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7. Interested parties were advised of the nature of the report of
the division engineer and invited to present additional information
to the Board. Carcful consideration was given to the communica-
tions received.

VIEWS AND RECOMMENDATIONS OF THE BOARD OF ENGINEERS FOR
' ’ RIVERS AND HARBORS

8. The Board concurs generally in the views of the reporting officers.
The proposed Foster Creek project is essentially a power development,
well situated and capable of producing at low cost a large amount of
electrical energy for the needs of the northwest area. Its value for
irrigation is small and it is of no value for navigation or flood control.
Authorization of the Foster Creck project at this time is considered
advisable in order that plans can be made in advance and construction
undertaken at the proper time to meet the regional needs for hydro-
electric power. In no event should construction of the Foster Creck
project take precedence over that of the more important multiple-
purpose projects on the Columbia and Snake Rivers already author-
ized by Congress.

9. The Board recommends authorization, as a part of the compre-
hensive plan for improvement of the Columbia River, of construction
of Foster Creek Dam and powerhouse in accordance with the plans
in the report of the district engineer and with modification thercof
as in the discretion of the Secretary of War and the Chief of Engineers
may be advisable at an estimated cost of $71,000,000 for the con-
struction of the first three units, and $33,000,000 additional for a
total of 15 units, and with annual maintenance and operation ranging
from $650,000 for the first three units to $1,200,000 for the 15 units,

For the Board:

Tromas M. Rosins,
Major General, Senior Member.

REVIEW REPORT ON COLUMBIA RIVER AT FOSTER CREEK,
WASH. '

SYLLABUS

The district engineer finds that construction of a dam for the improvement
of Columbia River at Foster Creek is practicable and that it is favorable in cost
and in the power rate required to carry the investment.

He submits a plan for a straight gravity overflow dam with normal pool at
elevation 937.5, a powerhouse of 960,000-kilowatt capacity, and an intake with
provision for increased capacity as required to utilize future upstream storage.

He believes the growth of power load in the region will ahsorb the output of the
Foster Creck project, in addition to that of all other generating capacity definitely
planned for other locations within a few years.

. He recommends adoption of the project as the next step in the comprehensive
development of the Columbia River Basin.

TaBLE 1.—Perlinent data

1. Location of dam site, Okanogan and Douglas Counties, Wash., sec. 24, T. 20 N,, R. 25 E.,
Willamette meridian:

Above mouth of Columbia RIVer_ ..o oo e, river-miles._ 545
Above mouth of Snake RIVer.. ... oo O ue 221
Above mouth of Okanogan River ... ______ - 77TTTTTTTTTTT —.do___. 12
Below origin of Columbia River ..do..l. 660
Below international boundary ...doo_.. 200
Below Grand Coulee Dam..._______ . .. LT do.... 51
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TasLE 1.—Perlinent data—Continued

8. Cost estimates, 15-unit installation: ‘
Construction (1940 prices). ..o cuemeeomaznooozmns-r S $104, 050, 000
{ntercst during construction (3 percent on average time) .. 6, 380, 000

Tuvestment, total. .. ooooooaviiaann eemrmmannn
Ynvestment, per kilowatt installed eapatity - - ccccmmmmmmemcammr s

110, 430, 000
116

Anpual, tniform after completion of 15-unit installation:
Tatorest o1 InvESLAMENY, & POTCENE. _oommwoovoroeamsmomen e m s m s s s e 3,313, 000

‘Amortization and replacements, 50-year PERC)e ST S 624, 000
‘Amortization and replacenients, $5-year items. 699, 000
Payinents in lew of taxes. oooonnomeomeooo- , 000
Contingency reserve, 0.10 percent. . 110, 000
Operation and Maintenanee. .owwommosmozmmssssonnmss=os 1, 202, 000

Total annual CHAIEES - coovammwmmmcmommsmmmmmommasssao s mosmemsmnoosetnnT s 5,950, 600

War DuPARTMENT,,
OrricE OF THE DIsTRICT EXNGINEER,
Seattle, Wash., August 15, 1946.
Subject: Review of report on Columbia River in the vicinity of
Foster Creck ,
To: The Division Engineer, Pacific Division, San Francisco, Calif.

