec. 5, T. 26 N., R. 21 E.; 
near head of Winesop Canyon. 

FERRY COUNTY 

Sherman Creek Pass-Nancy Creek-St. Peter 
Creek area between Kettle Fol Is and Re
public. 

LINCOLN COUNTY 

Spokane Molybdenum mine: Sec. 32, 
T. 28 N. , R. 37 E. 

OKANOGAN COUNTY 

Aeneas: Sec. 15, T. 36 N., R. 29 E. 

Sanpoil: Sec. 2.5, T. 35 N., R. 31 ·E.; 
on San poi I River. 

PEND OREILLE COUNTY 

Lost Creek area: T. 36 N., R. 43 E.; west of 
Blueslide. 

Ruby: Sec. 6, T. 34 N., R. 44 E.; near Ruby. 

South Skookum Lake: Sec. 6, T. 33 N., 
R. 45 E.; half a mile east of South Skookum 
Lake. 

Starlight Uranium: Sec. 10, T. 32 N., 
R. 42 E.; near Calispell Creek. 

SNOHOMISH COUNTY 

Mackinaw: Sec. 19, T. 29 N., R, 11 E, 

Keller propertf: Sec. 6, T. 28 N., R, 11 E., 
near Minero City, 

Kromona mine: Sec, 13, T. 28 N., R. 9 E. 

2,500-ft level in western part of mine. 

Uraninite reported associated with tourmaline 
cholcopyrite, and other sulfides in intrusive 
breccia. 

Quartz-feldspar-muscovite pegmatite with 
minor uraninite. 

Numerous radioactive anomalies in pegmotite 
lenses in gneiss. 

Pitchblende in stringer which cuts quartz vein 
with molybdenite and other sulfides. 

Slight radioactivity along pegmatite veins in 
gneiss. 

Pegmatite with samarskite and radioactive 
fluorite. 

Autunite veins in granite. Somewhat similar 
to deposits in Mount Spokane area. 

Pegmatite with few scattered grains of autunite 
and uraninite. 

Autunite In shear zone in granite. 

Autunite in weathered granite. 

Copper-nickel property on contact of serpen
tine and arkose, 

Uraninite in quartz veinlets. 

Shear zone with copper minerals. Ore 
slightly radioactive. 

Remarks Reference 

No uranium mineral identified. Weis and others, 1958, p. 30. 

Numerous claims staked. No 
production. 

De. 

Hunting, 1956. 

Do. 

Country rock is quartz monzon- Becraft and Weis, 1963, p. 67-68 
ite of Loon Lake batholith. 

Huntting, 1956. 

Do. 

I Small production from two prop- Huntting, 1956. 
erties. 

.................... ~ ..... . 

Prospected by Si Iver Do I lar 
Mining Co. 

Some samples slightly radio
active. 

I 

Do. 

Do. 

Do. 

Broughton, 1942. 

Huntting, 1956. 

Do. 
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21 

2 

10 

3 

7 

22 

Molly: Sec. 30, T. 28 N., R. 11 E. 

Rainy mine (Western States Copper) Sec. 16, 
T. 24 N., R. 10 E. 

SPOKANE COUNTY 

Mount Spokane area: Forms belt l to l! miles 
wide and 14 miles long on west side of Mount 
Spokane. 

Fish Lake: Secs. 32-33, T. 24 N., R. 42 E.; 
just north of Fish Lake. 

STEVENS COUNTY 

Midnite mine area: West of Wei I pi nit. 
Secs. l and 12, T. 28 N., R. 37 E. 

Orient: Sec. 26, T. 40 N., R. 36 E. 

Railway Dike (Merikay): Sec. 33, T. 34 N., 
R. 42 E.; on Chewelah Creek. 

YAKIMA COUNTY 

Bumping Lake: T. 15 N., R. 12 E.; 5 miles 
south of Bumping Lake Dam. 

Uraninite reported with molybdenum and 
copper. 

Minor brannerite with quartz, pyrite, and 
chalcopyrite in breccia pipe in granodiorite. 

Autunite filling fractures and open spaces in 
pegmatitic alaskite. 

Slight radioactivity in irregular masses of 
pegmatite in metamorphic racks. 

At Midnite mine, series of ore bodies along 
contact of porphyritic quartz monzonite and 
schist and phyllite of Togo Formation. At 
Peters lease, ore body is in conglomerate 
at base of Gerome Andesite. 

Autunite in pegmatitic gneiss. 

Large pegmatite which locally shows intense 
radioactivity. One specimen contained 
uranium-bearing columbite. 

Strang radioactivity in soil and gravel around 
radioactive spring. 

Autunite found in at least 29 
localities. Production from 8 
properties. 

Principal uranium-producing 
area of Washington. Large 
reserves remain. 

Has produced a few tons of 
beryl. 

Over 80 claims staked in rush 
following disoovery. 

Do. 

Weis and others, 1958, p. 31. 

Weis and others, 1958, p. 23, 31; 
Leo, 1960; Ross, 1963; 
Huntting, 1956. 

Huntting, 1956. 

Becraft and Weis, 1963, p. 58-67. 

Huntting, 1956. 

Weis and others; 1958, p. 33; 
Huntting, 1956. 

Huntting, 1956; Weis and others, 
1958, p. 81. C 
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Lake batholith, is completely absent. The intrusive 

contact trends northeasterly nearly through the sum

mit of Mount Spokane, Within a belt a few miles 

wide bordering the contact, there are irregular 

patches and masses of rock in which the dark biotite 

gives way almost completely to white muscovite, 

This rock, which appears to be largely a metasomatic 

replacement of the biotite quartz monzonite, has a 

characteristic dazzling white appearance. Its texture 

varies from aplitic (a fine-grained sugary texture) to 

graphic (a texture in which the component minerals 

form a pattern resembling cuneiform characters). In 

field mapping,· this rock has been termed an alaskite 

-a name for a type of light-colored granite rock. 

Quartz-feldspar-mica pegmatites cut the biotite 

quartz monzonite, as well as some of the gneisses, 

but become more abundant as the alaskite masses are 

approached. In the alaskite, the pegmatites are very 

abundant and in places may make up as much as 25 

percent of the rock. 

The uranium deposits are closely similar. In all 

of them, coarsely crystalline autunite !/ (hydrous 

calcium uranyl phosphate) is the only uranium mineral 

except for exceedingly finely dispersed uraninite, 

which is found in some of the autunite crystals (Leo, 

1960, p. 110; Ross, 1963, p. 1392). In all the de

posits the autunite occurs as fracture fillings and in 

open spaces in the host rock. Autunite alone fills 

the voids; there are no gangue minerals. The fracture 

fillings range in thickness from mere coatings on frac

ture walls to solid masses of crystals 15 inches or 

more across, The Daybreak mine in particular has 

been the source of spectacular specimens of autunite 

which now grace museums (Weis and others, 1958, 

p. 26). At all the deposits the country rock has been 

bleached and altered, but hydrothermal alteration is 

not intense (Leo, 1960, p. 103). The fractures trend 

at all angles, but at several of the occurrences-

!/ Includes meta-autunite I and II, which are 
less hydrated varieties of autunite. 

most notably at the Daybreak mine-autunite is par

ticularly abundant in flat-dipping open fractures. 

The autunite appears to be restricted to the near sur

face; none has been found at depths greater than 

about 150 feet. Mapping of the Mount Spokane 

quadrangle by the author of this chapter has shown 

that without exception all of the 29 uranium occur

rences known to date are in or immediately adjacent 

to masses of alaskite. This is significant, as it can 

serve as a guide to future prospecting. 

The origin of the deposits is something of an 

enigma. The deposition of the autunite in open frac

tures, the absence of any gangue minerals, the re

striction to the near surface, and the abundance of 

radioactive springs in the uranium areas strongly 

point to deposition from circulating ground water. 

Pegmatites are abundant in the uranium areas but are 

equally abundant elsewhere. Leo ( 1960) has shown 

that the phosphate in the autunite could have been 

obtained from the leaching of the apatite in the 

quartz monzonite (or alaskite). Some of the pegma

tites also contain apatite. The source of the uranium 

is more obscure. An analysis cited by Leo (1960, 

p. 124) does not indicate that the quartz monzonite 

contains unusual amounts of uranium. No analyses 

are available of the alaskite, but numerous scintillator 

traverses fail to indicate that this rock is notably 

more radioactive than the quartz monzonite. 

Mapping of the Mount Spokane quadrangle has 

shown that the rocks have been subjected to deep 

weathering. The weathered zone has been partly 

stripped off by subsequent erosion but still remains in 

many places. Scheid (Hosterman and others, 1960), 

in his work on the clays of northern Idaho and north

eastern Washington, recognized a period of deep 

weathering in Tertiary time, which he termed the 

"Excelsior period of weathering." He attributed the 

formation of the clay deposits to this period of weath

ering. The deep weathering on Mount Spokane prob

ably corresponds to this same period of Tertiary 



weathering. It is possible that the Mount Spokane 

uranium deposits were formed during the same period 

of Tertiary weathering when the clays were formed. 

Uranium may have been leached from the weathering 

alaskite and deposited at favorable places above the 

then existent water table. To at least a minor extent, 

solution and deposition of uranium may be still going 

on. 

Most of the uranium mined from the Mount 

Spokane area has come from the Daybreak mine, but 

eight different properties have contributed to the to

tal. The total amount shipped to the Ford mill from 

the Mount Spokane area is 12,361 tons of ore con

taining 53,809 pounds of u3o8 • In addition to this, 

about 6,300 tons of ore was shipped to Salt Lake City 

before the Ford mill was in operation. [In 1965 and 

1966, the only operating mine was the Daybreak, 

which produced a total of l, 100 tons of ore that con

tained 6,400 pounds of uranium oxide.] The area is 

essentially one for the small producer, but given the 

proper incentive more ore could be mined from known 

deposits and it is probable that other similar deposits 

could be discovered. 

Other Deposits 

Deposits somewhat similar to those of the Mount 

Spokane area are known in the Lost Creek area 

(fig. l, No. 5) in Pend Oreille County. Like the 

Mount Spokane deposits, they occupy open fractures 

in a light-colored granitic rock. Small shipments 

have come from the Lost Creek claim (Triple H and J 

Mining Co., Inc.) and Quartz Ridge claims (Hi Noon 

Uranium, Inc.). In addition, one small shipment was 

made by the Green Nugget Mining Co. from the 

H.P. S. group of claims, in the Priest Lake area of 

Pend Oreille County (not shown on figure l because 

its location is uncertain). 

There is no record of any other production of 

uranium in the state, but there are numerous locali-
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ties where uranium minerals have been noted or anom

alous radioactivity has been reported. Many of these 

are associated with small pegmatite lenses in gneiss, 

as in the Sherman Creek Pass-Nancy Creek-St. Peter 

Creek area (fig. 1, No. 4). Many claims hove been 

staked on occurrences of this type, but they are un

likely to hove much potential value. Numerous other 

occurrences have been reported, but little informa

tion is avoi !able on most of them. The better authen

ticated ones, together with all localities from which 

.there hos been production of uranium ore, are listed 

in table 1. 

FUTURE OF URANIUM MINING 

I N WA SH I NG TO N 

Discoveries made to dote are more than sufficient 

to prove that the geological environment in eastern 

Washington is favorable for uranium deposits, and the 

chances for additional discoveries in eastern Wash

ington must be considered good. Given the incen

tive to prospect, discoveries similar to the Midnite 

might be made along the margin of the Loon Lake 

batholith. Other deposits similar to the Peters lease 

ore body could occur in the conglomerates interbed

ded in the Gerome Andesite. In both of these en

vironments sizable ore bodies are known to occur, 

but poor exposures make them hard to find. Addi

tional discoveries of ore bodies of the Mount Spokane 

type are almost certain to be made in the Mount 

Spokane area if further search is made, and discov

eries are possible elsewhere in Washington where 

rocks similar to Mount Spokane alaskite are known 

to occur. These ore bodies are likely to be small, 

but some may be large enough for a successful smal I 

operation. 
Uranium occurrences found to date in the Cas-

cade Mountains appear to have little or no potential 

value. This area, however, has been prospected 

very inadequately for uranium. Enough anomalies 
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have been found to suggest that the area has possibi 1-

ities (fig. 1). It is pertinent to remember that the 

two original discoveries in northeastern Washington-

the Midnite and the Daybreak mines-were quite 

fortuitous. Further search seems definitely warranted 

at the appropriate time. 
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ELECTRICAL ENERGY RESOURCES OF WASHINGTON 
By 

Lloyd C. Buchanan 

INTRODUCTION 

The State of Washington is situated in a very en

viable position. The Columbia and Snake Rivers pro

vide a vast amount of hydroelectric energy for the 

state, with the Skagit, Cowlitz, Nisqually, Skoko

mish, Lewis, Yakima, Spokane, Pend Oreille, and 

numerous smaller rivers furnishing other large blocks 

of electric power. The Columbia River and its north

ern tributaries extend some 498 miles into Canada 

and drain vast areas of British Columbia, while the 

Snake River extends over 400 miles south across Idaho 

into northern Nevada and western Wyoming. Waters 

from both these watersheds drain into the Columbia, 

making Washington one of the largest hydroelectric 

energy-producing states in the nation, and the Bonne

vii le Power Administration the marketing agent for 

the world's largest hydroelectric power system. 

Published reports of electric generation of the 

Pacific Northwest are supplied on a regional rather 

than a state basis; such a regional report is the West 

Group Forecast of Power Loads and Resources, pre

pared by the Pacific Northwest Utilities Conference 

Committee. !/ In contrast to the regional report, 

the purpose of this report is to inventory the electric 

energy resources of the State of Washington; and al

though all generating plants located within the state 

are listed, the energy output from these plants can

not be identified as being the electric energy re

sources of the state. The large blocks of power gene

rated within Washington that are committed by long

term contract to out-of-state customers must be taken 

into account. This is vividly illustrated in table 2. 

About one-half of the approximately 150 Bonneville 

customers are out-of-state customers (see table 2, 

for Washington customers). Pacific Power & Light 

also exports power it purchases from the PUD's in 

Grant, Chelan, and Douglas Counties to serve their 

Oregon and California customers. Equally important 

are out-of-state generating plants serving firm loads 

to Washington customers, such as the Noxon plant in 

Montana and the Cabinet Gorge and Post Falls plants 

in Idaho that serve Washington Water Power Co. cus

tomers in Washington. The Colstrip steam plant lo

cated in Montana, now under construction, also wi 11 

serve Puget Sound Power & Light Co., Pacific Power 

& Light Co., and Washington Water Power Co. cus

tomers in Washington. 

TABLE 1.-Utilities participating in the Pacific Northwest Utilites Conference Committee (PNUCC)
West Group of the Northwest Power Pool 

Bonnevi lie Power Administration 
City of Bonners Ferry, Idaho 
City of Centralia 
Chelan County PUD 
Cowlitz County PUD 
Douglas County PUD 
Eugene Water & Electric Board, Oregon 
Grant County PUD 

Grays Harbor PUD 
Pacific Power & Light Company 
Pend Oreille County PUD 
Portland General Electric Co. 
Puget Sound Power & Light Co. 
Seattle City Light 
Tacoma City Light 
The Washington Water Power Company 

l/ Pacific Northwest Utilities Conference Committee (PNUCC), 1973, West Group Forecast of 
Power Loads·and Resources, July 1973-June 1984, February 1, 1973. 
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TABLE 2.-Salesofelectrical energy by Bonneville Power Administration, in fiscal year 1972 

~ 
NORTHWEST AREA 

Publicly Owned Utilities 
Municipalities 

Albion, Idaho 
Barfdon, Oregon 

i)-Blaine, Washington 
Bonners Ferry, Idaho 
Burley, Idaho 
Canby, Oregon 
Cascade Locks, Oregon 

~Centralia, Washington 
'(f-Cheney, Washington 
.(i-Consolidated Irrigation District, Wash. 
i)-Coulee Dam, Washington 

Declo, Idaho 
Drain, Oregon 

-(fEllensbu rg, Washington 
Eugene, Oregon 
Forest Grove, Oregon 
Heyburn, Idaho 
Idaho Falls, Idaho 

~McCleary, Washington 
McMinnville, Oregon 
Milton-Freewater, Oregon 
Minidoka, Idaho 
Monmouth, Oregon 

-(f Port Angeles, Washington 
-(fRichland, Washington 

Rupert, Idaho 
-(fSeattle, Washington 

Springfield, Oregon 
{f-Sumas, Washington 
-)).Tacoma, Washington 
{:f-Vera Irrigation District, Wash. 
-(fWash. Public Power Supply System 

Total Municipalities 132) 
Public Utility Districts 

-(fBenton County PUD No. 1 
Central Lincoln PUD 

-(fChelan County PUD No. 1 
-(!'Clallam County PUD No. 1 
-¢'Clark County PUD No. 1 

Clatskanie PUD 
-(fCowiltz County PUD No. 1 
~ Douglas County PUD No. 1 
-(fFerry County PUD No. 1 
~Franklin County PUD No. 1 
-¢'Grant County PUD No. 2 
-¢'Grays Harbor County PUD No. 1 
-(fKittitas County PUD No. 1 
-¢'Klickitat County PUD No. 1 
-¢'Lewis County PUD No. 1 
~Mason County PUD No. 1 
-i>Mason County PUD No. 3 

Northern Wasco County PUD 
¢"Okanogan County PUD No. 1 
-(fPacific County PUD No. 2 
-(I-Pend Oreille County PUD No. 1 
~Skamania County PUD No. 1 
¢"Snohomish County PUD No. 1 
. Tillamook PUD 

i>wahkiakum County PUD No. 1 
i>Whatcom County PUD No. 1 

Total Public Utility Districts 126) 
Cooperatives 

'¢-Benton Rural Elec. Assn. 
-!)Big Bend Elec. Coop. 

Blachly-Lane County Coop. 
Central E~ec. Coop. 
Clearwater Power Co. 

-!)Columbia Basin Elec. Coop. 
Columbia Power Coop. Assn. 
Columbia Rural Elec. Assn. 
Consumers Power 
Coos·Curry Elec. Coop. 
Douglas Elec. Coop. 
East End Mutual Elec. Co. Ltd. 
Fall Rive, Elec. Coop. 
Farmers Elec. Co. 
Flathead Elec. Coop. 
Harney Elec. Coop. 
Hood River Elec. Coop. 
Idaho Co. L&P Coop. Assn. 

<I-inland Power & Light Co. 
Kootenai Elec. Coop. 
Lane Co. Elec. Coop, 
Lincoln Elec. Coop.-Montana 

Q-Lincoln Elec. Coop,-Washington 
Lost River Elec. Coop. 
Lower Valley Power & Light, Inc. 

,(f-Customen located in Washington State, 

Energy 
Delivered 
for Year 

1000) KWH 

2,887 
43,374 
25,873 
18,200 
69,606 
49,262 
21,798 
49,115 
88,069 

1,158 
26,383 

1,779 
25,203 

142,529 
1,328,540 

118,368 
55,453 

216,508 
31,114 

193,760 
87,277 

678 
55,489 

373,320 
329,054 

43,160 
1,273,680 

206,779 
5,211 

1,010,932 
85,580 

8,063 
5,988,202 

651,281 
858,768 
336,185 
238,561 

1,712,850 
674,626 

1,910,066 
295,623 

35,225 
333,645 
502,527 
933,131 

31,833 
154,337 
379,600 

32,716 
284,422 

59,418 
314,603 
201,388 

1,547 
72,889 

3,226,939 
279,699 

37,536 
85,919 

13,645,334 

117,068 
214,371 

91,277 
100,101 
112,293 
90,853 
31,024 
95,883 

203,738 
221,598 

92,603 
5,415 

54,982 
4,234 

58,672 
71,787 
63,864 
25,816 

248,707 
73,419 

221,453 
44,123 
85,400 
21,439 

111,054 

Revenue 
from Sales 
of Energy 

$ 9,375 
147,651 
85,703 
86,697 

219,465 
173,872 

58,837 
254,637 
290,825 

4,580 
92,289 

5,791 
86,186 

459,815 
3,351,646 

400,615 
170,102 
703,749' 
102,947 
700,789 
283,256 

2,331 
191,025 

1,072,838 
1,062,783 

135,771 
2,703,600 

642,494 
18,211 

2,533,104 
274,381 

20,160 
$16,345,525 

$ 1,884,529 
2,626,002 

751,341 
769,795 

5,544,093 
1,629,443 
4,649,527' 

838,552 
109,065 

1,032,920 
1,575,912' 
2,808,606 

104,884 
480,342 

1,181,705 
105,693 
896,167 
194,284 
957,924 
667,743 

3,866 
249,162 

10,037,810 
948,895 
126,268 
231,038 

$40,405,566 

$ 352,706 
570,214 
303,217 
296,179 
369,150 
264,166 
107,269 
265,180 
659,822 
757,540 
310,645 

17,625 
172,407 

14,056 
179,290 
191,476 
206,301 

81,469 
787,474 
232,328 
724,822 
149,474 
235,815 

61,104 
351,701 

~ 
Midstate Elec. Coop. 
Missoula Elec. Coop. 
Nespelem Valley Elec. Coop. 
Northern Lights 

-!)Okanogan Co. Elec. Coop. 
-i}Orcas Power & Light Co. 

Prairie Power Coop. 
Raft River Elec. Coop. 
Ravalli Co. Elec. Coop. 
Riverside Elec. Co. 
Rural Elec. Co. 
Saleffi Electric 
Salmon River Elec. Coop . 
South Side Elec. Lines 
Surprise Valley Elec. Corp. 

-i:)Tanner Electric 
Umatilla Elec. Coop. Assn. 
Unity Light & Power Co. 
Vigilante Elec. Coop. 
Wasco Elec. Coop. 
West Oregon Elec. Coop. 

Total Cooperatives (46) 
Total Publicly Owned Utilities (104) 

Federal & State Agencies 119) 

Privately Owned Utilities 

California·Pacific Utilities Co. 
Idaho Power Co. 
Montana Power Co. 

-1)-Pacilic Power & Light Co. 
Portland General Elec. Co. 

-!)Puget Sound Power & Light Co. 
Utah Power Co. 

-3:)-Washington Water Power Co. 

Total Privately Owned Utilities (8) 

Aluminum Industries 

i)-Aluminum Co. of America 
-¢,-Vancouver Plant 
i)Wenatchee Plant 
Anaconda Aluminum Co. 

-Q-lntalco Aluminum Co. 
-(:f-Kaiser Aluminum & Chemical Corp. 

i)-Spokane Reduction Plant 
¢-Spokane Rolling Mill 
i)--Tacoma Reduction Plant 

i)-Martin-Marietta Aluminum Inc. 
The Dalles Plant 

-(fGoldendale Plant 
-l;I-Reynolds Metals Co. 

i}Longview Plant 
Troutdale Plant 

Other Industries 
-:¢-Carborundum Co. 

Cominco American Inc. 
-Q-Crown Zellerbach· Corp. 

~Port Angeles Plant 
~Port Townsend Plant 

~Foote Mineral Co. 
Georgia.Pacific Corp. 
Hanna Nickel Smelting Co. 

-!)ITT Rayonier, Inc. 
Oregon Metallurgical Corp. 
Pacific Carbide & Alloys 
Pennwalt Corporation 
Stauffer Chemical Works 
Stewart Elsner 
Union Carbide Corp. 

Total Industries (19) 

OUTSIDE NORTHWEST AREA 
British Columbia Hydro & Power Authority 
Burbank, Calif. 
Glendale, Calif. 
Lo, Angeles, Calif. 
Pasadena, Calif. 
Sacramento, Calif. 
U.!l.B.R.-Central Valley Proj. 
U.S.B.R.-Region 3 
State of California-Dept. of 

Natural Resources 
Pacific Gas & Electric Co. 
San Diego Gas & Electric Co. 
Southern California Edison Co. 

Total Outside Northwest Area 112) 
Total Sales of Electric Energy (149) 

Includes capacity sales. 
2 Includes statistical adjustments. 

Ta_ble modified from U.S. Department of the Interior, Bonneville Power Administration, 1972 Annual Report, p. 44,, 

Energy 
Delivered Revenue 
for Year from Sales 

(000) KWH of Energy 
81,152 241,198 
49,693 149,666 
26,182 82,211 
86,037 271,192 
17,024 54,035 
67,836 219,687 

2,636 8,747 
109,159 280,958 
46,262 148,937 

3,900 12,861 
37,088 117,726 

167,054 545,596 
18,985 53,554 
11,931 37,106 
43,447 136,481 

9,930 33,220 
145,970 426,015 
25,680 83,008 
39,488 116,601 
58,188 193,290 
47,367 154,756 

3,556,183 $ 11,028,275 
23,189,719 $ 67,779,366 

607,127 

34,481 
29,550 

1,139,784 
5,468,060 
4,925,951 
1,483,253 

0 
474,493 

13,555,572 

1,924,209 
984,623 

3,137,314 
3,516,243 

2,923,998 
400,757 

1,261,862 

1,558,657 
1,178,649 

2,887,960 
372,911 

202,789 
0 

6,689 
92,089 
98,719 

205,013 
742,544 

38,124 

$ 

$ 

$ 

1,743,914 

86,445 
59,100 

2,545,082' 
12,088,494' 
n,200,324• 
3,202,597 

0 
1,072,761 

30,254,803 

4,028,755 
2,105,209 
5,900,970 
7,204,051 

6,000,187 
984,740 

2,590,718 

2,666,716 
2,051,494 

5,960,596 
934,674 

425,409 
0 

16,511 
200,257 
215,470 
441,526 

1,657,399 
89,159 
17,904 

127,798 
747,927 

1,071,817 
273 

345,772 

6,978 
56,416 

353,648 
487,733 

40 
160,987 

22,598,952 $ 45,785,332 

12,423 $ 
31,451 
48,031 

138,960 
28,725 
40,992 

1044070 ., 
' ' 0 

27,284 
68,596 
96,062 

438,463 
75,527 
81,984 

3,259,404' 
3,315 

101,912 
618,138 
403,540 

50,956 
309,069 
201,770 

1,849,612 
3,756,059 

63,707,429 

4,346,223 
$ 9,520,448 

155,083,863' 



It is evident then that some method must be em

ployed to identify Washington electrical energy re

sources, other than the total generation capabilities 

of all electric generating plants located within the 

state boundaries. 

ASSUMPTIONS 

Electrical energy resources of the State of Wash

ington, are determined separately in this report 

upon the following assumptions: 

l • New load requirements for the State of Wash

ington, determined from the Subcommittee on Loads 

and Resources of the Pacific Northwest Utilities Con

ference Committee (PNUCC) report for the area, 

wi 11 be adequately served by additions to existing 

hydro and thermal units and the construction of new 

hydro and thermal units identified in this report and 

included in table 11. 

