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APPENDIX L-MAIN COLUMBIA RIVER BFJ(OW YAKIMA
RIVER

PART I-SUB-BASIN DATA
CHAPTER I-SUB-BASIN DATA

SECTION I-DESCRIPTION

GEOGRAPHY'

1. This sub-basin, as delineated on plate 36, extends along Columbia
River from the mouth of Yakima River, at about mile 335, to the
Pacific Ocean. It includes the narrow strip of adjacent lowlands con-
stituting the flood plain of Columbia River from the mouth of Yakima
River downstream to Cowlitz and Willamette Rivers, which enter
Columbia River from the north and south, respectively; the lands in
the Horse Heaven and Umatilla projects which may be irrigated from
Columbia River; and the northern and southern drainage areas directly
tributary to Columbia River downstream from Cowlitz and Willa-
mette Rivers.

2. Of the 335 miles of Columbia River within the sub-basin, the
upper 25 miles are entirely within the State of Washington, and the
lower 310 miles form a portion of the boundary between Washington
and Oregon.

3. The total land area of the sub-basin is about 1,970 square miles,
of which about 600 square miles lie in the State of Washington and
about 1,370 square miles lie in the State of Oregon. The area of the
water surface of Columbia River within the sub-basin is about 430
square miles.

TOPOGRAPHY

4. With the exception of the proposed Horse Heaven and Umatilla
irrigation project areas, which lie at elevation 450 to 700 feet above
the river, the lands within this sub-basin area, upstream from Cowlitz
and Willamette Rivers, are confined to the Columbia River flood
plain and are generally low and flat. From the mouth of Yakimna
River to Wallula, Wash., mile 314 the river banks slope gently, and
areas on each side are irrigated. From Wallula downstream to Mc-
Nary dam site, mile 292, the flood plain lies in a gorge generally
about 1 mile in bottom width and approximately 750 feet deep.
Elevations a short distance from the river are nearly twice as high
on the Washington side as those on the Oregon side. From McNary
dam site to Canoe Encampment Rapids, mile 264, the flood plain
is bordered by rolling hills to the north and a gently undulating plain
to the south. From Canoe Encampment Rapids to a point about 3
miles upstream from Arlington, Oreg., mile 241, the terrain gradually
changes and from that point to Celilo, Oreg., mile 201, the subbasin
lies within a rocky gorge. In the stretch from Celilo to Bonneville
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Dam, about mile 145, Columbia River cuts through Cascade Range.
From Bonneville Dam downstream to Cowlitz and Willamette Rivers,
which enter from the north and south at about miles 68 and 102,
respectively, at the foothills of the Coast Range, 'the hills adjoining
the sub)-basin become less rugged and areas of flat land are found at
the mouths of tributary valleys. This reach of the river is very flat
and subject to tilal action. From Cowlitz and Willamette Rivers
to the Pacific Ocean, the sub-basin includes the relatively wide drain-
age area formed predominantly by the cross-cutting of the Coast
Range by Columbia River. These mountains rise about 2,500 feet
above mean sea level on both sides of the river and slope irregularly
to the ocean beaches.

GEOLOGY

5. A few miles below the mouth of Yakima River, Columbia River
leaves the Pasco Basin and cuts through Horse Heaven Plateau at
Wallula Gap. Horse Heaven Plateau consists of Miocene Columbia
River basalt which has been uplifted and sharply folded into a mono-
cline trending west-northwest. The boundary between the Pasco
Basin and the plateau is, in places, a series of normal faults, approxi-
mately parallel to the plateau axis.

6. Downstream from Wallula Gap, Columbia River flows through
Umatilla Basin, a broad, shallow, structural trough in the Columbia
River basalt. The axis of the trough trends approximately east and
west and is closely followed by the river. The basalt is overlain,
more or less throughout the basin, by lake beds, outwash gravels, and
stream alluvium probably of Pleistocene age, and by miscellaneous
aluvilmn and windblown deposits of Recent age.

7. In the western portion of Umatilla Basin, Colunibia River flows
nearly parallel to the large, east-west trending, normal Columbia
Fault. This fault lies along the north limit of the basin downwarp
and extends westward for ia (istance of about 80 miles from the
vicinity of Umatilla, Oreg. BIetween Arlington and The Dalles,
Oreg., the river has cut, a canyon through the Pliocene Dalles and
Shuttler lake beds formations and into the underlying, relatively
horizontal Ibsalt flows. In the area between Celilo and The Dalles,
near the western extremity of the Columbia Fault., much subsidiary
faulting has occurred in the basalt. This action has resulted in numer-
ous falls and rapids in the river. No sharp, folds, however, are known
to be present in the basalt in this area.

8. Cascade Range consists of pyroclastic deposits and lava flows
ranging in age from Oligocene to Recent. The lavas are superposed
on a broad anticlinal fold in the older formations. The oldest rocks
in the Columbia Gorge area arc the Eagle Creek formation of Oligo-
cene age, consisting of tuff, tuff breccia, and miscellaneous pyro-
clastics. This formation is unconformably overlain by the Miocene
Columbia River basalt, which is overlain, in turn, by gravelly sedi-
ments of Pliocene age. The coarse materials have been derived from
explosive volcanic activity in the Cascade Range area (luring early
Pliocene times. The ejected( material has been subsequently re-
worked by water. These materials are represented east of the pres-
sent Cascade Range by The Dalles formation and west of the Cas-
cades by the Troutdale gravel. Throughout the central part of
Cascade Range, the Cascade andesite overlies the Columbia River
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basalt and The Dalles-Troutdale beds. The Cascade andesite is
late Pliocene and Pleistocene and forms the highest portions of the
present Cascade Range.

9. A series of northeast-southwest trending anticlines and synclines
in the Columbia River basalt occur between The Dalles and the axis
of the present Cascade Range. These structures probably predate
the outpouring of the Cascade andesite.

10. Downstream from Cascade Range, Co!umbia River flows across
the Puget Sound downwarp which is locn:ll occupied by the valleys
of Willamette, Sandy, and Cowlitz Rivers. The Puget Sound down-
warp is a north-south structural trough between the Cascade and
Coast Ranges. The Columbia River basalt and associated Tertiary
formations underlying the valley have been downwarped below sea
level in places and subsequently have been covered by thick deposits
of Pleistocene gravel and Recent alluvium. Columbia River turns
northward at the confluence of Willamette River, and flows parallel
to the axis of this trough for about 50 miles to its junction with Cow-
litz River, where it turns westward and cuts through the Coast Range
to the ocean.

11. Where it is crossed by Columbia River, the Coast Range con-
sists of marine sandstone and shale beds and some intercalated lava
flows and pyroclastics, ranging in age from Eocene probably through
Pliocene. The river flows in a relatively narrow valley through this
series of gently folded, low, broad, anticlines and synclines. Flat
lying Pleistocene deposits of sand, clay, and gravel are found on the
ocean side of the Coast Range. Some submergence of the lower
Columbia Valley is indicated by the fact that the river flows at about
sea level for approximately 150 miles.

CLIMATE

12. The climate ranges from humid in the areas where the river
cuts through the Cascade and Coast Ranges to nearly arid east of the
Cascades. Although the entire area is dominated by maritime cli-
mate controls, continental influences are significant east of Cascade
Range, which forms a topographic barrier to the prevailing west
winds. Plate 2 shows the location of representative climatological
stations and the periods of record are shown on plate 3. Table 8
lists the recording precipitation gages located immediately adjacent
to Columbia River. Table 9 is a summary of pertinent climatological
data for selected stations.

13. Normal annual precipitation is generally in excess of 40 inches
to the west of the Cascade Range and less than one-fourth of that value
along the eastern half of the sub-basin. The wide variation in normal
annual precipitation is illustrated by the isohyetal map on plate 4
and by the precipitation profile on plate 5. As shown, annual depths
range from a minimum of about 7 inches near Boardman, Oreg., to
maxima in excess of 75 inches in the vicinity of the Cascade and Coast
Ranges. The effect of topography in determining the geographical
variation of precipitation is clearly shown. The annual depths shown
in the profile on plate 5 are those which occur along the river proper.
Much greater annual depths, well in excess of 100 inches in some areas,
occur over the contiguous mountainous regions.
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14. The percentage of annual precipitation normally occurring as
snow at river level varies from less than 1 percent on the coast to
about 20 percent at Kennewick, Wash. These proportions, however,
are exceeded to a considerable extent in the higher levels of the Coast
Range and particularly in the Cascade Range. Although seasonal
distribution of precipitation varies somewhat with geographical loca-
tion, the entire area is characterized by dry summers and a maximum
occurrence of precipitation during the winter months. Plate 6 con-
tains isopercentual maps illustrating the distribution of precipitation
for selected seasons. Shown also on plate 6 are certain results of
precipitation trends analysis, of which a discussion appeals in part II
of this appendix.

15. Temperature characteristics generally vary with elevation and
distance from the coast, and reflect the tempering influence of the
Pacific Ocean. Seasonal temperature variation, small in the western
portions, increases with distance from the ocean. At North Head,
Wash., near the mouth of Columbia River, the normal difference
between January and July mean temperatures is only 15°, whereas at
Kennewick, Wash., a typical inland station, the difference is 44°.
Mean monthly maximum and minimum temperatures for other se-
lected stations are shown on plate 5. Temperatures above 90° are
common during the summer months at inland stations but decrease
in frequency toward the coast. Subfreezing temperatures, though
common east of the Cascade Range during winter, occur only occa-
sionally at river level west of the Cascades, and are rare on the coast.
Extreme temperatures of record were 117° at Umatilla and minus 30°
at The Dalles. As shown in table 9 and by the horizontal bars on
plate 5, the growing season west of the Cascade Range generally de-
creases with increasing distance from the ocean, and is more or less
uniform to the cast.

16. Because of the proximity of the Pacific Ocean and the conse-
quent prevalence of moist air masses, relative humidity is high over
the entire area (during winter months. Nocturnal cooling occasionally
produces fog during the morning hours, particularly west of the Cas-
cade Range. Strong winds occur frequently, especially in the Colum-
bia River Gorge, and usually blow parallel to the river. Destructive,
gale-force, easterly wins in tihe gorge, induced by a polar anticyclone,
occur nearly every winter.

STREAMS

17. Within this subbasin, Columbia River varies in width from a
minimum of a few hundred feet at some of the rapids to 6F miles at
the tidal estuary, and has an average width of about 2,000 feet.
Approximately 103,000 square miles, or 40 percent of the area of
Columbia River Basin, is tributary to Columbia River above the
mouth of Snake River. The remaining 60 percent of the basin area,
or 156,000 square miles, drains into lower Columbia River below the
mouth of Yakima River.

18. During low-water periods, the river between the mouth of Snake
River and Celilo Falls contains 16 rapids which have a total length of
20 miles, comprising 16.2 percent of the total distance between these
two points. These rapids are listed in downstream order in the follow-
ing tabulation:
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Rapid Reach, river mile LenmthIn miles

Homly -.. .... ...................... .-- 319.5 to 317.9..................... 1.6
Bull Run .. ............................................ 309.9 to 309.2......................... .7
Juniper................................................ 308.3 to 307.4 . ......................... .9
Mill Rock . ............................................ 298.4 to 297.2 .......................... 1.2
Umatilla---.--... .......--................-- 294.3 to 291.3 -....................... 3.0
Devils Bend........................................... 285.9 to 284.3......................... 1.6
Canoe Encampment................................ 25.4 to 264.2.......................... 1.2
Owyhee............................................. 240.9 to 238.2.-................. 2.7
Blalock...-............................ 235.4 to 234.2......-. .... 1.2
Four O'Clock ......................................... 232.8 to 232.1 ........................ .7
Rock Creek ........................................... 228.7 to 228.2 .......... ................
Squally Hook...................-.................. 223.8 to 223.0-............. ............ .8
Indian................................................. 220.2 to 219.8 .......................... .4
John Day-..-- ...-...... ..................218.1 to 215.8 . ........................ 2.3
Schofield...................................... 215.2 to 214.8--.4...........--.......4
Biggs.................................................. 207.8 to 207.0...-......................8

Total length ....--- ......-....-----..................................----...20.0
These 20 miles of rapids have a total low-water fall of 90.4 feet and
average slopes varying from 2 to 8 feet per mile. The low-water slopebetween rapids in this reach of the river is about 0.9 foot per mile.
Velocities in the rapids vary from 9 feet per second to more than 15
feet per second. From Bonneville Dam to the mouth, a distance of
145 miles in which low-water profiles are affected by tides, the average
slope of Columbia River is 0.08 foot per mile.

19. Downstream from Cowlitz andWillamette Rivers, the sub-basin
includes the drainage areas of numerous minor water courses. In
downstream order, tile larger of these streams are Clatskanie, Eloko-
min, Klaskanine, Youngs, and Lewis and Clark Rivers.

20. Streams are delineated on plate 36. Physical features of the
main stream are discussed in detail under "Problems and solutions"
in chapter II of this appendix.

STORMS

21. This sub-basin is subjected to general winter storms of the cy-
clone type and occasional convective-type storms of local importance
which generally occur during the warmer months. The latter usually
are confined to the area east of the Cascade Range.

22. The typical winter storm is the result of the southward displace-
ment of the Aleutian low pressure area and accompanying frontal
systems. The more intense storms usually originate over the north-
western Pacific Ocean and have had a long trajectory over relatively
warm water where a high moisture charge is acquired. The frontal
activity of these storms usually consists of a series of mature occlusions
moving eastward, or a quasi-stationary front with minor active waves
moving along the general east-west orientation of the front. After
crossing the coastline of Oregon and Washington, this frontal activity
is supplemented by orographic lifting. Resulting precipitation is
particularly heavy along the west slopes of the mountain ranges. The
higher areas along Columbia Gorge through the mountain ranges
normally have a much greater precipitation than do areas at river level.

23. Durations of general winter storms vary from less than 1 day to
about 1 week. Storm intensities vary greatly with location along the
river, but usually reach a maximum near Cascade Locks, Oreg., and
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decrease rapidly east of Cascade Range to become of little significance
at river level east of The Dalles. Duration and precipitation amounts
for intense storms affecting this area, as recorded at Cascade Locks
in Columbia Gorge, are shown in the following tabulation:

Cascade
Dnte of storm Duration, Locks pre-
Dateostormdays cipitation,

inches

Jan. 3-Fe4..........0--Fb.4, 1890 . ........ ................... .....6 18. 6
Jan. 10-14, 1901.. ... ........................................................... 6 7. 7
Nov. 28-I)ec. 1, 1917 -..-- . ............ ....-.------ 4 6. 8
Jan. 4-7, 1923 .......................................... 4 11.8

DISCHARGE AND STAGE RECORDS

24. The longest record of Columbia River stream flow has been
maintained at Umatilla and The Dalles. These are the only discharge
records for stations on the lower river. Observations of river stages
at Umatilla were initiated by the Corps of Engineers in June 1878
and in February 1892 at The Dalles. The United States Weather
Bureau has obtained gage readings in the vicinity of Umatilla since
1892. At present, the United States Geological Survey operates a
g ging station at Celilo, Oreg. The stream-flow records for these
stations have been adjusted to a common basis and made into a com-
posite 68-year record, published by the United States Geological
Survey, for Columbia River near The Dalles, where the drainage area
is 237,000 square miles. Daily hydrographs for this period are shown
on plates 7 through 10.

25. Ocean tides influence daily river stages downstream from
Warrendale, Oreg., at the head of the tidal reach about 140 miles
above the mouth of Columbia River. The average daily tidal fluctua-
t'on, about 8 feet in Columbia River estuary, gradually decreases to
z ro at Warrenldale. The lowest tide observed at Fort Stevens, mile 8,
was estimated to be 3.0 feet below mean lower low water, and the
highest was 11.6 feet above mean lower low water. The highest
stage resulted from a combination of storm activity and tidal action.
For.a distance of 41 miles, between thle mouth and Cathlailct, Wash.,
tides generally have more influence on river stages than do flows in
the river. Upstream from Cathlamlnt, the river stages becoone in-
eeasingly a function of the flow in the river, a fact illustrated by
plate 12, which shows the daily maximum and minimum stages ob-
served during 1933 at Cathlaimt, Wash., mile 40.7; Lonlgview, Wash.,
mile 66.3; St. Helens, Oreg., mile 86.1; and Vancouver, Wash., mile
106.3. Tidal effect makes the correlation of stages and discharges
impractical throughout tlhe reach downstream from Warrendale.

26. During floods, the tidal effect diminishes in distance upstream
from the estuary and with increasing mlagnitude of the flood crest.
For example, at Vancouver the normal tide range at low water is
approximately 2 feet, but diminishes to an insignificant amount at a
gage height of 11 feet, which can.be expected to occur about 20 percent
of the time. Flood flows have only a 2- to 5-foot effect on the high
tide in the estuary as compared with a 20- to 30-foot effect at
Vancouver.
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STREAM-FLOW CHARACTERISTICS

27. The annual discharge pattern of lower Columbia River is quite
regular; low flows occur from September through March and high
flows from April through August. Plates 11 and 13 illustrate these
general flow characteristics. The general stream-flow pattern does
not follow the yearly rainfall pattern, since a large percent of the
annual precipitation over the tributary area occurs during the winter
in the form of snow and does not contribute to surface run-off until
the following spring and summer. Large changes in flows are gradual,
and extend over a period of several months. Minor fluctuations in.
run-off occur during the high-water period as the result of day-to-day-
temperature variations. Occasionally, a winter storm will result in:
a flash flood which is small in comparison to the annual snow-irelt
flood. Ninety-five percent of the maximum annual discharges have
occurred during May and June.

28. Low temperatures in December, January, and February cause'
ice to form almost every year in Columbia River, particularly east of
the Cascade Range. In most years, the icing conditions are confined
to shore and running ice, but occasionally an extremely cold period.
causes the stream to freeze over. The coldest period of record, which.
occurred in January 1937, caused the river to freeze over as far down--
stream as mile 30.

29. At The Dalles gaging station, which records the run-off from'
about 92 percent of the area in Colnumbia River Basin, the mean
annual run-off is 140,500,000 acre-feet, or 11.12 inches, on the basis
of the 68-year record, 1878 through 1946. Observed extremes in the
annual runoff were 225,000,000 acre-feet, or 160 percent of normal, in,
water year 1894, and 85,500,000 acre-feet, or 61 percent of'normal, in.
water year 1926. The annual run-off of Columbia River over the period.
of record has shown a definite downward trend, in excess of that which
can be attributed to increased upstream irrigation depletions. Chart
3 shows the annual run-off in acre-feet at The Dalles and the long-term
trend, which has been progressively downward since the start of the
twentieth century. During the last 25 years, which is the normal.
length of record at most of the gaging stations within the sub-basin,
thb average run-off was only 86 percent of the average for the long-term
record of 68 years at The Dalles. Extremes in mean daily discharge.
were 1,240,000 second-feet in June 1894 and 36,000 second-feet in.
January 1937. The extremo.low flow occurred following a long period.
of subzero weather, which froze many of the headwater tributaries in,
Columbia River Basin. Based upon this low-water year, existing
power storage in Columbia River Basin assures minimum a regulated
flow of about 70,000 second-feet at The Dalles. The average discharge-
through a normal low-water season from November through February
is approximately 90,000'second-feet.

30. Below The Dalles gaging station, 22,000 square miles. of.area
with a relatively high unit run-off drains into Columbia River..
Though gaging stations are located on the major tributaries, none
exist through this reach of Columbia River. However;. stages are,
observed regularly at a number of stations in this reach.. Table 1
lists river stations between Pasco and the mouth of Columbia River'
and the corresponding periods of record. Estimates. of mean, annual
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run-off below The Dalles art made by adding to the run-off at The
Dalles the run-off from downstream tributaries. At the mouth,Columbia River has an estimated 50-year normal annual run-off of
180,100,000 acre-feet, or 13.0 inches. Records indicate that 8.5
percent of Columbia River Basin, located downstream from The
Dalles, contributes 25.8 percent of the total run-off.

FLOOD CHARACTERISTICS

31. Floods on Columbia River occur annually as the result of
melting snow cover in the mountainous headwater areas. Run-off
from this source generally commences in March with the melting of
snow from the foothills and increases gradually to flood proportions,
both east and west of the Cascade Range, with the higher spring
temperatures. The floods usually crest in May or June. Both
magnitude and duration of these snow-melt floods are a function of
the depth of snow cover over Columbia River Basin and of the
temperature sequence before and during the snow-melt period, which
is from 60 to 120 days in length. During a normal high-water season,
the flow gradually increases to a peak and then recedes to base flow
by late September. In this period, several minor secondary peaks
may be caused by alternate periods of high and low temperatures.
Daily hydrographs on plate 7 through 10 illustrate the flood run-off of
Columbia River at The Dalles for the period of record. Ground-
water storage is the main source of run-off during the low-water
season, but, occasionally, during this period winter rains accom-
panied by above-freezing temperatures will result in minor freshets
east of the Cascade Range. West of the Cascades, where the aver-
age winter temperature is above freezing, the frequent rainstorms
cause flood run-off from such tributaries as Sandy, Willamette, Lewis,
and Cowlitz Rivers. These high rates of discharge produce flood
stages on Columbia River downstream from Camas, Wash., mile 120,
on an average of once in 5 years. Such periods of high water are of
short duration and not as extreme as the normal spring and summer
snow-melt freshets. Downstream from Vancouver, these rain floods
have a correspondingly higher water surface profile than do similar
snow-melt floods, because of the larger inflow from downstream
tributaries and the storm tides which are greatest during this season.

PAST FLOODS

32. The largest-known flood on Columbia River occurred in June
1894 and reached a maximum discharge of 1,240,000 second-feet at
The Dalles, Oreg. A discharge of 600,000 second-feet is approxi-
mately the average of the maximum annual foods during the period
1858 through 1946. Based on flood frequency studies, and as shown
on chart 7, the average recurrence interval of an 1894-magnitude
flood on lower Columbia River is about once in 75 years. Records
of maximum annual stages are available from 1858 to date, whereas
the continuous record of daily discharges did not begin until 1878.

33. During the 89 years, 1858 through 1946, floods exceeded
900,000 second-feet in each of the years 1862, 1876, 1880, and 1894.
In the 36 years preceding the 1894 flood, 24 floods exceeded600,000;
second-feet, of which 8 exceeded 800,000 second-feet. From 1894
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to 1948, only 21 floods have exceeded 600,000 second-feet. From/
1926 to 1948, the highest discharge observed at The Dalles was
1,010,000 second-feet in 1948. Only four other floods in this period
exceeded the average maximum annual flood of 606,000 second-feet.
Chart 1 shows the maximum annual discharge frequency curve for
Columbia River at The Dalles for the period 1876 through 1948.
The following tabulation lists, in order of magnitude, the 24 largest
floods of record at The Dalles and the number of days that flows
exceeded 600,000 second-feet:

Maximum Numberofdays
Diyischarne, discharges ex-Order of magnitude Year Month Day hpr fee needed 600,000peri feedt cubic feet perpersecond second

1~~~~~~~~~~~~~~~~~l 1~~~~~~~~~~~~~~~~~~~~~~~~,
1....................... 1894 June....- ......--......--- 6 1, 240,000 52
2.-.......--.----- 1876..-.do........... 23 1,020,000 ................

3 .....------- ---- .- 1948 May .................. 31 1,010,000 36
4....-- ------ --- .. 1862 .-............................. . 919,000 ................

6....----------...-- . 1880 July........- ....-...... 1 914,000 67
6 . 1887 June.---------. --- -- 19 896.000 49
7. ........... 1882 ...-do. .... .. 13-14 883,000 36
8-...-..--..- -.-. 1859 ------------------------- 874,000 ................

9-....-----...----..-- 1871 -......-.-.------- ....-. 856,000 ...............
10.-----------. -------- 1866 ------------------------ --- .. 839,000 .............

11 . ...-..-------- 1899 June .........---- 22 787, 000 38
12 .------ -- .--..- 1903..do............. 18-19 787,000 29
13...--------------- 1896 .-do .....--. 22 785,000 46
14 -... ----------- 1897 May............ 24 780,000 23
15..--1---86-7,---....1863 ----------- ....---.. 777, 000........

16...-----------...--. 1870 ......----. ..- .. 777, 000 ...............
17.------------------. 1921 June- . 11 773,000 31
18.....---.------- 1928 May -..-.------ 29 766,000 16
19 ....-------..------ 1913 Juno---- ..--- ......- 12 759,000 30
20 .-------------- - 1872 .---------. . 737,000 ...............
21....--.-----... 1916 July..--..--.- -------- 1 727,000 29
22. ----..-- .----- ---.- 1917 Juno...--------.--..... 20 727,000 34
23.-------..-. .- 1933 -... do...----...1..---.19 722,000 18
24..------------- 1865 -.......----.--...------.....-. 714, 00 ...............

Eight of the above 24 ranking floods occurred since the turn of the
century.

34. During the last 40 years, large irrigation developments have
taken place, particularly in Snake River Basin. Storage and diver-
sions from Columbia River and its tributaries during the normal
flood season have resulted in some reduction in the magnitude of the
maximum annual floods. Future irrigation and power developments
within the basin will tend further to reduce flood flows.

35. On the basis of records up to the year 1948, the recurrence of
floods of certain magnitudes may be expected at The Dalles as shown
in the following tabulation.

Maximum
discharge in

Average recurrence interval: second-feet
5 years ------------------------------------------ 720, 000
10 years----------------------------------------------- - 820, 000
20 years---------------------- -'---------- 9940, 000
50 years--..------------------------------------ 1,150, 000
100 years------ ---------- - 1, 350, 000

36. East of Cascade Range, high water, resulting directly from rain-
fall is infrequent on Columbia River and insignificant as compared
with the annual spring and summer freshet. The largest rain flood
on. Columbia River, with a peak discharge of 368,000 second-feet,
occurred in December 1933. This flood reached a 22.3-foot stage at
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Vancouver, about that of a 3-year snow-melt flood, and in the estuary,
combined with storms and high tides, reached a stage about equal to
that which occurred during the 1894 flood. Other notable winter
floods occurred in February 1881, January 1909, and in December
1917.

1894 FLOOD

37. By far the largest recorded flood on Columbia River was that
of June 1894, at which time the flow at The Dalles reached an esti-
mated peak of 1,240,000 second-feet. No flood since that time has
equaled that magnitude, although the historical flood of 1849 may
have been equally large. The 1894 flood had a maximum water sur-
face profile roughly 30 to 35 feet above the mean low water profile
from the mouth of Snake River to Cclilo, a distance of 124 miles. At
Big Eddy, 9 miles below Celilo, the water surface was 60 feet above
mean low water. This stage difference gradually decreased to 50'
feet in the 45-mile reach downstream to the head of Cascade Rapids.
In the 7-mile reach between Cascade Rapids and Warrendale, which
is at the head of the tidal reach, the water surface dropped to 43 feet
above mean low water. Between Warrendale and the mouth of
Columbia Rivcr, a distance of 140 miles, the maximum water surface
gra(lually decreased to about 12 feet above mean low water. At The
Dalles, the flood discharge exceeded 600,000 second-feet for 52 days.

38. Little information is available as to snowfall depths and water
content of snow in the tributary areas preceding the 1894 flood, since
mulch of the region was sparsely settled and the records kept were
pnerally for locations in the lower valleys of the main watercourses.
Available climatological and meteorological records show that..condi-
tions during the winter and spring preceding the flood were favorable
for a high run-off. Excessive precipitation in the fall thoroughly
saturated the soil and continued heavy precipitation in the winter
and spring resulted in the accumulation of a deep snow cover over all
of the mountainous areas. A cold period, starting early in the season
and continuing later than normal, was followed by an unusually warm
period. Consistently cool temperatures from early fall until the
middle of May caused precipitation to fall as snow, and, at the same
time, greatly retarded thle run-off and losses that normally would have
occurred. Precipitation was about 160 percent of normal during the
winter and spring of 1893-94.

39. Sudden and prolonged warm weather in the latter part of May
and early in June caused rapid melting of the snow cover. Nearly
all of the tributary streams throughout Columbia River Basin east of
Cascade Range rose to unprecedented flood stages at that time.

1948 FLOOD

40. During the last of May and the first part of June 1948, a dis-
astrous flood occurred on Columbia River. A maximum discharge of
about 1,010,000 second-feet occurred on May 31, 1948, at The Dalles.
On June 1, and again on June 14, Columbia River at Vancouver, mile
106, reached a maximum elevation of 32.4 feet above mean sea level,
or about 15 feet above flood stage. Between these dates, the river
remained within a foot of the crest stage. On Willamette River at
Portland, backwater from Columbia River produced a crest stage of
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31.2 feet above mean sea level, or about 12 feet above flood stage.
Although the 1876 flood was of greater magnitude, only the June 1894
flood exceeded the 1948 flood stage at Portland. Nine-foot tides
occurred during the flood and added to the magnitude of crest stages
downstream from St. Helens, Oreg. The following tabulation con-
pares the maximum water surface elevations of the 1894 and 1948
floods at several representative points between Pasco and the mouth of
Columbia River:

lood stage, Maxinmum elevation
R Drainage 'loe at , infeet(mean sea Stage

Station Ri area, square feet above level). difference.mil miles mean sea --__ _feet
level 1894 flod 4 oodflood

Pasco------ -------------------- 328 103, 500 338 349. 6 344. 2 5. 4
Umatilla-----------. 292 213,600 272 281.9 277. 9 4. 0
Vancouver---------------- 106 17 35. 6 32.4 3.2
Portland'-.... -..... -19 34.2 31.2 3.0
St. Helens 86 255, 000 1.5 31.1 27.3 3.8
Longview -....---- ..... 66 ..... 12 23.0 19.6 3.4
Wauna---------- 42 -- 12.2 10.6 i.6

I Located on Willamette River and affected by Columbia River backwater.

41. Climatic and meteorological conditions contributing to the 1948
flood can be discussed only in general terms, since detailed records and
studies are not yet available. In April 1948, the water content of the
accumulated snow at. the numerous snow courses througYhout Columbia
River Basin varied from 100 to 140 percent of normal. In the areas
making. a major contribution to the flood run-off in lower Columbia
River, the average snow pack was about 120 percent of normal.
Spring was abnormally late and the heat supply measured at four
index stations was about 15 days behind normal. Probably the most
significant factors that contributed to the extreme magnitude of the
flood were the subnormal temperatures and the greater than normal
precipitation in both April and May. Subnormal temperatures pre-
vailed until May 15, which permitted the snow cover to remain on the
basin to a much lower elevation than normal for that (late. On May 15,
temperatures rose and, after 2 weeks of warm weather, the run-off from
the abnormally large snow-melt area caused near record floods on all
majdr tributaries with the exception of Snake River above the mouth
of Salmon River. General rains on May 28 and 29 were extremely
intense in several localities and added to the seriousness of the flood in
lower Columbia River. Weather conditions favorable to a high rate
of snow melt prevailed until June 10 and resulted in the flood remaining
near crest discharges for a 2-week period.

GROUND WATER

42. As major withdrawals are not made from the ground-water
table immediately adjacent to Columbia River below Pasco, the levels
generally fluctuate with those of the river. This characteristic fluctua-
tion is particularly noticeable in the lowlands between the mouth of
Yakima River and Arlington, river miles 335 to 242, and between the
mouth of Sandy River and the Coast Range, river miles 123 to 30,
where the river valley is underlain with an alluvium strata. The
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Columbia River Gorge is cut through practically impervious basalt.
Ground water returns to the river in the vicinity of Umatilla, Oreg.,
from a number of small artesian wells. Longview, Wash., obtains its
entire domestic water supply from wells, and The Dalles and Port-
land, Oreg., and Camas and Vancouver, Wash., use wells to supple-
ment other water supplies.

WATER RIGHTS

43. Numerous small irrigation pumping installations are now in
operation along both banks of the river, but the aggregate demand does
not appreciably affect the flow during the irrigation season, which
coincides with the period of normal high discharge. Nonconsump-
tive water rights are now exercised by the Federal Government at
Bonneville Dam and will be exercised in the future at McNary Dam
and at proposed dams at other sites. The present use of water for
irrigation does not seriously affect the required flow at the various
Federal power plants, as the period of maximum demand for water
for power generation does not occur during the irrigation season.

PREVIOUS REPORTS, MULTIPLE-PURPOSE PROJECTS

44. House Document No. 704, Seventy-fifth Congress, third
session, prepared in 1937, is the latest report covering the development
of Columbia River below the mouth of Yakima River by multipurpose
dams and reservoirs. That report is a review of dam and reservoir
proposals contained in House Document No. 103, Seventy-third
Congress, first session, dated 1931, which presented the first compre-
hensive basin plan formulated to guide the development of individual
projects. Principal subject of each of these reports consisted of
development of the main stem of Columbia River by means of dams
and reservoirs providing both navigation and power facilities. The
comprehensive plan proposed in House Document No. 103 for the
reach consisted of two dams; one at Warrendale with normal pool
elevation 54 feet, mean sea level, and one at The Dalles with normal
pool elevation 330 feet, mean sea level. The Board of Engineers for
Rivers and Harbors, in its report to the Chief of Engineers, stated
that an alternate plan consisting of four dams of moderate height
would be better suited to the progressive development of this reach of
the river. The Chief of Engineers concurred with the views of the
Board.