CgAPTER |—INTRODUCTION

1. Authority.—This report is submitted pursuant to the following
resolution adopted March 24, 1942:

Resolved by the Commiitee on Rivers and Harbors of the House of Represenialives,
United States, That the Board of Ingineers for Rivers and Harbors created under
section 3 of the River and Harbor Act approved-June 13, 1902, be; and-is-hereby,
requested to review the reports on the Columbia-River and tributaries, Oregon
and Washington, submitted in House Document Numbered 103, Seventy-third
Congress, first session, and previous reports, with a view to determining if im-
grovemen ts at and in the vicinity of Foster Creek are advisable at the present

me. :

2. Report under review.—The report contained in Honse Document
No. 103 referred to in the committee resolution and reviewed herein,
was made under the provisions of House Document No. 308, Sixty-
ninth Congress, first session, which was enacted into law with modi-
fications, in section 1 of the River and Harbor Act approved January
21, 1927. As defined in House Document No. 308 and in the River
and Harbor Act of March 3, 1925, the primary purpose of House
Document No. 103 was— :
the formulation of general plans for the most effective improvement of the river
for the purpose of navigation, and the prosecution of such improvement in com-
bination with the most efficient development of the potential water power, the
control of floods, and the needs of irrigation. )

3. The report outlined a general plan for 10 dams on the main
stroamm ab the following sites between the international houndary and
tidewater: Grand Coulee, Foster Creels, Chiclan, Rocky Reach, Rock
Island Rapids, and Priest Rapids in Washington; Umatilla Rapids,
John Day Rapids, The Dalles, and Warrendale (now Bonneville) in
both Oregon and Washington. In his report on the general plan, the
Chief of Engincers concluded that coordinated power development on
Colurnbia River was feasible and economical; that power for future
irrigation should be supplied at the cost of production; that flood
control was asminor interest, susceptible of casy solution by local

oo
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interests. As to navigation, the Chief of Engineers found it ¢,

difficult and costly in the upper Columbia above Wenatcl

without prospect, of water-horne commerce under those conditioy,.
4. The dams at, Grand Coulee and Bonneville Lave been buil;

Federal agencies. The Rock Tsland Rapids site has been (e,

for power by private interests. Umatillg Dam was authorize|

v the River and Harbor Act of March 2,1945. The Foster Creek 1),
i ' as contemplated in House Document No. 103, was a straight, |
: crete, gravity type structure 225 feet high and 2,000 feet long,
! was proposed primarily for hydroelectric power production, ;.
installed capacity of 691,200 kilowatts, a hydraulic capacity of 77,0
cubic feet per second, and average head of 154.9 feet. Tt woul( hae
the river up to the foot of Grand Coulee Dam, a distance of 51 rive,

. . miles,

5. Seope.—This report is limited by the authorizing resolution
a consideration of Improvements at g ici
Creek. In accordance with the ecom
development of the site primarily for the production of pov €T, pPresen;is
plans and cost estimates therefor, and discusses the benefits {1y} ;’
would result,

6. Geographical names.—Certain terms and pl
this report are defined or clarified as follows:

(@) Covlee Dam.—The town situated on b
ing the former Mason City, just helow Gra

() Grand Coulee Dam.—The dam s
Grand Coulee, a prehistoric, dry channel

(¢) Grand Coulee.—Tsed briefly for the

e dam, reservoir, and power development,.

D
nd in the vieinity of Fosi,
prehensive plan, 1t consido

ace names used iy

oth banks of Columbia River, inelyd-
nd Coulee Dam.

In connection with hydr’ology, it
refers to the gage just below the dam. b
© Ad) Columbia Riper Reservoir.—The reservoir formed by Grand Coulee Dam,
extending to the international boundary.

(&) Clark Fork.—Clark Fork, as used in this report, includes Pend Oreille
iver, the portion of the river system below Pend Oreille Lake.

7. Available data.—In addition to the data in the report under
review, the principal data available at the inception of this study were:
() Okanogan guadrangle, Washington, (1905) United States Geological Syr-
vey, topographic sheet, Scale 1:125

,000; contour interval, 100 feet,
" b) Jameson quadrangle, Washington, (1918) Corps of Engineers, U. g, Army,
‘progressive military map, Scale 1:125,000. ¢
- (¢) Original Township Survey and Resurvey Plats, General Land Oflice,
photographs,

) Township maps, Metsker. Seale 2 inches equals 1 mile, t
(e) Plan of Columbia, River, International boundary to Rock Island Rapids
{below \)Vcna,tchee), Wash. (1930), Corps of Engincers and the U. 8. Geological
Survey, 10 sheots. Scale 1:31,680 (I mileequals 2 inches) ; contour interval 20 feet;
land topography from aerial photographs (item (f) belowy by stereophotogram-
metry; river topography from g profile taken at low water,
. ) Aerial survey photographs (1930), Corps of Engincers and the U. S. Geo-
logical Survey, 43 inches by 43 inches; seale 1:22,500, :