2. The Bonneville Power Administration is 

committed by contractual agreement to provide elec

tric power and energy requirements of the publicly 

owned electric utilities in the state in excess of gen

eration dedicated to their load, and to provide firm 

and modified firm power to certain industries. In

dustrial grade power will be supplied to new electro

process loads of 35 megawatts or more only if other 

firm commitments are met and tha power is available. 

If a deficit in power supply with the inability to 

meet full requirements of all publicly owned electric 

utilities is forecast, an 8-year prior written notice 
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of insufficiency will be given these public agencies. 

3. Power generating facilities along with bulk 

high-voltage transmission lines will be constructed to 

transmit energy when and where required. 

4. The construction schedule for new generation 

plants as identified in this report will be maintained. 

Washington Electric Energy Resources 

Upon these assumptions a determination of the 

state's electric resources is made. Washington's 

electric energy resources then become the estimated 

firm load requirements of all publicly owned utilities 

and certain major industries served by the Bonneville 

Power Administration (see table 10), to which has 

been added al I in-state generation of both private 

and publicly owned electric utilities, plus imports 

committed to serve Washington customers, less ex

ports committed to serve out-of-state customers.)/ 

Because these are firm commitments based upon 

critical water conditions, they have been considered 

electric energy resources and are summarized in 

table 11. 

CONCLUSIONS 

Requirements 

The electrical generation requirements of the 

region, specifically the West Group of the Pacific 

Northwest Power Pool, of which the State of Wash-

l/ Imports and exports are not computed. 

TABLE 3.-Members of Subcommittee on Loads and Resources of the Pacific Northwest Utilities 
Conference Committee 

Bonneville Power Administration 
Chelan County Public Utility District 
Coordinating Group of Northwest Power Pool 
Douglas County Public Utility District 
Eugene Water & Electric Board 
Grant County Public Utility District 
Pacific Power & Light Company 

Portland General Electric 
Puget Sound Power & Light Company 
Seattle City Light 
Tacoma City Light 
U, S. Army Corps of Engineers 
Washington Water Power Company 
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ington constitutes a very important element, have 

been determined by the Subcommittee on Loads and 

Resources of the Pacific Northwest Utilities Confer

ence Committee.JI 

It has been forecast that the present peak energy 

requirements of almost 23 thousand megawatts will 

within the next 10 years ( 1974-1984) be increased to 

an estimated peak of almost 38 thousand megawatts, 

and that the present annual energy requirements of 

14 thousand average megawatts will be increased to 

an estimated requirement of almost 22 thousand aver

age megawatts. Corresponding resources required to 

provide for the present peak demands ( 1973-1974) of 

the State of Washington ere about 11 , 5 thousand meg

awatts. In 10 years it is estimated that the state's 

peak demands wi 11 increase to about 20 thousand 

megawatts, while the present average annual energy 

requirements of 7.5 thousand megawatts will increase 

to approximately 12.7 thousand megawatts. The year 

by year increase is shown in table 11. 

New Construction 

There is currently over 8 million kilowotl's of 

hydro and 4 million kilowatts of thermal generatior. 

under construction. Within the next 10 years, in ad

dition to the units now under construction, it will be 

necessary to provide another 4 mill;on kilowatts of 

hydro and another 4 mi 11 ion kilowatts of thermo l gen

eration. It will be noted from table 4 that most 

of the hydro will be developed from exi!,ting plants, 

either under construct'aon or authorized. The Thi rd 

Powerplant at Grand Coulee, the proposed units at 

Chief Joseph, and Second Powerplant at Bonnevi I le 

ore examples. 

!/ Pacific Northwest Utilities Conference Com
mittee, 1973, Long range projection of power loads 
and resources for thermal planning; West Group Area, 
1973-74 through 1992-93: Prepared by Subcommittee 
on Loads and Resources, Apr'il 1973, unpublished 
repor1·. 

Future Sources 

In the future, still more peaking capacity can 

be developed at existing plants. However, future en

ergy requiremenl's must also come from new sources, 

and for the r.eor future from either nuclear or fossil 

fuel thermo! plants. There are several hydroelectric 

sites still available in the Northwest, within the 

range of economic development, that have been pre

served in their natural sta1·e for ecological reasons. 

Notably, among this group are Ben Franklin on the 

lower Col1;mbia, Asotin, High Mountain Sheep, and 

several others on the Snake and Salmon Rivers in Ore

gon and Idaho, and sti 11 other sites on the Flathead 

in Montana. 

As we consider the controversy over raising the 

height of Ross Dam, when we speculate on the pos

sible de!ays which may be experienced in getting 

site ap;:,rova I and construction started on the Sedro 

Woolley nuclear plant and that it now takes up to 

l O years lead time for such a plant, as we learn 

that Montana and federal new clean air laws may 

have an adverse effect on the schedule of Colstrip 

units l'~os. 3 and 4, we cannot be certain that these 

very serious problems will be readily resolved and 

that somehow everything wi 11 fit together on time. 

In reviewing the electric utility industries' experi

ences of the past few years, we should be alerted to 

the possibility of being confronted with these and 

other problems and be cautiously concerned. 

Stopgap Measures 

l n the past, when new generating units hove 

failed to meet schedule dates, utilities have often re

sorted to combustion turbines as a stopgap measure. 



Combustion turbines have been the solution to many 

utility problems. They are inexpensive and readily 

available, The aircraft turbine that is most often 

used is normally considered for peaking use rather 

than for base load application. Recently, an 

efficient, long life industrial-type turbine, with 

extremely low pollution characteristics, has been 

developed. It is suitable for low-grade fuels and 

may be located in metropolitan load centers. 

Probability of Maintaining Schedules 

Supplying the state's future energy needs de

pends on the solution to a series of complex problems 

related to the environment, energy-resource avail

ability, and the maintaining of schedules for the 

electrical projects. 

The problems related to the gasification and 

de-ashing of coal, if solved quickly, will strengthen 

our electrical generating capacity. If the nuclear 

industry's ability to enrich uranium fuels can be 
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tripled by the early 1980's, and if geothermal steam 

lives up to its projected potential, the electrical 

generating problems will be greatly diminished. 

Collectively, these problems pose a formidable 

challenge but they can be solved. 

Delays ~ New Generating Projects 

(1973-74 through 1982-83) 

Pacific Northwest Utilities Conference Commit

tee (PNUCC) represents all privately owned, publicly 

owned, and federal electric generating utility agen

cies in the Pacific Northwest. This committee collates 

an electric load and resource program, which represents 

the coordinated efforts of al I such agencies, and is 

intended to determine electric resources sufficient to 

meet the requirements of the region. While this 

joint planning for power resource development has 

been relied upon by electric utilities of the Pacific 

Northwest for many years in the past, it has never 

been as closely oriented, as critical, or as complex 

TABLE 4.-Federal generator installation schedule, Columbia River Power System 

Delays from 
Hydrothermal Advance Congressiona I advance program to 

program program Presentation current schedule 
Project February 11, 1965 January 1969 February 1, 1971 September 7, 1973 (months) 

LIBBY 

Unit l July 1973 July 1973 July 1974 July 1975 24 
2 July 1973 July 1973 July 1974 October 1975 27 
3 September 1973 October 1973 October 1974 January 1976 28 
4 Not Scheduled January 1974 January 1975 April 1976 
5 October 1982 
6 January 1983 
7 April 1983 
8 July 1983 

DWORSHAK 

Unit l June 1972 June 1972 November 1972 November 1973 17 
2 June 1972 June 1972 February 1973 October 1973 16 
3 June 1972 June 1972 May 1973 September 1973 15 
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TABLE 4.-Federal generator installation schedule, Columbia River Power System - Continued 

Advance Hyd rotherma I Congressional 
Delays from 

advance program to 
program program Presentation current schedule 

Project February 11, 1965 January 1969 February 1, 1971 September 7, 1973 (months) 

THE DALLES (Additions) 

Unit 15 June 1970 August 1971 August 1972 January 19731 31 
16 June 1970 August 1971 November 1972 January 1973 31 
17 October 1971 November 1971 February 1973 February 1973 l/ 16 
18 December 1971 February 1972 May 1973 March 1973 15 
19 June 1972 May 1972 August 1973 April 1973 10 
20 August 1972 August 1972 November 1973 May 1973 9 
21 October 1972 November 1972 February 1974 September 1973 11 
22 December 1972 February 1973 May 1974 October 1973 10 

GRAND COULEE (Third Powerplant) 

Unit 19 April 1973 September 1973 February 1974 August 1975 28 
20 June 1973 March 1974 August 1974 February 1976 32 
21 August 1973 September 1974 February 1975 August 1976 36 
22 Not Scheduled April 1977 
23 October 1977 
24 April 1978 

CHIEF JOSEPH (Additions) 

Unit 17 June 1972 November 1974 November 1975 March 1977 57 
18 June 1972 February 1975 February 1976 June 1977 60 
19 June 1972 May 1975 May 1976 September 1977 63 
20 August 1972 August 1975 August 1976 December 1977 64 
21 October 1972 November 1975 November 1976 March 1978 65 
22 December 1972 January 1976 January 1977 May 1978 65 
23 April 1973 March 1976 March 1977 July 1978 63 
24 June 1973 May 1976 May 1977 September 1978 63 
25 August 1973 July 1976 July 1977 November 1978 63 
26 October 1973 September 1976 September 1977 January 1979 63 
27 December 1973 November 1976 November 1977 March 1979 63 

LOWER GRANITE 

Unit 1 June 1971 June 1974 April 1975 April 1975 46 
2 June 1971 June 1974 April 1975 April 1975 46 
3 June 1971 June 1974 April 1975 April 1975 46 
4 Not Scheduled February 1978 

.5 Not Scheduled March 1978 
6 Not Scheduled April 1978 

LOST CREEK 

Unit 1 April 1972 April 1974 April 1976 October 1975 42 
2 June 1972 June 1974 June 1976 December 1975 42 
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TABLE 4.-Federal generator installation schedule, Columbia River Power System - Continued 

Advance Hydrotherma I 
program program 

Project FebruaQ'. 11, 1965 Januarl'.'. 1969 

BONNEVILLE (Second Powerplant) y 

Unit 11 July 19751 March 1975 
12 July 1975 May 1975 
13 July 1975 4 July 1975 
14 September 1975 Y September 1975 
15 November 1975 November 1975 
16 January 1976 January 1976 
17 
18 

ASOTIN V 
Unit l, 2 June 1974 June 1977 

3, 4 Not Scheduled Not Scheduled 

ICE HARBOR (Additions) 

Unit 4 July 1974} July 1973 
5 September 1974 1/ October 1973 
6 November 1974 January 1974 

TETON 

Unit 1 April 1971 April 1974 
2 April 1971 April 1974 
3 Not Scheduled Not Scheduled 

LOWER MONUMENTAL 

Unit 4 
5 
6 

LITTLE GOOSE 

Unit 4 
5 
6 

Not Scheduled 
Not Scheduled 
Not Scheduled 

Not Scheduled 
Not Scheduled 
Not Scheduled 

!/ Actual installation date. 

Congressiona I 
Presentation 

FebruaQ'. 1, 1971 

February 1978 
April 1978 
June 1978 
August 1978 
October 1978 
December 1978 

November 1981 
February 1982 

May 1975 
August 1975 
November 1975 

April 1975 
July 1975 
April 1978 

Seetember 7, 1973 

May 1981 
July 1981 
September 1981 
November 1981 
January 1982 
March 1982 
May 1982 
July 1982 

Not Scheduled 
Not Scheduled 

February 
March 
April 

June 
September 
July 

February 
March 
April 

February 
March 

April 

1975 
1975 
1975 

1976 
1976 
1979 

1979 
1979 
1979 

1978 
1978 
1978 

Delays from 
advance program to 

current schedule 
{months} 

70 
72 
74 
74 
74 
74 

7 
6 
5 

62 
65 

Y Since August 1971, when this schedule was made, the initial ope_ration dote for Bonneville Second Powerplont 
units hove been delayed to May 1981. Eight units roted at 68 megawatts each, 544 megawatt total, are now planned. 

~/ Subsequent to preparation of the August 1971 Installation Schedule, the Asotin project has been indefinitely 
delayed because of environmental considerations. 

1/ From March 21, 1966 schedule. Modified from BPA - Branch of Power Resources, 
August 30, 1971. Revised September 19, 1973 
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as it is now. The completion of nearly all th~ eco

nomically desirable and(or) available hydro plants, 

the siting and development of thermal plants, plan

ning of transmission lines, environmental considera

tions, and the development of all other multipurpose 

uses of the Columbia River System have greatly com

plicated the committee's program. 

" The PNUCC's program has been based on federal 

and nonfederal power resource developments that are 

planned annually to meet the estimated fim, load re

quirements during the following 20-year period. 

Each annual plan reflects the previous project delays 

caused by budgetary, physical limitations, or restric

tions relating to other river uses. However, because 

of the lead time now necessary to develop alternative 

thermal resources, the committee has been hard 

pressed to find alternative resources that can be de

veloped in time to replace delayed projects. 

The federal generator installation schedule 

(see table 4) indicates the delays in federal projects 

and unit installations that affect available resources 

in the Pacific Northwest. For example, projects 

scheduled in February 1965 for installation in 1972 

have now been delayed until 1977. Ten federal pro

jects or project additions have been delayed. Major 

project delays include a 2-year delay of Libby gene

rators, about a 16-month delay for Dworshak uni ts, 

over 2~ years for The Dalles additions, from 2 to 3 

years on the first three units at Grand Coulee Third 

Powerplant, roughly 5 years for Chief Joseph addi

tions, nearly 4 years on Lower Granite units, some 

6 years for Bonnevi fie Second Powerplant generation, 

and an average of 6 months for added units at Ice 

Harbor. Referring to the 1968 schedule, there have 

been delays of approximately 2,200,000 kw produc

tion in federal hydro projects that were originally 

scheduled for the 1973-74 year. For the 1974-75 

year the delay in federal hydro projects amounts to 

over 4,000,000 kw. 

Nonfederal project delays have also occurred. 

The most important of these is the 4-year delay of 

the Eugene nuclear powerplant. Another is the Jan

uary 1973 announcement of a 10-month delay in the 

schedule for the Trojan nuclear plant, with a loss of 

an additional l, l 00, 000 kw. 

Some of the reasons for delays are deferred ap

propriations for federal projects, multilicensing 

problems for nuclear projects, late equipment de

liveries, labor problems, lack of skilled workmen, 

and environmental and ecological restrictions. 
The PNUCC adjusted their schedules to partly 

accomodate these delays by accelerating the WPPSS 

Nuclear Project No. 2 (Hanford) and WPPSS Nuclear 

Project No. 3 (Satsop). WPPSS No.,Z i's now.sched

uled for initial generation September l, '1978, and 

WPPSS Nuclear Project No. 3 is sd,eduled for Sep

tember 1, 1981. Recently, the shutdown of WPPSS 

No. l was delayed unti I 1977. In addition to this, 

Pacific Power & Light Company's Jim Bridger Unit 2 

and 3 have been cicceterafed, with No. 2 scheduled 

in 1975', and No~ 3 dccel~~ated from 1979 to 1976. 

Portland Genei:al Elett~ic Company is now (1973) in

stalli~g 390 megawatts of combustion turbines (Har

borton.and :Bethel) fo supply power that was originally 

to have been .supp.lied by new federa I projects that 

were delayed, An additional 460 megawatts (Beaver 

w:iits) is scheduled for mid-1974 to offset delays in 

their Trojan plant. The PNUCC was also able to ac

celerate the Centralia Steam-Electric Project. The 

first 700-megawatt unit was advanced 2 years, Sep

tember 1973 to September 1971. The second 700-

megawatt unit was also accelerated 2 years, Septem

ber 1974 to September 1972. These units will help 

meet firm power obligations in 1973-74. Currently, 

the 1973-74 operation will likely be limited to 1200 

megawatts by pollution control regulations. 

Although the schedules arranged through the 

PNUCC have provided enough new generation to 



meet the anticipated load growth of the area, .Q.!Ji'.. 

cancellations of generating units or delays in meet

ing construction schedule dates wi 11 have on impact 

on the state and Washington customer!~ and Washingtofl 

industries will not receive the electric energy they_ 

actually need. 

Because of continuing project delays, the Pacific 

Northwest region can expect to be short of power 

under critical water conditions in 'i974-75, 1975-76, 

1977-78, and 1978-79. 

A light snowpack, a poor spring runoff, ond a 

low streamflow during the 1972-73 operal'ing year 

resulted in the curtailment of secondary energy nor

mally supplied to northwest uHlities and industries. 

Asa result, the utilities were unable to fill many of 

the major storage reservoirs and entered into the 

1973-74 operating year with a deficit in available 

resources to meet estimated load requirements. 

As of October 1, 1973, die regional reservoirs 

were short of wal'er equivalent to 14 billion kilowatl' 

hours on the basis of a 20!-rnonth critical storage 

drawdown period. When this is related to a full res

ervoir condition, representing 46 billion kwh, we 

can appreciate how critical this shortage has already 

become. 

A continuation of critical water conditions into 

late fa I! wi 11 adversely affect industry. A continua

tion of critical water conditions for an extended pe·· 

riod, such as the 1928 to 1932 and 1943 to 1945 

periods, coupled with delays in providing new gene

ration, is almost cert·ain to be disastrous to the state's 

economy. 

In the detennlnation of firm power capabilities 

of the sl·ate's electric power plants, the ability to 

supply a source of firm dependable energy is limited 

to that which can be generated under adverse water 

conditions, referred to as the "er Hico l water year. " 
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During the early years of electrical generation 

in this region, when water sl'orage was less developed 

but increasing gradually, the critical water year was 

a period of 7 to 9~ months, using the historical stream

flows of September 16, 1936 to April 15, 1937. As 

more and more storage was added to the system, both in 

Canada and the United States, the critical water pe

riod was extended to a 2~-month period, using his

torical streamflows from August 15, 1943 through 

April, 1945; and then it was extended to a 42!-month 

period, using historical strearnflows from August 15, 

1928 through February, 1932. (The scheduling of 

new thermal plants into the system may affect the 

length of the critical period, also.) The daily hydro

graph of the Columbia River at Grand Coulee (figure 

1) shows these three critical water periods, while 

figure 2 shows the current-year hydrograph at Grand 

Coulee, with the 1936-37 and the 1943-45 critical 

streamflows and the median-month strearnflow pro

jected on the same coordinates for comparison. 

Firm energy resources of Washington are deter

mined by this critical water period as it relates to the 

West Group of the Northwest Power Pool (table 6). 

Al I electric uti Ii ties of the state are each an i ntegra

ted part of this group. In establishing !'he fl rm power 

resource C\'lpcbilities of the generating utilities in 

Washington the power resources of the entire region 

ore embraced, incl udi nQ not on! y Washington and 

Oregon, but also parts of Idaho, California, and 

Montana. Through the Pacific Northwest coordi na

tion agreement, they are contrac"tual ly committed to 

supply to, receive from, and exchange power with 

other members of rhis agreement; also with, although 

less fonnally (and less binding), other members of the 

Northwest Power Pool; namely, Utah Power & Light 

Co., Idaho Power Co., British Columbia Hydro & 

Power Authority, and West Kootenay Power & Light 

Co. Critical-period energy capabilities of all hydro

electric plants serving loads within the State of 

Washington are shown in table 7. 
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FIGURE 1.-Daily hydrograph of natural streamflow at Grand Coulee, showing critical water periods. 

The month of January has been established as the 

most critical month of the year for electrical power 

requirements. The most critical water month would 

then be the last January of the critical water period, 

Under such adverse water conditions, January 31 

would theoretically find the reservoirs at their maxi

mum drawdown condition at a time when peak loads 

are highest. January 1932 is the critical month for 

the 42!-month critical water period being used in 

this report. January peak capabilities are shown in 

table 8. 

The average energy capability developed over 

the 30 years of recorded experience is called the 30-

year-average energy capability (table 9), 

At any particular period, secondary energy will 

be available when the storage content of the coordi

nated system is at or above pre-established energr 

content curves. These operating curves are designed 

for maximum assurance of water to generate firm 

power, and to supply secondary loads consistent with 

the refi 11 i ng of a 11 reservoir storage. 

Thermal plants will, in the future, provide the 

additional base energy sources for the state's expected 

growth. During critical water conditions, standby 

thermal plants are pressed into servi~,e in an effort to 

provide power for the hydrogeneration deficiency. 

Thermal plant capabilities are included here as a 

necessary part of the critical water study (see table 5), 
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TABLE 5.-Capacities of thermal 

Utility 

Cowlitz County PUD 

Tacoma City Light 

Seattle City Light 

Puget Sound Power & Light Co. 

Pacific Power & Light Co. 

Washington Public Power Supply 
System 

The Washington Water Power Co. 

!/ Colstrip ownership 

Plant 

Longview 

Plant No, 1 
Plant No. 2 

Lake Union 
Georgetown 
Boundary 

Shuffl eton 
Crystal Mountain 
Whidbey lslan:1/ 
Colstrip No. l 
Colstrip No. 2 
Colstrip No. 3 
Colstrip No. 4 
Sedro Waol ley 

(Skagit) 

Boardman?/ 

Trojan V 
Centralia 1/ 

Nos. l and 2 
Jim Bridger No. 2 
Jim Bridger No. 3 
Dave Johnson No. l 
Dave Johnson No. 2 
Dave Johnson No. 3 
Dave Johnson No. 4 

WPPSS No. 1 (Hanford) 
WPPSS No. 1 (Hanford) 

(new addition) 
WPPSS No. 2 (Hanford) 

WPPSS No. 3 (Satsop) V 

Othello 

Type 

Steam 

Steam 
Steam 

Steam 
Steam 
Combustion turbine 

Steam 
Diesel 
Combustion turbine 
Steam 
Steam 
Steam 
Steam 

Nuclear 

Nuclear 

Nuclear 

Steam 
Steam 
Steam 
Steam 
Steam 
Steam 
Steam 

Nuclear 
Nuclear 

Nuclear 

Nuclear 

Combustion turbine 

Figures are megawatts 

Nameplate 
Peak Energ~ 

Capacity capabi ity 

26.6 30.0 27.0 

9.0 9.1 0.0 
50.0 55.4 14.0 

30.0 40.0 36.0 
21.0 22.0 19.0 

.8 .8 .8 

90.0 86.0 80.0 
2.8 2.8 2.5 

26.5 28.7 
350.0 350.0 
350.0 350.0 

700.0 
700.0 

1100.0 1100.0 

1260.0 

1216.0 

1329.8 1400.0 1365.0 
500.0 500.0 
500.0 500.0 
104.0 104.0 
104.0 104.0 
220.0 220.0 
330.0 330.0 

860.0 860.0 860.0 
1220.0 

1100.0 

1100,0 

33.0 33.0 

Unit land 2: Puget Sound Power & Light Co., 50 percent; and Montana Power Co., 50 percent. 

1973-74 

27.0 

o.o 
21.0 

36.0 
19.0 

.8 

80.0 
2.5 

28.7 

1365.0 

104.0 
104.0 
220.0 
133.0 

860.0 

1.0 

Unit 3 and 4: Montana Power Co., 30 percent, Puget Sound Power & Light Co., 25 percent; Washington Water Power Co., 
15 percent; Pacific Power & Light Co., 10 percent; and Portland General Electric Co., 20 percent. 

~/ Boardman nuclear ownership: Portland General Electric Co., 65 percent; Pacific Power & Light Co., 25 percent; and Eugene 
City Light, 10 percent, 

~/ 
Trojan nuclear ownership: Portland General Electric Co., 67.5 percent; Pacific Power & Light Co., 2.5 percent; and Eugene 

City Light, 30 percent. 
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plants serving Washington State 

1974-75 1975-76 1976-77 1977-78 1978-79 1979-80 1980-81 1981-82 1982-83 1983-84 

27.0 27.0 27.0 27.0 27.0 27.0 27.0 27.0 27.0 27.0 

21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 

36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 36.0 
19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 

.8 .8 .8 .8 .8 .8 .8 .8 .8 .8 

80.0 80.0 80.0 80.0 80.0 80.0 80.0 80.0 80.0 80.0 
2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 

28.7 28.7 28.7 28.7 28.7 28.7 28.7 28.7 28.7 28.7 
175.0 175.0 175.0 175.0 175.0 175.0 175.0 175.0 175.0 

175.0 175.0 175.0 175.0 175.0 175.0 175.0 175.0 
350.0 350.0 350.0 350.0 350.0 350.0 

350.0 350.0 350.0 350.0 350.0 

1100.0 1100.0 1100.0 

1260.0 1260.0 1260.0 1260.0 

1130.0 1130.0 1130.0 1130.0 1130.0 1130.0 1130.0 1130.0 1130.0 

1365.0 1365.0 1365.0 1365.0 1365.0 1365.0 1365.0 1365.0 1365.0 1365.0 
500.0 500.0 500.0 500.0 500.0 500.0 500.0 500.0 500.0 

500.0 500.0 500.0 500.0 500.0 500.0 500.0 500.0 

428.0 428.0 428.0 428.0 428.0 428.0 428.0 428.0 428.0 428.0 

300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 

860.0 (Discontinued 1975) 

1220.0 1220.0 1220.0 

1100.0 1100.0 1100.0 1100.0 1100.0 1100.0 
1100.0 1100.0 1100.0 

1.0 1.0 1.0 1.0 1.0 1.0 1. 0 1.0 1.0 1.0 

y Centralia ownership: Pacific Power & Light Co., 47 .5 percent; Puget Sound Power & Light Co., 7 percent; Washington Water 
Power Co., 15 percent; Portland General Electric Co., 2.5 percent; Tacoma City Light, 8.0 percent; Seattle City Light, 8.0 percent; 
Snohomish PUD, 8.0 percent; and Grays Harbor PUD 4.0 percent. 