45. At the time House Document 704 was prepared, construction of
the Bonneville project was in progress. As the result of detailed
engineering studies, Bonneville Dam, with a pool elevation 72 feet
above mean sea level, was constructed in lieu of the Warrendale
development proposed in House Document 103. House Document
704 recommended that lower Columbia River be further developed
by a series of four dams located upstream from Bonneville Dam. The
recommendations were concurred in by the Board of Engineers for
Rivers and Harbors and by the Chief of Engineers. These recom-
mended projects were at The Dalles site, with pool elevation 150; at
Jehn Day site, with pool elevation 210; at Arlington site, with pool
elevation 258; and at Umatilla site (later renamed McNary Dam),
with pool elevation 310.5. A previous report entitled "Interim
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Report No. 1, Columbia River and Tributaries Review Report, The
Dalles Dam," and dated March 21, 1946, was submitted to the Chief
of Engineers and Board of Engineers for Rivers and Harbors for
review.

PREVIOUS REPORTS, FLOOD CONTROL

46. Flood control and bank protection on the tidewater section of
Colombia River have been the subject of several reports submitted
since 1918. Those submitted since 1925 are itemized in appendix R.
Existing Federal flood control projects have been constructed on the
basis of authorizations resulting from an unpublished report dated
December 24, 1935.

47. House Document No. 631, Seventy-seventh Congress, second
session, favorably reported the provision of a flood channel in Alkali
Canyon at Arlington, Oreg., to protect that city from floods as a result
of storms originating in the small drainage basin above it.

PREVIOUS REPORTS, NAVIGATION

48. Consideration of improvement of Columbia River below
Yakima River in the interests of navigation began in 1879 when
studies in connection with a report recommending certain channel
work through the bar at the mouth of the river were initiated. Since
that date, many other reports have been submitted, and the entire
river length has been divided into authorized navigation projects.
In addition to the main channel-improvement and the multipurpose
projects previously mentioned, these navigation reports have covered
auxiliary channels, harbors, and turning basins. Appendix R lists
all such reports subsequent to 1925. Table 35 itemizes all minor
navigation improvements, in addition to main channel projects, that
have been constructed or authorized. Most recent reports forming
the bases of the main river projects are as follows:

(a) House Document No. 94, Fifty-sixth Congress, first session,
covers the present project at the mouth of the river which was au-
thorized by the River and Harbor Act of 1905. Some revisions in the
original plan have been made.

(b) House Document No. 195, Seventieth Congress, first session,
covers Columbia River between Vancouver and the Pacific Ocean,
and Willamette River between Portland and the confluence with
Columbia River.

(c) House Document No. 704, Seventy-ninth Congress, second
session, covers the reach between Vancouver, Wash., and The Dalles,
Oreg.

(d) House Document No.16, Seventy-third Congress, second session,
covers improvement between The Dalles, Oreg., and Wallula, Wash.

SECTION II-ECONOMIC DEVELOPMENT

POPULATION

49. The population of this sub-basin in 1947 was estimated at
338,350 persons, approximately two-thirds of whom resided in Oregon.
Population increased from about 154,000 in 1920 to about 210,000
in 1940. The rapid increase between 1940 and 1947, amounting to
over 50 percent of the 1940 population, was occasioned by an influx
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of people to take jobs in shipbuilding and other industries which
mushroomed during and since World War II. Much of this war-
induced growth in population has been retained in the postwar period.
Moreover, as shown on chart 4, a definite trend toward a continued
population increase to about 435,000 by 1970 appears to be consistent
witii the anticipated regional development of industries, agriculture,
and natural resources. Population, distribution by counties, and
the increase since 1920 are shown in table 10 and summarized by
States in the following tabulation:

Percent of Sub-hasil population
1940 ixH)pli-

State lt ion of

sat WthS 1920 1930 1940 1947 1

Waa'llingtoll........-........... 4 42, 780 57, 030 69, 230 12.5, 90
Oregoln --.....-...........---13 111, 210 129, 460 140, N30 212, 450

Sub-basill ............, 90 186, 490 209, Sf6 338, 350

IElstinat<!l.

50. The population is largely urban in character. In 1940, 75 per-
cent of the people lived in cities of 2,500 population or over; 10 per-
cent resided in small towns and suburban areas; and 15 percent lived
on farms. Excluding Portland, only four cities had population in
excess of 4,500 in 1940. Inl 1947, eight cities; ('xce('(ede 4,500 in
population and slowed tla average growth of more than 41 percent
ill the proceding 7-year period. The population of Portland, which
is partly within the sub-basin, increased from 305,394 ill 1940 to more
than 405,000 in 1947. The portion of the population of Portland
residing within the sub-basin has not been estimated. The estimated
1947 populations of the Portlandl nd Vancouver metropolitan areas
are about 500,000 and 52,000, respectively. Cities in the subbasinl
Nwith estimated popllaltion in excess of 4,500 in 1947, excluding Port-
laIn(, are shown in tlhe following tal)ulation:

City

Astoria ..................... ............
oodl lvr ..............

St. hielons.................................
The 1)alls ..................................
CaInts .....................................

Iongievlew.......................... ....

Vanco ......................................

Vancou ver...................................

State

Oregon-.. --.......-.......-.....
O- t'gel1 ........................... do ............................

.....d............................
(. 1(..........................

W usllhilgto nl........ ............
..... do1. -......-.- ..-...-....- ..

.... 1o.. ...............................
... .(0............. .........ito.d

Population

1940 19477

10, 389 In, 900
3, 280 4.70(
4, 304 1, 000
6, 266 8, 410
4, 433 6, 20X)

1 2 .85 17, 51)
:3,913 6, (0)

18, 788 26, 000

I Estimated.

51. The distribution of population is nonuniform. More than 85.
percent of the people live in the lower area between Portland and
the sea, where the river lowlands widen. Population density over
the whole sub-basin in 1940 was 106 persons per square mile. The
estimated 1947 population of 338,000, with a density of 171 persons.
per square mile, represents increases of 61 and 120 percent over 1940'
and 1920, respectively.
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52. Population distribution is indicated in tables 10 and 11 and on
plate 14, and changes from 1920 to 1947 are summarized in the follow-
ing tabulation:

Population Percent increase during 10-year period

Year Rural Rural

Urban Total Urban Total
Farm Non- Total Farm Non- Total

arm farm

1920...... (i) 44,980 109,010 153,990
1930---- 25,310 17,400 42, 710 143, 780 186,490 ..-- -6 32 21
194----- 31, 10 22, 710 53,900 155, 96 209,860 23 30 26 8 12
1947...... 3,650 38, 700 72, 350 266,000 3.38, 350 8 70 34 71 61

Rural farm and nonfarm populations were not reported separately in 1920.

RESOURCES AND INDUSTRIES

53. Columbia River, with the present and potential water-boirne
commerce, power production, and extensive fishery, is the most im-
portant natural resource within the sub-basin. Natural resources of
the surrounding area are processed in this sub-basin for distribution
to regional, national, and world markets. The river and adjacent
area form the major avenue of commerce for Columbia River Basin
and the tributary trade area. Transporting raw materials, processing
;and distributing goods, and providing services account for nearly
nine-tenths of the employed workers. Table 14 shows the 1940 dis-
tribution of employed workers by the type of industry.

54. The land area of the sub-basin, about 1,260,000 acres, is fairly
evenly divided between forests and existing or potential agricultural
lands, with small areas of open grazing or waste lands, as shown on
plates 16 and 17. Compared with the demands of the heavy con-
centration of industry, the raw-material resources of the area are
relatively insignificant.

55. More than 99 percent of the land is privately owned. Distri-
bution of land by use and counties is shown in table 12 and summarized
by States in the following tabulation:

Acres
Land use

Oregon Washington Total

Agriculture ....--------..---....- ... ....---............--- . 410, 653 182,158 592,811
Range ...- .......-- ..--------------------------..-----7,760. 7,760
Forest....-.... ... .....--------------. 401, 590 227,072 628, 662
Waste and miscellaneous i..--..-.--- .........-.-. ....- 21,736 11, 143 32,879

Total area ......................................... 841, 739 420, 373 1,262,112

I Inaccessible waste land, town sites, etc.

56. The areas of farm land support only a minor portion of the
population. Forests were extensively cut over during the early
settlement period and now supply only a small portion of the raw
materials utilized by the local forest products industries.
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57. The increase in value of taxable property within counties is
shown in table 13 and is summarized by States in the following
tabulation:

Actual value of taxable property in thousands of dollars I
State

1920 1926 1930 1935 1940 1946

Oregon....................... $331, 550 $394. 130 $419, 340 $335, 170 $328, 570 $426, 20
Washington ................ 72, 120 76,360 82, 170 64,010 66,117 105,840

Sub-basin .............. 403,670 470, 490 01, 510 399,180 394,687 632,060

I Based on assessed valuations multiplied by appropriate factors for each county to determine representa-
tive average values.

AGRICULTURE

58. Farms generally are small units. About one-half are part-time
farms producing food primarily for family use. Only 15 percent of
tile people lived on farms in 1940. About three-fourths of the- farm
families live in the area. consisting principally of lowlands, below the
mouth of Willamette River. In 1940, 45 percent of the farmers in
this area operated primarily to produce food for the farm family and
60 percent of the farm operators worked off the farm. The pre-
dominance of part-time farms is even greater where the land is adjacent
to industrial centers. Full-time farm units west of the Cascades are
devoted primarily to dairy, poultry, vegetable, and fruit farming, and
supply local fresh markets and processors. A number of farmers
obtain a good income from small-tract farms producing specialty
products such as mint, flower bulbs, seed, and nursery stock. East of
the Cascade Range, farms lying within the sub-basin are principally
full-time dairy, poultry, vegetable, and fruit types, which are in con-
trast to the usual large-scale dry-land grain and stock farms on the
adjoining lands and in other areas through which the river passes.
Farm acreages and values, as of 1945, arc shown in table 15, and
employlnent in agriculture is shown in table 14.

IRRIGATION

59. Approximately 30,000 acres of land arc irrigated at present,
In Oregon, near lrrigon, 14,000 acres are irrigated with water from
Umatilla River. In Washington, near Pasco, 11,600 acres are ir-
rigated with water from Yakima River. Private interests irrigate the
remaining 4,400 acres with water obtained by pumping from Columbia
River and wells in the flood plain. The acreages of farms under
irrigation in 1939 are listed in table 16.

FORESTRY

60. Forests along the lower reaches of Columbia River generally
were depleted early in the settlement of the area. Although almost
half the area within the lower portion of the sub-basin is now forested
by second-growth timber, the heavy concentration of forest industries
requires more logs than present commercial stands can supply. A log
of old-growth Douglas fir, the species on which the timber industry of
this area has been based, is shown in figure 1. The forests are esti-
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mated to contain approximately 5.5 billion feet of saw timber, almost
all of which is privately owned. The unreserved saw timber still
remaining, distributed by counties, is shown in table 18. Unreserved
saw timber within the sub-basin, by ownership as of January 1, 1945,
is shown in table 17. Plate 17 shows the distribution of forested areas
within the sub-basin.

MINERALS AND MINING

61. No mineral occurrences of commercial importance are known to
exist but such deposits as have been found are shown on plate 18.

MANUFACTURING

62. In 1940, about 82 percent of the employees in manufacturing
were in industries processing wood, food, metals, and textiles. Most
of the remaining 18 percent were employed in printing and publishing
concerns; sheet metal works; foundries, stone, clay, and glass products
factories; machine shops; and ship-repair yards. The distribution of
workers in 1940 in extractive and processing industries is shown in
table 14.

63. The industrial distribution and payrolls of employees in manu-
facturing industries covered by unemployment compensation for the
year ending September 30, 1946, are shown in table 20. Data on
distribution of manufacturing in 1939 by counties, including number
of establishments; wages earned; number of employees; value of
product; value added by manufacture; and cost of materials, fuel, and
power, are shown in table 19.' These data are summarized by States
in the following tabulation:

Number of Wage
State establish-, earners WVageslue of

ments ( averages productments for year)

Washington...... .............................. 108 6, 33 $7, 617, 000 $3, 661,000
Oregon . ..................................... 356 10, 721 13. 546, 000 73, 058,000

Total for sub-basin -........................ 4G4 16,354 21,063, 000 109,619,000
.

64. Processing timber products, the principal industry, employed an
average of nearly 12,000 persons and had an annual payroll of nearly
$30,000,000 in the year ending September 30, 1946. Timber from
adjacent areas and logs purchased on the Columbia River log market
support this industry. The bulk of the sawmill industry is concen-
trated in the vicinity of Portland, Longview, and Vancouver. For
several years, Cowlitz County, Wash., has led the Nation in lumber
production. Most of the output has been from two large mills located
m Longview, which have a combined capacity in excess of 2,000,000
feet, board measure, per 8-hour shift. These mills each cut from 300
to 400 million board feet annually and have been doing so since about
1927. The view of the Longview waterfront, figure 2, shows two
major timber-products plants, a pulp mill in the left foreground and
one of the two large sawmills in the right foreground. Lumber produc-
tion in the counties lying partially within the sub-basin is shown in
table 27. Maximum production was 2,311,000,000 feet, board measure,
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in 1941, and the minimum was 1,474,000,000 feet, board measure,
in 1945. Plywood plants, located at Longview and Portland, have a
combined annual capacity of 160,000,000 square feet of 38-inch, 3-ply,
plywood.

65. Pulp and paper mills employed nearly 5,000 of the 12,000
workers in the forestry products industries in 1946, and had an annual
payroll of nearly $13,000,000. Mills are located at Camas, Longview,
and Vancouver, Wash., and St. Helens, Oreg. The pulp mills have a
combined capacity of 1,860 tons of pulp each 24 hours, of which 1,010
tons are sulfate, 650 tons are sulfite, and 200 tons are chemicalpulp. The
paper mills have a combined capacity of 1,26 1 tons of paper each 24
hours, of which 997 tons are sulfates and 264 tons are sulfites. Prod-
ucts of these plants are bleached paper, envelopes, specialties,
wrapping papers, fruit wraps, toweling, tissues, waxed and gummIed
paper, bags, paperboard, paperboard products, and newsprint.

66. In addition to the major wood-processing plants mentioned
above, the sub-basin contains a minor furniture and millwork industry
which employed 1 percent of the total workers in 1940. Products of
the wood processing industry are sold in both national and inter-
national markets.

67. Farm lands are limited in area and plants processing agricul-
tural products must depend primarily upon outside areas for raw
materials. This condition will probably continue as products from
new irrigation projects and more intensive cultivation of existing
acreages are likely to be absorbed by the expanding fresh market.

68. In Portland, Astoria, Vancouver, and Longview, plants process
most of the milk from the counties making up the lower portion of the
sub-basin. Practically thle entire output of these plants is consumed by
thle expanding market created by the increased population in the
sub)-b)asin and adjacent areas.

69. Vegetables a(nd fruits are shipped to processing plants in tile
Plortland-Vancouver areas from points as far distant as Yakima,
Washl., ani Eugene, Oreg. Clief products from these plants are
cannedll and frozen berries, beans, I,pea sauces'. relishes, jellies,
plrtsrves, pic'kls, vinegar, fruit juices, sirulps, fruit confecttions, and
ollier sl)e(ialty foods. Mucl\ of the prolducl from tlhe upper part of
tle( slb-l)-lsinl is processed iln plants at Kennewick an(d Pasco, Wash.
C(ra pe-julice production at Kennewick is an important and expanding
industry and has a lnation-wide market. Other products of the
upper subl-basin atre canned an.d frozen peaches, asparagus, peas and
limna 1)(ans, canned an(d brined cherries, and other canned fruits and
vegetables. Meat packing is an important industry in Pot'tland alnd
in Kennewick.

70. Metal refining became important in this sub-basin after 1939
with tlhe availability of large amounts of cheap power. At present,
nearly 30 percent of tlhe Nation's primary aluminum capacity, or
373,000,000 )ounds1 annually, is concentrated( in three plants located
at VancouTver and Iongview, Wash., and Troutdale, Oreg. Shown
in figure 3 is the Vancouver plant of the Aluminum Co. of America,
the first aluminum reduction plant in the Pacific Northwest. The
basic raw material, alumina, is shipped from outside sources, and the
product in th6 form of pig and ingot aluminum is shipped east for
processing.
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SERVICE INDUSTRIES

71. In 1940, 66 percent, or 50,999, of the employed workers were in
service industries. Portland is a wholesale, trade, and transportation
center for both this sub-basin and large areas lying outside the sub-
basin. Smaller cities along the river are major trading centers for
adjacent areas. The distribution of service workers in 1940 is shown
in tableC 14.

PUBLIC LANDS AND RESERVATIONS

72. Of approximately 1,260,000 acres of land area, about 12,200
are included in public lands and reservations. These lands are
made up of public ldonain, reservations of the Department of the
Army, State parks, other State lands, and county lands. The distri-
bution of these lands is shown )y counties in table 21 and by owner-
ship in table 22.

FISH

73. For more than 80 years salmon runs in Columbia River have
supported an extensive commercial fishery, which, at its peak, reached
an annual production of more than 49,000,000 pounds. In addition
to the river fishery, the salmon have contributed to an ocean troll
fishery extending along the Pacific coast from California to south-
eastern Alaska.

74. Astoria, Oreg., tle home port and marketing point for most of
the Columbia River fishing fleet, has, with its many canneries, icingplants, and reduction works, a heavier per capita investment in fishingthan any other city along the Pacific coast. Figure 4 shows one of the
larger Astoria fish-packing plants.

75. The first cannery on Columbia River, established by IHapgood,Hume & Co. at Eagle Cliff, Wash., canned 4,000 cases in 1866. The
industry, thus initiated, developed with amazing rapidity. The num-
ber of canneries and tlie annual salmon pack and its value lhas fluc-
tuated from year to year. The highest annual Columbia River
salmon pack value was recorded in 1947 and amounted to $11,457,000
at the packing plant. The values of the annual Columbia River
canned pack of the various species of salmon for the 25-year period,1922 to 1947, inclusive, are shown in table 23 and summarized in the
following tabulation:

Annual pack I Annual pack I

Year Year
Cases Value at Cases lue atplant Cas plant1922 ............ 392, 174 $5, 206,993 1935.. ........ .. 332, 730 $3, 405, 2821923.............. 480, 925 6.730,924 1930....... .. 316, 445 3, 833,0551924 ................... 500, 872 6,219,40t 1937.......... .......... 410,830 5,437,2941925-............. .50,452 7,468,4 1038 ..-..--.. .......... 307, 90 3, 93, 7551926............. 479, 723 : 744,004 1939 ........... 322,472 4,66, 1411027......- ..... ..... 519,809 7,08, 705 1940....... ............. 36, 5,379,321928-.-...----.. 446,646 5, 90, 462 1941.. 513,712 7,727,9841929 .................. 422,117 5,905,024 1942..-............. 464,401 8,156,4451930................. 429, 505 5, 65, 177 1943........ ............ 167, 660 3669,4511931 .................. 353,699 4,191,000 1944....-. . . .. 196, 762 4,259,4331932 ................... 296,191 2,474,586 1945--.....'_........... 2175,670 3,723,4561933 ----- 336,711 3, 329,178 1946 .......... . 209,471 7, 274,9301934 .................... 362,721 3,462,919 1947.......... 347,306 11,457,000

I Data from Pacific Fisherman Yearbook.
3 Includes 1,044 cases of pinks canned from Pugot Sound fish.
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76. The pack of mild-cured salmon, a product treated to prevent
deterioraltion and usually I)ackaged in barrels, lias declined since
World War 1, whereas, the frozen-fish pack has increased. Europe,
where Germany purchased most of tlhe pack, was the principal market
for nmild-cured salmon. The Columbia River production of canned,
mill-culre(l, and frozen salmon from 1866 to 1946, inclusive, is shown
in table 24 and sunmarizcd in tlie following tabulation:

Annual average I

Period
Canned, Mild-cured, Frozen, 'rotal,
ipOulllndS )li)ndls 3 poundss pounds

r1866-75-....1.................................. .-11 ,, 70. 000
186 5-f5.. ............. ........................ :5, 222, -0(.--.-. :35, 222, Co
188i-95 ..-..............-............... 20, 577, 273 -- 29, 577,273
1896-1,5 . --.................................. 27, 511,(i78 4,010,1i0i .-. --------.. 31, 571, 838
19hI-159 .......-............-..-.......-....... 29, 693, l152 , 768, 300 987, 317 33, 419, 569
1910-25..-..... . -....-.....3.....--.33, 912, 193 2,800, 160 1,117,522 38, 159. 87
19126 -35.......... ........................ 27, (H0 , 05( 1,718, 970 1, 370.775 30,152,799
1136-15---..................................... 22, 228, 791 .13, 430 909, 738 23, (01 967
19 ... ......................................... 14, 214. 028 105, 00 3, 390, 293 17, 739, 921
1917 . . ........................ 23, 61, 808 108, 900 1, 17, 863 24, 893, 571

I Data from 'acfic Fishermran Yearbook.
I Converted on bInais of 68 pounllds of round fish per caso.
I Converted on basis of 1,100 pounds of round fish per tlerco.

77. According to a survey made by the Oregon Fish Commission
inl 1945, fish processors and dealers have an investment of about
$8,250,000 in plants, machinery, boats, trucks, and other items of
ol)erating equipment. The more than 1,200 fishermen who operate
o0 tlie river have been estimated to have more than $5,000,000 in-
vested in their (locks, boats, nets, and other items of gear.
, 78. The Columbia River salmon and steelhead trout support also
an important sport fishery. The estimated annual sport catch from
Columbia River, including tributary streams, is about 2,000,000
pounds. The value of sport-caught fish is usually based on the cost
to tile fisherman of catching tile fish, including transportation, lodging,
meals, equipment, and licenses. On this basis, using a value of $1.75
per pound, the annual sport catch has a value of about $3,500,000.

79. Tlhe Indians are known to catch large numbers of salmon; some
they consumlie, the remainder are sold to canneries and retail customers.
Tihe commercial sales of salmon by Indians to fish dealers are recorded
ly the Oregon Fish Commission, but the poundage consumed )by the
Indians or disposed of locally to individuals has not been definitely
determined. The total unrecorded catch probably will average about
600,000 to 700,000 pounds annually. The recorded Indian salmon
take on the Oregon side of the river was 2,100,000 pounds in 1946.

WILDLIFE

80. IMigratory waterfowl is the principal wildlife resource. Some
of the islands and river banks afford a good nesting habitat for ducks
and geese; and the river, being on a flyway, is used for resting during
periods of migration. HIunting is prohibited on portions of the upper
river. Some wild game, including (leer, elk, and black bear, are found
in the lower portion of the sub-basin in Clatsop County, Oreg., and
vicinity.
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RECREATION

81. The natural beauty and intricate geologic structure of Columbia
River Gorge form the major recreational assets of the region. Al-
though highways, railroads, and Bonneville Dam exist in the area, the
Gorge remains virtually undisturbed, and the remarkable natural
features are still dominant.

82. The land structures near the upper end of the sub-basin are
characterized by smooth plateaus and basaltic cliffs in step formation
adjacent to the river. Numerous striking panoramic views of this
section of the gorge are obtained from vantage points along the high-
way. Farther downstream, where Columbia River cuts through the
Cascade Range, the streams flowing into the river have cut the original
mountain mass into a succession of ridges which terminate near the
river in towering escarpments. The cliffs, measuring hundreds of
feet in height, are sculptured by erosion into domes, pinnacles, and
palisades of great variety. Numerous waterfalls, including the 620-
foot Multnomah Falls, highest in the Northwest, are visible from the
highway while others are accessible by trails. The mountain peaks
flanking Columbia River Gorge within this section are nearly 5,000
feet above the river and Mount Hood, adjacent to the sub-basin in
Oregon, reaches an elevation of 11,245 feet, mean sea level.

83. Climatic conditions have an effect upon the gorge by reason
of the transition from the arid to the humid area. Plant growth varies
from sagebrush and scattered clumps of juniper in the upper section,
through sweeping, open meadows with pines and oaks growing singly
or in clusters, to dense, moist forests of Douglas fir, hemlock, spruce,
and maple in the Cascades and lower river area.

84. Excellent transportation facilities providing easy access to
Columbia Gorge, a wide variety in climatic conditions, and excellent
river conditions have resulted in extensive recreational use of the
subbasin for touring, local day-use, boating, and fishing. The famed
Columbia River Highway, a portion of the Old Oregon Trail regarded
as the most historic and one of the most scenic routes of motor travel
in the Northwest, carries the greatest share of the east-west tourist
traffic. The numerous scenic vistas, waterfalls, parks, waysides,
forest camps, and features of Bonneville Dam provide opportunity
for a sightseeing, hiking, picnicking, and camping that attract con-
siderable attendance from the densely populated Portland-Vancouver
area.

85. Sport fisheries in the vicinity of Astoria attract thousands of
fishermen each year from all parts of the country. Other fisheries are
found along short reaches of Columbia River at the mouths of such
tributaries at Cowlitz, Lewis, Kalama, Sandy, Little White Salmon,
White Salmon, and Klickitat Rivers and just below Celilo Falls. Mult-
nomah channel, Sauvie Island, and numerous shallow arms of Bonne-
ville Reservoir are considered fair fisheries for bass, crappie, and cat-
fish. Sturgeon are caught in limited numbers. Although some
hunting for deer, elk, and black bear occurs, hunting generally is
confined to that for migratory waterfowl. Reclamation of lowlands,
establishment of refuges, and reservation of large areas by private
hunting clubs, have left comparatively few good shooting grounds
available to the general public.
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86. Because of the almost ideal conditions extending from the mouth
of Columbia River upstream to The Dalles, boating has been exten-
sively developed. Numerous moorages have been established by
private yacht clubs to provide facilities for maintenance and servicing.
A survey conducted in 1945 revealed that more than 1,200 craft, 25
documlente(l yachts, and more than 100 sailboats were registered in
the vicinity of Portland alone. These boats in large number visit
both the upper and lower reaches of the river as well as points on the-
Oregon an(l Washington coasts. Most popular cruises are through
the Bonneville lock to The Dalles, and down river to Astoria for the
annual Salmon Derby and Regatta. Numerrous yacht clubs have been
organized along the shoreline, at points such as The D)alles and Hood
River, Oreg., Bingen, Wash., and Bonneville and Astoria, Oreg. One
commercial line advertises boat trips from Portland through Bonne-
ville lock and return. At present, trips to eastern Oregon are possible
in a small cruiser, and, upon completion of the authorized MNcNary
and lower Snake River dams, a 300-mile trip by boat from Portland,
Oreg., to Lewiston, Idaho, will be possible.

87. The development of recreational facilities las been concentrated
largely within the more scenic part of Columbia Gorge, exten(ling-
from Portland upstream to The Dalles. Development has been ac-

compIlished for the most part by Federal and State agencies. The
Columbia Gorge recreation area has been set asi(e by the United States
Forest Service. The State of Oregon maintains more than 25 parks
and waysides, most of which are in the Cascade section of Columbia
Gorge, to preserve particularly scenic areas and to provide convenient
picnicking spots for motorists. The State of Washington maintains
three parks, one in the vicinity of Pasco, Wash., one near Bonneville
Danm, and one near tlie mouth of Columbia River.

POWER DEVELOPMENT

88. Bonneville 1)amn project, the only existing hydroelectric power
_development in the sub-basin, has a total name-plate rating of 518,400
kilowatts but can safely develop 570,000 kilowatts for peaking opera-
tions of short duration. The installation produced 4,059 million
kilowatt-hours, an average of more than 460,000 kilowatts, in calendar
year 1947. A descril)tion of this multiple-purpose project, which is
operated by the I)epartment of the Army, is contained in subsequent
paragnraphs.

89. MIcNary ])am project, authorized in 1945, is now under con-
struction near Umatilla, Oreg., and will be a multiple-purpose installa-
tion similar to that at Bonneville. Construction as presently planned
will provide a )powerhouse for 14 generating units with a total in-
stalled capacity of 980,000 kilowatts, leaving ample space for future
expansion. A description of this project also is contained in subse-
quent paragraphs. Tlie operation of the Bonneville and MNcNary
projects in a. unified power system is discussed in chapter IV of the
main report and in appendix 0.

90. Steam-generating capacity il the Pacific Northwest is not large
since the fuel and hydroelectric supply situation in this area is practi-
cally the reverse of that in other parts of the country where fuel is the
prime source of power. Large steam plants contributing to the public
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power supply in the lower Columbia River area are listed in the follow-
ing tabulation:

Name-plate
Owner Location rating,

kilowatts

Major steam plants over 10 000 kilowatts:
Public utility district, Cowlitz County...... ............. Longview, lWash-.-...---.. 27,000
Weyerhauser Timber Co ...- ....................... .....do- .......- ...........-- 15,000
Pacific Power & Light Co-..-..-.......A-.......-Astoria, Oreg ............... 10,000
Subtotal....--- ---------- ----- --------------................................. .....- .. 52,000

.Steam plants 1,000 to 10,000 kilowatts:
Crown-Zellerbach Co -----------.--.----....-------.----.- Camas, \Wash --------.-.. 6,760
Vancouver Plywood Co-...--.-.....-.-.......... Vancouver, Wash.--....- ... 2,250
Columbia River Paper Co-...................(..---.do-..................2,500
Wectport Lumber Co...-...-..........-.....-.......-.-. Westport, Oreg............. 2,750
Longview Fibre Co --...----- .-------..----------..-- Longvlew, Wash-.......... 8,000
I'routy Lumber & Box Co -. .... .....--.-.......-...-Astoria, Oreg--..- .......... 1,250
Subtotal-..----------..---------- 23, 600
Total......--..-.---....--........---.................. 75,500

To this total should be added 129,000 kilowatts of steam-generating
capacity in Portland. Portland is located principally within the geo-
graphical limits of Willamette River Basin, which is discussed in
appendix J, but, from the standpoint of power market and supply,
the city is an integral part of the heavy load area in the vicinity of
Troutdale, Vancouver, and Longview. The load area is described in
the discussion of the power problem.

TRANSPORTATION

91. Land, air, and water transportation facilities of the sub-basin
are shown on plate 19 and discussed in the paragraphs whic-rfollow.

RAILROADS

92. Through a cooperative operating agreement, the Great North-
ern Railway and the Spokane, Portland & Seattle Railway make joint
use, between Bend, Oreg., and Spokane, Wash., of tracks owned by
the latter company. This railroad crosses the sub-basin in the eastern
portion. The Union Pacific transcontinental main line reaches
Columbia River 17 miles west of Umatilla and follows the south bank
about 200 miles to Portland. From Portland the line proceeds north-
ward to Seattle. The main line from Spokane, and branches from
Yakima and Walla Walla, converge near Wallula, Wash., and proceed
westward through Umatilla to a junction with the transcontinental
line. The main line of Northern Pacific Railway provides trans-
continental connections to the East at Pasco, Wash. At Pasco, the
line crosses Columbia River and extends westward to Seattle, thence
south to enter the sub-basin again at Longview and continues south to
Vancouver, where it again crosses the river to Portland. Spokane,
Portland & Seattle Railway parallels the north bank of Columbia
River between Pasco and Vancouver, Wash. A branch leaves the
main line at Wishram, Wash., crosses Columbia River, and extends to
Bend, Oreg. After crossing the river at Portland, the main line con-
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tinlls down the south bank to Astoria and Seaside. Mount Hood
Railroad operates freight service between Union Pacific Railroad at
Hood River and Parkdale, Oreg. Numerous branch and short rail-
road lines connect with the main rail lines to serve populated areas
or to transport raw materials to processing plants.

HIGHWAYS

93. This section of Columbia River Basin is served by United
States Highways Nos. 30, 97, 99, 101, 395, 410, 730, and 830 and
many primary and secondary State highways and county roads. On
the south bank of Columbia River, United States Highway No. 30
parallels the river between Boardman, Orcg., and Pacific Ocean.
Northeast of Boardman, United States Highway No. 730 extends to
Pasco. United States Highway No. 830 borders the north bank down-
stream from Maryhill, Wash. State and county roads connect Mary-
hill with Kennewick and Pasco. Access roads from the highlands
down to the river bank in this section are few and mostly unimproved.

AIRLINES

94. This section of the Columbia River Basin is served with regular
scheduled airline flights, as shown below:

Nunilher of
City Flight daily flights Line

each way

The Dalles-.............--------.Trnnscontlnontal ..-------- . . 1 United Air Lines.
I)o....-- -------.------.P.ortland-Spokane.. - .-.- .- 1 I)o.

Portland and Vancouver-...-.--.- Transcontinental..-- ------.----- 4 Do.
Do . .....-------do -...----...---..----.----- 2 Northwest Airlines.
)Do..-.---------.--------- P'ortland-Spokane.---.-----. 2 Do.
D)o ..-...-- . ----- ------- Through coastwise---.---- ---.. 11 United Air Lines.
D)o-.. ..- .----..--.. ILocill coastwise..........----.-- - 1 Do.
I)o.....-.............1...do.----.- ------------------- 4 West Coast Airlines.
)Do-. 'I'hrough coastwise..------..-.. 3 Western Air Lines.

Astorla.......-.-..e..--........Se:ttlc-l'orlland-....... -....- 2 West Coast Airlines.

In addition, more or less improved landing fields at many other points
are used for emergency purl) oses and nonscheduled or local service.