(9) Aerial survey photographs (1939), Agricultural Adjustment Agency,v 9%

inches by 1214 inches; scale approximately 1 inch equals 1,320 feet. $
(h) General highwav and transportation maps., (1936) Department of High-
ways, State of Washington,
(Z) State highwav plans and profiles in the vicinity of Fostor Creek, Depart-
ment of Highwavs, State of W

ashington. Seale | inch equals 200 feet Horizontal,
and 1 inch equals 40 feet vertical. i

-

£

(7) Plan and profile of location from Brewster to Peach, Wash., Great Northern :
Railway Co., survey of December 1909 and January 1910,

L
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COLUMBIA RIVER AT FOSTER CREER, WASH. 7

8. Prior reporis.—The only Prior report on the Foster Creek site

y this Department i the report under review, Barlier reports by

the War Department op examinations gnd surveys of tie upper

olumbia River were primarily in the interest of navigation, These

reports, all of which are listed in the report undey TeView, were sub-
mitted at varioys times from 1884 to 191 7, inclusive,

Cuarrigr II“GENERAL Dara

9. Descr'z@z‘ion.~001umbia River and its tributaries dpaiy an areg,
of 259 000 Square miles ip southwestern Canada and northwestern
nited States, between latitudes 41° and 53° north gn longitudes 1190
and 124° yyegt, Of the total area, about 39,700 Square miles Jie ip
British Columbia, Canada, and the remainder in the United States,
Included are western Montana, most of Idaho, eastern and southern
VVashington, and eastern and northern Oregon, together with adjacent
small parts of VVyoming, Utah, and N evada, .
Columbia River Dbroper is about 1,210 miles in length, of which
about 460 miles ;e in Canada. Tt rises in Columbig, Lake, British
olumbia, at, elevation 2,650, flows northwesterly for nearly 200 miles

- through the Rocky Mountain trench, then turnpg abruptly around the

north end of the Selkirk Range and flows southerly through Upper
and Lower Arpow Lakes to enter the United States near the north-
eastern corner of W ashington. Ay the internationa] boundary, the
Columbia engerg Columbig River Reservoir and continyes south for
112 miles to g point below the mouth of Spokane River. g then
turns and flows west for 100 miles to the mouth of Okanogan River,

&
T T

Passing Grand Coulee Dam and Foster Creel Dam site en route. il

Swinging south, the river follows the eastern foothills of the Cascades
for 209 miles to jts. confluence with SnakéfRiV’ei“.’“‘"‘A'fé\'é’mﬂes below -
the Snalke it turns shaiply westward and fows for 324 miles. for
the W, ashington-Oregon boundary, to the Pacific Ocean,

Principal tributaries of Columbia River above the Fogter Creck
Dam site aro the Kootenaj (spelled Kootenay in Canada), Clark Fork,
Kettle, and Spokane Rivers.” The Kootenai riseg in British Columbjg,
north of Columpig, Lake, flows southeasterly through the Rocky Moun-
tain trench, loops through western Montana ang northern I daho, then
returns to Canada to pass through Kootcnay Lake and join the Co-
lumbia 30 miles north of the internationg] boundary. It drains gn
area of 19,450 square miles, including 14,530 square mjles in Canada,
and contributes annually an average of some 34,000 cubic feot per
second to the Columbia,” -

12. Clark Fork rises near Butte, Mont., flows northwest hetween
the Continenta] Divide and the Bitterroot I\rountains, Passes through
Pend Oreille Lake in northern J daho, traverses the northeastern corner
of Washington, and joins the Columbia in Canada about onc-half mile
north of the boundary, Ty stretch from Pepg Oreille Lake to the
junction with the Columbig js known as Pepg Oreille River, Clark
Fork and its tributaries drain an area of 25 89 square miles of which
1,180 square mijles are in Canada, [t delivers an average annual flow
of 25,000 cubic feet per second to the Columbig,

13. ‘Kettle Rlver‘nses in Canadg, between the Columbia an( Okano-

gan Rivers, flows In & southerly direction, ang discharges g mean
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8 COLUMBIA RIVER AT FOSTER CREEK, WASIH.

annual flow of 3,000 cubic feet per second into Columbia Rivep 1
ervoir about 40 miles south of the boundary. It drains 4,260 s
miles, of which 3,150 Square miles are in Canada,