~/ Washington Public Power Supply System No. 3 (Satsop) nuclear ownership: Pacific Power & Light Co., 10 percent; Washington 
Water Power, 5 percent; Portland General Electric Co., 10 percent; Puget Sound Power & Light Ca., 5 percent; and Washington Public 
Power Supply System, 70 percent. 
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TABLE 6,-Members of Northwest Power Pool (NWPP) 

West Group U.S. Corps of Engineers 
( North Pacific Division) 

Bonneville Power Administration U.S. Bureau of Reclamation Pacific 
Chelan County Public Utility District Northwest Region (South Idaho System) 
Cowlitz County Public Utility District 
Douglas County Public Utility District 

East Group 

Eugene Water & Electric Board Idaho Power Company 
Grant County Public Utility District Utah Power & Light Company 
Pacific Power & Light Company Montana Power Company 
Portland General Electric Company 
Puget Sound Power & Light Company Canadian Group 
Seattle City Light 

British Columbia Hydro & Power Authority Tacoma City Light 
Washington Water Power Company West Kootenay Power & Light Company 

TABLE 7. - Critical-period energy capability of hydroelectric plants serving Washington loads 

Figures are megawatts 1973-74 1974-75 1975-76 1976-77 1977-78 1978-79 1979-80 1980-81 1981-82 1982-83 1983-84 

Months in Critical Period 42-1 /2 42-1 /2 42-1/2 42-1 /2 42-1/2 42-1/2 42-1 /2 42-1 /2 42-1 /2 42-1 /2 42-1 /2 

Columbia Mainstem 

Box Canyon Pend Or. PUD 46 46 46 46 46 46 46 46 46 46 46 
Boundary Seattle 361 361 361 361 361 360 360 360 360 359 359 
Spokane River WWP 81 81 81 Bl 81 81 81 81 81 81 81 
Grand Coulee BPA 1,831 1,811 1,925 1,942 1,937 1,887 1,886 1,878 1,875 1,865 1,858 
Chief Joseph BPA 1,027 1,021 1,028 1,025 1,026 1,091 1,089 1,087 1,085 1,083 1,081 
Wells Douglas PUD 442 440 441 439 439 438 437 436 436 435 434 
Chelan Chelan PUD 38 38 38 38 38 38 38 38 38 38 38 
Rocky Reach Chelan PUD 649 648 648 647 646 645 644 642 641 640 639 
Rock Island Chelan PUD 155 153 155 155 155 155 154 154 154 153 153 
Wanapum Grant PUD 563 563 562 561 560 559 559 558 557 556 555 
Priest Rapids Grant PUD 530 530 530 528 528 528 527 526 525 525 524 
Lower Granite BPA 82 217 217 217 220 220 219 219 219 218 
Little Goose BPA 212 213 213 213 213 215 215 215 215 214 214 
Lower Monumenta 1 BPA 216 218 218 217 217 217 219 218 218 218 218 
lea Harbor BPA 200 220 220 220 219 219 218 218 218 217 216 
McNarY* BPA 650 650 650 648 648 647 646 645 644 643 643 
John Day* BPA 927 929 925 923 921 920 919 917 916 914 912 
The Dalles BPA 773 773 821 819 818 817 816 814 813 812 810 
Bonne vi 11 e* BPA 551 546 559 556 554 554 554 552 559 592 592 

*Located on state boundary (interstate) 
Increase from Addi ti ona 1 Units (Included Above) 

3 9 12 11 10 20 24 Chief Joseph BPA 
Lower Granite BPA 0 3 3 3 3 3 3 

Little Goose BPA 0 3 3 3 3 3 3 

Lower Monumenta 1 BPA 0 2 2 2 2 2 

Ice Harbor BPA 18 19 19 18 18 18 18 17 17 17 

Bonneville BPA 0 6 47 49 

~ydro, Other Than Columbia River System 

Swift #1 PP&L 54 54 54 54 54 54 54 54 54 54 54 
Swift #2* PP&L 20 20 20 20 20 20 20 20 20 20 20 
Yale PP&L 52 52 52 52 52 52 52 52 52 52 52 
Merwin PP&L 51 51 51 51 51 51 51 51 51 51 51 
Klamath River PP&L 55 55 55 55 55 55 55 55 55 • 55 55 
Alder Tacoma 19 19 19 19 19 19 19 19 19 19 19 
LaGrande Tacoma 33 33 33 33 33 33 33 33 33 33 33 
Cush111an #1 Tacoma 11 11 11 11 11 11 11 11 11 ,, 11 
Cushman #2 Tacoma 23 23 23 23 23 23 23 23 23 23 23 
Mayfield Tacoma 66 66 66 66 66 66 66 66 66 66 66 
Mossyrock Tacoma 94 94 94 94 94 94 94 94 94 94 94 
Ross Seattle 66 66 66 66 102 102 102 102 102 102 102 
Diab lo Seattle 83 83 83 83 83 83 83 83 83 83 83 
Gorge Seattle 93 . 93 93 93 93 93 93 93 93 93 93 
White Puget 28 28 28 28 28 28 28 28 28 28 28 
Upper Baker Puget 34 34 34 34 34 34 34 34 34 34 34 
Lower Baker Puget 38 38 38 38 38 38 38 38 38 38 38 

*owned by Cowlitz PUD 
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TABLE 7.-Critical-period energy capability of hydroelectric plants serving Washington loads - Continued 

Figures are megawatts 1973-74 1974-75 1975-76 1976-77 1977-78 1978-79 1979-80 1980-81 1981-82 1982-83 1983-84 

Minor Hydro 42-1/2 42-1 /2 42-1/2 42-1 /2 42-1/2 42-1/2 42-1/2 42-1/2 42-1/2 42-1 /2 42-1/2 

Roza (Net) BPA 5 5 5 5 5 5 5 5 5 5 5 
Yelm Centralia 9 9 9 9 9 9 9 9 9 9 9 
Cedar Fa 11 s & Newha l em Seattle 8 8 8 8 8 8 8 8 8 8 8 
Snoqualmie & Minors Puget 48 48 48 48 48 48 48 48 48 48 48 
Meyers Fa 11 s WWP l l l l l l l l l l l 
Packwood WPPSS 7 7 7 7 7 7 7 7 7 7 7 
Condit, Naches, Naches Drop PP&L 11 11 11 11 11 11 11 11 11 11 11 

TABLE 8.-January peak capability of hydroelectric plants serving Washington loads 

Figures are megawatts 1973-74 1974-75 1975-76 1976-77 1977-78 1978-79 1979-80 1980-81 1981-82 1982-83 1983-84 

Water Year Jan 1932 Jan 1932 Jan 1932 Jan 1932 Jan 1932 Jan 1932 Jan 1932 Jan 1932 Jan 1932 Jan 1932 Jan 1932 

Columbia Mainstem 

Box Canyon Pend Or. PUD 71 71 71 71 71 71 71 71 71 71 71 
Boundary Seattle 650 650 650 650 650 650 650 650 650 650 650 
Spokane River WWP 134 134 134 134 134 134 134 134 134 134 134 
Grand Coulee BPA 2,050 2,205 2,224 4,141 4,148 4,097 5,290 5,859 5,834 5,870 5,870 
Chief Joseph BPA l ,280 1,280 1,280 1,280 l ,717 2,373 2,482 2,482 2,482 2,482 2,482 
Wells Douglas PUD 842 842 842 842 842 842 842 842 842 842 842 
Chelan Chelan PUD 50 50 so 50 50 50 50 50 50 50 50 
Rocky Reach Chelan PUD 1,291 1,291 1,291 1,291 1,291 1,291 1,291 1,291 1,291 1,291 1,291 
Rock Island Chelan PUD 157 155 156 155 155 155 154 155 155 153 152 
Wanapum Grant PUD 986 986 986 986 986 986 986 986 986 986 986 
Priest Rapids Grant PUD 912 912 912 912 912 912 912 912 912 912 912 
Lower Granite BPA 0 466 466 466 466 932 932 932 932 932 
Little Goose BPA 466 466 466 466 466 466 932 932 932 932 932 
Lower Monumental BPA 466 466 466 466 466 466 466 932 932 932 932 
Ice Harbor BPA 310 310 693 693 693 693 693 693 693 693 693 
McNary• BPA l, 127 l, 127 l, 127 l, 127 l, 127 l, 127 l, 127 1,127 l, 127 1,127 l, 127 
John Da.Y* BPA 2,484 2,484 2,484 2,484 2,484 2,484 2,484 2,484 2,484 2,484 2,484 
The Dalles BPA 2,015 2,015 2,018 2,018 2,018 2,018 2,018 2,018 2,018 2,018 2,018 
Bonnevi 11 e* BPA 574 574 574 574 574 574 574 574 574 963 l, 124 

*Located on state bounda-ry (interstate) 

Increase from Additional Units (Included Above) 
Chief Joseph BPA 437 1,093 1,101 1,202 1,202 1,202 1,202 
Lower Granite BPA 0 466 466 466 466 466 
Little Goose BPA 0 466 466 466 466 466 
Lower Monumenta 1 BPA 0 466 466 466 466 
Ice Harbor BPA 0 383 383 383 383 383 383 383 383 383 
Bonne vi 11 e BPA 0 389 550 

Hydro, Other Than Columbia River sistem 

Swift #1* PP&L 161 161 161 161 161 161 161 161 161 161 161 
Swift #2 PP&L 76 76 76 76 76 76 76 76 76 76 76 
Yale PP&L 113 113 113 113 113 113 113 113 113 113 113 
Merwin PP&L 133 133 133 133 133 133 133 133 133 133 133 
Alder Tacoma 28 28 28 28 28 28 28 28 28 28 28 
LaGrande Tacoma 65 65 65 65 65 65 65 65 65 65 65 
Cushman #1 Tacoma 17 17 17 17 17 17 17 17 17 17 17 
Cushman #2 Tacoma 88 88 88 88 88 88 88 88 88 88 88 
Mayfield Tacoma 133 133 133 133 133 133 133 133 133 133 133 
Mossyrock Tacoma 197 197 197 197 197 197 197 197 197 197 197 
Ross Seattle 251 251 251 251 251 251 251 251 251 251 251 
Diablo Seattle 159 159 159 159 159 159 159 159 159 159 159 
Gorge Seattle 175 175 175 175 175 175 175 175 175 175 175 
White Puget 62 62 62 62 62 62 62 62 62 62 62 
Upper Baker Puget 83 83 83 83 83 83 83 83 83 83 83 
Lower Baker Puget 47 47 47 47 47 47 47 47 47 47 47 

*owned by Cowlitz PUD 
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TABLE 8.-January peak capability of hydroelectric plants serving Washington loads - Continued 

Figures are megawatts 1973-74 1974-75 1975-76 1976-77 1977-78 1978-79 1979-80 1980-81 1981-82 1982-83 1983-84 

Water Year Jan 1932 Jan 1932 Jan 1932 Jan 1932 Jan 1932 Jan 1932 Jan 1932 Jan 1932 Jan 1932 Jan 1932 Jan 1932 

Minor Hydro 

Roza (Net) BPA 7 7 7 7 7 7 7 7 7 7 7 
Yelm Centralia 10 10 10 10 10 10 10 10 10 10 10 
Cedar Falls & Newhalem Seattle 32 32 32 32 32 32 32 32 32 32 32 
Snoqualmie & Minors Puget 72 72 72 72 72 72 72 72 72 72 72 
Meyers Falls WWP l l l l l l l l l l l 
Packwood WPPSS 30 30 30 30 30 30 30 30 30 30 30 
Condit, Naches 

Naches Drop PP&L 18 18 18 18 18 18 18 18 18 18 18 

TABLE 9. -Thirty-year-average energy capability of hydroelectric plants serving Washington loads 

Figures are megawatts Load Year Studied 
l 973-74 l 974-75 l 975-76 l 976-77 l 977 -78 l 978-79 l 979-80 l 980-81 l 98l-82 l 982-83 1983-84 

Columbia Mainstem 

Box Canyon Pend Or. PUD 49 49 49 49 49 49 49 49 49 49 49 Boundary Seattle 443 443 443 443 443 442 442 441 442 440 440 Spokane River WWP 102 102 102 102 102 102 102 102 102 102 100 Grand Coulee BPA 1,709 1,993 2,245 2,260 2,266 2,214 2,208 2,196 2,192 2,184 2,177 Chief Joseph BPA l, 111 l, 114 l, 103 l, 111 l, 192 1,318 l ,321 1,317 1,316 1,313 1,313 Wells Douglas PUD 522 523 522 519 515 513 512 510 510 509 509 Chelan Chelan PUD 46 46 46 46 46 45 46 46 46 45 45 Rocky Reach Chelan PUD 779 780 780 777 772 768 767 764 764 762 762 Rock Island Chelan PUD 150 149 150 150 149 149 149 148 148 148 148 Wanapum Grant PUD 670 672 673 668 658 656 655 653 653 651 652 Priest Rapids Grant PUD 629 631 632 627 618 616 615 614 613 612 613 Lower Granite BPA 109 281 281 323 323 323 323 322 322 321 Little Goose BPA 278 278 278 278 278 318 318 318 317 317 316 Lower Monumental BPA 285 285 285 285 285 327 327 326 326 326 325 Ice Harbor BPA 241 308 312 312 311 311 310 310 310 310 309 McNar.Y" BPA 815 812 812 808 801 799 798 797 796 795 795 John DaY* BPA 1,236 1,234 1,231 1,228 1,226 1,224 1,222 1,221 1,219 1,217 1,215 The Dalles BPA 1,039 l ,037 1,055 l ,053 1,052 1,050 1,049 1,047 1,046 1,045 1,044 Bonnevi ne* BPA 550 548 563 562 560 560 559 571 719 738 738 
*Located on state boundary (interstate) 

Hydro, Other Than Columbia River 

Swift #\ PP&L 73 73 73 73 73 73 73 73 73 73 73 Swift #2 PP&L 25 25 25 25 25 25 25 25 25 25 25 Yale PP&L 64 64 64 64 64 64 64 64 64 64 64 
Merwin PP&L 62 62 62 62 62 62 62 62 62 62 62 Alder Tacoma 25 25 25 25 25 25 25 25 25 25 25 LaGrande Tacoma 39 39 39 39 39 39 39 39 39 39 39 
Cushman #1 Tacoma 12 12 12 12 12 12 12 12 12 12 12 
Cushman #2 Tacoma 24 24 24 24 24 24 24 24 24 24 24 
Mayfield Tacoma 70 70 70 70 70 70 70 70 70 70 70 
Mossyrock Tacoma 108 108 108 108 108 108 108 108 108 108 108 
Ross Seattle 77 77 77 77 77 77 77 77 77 77 77 
Diab lo Seattle 82 82 82 82 82 82 82 82 82 82 81 Gorge Seattle 94 94 94 94 95 95 94 95 95 94 94 White Puget 36 36 36 36 36 36 36 36 36 36 36 Upper Baker Puget 39 39 39 39 39 39 39 39 39 39 39 
Lower Baker Puget 44 44 44 44 44 44 44 44 44 44 44 *owned by Cowlitz PUD 

Minor Hydro 

Roza SPA 7 7 7 7 7 7 7 7 7 7 7 
Yelm Centra 1 ia 9 9 9 9 9 9 9 9 9 9 9 
Cedar Falls & Newhalem Seattle 13 13 13 13 13 13 13 13 13 13 13 
Snoqualmie & Minors Puget 54 54 54 54 54 54 54 54 54 54 54 
Minor Hydro (Meyers Falls) WWP 1 1 1 1 1 1 1 1 1 1 1 
Packwood WPPSS 11 11 11 11 11 11 11 11 11 1-1 11 
Condit, Naches, Naches Drop PP&L 16 16 16 16 16 16 16 16 16 16 16 



FIRM POWER COMMITMENTS 

The key to determining the electrical resources 

of the state is the electrical energy generated by 

federal plants committed to supplying Washington 

loads. This has been tabulated by Bonneville in table 

10. By analyzing this tabulation, a determination can 

be made of all components taken into account in 

arriving at the final BPA values included in table 11. 

To these figures have been added corresponding values 

for each of the generating utilities within the state, 

taking into account certain adjustments for those i terns 

that have already been included in the Bonneville 

figures (all duplications were deleted in preparing 

tablell). 

The final tabulation credited to each utility rep

resents a net firm resource not duplicated by Bonneville 

or any other utility, with losses, reserves, imports, 

exports, and all other such factors accounted for. 

BONNEVILLE CONTRACTUAL COMMITMENTS 

In the Bonneville contracts with publicly owned 

utilities as stated under Assumptions (page 107), 

Bonneville agrees to provide all electric power re

quired by these customers for 8 years after they 

(Bonneville) have notified the utility that they will no 

longer serve their anticipated load growth. Inasmuch 

as there have been no such notices given and no indi

cation that any such notices will be given in the fore

seeable future, it has therefore been established in 

this report that the electric energy represented by these 

Bonneville commitments, including also firm commit

ments to its industrial customers, can be considered 

firm and therefore determined an energy resource. 

WASHINGTON STATE LOADS AND RESOURCES 

In this report all such firm commitments by 

Bonneville to their statutory preferenced customers, 

FIRM POWER COMMITMENTS 121 

publicly owned utilities, and Bonneville firm contracts 

with industrial customers have been summarized in 

table 10. To these have been added the generating 

resources of Washington municipalities and the Public 

Utility Districts committed to Washington customers. 

Included also are the resources of investor-owned 

electric utilities of the state and their out-of-state 

energy imports committed to serving their Washington 

customers. In essence, all firm electrical energy 

resources committed to serve the estimated loads of 

Washington customers are considered to be the elec

trical energy resources of the State of Washington. 

Electric energy resources, as determined in this 

manner, have been developed in table 11. 

The total values of 11,504 megawatt peak 

and 7,426 megawatt average for the years 1973-74 

increasing year by year to 19,914 megawatt peak 

and 12,720 megawatt average for the years 1983-84 

represent the estimated Washington net firm electrical 

resources for the present and for each year for the 

next ten-year period. 

As previously indicated in this report, only 

firm e I ectri cal energy resources committed to serve 

the estimated loads of the State of Washington are 

considered to be electrical energy resources of the 

state. This takes into account energy generated 

within the state committed to serve loads out of the 

state (export) and energy generated outside of the 

state committed to serve loads within the state 

(import), and also that Bonneville is committed to 

providing the firm energy requirements of publicly 

owned utilities and certain industries. 

Table 11 is based upon a report entitled "Long

Range Projection of Power Loads and Resources for 

Thermal Planning, West Group Area, 1973-74 through 

1992-93," dated April 9, 1973, and prepared by the 

Subcommittee on Loads and Resources of the Pacific 

Northwest Utilities Conference Committee (see table 

3). In the development of table 11, surpluses and 

deficiencies are made zero by exporting surpluses 

and importing deficiencies. 
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ELECTRIC POWER PLANTS AS SHOWN ON FIGURE 3 

l. Duncan (storage) 33. Friday Harbor 65. Longview 
2. Arrow (storage) 34. Upper Baker 66. Trojan 
3. Boundary 35. Lower Baker 67. Yale and Merwin 
4. Sullivan Creek 36. Copper Creek 68. Swift l, 2 
5. Box Canyon 37. Dirtyface Mountain 69. Meadows, Lower, Upper 
6. Priest Lake (storage) 38. Sultan l, 2, 3 70. Muddy 
7. Kootenai Falls 39. Whidbey Island 71. Bonneville 
8. Libby 40. Lake Union 72. The Dalles 
9. Libby, ML&P, PP&L 41. N. Fk. Snoqualmie 73. John Day 

10. Noxon Rapids 42. Beaver 74. Trout Creek 
11. Cabinet Gorge 43. Leavenworth 75. Ninefoot Creek 
12. Post Falls 44. Rocky Reach 76. Packwood Lake 
13. Spokane 45. Rock Island 77. Naches Drop 
14. Monroe Street 46. Dryden 78. Naches 

~ 15. Upper Falls 47. Mile 5.9 79. Roza )> 
16. Nine Mile 48. Snoqualmie Falls 80. Priest Rapids Vl 

::c 
17. Long Lake 49. Cedar Falls 81. Wanapum z 18. Little Falls 50. Shuffleton 82. WPPSSl,2 G) 
19. Meyers Falls 51. Georgetown 83. Ben Franklin -I 

20. Grand Coulee 52. Cushman No. 84. Chandler 0 
21. Chief Joseph 53. Cushman No. 2 85. McNary z 
22. Wells 54. Tacoma 1, 2 86. Ice Harbor 

Vl 
-I 

23. Chelan 55. Yelm 87. Lower Monumenta I )> 
-I 

24. Antilon Lake (storage) 56. Electron 88. Little Goose m 

25. Stehekin 57. White River 89. Lower Granite r-
0 

26. Newhalem 58. Crystal Mountain 90. High Mountain Sheep )> 

27. Thunder Creek 59. Alder 91. Asotin 0 
Vl 

28. Ross 60. La Grande 92. Dworshak )> 

29. Diablo 61. Centralia 93. Hungry Horse z 
30. Gorge 62. Mayfield 94. Colstrip " 0 

31. Nooksack 63. Mossyrock 95. Dave Johnston 
:;:o 
m 

32. East Sound 96. Jim Bridger VI 
64. Cowlitz Falls 0 
64a. Condit 97. Mica (storage) C 

:;:o 
() 
m 
VI 

N w 
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Industrial, Cammitted & Renewal 
Potential Industry 
Federa I Agency Loads 
Public Agency Commitments 
Private Utility Commitments 
Columbia Storage Power Exchange 

to West Group 
WPPSS No. l to West Group 
Exbfrts 
Pu lie Agency Al locations 
Private Uti I ity Al locations 
Cold Weather Factor 
Load Growth Reserves 
Losses 

Total Firm Load 

TABLE 10.-Federal system estimated firm load requirements 

Figures are January Peak and Critical 

1973-74 1974-75 1975-76 1976-77 
Peak Avg. Peak Avg. Peak Avg. Peak Avg. 

1,736 1,692 1,68~ I 1,686 1,686 1,660 1,686 1,660 
- - - - - - -

123 131 116 126 126 125 117 125 
38 - 38 - 38 - 45 -

133 116 150 11 150 11 274 11 
- - - 45 384 216 524 257 

202 225 135 429 107 123 113 92 
- - - - - - - -

3,382 2,093 3,687 2, 131 4,062 2,529 4,026 2,616 
- - - - - - - -

124 - 134 - 147 - 157 -
- - 368 172 406 180 358 190 

318 181 326 177 345 178 352 179 

6,056 4,438 6,640 4,777 7,441 5,022 7,652 5,130 

V Critical period is 42~ months in all years. 

Source: PNUCC, 1973, Long range projection of power loads and resources for thermal 
for Table 2): Prepared by Subcommittee on Loads and Resources, April 1973. 

TABLE 11.-Washington's 

------- -
Cri ti ca I Period 42! Months 1973-74 1974-75 1975-76 1976-77 --
Energy in Megawatts Peak Avg. Peak Avg. Peak Avg. Peak Avg. 

Bonneville Power Admin. 6,056 4,438 6,640 4,777 7,441 5,022 7,652 5,130 
Washington Water Power Co. 479 270 504 287 582 353 573 353 
Pacific Power & Light Co. 472 267 502 ! 285 535 303 570 323 
Puget Sound Power & Light Co. 1,964 1, 155 1,989 1,223 2,153 1,367 2,267 1,497 
Tacoma City Light 665 301 665 294 665 287 710 287 
Seattle City Light 1,445 720 1,503 742 1,501 741 1,775 776 
Chelan County PUD No. 1 277 202 282 213 283 213 307 225 
Grant County PUD No. 1 65 36 65 36 65 36 105 54 
Douglas County PUD No. 1 ... . .. 3 1 3 2 10 4 
Pend Orei I le County PUD No. 1 24 13 26 14 28 15 29 15 
Cowlitz County PUD No. 1 · 21 9 21 11 21 11 45 22 
Grays Harbor County PUD No. 1 17 3 17 3 17 

I 

3 17 3 
Snohomish County PUD No. 1 ... ... . .. ... ... ... ... ... 
Minor Hydro 19 12 19 12 19 12 19 12 
Additional Skagit Nuclear (Puget Power) ... ... ... ... ... . .. .. . ... 

Total 11,504 7,426 12,237 7,898 13,313 8,365 .14,079 8,701 

l/ Based on Long-Range Projection of Loads and 
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in Washington, West Group area of Northwest Power Pool 

Period Average Energy in Megawatts l/ 

1977-78 1978-79 1979-80 1980-81 
Peak Avg. Peak Avg. Peak Avg. Peak Avg. 

1,822 1,755 1,822 1,784 1,822 1,784 1,822 1,784 
- - - - - - 38 39 

117 125 117 125 117 125 117 125 
45 - 51 - 55 - 51 -

294 11 293 11 286 11 277 11 
515 263 662 308 648 290 630 273 

115 93 117 95 120 87 137 117 
- - - - - - - -

4,362 2,820 4,580 2,968 4,905 3,177 5,233 3,417 
- - - - - - - -

169 - 183 - 196 - 210 -
400 199 269 220 263 221 273 237 
384 189 403 195 431 199 454 211 

8,223 5,455 8,497 5,706 8,843 5,894 9,242 6,214 

1981-82 
Peak Avg. 

1,822 1,784 
203 196 
117 129 

51 -
273 11 
619 255 

137 117 
- -

5,321 3,500 
- -

224 -
355 246 
476 218 

9,583 6,456 

planning; West Group Area, 1973-74 through 1992-93 (supporting data 

BPA-BPR 7 /5/73 

electrical resources l/ 

1977-78 1978-79 1979-80 1980-81 1981-82 
Peak Avg. Peak Avg. Peak Avg. Peak Avg. Peak Avg. 

8,223 5,455 8,497 5,706 8,843 5,894 9,242 6,214 9,583 6,456 
639 399 619 387 613 387 610 382 801 509 
607 344 646 366 688 390 733 416 781 443 

2,498 1,582 2,711 1,735 2,829 1,868 2,826 1,881 3,338 2,389 
710 287 710 287 710 286 710 286 921 331 

1,773 775 1,771 773 1,770 771 1,768 770 1,878 814 
336 240 340 241 364 252 369 256 374 256 
105 57 227 124 244 134 261 143 279 153 

10 5 10 5 10 5 10 5 10 5 
31 16 33 17 34 18 36 19 38 20 
45 25 74 41 106 58 106 58 106 58 
17 3 17 3 17 3 17 3 73 26 ... ... . .. .. . . .. . .. ... . .. 112 44 
19 12 19 12 65 38 65 38 65 35 ... ... ... . .. . .. . .. . .. . .. 234 234 

15,013 9,200 15,674 9,697 16,293 10,104 16,753 10,471 18,593 11,773 

Resources for Thermal Planning, 1973-74 to 1992-93. 

1982-83 1983-84 
Peak Avg. Peak Avg. 

1,822 1,784 1,822 1,784 
383 362 484 461 
117 131 117 131 

51 - 51 -
262 11 246 11 
591 241 726 291 

137 117 137 117 
- - - -

5,525 3,540 5,850 3,717 
- - - -

238 - 240 -
342 256 447 266 
523 230 538 235 

9,991 6,672 10,658 7,013 

1982-83 1983-84 
Peak Avg. Peak Avg. 

9,991 6,672 10,658 7,013 
903 626 900 634 
832 473 886 503 

3,331 2,393 3,323 2,383 
921 384 921 381 

1,876 866 1,873 864 
380 259 391 268 
300 163 320 175 

10 4 10 4 
40 20 42 22 

106 58 106 58 
73 51 73 51 

112 98 112 95 
65 35 65 35 

234 234 234 234 

19,174 12,336 19,914 12,720 
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Th is report summarizes resources required for 

January peaks and to serve critical-period-average 

energy requirements for each operating fiscal year, 

1973-74 through 1983-84. New generation resources 

include those scheduled on an assured!/ basis, plus 

several hydro and combustion turbine additions. New 

hydro additions include one unit each at Mossyrock, 

Mayfield, and Noxon, 8 units at Rock Island, and 

the effect of raising the height of Ross Dam. (Com

bustion turbine additions include Seattle City Light's 

proposed unit in 1974-75). Included also,are Puget 

Power's Sedro Woolley (Skagit) nuclear unit and 

Washington Public Power Supply System's nuclear 

unit No. 3 (Satsop) both scheduled for 1981-82, and 

new coal-fired units Nos. 3 and 4 at Colstrip. 