WATER TRANSPORTATION

95. Between the mouth of Columlbia River and Vancouver, a dis-
tance of 106 miles, channel (dimensions are adequate for tihe immediate
needs of ocean and river commerce. Further improvement to provide
a ship cllanlel from Vancouver to The Dalles, a distance of 86 miles,
has been authorized and is scheduled for completion in the near future.
Between Tle Dalles and the Pasco-Kenno wick area, 136 miles, lesser
deplths linit navigation to river craft. Barge transportation between
the Portland-Vancouver and Pasco-Kcmlewick areas is firmly estab-
lished in spite of the limiting dimensions of Thle Dalles-Celilo Canal
and inadequate channel depths and widths through the numerous
rocky rapids prevalent in The Dallos-Pasco section of the river.
These difficulties, however, render navigation costly and hazardous,
and definitely confine traffic to a fraction of the total potential com-
merce. Improvements in aid of navigation at the mouth of the river

9.869604064

Table: [No Caption]


460406968.9



OOLUMBIA RIVIR AND TRIBUTARIES

were inaugurated by the Federal Government in 1884, the north and
south jetties were completed by 1917, and a channel with minimum
depth of 40 feet is maintained through the entrance at the present
time. These improvements, together with dredging and construction
of spur jetties to provide a depth of 35 feet upstream to Portland, on
Willamette River, and dredging to provide a depth of 30 feet in the
5-mile stretch between the mouth of Willamette River and Vancouver,
furnish safe and easy passage for ocean carriers to those ports.
Wharves on or directly connected to the ship charnel have been
provided by local interests at many points, including Astoria, West-
port, St. Helens, and Portland in Oregon, and Longview, Kalama,
and Vancouver in Washington. One of these facilities, .a grain eleva-
tor at Vancouver, which handles grain from the wheatlands of the
upper Columbia River Basin, is shown in figure 5.

96. In 1945, the latest year for which comparative statistics are
available, Portland ranked eleventh among the ports of the United
States and second among the seaports of the Pacific coast for ocean
and local commerce combined. During the calendar year 1946, a
total of 1,191 in-bound and 1,081 out-bound vessels constituted the
ocean carrier traffic on Columbia River. Agricultural products, logs
and wood products, minerals, fuels, metals and metal products, and
miscellaneous manufactured items made up the ocean commerce. InI
1946, the total in-bound tonnage was 4,739,083 ,and the total out-
bound commerce was 2,142,885 tons.

97. Coincident with construction of the ship lock at Bonneville
Dam, extension of the ship channel from Vancouver upstream to
The Dalles was authorized. The latter improvement was to be
accomplished by dredging a channel to a low-water depth of 27 feet
between Vancouver and Bonneville Dam. The depth of the pool
above this point, with some rock removal and channel alinement,
was considered to be sufficient to carry deep-draft vessels to The
Dalles. Dredging was partially completed but was suspended during
the war to await return of normal economic conditions and demand
for ship service to and from the interior.

RIVER COMMERCE

98. Columbia River and the larger tributaries have been navigated
by river craft from days of early settlement. River commerce
developed and prospered until 1882, when construction of a railroad
paralleling the south bank of Columbia River from Wallula to Portland
interposed serious competition. Shortly afterward, river service was
abandoned. Sporadic attempts to revive navigation above Celilo
were made later, but the difficulties of navigating the river could not
be overcome with profit to operators, although considerable work
had been performed by the Federal Government to improve critical
locations.

99. Interest in navigation on Columbia River above Vancouver was
again revived in 1933. About this time construction was started on
a lock and dam at Bonneville. This was followed by adoption by
Congress of projects providing for: open-river improvements to secure
a depth of 7 feet between Celilo and Wallula; a lock and dam at
Umatilla (McNary Dam); and a series of locks and dams in Snake
River to create a slack-water navigation channel to Lewiston, Idaho,
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100. During the period 1926 through 1930, no freight traffic passed
through The Dalles-Celilo Canal. Traffic was revived in 1932 when
400 tons transited the canal. Tonnage has increased[ rapidly since
that time. 1n 1937, tile year before Bonneville lock was opened
to navigation, the total tonnage was 5,626, while in 1938, the year
Bonneville lock was opened, the tonnage was 44,349. Since the
opening of the lock at Bonneville Dam, traffic has increased( many-
fold and 834,923 tons passed through the canal il 1947. The tonnage
through tile canal in 1946 was 744,352 tons. Of this amount, 16,809,
34,938, and 300 tons originated at Port Kelly, Wash., Umatilla, Oreg.,
an(d Maryllill, Wash., respectively, destined for downstream points.
That tonnage originating at downstream points and( destined for
Pasco, Wash., Attalia, Wash., and Umatilla, Oreg., was 118,272,
183,060, and 390,973 tons, respectively. Major commodity movement
upstream was petroleumn products, andthat downstream was grain.
Talble 29 contains a year-by-year break-down of commodities moved
up and down stream for the years 1932 through 1947. Three stretches
of tile river are listed-through Tile Dalles-Celilo Canal, through
Bonneville and Cascade locks, and from Vancouver to Bonneville.
The river past Richland and Hanford, Wash., and as far upstream as
tile site of Priest Rapids Dam, mile 397, is navigable for barge opera-
tion at medium and higher river stages, and is used irregularly as
tlhe occasion arises.

101. Further growth of river commerce is limited by adverse con-
ditions as described in tlhe text devoted to navigation problems.

FLOATING PLANT

102. Commercial navigation is conducted on Columbia River above
Vancouver by four principal companies using a total of 17 towboats
ranging from 200 to 4,000 horsepower, and 48 barges ranging from
400 to 2,000 tons capacity. Barge drafts range from 1il feet when
empty to 12 feet when loaded. Above Th6 Dalles only barges with
loaded draft of 7 feet or less are used. Port-to-port barge rates are
shown in tables 31 and 32.

PORT DISTRICTS

103. In order to take full advantage of the benefits to be derived
from navigating Columbia River, public port districts at tile com-
inunities listed in tlhe following tabulation have been created as

agencies of the States:
State of Washington: Kleiiewick, Pasco, Klickitat, Wind River, North Bonne-

ville, Camias-VWaslhougal, Vancouver, Kalania, Loiigvicw, Ilwaco.
State of Oregon: Umatilla, Arlington, The IDalles, Hood River, Cascade Locks,

Portland, St. Helens, Astoria.
In addition, a port district for Walla Walla County, Wash., has been
considered by local interests and possibly will be established. Table
28 shows existing terminal facilities. Figure (6 shows thle port facilities
at Astoria, Oreg.

BRIDGES

104. Columbia River within this sub-basin is crossed by nine bridges,
of which four are railroad and five are highway bridges. The struc-
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tures are either of sufficient height to clear river traffic or may be
opened to permit passage of vessels. Following is a tabulation of the
bridges:

Miles Type fOwner Nearest city above Type of bridge tram"mouth traf

State of Washington..................... Pasco and Kenncwick._. 340 Fixed..--... .Vehicular.
Northern Pacific Ry -.....-----------... Pasco, Wash-......--- . 339 Swing......... Railroad
Union Pacific R. R.Co..-Kennewlck, Wash....... 323 ...do......... Do,
Oregon Trunk Ry-.---.-----.. . Celilo, Orcg .-.---....- 198 -.--.do ---.-.-. Do.
Oregon-Washlneton Bridge Co H.,...ood River, Oreg....... 170 Vertical lift-- Vehicular.
Wauna Toll Bridge Co-..Cca------.-...- Cascade Locks, Oreg .. 148.3 Fixed-........ )o.
States of Oregon and Washington........ Vancouver, Wash . 104.5 Vertical lift--- Do.
Spokane, Portland and Seattle Ry .....-.....do. ..--- ....... 103. 6 Swing--....... Railroad.
Longview Bridge Co----- .... Rainier, Oreg-.... 64 Fixed ........ Vehicular.

Three of these bridges will be affected by the authorized McNary Dam
and one by the proposed The Dalles Dam. Modifications are dis-
cussed in connection with the appropriate projects.

105. In addition to the 9 listed above, there are 41 bridges over
navigable tributaries and sloughs. Most are in the lower river area
and would not be affected by proposed improvements. Data on all
bridges over navigable streams are shown in table 25.

EXISTING AND AUTHORIZED PROJECTS

106. Existing and authorized projects are discussed in the following
paragraphs under open-river navigation projects, locks and lock and
dam projects, and flood-control projects. The projects are shown
on plate 36.

OPEN-RIVER NAVIGATION PROJECTS \

107. Open-river navigation projects include improvement of the
main river channel; construction of auxiliary channels to ports; and
construction of turning basins, -port developments, and small boat
harbors. Since the first work was initiated in 1866, about $55,000,000
has been expended by the Corps of Engineers for construction and
maintenance of navigation improvements, exclusive of The Dallcs-
Celilo Canal, Bonneville Dam and corollary bridge revisions, amd
McNary Dam. The existing and authorized open-river navigation
projects extend from the mouth of Columbia River to Kenncwick,
Wash., a distance of about 328 miles. Detailed data on these projects
are shown in table 35 and in appendix R and are summarized in the
following paragraphs.

108. The existing project for lower Columbia River provides for a
channel 40 feet deep and one-half mile wide at the mouth of the river.
Above this point it provides for a channel 35 feet deep and 500 feet
wide to the mouth of Willamette River and 12 miles up that stream
to the Broadway Bridge in Portland. Between Broadway and Ross
Island Bridges in Portland, a 30-foot by 300-foot channel is maintained
by the local ports. From the mouth of Willamette River upstream
along Columbia River to Vancouver, a distance of about 5 miles, the
project provides for a channel 30 feet deep and 300 feet wide. From
Vancouver to The Dalles, a distance of 85 miles, a channel 27 feet
deep and 300 feet wide is authorized. The section above Bonneville
utilizes the 47.5-mile pool created by Bonneville Dam. From The
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Dalles, a project is authorized to provide shallow draft open-river
improvement to the foot of The Dalles-Celilo Canal. This canal,
which is 8.5 miles long and by-passes Fivemile Rapids and Cclilo Falls,
is (Iscussed as a separate improvement. 'The authorized project in-
clldes improvement of 128 miles of Columbia River to provide a chan-
nel 7 feet deep and 150 feet wide from Celilo Falls to Wallula, Wash.,
and a chainll with no specified depth or width from Wallula to Kcnnc-
wick, Wash. McNary Dam, which is now under construction, will,
when completed, obviate the necessity of channel improvement
between the lower end of Umiatilla Rapids and the mouth of Yakima
River. Miscellaneous port approach channels, turning basins, and
harbors shown in detail in table 35, have been constructed or author-
ized in addition to the projects on the main channel.

LOCKS AND LOCK AND DAM PROJECTS

109. Existing and authorized locks and lock and dam projects for
Columbia River in this sub-!)asin include McNary Dam, The Dalles-
Celilo Canal, and Bonneville Dam, each of which are described in
the following paragraphs.

McNARY DAM

110. McNayl Dam, now under construction, is located at river
mile 292, about 2 miles east of Umatilla, Oreg. The damn structures.
which will be approximately 7,500 feet long, arc shown in illustration
2. Natural low-water surface at the site is 250 feet. Thel proposed
pool level, elevation 340 feet, will provi(le an initial maximum head
of about 90 feet,, but, Ibecause of ovel'la) by thle reco1mmIened( .John
l)ay pool, the normal head ultimately would be about 85 feet. With
level pool, IMcNary Reservoir will extend upstream a total distance
of 59 miles, provide 19 feet of increased depth above adopted low
water at the mouth of Yakima River, and extend 16 miles upstream
from that, point. A controlling depth of 9 feet will extend up Snake
River about 10 miles. Tile position of MNcNary lnam in relation to
existing and1( proposed deelol)ments on the river is shown iii I)rofile
onl plate 1.

111. Reservoir acquisition and utility relocattions for NMcNary Dam
will eI) performed to specified freeboard(s over thell backwater profile
for a flood similar toto that of 1894 passing tile (lnda at normal pool
elevation. About 42,000 aclre of land Iar involved. As shown on
plate 36, several areas upstream from Wallulla will be excluded from
tlle reservoir by levees andl alpurte'cnant dlriainage facilities. About
90 miles of railroad will be revised and about, 47 miles of highways
and roads relocated. The Union P1acific Railroad brid(g at mile 323,
the Northern Pacific Railway bridge at mile 339, andl tlle highway
bridge at. mile 340 will all be altered to clear thle design blackwater andl
provide clearIance for navigation.

112. The dam site foundation and abutments are generally a mas-
sive flow of basalt of good quality and have little overburdenl in tile
river section. 'Tli foundation is underlaill by a thick sedimantary
intrbed) but aIt sufficient depth to have little efl'ect upon design.
Very little overburden exists on the Washington shore, but an
extensive dlelosit of pervious material overlies the Oregon abutment.
Special provisions for sCeepage cut-off will be made in tllis area.
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113. The navigation lock will be located on the Washington shore,
which is most easily accessible to river traffic. The'lock chamber will
be 86 feet by 675 feet in clear plan dimensions and will have a mini-
mum depth of 14 feet over the miter sills. Guard walls approximately
1,400 feet long, both upstream and downstream from the lock
chamber, will protect traffic from spillway discharges.

114. The spillway will extend to the south from the lock and will
consist of a concrete ogee section controlled by 22 two-section vertical
lift gates 50 feet wide and approximately 54 feet high. The gates
will be operated by two gantry cranes travelling on a bridge supported
by the gate piers. A concrete stilling basin with baffles will be
provided downstream from the spillway to reduce overflow velocities.

115. The powerhouse, located south of the spillway, will extend
south of the low-water shore and will require considerable excavation
to provide an adequate tailrace. Space will be provided for 14
70,000-kilowatt generators driven by Kaplan turbines. An assembly
bay will be located at the southern end of the powerhouse andl, should
future conditions require, construction of additional units south of
the assembly bay will be possible. Appendix O contains detailed
information on the characteristics, output, and economics of this plant.

116. Two fish ladders will convey migrating fish over the (lam, and
one fish lock, adjacent to the navigation lock, will serve a similar
purpose. Continuing studies of fish-lhabits and the operation of
Bonneville Damn fish facilities will govern final design of fish facilities.

117. Recreational (levellopl)llm t wil include tlhe prov'isioll of facili-
ties for the comfort and safety of sightseers and for boating and day-
use facilities in the vicinity of the damt and at Sacajawea Park in tlle
upper reservoir area.

118. Construction of McNary Dam was initiated April 15, 1947,
and $7,288,501.44 had been spent to June 30, 1948, for new work.
Estimated cost of the entire project, excluding interest during con-
struction, and including 14 generators installed, is $227,028,000, as
shown in tlhe annual report of the Chief of Engineers for June 1948,
Additional statistical data are shown in table 34.

THE DALLES-CELILO CANAL

119. The existing project provided for open-river improvements of
the stretch of river (now part of Bonneville pool)extending from tihe
foot of Threemile Rapids to the foot of The Dalles (Fivemile) Rapids,
and for a continuous canal on the Oregon shore to the head of Cclilo
Falls. The canal lhas a depth of 8 feet, a bottom width of 65 feet,
a length of 8.5 miles, and includes four locks with a total lift of 55
feet at low water. Controlling dimensions in the lock chambers are
45-foot widths, 265-foot lengths, and 7.8-foot del)th over the sills.
The canal and locks, completed in 1919, were designed for operationand use up to a discharge of 650,000 second-feet, a stage of 18 feet at
the Celilo gage at the upstream end of the canal. This discharge is
exceeded 1.3 percent of the time, during which periods navigationis suspended. The tandem lift locks at Big Eddy were converted
to a single lift in 1941. Total costs under tile existing project to June
30, 1948, have been $5,946,141.88, of which $4,669,092.33 was for
new work and $1,277,049.55 for maintenance, operation, and care.
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BONNEVILLE DAM

120. Bonneville Dam is located on Columbia River at the head of
tidewater, 145.3 miles upstream from the ocean, and 42 miles east of
Portland. A photograph of the dam is included as illustration 1.
Normal tailwater at the dam is approximately 13 feet and the normal
pool level is 72 feet, thus providing a normal head differential of 59
feet. The pool created by the dam extends upstream about 48 miles
to Big Eddy, at the foot of The Dalles-Celilo Canal, just upstream
from The Dalles. The pool affords a navigable channel with depths of
30 feet or more from the dam to The Dalles. A small area at Hood
River, and, at The D)alles, an area as indicated on plate 36, have
been excluded from the reservoir by diking and drainage works.
Construction of Bonneville Dam was initiated in 1933 and was com-
pleted witl two 43,200-kilowatt generating units in 1938. Between
that time and 1943, eight 54,000-kilowatt generating units were added.
The position of this dam in relation to existing and proposed develop-
ments on the river is shown in profile on plate 1.

121. Bradford Island divides the river at the site. The spillway,
located in tile north channel, consists of a concrete gravity ogee sec-
tion controlled by 18 vertical-lift, fixed-wheel gates, 50 feet long and
50 to 60 feet high. The gates are operated by two gantry cranes of
350-ton capacity, which travel onl a roadway supported by the gate piers.
A concrete apron with baffles has been provided below the spillway to
protect the toe of tile structure against erosion. The spillway struc-
ture is founded on reworked pyroclastics.

122. Tile powerhouse and navigation lock are located in the channel
south of Bradford Island, a short distance downstream from the
spillway dam. These features of the project are founded on andesite.
The powerhouse and headworks, constructed integrally, serve as a
dam. The structure includes 10 main units spaced at 82-foot centers
and has a 100-foot assembly bay at cach end. The main generators
have a total installed capacity of 518,400 kilowatts and include two
rated at 43,200 kilowatts and eight rated at 54,000 kilowatts. The
generators are driven by vertical-shaft Kaplan-type turbines, 280
inches in diameter. Appendix O contains detailed information on
the characteristics, output, and economics of this plant.

123. The navigation lock, located south of the powerhouse, consists
largely of a concrete faced chamber excavated in rock. Clear inside
dimensions are 76 feet in width by 500 feet in length. Depth over
miter sills at adopted low water is 24.2 feet. The lock chamber is
filled and emptied through a central floor culvert. The Cascade
Locks and Hood River highway bridges upstream from tlle lock in
the pool area have been altered to provide vertical clearances for navi-
gation. Provisions have been made in both channels of tlie river to pass
anadromous fish. At the spillway dam, fish ladders and fish locks
or elevators are located at each end of the structure. The fish are
attracted to teo entrances of these structures by artificially created
favorable water currents. Fish arriving at the powerhouse tailrace
are similarly attracted into a conveying clannel over the draft tubes.
The channel is parallel ot the powerhouse structure and is connected
by a fish ladder to a similar ladder on Bradford Island serving the
south end of thb spillway. A fisli elevator is located at the junction
of the powerhouse and lock, Fingerling fish are passed downstream
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through the dam by means of special channels to steep gradient
located at strategic points, as well as through the turbines and under
the spillway gates.

124. A recreation plan now being prepared for Bonneville Dam and
Reservoir includes the development of sight-seeing facilities in the
vicinity of the dam and the development of at least four areas for
access to the reservoir by the general public. The development of
authorized small boat harbors at Hood River and The Dalles and the
authorized auxiliary channel at Bingen will encourage recreational
use of the reservoir.

125. The existing project is considered 98 percent complete.
Total costs to June 30, 1948, amounted to $86,917,680.30, of which
$81,028,746.86 was for new work, and $5,888,933.44 for maintenance.
Cost of alterations to the Cascade locks and Hood River Highway
bridges amounted to $1,081,805.96. Table 34 summarizes princiapl
data concerning the development.

FLOOD CONTROL PROJECTS

126. Sixty-five flood control projects exist or are authorized. With
the exception of Alkali Canyon project, discussed subsequently, these
projects are for the protection of flood plain areas along Columbia
River downstream from Bonneville Dam. These areas, shown on
plates 35 and 36, are not continuous but are broken at several points
by tributaries and by high ground lying close to the river. The
protection of intervening low landsby levees increases maximum
flood heights only about 2 feet, as natural constrictions previously
controlled the flood profile. It has been practicable to dike about
99,000 acres, or 58 percent of the total of 170,000 acres within the
flood plain. Improvements made by the Federal Government were
authorized in 1936 and consisted of rehabilitation of existing levees,
construction of new levees, bank protection, and drainage facilities.
This work was accomplished prior to 1942. The Department of the
Army has participated in the construction of 42 of the 65 existing or
authorized flood control projects. Monies so expended totaled about
$7,350,000 as of June 30, 1947. Of the remaining 23 projects, 11
were constructed by local interests; 6, costing about $240,000, received
the benefit of Federal funds as relief projects during the depression
years of the 1930's; conditions of local cooperation required for Federal
participation have not been met for 2; 3 have received about $250,000
for emergency repairs; and 1, the Alkali Canyon project, is under
further study, as discussed subsequently. With the exception of the
two projects for whicl the conditions of local cooperation have not
been fulfilled, no projects are authorized for which funds have not
been appropriated. Table 36 lists existing and authorized flood
control projects.

127. Levees upstream from Cathlamet, Wash., are designed for
various flood stages on Columbia River. Generally those protecting
urban and improved industrial districts are designed for the higher
flows. Levees protecting agricultural lands are designed for lesser
stages, some being overtopped at relatively low flood flows. Down-
stream form Cathlamet, protection is generally afforded against the
highest tide of record, 11.6 feet above low water at Astoria, combined
with backwater from a flood such as that of December 1933. Run-off
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within the leveed areas is, at a majority of the projects, discharged
by tide boxes, although 16 existing projects have pumping plants.

128. The June 1948 flood, the largest since the levees were con-
structed, imposed a heavy strain. Some levees were overtopped and
others failed without overtopping. In other instances, failure of
railroad or similar embankments, incorporated into the levee systems,
resulted in inundation. In some cases, failures were progressive as
at diking districts Nos. 1 and 3, Wahiakum County. Water from a
main levee break in district No. 3 overtopped a low cross levee
separating this district from district No. 1 and the latter was conse-
quently flooded. Eleven of the 42 districts which have had Federal
assistance through the Corps of Engineers were affected and about
28 percent of the area originally protected kvas inundated. Seven
other districts constructed by local interests or the combination of
local interests and Federal relief agencies also were flooded and 53
percent of the protected area affected. The following tabulation
lists the districts and areas suffering damage during the 1948 flood:

Name County Sponsor Area,

1. kingg district No. 1.-.....-.... .-------- Wa\hklakum, Wash.... .- ILocal interests . 3, 200
2. kingg district No. 3..........do.....*.0... ... .....-...-..(..--..---- . . ........ 740
3. Westplort area, Diking dlstrif t No. 15 ..- Columbia and Clatsop, Oreg-R....-lo.. ..----- 233
4. Mairshland durainago district ...----------- Columbia, Oreg . 9(l976
5. lililier drainage district .................--......-- do.---........-.......----(....-1do----.1, 287
6. Diking iniprovem lent district No. 11 ... Cowllz, Wash ............do-1----, 740
7. I)iking Iniproveienlltdistrict No. 5 -.. ... .....do ..------ . ....(1--------..,629
8. Columbia dralnnag district No. 1..-..-. Columbia, Oreg -..-.--..-.....--..do. 1, 002
9. Ieninsuila draliiago district No. 1......- Mulilnonmh, Oreg----------..-. . -..(lo.. ... 901

10. 'Peninsula drainage district No. 2.......(lo-.........-............--....-..-.....o- 1, 425
11. Muultnonmah drainlRge district No. 1.-..(..1o. ...-...-..(1-...... 8, 417

sllbtotal.-.-....----...-....--------- --------------- 26,150

12. Clatskanne drannago district .............. Columblia, Oreg...----. ---... Local interests 2 300
13. Jolin drainage (list rict ..-.. .....--. . .do.....(10...-.....------ (10 . 153
14. ]'P lmu drainage district ------------ .(...-..----.....-------..-. ... .- do..-..---- 28
15. ,LaCeniter area -..-......- ...- ...-. (Cowlitz, W\ash....... .... ... ..(.1.--.----- 400
16. Lowis River area -..-..-.... -..-------. ('lrk, Wash-...-.-......(..-lo... - 800
17. Ilacelhlor Island arean.....-(.......-..... --...do....-..-....--..- ....l------.- l o.... ....... 2, 100
18. 'Tomahawk Island area..-... .... ---. M ultnonnall, Oreg ..-.................(-....... 40

Subtotal. ......- .---....-......---.......- 3,821

Total . .... ....- ----. ...-....- ......-----------..---.--- 29,971

I Assisted by Corp)s of Engineers.
3 Assisted y Civil Works Ad(inistratlon.

129. A preliminary estimate of the cost of repairing levees and
appurtenant installations damaged during tle 1948 flood was made
)cfore the flood had completely receded. The cost of such repair
work, as estimated at tilat time, was about $2,000,000. In addition,
a sum of about $3,000,000 was expended d(luing the flood period on
strengthening tlle levees and on rescue work. Sufficient money was
made available in the second deficiency appropriation of 1948 to
defray the above costs. In this report, the existing levee system is
assumed to have been rehabilitated to the original condition in
considering future levee projects.

ALKALI CANYON

130. Alkali Canyon enters Columbia River at mile 242 through a
channel traversing Arlington, Oreg. The drainage area of the
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canyon, 53 square miles, is subject to cloudburst-type storms. The
improvement, authorized in 1944, would be located in Arlington and
would consist of a flood channel about 3,000 feet long designed to
confine a flow of 6,500 second-feet. Portions of the funds necessary
for construction were appropriated in 1947 and 1948, but no con-
struction work has been initiated. Latest estimate of cost for the
project is $490,000, of which $39,300 would be chargeable to local
interests. The project would be inundated by the reservoir of the
proposed John Day project and is further discussed under flowago
items pertinent to that project.

IMPROVEMENTS BY OTHER AGENCIES

131. Navigation improvements by other agencies include naviga-
tion aids installed by the United States Coast Guard and terminal
docks and facilities constructed by local interests. These latter
improvements have been discussed under the section on transporta-
tion. Since navigation aids, which consist of lights, buoys, and other
channel markers, would be required in about the same degree for any
plan of improvement for Columbia River, and the cost of these aids
is relatively low, revisions of these facilities can be easily accomplished
if necessary.

132. As previously noted, 17 small flood-control projects protecting
7,170 acres of Columbia River flood plain have been constructed by
local interests between Vancouver and the ocean. In some cases,
Federal participation through the Civil Works Administration and
Works Progress Administration was obtained. These projects are
itemized in table 36 and appendix R. Improvements consist of levees,
tide boxes, revetment, pumping plants, and related facilities. Cost of
12 of these projects, the only ones for which data are available, is
estimated at about $410,000. Half of these, costing approximately
$170,000, received no Federal funds.

133. About 30,000 acres of land adjoining Columbia River below
Yakima River are irrigated by gravity systems from Yakima and
Umatilla Rivers and, by small pumping plants, from Columbia River.
These projects were constructed by private interests and no data are
available as to costs. The locations of the irrigation projects are shown
on plate 36.

134. TheIBonneville Power Administration has constructed exten-
sive 115-kilovolt and 230-kilovolt transmission facilities for marketing
the energy from Bonneville Dam. Plate 21 shows existing generation
and transmission facilities, and indicates the load centers.

CHAPTER' II-PROBLEMS AND SOLUTIONS

SECTION I-GENERAL PlROBLEMS

INTRODUCTION

135. General.-Four of the numerous problems to be considered in
selecting projects for development of the water resources of the sub-
basin are basin-wide, or regional, in scope. The remainder are of local
significance, although solutions thereto are, to some extent, dependent
on solutions selected for the regional problems. Desires of local
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interests have been considered in connection with both regional and
local prol)lems.

136. Regional problems.-The regional problems are those arising
from need for through navigation on Columbia River, flood control,
power production, and fishery maintenance. The regional aspects of
these problems are discussed in subsequent text, and general solutions
and specific projects considered are described. To some extent, each
of the regional problems and the general solutions thereto are related
to conditions, problems, and solutions in tributary areas outside this
sub-basin.

137. Local problems.-Problems of local significance include drain-
age, irrigation, bank erosion, recreation, water supply, ground water,
and the need for local navigation works such as auxiliary channels and
harbors. Wildlife problems which would arise from construction of
projects would be local in nature.

NAVIGATION PROBLEM

138. General.-Since the earliest exploration and settlement of the
Pacific Northwest, Columbia River has been an outstanding factor
affecting the development of the region. Because of the fact that it
provides a low level route to tlie interior, the portion of Columbia
River within this sub-basin is an important link in a waterway of
great commercial importance to the entire Columbia River Basin in
the United States. Tlhe water level in Bonneville pool, in the center
of the Cascade Range, is about 72 feet above sea level. Important
rail and highway routes pass through the range adjacent to the pool,
thus avoiding tlhe adverse grades encountered on other routes. In
contrast, the lowest railroad and highway passes outside the sub-basin
are at elevations 2,564 and 3,004, respectively. The presence of the
mountain barrier accentuates the desirability of through navigation
from Pacific Ocean to inland ports.

139. At present, the deep-water channel allows ocean carriers to
reach Portland and Vancouver, 114 and 106 miles, respectively, from
the ocean. Extension of ocean-carrier service to The Dalles, about
190 miles from the ocean, will be possible upon completion of the
authorized project for 27-foot depth to Bonneville, as described in
Ilouse D)ocument 94. (See "Existing and authorized projects," in
par. 104.) Existing 24-foot depth navigation locks at Bonneville
Daml can pass ships to Bonneville pool and on to The Dalles, where
ample terminals have been constructed. Penetration deep into the
interior by such a major navigable waterway will be of great benefit
in tle transportation of exportable products and in the impIortation
of commodities adaptable to movement by water.

140. Present navigation by river craft, though restricted by naviga-
tional difficulties above The Dalles, extends from the ocean to the
present head of navigation on Columbia River at Pasco, Wash., 328
miles upstream. With completion of McNary Dam, the head of
navigation on Columbia River will be extended about 24 miles farther
upstream to within 10 miles of the Hanford Engineering Works. Re-
stricted navigation is now possible on 140 miles of Snake River from
the mouth to Lewiston. Idaho, a reach for which improvement by a
series of dams to provide slack-water conditions for navigation has
been authorized. The 92-mile stretch from Lewiston upstream to
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Johnsons Bar is now navigated by light-draft launches in regular
service.

141. The volume of commerce that moved on Columbia River in
the year 1946, as shown in the following tabulation, is an indication
of the present importance of navigation:

Section of river Tonnage Remarks

Mouth to Vancouver-Portland ......................................... 6, 00,000 Ocean traffic.
8,900,000 River traffic.

Total .--- .----.-..- . .....---............................156,s ,000,O
Vancouver-Bonneville- ................................. 2, 70,000 Do.
Bonneville.The D)alles.----.- .. ............... ...-....1,019,000 Do.
The Dalles-Unatilla--.. -------... ............. 744, 000 Do.
Umatilla-upstream ------........ 318, 000 Do.

142. In 1947, commerce on the Bonneville-The Dalles section was
1,300,000 tons and on The Dalles-Umatilla section it was 834,000 tons;
increases of 28 and 12 percent, respectively, over 1946. A future an-
nual average of nearly 5,000,000 tons of commerce probably will move
on the river between Pasco and Bonneville to lower river ports upon
the completion of authorized and proposed slack-water and other
improvements.

143. Problems affecting ship navigation.-Existing and authorized
projects provide for a main ship channel between Pacific Ocean and
The Dalles, a distance of 190 miles, and for side channels to serve
ports along both sides of the river. Other projects authorized, but
for which sufficient funds have not been made available, are comple-
tion of the ship channel between Vancouver and Bonneville Dam,
including improvement of the lower entrance to Bonneville lock; a
turning basin at Camas, Wash.; and rock removal above Bonneville
Dam. Completion of the foregoing incompleted projects will solve
the problems in these stretches. Dimensions of the auxiliary ship
channel at Westport, Oreg., for which the existing project makes pro-
vision, have been found inadequate for postwar ships. A survey has
been made, and modification of the existing project was recommended
in a report by the district engineer, Portland district, dated April 15,
1947.

144. The existing project.at the mouth of Columbia River provides
for a depth of 40 feet over a width of not less than one-half mile
through the entrance. The project was completed in 1917 and was
adequate, under normal sea conditions, for ships with load drafts
common to Pacific coast harbors at that time. Post-World War II
tankers and cargo ships are larger than earlier vessels, and draw 3 to
4 feet more water when fully loaded. Just inside the entrance, the
channel was dredged to a minimum depth of 41 feet during the 1947
season, but complaint has been registered by pilots that it is frequently
found necessary to veer to the north of the range and run close to the
north jetty to find deeper water for heavily laden ships. Occa-
sionally it is found inadvisable to proceed through the entrance and
ships are delayed awaiting more favorable conditions. A minimum
depth of 48 feet in the main entrance channel is requested by the
Columbia River Bar pilots and other shipping interests to provide
safe passage for ships in the rough seas that cause "sounding" as
much as 10 to 15 feet deeper than normal ship draft.

9.869604064
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145. Navigation problems affecting river craft.-The most pressing
river craft problems occur in that stretch of the river between The
Dalles and Pasco, which is a very important connecting link between
the interior region and the centers of population and seaports of
lower Columbia River. As a result of the full utilization of the water
resources of the region, an estimated total of about 5,000,000 tons of
commerce will become available annually in the future, for transpor-
tation over this stretch of river.