14. Spokane River enters Columbia River Reservoir about
miles south of the international boundary, contributing a mean any
flow of 8,000 cubic feet per second from g drainage ares of 6,600 squ.
miles.  The river forms the outlet of Coeur d’Alene Lalce whicl,
turn drains the westerly slopes of the Bitterroot Range througl, ¢

t. Joe and Coeny d’Alene Rivers,

15. The natural profile of Columbig, River between the internatio,
boundary and the mouth of Snake River is g series of steep slop.
intervening sections of comparatively low grade, and oceasiong] pre
nounced drops such gg Long Rapids, Rock Island Rapids, and Pyi,.
Rapids. Prior to the construction of Grand Coulee Dam, the mediy,
low-water slope from the boundary to the dam averaged more than
feet per mile witl extremes ranging from 0.7 foot to 37 feet Per miy,
From Grand Coulee to Bridgeport, the slope averages 5.3 feet per mile,
as shown on plate 5.1 Within this reach, however, the drop at Long
Rapids is 14 feet per mile and from the head of Long Rapids to the
foot of Foster Croek Rapids, 6 fect per mile. The average‘slope for

the entire 421 mileg from the boundary to Snake River is 2.3 feet per

mile,

16. Data for ga complete high-water profile of the river are not

available. From records of isolated high-water clevations during the
highest known flood, in 1894, extreme stage differences have been
estimated to he 52 feet, at Foster Creek, 68.5 af Grand Coulee, and

from 35 to 77 feet elsewhere between the International bou,ndfpry and

the mouth of the Snake,

broad, rugged plateaus with intervening deep, narrow valleys. The
summits of the Rockieg rise from 7,000 to 12,000 feet above sog level,

-Within the basin itself are various mountain ranges that attain alti-

tudes of 5,000 to more than 10,000 feet above sealevel. Of the benches
and plateaus in the basin, the largest is the Columbig Plateau. Tt is

&

bounded on the wost and north by the Columbia and Spokane Rivers,

on the east by the Bitterroot, Mountains, and on the south by the

northerly Snake River Divide. Tt ranges in elevation from 1,000 to
5,000 fect and is characterized by rolling prairies, exposed lavg sheets,
parallel ridges, and dry stream gorges. Between the mountain ranges
and plateaus, great depressions provide the drainage outlets for the
river system, often oceuring as deep, narrow canyons, or again as ex-
tensive storage basing where glacial action has broadened the valleys
into lake basins, ,

18. The mountainoys areas of the basin receive the bulk of precip-
itation in the form of winter snows that compact to great dopths
among the high peals. The slow thawing of this accumulation pro-
duces the single extended high water that begins in Apri] op May,
reaches a peak usually in June, an recedes during the summer and fall,

Summer precipitation in most of the basin is deficient for diversified

o ppte B
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farming, and irrigation is a large factor in the agricultural scheme.
Cultivation is limited to scattored aveas, usually in valleys where
suitable topography, soils, and growing conditions exist. Coniferous
forests of the mountain slopes support an extensive Jumber industry.
Mineralization of the mountains in numerous localities provides
another important resource. .

19. Although navigation is hazardous and difficult on most of the
upper Columbia and its tributaries, early settlement and subsequent
development of transportation routes naturally followed the water
grades through the mountains. The geographic pattern influenced
the locating of communities along the rivers. Tconomically, however,
these communities must rely largely upon railways and highways for
transportation, and upon the upland wilderness for the raw materials
of mining and lumbering, as well as for the water of irrigation. Water
power is one of the great, undeveloped resources of the basin. The
great discharge and fall of the sireams create & tremendous power
potentiality. Dam and reservoir possibilities are numerous through-
out the river system. Among these, the proposed development at
Toster Creck is one of the most favorable.

20. Regional geology.—The Columbia Plateau, at the northern
border of which Toster Creek Dam site is located, is an interior, arid
to semiarid region covering approximately 200,000 square miles in
eastern Washington and Oregon and southern Idaho. The entire area
is underlaid with basalt flows that are known to be several thousand
foet thick in places. As the valley of the Columbia evidently ante-
dates the adjacent topography, it is probable that the lava flows
diverted the Columbia from its original more direct course between
the mouths of Spokane and Snake Rivers, resulting in the great bend
to the westward, where it has since carved out a canyon along most of
its way. - SR , R o

91. To' 'the' nortlitof. this westward: ‘course=of, the Columbia, the
Okanogan Highlands extend northward into Camada ‘and eastward!to f{onin
join the Rocky Mountains. Underlying the greater part of this
section of Washington is a series of granite batholiths with scattered
exposures where erosion has removed the country rock cover.