In addition to generation indicated in the table, 

utilities are providing sufficient generation for forced 

outage reserve on a probability of a loss of load one 

day in 20 years. 

Values indicated are net, with maintenance and 

other such factors having been taken into considera

tion. 

Although table 11 is projected to provide firm 

energy upon critical water conditions, the assumption 

is made that the normal industrial interruptible loads 

will also be carried by Bonneville over and above 

values shown in table 11 for water conditions above 

critical levels. 

Estimated firm loads to be provided for include 

Bonneville firm industrial contracts for Washington 

industries. 

Washington Public Power Supply System No. 1 

(Hanford) capabilities are now based on production 

of 4 billion kilowatt-hours per year through 1977. 

By September 1981, Washington Public Power Supply 

System No. 1 wi 11 have been converted to a 1220 

megawatt plant. 

l/ Authorized, licensed, and funded. 

CANADIAN ENTITLEMENT 

The Columbia River originates some 498 miles up

stream from the United States-Canada border. Trib

utaries of the upper Columbia account for about 30 

percent of the total annual water discharge of the 

Columbia River. These northern tributaries are subject 

to violent seasonal floods. Not only were these flood

waters wasted over the spillways of the dams down

stream at a loss of some $30 million in power each 

year, but they were also the major cause of the annual 

runoff floods in the Portland-Vancouver area. One 

such flood in 1948 destroyed the city of Vanport, Ore., 

(population 20,000), resulting in 23 persons dead or 

missing. 
To prevent the continued recurrence of these 

disastrous floods, studies were made that resulted in 

an agreement between the United States and Canada 

to construct storage dams and reservoirs on the upper 

Columbia, one each near Mica Creek, Arrow Lakes, 

and Duncan Lake. It was agreed that Canada would 

construct and operate these three dams and reservoirs, 

with an aggregate storage of 15.5 million acre-feet, 

and thus regulate the river flow to produce hydroelec

tric power from these impounded waters, and to pro

vide flood control. Without these upstream storage 

reservoirs, the 1972 high-water season would have 

created the greatest flood in the history of the lower 

Columbia. All increased power resulting from this 

storage is generated by plants located downstream in 

the United States and is being shared equally between 

the United States and British Columbia. 

Waters are impounded during flood periods and 

released to control flooding, or released as needed to 

provide maximum benefits in power production, as 

well as flood control. In addition, this same agree

ment permitted the ~nited States to build the dam and 

large storage reservoir on the Kootenai River near 

Libby, Montana. The Libby reservoir extends some 

42 miles into Canada. The Kootenai was also subject 

to flooding • 
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DOWNSTREAM GENERATION In May, 1964, a nonprofit corporation called 

The downstream benefits of the Canadian Entitle

ment are many. It included some additional 2.8 mil

lion kilowatts of dependable power, which was to be 

shared equally with British Columbia. Canadian 

Entitlement to the United States for 1978-79 is 1.5 

million kw of capacity and 0.68 million kwofenergy. 

the "Columbia Storage Power Exchange" (CSPE), was 

organized. CSPE acting as a single purchaser bought 

the Canadian power entitlement right for 30 years, 

until April 1, 2003, from British Columbia. CSPE 

transferred these rights to the group of participants 

shown on table 12. The participants decided that for 

the next few years they would not need this power and 

TABLE 12.-Columbia Storage Power Exchange 

Participants 

Public Utility District No. l of Benton County ••••••••••••••••• 
Vi I I age of Bonners Ferry, Idaho ••.•••••••.••••••••••••••••••• 
Central Lincoln Peoples' Utility District ••••••••••••••••••••••• 
Public Utility District No. l of Chelan County •••.••••••••••••• 
Public Utility District No. l of Clark County •••••••••••.•••••• 
Clatskanie Peoples' Utility District •••••.••••.•.•••••••••••••• 

*Coos-Curry Electric Cooperative, Inc •••••••••.•••. , •••••.•••• 
City of Coulee Dam, Washington ••••••.••.•••••••.•.. , . , •••• 
Public Utility District No. l of Cowlitz County., •••••.•••••••• 

*Public Utility District No. l of Douglas County ••••••••••.••••• 
City of Eugene, Oregon ••••.•..•••.••.••••••.•••••••••••••• 

*Flathead Electric Cooperative, Inc ••••.•••••••.••.••••.••.••• 
City of Forest Grove, Oregon •••••••••••..••••••.•••••.•.••• 
Public Utility District No. l of Franklin County ••••••••..•••••• 
Public Utility District No. 2 of Grant County ............... .. 
Public Utility District No. l of Grays Harbor County •••.••••••• 

*Idaho County Light and Power Cooperative Association, Inc ••••• 
*Inland Power & Light Company, .••..•••••••••• , . , •. , , • , ••.••• 
·kLane County Electric Cooperative, Inc ••••• ,,,,,,, •..• ,,., •••• 
*Lincoln Electric Cooperative, Inc. (Mont.) ••.•••..• , .•.••••••• 
*Lincoln Electric Cooperative, Inc. (Wash.) •••••....•.•.••••••• 

City of McMinnville, Oregon ••••.••..••••••.•.•.••.••.••.•• 
*Missoula Electric Cooperative, Inc ••.••..••••.......•.•..•••• 
*Nespelem Valley Electric Cooperative, Inc •••..•••••••••••••• 
*Northern Lights, Inc •.••••.•••••••.•.••..•• , ••••..••••••••• 

Pacific Power & Light Company •••..•• , •••••••••.•.••••.•••• 
Publi,c Utility District No. l of Pend Oreille County ••••••••••• 
City of Port Angeles, Washington ••••..••.•.••.•.•.•.••••••• 
Portland General Electric Company ••••..•••••.••...•..•••••• 
Puget Sound Power & Light Company ••.•.••.••.••.•.•..•••••• 

*Ravalli County Electric Cooperative, Inc •••.•.•••••••..••.••• 
City of Richland, Washington •.••..••••.•..•.•.•••...•••.••• 
Salem Electric •••.••. , ••..••.•.••.•••..•.•.••.••.•...••••• 
City of Seattle, Washington •••.....••.....•••.•.....•••••••• 
Public Utility District No. l of Skamania County ............. . 
Public Utility District No. l of Snohomish County ............ .. 
City of Springfield, Oregon ••••••.•••••.•.•••••••..•••••••• 
Ctty of Tacoma, Washington •••• , •••••••••••••••••••••.••••• 

*Tillamook Peoples' Utility District .......................... . 
Vera Irrigation District No, 15 ............................ .. 
The Washington Water Power Company, ••• , •••••••••••••• ,,,,, 

Percentage 

0.80 
0.05 
1.00 
1.00 
3.00 
0.20 
0.50 
o. 10 
2.50 
0.20 
5.50 
o. 10 
0.30 
0.80 
0.45 
1.50 
o. 10 
0.50 
0.40 
o. 10 
0.10 
0.40 
o. 10 
0.05 
0.35 

10.00 
0.20 
0.50 

17.50 
17.50 
o. 10 
0.80 
0.40 

12.50 
0.20 
1.50 
0.50 

12.50 
0.50 
0.20 
5.00 

* Approval of this agreement by Rural Electrification Administration required. 
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agreed to sell it to pL1rchasers in California. This 

power has been sold to California utilities for varying 

periods from 5 to 10 years, after which time it will be 

available to the 41 participating utilities, starting 

April 1, 1975. 

Downstream benefits ore expected to reach a 

maximum about 1975, then they will sharply de

crease. As more plants are installed, the benefits 

resulting from regulation upstream will decrease until 

it will become minimal. 

The above-mentioned storage dams l':Jre shown on 

the Columbia system profile titled "Power Develop

ment-Main Columbia River System" (figure 4). This 

sketch illustrates the darns located along the Columbia 

River and its major tributaries, and their relative ele

vation and distance from the Pacific Ocean. The 

shaded areas represent Canadian areas. It can be 

seen how large storage reservoirs at Arrow, Mi ca, 

and Duncan in Canada, with Libby, Hungry Horse, 

and Dworshak in the United States, regulate flooding 

and power generation of the Columbia River system. 

The large reservoirs in Canada, Libby in Montana, 

and Dworshak in Idaho, now being filled, have 

increased the storage capacity of the Columbia River 

Power System by approximately 56 percent. This 

large increase in water storage increases firm power 

at the expense of the availability of secondary power 

used extensively by i·he electroprocessing industry. 

The ability of Bonnevil I e to sell its secondary 

power to these industries, as interrllptible power, fws 

been very advantageous to Bon nevi II e in the past, by 

adding income from otherwise wasted energy of spilled 

water. 

ELECTRIC yENERATING UTILITIES 

FEDERAL COLUMBIA RIVER POWl::R SYSTEM 

Under recent operation there are 25 generating 

plants, 17 installed and operated by the Corps of En-
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gineers and 8 installed and operated by t-he Bureall of 

Reclamation, In addition, two new reservoirs, Libby 

and Dworshak, are in operation with generating units 

now being installed and 6 additional plants are under 

construction or authorized. Bonneville Power Admin

istration (BPA) provides the transmission system and is 

the market agent for a II electri ca I power generated 

by these federal agencies. 

BPA High-Voltage Transmission System includes 

approximately 12,000 circuit miles of high-voltage 

lines, a large number of high-voltage substations, 

thousands of miles of right-of-·way corridors, and the 

control and dispatch system. 

The W. A. Dittmer BPA Control and Dispatch 

Center located at Vancouver, Washington, includes 

an elaborate $5 million computer system, referred to 

as a "Real Time Operations Dispatch and Scheduling 

System," an 800-kilowatt Gas Turbine Emergency 

Generator System, a solid-state Uninterruptible 

Power Supply System, 5 microwave system terminals, 

and a system of supervisory contro I and data acquisi

tion terminals for some 50 channels. 

Taken together this constitutes the largest, most 

advanced electric power generation control and dis

potch system in the world. 

There are 12 federal plants located in Washing

ton. Four of these are located on the lower Columbia 

where the river forms the boundary between the states 

of Washington and Oregon. These border plants are 

Bonneville, The Dalles, John Day, and McNary. 

No effort was made to determine which state, Wash

ington or Oregon, should claim the generation from 

these four plants. Rather than make some arbitrary 

division of the generation produced by these plants, 

they are being identified as border plants. Bonneville 

credits the state having the powerhouse with the 

total generation; thus Washington has credit for The 

Dalles plant and Or~gon is credited with the other 

three. 
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Bon nevi I le Energy Exchanges 

Columbia Storage Power Exchange 
(Canadian Entitlement) 

Bonneville Power Administration has made an 

agreement with the CSPE participants for British Co

lumbia's share (one-half) of the additional power 

from downstream generating plants on the Columbia, 

resulting from the three storage dams in Canada (Mica, 

Arrow, and Duncan). In return BPA has agreed to 

supply utilities with guaranteed amounts of power and 

energy. This power is currently being sold to Cali

fornia utilities. 

Washington Public Power Supply System 

WP PSS No. l (Hanford). -BPA has an agree

ment with Washington Public Power Supply System 

and its 76 participating utilities for Bonneville to 

acquire all power generated by the plant, and in re

turn BPA is required to reimburse the annual cost with 

firm power at Bonneville rates. 

WPPSS Nos. 2 and 3 (Hanford).-BPA has en

tered an agreement with WPPSS to take the entire 

output of WPPSS Nos. 2 and 3. Bonneville is obli

gated to reimburse the annual costs with firm power 

at Bonnevi Ile rates. 
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£.l.!.i'. of Centralia 

The Centralia Municipal Light Utility was es

tablished in 1895. A hydroelectric generating plant 

was completed by the city on the Nisqually River in 

1930. This plant, consisting of two units totaling 

4,500 kw, located near Yelm, supplied the city until 

1941, at which time it began to purchase power from 

Bonnevi I le to supplement its own power resources. 

In 1955, the city added another 4,500 kw unit at its 

Yelm plant, increasing its generating capabilities of 

the three plants to 9,000 kilowatts. 

Chelan County Public Utility District 

Rocky Reach Hydroelectric Project 

Capability: 1,213,600 kilowatts 

Power output goes to Chelan County PUD, Alum

inum Co. of American, Pacific Power & Light Co., 

Portland General Electric Co., Puget Sound Power & 

Light Co., and Washington Water Power Co. 

History.-Construction started in October 1956 

on the $273,100,000 project, located 7 miles up

stream from the City of Wenatchee. The dam is 

4,800 feet long, including a 750-foot spillway sec

tion and a 1, 088-foot powerhouse. The structure 

formed a 42-mile-long reservoir named Lake Entiat. 

The seventh and final unit of the initial project went 

on line in 1961, with the dam and powerhouse being 

completed in 1962. On December 1, 1971, the 

fourth and final unit of the $40,000,000 Rocky Reach 

expansion was released for power production, increas

ing the plant capability to 1,213,600 kilowatts. 

Rock Island Hydroelectric Project 

Capability: 212, 100 kilowatts 

Power output goes to Chelan County PUD and 

Puget Sound Power & Light Co. 

History.-Located 12 miles downriver from 

Wenatchee (qt Mile 453.4), Rock Island Dam was 

the first hydroelectric project built across the 

Columbia River. The 3,800-foot dam was completed 

in 1933 with four initial generators. Six generators 

were added in 1953 by the PUD in a lease arrange

ment with Puget Sound Power & Light Co. The en-



tire facility was purchased in 1956. In March of 

1973, application was made to Federal Power Com

mission for License Amendment to construct a second 

powerhouse with a planned installation of 410,000 kw. 

Lake Chelan Hydroelectric Project 

Capability: 48,000 kilowatts 

Power output goes to Chelan County PUD and 

Washington Water Power Co. 

History.-Lake Chelan Dam was built in 1927 

by Washington Water Power Co. on the Chelan River, 

at the foot of 55-mile-long Lake Chelan. The com

plex was purchased by the district in 1955. The 490-

foot-long dam diverts the lake's drainage to the 

Co I umbia through an l l, 828-foot rock tunnel and 

steel penstock to drive two generators. A second 

powerhouse is under investigation to add 239,000 kw. 

Future Plans for Additional Generation 

Lake Chelan Hydroelectric Project. -To comply 

with Federal Power Commission requirements for re

licensing, the Chelan County PUD has in progress a 

comprehensive study to determine whether the present 

hydroelectric facility represents optimum use of the 

Lake Chelan project power site. The present license 

expires in 1976. 

The existing plant is an efficient firm energy 

producer with a capability of 48,000 kilowatts. Ad

ditional generating capacity under investigation 

would make the project essentially a producer of 

peaking power. 

The most feasible alternative development ap

pears to be construction of a new control dam and a 

second powerhouse, with a generating capacity of 

239,000 kilowatts, which would bring the total ca

pacity of the project to 290,000. 

Rock Island Hydroelectric Project. -In March 

1973, the Chelan County PUD filed for a License 
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Amendment to construct a second powerhouse at Rock 

Island Dam. The expansion plan calls for the con

struction of a second powerhouse, on the right abut

ment of the existing dam, to contain eight generating 

units, with a total installed capacity of 410,000 

kilowatts. 

The project schedule anticipates the granting of 

license for construction in early 1974. If all"elements 

of the schedule are met, the first three generating 

units will be on line before the 1977-78 winter peak 

load and the remaining five units will be placed in 

service during 1978. 

Antilon Lake Pumped Storage Project.-ln 

December 1972, the Chelan County PUD received a 

preliminary permit from the Federal Power Commission 

to investigate the proposed Anti Ion Lake Pumped 

Storage Project, located near Manson, Washington. 

The proposed plan cal Is for the conversion of the 

Antilon irrigation reservoir (soon to be abandoned) to 

the upper reservoir of a hydroelectric pumped storage 

project capable of producing 2 million kilowatts of 

capacity. The project would involve pumping water 

from Lake Chelan, 1,300 feet up to Antilon Lake dur

ing low-power demand periods, then releasing the 

water back through the turbines to generate electric

ity during peak demand periods. 

The permit gives Chelan County PUD priority fora 

license over nonfederal entities, but does not author

ize construction. The Interim Feasibility Report, re

ceived in 1972 from consulting engineers, states that 

the project has both engineering and economic feasi

bility. The estimated cost is between $96.8 million 

and $162 million, depending on plant capacity. The 

construction period is estimated to be 4 years. Pres

ently scheduled federal peaking capacity would make 

the plant unnecessary for peaking unti I after 1990. 

If schedules are delayed, the plant will be feasible 

at an earlier date. Unti I the construction of thermo I 

peaking begins, pumped storage will have the penalty 

of a reduction of system firm energy capability. 
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Public Utility District No. 1 of Douglas County 

serves the electrical needs of approximately 7,400 

consumers, located in Douglas County, Washington. 

The county is basically agricultural with grain, cat

tle, and fruit as its principal products. Douglas 

County is located in the east-central part of the state, 

with the Columbia River as a major part of its boun

dary. Along this water boundary is the federally op

erated Chief Joseph Hydroelectric Project; the Wells 

Hydroelectric Project, which is owned and operated 

by Douglas County PUD; and the Rocky Reach and 

Rock Island Projects, owned and operated by the 

Chelan County PUD. 

The electrical energy generated by the Wells 

Hydroelectric Project is sold to four major northwest 

utilities. They are, in the order of power purchased, 

Puget Sound Power & Light Co., Portland Genera I 

Electric Co., Pacific Power & Light Co., and Wash

ington Water Power Co. The district retains the right 

to reca 11 up to .38 percent of the generation from the 

Wells project to serve the needs of its consumers; 

thus, assuring a plentiful supply of electrical energy 

for the future. In addition, the Douglas County PUD 

has filed with the Federal Power Commission for a pre

liminary permit to investigate the feasibility of con

structing a pump storage generating facility with 

1,000,000 kw of peaking power at the Browns Canyon 

site, which is located in Douglas County, about 40 

mi I es upstream from Wenatchee. 

Grant County f..UD 

Power Generation Operations 

On October 19, 1959, the first generator at 

Priest Rapids was placed on line, and Grant County 

PUD became an important producer of hydroelectric 

power in the Pacific Northwest. Full commercial 

operation was achieved by July 31, 1961. This de

velopment now has a capability of 788,500 kilowatts 

and produced 5,211,598 megawatt hours in 1972. 

Wanapum Dam, the second half of this project, 

began operation July 1, 1963, and was in full com

mercial operation January 18, 1964. It has a capa

bility of 831,250 kilowatts and produced 5,193,897 

megawatt hours in 1972. 
With the start of Wanapum generation, the dis-

trict established a plan of operation whereby the two 

plants were operated on a coordinated basis, both 

hydraulically and electrically. This was a complex 

arrangement, which al iowed any oral I of their 13 pur

chasers of power to schedule their share of generation 

from these plants on an hourly schedule or moment-by

moment basis. 

This was a new concept in the industry but laid 

the groundwork for the development of a moment-by

moment control of the mid-Columbia plants, includ

ing Grand Coulee through Priest Rapids. This is called 

"Hourly Coordination" and has been in operation 

since January 30, 1973. 

Grant County PUD was a prime leader in the de

velopment of this concept. The fact that they had 

developed experienced personnel and suitable equip

ment was the deciding factor in the selection of 

Grant's Dispatch Office in Ephrata, Washington, as 

the Contro I Center for the complex operation. 

This effort is dedicated to the need to increase 

the usability, both in energy and peak, of the cap

ability of the plants involved regardless of ownership. 

lt is also intended to reduce the impact on environ

ment of river operation as the Northwest moves from 

all hydro to hydro-the1mal power supply. To achieve 

this, it will be necessary to bring the mid-Columbia 

plant's hydraulic capacility more nearly in balance. 

Grand Coulee, Chief Joseph, and Rock Island are, at 

present, the deficient plants, in terms of hydraulic 

capacity. 



As a record of coordination develops, plans for 

future additions at Wanapum and Priest Rapids will be 

refined. The present estimate is that by 1978 the 

addition of up to 6 additional units at Wanapum, and 

by 1982 a similar amount of capacity at Priest Rapids 

will be warranted. 

The two plants have been operated efficiently 

and have served well the power purchasers who were 

willing to underwrite i'he venture. These plants were 

started at a time when the federal government had 

drastically reduced its own construction program, and 

they now are major contributors in meeting the very 

tight northwest power requirements. 

As Grant County PUD became a major power 

generating entity, it assumed a responsible role in 

northwest and western power problems. Its people 

played an important part in Canadian treaty negotia

tions and the related Coordination Contract. The 

operating personnel are active in the Northwest Power 

Pool. Both in financing and manpower, the district 

actively supports the activities of the Western Sys

tems Coordinating Council, the utility forum for ma

jor utilities in the fourteen Western States. 

Seattle ~ Light 

When the citizens of Seattle incorporated as a 

city in 1869, they adopted a charter that, among its 

many other provisions, authorized the newly fom1ed 

municipality to purchase or construct the necessary 

facilities for lighting the city. This provision was 

first implemented in 1902 when Seattle's citizens 

voted a bond issue for the construction of a dam and 

power plant at Cedar Falls on Cedar River. Construc

tion began in April of that year, and on October 14, 

1904, two 1200-kilowatt units were officially started. 

Operation had scarcely begun before various citizens 

were asking for City Light service to their homes. The 

first residential customer was connected in September 

1905, and from that time on the growth of business was 
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so great that the chief concern of City Light engineers 

was to provide capacity at a sufficient rate to keep 

up with the demand. The next two units of 4,000 kil

owatts were placed in service at the Cedar Falls plant 

in 1909. 

The first phase in the development of Cedar Falls 

culminated with the construction of the masonry dam, 

completed in 1914. Two hydroelectric units were in

stalled at Cedar Falls in 1921 and 1929, which ulti

mately replaced the first four generators that were re

tired from service in 1932. 

The development at the site of the Lake Union 

steam plant began with the installation in 1911 of a 

1500-kilowatt auxiliary hydro unit, which utilized 

the overflow from the Volunteer Park Reservoir. The 

first 7500-kilowatt steam unit at this site was placed 

in service in 1914. The rapid growth of load during 

and after the First World War necessitated the expan

sion of this steam plant to a nominal capacity of 

30,000 kilowatts with an overload capacity of 40,000 

kilowatts, the second unit being added in 1918and 

the third in 1921. 

In 1918 City Light obtained a permit from the 

federal government to develop the upper Skagit 

River, which was favorably located for economical 

transmission to Seattle, thus beginning the era of 

Skagit construction. The first two units at the Gorge 

plant were placed in service in September 1924, and 

a third was added in 1929. The completion of Diab lo 

Dam in 1930 provided some storage for the operation 

of the Gorge plant until 1936 when the first unit 

at Diablo began generating. In 1937, construc

tion commenced on Ross Dam which, from the com

pletion of the first step in ·1940, provided storage for 

Diablo until the first 90,000-kilowatt Ross unit was 

installed in 1952. Thefourth90,000-kilowattgenera

tor was installed and began operation at Ross power

house in 1956. Ross Dam was designed with 5-foot 

square depressions on its face to permit raising its 

height ot a future date an additiona I 122. 5 feet to its 

ultimate elevation. 
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The Gorge Reservoir was raised 88 feet to a pool 

elevation of 875 feet by completion of the new Gorge 

285-foot dam during 1960. The high dam, together 

with improvements to the powerhouse, has increased 

the capacity at Gorge powerhouse to 175,000 kilo

watts. The Newhalem unit, which was damaged by 

fire July 16, 1966, was rebuilt and modernized, and 

placed back in service in February 1970. 

In 1961, Seattle City Light was granted a license 

to construct a hydroelectric plant at the Boundary site 

on the Pend Oreille River in eastern Washington. 

Construction began June 24, 1963, and the first of 

the four units started generation August 24, 1967. 

The specified capacity of the plant with four units is 

650,000 kw. There are provisions for the addition of 

two more units. Transmission from Boundary is ac

complished by a wheeling contract with the Bonne

ville Power Administration. Energy is transmitted by 

displacement to the Seattle service area. 

Coincident with the growth of the generating 

plants has been the construction of the transmission 

and distribution systems. The first Cedar Fal Is power 

was transmitted at 45,000 volts. Later the voltage 

was raised to 60,000 volts. In 1961, the transmission 

voltage was again raised to 110,000 volts over a sin

gle transmission line and the Cedar Falls plant was 

placed on semiautomatic operation with supervisory 

control. Transmission from the Skagit project was at 

165,000 volts for many years, but was increased to 

230,000 volts in 1941. There are now four 230,000-

volt lines from the Skagit. Three of them terminate 

at Bothe I I Substation north of Seattle, and the fourth 

at the BPA Snohomish Substation. Two 230,000-volt 

circuits continue on from Bothell around the east side 

of Lake Washington to serve the south end of Seattle, 

while the voltage at Bothell is stepped down to 

115,000 volts for serving the north end. 
' 

Seattle City Light has an 8 percent ownership 

interest in the Centro lia Steam-Electric Project, 

amounting to a rated capacity of 112,000 kw. 

Generation Development in the Future 

Skagit develop!"1ents being studied are (a) an 

83,000-kilowatt plant 6 miles below N~whalem at 

Copper Creek, (b) increasing the height of Ross Dam 

another 122.5 feet, and (c) diverting Thunder Creek 

into Ross Lake. 

Other possibilities being studied are thermal 

plant developments. One such possibility is a 1000-

megawatt nuclear plant on Kiket Island near Decep

tion Pass. 

Purchased Power 

Bonneville Power Administration.-Seattle City 

Light has a requirements contract, under which BPA 

agrees to supply power requirements in excess of 

Seattle's own resources under 1936-37water condi

tions. Seattle City Light's resources under this 

agreement are augmented by the benefits of coordi

nation with Tacoma City Light and reduced by an 

allowance for reserve generating capacity. The 

computed demand under this contract was 370,500 

kilowatts, as of December 1966, based on energy 

deficiency. When the Boundary plant came into 

production in 1967, BPA purchases were reduced to 

zero. Since 1967, the firm purchases from BPA have 

increased to 145 megawatts, as of October 1970. 

Pend Oreille County PUD No. 1.-(l) A 50-

year contract, running to the year 2005, provides 

Seattle City Light a purchased supply of a minimum 

of 36,000 kilowatts at 75 percent load factor, plus 

any additional power available from the Box Canyon 

plant after the PUD has met its own load requirements. 

Scheduled callback reduces the amount eventually to 

12,000 kilowatts by the year 2000. 

(2) A 20-year contract with BPA, running to 

the year 1975, wheels power purchased from Pend 

Oreille County PUD over BPA lines to Seattle. This 

contract provides two 15-year renewal periods. 