146. Navigation problems to be solved arise from swift currents;
insufficient depth and width of channel during a large part of the
year; narrow, rock-bound channels lined with points on the sides and
pinnacles on the bottom; excessive length of time required for passage
through Tlhe Dalles-Celilo Canal and locks; and shallow water be-
tween the main channel and shore installations where interchange of
cargo between land and river takes place. Other conditions, suchl as

high winds and occasional closure of the river by ice, add to the
hazards and complicate the problems encountered. Increasing nun-
bers of recreational and commercial fishing craft .owners ldenand safe
harbors and facilities in which this type of craft can be moored,
stored, and serviced.

147. In the 36-mile stretch between McNary Dam (mile 292) and
Pasco (mile 328) there are two major rapids, Umatilla and Homly,
through which upstream tows are limited to one barge. Above Pasco,
the present head of scheduled navigation, available depths are in-
adequate (luring a large part of each year. The present channel
problems in the 60-mile stretch within the boundaries of McNary
pool will be eliminated when McNary Dam, now under construction,
is completed.'

148. The 100-mile stretch of river between McNary Dam and the
head of Bonneville pool, at The Dalles, presents the most serious
remaining navigation problems, insofar as river craft are concerned.
In this reach, 11 major rapids occur. The rapids have an aggregate
length of 13 miles of narrow, rock-bound channel through which
velocities range from 5.4 to 9.8 miles per hour at medium river stages.
Under these conditions, the use of towboats of about double normal
power is required, and the barge load and number of barges per tow
are restricted. Four-barge tows can be handled only al)out 30 percent
of the time, even with towboats of 4,000 horsepower.

149. From McNary Dam downstream to the head of Tlhe Dalles-
Celilo Canal, the presently authorized project, when completed, will
provide a channel 150 feet wide and 7 feet deeply at low water. The
uncoml)leted work consists of removal of a shoal 3 miles below M.cNary
dam site, and channel rectification at Indian, Squally Hook, and
Owyhee Rapids. The low-water fall in this reach of river is 123 feet,
from elevation 250 at McNary Dam to elevation 127 at the head of
Cclilo Falls. Much of this fall is concentrated in the rapids, some of
which, with current velocities, are shown in the following tabulation.
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Velocity in miles per hour

Rapid Discharge of 105,000 Discharge of 230,000second-feet second-feet

Average Maximum Average Maximum

Devils Bcnd-......--......-..------- . 3.4 6. 4 . 5 7. 0
Canoe Encampment.-------..----- .--- ---------- 4.6 7.0 7.4 7.8
Owyheo --.....-.----4.---........--..-..--. 4. 3 7.3 .-----..--- 8.7
Blalock .------- ----------..... -4.0...........

Four O'Clock-..-- ...-----....... ....-- 4.8 8.0 6.7 6.3
Rock Creek--------.---- .- . ........--- 5.8 9.8 4.8 4.8
Squally Hook-....------ ..-- ..... 4.3 7. 6.4 7.2
Indian. ------...--.--.-----..-------------- --- 3.7 6. 8.2 9.6
John Day . .. .................................... 4.0 7.5 6.2 7.8

I Velocities estimated from surface float measurements made in 1936. Some channel improvemeiu work
has been done since that time but velocities have not been affected appreciably.

In addition to the high velocities, ranging up-to 9.8 miles per hour,
the channels through the rapids are narrow and hazardous.

150. The Dalles-Celilo Canal has a controlling depth of 7 feet 8
inches over a bottom width of 65 feet, while the four single-lift locks
have usable widths of only 45 to 50 feet, usable lengths of 265 feet,
and controlling depths over the sills of 7 feet, at design stage. The
8.5 mile canal, with limited width and depth, small size locks, and
exposure to wind and local silting, constitutes a serious handicap to
economical navigation on Columbia River. Tows must be broken
and barges passed singly through the locks and canals at slow speeds.
As much as 15 hours are required to transit a four-balge tow between
The Dalles and a suitable break-up and reassembly point above the
canal, even with the assistance of a shuttle tug.

151. Navigation conditions through the downstream approach to
The Dalles-Celilo Canal, from mile 191 to 192.8, have been improved
considerably by the raising of the Bonneville pool, but still remain
difficult because of cross currents and eddies at Sturgeon and Coving-
ton Points, and at the entrance to Big Eddy lock. The flow through
this constricted zone is very swift and irregular, with velocities ap-
proaching 10 miles per hour at a discharge of 500,000 second-feet.

152. Under open-river conditions, winds which sweep this section
of the river much of the time have discouraged two-way loading by
the use of double deck barges with housing for dry cargo on main deck.
The additional surface of a superstructure exposed to high winds adds
much to the difficulty of maintaining position in narrow channels.
All the navigation difficulties and hazards enumerated result in high
insurance rates and abnormal barge-operating costs. Problems
created by windstorms and ice, inherent by nature to middle Columbia
River, are not susceptible to solution on a basin-wide scale, but ports
of refuge can and should be provided.

153. Excepting wind and ice, Bonnoville pool presents no naviga-
tional problems for which provisions are not made by authorized
projects, but barge operators have stated that the present Bonneville
lock is inadequate in size, and that it imposes burdensome cost and
delay in having to break up tows for passage. The lock has a mini-
mum depth of 24 feet over the sills and clear plan dimensions of 76
feet by 500 feet; sufficient to accommodate two barges 40 feet by 175
feet, four barges 36 feet by 175 feet, or five barges 36 feet by 150 feet,
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all with accompanying towboats. One self-propelled barge of 3,000
horsepower now in operation on that section of the river is 190 feet
long and can be accompanied through the lock by one of the larger
barges mentioned above.

154. Conditions at the lock were the subject of investigation and
report in 1946, published in I-ouse Document No. 704, Seventy-ninth
Congress, second session. Altered circumstances, including a sub-
stantial increase in the tonnage passing through the locks, an increase
in estimated future commerce, and the probability of use by ocean
shipping after completion of the ship channel between Bonneville
and Vancouver, indicate tle subject to be worthy of further study.

155. For a distance of about 1 mile downstream from the lower end
of the Bonneville lock, along hIamilton Isla.nd where the river is con-
stricted to a width of 800 feet, natural current velocities range from
3.5 miles per hour at minimum flow to about 8.5 miles per hour at a
flow of 400,000 second-feet. Tlle latter flow is exceeded only about
45 days per year on an average. At 800,000 second-feet, the velocity
would be about 12 miles per hour. This reach, through which four-
barge tows can be handled without difficulty except at high stages,
will be a controlling factor insofar as towboat power and size of ascend-
ing tows are concerned, and may present some difficulty in future
ship navigation.

156. Future problems.-After construction of the proposed dams,
higher water levels will be established, and problems will arise in
connection with present or relocated terminal facilities at ports and
landings where the augmented volume of commerce, expected to follow
the completion of each project, will be interchanged between river
.and land. Provision of access channels uasl excavated harbors may
,become necessary for the safety and convenience of commercial
navigation and for recreational and fishing craft. The location,
nature, extent, and cost of such approach channels and harbor work
can be determined only in a preliminary way at this time. Selection
of sites must give consideration to such prime factors as highway
and railroad intersection, topography, bottom contours, bridge inter-
ference, tributary tonnage, and protection from ice and win(.

FLOOD PROBLEM

157. General.-Major floods on Columbia River in this sub-basin
inundate or adversely affect an area of about 300,000 acres, including
agricultural lands, 15 cities, several towns, main- and branch-line
railroads, highways, air terminals, and lines of communication. The
flood problem is especially critical in the industrial and agricultural
areas downstream from the confluence of Sandy River.

158. In addition to problems on Columbia River proper, backwater
causes serious flood conditions on the lower reaches of tributaries.
The industrial and urban areas along Willamette River in and down-
stream from Portland, and on the lower reaches of other tributaries,
are considered in connection with study of the flood problem for
Columbia River, as tlie major damage in those areas is caused by
backwater. The heaviest damage is suffered along lower reaches of
Columbia River because of tle highly developed lands adjacent to
the river and the inlundation of part of the metropolitan areas of
Portland and Vancouver. Existing upstream storage dams, as now
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operated, do not provide peak stage reductions, and local levee and
diking projects are, in many cases, inadequate to provide protection
against major floods. Further, considerable areas of low-lying lands
are not now leveed or otherwise protected against damage from:
floods.

159. Past floods.-Annual floods on Columbia River occur in the'
spring or early summer months, as a result of snow-melt. Winter
floods, resulting from intense rainstorms, especially over tlie lower
tributaries, also cause considerable damage. In the 90-year period
since 1858, 24 floods have equaled or exceeded a discharge of 714,000
second-feet at The Dalles. Of that total, 10 floods exceeded 800,000
second-feet, and 3 floods exceeded 1,000,000 second-feet. Table 2
shows maximum floods of record from 1879 to 1946, and the tabulation
in paragraph 33 shows order of magIlitude, peak discharge, and dura-
tion above 600,000 second-feet for the 24 largest floods. A discharge
of 600,000 second-feet at The Dalles corresponds to stages of about.
22 feet at Vancouver and 21.5 feet at Portland.

160. Tlhe greatest known flood on lower Columbia River, which
occurred in June 1894, reached a stage of 34.4 feet at Vancouver, and
the backwater caused a stage of 33 feet on Willamette River at Port-
land. All the bottom lands along Columbia River, including all or
parts of the towns of Kelso, Kalama, and Vancouver were flooded.
The entire area where Longview is now located was inundated, as
were more than 300 blocks in the downtown area of Portland. All
railroads and higllways leading north and( east from 1Portland were
closed. No estimate is available of the damage done at that time,
but- newspaper accounts listed extensive property damages. Should
a flood of this magnitude occur under present conditions of economic
development, the damages in this sub-basin would amount to about
$213,000,000.

161. The second-largest known floodl occurred in 1876. Data are
not available as to duration or damages.

162. The third-largest flood of record occurred in late May and in
June 1948 and reached stages of 30.2 feet at Vancouver, 29.95 feet at
Portland, and 51.8 feet at The Dalles. The discharges recorded are
almost identical with those determined for the flood of 1876 at The
Dalles, but stages in the lower river from Camas to below Longview
were from 0.8 foot to 1.5 feet higher because of constriction of the
waterway by numerous levees, railroad and highway fills, bridges,
docks, and other improvements, and because of the effect of a 9-foot
tide.

163. Approximately 251,000 acres were inundated and 5,000 homes
destroyed by the 1948 flood. Nearly 35,000 people were made home-
less, and approximately 100,000 persons were evacuated. Enormous
damage to crops, lands, industrial and commercial properties, and
other improvements resulted from inundation and high velocities.
All highways, railroads, and navigation facilities serving the Portland-
Vancouver area from the east, north, and west were disrupted; the
Portland and Vancouver airports were *inundated; and transportation.
and lines of communication generally were seriously affected. Levees
protecting 18 districts were overtopped or breached, and many other
levees were maintained only with great effort. Failure of the levee,
protecting the Vanport housing project at Portland was one of the
most disastrous occurrences. Throughout the sub-basin, at least 2&
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persons lost their lives, 8 persons are listed as missing, and large num-
bers were injured and affected by shock and exposure. General in-
noculation against typhoid and other infectious diseases prevented
serious epidemics.

164. Detailed damage surveys are still in progress, but preliminary
estimates, believed conservative, indicate that damages in this sub-
basin amount to about $79,000,000. Modification of the estimate
may be required when surveys are completed.

165. Of particular importance in increasing damages due to this
flood was the enormous volume of run-off and prolonged period of high
stages. The river reached flood stage at Vancouver, 15 feet on the
gage, on May 19, and first crested at 30.2 on June 1. Additional crests
of over 30 feet occurred on June 8 and June 14, and the recessions be-
tween crests ranged from a few tentlis to less than 1 foot. Following
the final crest, the river dropped below flood stage on July 9. Thus,
the river was in flood for 52 lays, including 17 days during which it
was above 29 feet at Vancouver. The total run-off passing The Dalles
from May 15 to July 15, 1948, is estimated to have amounted to
91,700,000 acre-feet.

166. The most recent major flood prior to 1948 occurred in June
1933, when the river stage reached 25.5 feet at Vancouver. This flood
inundated all unprotected lowlands, and, because the inadequate exist-
ing levees were breached, many areas protected against normal high
waters were flooded, particularly at Kelso, Wash., and Sauvie Island,
-near the confluence of Columbia and Willamette Rivers. Many other
agricultural areas were damaged because of seepage and inability to
secure normal drainage. A flood of the magnitude of that of 1933 oc-
curring un(ler present conditions of economic development would
result in clamages of about $4,500,000.

167. Existing conditions.-Flood stage is normally considered as 15
feet on the Vancouver gage. Damages occur, however, at stages down
to 12 feet, principally to lov-lying pasture and agricultural lands along
tlie river and to the several mills where log booming areas, docks, and
other river commerce facilities are so located as to function-mt normal
river stages. Stages of about 25 feet cause inundation of low-lying
industrial areas and extensive seepage through and under levees, and
generally disrupt river traffic. As stages increase above 25 feet, the
damages increase rapidly. The June 1933 flood caused very serious
damage to existing levees, industrial properties, and utilities. Levees
have been raised and strengthened since that flood occurred, but addi-
tional development has taken place outside the levees and damage to
such development tends to offset the reductions occasioned by in-
crelsed levee protection.

168. Much of the lowland along lower Columbia River has been pro-
tected against normal high tides and floods by levees constructed by
local interests. Levees have been raised and strengthened by the
Corps of Engineers to protect 92,117 acres of the more valuable subur-
ban and agricultural lands. Some urban and highly developed indus-
trial areas are now protected against a flood equal to that of 1894, and
less highly develoyedl agricultural areas are protected against a maxi-
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mum stage equal to that reached in 1948 or June 1933. The city of
-Portland has constructed a harbor wall to protect the main west-side
commercial area. The flood wall, together with emergency measures
such as construction of sand-bag levees and auxiliary pumping of seep-
age water, provided protection against the 1948 flood. The harbor
wall is not adequate for protection against a flood of 1894 magnitude.
Material dredged from the harbor has been used to raise some of the
Portland industrial areas above flood stages ranging from 30 to 32 feet.
Woodland, Kelso, and Longview and other urban areas have con-
structed levees and flood walls to give similar protection.

169. Estimates of present and future damages.-In estimating future
damages, all levee systems, including railroad and highway embank-
ments, were assumed restored at least to the state which existed prior
to the 1948 flood. Without additional improvement to levee systems,
substantially the same potentialities for damages would exist after
restoration, except for the Vanport area. It is presumed that housing
development in that area will be prohibited in the future, but industrial
expansion, at least in the higher sections of the area, is imminent.
Future damage potentialities, therefore, based on 1948 conditions of
economic development after anticipated restoration of levee systems
and properties, are estimated to be $4,497,000, $52,317,000, and
$212,864,000, respectively, for floods similar to those of June 1933
1948, and 1894. These floods were analyzed as representative annual
summer floods, and data obtained were used as key points on damage
curves for various river stretches.

170. Estimates of damages within this sub-basin that w6ou-d result
from repetition of the June 1933 and 1894 floods under 1948 conditions
of economic development anticipated after restoration from the 1948
flood, and preliminary estimates of the actual damages within this sub-
basin caused by the 1948 flood, are shown in part II of this appendix.
The following tabulation summarizes estimated flood damages, by
type of damage, for these floods:

Estimated amount of damages
Type of damage

1933 1948 3 1804

Agrlcuilturnl...................................... $1,502,000 $15, 35,000 $27, 925,000Re;lentil....l-----..-- .. ...- .......-........--......-64,000 25,805,000 18, 062,000Commercial --..---..--.-...---..-------.......--.-..--. 157, 000 8, 80, 000 33, 684.000Industrial...-............................ 1,137,000 11,437, 000 94, 335,000Utiliti o--.................................................... 400,000 1,832,000 10,031,000Municipal -...... . .. ....................... 75,000 3,105,000 3,185, 000lighwiys, roads, Pnd bridges.-...-......,----......-...-- 290,000 2,848,000 4,200,000Truck and bus facilities-... .------.. ..- .-. ..... ....... 84,000 345,000Railronds......................................... 77,000 910.000 7,045,000Air cerninls-......................290, 000 3G0, 000
Navigation acilitiosl---- ....-.- ....- ..--- .-- .....---....-- 80,000 835,000 2, 670.000
I)lko andl protective works.................................. 715,000 3, 500,000 7, 100,000Emergency expenses ............................................ . ......... 3, 545,000 3,922, 000

Total.......................................... 4,497,000 78,818,000 212,804,000

I Estimates based on 1048 economic development, and assuming restoration of properties and protectiveworks as discussed In preceding text.
Preliminary estimate of actual damages, exclusive of losses duo to sedimentation of channels.
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171. The preceding estimates of damage include both direct dam-
ages and indirect losses. Direct damages average about 76 percent
of the total, the percent of indirect losses increasing as the total dam-
ages increase. Comparison of direct damages and indirect losses is
shown in the following tabulation:

Amount I
Item

1933 1948 1894

Direct damages-----------------------....................... $3, 748, 000 $59, 64, 000 $144,843, 000
Percent of total ...... ....-............. ..-.. (83. 4) (75. 7) (68. 1)
Indirect losses......-.......-...-..........-----.....---$749,000 $19,174,000 $68,021,000
Percent of total-..........-.....---.--.--.... (16.6) (24.3) (31.9)

Total......-......-- .-.---- -------------- $4,497,000 $78,818,000 $212,864,000

I Based on data from preceding tabulation.

172. Estimated damages for the flood of 1948 and floods similar to
those of June 1933 and 1894, as determined for various zones on
stretches of the river, are shown in the following tabullation:

Estimated damages
Stretch of river

1933 t 1948 2 1894 a

Yaknia River to Bonneville (Washington and Oregon shores).....- $67, 000 $1,473,000 3, 462, 000
Bonneville to Camas (Washington side) and to Sandy River (Oregon
side)...-..--....-......-------.... ------------------- 228,500 1,943,000 5,266,000

('alms, Wash., to Lewis River ....-................----..-- 411,000 3, 6,2,(XX) 30,840,000
Sandy River to Willamette River....-.... 325, 000 38,796, 000 54,31, 000
Willamiel te River backwater area ..---i-509,l 000,) 10, 275, 000 5,262, 000
Lewis River to naker lBay .......-.....-..-.. ........0..0......1,858,000 14,978,00) 34,334,000
Willamette River to Youngs Bay...-..---............. ..--------- 1,(08, 500 7,661, 00H) 19,385,000

Total ...-. ......-... -------------------- 4,497,000 78,818,000 212,864,000

Estiimllltebsbased on l1918 economic development, f1nd assuming restoration of properlic.s and protective
works as discussedd in preceding text.

3 Preliminary estimate of actual damages, exclusive of losses due to sedimentation of channels.

173. In view of the anticipated growth and dlevelol)p ent in this
section of Columbia River Basin, neither the 1948 economic develop-
lments 1norl estimates of (dainages for actual or assumed 1948 conditions
arle representative of future conditions. In making a long-range fore-
cast of flturle. (dallages, consideration has been given to economic
(levelop)illents probable in 1975 as a result of normal growth nndl expan-
sion without additional flood-control improvements. Although ccr-
tail flood(-control imlprovemlents plroballly will be constructed before
1975, complete control of floods b1y reservoirs and supplemental local
protective works l)prol)ably could not 1)e realized before that (late.
Forecatsts of economic( development and1( potentialities for flood
damagee arelmalel by weighted( percentage factors for various zones or
stretclles of tile river, based oil trends of populationn, and agricultural,
esi(l(ntial, commll(rcial, industrial, and other growth. Supporting
(lata as to the percentage factors used are shown in part II of this
alppend(ix. Consideration of e(onollic( developments reasonably
expected by 1975 indlicates tlhe following plolbable damages for the
tlhree l)lresltenttive floors heretofore 1analyzedl.
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Estimated 1975 damages for floods~~Stretchor~~zonesimilar to those of--

_Stretch orzo1948 18
1933 ) 19 8 1894

Yakima River to Bonneville-......---.....--------.--.. $80,000 $1,841,000 $4,501,000
Bonneville to Camas, Wash., and to Sandy River - ..............- 274,000 2,428,000 6,026,000
Camas, Wash., to Lowls River-7......-.....4........-------. 740, 000 7, 264,000 65,048,000
Sandy River to Willainette River ..........-............-.....--481,000 19,640,000 95, 142,000
Willamette River backwater area .-....----- 692,000 14,899,000 100,503,000
Lewis River to Baker Bay-....-.............--------...--.....--2,452,000 20,342,000 60,814,000
Willamette River to Youngs Bay......-............... 1,318,000 10,327,000 25,200,000

Total..........---...----------...-------.---------.------ 6,037,000 76,741,000 346,834,000

174. IWinter floods.-The lands along lower Columbia River, below
the confluences of Willamette River in Oregon and Lewis and Cowlitz
Rivers in Washington, are subject to flooding during winter months
by reason of high discharges from these streams coinciding with
normal or above-normal flows in Columbia River and the usual high
tidal conditions prevailing during those months. During winter
floods, stages at Vancouver frequently are above the 15-foot flood
stage. These floods cause considerable damage, especially down-
stream from the mouth of Cowlitz River, by inundation of low-lying
lands, erosion of levees and river banks, and crop and property losses.
Duration is comparatively short and the highest stages normally last
only 1 or 2 days. Stages are reached, however, that greatly increase
seepage into and pumping from leveed areas. Agricultural crop
damages in winter floods are somewhat lower than those suffered from
comparable summer floods, because of the fact that large areas are
fallow during the winter season.

175. The highest winter flood of record occurred in December 19:33.
At Cathlamnet, Wash., the stage during this flood was only 2 feet lower
than during the flood of June 1894. 1 lhe December 1941 flood reached
nearly the same stage on the lower river as did the December 1933
flood, but was lower above Longview and (lid much less damage be-
cause of the effect of levees and revetments constructed between 1933
and 1941. Surveys made following the December 1933 flood showed
tlat about 75,000 acres were flooded, and tlat flood damages ranged
from $2 to $11 per acre. About 20,000 acres of tils land, however, had
adequate protection against the 1941 flood, andl suffered very little
damage at that time.

176. A smaller flood, which had a stage of 18.7 feet at Vancouver,
occurred in December 1946. Damages between Washougal, Wash.,
and St. lIelens, Oreg., including the water-front area in Portland,
amounted to about $140,000, including $70,000 to industries; $40,000
to utilities, commercial concerns, and residential properties; and
$30,000 to agricultural properties.

177. From surveys and from a review of conditions existing in 1933
and 1941, a repetition of a flood similar to that of 1933 or 1941 would
cause estimated damages of about $2,000,000 based on 1948 economic
developments and assuming restoration of levees and properties as
previously described. About $750,000 of these damages would be in
Oregon and $1,250,000 would be in Washington.

178. Annual damages.-Average annual damages are estimated
from stage-damage and stage-frequency relationships (determined by

91275-52-vol. 6--17
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individual curves for The Dalles, Vancouver, Portland, and Longview
for spring and summer floods and for Longview and Cathlamet for
winter floods. Analytical computations have been made which sub-
stantially check values obtained by graphical analysis. An explana-
tion of the method of analysis, together with frequency curves, mass
diagrams, and analytical computations, is contained in part IT of this
appendix. The estimated average annual damages for the several
zones or reaches of the river, reflecting probable 1975 economic de-
velopment, nnd( current protective installations, are summarized in the
following tabulation:

Average annual damages
Zone or stretch

1948 develop- 1975 develop-
ments ments

Rpring and summer floods:
Yakiman River to lonnevilleo........-.......... ............... $173,00. $21,.000
Bonneville to Camas, Wash., and Sandy River.......................... 241.00 S2. (000
C'amrs, Wash., Io TLewls River ................................ 1.018.000 2,06.000
Sai.dy River to Wlihmette River.-...................................... 2.201.900 3..i523.000
W lltmette River backwaterarea....-----..---- ............-...-.....-- 2, 5'2f6, W 3. M4.000
Lewis River to linker nnay---... .. .. .. .... ------------1,00,1.00 2 791,000
Willamette River to Youngs Bay--.....-....-]]............. ........ 1,009.200 1. 22,000
Subtotal- . ...1............-...-.- ................9--,14,200 13,704, 000

Tocal winter floods:
V:ancouver, Wash.,.T Cowlitz River .... .............................. r65, 200 os,
Co litzlt iver to Baker Bay .........................-..l.-- i,55700 218,000
'Willsmnette River to Rainier, OregR........--..-....... ........... 37.900 47.000
Rainier, Oreg., to Youngs Bay .................................. 9, 400 123.000
Subtotal............--......-.......3.......................357, 200 486, 000
Total...-....-----.----.....---.....--- ..... ..............- 9, 521,400 14, 280,000

179. General solution.-General solution to the flood problem in
this sub-basin would involve provision of local flood protective works
ntnd storage capacity for flood control on Columbia River and the
major flood-producing tributaries. A main control plan, the units
of which are discussed in appropriate sub-basin appendixes, is set
forth in the main report and analyzed in detail in appendix M.

POWER PROBLEgI

180. General.--The market for power generated in this sub-basin is
concentrated in the vicinity of Portland, Vancouver, and Longview.
The power load in these. centers consists of well diversified domestic,
rural, commercial, and industrial loads. The most important single
load is that of the aluminuml reduction industry which requires large
amounts of firm power.

181. Estiinated power requirements.-In 1947, the average and
nmaimlnm r(eqiremlents of two aluminum reduction plants located at
Vancouv(rl, Wash., and Troutdnle, Oreg., both within 10 miles of
Portland, and a third plant at Longview, Wash., totaled 319,000
kilowatts andl 385,000 kilowatts, respectively. These totals are
roughly equal to the average requirement, and over one-half the
combined maximum demand, of other classes of consumers in the
same area. Studies b)y Bonneville Power Administration, reproduced
as applendix N to this rel)ort, indicate that by 1960 the aluminum
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reduction load in the entire Pacific Northwest may be increased. by a
minimum of 2,000,000 kilowatts, provided the necessary low-cost
energy is available. If reduction facilities should increase throughout
the Northwest at the present rate, the total aluminum reduction load
in the lower Columbia River area alone would be at least 1,500,000
kilowatts by 1960, an increase of more than 1,000,000 kilowatts.

182. Although the aluminum load is by far the largest single class
of load in the area, its significance in the economic and social life of
the community is overshadowed by the rural and domestic loads.
Because of the prevailing low power rates, residential and rural
consumption of electric energy is over twice the Nation-wide average,
and costs are about one-half as much per kilowatt-hour. Most of
this increased consumption is due to electric cooking and water
heating, an increasing amount of electric house heating of various
types, and expanding uses for electricity on the farm.

183. ,Existing conditions.-As listed by the Federal Power Com-
mission, steam plants constitute over 68 percent of the generating
capacity contributing to the public supply in the United States as a
whole. In comparison, nearly 90 percent of the total capacity of
the major utilities in the Pacific Northwest is in hydroelectric plants.
The larger percentage of hydroelectric generation in the vicinity of
Portland and in the Northwest is possible because many sites suited
to the economical development of water power are situated within a
few miles of the important load centers. With the exception of the
Rock Island plant of the Puget Sound Power & Light Co., existing
privately owned generating stations are located on tributaries of
Columbia River or on relatively small rivers in the Puget Sound area.
As few sites remain which can be developed with moderate capital
expenditures, attention now is turning to large-scale development of
Columbia River and major tributaries by agencies of the Federal
Government.

184. A further characteristic of the Pacific Northwest is that
supplies of coal and oil are not available in the quantity or at a price
that would permit thermal-electric plants to compete with hydro-
electric generation for the major portion of the load. Some coal is
mined in the general vicinity of Seattle, but the ash and moisture
content is usually so great that it cannot be considered a high-grade
fuel. The only large sources of coal available to the area are the
Montana, Wyoming, and Utah fields, which are over 500 miles by
rail from Portland and Seattle. Most of tlhe oil for this area comes
from California by tanker. Economic studies, contained in appelnix
0, compare the relative costs of steam-electric and hydroelectric
power and clearly show thle high cost of steam power in this region.

FISH AND WILDLIFE PROBLEMS

185. Salmonoid fish.-Tle major fish problem resulting from present
and proposed development of Columbia River in this sub-basin is the
need for pIreservatioll of fish runs using the river both as a migratory
route andl as a spawning area. The salmonoid runs of the Columbia
River system consist of Chinook, blueback, silver, and chum salmon,
.and steellhad trout. The Chinooks spawn in nearly all accessible
tributaries of the river both above and below Bonneville Dam, and
biologists believe also that some spawn in portions of the main stem.
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Bluebacks, a large number of which are known to migrate up Snake
River and past Rock Island Dam on Columbia River, spawn in
tributaries above Bonneville Dam. A large proportion of the silver
an(l chum salmon spawn in tributaries below Bonneville Dam. Steel-
head trout spawn generally throughout the accessible tributaries but
apparently are more aunlldant in the upper streams. The general
distribution of the salmonoid population in the Columbia River
system, as estimated by fishery interests, is tabulated as follows:

Percentage In
Percentage in ColuRmbia Percentago
itrihutaries River"syste n migratingSpcls - below o- htnne- b taenbove RockSBonneville

ville Dam nilRock Island Dami
Island D)ais

Spring Chinook salmon.-. . .... ........- ..-- 15 81 4
Fall Chinook salmon -....- ..-- ....-..-..--..-.. 60 40 0
Blueback salmon . .._----------------------------.-------... 0 86 14
illvor salmon....------.---.--------.-.--------------------... 70 30 0
Churnsalmon- 80 20 0
Steclhoad trout .- 60-70 ............

186. The magnitude of Columbia River fish runs is indicated by
the 798,336 salmonoid fish which were counted going over the Bonne-
ville I)am fish ladders during 1947. Fish counts showing the annual
migrations of the various species of salmonoidl fishes past Bonneville
Dam from 1938 to 1947, inclusive, are shown ill tale 26. A sum-
mary follows:

Fils passing Bonne- Fish passing noinc-
ville D)n1am ville l)am

Calendar year C___ ____Calendar year
Salmonoold Other Salinonoid Other

1938...-....--.. -..-....-.. 471,144 614., 97 1915.'.......--.....--. . 428, 652 309, 139
193:{(-....-..-- . 497, 091 .14, S 1 1. ............... 667, 720 361,707
1910 .....- ..... .......73!., 13 361, 210 1U17-.....-------------. 798, 336 408, 207
19I4 .... .-S.......-...W8, 1455 261, 820()
10912 ..... .... .23.63084 215, 029 'Iotal .......... 5, 703,573 3, 4.'8, 337
10)13-4........-..3.....-..4_.4:36 187, 277 1038-47 averageR.....- . 570,3.57 345, &33
1941-..-....--..--. 361, 517 230,277

187. T'l'e natural pl)rolagation of salmonoid fish is'spp1l)lenllnte(I by
-artificial lpropalgation at nuilmerouls fish hattchllies operate(l by tie
()Oregon Iisil Conmmission, tlhe Washingtoll State I)epartiment of
Fislleries, andwltlhe IUntite(I States Fish an(i Wildlife Service. The
location of hatcheries ill tlle vicinity of Columbia River is shown on
plate 20.

188. Fislhwans a're included in plans for each of thle p)'olosed (ltnms
oil Collumllia River. 'The designn of tllese fis-lpassage facilities in-
volves b)otih biological and engineering pI)'olems. As tle heights of
the ({lanis a 're increased the problems b}ecolne more comilplex. Fisliery
biologists believe that even with the best designed fisll-passage facili-
ties some upstream migrants will not attemllt passage or may be
unable successfully to negotiate the fishways. Another possible fish
loss may bl) inc(rire(d because of ofin ation of spawning grounds
located ill the)pool areas.
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189. In view of the apparent necessity for restitution of any losses
which may be incurred and for rehabilitation and maintenance of
salmonoid fish runs now supported by Columbia River and tribu-
taries, provisions for comprehensive development of the tributaries
downstream from McNary Dam in the interest of fish life are proposed
as part of the over-all plan of river development, as discussed in
appendixes K and P.

190. Indian fishing problemn.-By a treaty negotiated in 1855,
certain Indian tribes retained the right in perpetuity to take fish at
their usual and accustomed fishing places along Columbia River.
About 5,000 Indians now claiming such rights frequent the principal
and most productive remaining fishing location at Celilo Falls. The
Indians are accustomed to take fish for sustenance, for retail sale of
fresh food, and for sale to commercial canneries. In the commercial
fisheries, the Indians abide by the regulations of the States of Oregon
and Washington.

191. The proposed The Dalles Reservoir would inundate the Celilo
Falls fishing grounds and partially inundate the Indian villages
associated therewith. Although payment for lands and improve-
ments affected may be made readily, and alternate locations to take
fish for sustenance and for limited retail sale may be found, un-
doubtedly the Indians' commercial fishing cannot be continued under
the usual methods. This situation is further complicated by the fact
that certain Indians depend, to a large extent, upon this resource for
a livelihood, and it would be desirable to preserve their economic
independence.

192. Wildlife.-The principal wildlife problems would originate
from the inundation of important waterfowl nesting areas. Some
inundation of fur bearer habitat probably will take place, but most
of the animals so affected are expected to move to areas on higher
ground. Additional investigations and studies by the United States
Fish and Wildlife Service are required to determine the extent and
type of protective measures which would be needed to preserve the
wildlife in this reach.