99. The westward course of the river defines approximately the
southern limit of direct olacial action. The country to the north was
glaciated, and drainages of the minor streams Wwere modified con-~
siderably. Both the Columbia and Okanogan Rivers, however,
probably are flowing in their preglacial valleys with but slight modi-
fcations. Glacial drift mantles the granite bedrock as a veneer of
stratified silt, sand, and gravel, intercalated with glacial sheets of
varying composition. Glacial and preglacial oravels, lying directly
on bedrock and overlaid by 2 massive till sheet, form the right bank of
the river in the vicinity of Foster Creek and extend several thousand
feet upstream and downstream. ,

93. Soils.—A variety of soils oxist in the region, but few are residual
in character. The oldest soils are those found on the uplands that were
not influenced by the ice ‘nvasion. These were borne by the prevail-
ing westerly winds and contain a considerable admixture of volcanic
ash from the Cascades. In the river valleys, the glacial or alluvial
debris is covered with fine-grained topsoil of Tolian origin. Areas
affected by glaciation are covered in plases with a vencer of glacial
till, coarse sand, and gravel; in other cases they are stripped of their
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10 COLUMBIA RIVER AT FOSTER CREEK, WASH.

original soil covers. Among the latter are the prominent scablands
of oast-central Washington, exposed by the erosion of torrents {rom
the ice fronts. In general, soils along the Columbia in the Plateau
Province are lighter in color and contain much less humus than those
to the east and to the west where vegetation is more abundant.

24. Climate—'The climate of the Columbia River Basin above
Toster Creek Dam site is characterized by warm, dry summers and
cool winters with considerable snow at higher clevations. Because of
its geographical location, the basin is subject to modified meteorologi-
cal influences, both oceanic and continental. Oceanic influences are
strongest during the winter and result in comparatively heavy snow-
fall as the warm, moisture-laden air masses from the Pacific Ocean are
cooled in passing over the mountain ranges of the upper basin. Con-
tinental influences are strongest during the summer and result in
semiarid conditions over the plains and showers in the mountainous
tegions. Meteorological data for stations near the dam site are shown
in table 2.

25. Precipitation.—Physical factors in the seasonal variation of rain-
fall over the basin are wind direction and land temperature. Prevail-
ing winds are westerly, bringing air masses over the basin from the
Pacific Ocean, which has quite uniform temperature throughout the
year and contributes moisture continuously to the atmosphere. As
land surfaces change temperature with the seasons more quickly than
water, meisture borne by the Pacific air masses in winter is cooled and
condenses when crossing the land. During the summer months, the
air masses are warmed when crossing the land and therefore absorb
rather than lose moisture. As the ocean is comparatively warm in
winter and the land is comparatively cold, a condition occurs {favorable
to creation of low-pressure areas. The storms that result move inland
and are the primary cause of winter precipitation. The effect of these
storms coincides with that resulting from the cooling influence of the

“land on the moisture-holding capacity of the westerly winds. During
‘the summer months, the low-pressure zone moves northward, and only

occasional showers result.

26. In addition to the winter cooling effect of the land, the Coast,
Cascade, and Rocky Mountain Ranges concentrate the precipitation
because the air is further cooled by expansion as it ascends their
western slopes. As the air masses move down the castern siopes they
are warmed dynamically under the greater atmospheric pressure at
lower elevation and the plains lying cast of the mountains receive low
precipitation. This orographic influence produces abrupt changes in
precipitation. The most pronounced is that between the western
Cascade summits and the central Washington plain, where the respee-
tive precipitations change from over 100 inches to less than 10 inches
a year within about 50 miles. -
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27. Temperature.—The range in altitude and latitude, the topog-
raphy, and the general north-south trend of the various mountain
ranges are the influences that create local variations of temperature.
In general, tempearatures are such that winter precipitation over most
af the basin falls in the form of snow. Although some melt occurs
during the winter at lower elevations, the snow blanket over most of
the basin generally continues to build up throughout the winter
months until it reaches its maximum, usually in March.