Grant County PUD No. 2. -( l) A contract 

running to the year 2005, provides Seattle with a 

purchased 8 percent (approximately 72,960 kilowatts 

at 54 percent load factor out of the 788,500 kilowatt 

capacity) of the output of the Priest Rapids plant. 

(2) A contract with BPA, for the wheeling of 

the purchased Priest Rapids power over BPA facilities 

to Seattle runs to the year 2005. 

Tacoma f.!..!1 Light 

The City of Tacoma, Department of Public Util

ities, Light Division, owns and operates six hydro 

projects. 

On the Nisqually River heading on Mount 

Rainier, Alder Reservoir impounds water for release 

through Alder and La Grande powerhouses. On the 

Cowlitz River, also originating on Mount Rainier, 

Mossyrock Dam has created Lake Davisson. Waters 

are released from the lake through Mossyrock power

house. These waters, after being joined by those of 

the Tilton River and Winston Creek, pass through the 

Mayfield Development. 

At the southern end of the Olympic Peninsula, 

the waters of the North Fork of the Skok~mish River 

flow in a southeasterly direction into Lake Cushman, 

formed by Cushman No. l Dam. After passing 

through Cushman No. l powerhouse, the waters flow 

into Lake Kokanee where they enter Hood Canal by 

way of Cushman No. 2 powerhouse. 

In addition to their six hydro projects, Tacoma 

City Light owns and operates, as required, two steam 

plants. Steam Plant No. l is located on the City 

Waterway and Steam Plant No. 2 on Hylebos Water

way. Both plants are oil fired. Steam Plant No. l 

has storage space for 650 barrels and No. 2 can store 

30,000 barrels. 
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The City of Tacoma also owns 8 percent of the 

Centralia Steam-Electric Project. At present and un

til 1981, the output from this resource has been as

signed to the Bonnevi lie Power Administration and 

the U.S. Bureau of Reclamation. This plant is fired 

from coal mined at the nearby coalfield. Water sup

ply for condenser cooling is assured by means of a 

dam upstream on the Skookumchuck River. A portion 

of the water impounded behind this dam is available 

to the City of Centralia upon demand. 

While no ownership is involved, Tacoma has a 

contract with Grant County Public Utility District 

entitling them to 8 percent of the output of the Priest 

Rapids Development on the Columbia River. 

Tacoma has been and still is a participant in 

the soon-to-be-converted Hanford Steam Plant owned 

by the Washington Public Power Supply System. This 

plant was constructed to uti I ize the waste heat from 

the New Production Reactor, which was designed to 

produce plutonium. The federal government has de

clared the reactor as surplus. As a result, the reactor 

will continue in operation as required by special 

agreement with the Atomic Energy Commission. Plans 

are in progress to bui Id a new reactor designed spe

cifically for power production rather than plutonium. 

The entire output of this plant is delivered to BPA as 

needed and as steam is available from the reactor. 

As to future plans, Tacoma expects to have 

shares in both Washington Public Power Supply Sys

tem No. l (successor to Hanford No. l) and WP PSS 

No. 3 (Satsop). Studies are now in progress relating 

to the expansion of the Mayfield development on the 

Cowlitz. At this time, it appears installation of 

another 40.5-megawatt unit could be timed for late 

1976 or early 1977. Still available for future con

sideration is the third 150-megawatt unit for Mossy

rock. While no target date has been set, 1980 is 

presently under consideration. 
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Below are listed pertinent data for the facilities 

owned by Tacoma, pl us that portion of other projects 

Project 

in which the City has an interest and from which 

power is currently being received. 

Capacity 
(kw) 

Average Annual Output 
(kwh) 

Nisqually (Alder and LaGrande) 114,000 570,000,000 
370,000,000 

1,750,000,000 
395,000,000 

Cushman No. land No. 2 124,200 
Cowlitz (Mossyrock and Mayfield) 421,500 
Priest Rapids (Tacoma's share) 71,000 
Steam Plant No. 1 9,000 * 

* Steam Plant No. 2 50,000 
Centralia 112,000 835,000,000 

* Not operated under "average" conditions. 

Washington Public Power ~l_y System 

Washington Public Power Supply System is a mu

nicipal corporation organized in 1957 for the purpose 

of acquiring, construcling, operating, and owning 

plants and systems for the generation and transmission 

of electric energy and power. In addition the Supply 

System is authorized to contract for the sale, ex

change, transmission, or use of electric energy with 

any firm, corporation, or local, state, or federal 

agency. 

Members of the Supply System include the PUD's 

of Benton, Chelan, Clallam, Clark, Cowlitz, Doug

las, Ferry, Franklin, Grant, Gr,:iys Harbor, Kittitas, 

Klickitat, Lewis, Mason, Pacific, Skamania, Sno

homish, and Wahkiakum Counties, and the cities of 

Seattle, Tacoma, and Richland. 

The Supply System presently owns and operates 

one thermal project, the existing WPPSS No. l 

( Hanford); one hydroelectric project ( Packwood); has 

under construction one nuclear project WPPSS No. 2 

( Hanford); and is, at present, requesting approve I 

for adding a new nuclear steam supply system to re

place the existing Hanford No. l reactor after its 

scheduled shutdown June 30, 1977. Application for 

WPPSS No. 3 (Satsop) has been filed with the Atomic 

Energy Commission (AEC), and the Washington Power

plant Site Evaluating Council is considering the pro

posed Satsop Plant Site. 

Packwood Lake Hydroelectric Project 

The Packwood Project has a rating of 26. l mega

watts and commenced operation in 1964. Power is 

sold to BPA for Mason County PUD No. 3. 

WPPSS Nuclear Project No. l (Hanford) 

The Washington Public Power Supply System's 

860-megawatt generating plant uses byproduct steam 

from the existing dual purpose reactor, owned and 

operated by the AEC at Hanford. The new WPPSS 

Nuclear Project No. l will have an output of 1220 

megawatts. The plant will consist of a new pressur

ized water reactor, a new high-pressure turbine gen

erator, and the existing generators and waste-heat 

dissipation system already in operation. 

WPPSS Nuclear Project No. 2 (Hanford) 

The WPPSS Nuclear Project No. 2 is presently 

under construction. It is located in the Hanford com

plex, 3 miles from the Columbia River, and 12 miles 

north of the city of Richland. it will have a capac

ity of approximately 1, 100 megawatts and is scheduled 

for commercial operation in September 1977. 

WPPSS Nuclear Project No. 3 (Satsop) 

The site has been selected for WPPSS No. 3-a 

$707 million nuclear plant to be located at Satsop. 



Seventy percent ownership is being retained by the 

public utilities and 30 percent is being purchased by 

the private utilities, with 10 percent each going to 

Pacific Power & Light Co. and Portland General Elec

tric Co., and 5 percent each going to Washington 

Water Power Co. and Puget Sound Power & Light Co. 

WPPSS wi 11 operate the plant. The pressurized water 

reactor nuclear steam supply system was recently or

dered from Combustion Engineering Inc. and the tur

bine-generator equipment was ordered from Westing

house Electric Corp. 
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Washington Water Power Company 

The Washington Water Power Co. has six hydro

electric generating stations in Washington. Five of 

these plan1·s are under Federal Power Commission li

censes. Monroe Street was the first plant built and 

was put into operation in 1890. It has a nameplate 

rating of 7,200 kilowatt!; and is located on the Spo

kane River at Spokane. In 1972, the FPC granted 

permission to remove the damaged timber crib rock-

fi I led dam and replace it with a concrete structure. 

This year ( 1973) the intake structure and penstocks 

will be rebuilt, and the area will be landscaped to 

coincide with the river beautification plan and Expo 

'74. 

The second power station bui It in Washington 

was Little Fol Is, completed in 1911. Little Falls is 

located on the Spokane River, 14 miles north of Rear

dan, and has a nameplate rating of 32,000 kilowatts. 

It is the only WWP plant in Washington not under an 

FPC license. Nine Mile Falls plant was built in 

1908, by the Inland Empire Railway and Power Co. 

and is on the Spokane River, at Nine Mile Falls. 

The plant has a combined nameplate rating of 12,000 

kilowatts. 
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When Long Lake plant was conceived, its tur

bines had the highest capacity in the world. The 

plant is on the Spokane River, 25 miles northwest of 

Spokane, and has a total nameplate rating of 70,000 

kilowatts. The first two units were installed in 1915, 

the third in 1919, and the fourth in 1924. 

Upper Fol Is is in Spokane, on the Spokane River. 

It was completed in 1922 and has a 10,000 kilowatt 

nameplate rating. The sixth plant is Meyers Falls. 

It was completed in 1915 and is on the Colville River. 

Meyers Falls has a nameplal"e rating of 1,200 kilo

watts. 

As to future plans for hydro installations in the 

State of Washington, there is a possible unit addition 

at Long Lake station in the distant future. Currently 

the company, in conjunction with Chelan County 

PUD, is looking at the feasibility of installing a large 

hydro unit at the outlet of Chelan Lake for peaking 

purposes. 

Power is imported from company-owned plants in 

Idaho (Post Falls and Cabinet Gorge) and from Mon

tana ( Noxon Rapids) to supply Washington customers. 

Puget Sound Po~ & Light Company 

The Puget Sound Power & Light Company, with 

headquarters in Bellevue, Washington, is the largest 

electric utility in the state-in terms of number of 

customers served and in the size of its service area. 

Today ( 1973), Puget Power provides electric ser

vice to over 380,000 customers residing in nine coun

ties in Washington, an area of more than 3,200 square 

miles. Counties in which the compony serves include 

Thurston, Pierce, Kitsap, Jefferson, Island, What

com, Skagit, King, and Kittitas. 

Puget Power is one of three investor-owned 

electric utilities serving in Washington. The company 

has over 25,000 share owners representing every stal"e 

in the union, as well as 14 foreign countries. The 
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largest number of share owners (over 4,500) live in 

Washington State. 

On July 8, 1912, the present corporate entity 

of the Puget Sound Power & Light Company came 

into being. The company, which had been known as 

the Puget Sound Traction, Light and Power Company, 

was incorporated in the State of Massachusetts under 

the executive management of the Stone & Webster 

Corporation. 

The corporate name was changed to Puget 

Sound Power & Light Company in 1920, dropping the 

word "Traction" after the sale of the Seattle street 

railway system to the municipality. However, Puget 

Power remained in the transportation business into the 

1940's and was the major supplier of both electrical 

and transportation service in the Puget Sound region 

during that period. 

In 1972, Puget Power sold over 8.8-billion 

kilowatt hours of electricity, an increase of 10. 7 per

cent over 1971. Almost al I of this energy was pro

duced by water power, with about 15 percent coming 

from six company-owned plants and 83 percent being 

purchased from five projects on the Columbia River. 

The six company-owned generating plants and 

their nameplate ratings are Upper Baker River, 94,400 

kilowatts; Lower Baker River, 64,000 kilowatts; White 

River, 70,000 kilowatts; Snoqualmie Falls, 41,690 

kilowatts; Electron, 25,300 kilowatts; and Nooksack 

Falls, 1,500 kilowatts. In addition, the company 

owns an oi I-fired, thermal plant at Shuffleton in Ren

ton that has a rating of 87,500 kilowatts. However, 

the plant is used only for standby purposes. 

The company purchases power on long-term con

tracts from these Columbia River projects: RockyReach , 

768,000 kilowatts; Wells, 414,000 kilowatts; Rock 

Island, 219,000 kilowatts; Wanapum, 152,000 kilo

watts; and Priest Rapids, 130,000 kilowatts. 

Puget Power shares 7 percent of the cost and 

ownership of the Centralia Steam-Electric Project and 

receives 7 percent of the power produced. The plant 

has two 700,000-kilowatt generating units-the first 

went into service in 1971 and the second a year later. 

In 1972, Puget Power installed a 28,500 kilo

watt combustion-turbine generator on Whidbey Island 

as an aid in emergencies and during hours of peak use. 

The company is studying the possibility of locating 

similar units at other sites in the service area. 

Also in 1972, Puget Power and The Montana 

Power Company signed an agreement to construct two 

350,000 kilowatt (330,000 kw, net) coal-fired gene

rating units at Colstrip, Montana. The first unit is 

scheduled to begin operation in 1975 and the second 

in 1976. 

In January 1973, Puget Power announced that 

it was studying the possibility of constructing a mojor 

nuclear power project on a site northeast of Sedro 

Woolley in Skagit County. The company has 1,500 

acres of property on option and plans to have a 

1,000,000-kilowatt plant in operation in 1981. Cost 

of the project is estimated to be $400 million. The 

company anticipates ownership arrangements with 

other utilities. Preliminary engineering and more 

advance studies are underway to obtain required in

formation to apply for necessary approvals from county, 

state, and federal agencies. 

Pacific Power & Light Company 

Pacific Power & Light Company owns and ope

rates an extensive system of electric power and light 

properties in a wide territory in the Columbia River 

valley in southern Washington; in northern Oregon; 

in the Willamette Valley; in western, southern, and 

central Oregon; northern California; northern Idaho; 

northwestern Montana; and northwestern, southern, 

and central Wyoming. They supply electric power 

and light service to over 240 communities, including 

Yakima, Walla Walla, Dayton, and Sunnyside, in 

Washington. 

The Company owns 33 hydroelectric generating 



plants with a rated capacity of 863,393 kilowatts, 

and seven steam-electric generating plants with a 

rated capacity of 1,461,093 kilowatts and minor inter 

nal combustion generating capacity. The company's 

generating facilities are interconnected through its 

own lines or the lines of others; and, along with sub

stantially all other generating facilities and reservoirs 

located within the region in which the company oper

rates, they are operated on a coordinated basis to 

obtain maximum load-carrying capability and effi

ciency. 

The principal generating plants in Washington 

are as fol lows: 

Yale (hydroelectric) was completed in 1953. 

The installed capacity is 108,000 kilowatts. 

Merwin (hydroelectric) was constructed in 1931 

and the last unit i nsta I led in 1958. The total installed 

capacity ls 136,000 kilowatts. 

Swift (hydroelectric) was placed in commercial 

operation December 31, 1958, with an installed ca

pacity of 204,000 kilowatts. 

Pacific Power & Light Company also has a 47! 

percent interest in and is the operator of the 

1,400,000 kilowatt Centralia Steam-Electric Project, 

which is the first in a program involving general 

ownership and operation of large thermal plants in 

the Northwest. 
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Condit (hydroelectric) was constructed in 1913, 

with an installed capacity of 9,600 kilowatts. 

Naches (hydroelectric) was constructed in 1909, 

with an installed capacity of 6,370 kilowatts. 

Naches Drop (hydroelectric) was constructed in 

1914, with an installed capacity of 1,400 kilowatts. 

Centralia Steam-Electric Project 

The Centralia Steam Electric Project is the first 

of 8 jointly owned large-capacity installations to be 

planned by the PNUCC. It is unique in that a huge 

deposit (over 500 million tons) of low sulfur (.75 per

cent) subbituminous coal lies adjacent to the plant. 

Pacific Power & Light Co. owns 47 .5 percent of the 

project and operates the generating facilities. Other 

owners of the project are Washington Water Power 

Co., 15 percent; Puget Sound Power & Light Co., 7 

percent; Portland General Electric Co., 2.5 percent; 

Seattle City Light, Tacoma City Light, and Snohom

ish County PUD, 8 percent each; and Grays Harbor 

County PUD, 4 percent. The mine is operated by the 

Washington Irrigation and Development Co., a 

who I ly owned subsidiary of Washington Water Power 

Co. Pacific Power & Light Co. and Washington Ir

rigation and Development Co. jointly own the mine. 



140 ELECTRICAL ENERGY RESOURCES OF WASHING TON 

ACKNOWLEDGMENTS 

I wish to thank al I of the power companies, both 

public and private, who have been so helpful in sup

plying information for this hydroelectric report. In 

particular, I would I ike to express my appreciation to 

the following companies and individuals listed here: 

Bonneville Power Administration 

Neil Freeman 
John F. Fallon 
Martin J. Lave I le 
Clifford Watkins 

The Washington Water Power Co. 

Harold W. Harding 
Glenn Nogle 
H. Douglass Young 

Pacific Power & Light Co. 

Robert B. Lisbakken 
Fred M. Gardner 
Dallas B. Forest 
Tom Lockhart 

Puget Sound Power & Light Co. 

D. H. Knight 

Chelan County PUD 

Howard M. Schoffen 

Douglas County PUD 

John A. Gregg 
Eldon E. Landon 

Grant County PUD 

R. R. Ries 

Pend Orei I le County PUD 

David A. Garrett 

Seattle City Light 

Lewis K. Ambrose 

Tacoma City Light 

D. J. Caha 
J. D. Cockrell 

Washington Public Power Supply System 

Jack J. Stein 



APPENDIX A 
NAMEPLATE RATINGS FOR ELECTRIC GENERATING PLANTS SERVING THE STATE OF WASHINGTON 

Hydroelectric Projects in Washington 

Project 

Grand Coulee V 

Grand Coulee V 
(pump generator) 

Roza 

Chandler 

Chief Joseph 

McNary 

John Day 

The Dalles Y 

Bonneville 

Little Goose 

Lower Monumental 

Ice Harbor 

Lower Granite 

Asotin Y 
Yelm 

Rock Island ij 

Rocky Reach 

Chelan 7./ 

Beaver Creek 

Operating.V 
Agent 

USBR 

USBR 

USBR 

• USBR 

USCE 

USCE 

USCE 

USCE 

USCE 

USCE 

USCE 

USCE 

USCE 

USCE 

Stream 

Columbia 

Columbia 

Yakima 

Yakima 

Columbia 

Columbia 

Columbia 

Columbia 

Columbia 

Snake 

Snake 

Snake 

Snake 

Snake 

Centralia Ni squally 

Chelan Co. Columbia 
PUD 

Chelan Co. Columbia 
PUD 

Chelan Co. Lake Chelan 
PUD 

Chelan Co, Lake 
PUD Wenatchee 

(March 15, 1973) 

CAPACITY IN KILOWATTS 
Estimated 

date ~ I Existing ·c I Under 
:J construction ~ !Authorized 

18-3 2,161,000 

11,250 

12,000 

6 3,719,000 

2 100,000 4 

1 

2 

16 1,024,000 11 1,045,000 

14 980,000 

16 2, 160,000 

20-2 1,635,000 2 

10 

3 

3 

3 

518,400 

405,000 

405,000 

270,000 3 

0 

9,000 

212,100 

1,213,600 

48,000 

0 

3 

4 

172,000 

8 

3 

3 

332,880 

405,000 3 

200,000 

540,000 

544,000 

405,000 

405,000 

405,000 

6 

Other 
potential 

3,600,000 

:':: I Ultimate :5 total 
Peaking 

in servicf 

9,780,000 10,780,200 Aug. 1975 
May 1978 

2 

11,250 

12,000 

12,900 

13,000 

13 1,573,000 40 3,642,000 4,221,070 Mar. 1977 

6 

Mar. 1.979 

420,000 20 1,400,000 l,610,000 

540,000 

410,000 

239,000 

12,700 

20 2,700,000 3,105,000 

22-2 1,807,000 2,015,000 

18 

6 

6 

6 

6 

1,062,400 1,124,000 1982 

810,000 

810,000 

602,880 

810,000 

540,000 

1983 

931,500 Feb. 1982 
Apr. 1979 

931,500 Feb. 1980 
Apr. 1980 

693,300 Feb. 1975 
Apr. 1975 

931,500 Feb. Apr. 
1975 

540,000 

Feb. Apr. 
1979 

9,000 9,000 

622,100 541,000 Mor. 1977 
May 1978 

1,213,600 1,287,000 

287,000 295,000 

12,700 14,000 

(See footnotes ot end of table.) 
• Applies to new capacity, under construction, and authorized, but not other potential• 
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APPENDIX A 
NAMEPLATE RATINGS FOR ELECTRIC GENERATING PLANTS SERVING THE STATE OF WASHINGTON 

(March 15, 1973) 

Hydroelectric Projects in Washington-Continued 

Operatingl/ 
CAPACITY IN KILOWATTS 

Project I Existing § I Authorized !I !I agent Stream 
,"!: I Under Other Ultimate Peaking 

'i: :5 construction potential :::> totol 

Dirtyface Mountain Chelan Co. Lake 
(pump generator) PUD Wenatchee 

0 145,000 145,000 145,000 

Dryden Chelan Co. Wenotchee 0 17,000 17,000 17,000 
PUD River 

Leavenworth Chelan Co. Wenatchee 0 120,000 120,000 120,000 
PUD River 

AntHon Lake Chelan Co. Lake Chelan 0 2,000,000 2,000,000 2,000,000 
(pump generator) PUD 

Wells Douglas Co. Columbia 774,300 774,300 842,000 
PUD 

Browns Canyon Douglas Co. Columbia 
(pump generotor) PUD 

0 1,000,000 1,000,000 1,000,000 

Priest Ropids Grant Co. Columbia 10 788,500 473, 100 1,261,600 1,456,000 
PUD 

Wanopum Gront Co. Columbia 10 
PUD 

831,250 498,750 1,330,000 1,576,000 

Swift No. 2 §/ PP&L Lewis 70,000 68,000 77,000 

Swift No, l PP&L Lewis 204,000 204,000 268,000 

Yale V PP&L Lewis 108,000 108,000 216,000 270,000 

Merwin V PP&L Lewis 136,000 45,000 181,000 200,000 

Naches PP&L Naches R.- 6,370 6,370 5,000 
Wapatox 
Canal 

Naches Drop PP&L Naches R.- 1,400 1,400 1,400 
Wapotox 
Canol 

Condit PP&L White 9,600 9,600 15,000 
Salmon 

Muddy PP&L Lewis 0 ,110,000 110,000 126,500 

lQ/ PP&L Meadows 0 30,000 30,000 34,500 Meadows, Upper 
Creek 

Meadows, Lawer lQ/ PP&L Rush Creek 0 35,000 55,000 62,350 

Box Canyon Pend Oreille Pend Oreille 60,000 60,000 72,200 
Co. PUD 

Estimated 
date 

in service 
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Sullivan Creek l1/ Pend Oreille Sullivan 
Creek 

Nooksack PSP&L Nooksack 

Ele,ctron PSP&L Puyallup 

Sooqualmie Falls PSP&L Sooqualmie 

White River PSP&L White 

Lower Baker PSP&L Baker 

Upper Baker PSP&l Baker 

Cedar Falls Seattle Cedar 

Newhalem Seattle Newhalem 

Ross !Y Seattle Skagit 

Diablo Seattle Skagit 

Gorge Seattle Skagit 

Boundary Seattle Pend Orei I le 

Copper Creek Seattle Skagit 

Thunder Creek Diversion lY Seattle Thunder 
Creek 

Cushman Nos. 1 and 2 Tacoma Skokomish 

Alder Tacoma Nisqually 

La Grande Tacoma Nisqually 

Mayfield 9_/ Tacoma Cowlitz 

Mossyrock Tacoma Cowlitz 

Upper Fol Is WWP Spokane 

Monroe Street WWP Spokane 

Nine Mile WWP Spokane 

Long Lake WWP Spokane 

Little Falls WWP Spokane 

Meyers Falls WWP Colville 

Packwood WPPSS Lake Creek 

(See footnotes at end of table.) 

0 

1,500 

25,300 

41,690 

70,000 

64,000 64,000 

94,400 

22,856 

2,000 

360,000 

120,000 

134,400 

4 551,000 2 

0 

0 

124,200 

50,000 

64,000 

121,500 

300,000 150,000 

10,000 

7,200 

12,000 

70,000 

32,000 

1,200 . 
26,125 

20,400 20,400 

1,500 

25,300 

41,690 

70,000 

128,000 

94;400 

22,856 

2,000 

360,000 

120,000 240,000 

134,400 

275,000 826,000 

83,000 83,000 

135,000 135,000 

124,200 

50,000 

64,000 

45,000 166,500 

450,000 

10,000 

7,200 

12,000 

70,000 

32,000 

1,200 

26,125 

23,400 

1,700 

25,000 

43,000 

49,000 

140,000 

102,000 

30,000 

2,000 

315,000 

175,000 

975,000 

83,000 

135,000 

135,000 

51,000 

65,000 

185,000 

576,000 

10,200 

7,200 

18,000 

72,500 

36,000 

1,400 

31,500 
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APPENDIX A 
NAMEPLATE RATINGS FOR ELECTRIC GENERATING PLANTS SERVING THE STATE OF WASHINGTON 

Thermal Projects in Washington 
(March 15, 1973) 

Operatingl/ 
CAPACITY IN KILOWATTS 

Project Type 

Jj I Under ~ I Authorized ~1 J/ 
Peaking 

agent· Existing ·c Other Ultimate 
:J construction potential total 

Longview Cowlitz Co. Steam 26,600 26,600 
PUD 

Tacoma No. 1 Tacoma Steam 9,000 9,000 9,100 

Tacoma No. 2 Tacoma Steam 50,000 50,000 55,400 

Lake Union Seattle Steam 30,000 30,000 40,000 

Georgetown Seottle Steam 21,000 21,000 22,000 

Boundary Seattle Combustion 800 800 
turbine 

Crystal Mountain PSP&L Diesel 2,750 2,750 2,750 

Shuffleton PSP&L Steam 87,500 87,500 87,500 

Whidbey Island PSP&L Combustion 28,500 28,500 28,500 

Sedro Woolley H/ 
turbine 

PSP&L Nuclear 0 1,100,000 1,100,000 1,100,000 

Centralia Nos. 1 and 2 !2,/ PP&L Steam 1,329,800 1,329,800 1,400,000 

WPPSS No. 1 l2f WPPSS Nuclear 860,000 0 360,000 1,220,000 1,220,000 
(Hanford) 

WPPSS No. 2 lZ/ WPPSS Nuclear 
(Hanford) 

0 1,100,000 1,100,000 1,100,000 

WPPSS No. 3 l§,/ WPPSS Nuclear 0 1,300,000 1,300,000 1,238,000 
(Satsop) 

Othello W'NP Combustion 33,000 33,000 33,000 
turbine 

Friday Harbor Orcus P&L Diesel 1,060 1,060 1,060 

East Sound Orcus P&L Diesel 1,250 1,250 1,250 

Hydroelectric Projects in Other States That Supply Washington Customers 

Cabinet Gorge WWP Clark Fork 200,000 200,000 230,000 
(Idaho) 

Post Fa I ls WWP Spokane 
(Idaho) 

11,250 11,250 15,000 

Noxon Rapids WWP Clark Fork 282,880 70,720 353,60G 530,000 
Montana 

Estimated 
date 

in service 

1981-82 

Sept. 1981 

Sept. 1978 

Sept. 1981 
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High Mountain Sheep ]2/ PNP & Snake 0 3,430,000 3,430,000 
(Oregon-Idaho) WPPSS 

China Gardens PNP & Snake 0 625,000 625,000 
(Idaho) WPPSS 

Thermal Projects in Other States That Supply Washington Customers 

. ~ Colstrip No. l PSP&L Steam 0 350,000 300,000 300,000 
(Montana) 

Colstrip No, 2 PSP&L Steam 0 350,000 300,000 300,000 

(Montana) 

Colstrip No. 3 W PSP&L Steam 0 700,000 700,000 700,000 

(Montana) 

Colstrip No. 4 
(Montana) 

PSP&L Steam 0 700,000 700,000 700,000 

Jim Bridger W PP&L Steam 0 1,016,000 1,016,000 1,000,000 
Nos. 2 and 3 
(Wyoming) 

Dave Johnston 
(Wyoming) 

T. W ro1an 
(Oregon) 

Boardman~ 
(Oregon) 

PP&L Stream 750,000 750,000 758,000 

PP&L Nuclear 0 762,750 

PGE Nuclear 0 l, 150,000 l, 150,000 l, 150,000 

!/ Abbreviations used for operating agents: USBR, U.S. Bureau of Reclamation; USCE, U.S. Corps of Engineers; PP&L, Pacific Power & 
Light Co.; PSP&L, Puget Sound Power & Light Co.; WWP, Washington Water Power Co.; WPPSS, Washington Public Power Supply System; PGE, 
Portland General Electric Co. 