DRAINAGE PROBLEM

193. General.-Drainage problems along lower Columbia River are
of two general types. Lands downstream from Cathlamet, Wash.,
are affected primarily by tidal action and may be drained effectively
by use of tide gates, while those lands upstream from that city, being
affected primarily by flood waters, require pumping to remove interior
drainage and seepage during the flood season.

194. Existing conditions.-Present drainage for a major portion of
the protected lands is limited to collection of surface run-off by open
ditches. Existing tide gates and pumping installations are adequate
to maintain water levels at elevations low enough for subsurface drain-
age facilities to function in some areas, which are so drained.

195. Existing drainage facilities on most of the cropped land
generally hold the ground-water table a short distance below the
surface during the winter and spring months when high surface run-off
and low river stages are prevalent. Except under conditions of ex-
treme high water, the ground-water table can be maintained at about
the same level during the early summer, when high river stages, with
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resulting high seepage and low surface run-off, are prevalent. During
the late summer and early fall, however, as seepage decreases with
decreasing river stages and surface run-off is a minimum, the ground-
water surface may drop several feet. Partial control of the water-
table elevation provides a degree of subsurface irrigation in some areas.

196. These ground-water conditions are favorable for the production
of pasture grasses and spring seeded hay, grain, and truck crops. In-
adequate root development, as a result of a relatively high ground-
water table during the spring months, sometimes aggravates drought
conditions in the late summer or early fall.

197. Improvements desired.-Installation of facilities for relatively
complete drainage is considered very desirable by the majority of the
owners of bottom lands. These owners have organized five soil con-
servation districts to aid in improving the surface drainage facilitics,-
to secure more effective outlets, and to develop a relatively complete
drainage program. Conservation districts cover Sauvie Island, Puget
Island, and the majority of the low lands on both sides of the river.
In addition to the lands on which partial drainage has been effected,
about 70,000 acres in the flood plain outside of diked areas have had
negligible improvement. About 27,600 acres in Washington, and
27,800 acres in Oregon, warrant investigation as to feasibility of
protection and drainage. The remaining area is of submarginal
character.

IRRIGATION PROBILEM

198. General.-Tlhe principal irrigation problem consists of the need:
for supplying water for irrigable lands which lie above possible gravity
diversions from Columbia River. Preliminary investigations indicate
that about 448,000 acres, lying at elevations up to 1,000 feet, may be
irrigated by pumping from the pools which would be formed by pro-
posed multipurpose dams'in Columbia River, or possibly by diversion
from certain tributaries. Further studies will be necessary to deter-
mine the most economical and dependable source of supply for all
areas concerned. Preliminary investigations indicate that water may
be delivered by pumping to lands adjacent to the river at costs as
shown in tlhe following tabulation:

Distance
Acres of land from river, Lift in feet )ty n ncre nnu cot

65,200.........-...miles fetpe.ra.crp.6racre2004 60

151,300 10.0 460 4 15.00
241,500. ---- 15.0 600-700 3. 20.00

Tllhese costs include retirement of costs of plants in 40 years, operation
and maintenance, and power at 1 mill per kilowatt-hour, but do not
include interest or distribution system costs. The costs indicate
that only tlhe lower elevation lands near the river can be irrigated and
utilized economically for ordinary field crops. Those lands with
lifts above 400 feet apparently could support a diversified agricul-
tural economy, including 50 percent or more intensified, high return
crops. Where lifts of over 600 feet would prevail, only very high
return crops, such as orchard or intensive truck crops, could be ex-
)pected( to pay irrigation costs.
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199. Lands presently irrigated and those for which irrigation is
considered possible are shown in the following tabulation:

Area, acres

Area State r rir
Presently for irriga-irrigated tion

Scattered areas, lower Columbia River........... Oregon and Washington--.. 4, 000 40, 000
Pasco-Kennewick area---------..--.---- ...- Washington-....---.---.. 11, 600 ....--
norso Heaven-ll. ..(.-...-----....-. ....o(-...... .........- .-..------. 127, 200
Irrigon area--------------.....- .... -. Oregon............... . 14,000 . --

Cold Springs (.........-.-------..-----...-----do.........--..- 36,700
Arlington .-------.----------.--... do-............... 11, 500
Roosevelt-------------------.-------------------- W'ashington.. .--....-.-- --------..- 1,500
Willow Creek I-.......-.........-...........-..- Oregon-....-..--- .............-......-...135,100
Walla Wa\lla ..------.---- -------.-------.------ Washington and Oregon ......- .....-. 80,000
The l)alles ---------------..------ --------....-... Oregon-.--.--.........-.-.............-16, 000

Total ----.------...----- ----.---......-----.- ...... --.. -----..- 29, G00 448, 000

I Included In John Day project, considered by Bureau of Reclamation for irrigation from John Day
River.

I Not considered by Bureau of Reclamation in comprehensive report dated June 1946.

200. Three of the irrigation projects listed above-the Horse
Heaven area, Cold Springs area, and the Walla Walla area-would
be supplied with water by pumping from the pool behind NcMary
Dam. The Horse Heaven area, north of the river in Washington,.
would require pumping lifts of 700 and 460 feet. The higher lift
would supply 66,000 acres and the lower lift 47,500. Return flow
from these two higher areas would be utilized on 13,700 acres of lands
below elevation 676 feet. The Cold Springs area in Oregon along
Columbia River near Hermiston and Stanfield, would require a
pumping lift of about 700 feet.. The Walla Walla area, located along
both sides of Walla Walla River in Washington and Oregon, would
require a plumping lift of about 700 feet.

201. The Arlington, Roosevelt, and Willow Creek areas could be
supplied with watcr by pumping from the pool behind the proposed
John Day Dam. A pumping lift of about 603 feet would be required
to supply the Arlington area east of Alkali Canyon and west of
Willow Creek. The Roosevelt aria, in the vicinity of Roosevelt,
Wash., could be irrigated with a pumping lift of about 240 feet.
The Willow Creek area, located in Morrow and Umatilla Counties,
Oreg., could be served with a pump lift of about 550 feet.

202. The Dallas area would involve pumping to an elevation of
800 feet, or higher. Of approximately 6,000 acres now used for
orchards and truck crops, only 400 acres are irrigated from Mill and
Threemile Creeks. Local interests have formed an organization and
propose to irrigate about 7,000 acres. The Bureau of Reclamation
is now considering a 6,000-acre project, which includes part of these
lands, to be irrigated by a pump lift of 925 feet to an elevation of
about 1,000 feet. The previously recommended The Dalles project,
west unit, is described in section IV of this chapter.

203. Other potentially irrigable lands on lower Columbia River are
located within the existing diking and drainage districts along the
lower river. These districts contain about 120,000 acres of irrigable
lands, of which 90,000 acres are protected by levees. Abundant
water is available from the river, drainage ditches, or wells, with
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pumping lifts of less than 50 feet. Eventually, probably one-third
of the irrigable lands, or 40,000 acres, will be irrigated by small
puml)ping installations.

204. The present production of the areas considered for irrigation
ill eastern Oregon andt Washington is limited to dry-land wheat and
)astulre. The normal annual precipitation oil most of these lands is
less than 10 inlclies. Water requirements would vary from 3 to 5
acre-feet per ac(re on the lands to'which water-would( be pumped,
although some lands with higher waterrequirements at lower eleva-
lions could be irrigated by waste water andl return flow. Provision
of water to these lands would allow production of hay, grain, potatoes,
sugar beets, fruits, and vegetables equal to the production on the
presently irrigated areas in this region.

BANK EROSION PROBLnEM

205. General.-Damage from bank erosion along Columbia River in
this sub-basin is confined to the 123-mile reach between Washougal',
Wash., and tile Pacific Ocean. At present, a total of about 94 areas,
involving a length of about 40.1 miles, are affected and require pro-
tection. Upstream from Washougal, the river banks aie either rocky
or otherwise generally nonerosible, and the value of adjacent prop-
erty is low. Erosion, therefore, causes no significant loss. About
50 percent of tbe flood plain downstream from Washougal is protected
by levees and is high-value-agricultural or industrial property. Many
of the erosion areas occur at the levees.

206. Bank erosion results principally from high stream velocities
and wnavn action induced by wind or the passage of watercraft. The
erosion now taking place generally is loca'ed from 8 to 30 feet above
low water and bears no consistent relationship to tlle adjacent water
depth. Whlile many areas are protected by revetment, additional
liot ection is necessary.

207. The greatest single factor contributing to bank erosion during
the war years was the trial runs of the many ships built in the Port-
land-Vancouver area. Each ship, plior to acceptance by the Navy
or Maritime Commission, was put through exhaustive speed runs and
turning tests. Protective vegetation was torn away in areas which
lna(l lever been eroded beforer-andl wave-wash from present ship and
small-boat traffic has prevented natural rehabilitation.

208. The banks of minor tributaries in the tidal area also are
eroding at a rapid rate in certain locations. This erosion is caused by
wave-wash produced by_passage of fishing craft, towboats drawing
log rafts, and pleasure boats. The number of small boats plying the
river is increasing, and tne erosion from this cause may be expected
to increase.

209. Many miles of channel now are lined temporarily by log rafts
whicb), if secured away from tlhe shore by dolphins, serve to protect
the banks. A great ntull)er of rafts, however, are allow ed to float
against the bank and have a detrimental effect on natural protective
cover. Banks also are attacked by the repeated shifting of local
accumulations of driftwood under the influence of waves and wind
which action generally is disregarded b)y local landowners.

210. The only apparent solution to the bank erosion problem would
be to provide protective works, such as revetmients, and encourage
the growth of natural protective cover.
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RECREATION PROBLEMS

211. General.-The increase in population within and adjacent to
the sub-basin, together with increased tourist trade, has resulted in an
increasing need for recreational development. Pleasure boating
originally was confined largely to lower Columbia and Willamette
Rivers. Construction of Bonneville Dam and Reservoir created about
50 additional miles of good cruising water and stimulated a greater
boating interest in the population adjacent to the reservoir. As a
result of this greater opportunity, a demand for boat launching, moor-
age, service, and repair facilities has developed. The need for such
facilities will be increased by the completion of additional projects,
because of the greater cruising range and increased attraction for boat
owners.

212. Particularly il the upper sub-basin, a need exists for day-use
park developments providing opportunity for picnicking and water-
associated sports. Presently developed organized camps for youth
and church organizations are inadequate in number and quality of
development. Opportunities for boating, swimming, and fishing are
particularly wanting.

213. Despite the heavy volume of tourist travel within the sub-basin,
motor courts and hotels, for the most part, are inadequate, and hotel
resorts equipped for a wide range of outdoor activities are particularly
lacking. In consideration of the scenic qualities of Columbia River
Gorge, together with the opportunities afforded for boating, swimming,
fishing, hunting, and hiking, a considerable demand for resort develop-
ment may be anticipated.

214. The fish ladders, navigation locks, and power houses at large
multipurpose projects hold considerable interest for the local popula-
tion and tourists alike, as evidenced by the more than one-half million
sightseers at Bonneville Dam during 1947. Facilities will be required
for the comfort and safety of the public at all existing and proposed
reservoirs.

WATER SUPPLY PROBLEM

215. General.-The water supply in this sub-basin is adequate to
serve all irrigable lands and still have a large excess for the production
of hydroelectric energy. In order to determine both the prime and
secondary potential capabilities of an integrated Northwest power
system on Columbia River, an analysis of past run-oft records from
1878 to 1946 was made. Within the period of record, the critical
power production period would have been in either the low-water
season of 1936-37 or in the period from 1929 through 1932, depending
upon the amount of storage available.

216. Water supply studies.-Inasmuch as power studies should in-
clude a number of average and above-average run-off years, as well as
critical years, studies were made of the period 1927 through 1942.
From the standpoint of prime capability, a low-water season such as
1936 through 1937 would be critical if the available storage were less
than 20 percent of the mean annual run-off for the period 1927 through
1942. Twenty percent of that mean annual run-off would be equiva-
lent to an effective storage above The Dalles of about 23,000,000
acre-feet.

217. During the 1936-37 low-water season, minimum flows of record,
varying from a duration of 1 day to 2 months, were recorded at prac-
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tically all gaging stations within Columbia River Basin. These ln-
usually low flows were thie result of an extremely cold winter, particu-
larly December and January, together with a deficiency in winter
precipitation. The annual run-off in the 1936-37 water year was the
fourth lowest of record, amounting to only 66.4 percent of the long-
ternl mean. For effective storages greater than 20 percent of the
mean annual run-off, the critical period for production of prime capa-
bility would have been from September 1929 to Feblruary 1932. This
T)eriod would be critical for the maximum storage proposed for the
basin. The mean-annual run-off of the water years 1929 to 1931, in-
clusive, is 66 percent of the long-term mean andl is only 5 percent
greater than tie mean for the minimum year of record, 1926.

218. Depletions..-At the present time, the stream flows of Columbia
River and several of the major tributaries are affected by irrigation
diversions, the most notable of which are those from Snake and
Yakima Rivers. A water supply study to determine the future power
capability of lower Columbia River must consider not only existing
irrigation requirements within the entire Columbia River Basin, but
also the requirements of future irrigation projects.

219. Irrigation at the present time depletes the flow of Columbia
River above the mouth about 5,900,000 acre-feet annually. Of the
new lands to be irrigated, the 3rgoest single unit is the Columbia Basin
project wherein ultimately 1,027,000 acres will be irrigated. An
estimated area of approximately 4,000,000 acres of additional land are
to be irrigated in the basin, and about 1,500,000 acres of presently
irrigated lands would receive supplemental water. Diversions would
average about 5 acre-feet per acre for new lands and 1 acre-foot per
acre for the lands receiving supplemental water. Because of return
flows, however, the average annual additional depletions occasioned
by diverting water required would be only approximately 8,500,000
acre-feet. The ultimate depletion may increase to about. 15,000,000
acre-feet annually. Tllis ultimate irrigation depletion is about 10
percent of the average annual observe: flow of the stream, leaving
90 percent for power production at the lower river power plants.
Storage, however, would be essential for tie development of maxi-
mum lower potentialities in this rcach. Appropriate stream-flow
reductions to reflect future irrigation depletions were male in the
ol)served 1927 through 1942 flows. Tables 3 through 7 show observed
and modified mean monthly flows for existing and proposed projects
on Columbia River.

220. A flow durationn curve of observed Columbia River dlischalges
at, The Dalles, plate 13, shows that the extremes in mean daily dis-
charges in the period 1879 through 1946 were 36,000 second-feet and
1,160,000 second-feet, on the basis of data published prior to the 1948
flood. Datat obtained during that flood indicate that the maximum
daily discharge should be 1,230,0()0 second-feet. The following tabu-
lation shows discharges that have been equaled or exceeded 100, 90,
75, 50, and 25 percent of tbe time (luring tile 69-year period, 1879
through 1946:

Percent
Flow equaled or exceeded- of lime

36,000 second-feet ------ .--.--------..-------.-----.100
76,000 second-feet .._--.---.- ---- --, -----.----------------- 90
91,000 second-feet.. -----------..--- ------------------------ 75
135,000 second-feet ----- ...--------- ---------------- 50
250,000 second-feet -------2-------------------------------- 25
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221. On the basis of past records, existing power storage will in-
.crease the minimum mean daily flow from 36,000 second-feet at The
Dalles to an average of about 75,000 second-feet during the critical
power production period. Storages proposed for early development
would increase the present average dependable flow from 75,000
second-feet to about 110,000 second-feet. Reference is nmadle to an
average dependable flow, since the power studies are on a system
basis and a uniform flow during the critical period is not necessarily
maintained. This average flow is the mean during the critical power
production months. Further development of storage in Columbia
River Basin within the United States, as contemplated in present
power studies in this report, would increase the minimum dependable
flow to approximately 125,000 second-feet. This increased flow
would result from the regulation of storage primarily in the interest
of system power production.

GROUND-WATER PROBLEM

222. General.-No withdrawals of ground water, except for domes-
tic water supply, are made in this sub-basin at the present time. Inas-
much as the river provides a continuous and ample means to recharge
the ground-water supply, no present or future problems exist in this
respect. Where low lands adjoining the river are protected from high
river stages by levees, the problem of excluding ground water from
the enclosed areas is considered as part of the problem of interior
drainage.

STREAM POLLUTION PROBLEM

223. General.-Pollution of Columbia River within this sub-basin by
sewage or industrial wastes generally is not serious at the present time.
In some areas, purely local pollution by pulp and p.r,)Ir-Inill wastes
occasionally causes some difficulty for commercial f;Ishermen, and
certain side channels of the river, notably Multnomah and Camas
sloughs, frequently contain insufficient quantitiess of dissolved oxygen
to support fish life. These conditions usually occur( during the low-
water seasons of late summller anld early fall and are aggravated by
warm weather and the greater industrial activity prevailing at those
times.

224. Unpolluted river water at summer temperatures has a normal
dissolved-oxygen content of about eight parts per million. Allowing
five parts per million as the minimum amount of oxygen content
desirable for aquatic life, the remaining oxygen content of three parts
per million may be considered available for the stabilization of sewage
and industrial wastes. Oxygen requirements for natural stabilization
of domesticc sewage by river water average about 0.2 pound Iper capita
of contributing population per (lay. A continuous flow of 1 cubic foot
per second for 1 (lay, amounting to 5,400,000 plollnds of water, will
provide, in addition to the minimum requirements for aquatic life,
about 16.2 pounds of available oxygen, or an amount sufficient to
stabilize the sewage from the population equivalent of 80 people. In
contrast to the natural stabilization of sewage by stream flow, primary,
secondary, and complete treatment usually are capable of reducing
the oxygen demand of raw sewage by 38, 80, and nearly 100 percent,
respectively. Tlle disposal capacity of a second-foot of water is
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thereby increased from 80 persons to 115, 400, or almost infinity,
respectively.

225. Mean low flows of Columbia River at several points, together
with the population-equivalent sewage stal)ilizing capabilities of these
flows, are shown in the following tabulation:

Location Milo

Under present condi-
tions, with regulainion
by (rand Couloo )arn

Flow Populatt on-
second- equivalent

feet capability

Under future con(ltions
with regulation by ex-
Ist ing andl proposed
ldaiis I

Flow Populal on-
serond- equivalent

feet ieapl)ility

Molth of Yakima River .. ................ 335 410, ,2000, 2000 75, 000 ,000,000
Boncnevlloe.....o......-................... 18, 0n 6, 912, 000 112, 000 8, 00, 000
Vancover ................................ 88, 1? 7,048,000 112, 700 0. 01l, 000
Blarlow J'olnt. .--.-.--- 1 10, 1) 8, 808, 000 121, 100 9,028,000

For Illustrativo purposes only. Flows shown aro based on nssiuned storage ap)proxlmately equal to that
which inny beo prolosod and, therefore, the stabllizing capability is only approximate.

226. Cities and towns along the river are the principal sources of
domestic sewage pollution, while pulp and paper mills below Bonne-
ville Dam are mainly responsible for pollution from industrial wastes.
Estimated pollution caused by industrial wastes is indicated in the
following tabulation, which shows pollution loads contributed by the
above sources in terms of population-equivalents, under present
conditions and with probable expansion by 1975.

Location

Washougal.. .....................
C(ninis ............ .........................
Vancouver..... ...............--...----
Portl ....................................

Sollrce

Domestic -----.

I)omestic anll industrial.....
...(10....- . ...................

.. .do..... ........ ........

Hubtotal ........................................................
Willamietto River.....................
St. IHelons.... .......................
Columbia City .... ..-............. ....
KalinI....a . ........ .......... .
Rainier.. .................................
Longviewv.... .......-....................
ClaItskanlo..... ......... .

Domestic and Industrial
...-A..O....-...... ....-
I)omestic..----......

..- i- ......... ......

. o1.. .... ... . .......

Domnestle an(l Indulstrial......
Domnestle..--.-..--..--..------

Subtotal ..............-.....-....... .............................

ITotal ........................................................

Estimated population-
e(lqivalent

Under prcs- IUnder l)rob-
ent (ondli- able future

tions conditions I

1, 400
1, 60, 700)
140,000
(2)

1, 652, 100

2, 000, 000
116, 500

,100
1,I10(X)

912,000
N8()

3, 031, 200

4,683,300

2,000
1, 505, 00
080,000

3 700,000
2, 887, 500

1,000, 000
181, 00

600
1,500

1, 620, 000
900

2, 707,400
6, 6091,900

I Assuming developments as of 1075, Improved partial treatment of Ilndustrial wastes, and prilnary treat-
ment of domestic sewage.

I'ortland's sewage Is now discharged into W\llamnette River.
3 Proposed sewage-treatment plant i1 I'ortliu(d will discharge directly Into Columbia River.

227. The lack of pollution problem on Columbia River above the
mouth of Willametto River is clearly indicated by the above tabula-
tion, which shows the present pollution load as having a population-
equivalent of only 1,652,100, or about 23 percent of tho pollution
stabilizing capability of the present stream flow. With anticipated

_ ._

----.----------- ----- -----------I------
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future development of the area, this ratio apparently will become no
greater than 41 percent under present flow conditions and would be
reduced to about 32 percent by increased flows provided by regulation
of proposed dams. Similarly, the present pollution load at Barlow
Point, with population equivalent of 4,683,300, is only 53 percent of
the present stabilizing capability of the stream flow. With loads
introduced by estimated future growth, this ratio under present flow
conditions would not exceed 64 percent and, with increased future
flows expected to be available, would be reduced to 56 percent.

228. Generally, no pollution problem exists on Columbia River
below the mouth of Yakima River, except for local difficulties caused
by industrial wastes and the presence of visible solids and pathogenic
organisms from domestic sewage. Even with the predicted develop-
ment and growth of the area, the pollution problem is not anticipated
to attain a serious magnitude in the future. Efforts of State agencies,
in requiring that contributors of pollution make some effort toward
reducing the amount of pollution, are expected to result in the future
reduction of the present relatively minor degree of stream pollution.
Local needs for removal of floating solids or pathogenic organisms
will be satisfied, of necessity, through proper treatment by the con-
tributing agency, whether municipal or industrial. Commercial uses
for industrial wastes and modification of present methods of manu-
facture may aid in solution of these local problems.

DESIRES OF LOCAL INTERESTS

229. General.-In connection with the present investigations, public
hearings have been held as listed below:

Date Place Subject Held by

Juno 8,1944 Walla Walla, Wash.-.. Navigation.-.... District engineers, Portland and
Seattle.

Juno 15, 1944 Portland, Oreg.--.---- .---.do-............... Do.
June 22,1944 loiso, Idaho......do----- ...- Do.
Apr. 25,1945 The Dalles, Ocg.--..--.Indian fishing rights.- District engineer, Portland.
Sept. 22,1915 '--..do-..--..----- -'lTheo Dalles Darnm.... Do.
Mar. 28,1947 Gravelly Point, Va...- --do------B---.Board of Engineers for Rivers and

HI arbors.
May 25, 1948 Arlington, Org...-...-.... John Day Dam ....... District engineer, Portland.

The hearings brought out that the desires of local interests were
divided. Power and navigation proponents favor immediate develop-
ment of the main stem of Columbia River by dams and reservoirs.
Indian fishermen having treaty-accorded rights, together with com-
mercial and sport fishermen, contend that such construction will
deplete or destroy present fish runs. Irrigation interests desire that
use of water for irrigation be given first priority without infringement
by downstream power developments.

230. Hearing of June 8, 1944/.-The hearing at Walla Walla was
devoted to navigation. Estimates of tonnage of commodities sus-
ceptible to water movement were submitted by representatives of the
Inland Empire Waterways Association, the Washington State Farm
Bureau Federation, and the Lewiston, Idaho, Chamber of Commerce.
A statement as to potential shipments from the Columbia Basin irri-
gation project was submitted by the Bureau of Reclamation. Stato-
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ments endorsing iml)rovcmcnt of navigation facilities were submitted'
by the Portland, Spokane, and Walla Walla Chambers of Commerce.
Representatives of towboat operating companies joined in stressing
tho need for large-size locks and recommended chambers capable of
passing three barges, each 40 feet in width, abreast. Representatives
of Montana and Idaho interests expressed the belief that navigation
use of water should bo subordinated to irrigation use.

2:31. Hearing oqf June 15, 1944/.-The hearing at Portland was de-
voted to 1na-vigation. Representatives of large grain and milling
companies testified in favor of water transportation of wheat from the
inland territory. Replresentativeq of towboat and barge-line com-
panies operating on the river stressed the need for larger locks, point-
ing out that tlwh width of Bonneville lock has proved insufficient for
the needs of river navigation. These representatives mentioned also
the need for a better approach to the upper end of Bonneville lock and
for facilities for tying barges and log rafts above and below the lock.
Thle Columbia River basin operators endorsed the program of river
development. A statement was filed by organizations of Flathead
Valley, Mont., expressing the belief that navigation use of tlei river
should be subordinated to power and irrigation use.

232. Hearing of June 22, 194/1.--The hearing at Boise was devoted
to navigation. Representatives of the Bureau of Reclamation pre-
sented data as to feasible projects for the development of new lands and
stressed the need for irrigation, bringing out the fact that means could
be found without difficulty to use available waterrc(;ouIrc's will o ti(etrli-ment to navigation or existing irrigation projects. I(daho irrigation
district representatives lad no objection to the development of navi-
gation projects on loNwer Snake River, provided the use of water for
such projects would not )be allowed to encroach upon tile water supplyavailable for present or l)roposed irrigation projects on tle upper
Snake River. The Inlamld Navgation Co. stressed development of
navigation in the upper river. The Governor of Idaho assured co-

ol)eration iln developing reclamation and navigation. The Wenatchee,
Wash., Chamber of Coimmerce favored development of navigation.

233. Hearing of April 25, 19/45.-The hearing, held at The Dalles,
was to ol)taill the views of Indianspossessing fishing rights on Colum-
b)ia River undller the 1855 treaty as to tliel)oposed construction of
the lDalles )amn. Inundation of Celilo Falls, the best Indian fishing
grounds on the river, was thleprlincil)ll subject discussed. Tlie
Yakima, Walla Walla, Cayusc ,Umlatilla, Warm Springs, and Colunm-
bia River Indians were opposed to construction of a (dmn at tihe Dalles
site, and ad(lvocated in lieu thereof an alternat e upstream location
to pIreserve the present fishing grounds.

2:34. Hearing of September 22, 1945.-The hearing,hleld at Thel
Dalles, was in connection with Interim Report No. 1 on tle D)alles
D)am, princilally f'om the navigation standpoint. Fishing interests
contended that the I)alles l)am would destroy tlhe salmon runs and the
large fishery industry based thllereon, dislocate thle Indians lepenlent
upon fishing, and destroy a scenic attraction by inundating Cclilo
Falls. In lieu of construction of the DallesD am, they recomllmend
prior construction of Foster Creek Damn and enlargement of the
Dalles-Celilo canal. These interests cautioned that a pil)elile might
supl)lant present barge movements insofar as petroleumnprol ducts are
con(cernedl ,antl that atomic Iowelr might renll(e hyIydelectrlic power
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facilities obsolete. Representatives of 35 organizations were in favor
of the Dalles Dam, andl representatives of 13 organizations, including
Indians and fisheries interests, presented testimony ill opposition.

235. IHearing of iMarch 28, 19/7.-The hearing at Gravelly Point,
Va., secured data in connection with the proposed The Dalles Dam.
Arguments brought out the present need for improved transportation
and the industrial potential of Columbia River when cheap transporta-
tion and cheap power are combined. The present waste of unused
water was pointed out. In addition, arguments were offered to tho
effect that the potential industrial development along the river dwarfed
the present fishery industry and should not be delayed because of
possible adverse effect on the fishery.

236. Ten fishing organizations advocated deferment of construc-
tion of The Dallcs Dam and( other lower Columbia River dams until
all other power sites have been developed, to permit development of
more reliable facilities for passing fish runs and to permit investiga-
tion of the feasibility of transplanting fish runs to certain lower tribu-
taries unaffected by dams.

237. Hearing of AMay 25, 194t8.-The hearing at Arlingtonl was in
connection with the proposed John Day Dam with normal pool eleva-
tion 255 to supplant two dams previously recommended, one with
pool elevation 210 at the John Day site, and the other withlpool eleva-
tion 258 at the Arlington site. Views were desired from navigation,
fishery, and other interests, and from owners of property between
John Day and Arlington Dam sites that would be affected by the
single-dam plan but not by the two-dam plan.

238. Opposition testimony was presented primarily by fishery in-
terests wlo opposed construction of either one or two dams in the reach
of river under consideration because of the uncertainty of passing
fish over the dams and possible damage to main stream spawning
grounds. The two-dam plan appeared to these interests as.the lesser
of two evils in regard to providing successful fish ladders of lifts.
Suggestion was made that, if construction of a (lam at the John Day
site were determined to be necessary, consideration be give to locat-
ing it above the mouth of John Day River in order to make that stream
more accessible to migratory fish. Other opinions favored deferment
of John Day Dam until other upstream power sites such. as Hungry
Horse and Foster Creek were fully developed.

239. Testimony was given by Ilndians of the Wa'rm Slrings Con-
federated 'Tribes, by Yakimas, and by Nez Perc6 in opposition to all
dams. The Indians' protests were based on inundation of fishing
locations at which they were given fishing rights l)y a treaty executed
in 1855. Navigation interests, the Mid-Columbia Chamber of Com-
merce, grain growers' associations, and various port districts and
chambers of commerce were generally in favor of development bly the
single John Day Damn, although some advocates made their recom-
men(lations contingent upon acceptability to the majority of residents
in the flowage area.

240. No objections were received from residents of Arlington, the
l)rincipal comllunlllity which would be affected by the single-dam plan
and left unalfrcted by tlhe two-damn plan. T'he brief filed by the Mid-
Columlia Chalnber of CommeIrce reconimmlen(cel provisions of a lock
chamber 130 feet by 750 feet in clear llan dimensions. Other inter-
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ests, however, concurred in the 86-foot by 675-foot dimensions cur-
rently l)lalnned for the lock at McNary Dam.

SECTION II-FIELD AND OFFICE STUDIES

GENERAL

241. Field investigations.-Surveys andl field explorations under-
taken by the Corps of Engineers in connection with previous reports
furnished a portion of the data upon which studies for this report are
based. Such data for Bonneville anld McNary Reservoirs are quite
complete. IHydrographic surveys were available for the remaining
248 miles of Columbia Rivcr within this sub-basin. In addition,
limited drilling at seven dam sites was completed. A photogram-
metric reservoir map to elevation 500 feet, mean sea level, of the river
reach from the head of Bonneville pool to McNary l)am site was
prepared. Plane table surveys of Tlie Dalles and John Day (lam
sites also were coml)leted. Other field investigations made at The
Dalles site consisted of core drill holes, seismic lines, and (liver in-
spection of tlie deep main river channel. Comprehensive exploration
by seismic methods was undertaken in the John Day and Arlington
dam site areas, in addition to exploration by 10 and 5 drill holes,
respectively.

242. Field investigations fobi the local river and harbor projects
discussed in this report (a mooring basin and channel enlargement in
Baker Bay, channel enlargement in Westport Slough, channel im-
provement in Columbia Slough, and harbor improvement at
Umatilla, Oreg.) included soundings, plane table surveys, cross sec-
tions, or combinations of tlese methods as warranted by local con-
ditions. Problings were made where necessary to determine sub-
surface conditions.

243. A number of surveys were available from previous investiga-
tions for use in tlhe analysis of proposed diking, drainage, and bank-
protection projects downstream from Bonneville Dalr. These sur-
veys were sl)upplemented l)y recent reconnaissance, and, in connection
with bank-erosion studies, cross sections were taken and ranges for
float-velocity measurements established over about 50 percent of the
locations involved. Preliminary flood-damlnage appraisals also eore
made throughout this reach. Accumulation of field data on these
)Iro'jects was sufficient to permit preliminary analysis of economic
qualifications. Investigations, however, will )e completed and final
results shown in an authorized separate comprehensive review of
local flood-control projects which is to be submitted at a later (late.

244. (Office studies.--In connection with analysis of reservoirs, office
stu(lies were made for several alternative developmentss at The Dalles
dam site. A two-dami plan, consisting of low d(las at John Day
and Arlington sites, as well as ope)n-river impr)ovemenl t, was considered
in lieu of tie r'ol)posed high John Day development. Supporting
studies include(l d(leternlination of stream-flow characteristics, flood-
control storage capacities, tailwater rating curves, spillway design
floods, antd backwater profiles and elevations. Iyd(lraulic adtl poweI'
stud(lis were mado to (determine controlling dimensions and power
installations. Flowago and utility relocation studies were completed
froIn field data. Studlices tnd field( investigations of foundation geology
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and construction materials, based on1 available data, were made, and
construction cost dlata and methods of construction were analyzed
in prcl)aration of detailed cost estimates. Project benefits wero
analyzed, but those of b)asin-wide import are treated in appendix M,
and( only those of local nature are detailed in this appendlix.

245. In connection with the previously recommended local naviga-
tion projects enumerated in following paragraphs, designs, estimates,
and economic analyses were completed in consi(leraolle detail. Studies
of diking, drainage, and bank revetment; the improvement of Oregon
Slough in the interests of navigation; and the investigation of addi-
tional dredging at the mouth of Columbia River were preliminary in
nature but somewhat more detailed than tlose made for approach
channels to future harbors. Appendix R contains a summary of
investigations performed and part II of this appendix contains de-
tailed information on special studies made.