28. Stream flow.—Columbia River above Foster Creck Dam site
drains a region of diverse topographic and meteorological features.
The numerous mountain ranges form an extremely rugged and pre-
cipitous terrain in most of the basin. The mountain axes trend in a
north and south direction roughly parallel to the Cascade Mountains
and perpendicular to prevailing winds from the west and southwest.
Several times in the past, the northern part of the drainage basin has
been covered to a large extent by glaciers. Movement of the glaciers
gouged great troughs, also trending north and south, that are now
partially occupied by a multitude of lakes. The lakes have a com-
bined area of at least 1,100 square miles, and their capacity is about
9,000,000 acre-feet between low stage and average annual crest.
The annual filling and draining of these natural reservoirs has a
marked equalizing cffect on run-off. The lakes capture a considerable
portion of the flood flow and release it gradually during the summer
and fall, thereby.producing a well-sustained flow in the main river
and on some of the tributaries.

29. As pointed out previously, precipitation is heavy on the western

slopes of the mountains and relatively light on the eastern slopes.
This unequal distribution causes marked differences in run-oft per unit
of arca. The yields of tributaries vary widely, depending upon where

their origins lie with reference to the mountains and to what extent
they drain arid and semiarid intermountain basins. Therefore, esti-
mates of stream flow based upon drainage areas or on precipitation
data at sparsely located observation stations are subject to consider-
able uncertainty. ’

30. Variations in altitude and a spread in latitude of about 7%° are
responsible for marked differences in the accumulation of snow and ice
in the winter and in the rate of melting in the spring and summer. In
the southern part of the basin, melting snow begins to augment stream
flow much earlier in the season than in the northern part. The later
yield of the northern part, however, is decidedly advantageous, because
it produces an increased run-off during the hot, dry summer months
and, in conjunction with lake storage, even into the fall months.
In general, the flow at Foster Creek Dam site begins to rise in March
or April and continues to increase with the intensity of snow melt until
June. Tt does not recede to winter stage until late in October or in
November, thus maintaining relatively high flows throughout the
summer season. The mean annual {low for water ycars ending Sep-
tember 30 varies from year to year depending upon the amount of
winter precipitation stored in the form of lake pondage and snow cover,
and ranges from 51 to 103 million acre-fect at Grand Coulee. Table
3 gives pertinent stream-flow data, and plate 6 ' shows river hydro-

“graphs for the years 1913 to 1944, inclusive.

1 Not printed. L
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TasLe 3.—Strcam-flow data
Columbia | Pend Oreille  River _ | Flathead River near
River at below 7 Canyon I}ﬁ‘:ﬁfg‘;\? Polson, Mont. (7,010
\ Grand (25,200 square miles Nolson square miles drain-
Coulec drainage) iiriiiﬂlll age)
(74,100 Columbia ——
square (17,700
Ttem d miles ) a , d <m{qre
. rainage), rorrecte Srnilos
corrected for storage dr'fi‘lll%bo) g?gﬁ‘;‘ﬂcdc
for storage | Observed 2| in Pend obseé‘fod' Observed * | i I<‘1'itk1eg'xc1
in Column- Oreille and esti- Lako o
| bia River Take? nated b s
Reservoir ¢
Mean monthly flow, cubic feet .
“per seeond, for— ’
JANUATY c v @ acammmmmmmm e 38, 900 12, 600 12, 300 8,700 4,230 3,220
February . 36, 300 11, 800 11,700 8,070 3, 510 2,900
March_.... - 42,400 13, 100 14, 200 8, 580 3,440 4,020
April. ... 81, 300 24, 200 30,400 | . 17, 400 8,110 | . 14,720
May.--commnaan ; 197,400 55, 200 64, 700 52,100 27,850 37, 200
June..oooooaaaaa 295, 200 76, 300 74, 508 83, 100 39, 230 37, 380
July. cooeeae 230, 500 47, 300 35, 600 61, 900 21, 460 14,020
August.. ... 130, 400 19, 200 15,100 29, 900 8, 360 4,870
September- 81,600 11, 500 10, 500 18, 300 5, 140 3, 560
October 55, 800 10, 300 10, 300 13, 700 4, 280 y
November. 48, 800 11, 600 11, 900 12, 000 4,490 4,280
Decembeor. - . 42, 500 12, 200 12, 500 10, 100 © 4,360 3,840
Mean flow, cubic feet per .
second .o e 107,100 235, 500 25,300 27,100 11,240 11,200
Mean snnual run-ofl: ‘
Acre-feeb.....---. 77, 540,000 | 18,450,000 | 18,340, 000 | 19,620,000 | 8,134,000 8, 108, 000
Inches - o ceminoocaen-s 19. 62 13.73 13.65 20.78 21.75 21.68
Maximum flow, exclusive of )
--1894, cubic feet per second ... 492, 000 139,000 {oocoummoannn 146, 000 82,100 Jouacoeonan-
Minimum flow, cubic feet per
SCCONA e cm e 15, 300 2,500 |oceemeaaaee 4,100 . LI 75 I
1894 maximum discharge (esti-
mated), cubic feet per .
SeCHNA . i i 725, 000 6217,000 |.cooooaieeen 225, 000 115,000 A

1 Ohserved record, June to December 1923, June 1928 to September 1942; estimated record, April 1013 to
June 1923, and Jannary 1924 to May 1928.