V The Existing Capacity is 18 main units and three service units and includes an increase af 17,000 kw each for 11 rewound main units; 
Under Construction Capacity includes an increase of 17,000 kw each for seven main units to be rewound and six 600,000 kw units being installed 
at the Third Powerplant; and Other Potential Capacity is for six mare 600,000 kw units for the Third Powerplant, 

:V Pumped from Lake Roosevelt into Banks Lake; tail race returns to Roosevelt Lake. 

y' The Existing Capacity includes two fishway units of 13,500 kw each, 14 units of 78,000 kw each, and six units of 86,000 kw each at 
The Dalles plant. 

V Inactive. 

2/ Second Powerplant application applied for March 1973, not returned as of August 1973; 620, 100 kw nameplate rating encroached by 
Wanapum Project (lake elevation, 570. 0 feet), 

V Joint venture with Washington Water Power Co. (for peaking). 

§I Owned by Cowlitz County PUD. 

V Other Potential Capacity licensed, 

1975 

1976 

1978 

1979 

1975 

1980 
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APPENDIX A 

NAMEPLATE RATINGS FOR ELECTRIC GENERATING PLANTS SERVING THE STATE OF WASHINGTON 
(March 15, 1973) 

lQ/ License applied for. 

!.!/ Sul liven Creek is outlet for Sullivan Lake. 

11/ The original design of Ross Dam provided that the dam would be increased in height so that Ross lake could be operated to a maximum 
elevation of 122.5 feet higher than its present maximum height of 1602.5 feet above sec level. Turbine modifications are planned to increase the 
peaking capability with full lake conditions from 450,000 kilowatts to 529,000 kilowatts. Since full lake conditions occur at a time when North
west utility system peak and Seattle system peak loads are not at their maximum, therefore, the actual firm peaking capacity increase between the 
high and low projects has to be based on the comparison of the fourth year of 42-1/2 months critical period by averaging the January through April 
capacity capabilities of the high and low projects and also assuming there is a repetition of water conditions that occurred in the historical flows 
of 1928 to 1932. This firm capacity gain is calculated to be 274,000 kilowatts after correction for losses. There is also an average firm energy 
gain of 35,000 kilowatts which is the difference corrected for losses between the 42-1/2 months critical period energy capability of the high and 
low projects. There is also available, with the high project, a seco:1dary energy gain of 9,500 kilowatts. 

!Y The diversion of Thunder Creek into Ross Lake. Thunder Creek now flows into Diablo Lake. 

}j/ Sedro Woolley site now being considered northeast of Sedro Woolley; to be joint ownership with other utilities. 

.!.2/ Joint ownership: Pacific Power & Light, 47~ percent; Puget Sound Power & Light, 7 percent; Seattle City Light, 8 percent; Tacoma 
City Light, 8 percent; Groys Harbor County PUD, 4 percent; Snohomish County PUD, 8 percent; Portland General Electric, 2 .5 percent; Wash
ington Water Power Co., 15 percent. Strip mining is done by Washington Irrigation and Development Co. 

J.31 An addition to reconstructed plant has been authorized. 1,314,000 kw total nameplate roting; 1,220,000 kw net after deducting station 
service. 

.!.V 1,154,000 kw total nameplate rating; 1,100,000 kw net • 

.!.!V 1,316,000 kw total nameplate roting; 1,154,000 kw net. 

!2/ Joint ownership: Pacific Northwest Power, Portland General Electric, Pacific Power & Light, Washington Public Power Supply System, 
and Montana Power Co. 

~ Colstrip plants Nos. 1 and 2 are jointly awned by Puget Sound Power & Light (50 percent) and Montana Power Co. (50 percent). 

~ Colstrip plants Nos. 3 and 4 ore owned by Puget Sound Power & Light, 25 percent; Montana Power Co., 30 percent; Washington Water 
Power, 15 percent; Portland General Electric Co., 20 percent; and Pacific Power & Light, 10 percent. 

W Jointly owned by Pacific Power & Light and Idaho Power Co.; Unit No. 1 serves Idaho Power. 

W Jointly owned by Pacific Power & Light and Idaho Power Co. 

W Jointly owned by Portland General Electric Co., 67.5 percent; Pacific Power & Light, 2.5 percent; Eugene City Light, 30 percent. 

W Jointly owned by Portland General Electric Co., 65 percent; Pacific Power & Light, 25 percent, and Eugene City Light, 10 percent. 
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APPENDIX B 
NAMEPLATE RATINGS FOR ELECTRIC POWER PLANTS IN THE PACIFIC NORTHWEST AND ADJACENT AREAS 

{December 31, 1972) 
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--TIBBY if~- -H ---l<OOTEfllAI ·--- · -2T9:9- · MOfllTANA · --- O 4toOOO· "•TJt. · 4tl)Ooo ,4-0000- - ,,,ooO - 24S9.0 49t.SOOO 344-~0 SC.Hl!O. - r91, P ,R 

~LIBBV RE.RU, H KOOTFNAI 201.• "ONT ANA O O POT. 43800 43~00 50170 - 21:,0.0 30000 ~4.0 P • 

, , ,AR, 
,N ,FC,PS, 

·llffLE GOOSE it H SNAKE 70.3 WASHING JON 40S000 0 AU"fM. 40S000 810000 9!t!00 - 638.0 49000 98.0 ""AY 1'3, 1~10 P .a , 1 N 1 , 1 , ., 

... LONG MEADOWS H YAAK 10.11 MONTANA O O POT. _9000 9000 _ 1J350 3100.0 ltOOOOO ln.o P ,R , , ,FC,PS, , , 
...:i.doKoufPofNT·-41--·--H-· ----M-FK witLAMlln·-,w6.9 oREGoN- -120000 o o 120000 138':JOO- qz6.0 H6500 ,231.0 DEC 16-, 1954 P,R.I.N~Fc";"PS~ 
.,LOST CREEK~ H ROGUE 158.4 OREGON O 44000 0 .9000 5U50- l87Z.O 315-000 32t.O Sc.H~O. 1,15 P ,R .I, ,FC,PS, ,M 
... LOWER {.A/\IYON H A SALMOfll J.7 IDAHO O O POT. 12.eoooo ll.&'JOOU 14"l'!>QOO lS7S.O 2SOOOOO 66S.0 P, ,FC,PS. 
- LOWER GRANIJE ~ SNAKF 107.S WASl-tlNGTON O 40S000 AoTH. 405000 810000 931~00. 738.0 4)VOO 100.0 SC.HEO. 1q75 P ,R ,J 1 N 
-·LOWER MONUMENTAL 4,' SNAKE 41.6 WASHl"ilGTON 40'5000 0 AUTH. 40S000 810000 '931~00 - S40.0 2.0100 lOO.O t-\A.Y U, /9io9 P ,R ,l ,N , , 
-LUCKY Pf AK H &OISE 63.8 IDAHO __ __iOAM)O ___ . 0 R{C. 92400 __ 92400 _ 106300 __ . 3060.0 _27&000 140.0 P ,fl , I , ,FC, 

-.-, .. CNARY ~ - --·· -- H- C.OLUM81A 292.0 ORE WASH 9iiooo0 0 POT, 42.G,000 !4t10000 tUOOOO ~.o"""" 18'5000 --r.t.o~ 6.-19TI P ,R , ,N , , 

~.::·~:.\:·a~uALMLE. ~ . -~~:~:::;:~:~:\~ .,.~---::~~::~!g: _____ g --- ~--·~~~:-··-i::~~ - ~~:~-~-;~~~~-- -··~+-p0:::~ ~ ~·!-ft~!-Fc:: ,,.a·:~-:~ 
:iJ~~-k\{:~:~s ~ 2t::: :g:: · -!~!:~-:g:~::: - ~ -~ :g~~ ::!g~~ :~!~~~ :~!;;~ ~!!t~ ··::~:!~ -g~:~ ------ +!---!---; :- :-:- : : 
-S1"1WtSE4'" H SFKMCKENZIE 2.5 OREUON O O AUTH. 4S00 4SOO S11".5- 1236.0 3000 63.0 P, t,,, ,RR,, 

-~{:~Mo:~~~~ 5t :-- ;o~:':~~n. _ !!!~~. -?~!1-1~~~H. ~ w&s~ _Mc:. ,ooO~ 1e:~~~~ 2:0,soo~--·-- 160_.o '.51000 a6.0 _,,.,v 13 , .1957 P ,II., ,.~2._..'--·-·~·-
-,wENAHA ti. - ~~A_NDJ _RONOE _ _{~!~ WASHINGTON O O POT. HIOOO 2.01000 ~~~T~g - r;;g:~.-- ;3g~gi __ Jiti ______ . __ ; : ~l : ;~-t:i:--"!-7-

. --4.WYNOOCHH - H WYNOOCHEE 51•1 WASlil~GTON. . 0 ·----s,,011,,,.11,(. POT. C.io000 G6000 H950 800•0 10 000 lbo.O p~--,-n-;-~-;--

(See footnotes at end of table.) 
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APPENDIX B 
NAMEPLATE RATINGS FOR ELECTRIC POWER PLANTS IN THE PACIFIC NORTHWEST AND ADJACENT AREAS 

(December 31, 1972) 

UJC,HION 

,"4[LI:: 
SfREAMI IF H) 11,tiOVE 

SROUP 
Ulril,'kRSHIP 

.,11.0JEC T CITY{IF. FUELi i-lOUTH STATF 

FEDERAL 

U.S. BUREAU UF RH.LAMATIO"I 
·GARDEN '/ALLEY 
-GACWl::N VALLEY RERG 

GATE\IIAY 
Glf~DO 

. GRAND ·collLEE 4,/ . H 

f:aRA.MO (OUI..LE 4/ PG 
GREE~, SPRINGS rl 

·SUH"ISEY 
· GUFFEY 
-HEART MUU"<TA I'll 

HUNGI< Y HOI.I. SE 1; 
HU'IITER MQL,NTAJ'.,1 

:·JU8GE. 'FC!.AN(\S (ARK 
.... KfSOd(to; '-I 

~ KNOwu:s H A 
. KO({ res H 

L-E.,.I '.:.TO,'i DIVfRSI!lN 
_, LOWER SCKl'JER CR 

l nm CRA~DALL 
MlllllLilJKA ,Y 

- ,~6u"lTAIN sHE{P (LOW) H A 
NINE/'11lt PRAIRIF 

- PAL l SADES !; 
a· PILOT dUTTE 

rl.UlA ii 
SEMJNOE 

··SHA$ TA H 
,"SHERIDAN H 
• SHOSHONE 
,SIXTH WATER H 
, SMOIO' -RANGE H-

-, SPll. l NG CrtEEK H 
-< SPRU-CE PARK-- -

- SUNLIGHT H 
-- SYAR H 

...-. TC..TOl's 4/ 
•TtHEF CRH!<. 
, TRIN !TY 

•UPPER SCRIVH CR 
'\IIA~SHIP 
- YETLO.iT Ail -H 

u.S.--NAVY 
-; CfNUAL 

5 FK PAYETTE 
f FK. PAYETTE 
WEBf1. 
·'40RTH PLATTE 
CflLUMB I A -
(OLLJMPJI A 
011;:;·U\IT CR 
NORTH PLATTE 
$NA-KE 
SH0SH0f\JE 
S fK FLATHEAD 
CLARK FORK 
TRINITY DVSN 
SACRAMENTO 
FLAf,-ff:AG 
NllRTH PLATft: 
Pl. f"I ITY 
SCRIVER CR 
S:\IA1<,F 
SNAKJC 
SNAic,[ 
tRACKFOOT 
SNAKF 
WINO 
YAKJ"IA 
NORTH PLATH 
SACf<AME"ITO 
r-o~.fGuE 
SHOSHU"IE 
SIXTH WATER 
FLA'THE..0..0 

TqlNITY DVSN 
M f.k: FLATH-EAO 

SUNLIGHT CR 
SIXTH WATE:R 
TE TO'~ 
CLARK FORK 
Tl:!. INlfY • 
N FK PAYE:. TTE 
WE!:IE:R 

-BlG-\rnRN"" 

BAEMfRTON 

75.'j 
?J .o 

596.6 
59C... 7 

•. 0 

44'}. 5 

,.2 

2.1 

3.9 
ti 72. '.> 
6 75.:J 
1,2.5 
l?.() 

901.6 

127.9 

1(,,(...0 

-50.0 

28~-4 

15.4 

U.S. OEPARiMENT OF THE lNTERJQq_, WAPATO IRRIG DIST 

IDAHO 
IOAH:J 
UTArl 
wrnMl"G 
WASH illlG (ON 

WA'>l·UMC."TOM 
UR.EGCN 
WYClMl1'tG 
I DAHC 
,jYQ'.1 JN,; 
~ONT A'IA 
.iYrJ"'- i"IG 
CAL!FURNIA 
CAL I FORNI A 
MQ!ljl A'~A 
;.YO~tl~!~ 
CAL l FOA."llA 
IDAHO 
TrlAHO 
JOA.Hu 
[JR EGON I DArlO 
"'ONTA:,jA 
iOAHU 
"YOM I NG 
RASHJNGTON 
WYD~:NG 
CA~ I fOf<NI A 
WYOMlr-tG 
1o1YOM1"1G 
UTAH 
MONTANA 
CAL l FOf<N_l A 
MONT A.NA 
\,jYOMING 
UTAH 
JQAH:J 
WY:)M I ~G 
CALIFOR"llA 
IDAHO 
UTAH 
MONT ANA 

ll'ASHl"IGTON 

• WAPATO D~OP hlO H WAPATO CANAL !1.0 I.ASHING TON 
· ·-wAP6.TO 0R(1P--THR.EE H- WAPATO CANAL- 9.6- wASHiJoiGTDN 

u.s. oEPARTM-fN_T_DFTHE-1"i;fTER1DR. -FLATHEAD 1RRiG ·u-1sT 
'131G CREEK H. BIG CR 6.0 MONTANA 

U.S •. DEPARTMENT OF THE 
BE.ARTOOTH 
&ECHLE.R 
(AR.SON RlVEA. 
C.RATE..R LA..._E. 
LP--MAR 

•LONGMIRE. 
, Ml .W.A.SH~U~N 

_, OHANAPECO?~ 
1PARADl:::.c 

;· rnwt.R FALLS-

• 11011•£.. P..IV E..R 

'YAIC.IM.I.. PARK 

Y0SEM11"E. 

INTERIOR, 
It 
It 
L, 
IC 
IC 
IC 
IC 

__ I_C_ 

H -·1c 
IC 

r-tATlOt-lAL PARK .SERV\(E 
BE.ARTOO'T"H 
BEC.HLER 
C..ARt',ON R.1\/lo.'1: 

. CRA'TE-R. LAI<:£. 

LAMAR 
l.ONG.MlR.E. 
,.,T. \"IASH~UR.W 

_?':'A~APE_!.~.s.~ 
P~P..ADI SE 
TOWER FALLS 
\NI-II'\"[. R_IVLR. 

VA1<.1 .... A PA.Rt.. 
"-\ERCt.O 

WV0MlN6 
WVOMJH.6 
WA$HltH,1"0M 
OR.i<..Ol,J, ·-· -
'NYOMlN<.o 
WA~lM.GTON 

W.Y0M11'~ 

W~HING!_ON 
~AS.H)~GJ.0111 __ . 

W.\!>M.1"-IC.lQM. 

111A~M1NC.1"0N 

CA~IFORlJ!fJ..._ 

"IA"IEPLATE _RATl"IG - !'ILOwAJTS 

4L75 
14000 

21UOCIO 
0 

16000 
4h00 

0 
5100 

l85UOO 
0 

141444 
75000 

0 
36000 

3'0 
0 

~ 3400 
0 
0 

118750 
1600 

11250 
31400 

41.n10 
0 

WOl'l 
0 
0 

1_?0000 
0 

0 
0 
0 

10~~,. 
0 

1425 
2'>0000 

12.010 

2000 
f3t,Q 

8 
8 

UNDER 
CO\IS T 

,, 3b000 

11.:lOOQO 

0 

0 
o· 

0 
0 

z ~ oo·o-
0 

UNC:t:R 
(Ot,jSIDEkATION 

STATUS 2./ . 

RE:C. 115000 

Rl:C. j.,c100 
0 
0 

REC. 
A\..11~. 3~~~:~~} 

0 

REC. 85000 
0 
0 

ALITH. 14400 
0 
0 

p~:. 5 \l.000 
0 
0 

REC. 120000 
REC. 24•JOOO 

0 
'1Q1. 4')1)006 
POT. nooo 
DOT. 135000 

0 
0 

I 2 "OO 
0 

AUTH. 2sOoo 
0 

AUTH. 90000 
POT. J)OOOO 

0 
P1lr. 

-- 3eob00 
AUTH. 14qoo 

A~T~. 8000 
1cio~O 

AUTH. 125200 
0 

REC. 37500 
0 
0 

0 
if 

-- 8 ... --- 0 
- 0 

0 -·-o BO 
2S 

120 

'" - _,<9_. 
800 
58 ,. 
2'1 

_2001?_ 

0 
0 
o_ 
9.-----~ 
0 

Q. 

0 
0 
0 
q 

-·--.Q.-
0 
0 
0 

a 

TOTAL 

11500J 
.:1,·00.:, 

4275 
240lJJ 

9780000 

16000 
4800 

85000 
5000 

21:1'.>000 
l440u 

14 l444 
7500J 

512000 
:SbO)O 

3'0 
12000(1 
t401100 

13400 
4J-OOJO 

92000 
Z.53750 

1600 
11250 
4500(1 

-4"1."l..31 J 
2500u 
"012 

90000 
330000 
150000 
]&0000 
14900 
eoJu .. 

30000 
125200 
l05S54 -

37'500 
142S 

~'50000 

\2.000 

2000 
. 1360 

3',Q 

8 
8 
8 

BO 
15 

'2.0 
I~ 

~9. 
~QO~_ 

58 

'" 291 
2000 

PEM ING 
CAPAIH LI TY 
(KllUO'IATTSJ 

115000 
3"000 

4?.75 
24000 

l0180l.00 

18400 
4800 

85flJO 
0400 

:S2tlJJO 
144)0 

1<;1000 
88800 

568800 
39000 

350 
I ZJOU('J 
Z.400JO" 

l~Ct.>0 
400 )00 

9201)0 
290Z'i0 

1600 
129~'.) 
450:JO 

464000 
25JOO 

<..o 11.. 

900JO 
330000 
19JOOO 
~80-006 

14900 
8000 

30000 -
125200 
lt6 OV/""J 

37SOO 
1465 

250000 

l z.ooo 

2400 
1200 

450 

• 8 
8_ 

'5 
25 

,20 
I~ 
Z9 

a_of 
58 ,.. ,., 

2000 

·Noii,1.fL 
POOL 
FLEV 

,fFT!-

3335.0 
.2920-.-0 
4q<;O.O 
4e>"i3. 0 
129·0.o 

(510 .. 0 
44QJ.0 
4420.0 
23~4.0 
53W.O 

·3560.0 

1902 .o 
587.0 

27:JO.O 
6142.0 
t9 02.0 
40 rs.a 
5375.0 

41'14. 5 
11cO. o 
3819.0 
5620.0 
5460.0 
1186.S 
6357.0 
1067.0_ 

5360.0 

.3':>50°0 
1210.0 
44£0.0 

s3i0.Ci -

2370.0 
4528.0 
6037.0 

-3b40:-Ci 

USABLE 
STORAGE 

fACRE.FTi 

1940000 
~900 

PONOAGF 
7Blo.300 

5232000 
100000 

76500 
39800 
21000 

190000 
3161006 

I 50000 
4180 

il&10 
30~4IJOO 

4°:'00 
z90Q 
4950 

1 2.eoooo 
-,~ 180 
~0000 

885000 
1200000 

3!"-00 
0 

1012000 
-~~.~0.1 00 

l 9000J 

1~foooo 
228300 
,-00000-

40000 

200000-
1,0000 

2ZE5000 
2.60C 

POIIIDAGE 
-s"iooo 

GROSS 
HEAD INITIAL OAIE 
(Fl> - -IN-SER.v1cE 

415.0 
lio.o 
14B.:J 
130.0 

--343.0 

1C.t .o 
1984.Q 

94.0 
. fo4. lJ 

277 .o 
477.4 
63fl.O 
69l.O 
al.-o 

230.0 
207 .o 
- 6'J. 0 
740.0 
270.U 

OEC 19S8 p 

19'.>l:I p 
SEP 28, 194-l p 

~(Hi.0 l 971 p 
MAY 2, 1'160 p 

1927 p 

1948 P 
Ot.:.r 29, -19-S2- -p 

APR. -

19_03 
1949 P 

p 

195J P 
T964 P 

48 0 1 _MAY 7 1 190.?. t' 
15i .o 

2~,4-. 0 
2'+4.0 FE8 LS, 19'.>7 P 

1925 P 
AUG 31, 19':>8 P 

' 

PURPOSE 3/ 

, I .• ,_FC, ., 
, I ,N , FC,PS, ., 
,I 
,I 
,I 

_!.I' .! ' •. 
, I ,N ,FC 1 PS, 
,I 

,I ,, 
;, ., . 
,, ., 
,I 

, , ,RR, 
, FC 1 PS, 

,RR, 

• .! • 1 
, FC, ,R"-, 

,PS, , 
, , ,RR, 
,FC,PS, 
,FC,PS, 

I 05". 0 
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214.0 
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- 1200.6- -

225.0 
823 .o 
350.0 
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920~-o 
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431,.0 

1939 I' 

-·~~44 P,R,1 
- . . ~ I 

,I 
,N , FC, 
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1380. 0 

4bB .0 
453.0 
152.0 

"4'i/c.·o 

SCHEO. 

FE:8. 

JUL.V 

1922 

p 

191" p 
p 

1964 p 
p 

19':>8 p 
I gc.,I:, p 

1911 P , 

,I 
,I 
, ) 1 f(,P5, 

, I , ,FC,PS, 

,I 
,I 
,I 
,I 
,I 

,I -·~r 

, FC,PS, 

1 FC,PS, 

,PS, 

, FC, 

PONDAGE __ "3_0_:_0 
p·oNoAGE 34. o 

40 565.0 1916 P 

SEP 30, 1966 P 
1964 P 

p ' 
i447 p- ~ 

FEB 15, 19"1 ~ 1 

19 58 p , 
1964 P, 

- f._ ~ -
1923 P , 

,, ' 

SfP 14, 194.t - p· ;· ·-
P, 
P, 

.l. , 

L ' 

-- -- -· -- _ -?21;,.._o I~_!__~ p _. 
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APPENDIX B 
NAMEPLATE RATINGS FOR ELECTRIC POWER PLANTS IN THE PACIFIC NORTHWEST ANJ ADJACENT AREAS 

{December 31, 1972) 

GROUP 
OWNERSHIP 

PROJECT--

PUBLIC AGENCIES 

tUKER, CITY _U_F 
- 8AKF"R 

TYPE l / 

LOCAT 101\1 

MIL( 
STq,EAM! IF HJ t.BOVE 
CITiltF FUEL) MOUTH srAn 

GOOOR!c1-1LAti:.E. 2 o oREGuN 

8E..Avt/l, ~UM I( \PAL E.LEC.TlllC. ll(,f-<"T 

6lAvE.R - LOl"IER. 

~'<'>i E+-1 

___ BfAV_!;,~-~~-!"lR_ H 

aONNE~S FflHtv, c1TY iii: 
SON/'tERS FERRY !C 
MOY! E- L6wt:R 
MOYIE: UPPER 

BOUNTIFUL, CITY OF 
BOU_N_T !F_!ll _ IC 

&t-.i.\l £12. 
~f.AV E.R. 

fHJNNER <:; FE.RIO' 

"mv1f 
MOY IE 

B%NT IFU~ 

B!tJl?~ER __ ~~LLE'!'_ t~FCTR)_C ASSOCIATIO'lj 
LYMAN -IC LYM4-N 

BRiGHAM Cr rr faRP~
BRIGHAM 

_ MA.M_l~-~-V~LE_! 

cAa.u ,rri: c. 1 rv- or 
CAR.LIM IC 

BUX ELOEM. C~ 
8_0~ ElDE.R. CR 

C.A~ll N 

Ui .I.H 

UJA.M 

IDAHO 
I .e -- Ii5AH6- -
I .9 IOAHO 

UTAH 
UTAH 

NE.VA.DA 

NAMEP~ATE RATIN_G_- KILOWATTS __ 

UNDER 
UNDER CCNS IDE KAT ION 

ix1sTING -co-NSf STATLis 21 -- ToTAL 

240 
2000-

JBD 

827~_ 

1200 
~SQ 

30'32 

_o 

_g__,_ __ _ 
0 
0 

D -

0 
__ q__ 

ll 5 

2'['5 
r..2~ 

0 240 ------- 5- - --2000 

D 
D 

,.u 

_8_2!~-

1704 

PEAi<.ING 
CAPAdILITY 
lK{LOl.4ATTS l 

175 

"" 510 

~_11.70 

l 7J4 

12.00 
_4_~:.i _ 

30,2 

,.,ORMU 
PfJOL USA.IRE 
ELEV STORAGE --:Fr,--~· -(ACRE-TTJ 

2035. 3 
1923.3 PONOAGE 

G~OSS 
_tlEAD 

!FTl 

ioO.o ·-
1oa. 3 

~000 575.0 

2~0 - _20~:..._0 --

INITIAL OAlE 
- IN SER\/ !Ct -- . ---·---PURPOSE 3/-

1913 P 
I 942. P 

1930 r 
1941--f 
1971 P 

- , __ ...!_ 

_____ l2lk.. p ·~------- .. .!......_...!_!_ ....! 

!92.[ p 

'~"-' p 

CENfRALIA, CITY OF 
___ Y~1_M __ __H __ ___ _3.6~_!__- ~ASHINGIO!II ________ 9001) ~·- 0 ___ ~--· C ___ 9000 ____ 10130 _ 3lt1.Q --· ---- 0 -- 208.0 _, __ , _, --·' . ' 

CHHAN COUNTY PUO 
-- .t.t11i1L.ON LAie.[ 

SEAVER Cf.f.1:EK 
CHHAN 

~ 
H 

H 
CHIWAWA OlVE~S10",1 H 
OlRTiF-AC:-E" MOUNT .6. 1-N- --HPQ 
ORYDt:N (NtW) 
LEAVENWORTH 
i\OCK I SL AND 
~OCK Y REACH 
51EHEl<..IN 
STEMEKIN 

H 
H 
H 

IC 

(Hl!L-'N. L-AM111..0N L. ~S--HINGTDN ~---~- o--- - =oPE11.. -- ioo1fooo 
WENATCHEE 46. 7 WASHl"IIGTON O O LIC.R. 12170 
CHELAN 4. 3 WASHINGTON '~8000 0 POT. 48000 
(Hh,AWA Ii .o 

- LK- w-fNA-TCH1:E-- 5e. o 
WASHINGJON O O LIC..R. 0 
WAS~NGiON if o---LTC:-R-.---.z .. ·ooo 

WENATCHEE 11. 5 WASHINGTON O O Ll(.R. 17400 
WfNATC+1EE 3~.4 w•SHINGTON O O LIC.R. 104050 
COLUMIH A 4'>3. 4 WASHl"fGTGr-. 212100 PoT. 3b4000 
C0LUMB1A 't74.5 WASHl"iGTON 121)150 0 0 
COMPANY C.R., w'A!.H\NC..TOl'I 2DO O 0 

elASHlNGTON ISO O 0 

CONFEDERATED SALISH AND KOOTENAI TR.l~ES ( MOIIITANA POflf:.R C.O 

10·00000- -
12170 
96000 

0 - --,z:,oao 
17400 

l 040SO 
5H>l00 

1Z.1HSO 
200 
1,0 

I 000000 
14000 

!0400/) 
D 

l.45000 
20000 

120000 
542.000 

I t87000 
no 
170 

BUFFALO ""0 2 J H A Fl AT HEAD bO. 7 MONTANA LIC.R. 120000 120000 138000 
-8LiFFAt"6~-4 ·-- JH-A--FLATHEAD 36.~ -MONTANA -----·---· LlC..R. -12DCJOO 120000 ·T3lo,)Q. 