SECTION III-PREVIOUSLY RECOMMENDED PROJECTS

GENERAL

246. Previously recommended projects are: Local navigation de-
velopments for Umatilla Harbor, Columbia slough channel, Westport
slough channel enlargement, and Baker Bay channel and mooring
basin; all reconmenlcdd by the Corps of Engineers; and the west unit
of The Dalles irrigation project, recommended by the United States
Bureau of Reclamation, and The Dalles Dam previously reported on
by the district engineer, Portland, in an interim report dated March
21, 1946.

247. Construction of the local navigation projects would fulfill
the immediate needs for such development on lower Columbia River,
but would not constitute an ultimate development. Construction of
The Dalles Dam and Reservoir would leave undeveloped only 75
miles of Columbia River between the mouth of Yakima River and
Bonneville Dam. These previous recommendations are reiterated,
and abstracts from the original reports follow. In all cases economic
analyses are modified from the previous reports to reflect price levels
and economic developments as of January 1, 1948.

UMATILLA IARBOR

248. General.-Improvement of the existing harbor on Columbia
River at Umatilla, Oreg., was favorably recommended by the district
engineer in a separate report entitled "Review Report on Columbia
River at Umatilla, Oreg.," dated January 28, 1948, in which the divi-
sion engineer, North Pacific Division, concurred May 11, 1948, and
forwarded to the Chief of Engineers. Tlhe proposed improvement,
shown on plate 27, would consist of an excavated harbor area to provide
adequate navigable deptlh for barges. The harbor woull b)e served by
the existing river channel, which hlas a del)th of 7 feet at low water
and a minimum width of 150 feet.

249. Descriptiol,.-The site of the proposed work is the harbor area
at the Umatilla Iport (dock, 289 miles above the mouth of Columbia
River. 'l'e harbor deptli at low water generally is less than 7 feet,
and tlhe river bottom consists of compacted gravel and small rock

01275-52-vol. 6--18
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ledges. Small areas of rock shoals occur throughout the harbor anf
restrict free access to (locks along the water front during periods of
low water. This stretch of the river is subject to ice jams, due to local
and floating ice, which may block navigation for periods of 1 to 2 weeks
and occasionally as long as 8 weeks. These occurrences are generally
in January and February.

250. Existing conditions.-T'he trade area tributary to Umatilla
includes some 60,000 square milesliaving a 1940 population of 362,000.
In addition to eastern Oregon, it includes much of southern and west-
ern Idaho. The principal industries of the region are farming, stock
raising, processing of farm products, logging operations, production
of sawedl lumber, mining, and operation of facilities for tourists and
vacattionists. Because of the location of existing highway and railway
facilities, Umatilla is the natural point of interchange for most com-
modities which are adaptable to movement by water, and in 1946
about 426,000 tons were handled at this point. More than 90 percent
of this traffic was petroleum products moving upstream, and most of
the balance was wheat moving downstream. The trend of shipments
ly water carrier is definitely upward, as evidenced by statistics avail-able for The Dalles-Celilo Canal, where tonnage in 1946 was 21 times
that of 1938.

251. Private interests have constructed three tank farms, with a
total capacity in excess of 14,000,000 gallons, for storage of petroleum
products at tJUatilla. Two of these have rail, truck, and water con-
lnections, and tlhe third las truck and water connections only. Water
connections in two instances consist of narrow pile trestles carrying
pipelines andl walkways to mooriiig facilities located in shallow water
in the river. At the third terminal the b)arges are moored close in
without benefit of a shore structure for unloading. A cooperative
grainl elevator of :350,000-bushel capacity is located adjacent the
a1arbor. This elevator has truck, rail, and water connections, the
latter consisting of a conveyor extending riverward about 200 feet
beyond tIhe low-water sore line to a loading point about 200 feet
inshore from tlie 7-foot deptlh line. The port of Umatilla, organized
in 1940, owns 1,775 linear feet of water frontage but owns no terminal
or transfer facilities. Portions of this frontage are leased to the afore-
menttionle(d private l)etroleum interests.

252. Plan. of im.prooement.--'le )rol)osel project consists of clear-
ing the, harbor area of all shoals to a de(l)th of 72 feet l)elow low water
from the channel shoreward to a liine which generally follows the
present 7-foot (lepth contour and covers the greater part of the port
frontage. This line woull extend downstream lchllnelward across
the shoal area above tlhe mouth of Umatilla River to provide a usable
angle of approacll to the dock area. I)ocks now constructed along the
water front coull be extended( to the edge of tle lpropose(l improve-
ment at. small cost.

253:. The p1rolpose(l imilprovemenit would not provide shelter from ice
flows or jams. Tlhe harbor is situated only 3 miles downstream from
McNary 1)am, which is now under construction, and that reservoir
will trap most of tlhe floating ie and, in a(l(lition, the lower lock
appl)roac(l will l)rovi(le a safe harbor between the guide wall anl river
bank moorage.

2,54. Tlie previously recommnlLended Umatilla Iarl)or project fits in
with Jollll Il)ay Reservoir as proposed for comnl)relhesive development
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of Columbia River. Jolm Day Reservoir at normal pool elevation
255 would create slack water to McNary Dam. Natural low water
at Umatilla Harbor is now elevation 247.41. Excavation to 734-foot
depth would place the harbor floor at elevation 240. With 3 feet of
draw-down for power-plant operation at John Day Dam, Umatilla
Harbor ultimately would provide a dependable minimum draft of 12
feet. In addition, the backwater effect of the John Day Reservoir
would be beneficial in reducing velocities through the harbor, which
would be fully exposed to present stream velocities.

255. The federal Government would excavate the harbor area and
assume the maintenance of project depth. Local interests would be
required to furnish assurances satisfactory to the Secretary of the
Army that adequate terminal facilities open to all on equal and equi-
table terms would be provided and that the United States would be
held safe and free from all claims for damages which might result from
execution of the work. Local interests have indicated a willingness to
comply with these conditions. No rights-of-way are required for the
proposed construction and rights-of-way are available for terminal
facilities.

256. In connection with the harbor improvement, the port of
Umatilla has proposed construction of dock and terminal facilities
costing $196,700. In addition, pile trestles serving two of the present
tank farms should be extended to the edge of the improved harbor,
and the conveyor belt serving the grain elevator likewise should be
extended. Cost of these extensions amounts to $3,000 and $5,000,
respectively, and total $8,000.

257. Costs and charges.-Estimated costs to both Federal and local
interests are detailed in part I1 of this appendix. The estimated total
initial investment is $620,950, of which $416,250 and $204,700 would
be Federal and non-Federal, respectively. Estimated annual charges
are shown in the following tabulation:

Annual
Federal: charges

Interest and amortization------------------------..--..- $16, 180
Maintenance and operation -------------------------- ...---- 1, 000

Subtotal---------------------------------------- 17, 180

Non-Federal:
Interest and amortization ------------------------------- 9, 585
Maintenance and operation ----------------------- ---..---- 2, 365

Subtotal--------------------------------------- 11, 950

Total-----------------------------------------------.--.- 29, 130
258. Accomplishments.-The proposed project would provide an

improved depth from the main channel to dock facilities, thereby
reducing maintenance costs that result from damage frequently
inflicted on boats and barges by existing scattered shoals of rock and
boulders. Barges could be loaded to full capacity during low-water
stages on Columbia River. A 7-foot depth would provide unimpeded
access to Umatilla port facilities at all stages of Columbia River,
provide an area for breaking up barge tows, assure access to oil stor-
age tanks and grain loading facilities, and provide for further expan-
sion of port facilities. Considerable development in river transporta-
tion and port facilities is anticipated as a result of increased agricultural
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development, mechanlization, manufacturing, and population increases
within tile area served by Umatilla port.

259. Although tl(e iIlmproVCement plro)OSe( would 1)b justified in the
interest of safety and convenience of established navigation alone,
monetary ben1)efits were evalllat(ed. Savings would ) realized on
comfmod(ities 10ow moving enltil'ely on Ilandl, but which could move )y
barge between Portland and( Umatilla if navigation conditions at
Umatillatl larlor were improved and suitable terminal facilities were
provi(lde by local interests. These savings woul(l amount to about
$47,610 annually, and woull )be the total evaluated benefits clitc edit to
the project.

260. Indirect benefits crelditable to the proposed project would be of
considerable importance. Navigation in general would 1be promoted
by the elimination of hazards, causes of delay, and damage to equip-
ment. Lowered cost of operating barges and of marine insurance
would have a beneficial effect upon rat-ebases and in turn the general
I)ublic would profit by a wider use of river transportation. No
evaluation of indirect )benefits was male.

201. Economic jfustification.-lEvaluate(d direct annual benefits are
$47,610 and estimated total annual charges are $29,130. The
)benefit-to-cost ratio would be 1.63 to 1 and the project would be
economically justifiable.

TIIE DALLES DAM

262. (eneral.-The Dalles Dam, as previously reported on, would
be located at the head of Bonneville pool, 192.5 miles above the
mouth of Columbia River, as shown in the subbasin map, plate 36,
and the subbasin profile, plate 1. It would raise the natural low-water
surface 87.5 feet at the site. A dam at this location was proposed in
both of the prior comprehensive reports on development of Columbia
River. In the latest of these, House Document No. 704, Seventy-
fifth Conlgress, third session, prepared in 1937, normal pool at elevation
150 was proposed to create a reservoir extending to the mouth of John
Day River at Columbia River, mile 218. The present report proposes
pool elevation 160 inl accordance with the report entitled, "Interim
Report No. 1, Columbia River and Tributaries Review Report, the
Dalleslamn, Oregon and Washington," dated March 21, 1946. The
referlencel rel)ort reviews previous reports; evaluates changed condi-
tions with regard to commerce, )power generation, and other uses of
water at tile )alltes site; compares alternative locations for a d(am in
the vicinity of The 1)alles; and, with due regard to future develop-
ment, compares alternative pool elevations for thle site deemCCed most
practical. In addition to material inl the referenced report, this
apl)endix contains descric'iptive data and information on tile economic
development and p)rollems of the area.

263. IIydr(ology.-Thle run-off of Columbia River at The Dallcs
dam .site is identical to that recorded at tlhe United States Geological
Survey station at ''lie Dalles. IIydrological lata for this station are
described in chllp)ter I.

264. Tlhe flow duration curve for Columbia River discharge at Tho
(alles, plate 13, shows that the minimnumn mean monthly discharge
was 42,430 secon(l-feet. Fifty-six pl)rcent of the time the flow
exceeded 120,000 second-feet, the average flow of the minimum year.
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Upstream storage provided by reservoirs in the main control plan
would increase the average dependable flow to about 110,000 second-
feet. Plates 7 to 10 show daily discharge hyldrographs for Columbia
River at The Dalles, and plate 11 presents summary hydrographs at
the same location. Plate 13 shows other streaml-flow characteristics.
A discussion of the derivation of the spillway (design flood of 2,290,000
second-feet for The Dalles dain site is contained in part II of this
appendix.

265. Geology.-The damn site is located on the east limb of Tho
Dalles syncline, an asymmetrical fold trending about North 30° East.
The site is underlain principally bybMiocene Columbia River basalt,
consisting of several series of superposed flows of varying individual
thickness. The flows exhibit columnar structure, horizontal jointing,
and vesicular to scoriaceous onlles, but are primarily hard, sound rock
excellent for foundations. Inter)beds of sedimentary rock are rare,
and Iost flow contacts are tight.

266. Tlhree transverse faults are present in the area; one at the head
of Fivemile Rapids, one at the foot of Threemile Rapids, and a third
at Big Eddy. These faults trend northwest-southeast, nearly parallel
to tlhe strike of the basalt, and appear to be post Pliocene in age with
no evidence of recent movement.

267. In adjacent areas south of the river, the basalt is overlain
unconformably by the Pliocene Dalles formation consisting of semi-
consolidated sandstones, conglomerates, tuffs, and tuff breccias.
These occur' well above the crest of the ldam and normal pool elevation
and d(o not affect the structure. Quaternary terrace deposits, comn-
posed of poorly consolidated silts, sands, and gravels, are present
at elevations up to 300 feet in the area adjacent to thle site. Recent
deposits of silt, sandl, and gravel of variable thickness, are present, to
a limited extent, in the site area.

268. Lay-out.-Lay-out and details of The Dalles Dam are slown
on plates 28 and 29. The dam would consist of a navigation lock,
spillway, powerhouse, anLd nonoverflow (lam sections totaling about
8,000 feet inl length. The lock would be located on the Washington
shore at thle foot of Threemile Rapids, nearly alined with the river
channel downstream. A 1,736-foot length of nonoverflow concrete
(laIn would continue upstream on line with the riverward lock wall to
connect with the west endl of the spillway, located approximately
at tile midpoint of tile basalt flat west of tile main channel. Tlie
spillway would extend across tlhe basalt to the main channel. The
powerhouse would extend northeastward along the edge of the Ideep
river channel. This channel would be closed by a rock and earth
embankment which would tie to the powerhouse and would beo con-
nected to the Oregon shore by a concrete nonoverflow dam cilossing
the head of Big Eddy lock of 'rThe Dalles-Celilo Canal. Statistical
data on thle several features of the (la n are contained in table 34.

269. The navigation lock for barges would be 86 feet by 675 feet
in clear plan dimensions and would provi(le a 14-foot depth of water
over the sills at 3-foot (lraw(dowIl. Since the lock chamber would b1
excavated largely in rock, a filling and emptying system consisting of
two floor culverts was adopted. Downstream from tlhe chamber, a
guard wall 1,000 feet long and a channel 250 feet wide would be pro-
vided to insure favorable entrance conditions. A portion of tho
upstream channel in the reservoir area must be excavated to provide



2584 COLUMBIA RIVER AND TRIBUTARIES

necessary depth and a width of 350 feet required for moorage space
adjacent to the channel. Upstream from the lock chamber, the non-
overflow dam would extend on line with the riverward lock wall to
the Washington end of the spillway, and a 1,400-foot guard wall would
continue on tlie same tangent to protect boats and tows from currents
toward the spillway.

270. The spillway, crest elevation 119, would be 1,848 feet long.
Thirty two-section vertical lift gates 43 feet high and 50 feet wide
are proposed to control the pool to normal elevation 160. The gates
would be, operated by means of two gantry cranes traveling on the
spillway bridge. The spillway would pass the flowage design flood at
approximate normal pool elevation, and the spillway design flood of
2,290,000 second-feet with pool elevation 16.5 feet over normal level.
The spillway discharge would be spread over the entire spillway
length, and a perforated sill would deflect and decelerate the overflow.

271. The power plant would be located upstream from the spillway
section and along the deep main river channel. Under phase C-2
development, as described in appendix 0, 14 units rated at 70,000
kilowatts each would be installed. The power plant structure would
be 1,478 feet long and provide space for two additional units. Addi-
tional space would be provided between the powerhouse and spillway
section by a nonoverflow concrete gravity dam section, or other
barrier which could be removed or incorporated in the final structure,
in order that the powerhouse could be extended to house a total
ultimate installed capacity of 20 units to develop 1,400,000 kilowatts.
Generating equipment would include automatically adjustable pro-
peller-type turbines, spaced 83 feet on centers. 'lhese turbines
would have 6-blade, 286-inch runners with mechanical ratings of
112,000 horsepower at 85-foot head and 83.7 revolutions per minute.
Two station service units rated at 3,500 kilowatt capacity each would
be installed in the 150-foot long assembly bay area to meet auxiliary
equipment power requirements. Plate 31 illustrates approximate
head and output characteristics of The Dalles power plant under
phase C-2 development as related to river discharge conditions.
Appendix O contains details of the power installation and generating
capacity.

272. 'The main river channel, a rock gorge about 500 feet wide
and 180 feet (eep, crosses the dam axis just upstream from the
upstream end of the powerhouse, and upstream from the lower entrance
to The Dalles-Celilo Canal. Closure of this channel without coffer-
dams is proposed by dumping the embankment materials in the
water. The initial closure woull be made with large rock and the
upstream deposits would grade to sand to produce an impervious
barrier. This method of closure appears more economical and
practicable than any other method considered. Tlle embankment as
shown has been designed for closure at a flow of 300,000 second-feet,
although flows of this magnitude are unlikely during the closure
period. About 1,500,000 cubic yards of quarry rock ranging to 10
tons in weight, and 1,520,000 cubic yards of blanket material, would
be requirc(l. Completion of the embankment would require approxi-
mately 380 days.

273. Fish facilities.-Until such time as continuing studies, by
various State and Federal agencies, of anadromous fish problems and
fish facilities indicate material revisions, fish ladders and powerhouse
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collecting systems similar to those used at Bonneville Dam and to
those now being studied and designed for McNary Dam are proposed
for this site. Gravity fish ladders with-a width of 30 feet and a slope
of 1 on 20 would be provided at each end of the spillway structure and
near the south end of the dam, providing access to the pool near the
Washington and Oregon shores and near the central portion of the
dam. The powerhouse collecting system would be constructed so
that it could be operated to lead the fish into either the central or the
Oregon shore fish ladders, as desired. Downstream migrants would
have access both to fish ladders and to fingerling bypasses. Inas-
much as the difference of elevation between forebay and tailwater
normally would be about 88 feet, further study conceivably might
indicate the need for one or more pairs of fish locks to supplement the
gravity-type fish ladders.

274. Consideration has been given to the development of means to.
recover fish that might become exhausted below or in the fishways,
but because of biological and other difficulties, no suitable facility has
been devised. It is considered, therefore, more advisable to mitigate
any possible losses by artificial propagation of fall Chinook salmon in
lower Deschutes River. Inasmuch as the same problem of restitution
exists at the proposed John Day Dam, and in the interest of economy,
a joint two or more unit hatchery is proposed to compensate for
possible losses at The Dalles and John Day Dams. The hatchery
units would be constructed along lower Deschutes River, above
backwater from The Dalles pool. These units combined would have
a capacity to handle about 25,000 adult fish, which would require
capacity for about 50,000,000 eggs. The costs of the proposed
hatchery units would be borne jointly by The Dalles and John Day
Dams.

275. Flowage.-The Dalles Reservoir is outlined on plate 30. At
low water, before construction of the John Day project, 24.8 miles
upstream, the reservoir would extend upstream a distance of 35.5
miles and would average about 3,500 feet in width. Flowage ac-
quisition and utility relocations are based upon the computed back-
water for the historical 1894 flood passing the dam at normal pool
elevation. Fee title or flowage easements would be acquired to all
lands and improvements within a taking line tentatively set at 5 feet
above the 1894 backwater profile. The lands involved are listed
below.

Area in
acres

Nontillable grazing and wastelandls.----------------------- --- 5, 039
Tillable---_ .. . 329
Industrial property -------------------._------------------9-----9
Indian lands -------------------.-----------------------.----------- 234
Federal reservation ----------- ------------------------------------ 326

Total-....--------------------------------------- 5, 937
Wishram, Wash., and the Indian village at Celilo, Oreg., would be
only slightly affected, but the Indian village at Spearfish, Wash.,
would be inundated.

276. Improvements within the proposed flowage area consist of
The Dallas-Colilo Canal, which, with all appurtenant structures, is
owned and operated by the United States; 10 commercial and indus-
trial properties; schools; churches; 29 residences in the small towns;
and 34 farm units.
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277. Necessary relocations include 81.4 miles of railroad, raising of
the Wishram yard, raising and revision of the Columbia River rail-
road bridge of the Spokane, Portland & Seattle Railway; reconstruc-
tion of 18.7 miles of United States Highway No. 30i miscellaneous
power and( telephone line revisions, and reconstruction of the ap-
proaches to tlhe Maryhlill Ferry. An interstate highway bridge is
now p'roposcd at the Setufert bridge site. This structure, crossing in
the (lain site area, should be planned so as not to conflict with the
lay-out of tlie dlan. Preliminary estimates indicate that construc-
tion of the dali would increase the cost of the bridge about $791,000.
This a((litional cost is proposed as a Federal cost. Should thle bridge
be completed prior to construction of The Dalles Dam, the Corps of
Engineers would( realize benefits estimated at $488,000 from elimina-
tion of ncced for other facilities for transferring personnel and materials
;across tlie river during construction of tie dam.

278. Estimates of cost for railroad andl other relocations for the
project are based upon construction of this project prior to initiation
of construction on the John Day project upstream. When the latter
is constructed, therefore, the new relocations in the upstream reaches
of Tle1 Dalles project would again require revisions. Savings in-
volved ini concuOrrent relocation of railroads for both projects would
justify concurrent relocation only if construction of the John Day
project were anticipated to follow construction of The Dalles project
by a)bolut 6 years or less.

279. The I(ndian fislhig groun(ls at Celilo Falls, retained by the
Indians unllerl treaty ithl tle United( States; and the Indian village
at Spearfish, Washl., would be inundated; and tlhe Indian village at
Celilo, Or'eg., would bCe atfcct(l. The estimates of cost for The Dalles
project include an allowance for construction of a new Indian village
satisfactory to tlhe Indians and the Bureau of Indian Affai's, and
provision of suital)le natural or artificial subsistence fishing sites near
the (ldan. Further restitution or dispensation deemed fitting and
proper b)y the Congress in consideration of treaty rights would be
made a part of this project.

280. Recreation facilities.-Pioposed development by the Corps of
Engineer's would include sightseeing facilities consisting of parking
areas and public service buildings on either shore in the vicinity of
the datim; a pul)lic boat (lock and picnic area on the Washington
abutment.; andt three l)ubllic access areas at strategic points along the
reslevoir providing limitt(l parking, picnickiiig, and boat-launchling
facilities. Dl)ell(en(d t upon (ldeand, Inoorage and service and repair
facilities n)igllt b1e lprovidel by local organizations or private capital.

281. Construction, mnaterials.-Collml)bia River sandantd gravel are
of suitable quality for col('rete aggregates and exist abundantly in the
area of T'hle l)alles project. Some lending of sand1 to sl)pply certain
size defilciencies ,however, may 1e necessary. Loessal soils for semi-
pervious andl imnl)ervious fills are available within short distances
south and east of tle site. Anmple supplies of rock from excavations
at tlhe site would be available for riplrap andl a fail proportion of the
large rock for thle river closure embankment. Selective quarrying in
the genera(l area would provide the I'emainder.

282. Construction scheledle.-Construction of Tlie Dalles Dam with
installation of 4 generating units could ble acconpllished in applroxi-
mately 5-years and the 10 ad(litional units, required under please
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C-2 power development, could be installed at the rate of 4 per year
to complete the project in 7.5 years. Construction of the powerhouse
and spillway behind cofferdnms would be initiated immediately.
Relocation of the Spokane, Portland & Seattle Railway, which would
require about 1 year, likewise would be begun immediately to enable
work on the navigation lock to proceed as early as practicable. Upon
completion of these works with provisions for second step diversion
through the partially completed powerhCouse, th1e (ear't and rock
eml)ankment closing the main river channel, requiring slightly over a

year to place, would be constructed. During this time navigation
would be passed through the existing Thle Dalles-Celilo Canal. Final
closure of the darm and subsequlenli raising of the pool would involve
completion of the short section of nonoverflow dam immediately up-
stream from Big Eddy lock of the existing The Dalles-Celilo Canal.
After completion of this section, The Dalles lock would be placed iii
operation.

283. Costs.-Costs of The I)alles project with 14 generating units
installed, based on January 1948 price levels, in conformance with the
plan proposed in this appIendix, are summarizedl below. A (detailed
breakdown of quantities and unit prices involved are shown in part II
of this appendix.

Item C u-CapitlcostCostreItc~lllCItion cost Capital cost

Utility relocations.....-------- ......-- .-.
Lands and acqlisit ion ..... --..................-

Reservoir clearing
Cofferdains andi(liversion.-----.-----------..-
Spillway-..--------------------------------------------------------------
Nonovcrtlow concrete d(lam--------------i.-----------------------.i----...
Power facility ies .--.--. .-------------- ------..- -------------.---.--- .--
Powerhouse structure for two future units...-....--
Rock nnd earth-lil d(Inam-.....-- . ...-------
Navigation lock.... ..--

Mooring faeilitiecs------------------.-......-..------------------------..
Fish facilities .-----...---------------- .-------------------------
lBuililngs and grounds ....-.---
Construction of Indian village and fishing facilitics..---------.---.-----..--
Recreation facilities.. -.- -------..

Oregon-Washington highway bridge----.
M iscellaneous..--..---------.-------------. ...-
Navlgat ion aids..........----.-----------------....-...-------.-------.--..

$33, 148, 000
728,000
269,000

9,719,000
20, t07, 000
8, 75,1)00

145, 511.000
8, 257,000
11,181,000
13, 10,000

245,000
2.3,305, 00
3, 189,000

613,000
255, 000
791,000
74,1,000
72. 000

$36, 255,000
706, 000
204,000

10, 060, 00
28, 511,000

, 816,000
159,186,000

, 031,000
12, 229,000
14, 427,000

26, 000
25, 490,000
3, 488, 000

670, 000
279,000
865, 000
811,000
79,000

Total......--..-.-..... .........-----------------------....----------- 286,280,000- 313, 125,000

284. Annual charges for The Dalles Dam, based on 3 percent financ-
ing and a project life of 50 years, are summarized below.

Feature
Interest ($313,125,000, at 3 percent) ....- ------------------..

Amortization ($313,125,000, at 0.886 percent)-------------------
Interim replacements.,------------.. --- ------- ..,-----
Opcration and maintenacncce. --..-------- -----------

Navigation lock ------- .... ..------ .. $77, 000
Spillway-..-------------------------------. 210, 000
Power facilities ......------------------------------ 714, 000
Buildings and grounds .----------------.---------- 98, 000
Fish facilities-------.--....-6---- ---------------. 64, 000
Recreation facilities- .........---------------------- 28, 000

Payments in lieu of taxes ......... -------..---...---....-----

Annual charged
$9, 394, 000
2, 774, 000

034, 000
1, 191, 000

4, 000

'Total annual charges.-------------------- - ------- 13, 997, 000
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285. Interim replacement costs were computed on the basis of addi-
tional amortization charges on a 30-year basis to create a sinking fund
to replace items or portions of items having an economic life of less
than 50 years. Operation and maintenance costs were derived from
past experience at Bonneville Dam. No annual cost for inundation
of The Dalles-Celilo Canal or of open river improvements in the reser-
voir reach are charged against The Dalles project. Navigation bene-
fits credited to the project elsewhere in this report are incremental
over existing conditions.

286. Accomplishments.-Navigation would be benefited by the 25-
mile slack-water pool which would inundate narrow barge channels,
swift flowing rapids, and The Dalles-Celilo Canal, all of which con-
stitute a bottleneck to through navigation traffic from upper Colum-
bia River points to Portland and to world ports. The generation of
power would benefit the local-area and provide needed additional
capacity to the Northwest power pool which is now operating with a
load greater than considered safe. Increased water surface elevation
would benefit irrigation along the pool by reducing the required pump-
ing lift. Possibilities for recreation, of a type not now available to
the residents of the area, would be provided as an incidental feature.

287. The proposed project-would improve a vital link in the through
navigation system from Lewiston, Idaho, to tidewater and world ports.
The future average annual tonnage expected to move over the pool
when through navigation to Lewiston becomes possible is estimated
to be approximately 4,828,000 tons, of which about 80 percent con-
sisting of grain, lumber, wool, limestone, mineral products, and mis-
cellaneous merchandise and industrial products, would move down-
stream; and 20 percent consisting of petroleum products, lumber, and
general merchandise would move upstream.

288. Navigation benefits for The Dalles slack-water pool are esti-
mated on the basis of savings in the cost of water-borne commerce
over the cheapest of other forms of transportation. This saving would
benefit the upper Columbia River Basin as greater returns would be
netted to the producer. Appendix M contains the derivation of
navigation benefits.

289. 'The project, as an element of the Northwest power pool, would
provide greatly needed additional power to the coastal load centers;
I however, the principal value would lie in proximity to coastal load
c((enters and ability to contribute a large amount of power to meet
part of the anticipated futureU load on the integrated Pacific North-
west power system. Low cost power can bo expected to attract
specialized electrometallurgical and electrochemical industries, for
which expanding markets are in prospect, and to facilitate the profit-
able expansion of other existing industries. The project would
produce approximately 701,000 kilowatts of prime power and have
an installed capacity of 980,000 kilowatts. More complete power
studies are contailne in appendix 0.

290. The Burvau of Reclanmation estimates that 60,000 acres in
scattered tracts might be developed ultimately by pumping from The
D)alles pool. 'J'hese include a number of scattered benches of a few
hundred acres each which may be feasible of development if cheap
power should become available. T'he Dalles Dam and pool would
facilitate irligation of 9,000 acres in the east unit of Th10 Dalles irriga-
tion project, and 1,000 acres along the right bank near North Dalles.
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This area is exclusive of The Dalles irrigation project, west unit
previously recommended by the Bureau of Reclamation and described
separately in this appendix. The Dalles Dam would raise the level
of the river surface from elevation 72 to 160 and reduce the pumping
lift 88 feet.

291. The dam and powerhouse structures would attract many
visitors. The pool would offer boating and fishing as the principal
attractions; camping and picnic grounds would be made available
along the shores. Boat-launching ramps, sanitary facilities, parking
areas, and other supplemental installations would be required for the
benefit and comfort of visitors.

292. Complete facilities of improved design are proposed for
passage of migrating fish over The Dalles Dam. As a further safe-
guard to continuance of these migrations, hatchery facilities are pro-
posed as a part of the project. The Indian fishing facilities inundated
would be replaced to the extent found practicable, including provision
of alternative fishing sites.

293. In addition to the tangible accomplishment, certain general
intangible benefits would accrue from the proposed improvements.
These comprise principally the expansion of industry and local busi-
ness, enlargement of the tax base, and increased social security of
residents in the trade area tributary to the proposed dam.

294. Appendixes M and O show the benefits to be derived from the
coordinated development of Columbia River Basin, of which The
Dalles.Danm would be an integral part.

COLUMBIA SLOUGII CHANNEL

295. General.-Improvement of Columbia slough, near Portland,
for shallow draft navigation was recommended in a report dated
May 16, 1947, entitled, "Survey Report on Columbia Slough, Ore-
gon." This report was concurred in by the division engineer, North
Pacific Division, July 25, 1947, and forwarded to the Chief of Engineers.
The proposed improvement would consist of widening and deepening
the existing slough to provide improved water access to industrial
establishments fronting the slough. (The proposed improvement is
shown on plate 26.)

296. Description.-Columbia slough is a narrow back channel which
roughly parallels Columbia River, skirts the north limits of Portland,
andi empties into Willamette River about one-half mile above the
confluence of that stream with Columbia River. The upper end of
the slough originally connected with Columbia River, but this con-
nection was replaced by a controlled ditch, and the upper portion of
the slough Ilow serves only as an interior drainage ditch for Multnomah
County Drainage District No. 1. Levees of Peninsula Drainage
Districts No. 1 and No. 2 border the central section of the sloughand protect some 2,400 acres of land and several large industrial
plants against Columbia River floods. The lower section of the slough
flows through river bottom land containing several lakes. Thel width
between levees averages about 320 feet in that stretch extending
southward from Colombia River. 'The width downstream from this
channel averages about 200 feet. Depths in the slough are affected
by backwater from both Columbia and Willametto Rivers and vary
accordingly. At extreme low water, the controlling depth is about 5
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feet in a narrow channel. Five highway 1)ridges and two railroad
b)ridlges cross Columblia slough. Vertical clearances vary from 27
feet to 41.78 feet, at low water, and horizontal clearances vary from
60 to 149 feet. All lbut one of these bridges are considered for imprlove-
ment.

297. Existing conditions.-Tl e area immediately tributary to
Columbial slough contains practically all of the widely varied i(ndus-
trial activity of North Portland. Present commerce consists almost
entirely of tlhe movement of logs from Willamette and Columl)ia
River points to shingle andl lumber mills along tlhe slough, and amounts
to from 180,000 to 210,000 tons annually. Under present conllitions,
however, implailed delptlis have, on ilumerous occasions, caused ces-
satioll of log movements and( forced closure of mills. Even att higher
stages standard size log rafts must be broken upon entering the slough
)because of the tortuous ('hlaniel. Navigation is hindered by limited
bridge. (lear'ances, snags, fall(el trees, anld other obstructions in the
waterway. Wharves or docks lhave ot1)nleen (constructe(l along tlhe
slougli, but 1)oo0ms, dolphins, and slips for storage andl allndling of
logs have l)eer l)rivatelyl conistructe(l. Adequate space is available
for atllitiolnal terminal facilities.

298. Indusltries located ill Nortlh Portlan(l, particularly those along
(Columbia Boulevard west of Union Avenue, are connected with the
Columbia wvatl rway system throllgh the facilities for potential water
commnlerce ofrferedl i)y Coluiiml)ia slough. (Because of difTicultics
at tending t lie movement of commerce through thie l)resent channel,
llese particularly industries are forced to operate at a (lisadvantage, as
(evidencedbly higher towing rates. I 1l)lroVemeliot of the slougll to
l)rovid(e ita channel adequate for barge navigation would eliminate this
lisl)arity in towing rates andl also woul(l (lnal)le ot.llr industries of
tl(e alreal to use tle waterway for receipt and shipment of suppllies
and Imatrials b)y l)arge at substantiall savings over lpreslent tralsl)orta-
tion methods. Annuall traffic of about 450,000 tons should develop
following a reasonable improvement of the slough.