2 Observed record, October 1912 to September 1943,

3 Observed record, January 1913 to September 1937; estimated record, October 1937 to September 1942.

1 Observed record, July 1907 to September 1943.

s Observed record, February 1910 to September 1943,

-6 1894 discharge of Pend Oreille River at Priest River.

1 Caused by power regulation.

31. The critical period.—The most critical period of record from the
standpoint of low stream flow and existing storage occurred ab Grand
Coulee Dam and Foster Creck Dam sites from October 1936 through
March 1037. An important factor contributing to the low flow during
that period was the unusually low temperature in January and Feb-
ruary.

39. The 900 square miles of drainage area between the two sites
represents a 1.2 percent inerement to the area tributary above Grand

Coulee gage. As this intervening area is extremely arid and contains

but one small tributary, it is assumed that no appreciable increase in
volume occurred between Grand Coulee and Foster Creek during the

critical period. Stream-flow data therefore are used interchangeably

as between the Grand Coulee gage and Foster Creek.
33. Spillway design flood.—The spillway design flood adopted for

the Foster Creek project is 1,250,000 cubic fect per second. This

figure is based on a study of maximum possible temperature condi-
tions in the basin prior to the peak-flow date, and their effect on the

accumulated snow pack that would be produced by maximum possible.

prgcipitation during the winter secason. It includes a 15-percent factor
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of safety and agrees closely with the spillway design flood used at,
Grand Coulee Da. :

34. Iristing storage.~—At the present time there are three large
controlled reservoirs upstream from Foster Creek Dam site. These
are Columbia River Reservoir with §,200,000 acre-feet of usable stor-
age, controlled at Grand Coulee Dam; Flathead Lake with 1,200,000
acre-fect of usable storage, controlled at Kerr Dam; and EKootenay
Lake in British Columbia with about 800,000 acre-fect of usable stor-
age, controlled at Corra Linn Dam. There are a number of smaller
reservoirs, the largest of which is Coeur d’Alene Lake with 178,000
acre-feet of usable storage, controlled at Post Falls Dam. The effect
of upstream storage upon stream flow at Grand Coulee for the critical
period is shown in table 4, by assuming regulation of existing reservoirs
as indicated therein. In addition, the effect of a possible future reser-
voir having 3,200,000 acre-feet of usable storage on Clark Fork is
shown under two plans of operation.

TABLE 4.—Mean monihly ﬁow in cubic feet per second, June 1936 tkrough May 1937

Existing storage in Columbia River Reservoir
Existing storage in Co-
L‘:’é’é’;g }%%(gteﬁgs& Additional 3,200,000 acre-feet of
34 2 future upstream storage nperated
and Tlathead Lakes, to obtain maximum uniform fdow
each operated for { ¢ Grand Coulee tlorin Bow
Observed | Regulated rﬁloaxmtur.ri uniform
: fgg O}g{um- outﬂ%w W ab site
Month ia River with
at-Grand. |.existing
Cane Coulee, | storage in . Modified trflow

RERRE Wash, Co}]{umbia R 4

iver ine ezulate

Reservoir gionn;f;%_ outflow

only Modified | Regulated | To main- U, Dossi- (cither

inflow | outflow | tainfull |JARTNS mothod

pool as inflow of oper-

long as during the ation)
' possible Ing
critical
period

301, 300 301, 300 290, 500 290, 500 281, 400 281, 400 281, 400
170, 800 170, 800 164, 100 164,100 156, 500 156, 500 156, 500
106, 700 106, 700 102, 300 102, 300 99, 700 99, 700 99, 700
65, 950 65, 850 62, 400 62, 400 61, 600 61, 600 61, 600
41,970 41,970 43, 200 44, 100 52, 200 51, 400 52, 200
28, 480 39, &00 31,900 44, 100 52, 200 40, 400 52, 200
*Tecemnber......._ 23,200 39,800 27,700 44, 100 50, 700 36,100 52, 200
January..oo..... 18,220 39, 800 23, 600 44,100 23, 200 33, 600 52, 200
18, 200 39, 800 23,300 44, 100 23, 500 32,700 52, 200
23,840 39, 800 27,700 44, 100 2%, 000 35,300 52,200
44, 060 39, 800 45, 000 44, 100 48, 100 48, 800 52, 200
135, 500 55, 000 131,800 48, 100 136, 860 119,900 52, 200