COWLITZ COUNTY PUO 
. -- - -LO"ffi~1EW·-- - --- s-

M£RRII..I.. LAil[. PG 

SWIFT NO 2 
~WIF.T _ _!!Q_2 _fll:'._~~~or_:i,_ H __ 

DOUGLAS COUNTY PlJO 
&R0¥1M'!:. (.A."~ON PG 

-·--·wHLS--· -- ··--w-· 

. eUc;.fNE ;-cTn OF ' 
CA·Rfilll:N 
EUGENE 

YfiiURG 
TRAIL DKIOGE H 
llUUAN J N 
wALTl:MVILLC:: ___ • H 

-LifN\7\itfW 
LEWl's. 

Lf.WI S 
_ L£.~1 s 

WASH lNG TON 

42.0 WA'SHlt,,l{oilO)J 
44.2 WASHINGTON 

__ ~7!0 _ WA~HJNGT!)N __ 

COLU'181 A•8ROw1ri1'\ wA, !.K \NCiiON 
·coi.ul!CtHA. S16.b WASHINGTON 

MCKE"IZ IE 
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APPENDIX B 
NAMEPLATE RATINGS FOR ELECTRIC POWER PLANTS IN THE PACIFIC NORTHWEST AND ADJACENT AREAS 

(December 31, 1972) 
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C.>lLETTE. J 5 C:.llll 'PE 'f'l'(OM1 ~{, 0 0 POT 330000 330000 330000 
HOT Sl1JH1S It SOUTM DA 1<.0TA I \00 0 0 1100 l l 00 
KIRK 5 SOUTH DAKOTA ,1 ~oo 0 31500 .31 500 

OSAGE s OSAGE MYOMING H-500 34500 34500 

.Cl.SAGE IC O.$AGE; ~'{OM_l"!.G. l.J}.9_9 __ 0 lOOO L_OOO 
'ilAPID (ltY lC RAPID C.ITY SOU"ft-1 OAk.OTA 10000 0 0 (0000 10000 

REOW .. 'Tl!R NO J H Q.EOWATH $0U'TM OAl(.Q"TA 1000 0 0 I 000 I 000 
IUDWAUll NO 2. M UOWAl:'Ek SOUTH DAkOTA 346 • • ~Ill, ... 
WYOOAK ·S GILLETTE WYOJl!l'i!G l'fe\80 0 0 u,ao 17'80 

CA,LIFORNIA~P.ACIFIC UTILITIES CrJ. 
____ UJ!.\ •.. !IIL.L ________ !j___ .'111'\.~J.'L.------- _____ .iil!_H_ ··-

tEOA'R. 1110 2 H V\lit.GL~ UTAH 
CEDAlt ,..0 3 H I/ I RG\tJ UTAH 

... ~t))A!I.Jill. _4 H. _ .Y.J..B.,J.~. •. _ ..• ______ U_tAl:L--
CEOAR IC Ct:OAR CI n UTAH 

• ~J..!1 ·- S ~FQ~R_!:Jf~.-- ·- _UTAH 
NEEDLES IC NEEDLES CALIFORNIA 
RO<;K .&•eu. .. ~ - - • RQQ\ .&B . ·-- _J. .. J .. ..Q~.f.!;U~-- - • 
;,jlNNE~UCCA H WATER CANYON NEVADA 
1111,NNE"UCCA IC Wl-i'~NEJIIIUC'A NEVADA 

--- --~~~ -- -- ·t---·- ... - --t- - --~%-- ---~~g 
640 0 0 6lt0 "40 

·--·····-·Jqo.9 _____ 0_.. ---~o __ .JQ.QJ> __ .. 1090 
Sl78 0 0 !:il7ts 5l"Z& 

.. !.5:Q~ ___ . . _o_ _ .. JL. __ . n.o.o _. _ .l~Q-. 
101s o b 1~1• iOtr 
_ BJl.Q.. __ o __ 9 ego -~•Q. 

120 0 0 120 120 
l'Sl5 0 0 1515 1515 

CHEYEH"fE LIGHT, FUEL ANO POWER CJ. 
SNVO£Q tc. CHEYE"NNE WYOMING ! 0000 I 0000 UIOOO 

p • 

98.0 1941 p 

-
p . 
p 

105 .o p. 
SC!-ICO. 1917 p 

p 
p 

' 19-48 p 

--- l~ll __ p_ J ___ J_ . , _, 
100,0 
50.0 

.2.1 "· Q 

_Q _ _ 9lh0 -

p 
' p 

• 191t5 p . 
1917 "··-·,,2.a -~-L- L . .J. 

p 
J . ..1. . .J.. •. , - _, 

J9U P, 
19~9 P t 
1 1HO P , 
.1 j~3 ... ,_/. --L 

p • 

.1905 ~ I 

p • 
p • 

•• 

'· • .1 .1..~ . . 
'·---1-,..J..,-L •..• ,._,_ . .. 

.. t.. •. L .• \ 

u, 
N 

m 
r
m 
() 
-I 
;,o 

S; 
r
m 
z 
m 
;,o 

Q 
;,o 
m 
Vl 
0 
C 
;,o 
() 
m 
Vl 

0 
"'T1 

~ 
)> 
Vl 
:::c 
z 
G) 
-I 
0 
z 



APPENDIX B 
NAMEPLATE RATINGS FOR ELECTRIC POWER PLANTS IN THE PACIFIC NORTHWEST AND ADJACENT AREAS 

(December 31, 1972) 

GROUP 
lJW"lERSH IP 

PKOJfC T 

PRJVATI; Ullt.lTIES 

IDAHO PO~f;'< CO. 
- AMERICAN FALLS 

6l1S'J 
13ROWNLEt 
C., J,STR I K( 
CASCA!)E 
CLEAi< LAKE 
HELLS CANYON 
JIM !l,RIOGER 

LUWER MALAU 
LU\f!~l-l. S~!,.MO~ 
OXBOW 
SAL MUN ____ _ 

SHOSHONE FALLS 
SWAN FALi,,~ ~ 
fHOlJSANU St-'Rl"lGS 
hi~ FALLS 
UPPER MALAD 
UPPER SALMON '"A"" 
UPPEK. SALMON B 

TYPE l/ 

" 
J ' 

H 

JC 
H 
H_ __ _ 

H 

_!! -
H 

MONT ANA- UAKO TA UT Ill rrr'S 
ACMF 5 

BAIi.EK IC 
6£ULAH s .,. !iTOMl 

J ' ELLE.NDA.LE It 
GLENOI °'E s 
Hl::~K.E:TT ' 1..EWJ ~-C.1,.~~~- s 
.''4ILES Cl TY 61 
WI LI.. t'i,TOl'I s 

LLJCATION 

MILE 
STREA"'II IF HJ ABOVE 
CITY(IF FUHl MOUTH STATE 

SNAKf 713. q IDll.'-IU 
S";AKE 560. J lOAHO 
Sl\JAKt 28':>.J OREGON IDAHO 

s:~AK(: 49(..0 IDAHO 
N FK PAYETTE 3'L!:l !DA.HO 
c·LEAR l.-sPR. s,H.(} 10.&.HO 
S\IAKf 247 .'J OREGO"I IDAHO 
ROCK SPR IN6S WYOHI NG 

MAL AO 0.3 IDAHO 
S'JAKf 572:.9 IOAHO 
'JNAK[ 273.0 - OREGON (OAHf1 

_ SAJM9N 
SNAKF 615.0 

\Q~_H_O 
I ri.a.,.+c 

S~A!i..F 456.Q 
s-P~ ,u- s·NA-KE - Se4:4 

IDAHO 
!DA.HU 

S"ft\t<E 618.0 lfJ<\HO 
MALAD _ _ _ l_.4__ 
SNAKE 581.0 

IDAHO 
-fDAHo 

SNAKE ':>82.,l IDAHO 

S_HEr<. IDA~ W.YOM ING 
6AKflt MONT A"lA 
e,E.ULAH NORTH DAKOTA 
(.Qjl,.,,i,. (.O ~01JHI 0,0,0TA 
ELLEN DA-LE. MOriTMDA1<.0TA-
GLE'\IO!VE MONT ANA 
HES.KETT NOlfTH DAKOTA 

_S.lONf;Y _ ~QJ'jT At<i.._~ 
~lll::S (I TY "IONT ANA 
\Nl LLI ':>\ON NORTH OAIC:.OTA 

"IA"'IEPLAH RATING - KILOWATTS 

EX1STI% 

275~0 
75000 

360400 

82800 
_ _}_QO._ 
2500 

3-31 soo 
0 

13500 
60000 

-190-0JO 

&•?2-
l 2. 300 
102t.5 

8000 
13500 

1200 
18000 --

16500 

- ,<!QQlL 
1000 

13500 
0 

-·-3-4oif-
7000 

100100 
50000 
20000 

2000 

UtWER 
CONST 

50BS00 
0 

0 
440 oOO -----o 

0 

0 
0 
0 

- _C!!W~B -
CONSIDERATION 

STATUS l./ 

-0 

l" 25000 
180 200 

0 
0 --
0 

LI c. l :,o 500 
0 

-- - J 2._Q.0.9 
41 500 

-- _g_ 
0 
0 
0 
0 

_____ Q__ 

0 
0 
0 

-
0 
0 

_p 
0 
0 

TOTAL 

2750-0 
1 00000 
":,40"00 

82800 
300 

i.50-6 
52.2000 

508500 
13500 
75000 

fi15ou 
0825 

11-.,~~- -

.i.0265 -aooo 
13500 
1200 

1---8000---

16500 

- J.,Q_Q_Q_ -
1000 

\3?00 
tl4-cfoo0-
- j4QO-

7000 
100 lO 0 

SOOQQ __ 
z.0000 
zooo 

Wlll 1 STON GT WILL IS.TON NOR:TH DA"':-?T~-- _§_~_Q_~_ - 9_ 0 _____ 8_009. 

MONT A~A LIGHI ANO POWER co. 
LAKE CREi:I\ NO I LAKE cs 0 . litONT ANA 1000 0 0 1000 

LAKE:· C,0.;_1:K N~ 2 ..LAKt C·< 0 • ,.O~JANA .3>00 _Q _Q 1}QQ _ 

Lle>BY , L1Sey MOWl"-",1'1-", l2 !I.SO 0 0 12.sso 

1'R OY s 1(0'( M.Oi.l"TA.NI\ 3000 3000 

MONTANA POWER co. 
ijLACi<. 1:AGLf: H Ml S50u~ I MONTANA 1611DO 0 16800 

SUFf AL_Q '.iU 2 H A Fi.A.P.IE_A_D ___ ~9_. 7 MQ~f A_NA 0 -- Q_ LJC._R .• . _ _l.?.Q.QQQ __ l.Z.QOO_O 
8UFFAL0 NO 4 H A rLAHtEAD 36.5 MOf\lT ANA 0 L!C.R. 120000 120000 

. COC.H~A"lC H '11SS.0U'U l'tOMTA"lA 4800.9. 0 ___ Q 4.60.JO 
COL) UUP J s C.Ql5l~lf> Mr)~T ~NA 0 3SOOOO Pol 350000 10.0000 

Fl,.l~T CR~EK Ct._[IH cs 38.8 MONT ~NA }!<10 l1JU 
FRAHK. S\SlD t>I LltNC,S ~ONT ANA. 69JJU 0 G.9000 

HAUSER LAI\E. "IIS'.>QU'U "40NTANA l H:JO _o .uo,::io 

HEbGEN H. "\Ar l sn-... MONT ANA STof>.c,E. 0 0 

tiOL TER H ~I SSOUQ. I MONTANA. ~1'1,.UO 0 38400 
J.E... ,oRC.1Tf s !,1 L.1..1 N'S MONTANA. 112.aoo 0 111.eov 
KEQ.R FLATHF.;AD 12.v MO'\ITA',.I 16WJ'JO 0 168000 
MADI SON MAI~ I <;t)N M')NTAN\ 9Q.10 0 9000 
MILLTOWN CLARI< FOM.K 31.4.4 MO"IT A"I~ 1040 0 3040 
"IQQ.ONY ~I SS'lUR I MONT AN° 45000 0 45000 
"IYST Ir: LAKE H " 1UJSE6U0 C< ~[)NT ANA 15000 0 ;,~~-) -ei-000 

MY~l IC. L.A.k.E. PG W A.OSE&UD <R M0"1T4N" 0 0 P01. 
><.AI'J~{)" " MlS:.cllJQ.I M(J·HAl\iA j~6):, 0 3560,J 
RYAN H Ml s;i_')UQ. I MQf\lT ANA 48000 48000 
TH!;)MPSIJl't FALLS H CLA~II. i::1JQ.K 208.0 Mfl'IITAN'£ -10000 30o(S-v 
1R.IO!.NT ; Ullf!M1 f'\OM'TAN4 0 POT. :noooo )SOOOO 
''(E_LL0~~1~NE LAI(~ '' 'fHLOW5TONE. MD~.r A~A 27SQ Z.1S°i..l 0 0 

r-4EVAOA POWE:K. cu. 
CLARK s f:AS"T "' VE.Ii.AS "l;VAUA I ':loZSO 190 2&0 
fl KO " F.LK.1 ·-irvAl!t. ~ .. ':, 0 ?Ol 2.00J 12:io 
LAMOILLE H LI.MO:~ LE. "- , .. a:"~o• ,oo 0 200 
~01-1"\/E J • ~E.All.t1-h.l laM1" ,\Jtl/Al.i>< a,z,,o 0 2212.:J.) 
RE ID GARll"IEil. s ..Lf\JD,\Lf. J[.T "l;VAUA 2.172.'?Z POT. l13',3" ,_oe 
SUNM.l ~E: s LA~ VE.:.A.".:i '•E VAUA Bli.,i)'°l P01 • ,. J000 Ill 1100 
WEST !>IOE I\. N:VAOA r,s 15 29 3!$" 

PAC IF IC ~URTHW[~T PJWEK Crl. - WASHINGTCN PUBLlC POWER SUPPLY SYSTEM (JOINT) 

MOU~TAI 'I S.H~EP ' H ., ~ 1AI(,- l88,g Hf::";t:-.·IGA1Cf llC,R. 1!90000 JL90 oo.:: 

_ P.CA_l\l'iG ___ _ 
CAPABILITY' 
(!C;llUWATTSl 

zf30<f 
I 0'5 000 
(o 75 000 

890JO 
400 

.2300 
5l>b670 
'508500 

14000 
e;ooo 

27.'5()00 

"°'DR MAL 
eJJOJ. _,!/_S~fil.!c. _ . GB.OiS _ 

INITIAL DATE 
IN SEA.Viet 

EL EV STU RAGE HEAD 
IFTI (ACRE FT) fFTI 

42q6.6 
2654.0 
2077.0 

2455.0 
_ __il80~9 

3000.0 
16!38.0 

0 
1200 

qso2so 

48. 5 
70.0 

272.0 

1902 P ,_ ---1. 

NOV 30, 1949 P , 
AUG 27, 1958 P , 

35000 88.0 MAR 3, 1952 P 1 , 

_ __ Q -·- _ _l?!O 1926 .P L_J 

0 79. 0 NOV ~--i~ 19ii P , 
II 800 210 0 0 QC1 23, 1907 P 1.. t. 

sua.o In• P 

PURPOSE 3/ 

, FC,PS, 

2881.4 0 161,4 l9ll P , , , 
,21.9/l.."' _.___ ,1,,_oQ. ___ 2!!.....Q.. ___ --· _J,.91..Q _f_J..--1 _J_ _1 __ _,_ ._______.__..._ 

lEIQS.0 'jOOQ 117.0 JUL 5 1 1961 P, 1 t 
<,,"JOO 

1 l'SOO -·- 3362-.-0 - --750---214.o- ---~------}~~· {--:-- ~ -~-- ~ -~-:--·-:-~ 
li.000 
1~00 

J.lli...L__ ._1.u.~- _----------'.!!~~- ____ -------1..2.Lo __ r .. _ __t _ _L __ L____f_ _ __L__..t _ _J_ 

3061.9 0 182.0 1912 P , 
9800 3519.4 1'50 147.0 1935 P , t 
1,00 

.. 1<1500 
_ __JQU_.';# __ .. _ ~-Q_ ___ lZ.'Ja4 _ ___JjJ_ti_ _•T_~/,L__f-t._.......1.._ ,______..______..__ . .L _ __,___._ 

28"1,Z O 42..fi SCP 11, 1937 p , , 
1 7500 2878.l 12:00 36.9 SEP , 1947 p , 

___ 1_i._oo_o _ 
--- _ _____ ___!'__ L_L__..L____i. - L__J_-----L--L 

1000 p 

I) 500 p . 
4.40000 ---------- --·-- - 5CM[D 1.(}lS" P -- _ _} __ -· '"-------5400 p 

'- . 
7000 p 

!00 I 00 p 

~OQ_QQ --- - ------ --- - -- J_..1.._,_ -'- _, J._.L......L 
20000 p 

zooo p . ' ' .a.a_~~-- -- ~- L _.L~.L.___j____J__, _,._----1..... 
- - --··- - --------

1250 ~~=11::} 30 161.0 1916 p 
__ 't.:J..ll 161.0 1949 p 

14065 1g17 p 
3(00 195C. p 

18000 3290.0 \ 'TOO 51.8 1927 p 

lJt!O.QO .119&._Q ,P_Q_~Q_AGJ:_ ... a,.,._'J - p 
t.._.L -' _l_ _ _l____f_ 

l l8000 2625.0 PONDAGE 80.0 ·p-
60000 3115._0 4':,00 76.Q APR 22, 1958 p 

100000 '::iC.i-l[O t':175 p 
J.J.00 ~-f~!. ~ .~~()- 717_.2. 1901 ~ . 

b90UO NOV 10, 1951 p 
U>5')0_ 3~J_2_.4 .. 2_6500 67.?. .. _ l~?J_ f._J_ , 

' . L 0 65.34.9 119800 19.1.5 I PS' 
49000 3564.0 82.000 109.0 APR 1<118 p 

1.eoooo ~EP l, 1%& p 
185000 2tl'l3 .o 1219000 187 .o MAY 1939 ,PS, 

8500 4841.0 39000 119.0 1906 
3400 3260. 0 300 29.0 1906 p 

4 7000 2888.0 -··-·--- iJ_OO 83.4 JAS 1930 p 
83500 7t,73~·0 20700 

--
1 f.28-:o - 19.ZS T ----

p . 
35000 jL.:;4,.() 1000 l:'..d. 0 l'HO p • l 

60000 jQ39.0 2800 -· _151.0 1915 p 
. 

40000- 2i9b.0- - 15000 ~g. 7 Sul T ~ ··ic,i·s p t -!-1. .! -'--'-.....L.. . . 
:noooo S,:;~ t.P 1,;~ p . 

2. 750 . .Ji.ll.. .. (01 1h1' p . 
193 000 115'5 

12 ~o 
zoo 1Cl)3 p . 

lZ t 2.10 .,, 1971 p 
3111000 1%5 ' 185 000 JUC 1qb4 

30000 19G.3 ,- J 
l/i.7':1000 1510. -:, 2.15 000() :;,PS,'.) 1 Ft,, i> ~I 

)> 
""C 
""C 
m z 
0 x 



APPENDIX B 
NAMEPLATE RATINGS FOR ELECTRIC POWER PLANTS IN THE PACIFIC NORTHWEST AND ADJACENT AREAS 

(December 31, 1972) 

"!LE 
51,HA"'. I)'.'. rl) ~t'"V'c 

'46.~!:PLATE Rb.TIC; - l(ILJ'4ATTS 

J'IDE~ 
::J'l~IDE-Hr.T In 

GROUP 
OMIIIERSHIP 

PROJECT TYPE l/ .',!TY! IF ;::)cLJ ~.JUhi SUH E (l ST I 'I'; S Tl\l JS 2/ TJT ~L 

~1:Ao<.I'l3 
::AP.\,3 [LI TY 
ll<!!LJ,l<'dT"I 

P-ACIFIC GAS AND ELF-CHIC CJ. 
A-l TA H 

ANGtLS H 
• Al/ON S 

~ALCH 1110 1 
- dALCh 'iO 2 
• BElDtN 

!3UCI<.'.> CH.HK 
BlJTT 1/ALl,.EY H 
CAR I JOU \10 l ~ 

CAR l t30U "lll 2 H 
C£1"IIH.RVlLLE 

- CNlt..1 SAR. 

COAL CANYON 
-CULEMA~j H 

CUNTt<A CO~i,TA 5 
COUR TRJGHT RES 
COW CR.f.fi<. __ _ 
CRANt 1/A.LltY 

• C~ESTA 
- OHR CRHK H 

OE SABLA H 
!.)LA.~LO (AN.YON N 
OOWNIEV 1l.\.C. 1 C. 

o·.i.u~ NO l H 
DRU,-. ~0 2 H 

- DUTCH FLAT !-I 

- HOORAOO H 
fLf( TRA ~I 

HAAS H 
HALStV 

-HAMILTON BRA~CH 
HAT CREEK NO 1 

- HAT CR.tfK -tO 2. 
- HU~tl(llOT l;AY 

HUt1&0L O'T !,,\'I' 
- ltUNTcRS POINT 
- INSK.14' 

- JAT-\tS & e,LA.CK. 

- Kt:RCt1.HOFF 

K-ERN_ _ 
- K.ERN (ANYU1\I 
-KllARC 
-KJ,tj;S ~Lvt~---
- LIME SADDLE 

MAilT l!\1£l 

-Mf:l0N1::S 
MLNOCIC._4NO 
flllfli:CfD FA.LLS 

- ~ORRO 6AY 
-M"OSS lANOING 

' s 

BEAK. 
AM'-ELS C.R. 

AV()'\ 
Ill F-.,. 'IG:::. 
'J FKI( r·,cs 
". Fl<. f">AT>ifK 
N fl f-E.HHER 
'..: Fi< HATH!::{ 
'II F" FfATHf-( 
'II 1-K HATHl::R 
BUTTE CR 
5 Fie- A.MER\ C.AN 

NfK ~ EATHtR 
13ATflf C~ 
A',jJ li"JCH 
l--l(L!'IS CR 
.cuw C1<. 
'IIFk"'ILLOW CR 
r,,i F1<.FEATHER 
O!;;EI<. cq 
6UT TE CR 

OOWNt EV!Ll..t 

B'::A'< 
!.\EAR 
ijlAK 
PLAC.ERVI I.LE 

M'JKFlL,"'1'11 
i'\I Fk:k l ~iGS 
DRY r:;{ 
N FK HATHE!t 
HAT (R 
.-JAT r:.i. 
EURl::.KA 
(u~EKA 

SA"'! F~'fCSCO 
Sf'IC 6ATTLt C~ 
-MONT80"1tll~ t,; 
SA"'! JOAOUll\l 
JAKERSF.JE!...O 
K!:R ... 
NfK COW CR 
Kfr..lGS 
',jfKFEAlH';:R. 

~A~l l~\:l 
STANISLAUS 
t.1r:N00C IMO 

MER CFO 
~ORf.1:0 BAY 
SAU"IIAS 

MUR-P"HYS 
·NARROw:S

·- OlfU'M 
-4'l'IOE-Nt "IC 

ti___ A~L~ Cil. 
H YusA - -

- PJf NO 4 
-Pir-No·-3· 
- PIT NO ->It 

_-PlL~-·-
--PJI NO.b 
- PIT ~O .. 7 
- P J Tf S.B_VB.~ 

•us 
-POfii.!E'RO 

POIT_Tt'fl -~-4M._:p·_ 
· ,RIJC,J( 'C.R£E"K 
- SAUi' 'S:Pdil.11\1.G.S 

S OLFUM 
,H SUlll\lAf\1 CR 

_t! PIT 
ti -PIT 
-H PJT 

_.H. ______ .PfL _____ ,_ -
ft -Pif 
Ii PIT 

_.i_ _ PI f'r'it>l,1-RG 
--t,(f; ff UttER 

SA"I f'."-1:~CSCO 

H 

- 5'41'1 . ./OAqLJf~_j_A_ _ ____ti_ 

-POal"Ut VA!l.'l.€Y 
Nf..:f'EAr°HfR .. 
~ fk "'O'-E L UMI\IE 
WILLOW CR 
·wll.i..o..i t:~ 
\rilLLOtri C-R 

- SAN JTIA.Q.U,IN Z hi 
SA"'1 J·OAl.llJJ"'I 3 

- SUUJ,r1 
-S-PAui.r,~-f,IG- l 
-5-P.AUL·Ol/',ir;_.z 

'$-PAULO 1114(, 3 
-SPfU"'fG 'GV 
• STA!Jtl":S,·l_,A_U~
·-1Mt GE¥}.LftS 
- T !Gft1; CREE*. 
-TRJlljJfV C[·HE~ 

Tl:JLE 
·VOL"··- -
·,tl:5. P..m_J'll,T 

" .o 
H 
·H 

ST1<. 8:0,.TTLE CR 
Sfi(. ¥'lJ6-A 

'S'flk!~A 
S <t. YUdA 
Mfl. STA'1li1SL,AS 

. ST~f'i_lS!.A\.il} 
CLf)VF.knAt.E 
""fl'«N:Ok.fft.Uf't'\IE 
T~'l'tITY C'H-R 
f·ULE 

-MILLSE.Ar u 
N ~OICF::llJM~f. 
A·USU-RN RAVI ""i 
$,AN JOA.Q.UJIII 

6.0 
t.:. 