299. ''lhie greatest, potential use of the slougli would 1e to supply
logs, lumber, st(ee, alll concrete aggnlgat(,s to existing and potential
industries, and to large certain products out of the slougl to shipside
o)r to localland regional markets. Industrial growth along thle slough
is to l)b e(x)ecte(d.

:300. Desires of local interests.-While not in complete agreement
as to tll( dimensions of the improvement desired, local interests, with
but few exceoltions desire improved navigation facilities between
the mouth of Columbia slough and Union Avenue in Portland.
Objection was raised by one railroad company to any improvement
will(ch would require revision of its l)ridge sl)anning tile (channel.
Local interests point out that in addition to providing direct naviga-
tion l)nefits, the iml)rovement would enhance tile value of adjacent
low-lying lands filled )y (dredge( Spoil, would tend to alleviate the
resentt pollution plrobl)mn in the slougli, and would be a stimulus to
industry in general.

301. IPlan of improvement.--Tlhe previously recommended plan of
improvement would include( 7.7 miles of improved channel, 100 feet
wide and 10 feet deel) at low water, in Columbia slough from Willa-
mette River to tlhe Union Avenue bridge. Turning basins 200 feet
wide and 2,000 feet long wolld cbe lrovl(ldel downstream from Union
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and Denver Avenues. The improvement would necessitate raising
the Union Pacific Railroad bridge and lengthening the central span
to provide 80-foot horizontal and 34-foot vertical clearances at low
water. It is anticipated that five other bridges would require modi-
fication and that it would be necessary to move certain transmission
line towers of the Bonneville Power Administration. Under terms
of the previous recommendation on this project, local interests would
be required to furnish, free of cost to the United States, all lands,
easements, rights-of-way, and spoil disposal areas required for both
new work and- subsequent maintenance; to agree to construct, main-
tain, and operate adequate terminal and transfer facilities along the
slough; to accomplish, in accordance with law, such bridge alterations
as necessary for accommodation of traffic with clearances as specified;
and to hold and save the United States free from all claims for dam-
ages which might result from execution of the improvement.

302. Costs and charges.-Estimated costs to Federal and non-
Federal interests are detailed in part II of this appendix. The esti-
mated total initial investment is $1,141,300, of which $905,100 and
$236,200 are Federal and non-Federal costs, respectively. Of the
$905,100 Federal costs, $5,400, the cost of establishing navigation
aids and markers, would be required by the United States Coast
Guard. The balance would be expended by the Corps of Engineers.
Estimated annual charges are shown in the following tabulation:

Annua(
Federal: charges

Interest and amortization ---------_ $35, 200
Maintenance and operation, Corps of1,ilgineers -__--___---___ 16, 200
Maintenance and operation, U. S. Coast Guard------------- 500

Subtotal ---- -------------.----- .----...-......51, 000
Non-Federal:

Interest and amortization -----_ ---_-----_-- 10, 100
.ocal loss of taxes---.------------___.-_-_____.__.___..__._ 400

Subtotal ..---------------- --------...-.........- 10, 500

Total--------------------------........... 62, 400
303. Accomplishments.-Direct benefits anticipated to develop from

the previously recommended improvements would be principally sav-
ings in cost of transporting materials to and from industries located
along the slough. Certain indirect benefits, such as enchancement
of property values and stimulation of industry and business in general,
also are anticipated. Tile direct annual benefits resulting from the
channel improvement would be about $77,800 as measured by sav-
ings in transportation costs, and the indirect annual benefits would
be $6,500, making the total $84,300 annually.

304. Economic justification.-Evaluated total annual benefits are
$84,300, and estimated total annual charges are $62,400. The
benefit-to-cost ratio would be 1.35 to 1 and the project would bb
economically justifiable.

WESTPORT SLOUGH CHANNEL ENLARGEMENT

305. Enlargement of thl channel of Westport slough has been
recommended in a previous report entitled, "Review Report on
Westport Slough, Oreg.," dated April 15, 1947. The recommenda-

9.869604064

Table: [No Caption]


460406968.9



COLUMBIA RIVER AND TRIBUTARIES

tions of that report were concurred in by the division engineer,
North Pacific Division, April 1, 1948, and the report was submitted
to the Chief of Engineers. The proposed improvement consists of
enlargement of a channel, designed for deep draft navigation, extend-
ing from the main ship channel in Columbia River at river mile 43
to Westport, Oreg. The proposed improvement is shown on pate 25.

306. Description.-Wcstport slough is a side channel of Columbia
River with a total length of 10 miles and a width which varies from
150 feet in the upper reaches to 500 feet at the mouth. It meanders
through the bottom lands between Clatskanie and Westport. The
flow in Westport slough is principally tidal, and, except during the
annual Columbia River freshets, the current reverses at flood tide.
During low river stages the tide ranges from minus 0.5 to plus 8
feet. During freshet periods stages vary from about plus 7 to plus
10 feet between low and high tides. Velocities in Westport slough
are moderate at all stages and do not adversely affect navigation.
No bridges cross the slough but United States Highway No. 30 and
the Spokane, Portland & Seattle Railway parallel it and connect the
area to both Portland and Astoria.

307. Lowlands between Clatskanie and Westport are protected by
levees and devoted to agriculture and dairying. Agricultural products
contribute no commerce to Westport slough. The principal industrial
plant in the region is a large sawmill at Westport that employs 300
men and has an 8-hour plant capacity of 240,000 feet, board measure.
This mill had, in 1946, a production of 76,000,000 feet, board measure.
Investment in the plant amounts to more than a million dollars and
plans are being formulated to insure a continuous log supply so that
operations may continue indefinitely. During 1946, a total of 46
vessels loaded at the lumber dock for foreign, west coast, or east
coast ports.

308. The existing Federal project, completed in 1939, provided for
construction and maintenance of a channel 28 feet deep and generally
200 feet wide extending from the 35-foot-deep Columbia River channel
to a point immediately downstream from the lumber company wharf,
a distance of approximately 3,500 feet. Conditions of local coopera-
tion, with which compliance has been mad6, required local interests
to provide suitable spoil-disposal areas for the project and to dredge
and maintain a channel 28 feet deep and 150 feet wide for an addi-
tional 1,300 feet upstream to the upper end of the lumber company
wharf. The mill wharf has a frontage of 1,200 feet and is adequate
to handle lumber shipments. No other terminal facilities appear to
be necessary as general freight is moved by rail or truck lines.

309. Existing conditions.--Because the vessels now serving West-
port are larger than were used prior to World War II, the existing
channel is now inadequate for proper maneuvering and much time
is lost. In order to avoid striking bottom, practically all ships enter-
ing the slough drop anchor to aid in making the sharp turn at the
junction of Westport slough and Columbia River. The operation
requires at least 30 minutes extra time. The total average annual
delay occasioned by the maneuver is estimated at 12 hours for all
commerce. Vessels loaded to drafts of 26 feet or more must await
a favorable tide for departure. About 12 such vessels annually are
estimated to bo so delayedd an average of 6 hours each, and the aver-

age annual delay is estimated at 72 hours.
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310. Operators of large vessels prefer daylight hours for movement
in the slough because of the hazards involved in nighttime maneuver-
ing in the narrow channel. An estimated average of five such vessels
annually are delayed at least 10 hours each, waiting for daylight, and
the average annual delay due to waiting for daylight is estimated
at 50 hours. Because of lack of adequate depth at Westport, approxi-
mately 10 vessels annually are compelled to run upstream to Portland
or Vancouver to complete loading lumber to full draft. The extra
running time involved f,mounts to 10 hours per round trip, and the
average annual delay in corrpleting loading is estimated at 100 hours.
Under existing conditions, the total loss of time for ships using West-
port slough amounts to about 234 hours annually.

311. Further, ships with modern turbine engines reportedly do not
respond as readily as did ships with the older type reciprocating
engines, and wider channels are, therefore, necessary for safe handling.
Inasmuch as turning places are not available in the slough, vessels
must be backed out, a somewhat hazardous operation.

312. In view of the conditions described in the preceding para-
graphs, local interests advocate enlargement of the channel in West-
port slough in order to accommodate the larger vessels currently used
in the lumber trade.

313. Plan of improvement.-The improvement would consist of
deepening the existing channel to 32 feet and providing a width of
300 feet at the lower end of the channel and a width of 250 feet at
the upper end. The improvement by the Federal Government would
be 3,500 feet long, as under the existing project. Local interests
would be required to construct a channel 32 feet deep and 200 feet
wide from the upstream terminus of the Federal work to the upper
end of the mill dock, an additional distance of 1,300 feet. Dredge
spoil would be placed on the right bank of the slough. Further con-
ditions, which have been favorably received, require that local in-
terests furnish, free of cost to the United States, suitable areas for
the disposal of spoil for new work and for subsequent maintenance.
Such bulkheads as may be required to retain disposal areas would be
constructed by local interests. Maintenance of only the lower 3,500
feet of channel would be at Federal expense. '

314. Costs and charges.--Estimated costs to Federal and non-
Federal interests are detailed in part II of this appendix. Estimated
initial cost is $143,250, of which $111,750 and $31,500 would be Federal
and non-Federal, respectively. Estimated annual charges are shown
in the following tabulation:

AnnuaL
Federal: charge

Interest and amortization----------------------------- $4, 340
Maintenance---------------------------------- - 8, 400
Subtotal-.------------ ..--------------- ----- ---------- 12, 740

Non-Federal:
Interest and amortization--------------------------- .. 1, 340
Maintenance ---------------------- .------- ---- -..--- 2, 100

Subtotal..------------------ -------------------------- 3, 440

Total------------ -----------. -------- ----- --------- 16, 180

9.869604064
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315. Accomplishments.-Construlctionl of the improvements pro-
posed in the previously r(ecolllluended(l plan would enable large ships
to enter the channel with greater speed and safety and( would eliminate
the delay to ships resulting from the necessity of waiting for favorable
ties or for (Iaylight. The saving in time, about 2:4 hours annually,
is evaluated at, $83.50 per hour, representing a total annual saving
of $19,500. These savings would bel)tthe annual benefits creditable to-
the project. Otller belIefits to the community woli( und(loul)ted(ly
result from tlhe incIrea'sed commerce moving through the port, and
from the accomlpalnyining crease il plyrolls and in the buying power
of the local people. These indirect benefits are not evaluated.

316. i,'Eonomic justification..-Evaluat(edIannual benefits are $19,500
andl total estimated annual charges are $16,180. The b1enefit-to-cost
ratio would be 1.20 to 1 and the improvement. would be economically
justifial)le.

BAKER BAY CHANNEL, AND MOORING BASIN

317. 0General.-Tqhis iml)rovement. was reco(mmen(dedl in a previous
report eIntitled, "iReview Report. on Baker Bay, Columbia River,
Waslh.," donated April 20, 1948. Tile recommendations contained in
tile report were ('coc1'u're in )by the division engineer, North Pacific
Division, Julv 26, 1948, aind the report submitted to the Chief of
Enlgilneers. 'The iml)rovement would consist of a mooring basin for
small boats at Ilwaco, Wash, at. about mile 2 on Colum.bia River.
'ri( lasin wou(l accommodate 400 boats and would have an area of
23 acres. IcllI(l((l are necessary l)reakw\aters and mooring facilities
and a conlntecting channel from the main ship channel in the estuary
of Columll)ia River. A lay-out of the recommended improvement and
detailss of designn are show on plate 24.

318. DI).srii)io .---Banlkr BTay lies on tlie north side of the estuary
of Columl)ial liver, linl the mouth. It is separated from thle Pacific
Ocean by a peninsula known as Cape Disappointment, and from the
(.'oluml)ia River flannell lby a low-lying sandl bar known as Sand
Island. Ilwaco I-arl)or, the principal port, is situated on tile north-
westerly side of Baker Bay and is tlie site of theIproposed small-boat
harbor. ''Two charnels, one on each side of Sand Island, connect
Baker Bay with the shilp channel in Columbia River. Tlhe improved
(aist l)asslagep)ciovides an 200-foot. channel with present controlling
(lepthl of 11 feet. If the West Channel were improved, thereby
shortening the route t.o sea by 5 miles, Ilwaco Harbor would )provide
a strategically locatedl harbor, readily accessible at, nll tides, for basing
ocean fishing boats. Although a depth of 8 feet is presently author-
izedl for We\st Cllnnel, on the )basis of studies made in 1939, the trend
to larger boats of greater (draft since that time now justifies increasing
tie del)th to 10 feet. 'This is the greatest depth that can )be main-
tained ini this location because of the shoaling which accompanies
winter storms. Fishing fleett opera,'tionls and fish pr)'ocessing are the
principal industries in thle Baker Bay area. Otlier industries for
which Ilwaco is the distrilbuting point are lumlbering, dairying, stock
raising, an(l cranl)erry growing.

:319. 'xisthing improvements.--T'he port of Ilwaco lIas constructed
and maintained thle present mloorinlg basin, west of the proposed
improvement, wllich will accommodate a maximum of 50 fishing
boats. It own's midl oel)rates an 'arehouse at tll(e inner end of the
basin and lias provide(l wharves, floats, and ramps for the accommoda-
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tion of tugs, barges, and fishing vessels. Expenditures to date for
these improvements, including maintenance, amount to about
$200,000.

320. Plan of improrement.-Tlhe previously recommended plan of
improvement includes about 2,800 feet of breakwater, an approach
channel 150 feet wide via the "Dalton" waterway, and an interior
basin, generally 10 feet deep, east of the port (lock of Ilwaco. Addi-
tional area protected by the breakwater would allow for expansion of
mooring facilities in the future. The channel connecting the port
dock to the main ship channel would be 10 feet leep and 150 feet wlde
to the southerly 2,000 feet where the width would increase to 200 feet.

321. Local cooperation.-The recommendation for the new iInprove-
ment provides that local interests must furnish, free of cost to the
United States, all lands, easements, rights-of-way, and spoil-disposal
areas required; agree to maintain the project depth in the basin;
construct, maintain, and operate mooring facilities and utilities; make
necessary changes in existing sewers; maintain a public landing with
suitable supply facilities, open to all on equal an(l equitable terms;
and agree to hold and save the United States free from all claims and
damages resulting from the improvement. These provisions are
believed acceptable to local interests.

322. Federal participation.-Federal participation in the improve-
ment would include initial dredging in the West Channel, the
"Dalton" waterway, and in the mooring basin; construction and
maintenance of a breakwater; and maintenance dredging in the West,
Channel and "Dalton" waterway.

323. Costs and charles.-Estimated costs, both to the Federal
Government and to local interests, are shown in part II of this appen-
dix, and summarized as follows:
Federal: Initial cost

Breakwater-------------------------------------... $252, 000,
"Dalton" waterway and mooring basin------------------------ 130, 000
West channel-.------------------------------------ 60, 000

Subtotal.---- ----------------------------------------.-__ 442, 000

Non-Fed(eral:
Lands and easements .-------------------------- 5, 000
Construction costs, pertinent facilities------------------------ 107, 000

Subtotal-------------------------.----------.. 112, 000

Total --------------------------- ---------------.. 554,000
Estimated annual charges are shown in tile following tabulation:

l.,lnltal
Federal: charges

Interest and amortization------------------.----------.-- $17, 180I
Maintenance-....------------- - - --..--------------------- 8, 000

Subtotal.--_--------------------- 25, 180

Non-Federal:
Interest and amortization----.--------- .-------------.. ---_ - , 030
Maintenance and operation ------------------------------.- 10, 00()

Subtotal-------------------------------- .--- 10, 030
Return from rental charges .--------------------...-.......,__-.13, 000
Net non-Federal--.------------------- ..... 3, 030
Total------------------------- - ----------_ 28, 210
1'7n,-.52-vol. 6--I10

9.869604064
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324. Accomplishments.-The proposed improvement would facili-
tate operation and expansion of the fishing industry, the principal
economic resource of Ilwaco and vicinity. Benefits creditable to the
proposed improvement would be those attributable to elimination
of mooring hazards, decreased boat operating costs, additional moor-
age space and to increased catches of fish. Indirect benefits would
arise from additional activity in the fishing industry and the related
pIrocessing industries.

325. The proposed improvement would provide adequate mooring
facilities for 200 boats of the offshore fleet and for about the same
number of smaller boats operating in the lower river. Elimination
of damages that occur to the boats when tied abreast in the present
small basin would save boat owners approximately $3,250 annually.

326. Reduction of travel distance between Ilwaco and the fishing
grounds, through use of the improved west channel, would save from
45 minutes to 2 hours in running time per round trip over travel time
from other harbors located on lower Columbia River between the
mouth and Astoria. With an 8-foot channel depth, an estimated
12,000 trips would be made annually by 200 boats of the troller class,
both large and small, with an annual saving in operating cost of
$42,000. With a 10-foot channel an estimated 7,500 trips would be
made annually by 125 smaller trollers and 4,500 trips would be made
by 75 larger boats. At operating costs of $3.50 and $6 per hour,
respectively, total savings would amount to $53,250 or $11,250 addi-
tional for the 10-foot channel.

327. Elimination of congested conditions in the mooring basin
would permit boats to be serviced and leave without delay for the
fishing grounds, and, upon return, to deliver catches promptly and
berth in regularly assigned slips. The time saved in the mooring
basin would allow more time for active fishing and thus result in
larger catches. The increase in catch is estimated at an average of
one-half ton per boat for each of the 200 boats, or 100 tons per year,
worth approximately $20,000 at the fisherman's level of prices. This
benefit would be in addition to the savings in operating costs as
described in the preceding paragraph.

328. A larger fishing fleet at Ilwaco would provide employment for
more workers in fish-processing plants, increase property values in
the community, and benefit business generally. The. proximity of
the proposed harbor to the Columbia Rlver entrance renders it favor-
able to use by the Coast Guard in rescue work and as a refuge for
small boats during storms. The benefits are difficult to evaluate,
but important, as savings of property and of human lives would be
involved. The intangible benefits are estimated to amount to $5,000
annually.

329. Economic justification.-As the total annual benefits directly
creditable to the proposed improvement are estimated to amount to
$39,500 and( the sum of the Federal and non-Federal annual costs is
$28,210, the benefit-to-cost ratio would be 1.4 to 1. The improve-ment, therefore, would be economically justified and warrants imme-
diate construction.
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THE DALLES IRRIGATION PROJECT, WEST UNIT

330. General:--The United States Bureau of Reclamation has pro-
posed, in a report prepared by the regional director of region I, dated
December 1947 and entitled, "The Dalles Project, West Unit, Oregon,"
the irrigation of 4,530 acres of land south of The Dalles, Oreg. This
project is considered as a probable unit of the sub-basin development,
and a digest of the salient features follows.

331. The area to be irrigated is shown on plate 36. The project
lands occupy portions of the basins of five small streams, which lie
within 5 miles of, and are tributary to Columbia River. The climate
is semiarid, and the topography varies from level bottom land to
hillside. Orchard crops are of major importance, with cherries,
peaches, and apricots produced in quantity in that order. The
orchards initially were successful but have not continued to prosper,
and landowners have sought to develop local irrigation water supplies,
principally from wells. As a result of these efforts, irrigation water
was applied to 1,500 acres in 1946, but the supply proved inadequate.
The attempted irrigation was undertaken as a temporary measure
pending development of a permanent and adequate solution.

332. The proposed improvement consists of irrigation by sprinkler
system, using water pumped from Columbia River near the head of
Bonneville pool. An electrically powered pumping system would
deliver water under pressure to the 4,530 irrigable acres of the unit.
The average surface elevation of the river during the pumping season
is 82 feet, and virtually all of the irrigable lands lie between elevations
400 and 900 feet. Pump capacity of 42 second-feet against a maxi-
mum head of 947.5 feet, including static head and friction losses,
would be required. As a part of the pumping and distribution system,
a concrete-lined equalizing reservoir with a capacity of 1.5 acre-feet
would be constructed at elevation 957 feet. The distribution system
would be of welded steel pipe varying in size from a maximum of
36 inches to a minimum of 4 inches. The sprinkler equipment would
be acquired privately by the operators and would not be part of the
project development by the Federal Government.

SECTION IV-PROPOSED PROJECTS
GENERAL

333. Introduction.-Proposed projects, combined with existing,
authorized, and previously recommended projects, would complete
development of main stem Columbia River in the interests of naviga-
tion and power and would provide the maximum feasible amount of
flood control. Apparently only one major navigation project, in
addition to those previously recommended, is required at the present
time in the reach below Bonneville Dam. This project, deepening of
Columbia River entrance, is described in preliminary scope and is
proposed for further study at an early date. Upstream from Bonne-
ville Dam to McNary Dam, a 100-mile reach of channel will remain
relatively unimproved. Because of rapids and other conditions, this
reach can be further improved, for navigation, only by slack-water
methods. After development of proposed upstream multipurpose
storage, the undeveloped power head in this reach would represent a
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total firm powcr supply of more than 1,900,000 kilowatts. The.
popl)osed ''lhe Dalles anl John Day projects would provide slack water
for navigation, develop available head, andl provide needed flood-
control storage in this 100-mile reach. Provision of flood-control
storage has been found to )be feasible only at the John Day project.
The physical aspects of this project are described in considerable
detail, but, as all evaluation of system benefits are contained in
appl)lndix M , ()ill general statements in regard to benefits are pre-
sente(l in thlis apil)en(lix.

334. Th'e higll Jolhn Da Dam, to provide flood-control storage, is
proposed for the reach trom The Dalles pool to McNary Dam.
Alternative considerations consisting of John Day Damn without.
flood-control storage, a low John Day and Arlington Damns, and
open-river improvements for navigation are discussed here briefly and
in some detail in part II of this appendix, in review of plans presented
in olluse I)ocument No. 704, Seventy-fifth Congress, third session,
Studies indicate that only a single damn without flood-control storage
should be considered as an alternate to the pronoseld high (lam with
flood-control storage.

335. Other projects relating to harbor facilities in existing and
proposed reservoirs, liking, and drainage of additional flood plain
areas, and protection of river banks from erosion are discussedC herein.
Although data are not now complete on these projects, sufficient
information is available- to show the economic feasibiilitv of each
project or group of projects.

JOIN DAY DAM

336. Introduction.-The proposed John Day prIoject would be a.
multiple-purpose developmentn, primarily for flood control, navigation,
and power1. John D)ay Danm wouldb1e located 217.3 river miles above
the mouth of Coliumblia River, 24.8 miles upstream from the previously
rol)osed The Dalles Damn, and 75 miles downstream from iMcNary

Dlam. I'lh location of John Day project is shown on plates 1 and 36.
Sitltuated( at the head of The Dalles pool immediately downstream
frol the mouth of Jolhn )ay River, it would raise the. low-water
surface to normall pool elevation 255 feet and provide for flood-control
storage to a maximum pool elevation of 292 feet. The resulting
reservoir would extend Iipstl(ream to MceNary 1)am. Iouse DI)ocumenllt
No. 704, Seiventy-fiftlh Congress, third session, proposed a lower
daml at this location with normal pool elevation 210 feet and another
dam, 20 miles upstream at the Arlington site, to effect development of
the same reach of the river. Studies undertaken for this report,
however, indicate the single-(dan plan to be more economical than the
previously proposed two-dam development. An alternative plan of a
single (lam with normal pool elevation of 255 feet, but without flood-
control storage, is briefly discussed following this discussion of the
recommended project, and, for comparative purposes, brief mention
also is made of the two-daml plan and a plan for open river improve-
Ient. 1More ldetailedldiscussion of these alternative plans is contained
in part II of this appendix.

337, Storage a(nalysis,-John Day Reservoir, shown on plate 33,
would have a length of 75 miles, andl would constitute the longest pool
onl the lower Columllbia River. In view of the relative lack of dlvelop-
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ment at the lower levels along Columbia River, surcharge flood-control
storage above normal pool elevation 255 appears feasible and desirable.

338. Chart 8 shows area and capacity curves for John Day Reser-
voir, based on flat-pool levels. At normal pool elevation 255 the
reservoir would contain 1,720,000 acre-feet of water above the natural
low-water profile and about 600,000 acre-feet of additional storage
capacity would be available in each 10-foot increment above this level.
Table 38 presents detailed storage data by short reaches of the
reservoir, which permits evaluation of storage between backwater
profiles as the sum of a succession of increments.

339. Economic justification is tlhe limiting factor controlling the
amount of storage that may be made available at John Day Reservoir.
Analysis of the cost of several alternative amounts have resulted in the
proposal of a gross flood-control storage of about 2,000,000 acre-feet
which would 1)e obtainable between normal pool elevation 255 and
maximum flood-control pool elevation 292.

340. IHydrology/.-Columbia River run-off at John Day dam site is
equal to run-ofl at The Dalles gaging station less the run-off from
'Deschutes River, which enters Columbia River between these points.
The drainage area tributary above The D)alles is 237,000 square miles;
in comparison, the drainage area tributary above John Day dam site is
226,000 square miles. Run-off and flow characteristics at John Day
site are similar to those for The Dalles site. The estimate(-d average
annual run-off at the former is 136,400,000 acre-feet on the basis of 68
years of record at Thle Dalles. Based on the published discharge at
The Dalles for the period 1878-1946 with correction for flow during the
1948 llood and adjusted for Deschutes River flow, the estimated peak
discharge of the 1894 flood at John Day dam site was about 1,230,000
second-feet. No record of Deschutes River discharge at the time of
the 1894 flood on Columbia River is available, but the maximum dis-
charge probal)ly did not exceed 10,000 second-feet.

341. The daily discharge hydrographs (pls. 7-10); summary
hydrographs (pl. 11); and stream-flow characteristics (pl. 13);-compiled
for The Dalles, also are closely applicable to the John Day site. For
The Dalles, tihe minimum monthly discharge was 42,430 second-feet,
and 56 percent of thle time the flow exceeded 120,000 second-feet, the
average flow of the minimum year (1926). Upstream storage ulti-
mately will increase the minimum dependable flow. The derivation of
the spillway design discharge of 2,250,000 second-feet for John Day
Dam site is discussed in part II of this appendix.

342. Geology.-Columbia River at the John Day site flows in a
canyon about 4,000 feet wide, flanked by rock cliffs. An island about
1 mile long divides the river channel slightly north of midstream. This
island which remains exposed up to discharges of about 700,000 secondl-
feet, is characterized at the upper end, near the.dam-a-xis,by bedrock
pinnacles. Numerous pinnacles and islands of bedrock also are con-
tained in the channel to the south of the island, but the north channel
has no bedrock exposures except along the edge. Bedrock at the site
is Columbia River basalt, which occurs as essentially flat-lying flows
ranging in thickness from about 15 feet to about 70 feet. Soil zones
or interbcds a few inches thick occasionally are found between tho
flows, but are not continuous throughout the site area. The basalt
flows form an extremely broad, gentle arch, the crest of which is near
the site axis. Overburden in the axis area consists of talus and blow
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sand along the edges of the canyon and gravel alluvium in the river
channel. The talus deposits are small and believed to be stable. The
alluvium is concentrated in the north channel, where it occurs to a
depth of about 200 feet. The south channel, studded with bedrock
exposures, contains alluvium only in minor amounts. A detailed dis-
cussion of the geology of John Day dam site is included in part II of
this appendix.

343. Proposed plan.--Plyhte 32 illustrates the lay-out proposed to
provide flood-control storage capacity at John Day site, and plate 8,
part II, illustrates several reservoir backwater profiles with the pro-
posed maximum flood-control pool elevation 292. The dain normally
would operate with pool elevation 255, and storage would be necessary
only about once in 10 to 20 years. The maximum flood-control pool
would be at elevation 292 anld tle top of the dam would be at elevation
297.

344. Lay-out.-The arrangement of the several features of John
Day I)am is controlled largely by topographic and subsurface con-
ditions. Because of the limited canyon width, essential structures,
with a minimum of connecting nonovcrflow dam, would-completely
fill the cross section. The powerhouse, requiring the greatest founda-
tion depth for the draft tube structure, would be placed in the north
channel whore an overburden depth of 200 feet at some points mayexist. Rock elevation in the south channel is suitable for the location
of the spillway and the spillway apron. The navigation lock would be
placed adjacent to tle spillway and against the Oregon shore, which
curves slightly and affords good visibility and approach conditions
both above and below the dam. Approaches would be protected from
cross currents and turbulence by long guard walls. The selected loca-
tion would be subjected to a minimum of turbulence as periods of
spillway overflow would be shorter than, those during which the river
flow would be confined entirely to. the powerhouse. A further ad-
vantage of separating the lock location from that of tlhe powerhouse is
that such location would permit easy rail access to the latter structure
thereby facilitating future maintenance and initial construction. The
project lay-out is governed to some extent b)y the necessity for main-
taining navigation during construction. This factor is discussed in
connection with cofferd(ams and river diversion.

345. Spillway.-Control of surcharge flood control storage in
John Day Reservoir would be accomplished ly use of the spillway
gates. The proposed spillway would consist of 22 50-foot gate bays
separated b)y 10-foot piers. The spillway crest would be at elevation
223.5, and, with all gates raised, the hydraulic capacity would be
650,000 second-feet at normal pool elevation 255. This discharge,
supplemented by an estimated 150,000 second-feet through the
powerhouse, would permit passage of a total of 800,000 second-feet
without accumulation of surcharge storage. As the river discharge
increased above this amount, the increment flow would be stored by
so operating the spillway gates that discharge would be limited to
650,000 second-feet. The smallest gate opening of 13.5 feet would-
occur at the maximum pool elevation of 292. Spillway gates 57 feet
high, including 2 feet of freeboard, would be requi'le(. Spillway
gates 70 feet high are proposed for the bays at each end of thle spillway
in the interest of operational flexibility and in facilitating the forma-
tion of currents attractive to fish migrating upstream. Spillway
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discharge characteristics, assuming equal opening of all spillway
gates, are illustrated on plate 5, part II. If the available storage
space were filled and river discharges no longer controlled, the spill-
way gates would be opened to pass reservoir inflow and maintain
maximum pool elevation 292, at which level the spillway design flood
of 2,250,000 second-feet could be passed with some slight control, or
all spillway gates could be removed and the spillway design flood
passed at pool elevation 290.7. In the interest of early resumption of
navigation, after passage of a flood peak, storage would be released as
rapidly as practicable, but not at a rate to exceed 800,000 second-feet
discharge.

346. -A stilling basin, with apron at elevation 124.0, would extend
290 feet downstream for the full width of the spillway. The stilling
basin would be designed to produce a hydraulic jump on the apron
for the design discharge of 2,250,000 second-feet. Two rows of
baffles and an end sill would be provided.

347. Power facilities.-The powerhouse, 1,298 feet in length, would
extend from the spillway structure northward to the Washington
shore. Under phase C-2 development, as discussed in appendix 0,
13 units, rated at 85,000 kilowatts each, would be installed, and
powerhouse structure would be provided .for 1 additional unit. A
nonoverflow concrete gravity dam section between the spillway and
the initial powerhouse structure would provide a bulkhead section
that could be removed to permit extension of the powerhouse to pro-
vide for four additional units. If thought expedient, another bulk-
head could be incorporated in the structure of the extension.

348. The utlization of surcharge flood-control capacity between
elevations 255 and 292 at John Day Dam would have an adverse
effect on the power head at McNary Dam, thereby reducing power
output when McNary discharges exceeded 800,000 second-feet.
According to the plan )of system power operation contemplated,
however, when the discharges at McNary exceed 800,000 second-feet,
it would not be necessary to maintain the firm capacity of the McNary
plant or that of the power system. Although additional generating
units need not be installed at John Day Dam to compensate for loss
of power at McNary Dam at the higher discharges, the higher pool
levels would require that the turbines and thrust bearings at John
Day Dam be strengthened. With a discharge of 800,000 second-feot
and with the reservoir level at normal pool elevation 255, the effective
head on the John Day generating units would be 76 feet. Were John
Day to store floodwater to tile 292-foot maximum flood-control
watersurface elevation, the head would be increased to 113 feet. As
anl additional safety factor, and in consideration of the possibility
that at some future date control of outflows to 600,000 second-feet
may be desirable (tailwater elevation 174 for 600,000 second-feet as
compared to 179 for 800,000 second-feet), the cost estimates for this
project include design of the John Day turbines and thrust bearings
for a maximum head of 118 feet.

349. Thirteen automatically adjustable, 6-blado, propeller-type
runners would be initially installed. An additional powerhouse unit,
complete except for the installation of generating equipment, would
be constructed. The lay-out of the powerhouse provides space for an
ultimate expansion to house a total of 18 generating units.
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.50. 'The generators woul( have a name-plate rating of 85,000
kilowatts each, 89,500 kilovolt-amnleres att 0.95 power factor, and a
guarantl(e(d c(ontilnuous overload capacity 15 percent greater than
niame-plate rating. Turbine runners, l)y reason of the low elevation
of tile supporting rock stratum at this; site, would be set at a more
than adequate distancee below tailwater to preclude the possibility
of cavitation on the llrunner at maximum head and( generator guar-
an1tteed overload. Station service would b)e provided by means of
two 3,500-lilowatt 11h(roelect'ric generating units.