35. Fconomic development.—Columbia River power is distributed
by a network serving the States of Idaho, Montana, Oregon, Utah,
and Washington. Since the early fur-trading days, the economic

life of these States has been based primarily on the production and

export of raw material: Lumber, agricultural products, and minerals.
Extensive waterways and many natural harbors have been important
factors in the cconomic development of coastal areas, such as Puget
Sound and lower Columbia River. In these coastal areas, fishing is
a large industry.

36. Population.—The growth of population in the five-State region
is reflected in table 5, showing by States the census of urban and rural
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populations for 1920, 1930, and 1940. The air-line distances and
1940 population of major cities, within 250 miles radius of the dam
site, are given in the following table:

1940 pop-|  Air- - ’ 1940 pop-| Air-
State aud city ulation | miles State and city ulation | miles

Oregon: Portland__._._._...__. 305, 394 222 || Washington—Continued .

Washington: Spokane._ 122,001 106
Bellingham..._______.__.__.. 29,314 142 Tacoma_. 109, 408 143
Everett 30, 224 121 Yakima_.._ 27,221 104
Seattle. oo . 368, 302 130

TaBLE 5.—Population distribution, urban and rural
United States Urban places Pe‘;gﬁgf of
. Rural Density
State and year popula- pcrsq}uare
Land srea, | Populs- |Num-| Popula- tion mile
squaremiles tgm ber tion Urben| Rursl
524, 873 26 176, 708 348,165 | 33.7 | 66.3
82, 808 445, 032 21 129, 507 315,625 | 3.1 70.¢ 6.3
431, 866 20 119, 037 312,829 | 27.6 | 72.4
559, 456 23 211, 535 347,921 | 37.8 | 62.2
148, 316 537, 606 18 181, 036 356,570 { 33.7| 66.3 X 3.8
548, 889 17 172, 011 376, 878 3.3 68.7
1, 089, 684 34 631, 675 558,009 | 48.8 | 51.2
96, 350 953, 786 28 489, 746 464, 040 5.3 | 48.7 11.3
783, 389 23 390, 346 393,043 | 49.8 | 50.2
. . 550, 310 25 305, 493 244, 817 55.5 1 44.5
82, 346 507, 847 21 266, 264 241, 583 52.4 | 47.6 6.7
449, 396 17 215,584 233,812 48.0-1-52:0-1}
Washington:
40, - e 1,736,191 40 021, 969 814,222 | 53.1 46.9
1930.. 66, 977 1, 563, 396 38 884, 539 678, 857 56.6 | 43.4 26.0
1920 e 1, 356, 621 33 742, 801 613,820 54.8 | 45.2
Region total:
1940 .. .. 4,460, 514 148 2,147,380 | 2,313,134 | 48.3 51.8
1930 ... 474,797 [{ 4, 007, 667 126 1,951,092 | 2,056,575 | 48.7 | 51.3 9.4
S 1920_ ... . 3, 570, 161 110 1, 639, 779 1,930,382 | 45.9 | 54.1

37. The distribution of population varies widely as a result of
adjustment to topography, climate, water supply, soils, mineral de-
posits, and forest cover. The greater part of the region’s population
is found west of the Cascade Mountains where rich agricultural and
timber resources, great natural harbors, and an equable climate exist.
The densely populated metropolitan districts of Seattle, Tacoma, and
Portland are within this aren. ast of the Cascades the population
is generally scattered except for a few widely separated communities,
such as Spokane, Yakima, and Butte, that have developed as a result
of nearby resources, irrigation, or concentration of transportation
facilities. Over much of this intermountain area, rugged terrain or

insufficient rainfall have tended to limit settlement. War conditions

have induced some changes in the distribution pattern. Large urban
centers, such as Seattle, Portland, and Spokane, have gained popula-
tion rapidly through war industry. East of the Cascados some com-
munities have lost population as a result of migration to communities
with more war industries. Readjustment will take place after the
-war and the future trends, both of population growth and distribution,
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