3.C 

i2.') 

CALIFORNIA 
C.AllFGRlilti. 
CAL I FOR"'IIA 
CAL I FlJR~IA 
CAL I FOR'iD, 
CAL r F-rJR,\ilA 
C4L ! FO;{~IA 
CAL I FnRNIA 
CALlftlRNlA 
CA.Llf-OR~IA 
CALIFORNIA 
(.b.LlFORNlA 

CALIF!J~NIA 
(Al I FORl\il_A 

2000 
i,.QQ 

40000 
31000 
'17.lUO 

11191)0 
6600) 
3b0()\) 
75000 

1091:100 
b4'.)0 
1oto 

soo 
13800 

CALIFORNIA 12.53510 
CALIFORr>tlA 5"TORA6.£ 
CALI_FORNIA t't'tQ_ 
CAL I FORN-1 A 880 
CALI FOR~ I A b 7500 

,CAI.J.FOtV.,UA_ 5?00 
CAL l FORNI A -18450 
CII.UFORNIA 0 
c.'\u FoRN·u no 
CALIFORN[A '+'9200 
CALI fORNJA 44100 
CALI FOR~IA ztooo 
CALIFfJiP,IJA 20000 
CAlTFO-R~IA 89100 
CAlIFflRNIA 135000 
CALIFURr'll(A 12000 
CALI fo-Rfl4IA sno 
CALIFOR~llA 10000 

0 
9 
0 

" 0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 

" 

0, 
'2. t<.BOOO 

15 
0 

0 
0 
0 
0 -

0 

;:,01. 

0 
o_ 
0 
0 
0 
0 
0 
0 -
0 
0 
0 
0 
0 
0 
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APPENDIX B 
NAMEPLATE RATINGS FOR ELECTRIC POWER PLANTS IN THE PACIFIC NORTHWEST AND ADJACENT AREAS 

(December 31, 1972) 
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APPENDIX B 
NAMEPLATE RATINGS FOR ELECTRIC POWER PLANTS IN THE PACIFIC NORTHWEST AND ADJACENT AREAS 

(December 31, 1972) 
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APPENDIX B 
NAMEPLATE RATINGS FOR ELECTRIC POWER PLANTS IN THE PACIFIC NORTHWEST AND ADJACENT AREAS 

(December 31, 1972) 

LOCA T IIJ"i "IIAME Pl A TE RATI"IIG - lt.lLOWATTS 

································ .............................................. NORMAL 

GROUP 1"lLE J"IIDER P!.:Ai<.I"IG POOL USABLE GROSS 

°""'ER SHIP ')l.,.EA~l IF HJ AB['YE u·mER COTIIS !DERAT l:J"II ClPABILITY ELEV STORAGE HEAD I'ilT I Al DATE 

PRDJf.C T TYPE l/ Cl TYi IF FUEL l M( UTH P~UV I '\ICE EJ: I ST l 'IIG :JTIIST STAT JS~/ TJTAL ( KILJ11ATT<;) IFTJ I A.C~E FTJ tFTJ l'lSE!(.VICE, PJRP1SE 3/ 

PUSLI C AGE NC lES 

BR! Ti :,i-, CULUMAIA t-,VURO ANU POWER I\UTH1-t l TY 

AtH:~HLDIE ~ H ~ULL ... •c ~00(1 5000 5000 2BB0,0 POTIIOAGE 275.0 1922 p 

ALERT "" JC AL[RT •AY " l'SSQ lS~ U60 p 

• ALOUE:TTE Y ALOi.lET TE JC 8001) 8000 C)OOO 482.0 171 174 141.D 1928 p ,PS, 
• ARROW llE_SE.R.1JOIR ~ CJLU"lf\ IA 7RQ,b ,c 5>10R.t.r..E 0 0 1444. 0 7l.o\5t'.Hl'O 42,0 0(1 10, 1'66 I FC ,PS, 
• A~H RIVER}/ H ASH liC 25200 25200 2'8000 l<~S. - b,444'.3 szo .o JUS 20, 1959 p 

rBE LLA. COOL A IC BELLA CO'JLA BC HD7 ... , lOO't OEC 1955 p 
81..U[ ~tvEP.. ~ lC BL\JE. RIV'--R '" 17so 1150 11§0 \'}I.I 

~BRIDGE R.IVEQ. NO 1:, H F\f.l.i!JGE BC 180000 180000 204 000 2136. 0 · 81{,:)0~ l Hb.0 1 l931t ,PS, 
• BRIDGE RIVE~ NO 2:, H BR ID~E BC HIOOO 0 24800'.) 2%001) 2136. 0 1351 .o SEP 27, 1959 p ,PS, 
• BULL RIVEK H KUOTENAY R 313.& BC 0 Pot. 134000 l3400L 154100 2660. 0 3981000 147.0 , FC,PS, 
~BURNS LAKE ~ IC au;..'IIS LUE BC ,.,. 2936 2936 1947 
• 8URR,\RO ~ s lLJC:J ec 7SOOf'O I 50 000 900000 97 2 000 DEC 18, 196J p 

r'CALAMITY CUf<.1/E (,lLIJ"'RlA 110'> .o BC ,. 0 POl" • 120000 120000 128000 2591.U P0"-104.GE 116.0 
+--CriEAll:.AMUS ~ H (Ht.AK AMAS RC 14000~ 0 " 140000 144 000 1240. 0 )0670 1120.0 OCT 20, 1957 

CLAYTON FALLS CUYTON CR BC 100 0 700 100 260.0 PO~DAGE 215.0 DEC 1%1 p 

, CLOWHOM ~ H CLOoiHJM o_.c " 30000 30000 11,00 175.0 "'~45 l 75.0 JAN 1956 
~ OA'N!:.ON l.RH.I( l/ JC 0A'1'f50'°' CRHlf... &c 13 ()QO nooo 13000 u,! . . . 
-DOWNIE CREEK CJUJMA I A %9.0 ,c 0 i,>OT • 1000000 1000000 1150000 1905.0 480000 255.0 p ,PS, 
- ORY DOCK 'C PR I ~CE RUPRT " 04()) 0 640 I h401 0 1950 p 

-UlJNC~."1 -~ H DuliCAN 8.3 " '.!lTOI.A.Gt 0 0 D 1892.0 1411 000 · 110.0 JULY 3\, t'H7 ,PS, 

- ELKO l/ ELK 14.5 BC 'HOO 0 9""00 ,1.000 2~93. 0 P0"40AGE 193. 0 1924 p 

FALLS RIVER SIC. FALLS C, •c 9600 96f)O 9b00 PONO AGE 24B.O 1930 p 

t FORT NELSON IC FORT l';E.L~ON B( 41r..1 ~_!fo\ -~~'- 19~q. p 
-'-

.- GEORGIA. '2/ GT CHE~A. I'tU5 ,c 1ssoo 1'5"500 72000 SEP . 1957 p 

.,.. 601..0'E:t( 11 ((•.ST 60UH.N "' 800-0 u 6000 aooo 19•~& p . .. L_ 
• eo111oow M., a1,u1:u111 'j/ PE-ACE:. 8t4 0 ., I !!I IO 000 2z.7ooo POT. 221000 2.i 10000 ?'-10000 2.2.0~:.~ ., .. ~000!.1?' ·~~·~ SH'T 19r..B p ,_PS_, 

.., HAZEUON ~ IC ~AI.fL TON Bt 3 ISO 0 0 3 ,5o .3~ 19"5 p 

JOHN H.ART j; CA.MPHELL 3.0 •c 120;)00 0 12J000 124500 456. 0 Z?.DO "o5 .o OEC IS, 1947 p 

o-JOROA.lli R.IVER j/ JO~DA.'t 2,Z BC :SOOOO ' 15000'.J 150000 e 10 .o OEt , ,, l9l 1 t 
KOl(ISH RIVER '<01<.. I SH BC ' LIC .R. 37000 37000 37000 P0"60AliE p 

- l(i.JQT!,;lljAY l.A.~AL H KlJ01 t' ':r,Y l-'NAL 13d ec 50000 1 0 ,ooOoo ~00000 1 74~. J 1H 7000SHAM1'2 n.o IC.MlO I 91'!, p 

~ LAOON.E FALLS~ H CA~Pl-\'-:Ll B,O "' 54~C'r 54000 51&00 585.0 2So-~1"i 1i1.o OEC 1956 p 
.. 
,PS, 

LA JOIE ;; H ti~! DCE "' L2:,l'I,:; 22000 24500 2460.0 587 lOZ. 11b .o OEC 20, 1957 p 1 PS, 
LAKE• BUNT H."6 NG I ~ H i\ui{~AR,J I\ILEl BC ),JuO soooo 55000 397 .o l&34r J 397 .'.) 1903 
LAKE.· BVNTZE'i NC 2 ~ H 1-\U'<RARIJ INLET BC !:I.> 100 2'>700 27000 397. 0 397 .o 1<'113 
MA.5St.T " ~,_';,)E"t ec 4'i':i0 0 0 4950 A9SO l9<.., p 

" MCP.RIOE IC "CBR lDE BC ?,'4():) ' 0 340Cl 3400 19~ t p ' .. 
- 1'1IC4 H COUJM~l A 1018.l BC 0 1740000 t·C.. il 0000 2.i.r ooou 2',10000 2475. ri I I E:,8~000 570.0 · ''" p ,FC,PS, 
, f'o'jl(A (.~t:.?K IC ~t(A 1018.Q oc 11175 0 11 175 11 llS 191,,5 p 

MOBILE IC BC 3000 0 3QOO 3000 p 

MORAN H FRASER <-28.0 BC 0 Pl R.R.. 682000 682000 682000 1533.0 qsooooo 730.0 .. ,FC, 

·· MURPHY CREEK H COLU"lfllA 1"0.0 · BC ' Ll C.R. 300000 300000 100000 1402. 0 PON OA<.E. 62.0 , FC, p~, 

PGRT HARDY IC PQ~ T HARDY BC 52.CCJ 0 9 1 ioo ~1 200 19&0 
PORT HARO'f OT PORi HARDY B< "iOOO 40500 '°' 40500 1969 p 

~ PORT MANN ~ GT PORT MA''iN BC 101)0') 0 0 100000 100000 SEP l, 1959 p 

PQ I WC.E ~llfE RT GT P,1(1N(E Ru Pf.RT Be 0 51Z40 0 ~12.40 512.40 S(M.tt> I ~l~ p 
PUNTLEOGE l/ H PU~TLEUGE ec 27001) 0 0 27000 24500 444. 0 <,B 000 35,;,..o AUG 10, 1913 p 

- PYR.U41D MOUNTAI't H MU,t TLE kC POl. 9<,000 ~~'.)30 %00:) p 

1UELS10ki. SI IC ~!:I/El 5 TIJ!\E "' 2JQ') 501 ' 7600 2SOO 1909 p 

- R.EVELSTUKE CAl\~U:\i COLUMRlA ' ';34.0 "' 0 0 l)(ll. 630000 630000 "IU500 1650. LJ 220000 196.0 p ,PS, 
-RUSKIN j, H STAV':: 2.5 bC 105500 0 105600 104000 212.u 17000 128.0 OCT 14, 1930 ' 
- :SANDS, P lT IC 5A"IQ~P IT " 2 700 2.100 ']..?:J') 1%2 p • 

SETO",! " 
SETJ'II "' 42300 42000 42$00 774.0 0 000 14"-0 AUG 20, 1956 p 

L SHU SWAP' FALLS .!:¥ H 5HUSWAP ec 5200 .,200 ,10::i l'Z5DOO ao.o 1929 p 

t S,MlTHERS " lC SMITHER~ o, .eoo 0 0 , .. o """" 1,s, p • 

SPILLJMACHEEN }.J H SPILL I"1ACHE",1 4.5 ' "' 4000 0 0 4000 4000 2837.0 l)Q",IQAGE 230.0 ... '), 1955 p 

t"'STAMPRIVER - STA~P "' LIC.:... 25000 nooo 25000 3n.o 423:)00 lb5.0 p 

, STAVE FALLS 2/ H STAVE ,.o .. 52500 0 52500 57000 341.3 4899 12 129.3 1911 . 
_'-5TEWAR1 IC STf.WA.Rl' "' 2.bll 0 0 u,,1 2t,,) ! I '3"5 p • .. 

• STRATHCONA 5t H CAMPi'IE'LL 21.0 I:':. G,7 500 0 (.,7 50 0 47 500 121. 0 B0925io 142.0 JUL 9, 1956 p ,PS, 

~ VA.l.E110U~i IC VJ.\LEHCllJMT BC 3 5SO 3550 3 550 1•1.o2 p 

WAHL EACH LAt<E ~ H WAHL:ACH r::R ec ~0000 60000 630JO 2105.0 51570 2035.D D;'.C ,. 1952 p 
)> 

WALTl::K HA"l[;MA'\J §/ H C" 4'<11 ~ <,., V CR 14,0 RC 8000 8000 ·a-- Jo zz.4'!1.o 11-000 850 ~ 0 l 9ti'.l V 

,-WHATSH4~ ~ WHllTSHAN 5.0 ':>000') ~0000 50000 2104.0 9 3000 "'-0.0 1951 p ,PS, -,:, 
-,:, 

EDMONTON, CITY OF I fllBERTA) m 
RQS(.O"'LE s GT EU~J'tT,J'II AL11E"-TA 4LS JO() " 405000 40SOOO l 939 p z 
(L.O\IE.R. ~Ar( $ (.Ql'IOWTON. ALBEk'T.I. ':.sooo I(,,$ 000 3300DO 330000 !910 p 0 

LETHBRIDGE, CITY CF I ALB(~ TA. J >< , LETHBRlDGE ' GT LETHB~ ldGE ALBERTA 33:,75 'O ?.3.375 33375 1131 

MED(CINE HAT, Cl TY OF 
0:, 

IALAE~TA) 
MEO TC JNE HAT s .~Eflt:. !\IE HAT ALRERTA !-6 Q['J .)8000 3920(.1 ,ov 1913 p 

~ELSON, CI TY OF IHRIT!Srl COLUMN I A) U1 
RONNI N~TO", FALLS H l(UUTE'IIAY 14. ':l "' Stirn, 8&70 867:J 1682. 7 PO'WAiGE °12•0 OEL 28, 1906 p 'J 



APPENDIX B 
NAMEPLATE RATINGS FOR ELECTRIC POWER PLANTS IN THE PACIFIC NORTHWEST AND ADJACENT AREAS 

LJCA TI CPJ 

Mil': 
STREAM' U H) A ROVE 

(December 31, 1972) 

'11AM PLATE RATJ'II::; - KlLJWATT5 

~'.DER 

NORMAL 
POOL USABLE 
ELEV SfilRAGF. 

GROUP 
OWNERSHIP 

PROJEC.T TYPE l/ CITYIIF ""UEll ~GUTH PRUV l NCE EXISTING ~:~'IIST 

U'IIOE~ 
(.'JNSIOERAf !;>'II" 

STAT JS 21 TJTAL 

PEAK. I'l-:;. 
::.&.DAdflI TY 
IKIL)WATT's) I FTI I 11.CRE FT J 

G~OSS 
Hl:AD 
I FT) 

INITIAL DATE 

I~SER\I (CE• Pl}RPJSE 3/ 

PRIVATE UTILITIES 

ALUMINUM LlMHEU CF CANADA 
,-. KE MANO 

KENNY OlV!:RSION 
- KITl"IAT IC 

BA.MF IELO POWER ANC L lGHT CO. 
8Af,\flELD IC 

C.ILC.AQV POWER, LTC. 
~ARR I ER 

~· BEARSPAW 
t tHG BEND H 

&tG, BEND P6 

51G ~OR .. (AL1A.C,o~_1-) JH 
C.t.NYON olvt:RSi.ON - H 

~-· CASCADE 
~ (;HOST 

GHOST RIVER DIV 
, HORSESHOE H 
. INTER.LAKES H 

- KANAN ASK IS 
'. POCATERRA 
• RUNDLE 

RUSSELL 
SPRAY 

.. SUNOA"IC.E 

THREE SISTERS 
-WAMMUM 

KEMA"I:' 
"IIECHUJ 
l(JT 1111:t.f 

8AMF IELO 

KANANASK IS 

ea• 
E,K.AZEiu 
&RAZE AU 
t,1 . .5,ASli:.Al(tH.VIIAM 
SPRt..Y 
(AS(.ADE 

1 ROW 
GHQSl 
BOW 
l(ANA',l"Sl(;IS 

""" KA:-.IA'IIASI( IS 
RUNDLE Cfl'IIAL 
l'\OW 
GOAl V :iNAL 
lf!ABAMUM 
),;>RAY 
WAfl.AMUJ't 

Al&E.RTA. PO~E.R, LTD, (FORM£RLY C•NAOIAN UTILITIES, 
•• ~.t.TTLE RIVER S STETTLER 
:_. ORUMHELLER S ORU"IHELLER 

fOP,1. ~(.ftl.JUAX FORT t'l.tt'\URllAY 
- tt. A. M1LkEtt. s G.RANoE t~·tHE 

t>, rJ ALBrn TA 
237,0 ALBEf<TA 

LO ALBERTA 
14,,, ~L.f>ERTA 

AL6E.R1A 
U,O AL.~'E"R'TA -

8,Q ALBE~TA 
2u.o ALBERTA 
30.0 .&.U3ERTA 

2'3'J.O .&.LBERTA 
.&.LBEKU 

292, r, ALBEKTA 
ALBERTA 

J.) ALBERTA 
272., 0 ALBERT A 

ALBERTA 
ALBERIA 

,3.0 ALBEk.TA 
ALBERTA 

LTD.) 

8 JZ800 
SlORA&E. 

~ OOl'J 

250 

955(1 
t5'301 

30SS00 
194-40 

1 oeooo 
STOk.-An. -

34000 
4b!l50· 

01\/lR:SION 
18000 

5;)41) 

lb36'J 
: 35')0 
'-bT5n 

0 
80BOO 

2.e.&000 
3400 

582;)00• 

z ,, ooo, 
11500 
10050 

1A0000 

280000 
0 
0 

POT. 

L tC. ll.. 

' } 
0 
0 
0 

C 
75000 

750000 
0 
0-

\'50'0000 
0 
0 

0 

B 1?.600 
C 

'5 000 

25:J 

'lj60 
15300 • 

324940 

.!_08000 
0 

34000 
4bb':JO · 

0 
18000 

5040 
16360 
13500 
46750 
75000 
80660 

, 32.1.ooo 
3400 

5l!f000 

934400 
0 

5000 

251) 

13000 
17000 

32.4940 

I 08000 ,-
36000 
,1000 

0 
113000 

5000 
1 ~000 
15000, 
47000 
75000 

~e,oeoo 
I 3'50000 

3400 
J,4000 

3"6 ..JOO 3"" 000 
l'T5JO f 75:JO 
IOOSO 1005"0 

140000 \AO 000 

2500.J JUL 17, 1954 P 

45-15.0 

5583,0 

3910.0 

20000 151,0 
2..0000~ 48.0 NOV 

900000 380.p 

245-0 
l~OoOo - -T65.o· -
l 10000, 320.0 

13000 105.0 
0 

412b.O PONOAGE 75,0. MAY 
!00.0' 
74.0 

100000• 
4200. 0 PO"WAGE 

Z.0000, 

46.15 .. 0 POND AGE· 
4050.0 78000 
SS2o.o PONOAGE 

5-583.0 · 160000 

226.0 
318.0 
140.0 
905.0 

63.0 

1954 
1%2 P 

1962 P 

1941 P 
195't P 

f9"5 fl 
19t-5 p 

_1_97_!._ P 1 

1951 
1942 - P 

192~ · P 
1954 
1911 iJ' 
195-5 P 
1913 P 
1955 P 
1951 P 

p. 

I 910 P 

1951 i' 
1956 P 

NOV. 1956 P 
1948 
1951 

,PS, 

' ' ,PS, 

.. 
,PS, 

- RAIK&ow L.,.I'.[. _____ tl_ R.AIN&OW L.-..Kf. 

ALBER.TA 
ALBERTA 
A1.~E.R.1A 
AL&ERiA 
A Lf,E.i.TA.. 

AL&E~TA 
AL6CllTA 

ALSERT-A 

_ s-aooo _. ___ o~~~ ______ o s&ooo 58 ooo 
zoooo --zo'o"oo'" 

1911 P • 
liU P, 

-'-- -L 
--·~ S1~0Ntll"L G,l (.LEAR. HILL~ z.0000 0 0 OC\ ,cjc.,.E, p , 

$TUIIG.LON (."I \/ALLI!'!' Vl l.W 

... VERMILIO~ S IIERMILIO"i 

-ELK FAuSc.u •• uc: 
Elk FALL!> 

NORTI" W[STC.Q.N P.JLP 4 Po•U.,LTI) 

/'ll,•11:0M ~ 

1-1 JMTO"I I(. 

NORT_~LANO UTILITIES. LTD. 
._,,.,lli!V1£W IC. 

JA~PER__ IC. 

C.AM!&£LL Rl'IER 

FAIR.\ITEW 
JASPER 

WEST l(OOTENI\Y POWER ANO LIGHl CO. 
C.RESTON IC CRESTIJN 

~ ERltK~N H GOAT 
- LONER BONNl"iGTON H KOOTE""AY 

CONsoLIDATED i,,1N1111G AND 
...,.&AlLLIA"iT 
,_ CORRA LINN 
!'-KIMBERLEY 
~ SEVEN Mll E CREEK 
- SOUTH SLOCA"-4 
t UPPER 6GNKJNGTON 
• WANETA 

-'Wf.$lt.ll:M t'H~YI.H..AL':::. 0 \.. 'TO. 

SMELT !NG CO. 
H KOOTE'IIJ.Y 
H KOOTE'l.l\Y 
S KIMBERLEY 

PE"IO ':RE ILLE 
KOOTE\AY 

H KOOTEIUY 
PEND '),<f ILLE 

_ T"O HI LL) S DUVElNAY 
OU\/ERMA.V 

- ·o,:hi'i..aMa.v 
-·-rWO H ITT-r-·- - I C 

l'W'O H_tu::, - - - Gil 

,. 7 

14. 3 

o.o 
13.4 
14.~ 

:J.5 

BC 

A.L&f.l.TA 
AL&l!:ltTA 

BC 
BC 
BC 

BC 
BC 
BC 
~c 
BC 
BC 
BC 

AL8E.llTA 
~L&U."TA 
AL1!Jf.A.1 .. 

.esoo 
~::>00, 

40Z.S 

217..0 
21 00 

t>OOO 
q.SZ.5 

300 
128C 

47250 

103 8CO 
40510 

HOO 
0 

47250, 
55124 

2':)2500 

Z. lOO 
3-00{l 
8431 

1/ H a HYDRO, PG • PUMP-OENERA'OOR, S • STEAM, IC ~ INTERNAL COMBUS110N, GT.. GAS 'nJRBINE, 
GO,. GEOTHERMAL, Na NUCLEAR, J •JOINTLY OWNED, A" ALTERNA11VE PROlliL'T AND CONFLICTS Wrnt AHO'nlBR 
PROIECT SHOWN. 

2/ Al!l'H. a AUTHORIZSD POR FEDERAL CONSTR.UC'nON, RSC. a RBCOMIIENDBD POR CONSTRUCTION BY 11fE FEDJ:RAL 
CONSTRUC'nON AGENCY, POT.•POTEN'l"fAL. LIC.•UCENSE GRANTED BY nc, UC.R.•UCENSB REQUESTED OF nc, 
PER. a PRELIMINARY PERMIT GRAHTBD BY FPC, PER.R. • PRELIMINARY PERMIT REQUESTED OP PPC. 

0 
0 
0 
0 
0 
0 
0 

POT. 

•O 
0 
0 

37Z.000 
a 

16500 
11000 

40Z5' 

6\)00 
.o25 

300 
1280 

47UO 

106800 
40"i:)0 

4500 
.31?..;J.OO 

47l50 
55124 

29?500 

issoo 
1000 

401S 

6000 
4SZ.S 

300 
1290 

4ZJOO 

ll.~ooo 
48000 

4500 
41.&ooo 

54000 
t,0000 

375000 · 

13537 

16.10. 7· 

1467. 7 
1745. 3 

1714.Ci 
1540. 7 • 
1682 .. 7 
1516.0 

65,() 
M.8-

PO~OA.GE 90. 0 
817 000 $"'111.U 62,6 

PO'iDAGE 198, 0 
PONOAGE 73, 0 
PQ"IOAGE 72.0 

3370 210.:, 

I j5c!3 p ~ 
1941; P 

195r. P 
1957 P 

. . 
1954 P 
1 941 

1954 
1933 
1899 P 

1944 P 
1932 
1927 

5CH[D 1~77 P 

1926 P 
1907 P 

MAR 15, lCJ54 P 

, J 

l9S3 P , , , • , 
,,se P • • , , • > , , 
,,,a ~.f__..a__~----=----

3/ p " POWBR, R • RICUA110N, I • IRRIGA110N, N • NAVIGATION, PC • FLOOD CONTROL, PS .. POWER STORAGE, 
RR• RBREGULATING RBSERVOIR, II •MUNICIPAL WATER SUPPLY,WQ" WATER QUALITY. 

41 FEDERAL COLUIIBIA RIVBR POWER SYSTDI PRO,IBCT EXISI'IMG, UMDBR CONSTRUCTION OR AU'nlORIZED. 
6/ BIUTISH COLUIIBlA HYDRO AND POWD AUTHORITY INTERCONNSCl'BD IIYSTDI PROIBCT. 

UNJ11W STATBS 
DEPAR'l'IIBNT OP THB IN'l'ZIUOR 

BPA · BRANCH OIi' l'OWD RBSOUllCU 
DBCDIB&R 31, 197l 

ln 
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r
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() 
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;;o 

() 
~ 
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z 
m 
;;o 
G) 
-< 
;;o 
m 

0 
C 
;;o 
() 
m 
<.n 

0 
"T1 

~ 
~ 
<.n 

~' 

z 
G) 

0 
z 
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