351. The powv'er plant would 1)e (lesigned(l to produce, at a river dis-
chlarg(e of 800,000 secondl-feet, tlie firm powel' alvaiilable with minimum
r('gula ied flow. 'l'llis upper flow limit woull 1)e exceeded( only aIbout
0.3 percent of the time after Iltimallte storage rIegulation was effectled.
Plate 9), art I,l tTillustrates lead andil output characteristics of John
Day l)power plant (noral po1)0ol (levaion 255) (se appl)el)(lix 0) as
(rlat(ed( to river discharge (on(litions. ApIpendix 0 ('Ilntains detailed
(1at111 as to power installation!: andcaipal)ilities, aln general data
a(re slowni in the following tabulation:

1Item Descriptl)llon

Nolminail )rime c(aailility,-.. .............. .............. 735,000 kilowatts.i
Nomtinnal firmI capability ......-,)....--.......)-.....-....0,(-----)-- kilowalt s.i
Installedl emiraUltor capacity y ..- ... . ......... ..--------.------... ,105,I000 kilowatt s.
'Type of turb)inti(.. ........... ................ A omatic, adjustablee -l)de pro-

peeler.
I)esilhead.i--------ieI---------. 85 feet.
I)ted head .............................---------............. ........... .. 93 feet.
Mlaximtlmll head ......1..-------.............. 18 feet.
Minitimlie11:1 4 ............... .. ............... 76' feet.
'I'Turbine rated output ........- ..... .. ........ .-... 134,00(1 horsepower.
I(evolljtions per mlintl-l . .........--..--.....--.....---..-...--- . 85.7.
I)itllleter of tilrl)hine rmll er ....... ....-------- ............-- . 280 inches.
1Eh:vation of centerline of runner ..............-... ........ .. 117 feet a)ovemea'n sea level.
Unit spacing-........ ... .... .............. .......---- 82 feet.
(leierator l 0.5 por factor.. ............................ 89,500 kilovolt-ampleres.

I ApI)roximaite. See apl)lendix 0.
2 ('Computedlll lo basis of .5-p)pr('iit load factor.
3 For river discharge of tw),(XY) seconld-feet.
4 or river disc(lharge of 8(,000(X',)secondl feet.

:352. 1)uring flood periods, overload( generator capacity at John
Diay D)am would be utilized and the following comparative data are
illustrative of condlitions which would prevail if lmaxililmul flood-
control 1)eollevation were attaine(i at John Day.

I'ower OUtl)uti, llegawatts
I )iseharge

Iool eleva. Pool eleva-
tion 255 tlon 292

8(X ),0K) seco d-fet ............................................ 1, 1,271
1,lli),(X)X second( d-feet ........................................ 930 1,271

353. A typical cross section of Joihn I)ay powerhouse shown on
plate 32 illustrates the designi pr)'O)Osed. In tlle interests of economy,
the generator floor elevation lhas been established 28.5 feet below
maximum tailwater. A heavy wvatertighit downstream wall, however,
is )'oposed to protect generating equipment during periods of high
discharge. -Hydraulic requirements of the intake structure set tlio
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elevation of the floor at elevation 130 about 122 feet below minimum
pool.

354. With flood-control storage at John Day Reservoir, the maxi-
mum pool would be at elevation 292 and design for structural stability
would be based on that pool level and applicable tailwater. Although
initially, with regulation to 800,000 second-feet, the water-surface
differential would not exceed 113 feet, provision would be made for
ultimate regulation to 600,000 second-feet with a corresponding head
of 118 feet.

355. 'Tlhe trash sluiceway would be designed to receive floating debris
at all pool elevations, from normal to maximum, by addition of extra
entrance gates. The powerhouse intake gates would be designed for
maximum pool and for tailwater elevation 174 corresponding to a dis-
charge of 600,000 second-feet, as the (raft tubes would not be un-
watered during periods of maximum floods.

356. Navigational lock.--The navigation lock chamber, on the
Oregon shore, adjacent to the spillway, would be excavated about 50
feet into sound rock and would have clear inside dimensions of 86
feet by 675 feet. The depths over the upper sill would range from 14
feet at minimum l pool elevation 252 to 17 feet at normal pool elevation
255. Depth over the lower sill would vary with tailwater elevation
and would range from a minimum of 14 feet at minimum flow witl
The Dalles pool drawn down 3 feet to a maximum of 35.5 feet for a
discharge of 800,000 second-feet, which is a practicable upper limit
for navigation. The lock lift would vary from a maximum of 94.5
feet at low water to about 76 feet at 800,000 second-foot discharge.

357. Because of adverse conditions along the river at discharges in
excess of 800,000 second-feet, it would not be necessary to raise the
lock walls and gates to accommodate navigation at the maximum
flood-control storage pool elevation 292. Such raising, in addition to
substantially increasing the cost of flood-control storage at John Day
Dam, would( result in an initial lift of 113 feet, which at present would
be unprecedented. Upon ultimate extension of upstream storage to
control flows to 600,000 second-feet at John Day Dam, the lock
chamber could be so altered that the maximum lift of 118 feet could
be made. A preliminary estimate of the incremental initial cost
involved, including that of constructing John Day lock and upstreamguar(l wall and raisinlT-thle downstream guard wall annd moorage at
Mc(Naiy Dam to a pool elevation of 292, is about $7,900,000.

358. The upstreamn and downstream approaches to tihe lock would
be 250 feet in width and each would be protected 1)y 1,000 feet of
guard wall. A nominal sum is included in the cost estimate for
moorages in these channels, clear of the navigation way, which also
may be used as safe harbors during flood or ice conditions. lThe lock
chamber would )e filled andlempltied by means of intake ports in the
wall extensions just above the upper sill, main longitudinal culverts
located in the lock walls, transverse culverts in the central section of
the lock chamber wit necessary ports, and by similar culverts just
below tlhe lower sill which would empty into the lower approach
channel. Filling and emptying oFthie lock would l) controlled by
tainter valves in the wall culverts. Miter gates designed for 2-foot
freeboard above normal pool are proposed for the lower and upper
ends of the lock. Stop logs.would be provided both upstream and
downstream from the miter gates for emergency closure. At the up-
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stream end, special provisions would bo made to effect closure when
pool levels above normal prevail, corresponding to discharges above
1,400,000 second-feet. A bascule bridge would( connect the service
roadway over the dam to the left abutment. An earth-fill esplanade
accessiblle from United States Highway No. 30 would be constructed
along the south wall of the lock. This esplanade would provide
parking and maintenance areas.

3,59. P'ish fcilities.--Provisions to pass adult anadromous fish up-
stream over John Day Dam would consist of two fish ladders, fish
locks, and a powerhouse fish collecting system. One fish ladder would
1)e located at the north end of the powerhouse section; the other at
tlhe south end of the spillway next to the Oregon shore line. The fish
ladders would be of gravity type, having a. width of 30 feet and slope
of 1 on 20. l'he fish locks probably would be located between the
powerhouse andl spillway sections. The collecting system would pro-
vide for operation so that migrant fish picked up by the system could
)be led in o either the north fish ladder or the fish locks, as desired.

360. To mitigate possible fish losses due to inundation of spawning
and rearing areas, and losses which, in the opinion of aquatic biologists,
occur at, dams under the most favorable of artificial conditions, pro-
vision wouldlbe made for artificial propagation facilities in lower
Deschuites River above backwater from The Dalles pool. These
facilities would include salmon hatchery units which would be operated
to make up for any possible fish losses at both The Dalles and John
Day Dams.

361. In the interest of economical operation, the two or more
hatchery units would have common administrative headquarters,
water supply system, biological laboratory facilities, and supervision.
As proposed, at leastwetohatchery units would be provided with a
combined capacity adequate to handle about 25,000 adult salmon and
about 50,000,000 eggs. Costs would be borne jointly by John Day
and Thea'lle eDtsams. Thcse installations would supplement passage
facilities at John Day and The Dalles Dams and would not be a part
of the lower tributary fi.3hery plan proposed by the United States
Fish and Wildlife Service.

302. Nonoverflow concrete dam.--The nonoverflow concrete sections
connecting the main structures would be of gravity type founded on
soun(l rock and would support connecting links of the service roadway
across thle dami. About 1,192 feet of nonoverflow dam would be
required.

:33. Recreation facilities.--Because of location of the lam with
regard to United States Highways No. 30, 830, and 97, it would bo an
attraction to sightseers. Because of the excellent views of the dam
and thle proximity of the navigation lock, the-fish ladder and spillway,
greater attendances are anticipated on the Oregon side. The power
house and fish ladder would he the principal attractions on the Wash-
ington shorc.

:364. The reservoir created by John Day Dam would not only pro..
vide a stimulus to boating in the immediate vicinity, but would also
result in a far greater basin-wide interest in extended pleasure cruises,
both private and commercial.

3f,5. Proposed development would include sightseeing facilities in
the vicinity of the (lam, consisting of necessary access roads, parking
areas, public service, building, and picnic areas on either shore; a
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public boat dock on the Oregon shore; and five public access areas at
strategic points along the reservoir shore line provided with limited
parking, picnicking, and boat-launching facilities,

366. Dependent upon future demand, resorts, moorage, and service
facilities and group camps might be developed by local organizations
or private capital.

367. (onstruction.--Reconnaissance investigations to find suitable
sand and gravel for concrete aggregates were confined to Columbia
River Canyon. Materials from this general area were used in Bonneo-
ville Dam and are proposed for use in McNary Dam. A large bar
lying 4 to 7 miles downstream from the dam site, between river miles
210 and 213, could furnish a sufficient quantity of sand and gravel
aggregate for the entire project. A second source is a large bar
between miles 227 and 228, 10 miles upstream, and a third is the
bench near river mile 233 upon which the town of Blalock, Oreg., and
considerable farm land is located. While the quality of Columbia
River aggregates generally is satisfactory, the gradation may be such
as to require processing in order to provide some sizes. Rock suitable
for miscellaneous embankment, backfill, and cofferdam construction
is available in abundance, and would be supplied from necessary
excavations at th)e dam.

368. The cofferdam arrangement proposed for John Day Dam is
predicated on prior completion of The Dalles project and on mainte-
nance of a normal pool elevation at 160 during construction of John
Day Dam. The Dalles pool would thus create a backwater effect of
14 feet at the John Day site under minimum flow conditions. This
effect would diminish at higher discharges, but nevertheless would
necessitate higher cofferdams at John Day than if that structure were
built under natural river conditions prior to Thle Dalles project.
Should the John Day project, be constructed prior to The Dalles
project, the total cost of cofferdams and diversion would be reduced
slightly.

369. With The Dalles and McNary Dams constructed and in opera-
tion, river traffic would be heavier and could utilize larger tows than
at present. Adequate provision for navigation through John Day
dam site during construction of the dam, therefore, would be essential
The use of more than two major cofferdams to accomplish that purpose
is not considered feasible.

370. The major cofferdams would be designed for overtopping but
would provide protection against a flood of 620,000 second-feet, which,
on the average, is exceeded only 1 year in 5. This degree of protection
is believed justified to prolong the annual working season and to
reduce the expense of clean-up following overtopping. A plan of the
cofferdam arrangement is shown on plate 32.

371. The first-step cofferdam, against the Oregon shore and cxtend-
ing to the island in the center of the river, would enclose the entire
spillway and navigation lock area. The major portion of the coffer-
dam would be constructed of steel pile cells driven to rock and filled
with river gravel. That portion of the cofferdam protecting areas
above low water would be constructed of rock and earth fill, and, to
prevent overtopping, would bo raised to an elevation 10 feet higher
than that of the steel pile cells.

372. During first-step construction, the present navigation channel
would be closed by the cofferdam, and the north channel, between the
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island and the Washington shore, would )be used for navigation.
Making allowance for increased water del)th in this channel due to
prior construction of The 1)alles project, removal of about 2,500,000
cullic yards of gravel would b I required to reduce velocities in the
interest of navigation. Average chlaill1l veloc1ities, after lthe platlnned
excava tioil, are tabl)lateld I)low:

Miles
)ischlrge: per hour

(i6 0,000 second-feet ..----------------- .. _..____..........----- 9
:00,000() s.ec(nd-f(;et -. ...........................------.-. -- (6. 8
2()0,0() sccondl-f(eet ----_- - ....._- . -.. --..---- .... ..-.--- --5.
100,000 seco nd.-fe t ....... .. ...................................... 1

Thllis excavation also would I)be of future)benefit, to lie )owerhollse in
tlhat it, woulll afford'(11cha1el get-away (capacity and iencrse eflIectlive
hea(ld.

373. IUn usual proll1ems are not. expect(. I to)arise in conist,'ruction of
tihe firist-stage coflerd(lll,. )Overburllden ill tile area is very light, and
sealing off leakage would( not ie (liflicu lt. Tle tol) of the uilstireail
leg of tlie cofler(am would bIe1 at elev at io ,180, and that of the down-
st(ream leg tit elevation 178. 1he It(ightl would ranle from IS to 75
feet and would average :35 feeft. '1he length would be a l)out 5,500
feet.

374. 1The secondl-step cofl'eri(am, against. the Washingtonll shore,
would enclose( the l)owerholse and the north ,iend of the d(lam. Along
the (!laml axis, I)t,w(,ee thl!e Washlingtoln shore 1andtihe island, gravel
overllis th1e rock to a !del)tli of alollt 200 feet. UIl)stlreanl, however,
rock'is nearer the s5urfatce. In order to red(IucI see(l)age from down-
stllreailm, the (dowllstli'(am leg would be lo(ctlted 2,000-feet. from thle 1da
axis. InI addition, a 200-foot impervious blanket beyond tle coffer-
d(I1m is p)tllnled(. Along tle island, steel cells would 1b drivel to rock.
'1( psll)streall coflfe(da(1l leg, to1) elevation 182, would be so located
thllat the steel sheet pile cells could11 e driven to rock. '1'T1( cofferdal
woull )( about ;,40()0 feet long and( woull (e1(close( anl area of ab)outI 110
acres. IfHeight wouldl -range from 12 to 02 feet andl woul(l avetIrage 35
feetl:. For iprote(ctioll against, overtol)l)ing, (mlllalinkmlnllt s(c(tiolns
would Ie construct(dl 10 feet Iligler th1nll lell steel cells. luring
secondll-sl.t construction t1e river wou(lll low over t1ie spillway, tle
ogee section of which, anove ele(valtion 1,4(), would have been olilitte(l
from first-step collst lruction.

375. Shlilppingduring s()econdI-stlel ((costlru(ctionl \would pass Illrough
the lock. The uipper lock sill would be left at elevivatioul 1)8, the
ulpsIlrti' alpproh)l)' ctl('h ll l woull(l excavilated to ll(' S11llt ('le val-
t0io11,a11 ate1ll)o!lr'l y up111)s1p (a llllo(lkratil wouldl(I employed. ''t ll
upper pool normally would be ma intained at, elevation 176 bI)y con-
trol efl'ectld )by tll( spillway gates set in tellllporalry guides.provi(ledl
ill tie spillway piersl for this purpl)ose.

376. 1)uriing secon(l-stepl construction, t.il)iporary fish lad(llders of
timbl)er a1l( st eel would Ie provided. One would )be supp)l)orte(( on tLhe
solith side of tlhe coffer(lamll and tlhe other onl tie outside face of tihe
soutl spillway training wall. Provisionswould ( bIe Ilad(le to adjust
thle ladders asf tle upper I)ool fluctua tes.

377. 'hird-st(ep construction would consist of raising the spillway
ogee section tlnd( the upplertlock sill. T'lIe' spillway bays would be
coffe(ldammled individually for this construction. In order to mini-
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mize interference with navigation, raising the upper lock sill would
be deferred until all of the. spillway 1ays were completed.

:378. During construction of John Day Dam, navigation would be
interrupted for two short periods. 'The first of these, possibly 3 months
in duration, would occur when the second-step cofferdam was under
construction and tlhe first-step cofferdain being removed. Tlih second
interruption, of about 1 month duration, would occuIr when third-step
construction neared completion, and it became necessary to raise tle
temporary low upstream lock sill.

379. Construction of John D)ay Dam, including installation of four
generatingunits, probably could bo accomplished in 6 years. Installa-
tion of 9 additional units at tlhe rate of 4 per year woild complete thle
development of 13 units in a total period of 8,oyears. Tlhe limited
space available in tile canyon requires tlat tile Union Pacific Railroad
be relocated prior to initiation of dam construction in order to provide
access. One year is the estimated time required to relocate the rail-
road, and 2 years is the estimated time for completion of the spillway
and navigation lock within the cofferdam. Construction of the power-
house within the second-step cofferdam and installation of four gen-
erating units is estimated to require 3 years, at the end of which time
the pool would be raised. Installation of subsequent units would be
accomplished with the project in. operation.

380. Reservoir.-The reservoir would be strategically located for tlh
control of floods on lower Columbia River, and, especially, to provide
protection to the principal damage area downstream from Bonnevillo
Dam. Although storage at John Day alone would not be sufficient
to effect a large stage reduction, tlhe project, when operated as a unit
in a system of flood-control reservoirs could be of major benefit to
downstream areas. Storage at this site would be downstream from
most of the major flood-producing tributaries and close to the area to
be protected, and would be reserved for regulation of major floods
only. Under such conditions, tile storage capacity also could be
utilized to eliminate possible operational difficulties resulting from
concentrated local run-offs or uncontrolled run-off from areas below
upstream system reservoirs. Although this storage capacity at John
Day project would be utilized only infrequently, it would add greatly
to the flexibility and efficiency of a system of flood-control storages
in controlling major floods.

381. Flowage and relocations.-John Day Reservoir normally would
operate at pool elevation 255. Initially, the available storage space
would be used only when flows exceed 800,000 second-feet, as regulated
by upstream storage. Under ultimate conditions, it is possible that
this storage would be utilized at flows of 600,000 second-feet. Such
conditions would occur, on tile average, less frequently than once in
10 years. It would be necessary to relocate utilities above tlhe design
maximum flood-control pool, and to acquire flowage rights to tlhe pool
level. Iool elevation 292, therefore, with backwater profile resulting
from the 1894 flood with freeboard superimposed thereon, was used
as a basis for estimating cost of reservoir acquisition and relocations.
Plate 8, part II, illustrates tlhe 1894 flood profiles with levels at John
Day D)am of both 255 and-292. Tlie vertical difference of 37 foot at
the dIam would bo decreased considerably by backwater effects in the
upper reaches of the reservoir and would amount to only 15 feet at
Umatilla and 13 feet at McNary Dam.
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382. Because of the high pool level required for flood-control opera-
tion of John Day, normally a substantial difference in elevation
between permanent facilities along the shore and the water level
would exist. This difference, however, would not materially exceed
the fluctuation under natural conditions. At Umatilla, near the head
of John Day pool, tho natural fluctuation is from low-water elevation
247 to elevation 281 for the 1894 flood, a difference of 34 feet. Under
the proposed flood-control storage plan this variation would be from
elevation 255. to (elvation 297, a difference of 42 feet. The range
between low water and tile backwater elevation for 800,000 3secolld-
feet, at which storage would begin, is 20 feet. At Arlington, situated
in the( central portion of John Day Reservoir area, reservoir fluctuation
p'ior to storage would )b negligile and with storage would be, as at
John I)ay Dam, about 37 feet. A benefit, incidental to provision of
flood-control storage, would accrue to small-boat navigation on John
Day pool d1:ring normal river discharges, in that greatly increased
clearance under bridges spanning shore-line indentations would make
such indentations potential harbor sites.

383. Acquisition of land for the John Day storage reservoir would
be extended to a level 5 feet above tih 1894 backwater profile with
292 water surface elevation at the dam, even though inundation would
be infrequent. As a result, about 18,500 acres of land on the fringe
of the normal pool would be Government-owned. Most of this area,
as i.idicated on plate 33, would occur in a 15-mile reach from Castle
Rock to Irrigon. Elsewhere the width of additional acquisition flank-
ing tle normal pool would vary from a negligible amount in the canyon
section immediately above the dam to about 1,000 feet. Although no
permanent structures which would be damaged by inundation could
be constructed below maximum pool level, some ot the lands between
normal and maximum pool levels would have value for park sites and
game refuges and much of it could be leased subject to inundation,
for agricultural purposes. It would be possible to predict th.e magni-
tude of summer flood by about May 1 so that, in tile event of need
for storage in John Day Reservoir, it is unlikely that crop-planting
expense and effort would be lost.

384. Towns a(ffected.-The incremental effect of flood-control storage
at pool elevation 292, over tilat of normal pool 255, on the nine com-
munities bordering John Day Reservoir would be confined to Arling-
ton, Alderdale, Irrigon, and UTmatilla. Other towns, including Board-
man alnd several small railroad settlements, would require complete
relocation even at normal pool. The dislocations at Alderdale and
Irrigon, towns of about 40 and 125 )population, respectively, would
not L)e serious, as the interests affected could easily be relocated.
Alderdale is primarily a railroad point, whereas Irrigon is tlhe center
of a small irrigated area.

385. Arlington is the principal trading center for an area of about
600 square miles south of Columbia River. In view of its strategic-
location with respect to present transportation routes, and the lack
of an equally convenient area in the vicinity to whicl the town could
be relocated, it isf proposed to raise tlho entire town to elevation 302.
Tile flowage estimates do not provide for acquisition of land in Arling-
ton but, in lieu thereof, provide for construction of embankment and
replacement of existing utilities. Revision of the authorized flood
channel through tlhe city also is included, on thle assumption that thiu
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channel would be constructed in the period prior to construction of
John Day Dam. The estimates are based upon payment of fair
market value for all affected private improvements, although it prob-
ably would prove more economical to raise some in place and remove
others temporarily during filling operations, later replacing them on
the completed embankment.

386. The above procedure would be subject to modification upon
detailed study prior to construction but the cost estimates based
thereon are believed to be ample. Maximum fill height at the rail-
road would be about 80 feet and about 3,400,000 cubic yards of em-
bankment would be required. Inasmuch as suitable material for a
gravelly fill is available in Alkali Canyon south of Arlington, no appre-
ciable subsidence in the fill would be anticipated, and the canyon
overburden, largely of outwash materials, should not consolidate
unduly. 'he proposed freeboard of 10 feet above maximum water
surface would provide adequate subdrainage.

387. Revision of the town of Arlington would unavoidably cause
some loss of business during the construction period. The improve-
ment in the topography of the town, however, from canyon type to
that of a flat-lying, well-drained area, and the opportunity to replan
the city along modern lines, would compensate in large measure for
such loss.

388. Studies were made of a system of levees to protect north
Umatilla, but, because of the height of levee required and problems
of access, such a plan was rejected even though possible. Similarly.
a plan of filling and raising north Umatilla was studied and rejected.
as infeasible.

389. Flowage estimates, therefore, are based upon acquisition of all
lands and improvements in Umatilla which would be affected by the-
1894 backwater superimposed on maximum flood-control storage-pool
elevation 292. Facilities of the Umatilla port, now and potentially
one of the primary points of cargo interchange, lie in the low area.
proposed for acquisition. Commerce at this port is dcicussed in the
previous description of a proposed harbor at Umatilla. To adapt the
port development to the utilization of surcharge storage space, a filled
strip about 300 feet wide and 3,000 feet long is proposed along the
normal pool shore at the site of existing port facilities. This area
would have an access strip of similar width, constructed to elevation
305, to serve as a safe and convenient site for the present oil tank
farms and grain elevators, and for future warehouses. Lay-out of
this construction is illustrated on plate 33.

390. Present commerce at Umatilla consists of gasoline and oil,
which are unloaded from inland-bound carriers, and wheat which is.
loaded for shipment downstream. Port facilities include three storage
tank farms for petroleum products, which are discharged by pumps.
from the barges, and one grain elevator, which loads barges by an_
overhead conveyor. One of the tank farms is located upstream
where deep water exists close to shore. The tanks, however, are
placed nearby on low ground subject to overflow during moderate
floods. At the remaining port installations, the gently sloping bcach.
does not provide navigable water depth within about 200 feet of the
shore, hence wharves are required to serve the barges which are moored
at rock-filled cribs in the river. The wharves are of light construction;:
those serving the tank farms carrying pipelines primarily and the.

2609



COL,UMBIA RIVER AND TRIBUTARIES

graill-elevator discharge being designed principally to supl)ort the
conveyor. ''lhe two tank farns in this area are about 1,000 feet from
shore whereas the grain elevator is much nearer the beach. Plate
27 illustrates these (con(litions and also the proposed ]position of a port
facility to cost al)out $200,000 which is planned Iy local interests to
Iallell(!. general (cargo.

391. ()el)ration of facilities at Umatilln, IIarl)or would not be handi-
cael)l)dl significantly b)y the 1)rol)osed flood-contlrol storage plan, which
would result in raising of port storage facilities to base elevation 305.
(raini-loading operations would not be affected and pumping of petro-
lel(u products would benefit from reduced length of discharge line,
although static pumping head would be increased but general cargo
would normally require vertical movement of about 45 feet in addition
to horizont-al travel.

392. Within the reservoir area, the Union Pacific Rnilroad follows
thle ()egon shore of Columbia River and has four connections leading
to tile south. These occur at Arlington, river mile 242; HIeppner
Junction, river mile 252; Messner, river mile 271; and Umatilla, river
mile 289. The Spokane, Portland & Seattle Railway, following the
north shore, has no lateral lines. 1These railroads would be.relocated
to a grade 7.5 feet above tlhe backwater profile of maximum pool
(elevation 292 at the (lam) and flow of 1894 flood as slown on plate
8, part II. This would involve 82.8 miles of Union Pacific Railroad
and 81.8 miles of Spokane, Portland & Seattle Railway. Present
standards of the individual railroads would be adhered to for the new
work. The maximum grade of the Union Paci'ic Railroad is 0.40
percent compensated for curvature, and the maximum curvature is 8°.
Similar figures for the Spokane, Portland & Seattle Railway are 0.20
percent and 3°. Tlhe projected relocation would be1 expensive because
of the necessity of providing special treatment of rock bluffs and talus
slopes to eliminate clanger from slides and falling rocks. Objection-
able material under emlbankments subject to inundation would be
excavated and wasted. Provision for operational difficulties which
would have to 1be overcome duringg construction of the railroad ielo-
cations at rock cuts adjacent to the existing lines and at junction
points is included in the cost estimates.

393. Additional relocations necessary for construction of John Day
projectt include 62.6 miles of United States Highway No. 30, 46.0
miles of county roads, and coml)aratively minor amounts of telephone
and power lilies. Inlited States H ighway No. 30) woild be recon-
atructedl to exist ng stalan(lards.

394. Consideration woul(l be1 given to provision of sufficient clear-
ance unde1r bridge structures crossing shore-line indentations to accom-
modate pleasure craft, or, where pllractical)le, to ladm(it larger traffic
units to safe harbors. 'J'hll ore important natural lar}borsl war-
ranting consi(lerationl inl this esl)ect are at Jolhn la)y liver, mile 218;
Rocl (C'reek, mile 229; and W\illow C(reek, mile 252.

395. l[fect on AcNarlDalm .---The efl'ect of surcharges flood-control
storage in John l)ay Reservoir oln power outl)pult at, McNnay Damn
has )been (liscl(ssed iln lpeceding plaragral)ps. ()tiler efi'(cts, all of a
minor nature would arise firom in crease(l tail-^ul.ter heights ass shown
on chart 9. Such effects.would be relate(l to structural stability,
stilling basin action and spillway crest su:lincrigence, dlam operating
levels in tlhe tail-bay area, and use of land ill tle tail-bay area.
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396. Surcharge storage at John Day would not be detrimental to
stability of McNary Dam. Tail-water level at spillway design flood
discharge would be increased about 7 feet and a corresponding reduc-
tion in total headwater pressure would ensue. The slight difference
in uplift pressures would be negligible. The generating floor at Mc-
Nary powerhouse will be situated at a lower level than natural spill-
way design flood tail-water elevation and protection against such tail-
water height will be provided by a heavy concrete wall on the down-
stream face of the powerhouse. With flood control storage at John
Day, it would be necessary to raise the top of this wall 7 feet.

397. McNary Dam stilling basin will be of the hydraulic-jump) type,
consisting of a flat apron with two rows of bafiles and an end sill.
With full flood-control storage in John Day Reservoir, tail-water
depth on McNary Dam spillway apron would be increased by amounts
varying from 40 percent at 800,000 second-feet to 10 percent at spill-
way design flow. This increased depth would be beneficial and would
operate to insure formation of the desired jump. Operation of John
Day storage would cause some submergence of McNary spillway
crest, elevation 291.0. Data in the following tabulation are illustra-
tive of conditions at various discllarges:

T'ail-water SElevation of
PPelevation, Gatbottom of

Total discharge fleation, Gate opening t gate, fO t,
sea level mean sealevel

600,000 second-feeot. . ............................-----. 294.4 13 feet............. 304
800,000 second-feet...-...-.'....--........ -------- 296 18 feet. ........... 309
1,600,000 second-feet-...-.....--.............--------. )9.4 27.5 feot..-....-- 318. 6
2,200,00,0 sec'nd-feet..- ...- ..... .....---------.--- -..- 310.5 Gates removed-.... ....

1 Equal openings at all 22 gates; 150,000 second-foot deducted for llow through powerhouse.

The preceding data show also that, if all gates were operated at equal
openings, tail water would not inundate the lower portion of the spill-
way gates, a condition that has resulted in some damage to the spillway
gates at Bonneville Dam.

398. Operating levels onMIcNary Dam in the tail-bay area are

generally being designed for elevation 287 which is slightly above
natural tail water for the 1894 flood. Facilities at these levels, how-
ever, may be removed or protected from damagee up to elevations
higher tlan 303, which is compIuted tail-water height for the spill-
way design flood under natural conditions. A part of these facilities
have to (lo with passage of migrating fish, but the total num11)er of
migratory fish upstream is not believed significant when flows exceed
about 600,000 second-feet. The foregoing facts indicate that more
frequent attainment of high tail-water levels resulting from surcharge
storage at John Day, amounting to inundation of tail-bay operating
levels about once in 15 years instead of once ill 75 years, would result
in inconvenience rather than harm. To allow for possible revisions,
and for addition of watertight closures at MccNary Dam, the amount
of $400,000 hlas been added to tle John Day cost estimate.

399. Initial costs.--Costs, summlllllariz(l below, are on tle )basis of
January 1948 price levels and assume the prior construction of The
Dalles Dam. Shotild the John Day project be constructed prior to
The Dalles project, the total cost would be slightly reduced (lue to a
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reduction in cost of cofferdams and diversions, as noted in paragraph
368. A detailed estimate showing quantities and unit costs is con-
tained in table 2, part II, of this appendix.

Item ost tin Cn capital cost

Utilities....----... . .....----- ....--- . ...-..-- $7,5 2,4,000 $83, 56,000
Navigation aids ...........-- ........ .................--- - ..... ........ 170, 000 18, 000
Lna s ad acqilslio n --............... ....-......... .......................... 11, 305, 000 12, 513, 000
tReservoir clearing-.......................-..,... 219, 000 242,000
Colferdlams ndl diversion ............-....................-.........-.... .. 13,027, 000 15, 415,000
(I onte-olrtolrle spilllwaly sictlon. ...... ....-....... -..-.... ............. 37, 8:10, 000 41, 873, 000
Nonovoerilow concrete dam .........................-..-............. 8, 220, ()0 0,009, 000
Power facllities -............- ...... .. ....-..........-.... ........ 192, 087, 000 212,616,000
Navigati ll lock ............ ......... ...... ....... ....... 17, 0 5, 000 19,187, 000
Mooring facilitiesltl.s.- ..... .........................................45, 0 21,000
Fisl facilities ................ ......... ........ ..-... ............ ... 17,980, 000 1, 902,000
'Perinilult lmlilllisgs a(nd grounds ...... ......-......--.....-... 3, 47, 000 4,369, 000
(tcervaEtion faclit .s .-............ .......-....................... 367, 000 40(,000
Provisions at McNary D)m --.............. -......-......-........---...- 400,000 4143,000

Total ........ ................-..................... 379,826, 000 1'20, 420,4 000

I Includes Interest (during construction.

4(00. B1se(d on tlie estillated construction cost of $379,826,000, the
cal)itll cost of the ,Johln )Day project is $420,420,000. The latter
figurll' includes interest killingg constllltion at 3 I)ercent over one-half
of an average construction period taken at 7}~ years. Tlhe average
conlstlructiol period was determinedd on the assumption that four
generating units would be installed and tlle project il operation at the
end of 6 years. 'T'he remaining nine units would be installed subse-
quently at the rate of four )pe year ill 2/ yeal's. During the latter
periodd benellits would accruen from the initial power installations and
exl)en(lillluesvwoulS dLlIot be of the Imagnitude of those necessary luring
initial colistr.lctioll; for tllis reason t ei incremental construction time
was redlluce(l b)y 50 pl)elcenl t to I s/years, for coml)putation of interest.

401. An1nual chage/s.-Annuall1 charges for the -John Day flood
control, lnavigation, ttnd power project, based on 3 l)ercent financ-
ing and a proje(tct life of 50 years, are sumllarized on the following
tabulation:
]lFede(ral: --___ .nlnual charges

Illln rest--$-t20,4120,000, nt 3 percent ..-....................... $12, (13, 000
AiIorrt iz/t ioi---$120,4120,000, at 0.S(.8 percent I -- .. 3, 725, 000
I nterim-reilallceent .- ..-- --......... 688, 000
Op())erat ion 1and maintenance:

Navigation lock .... ... 80, 000
Spillway- -------- ..------- -- .-- 165, 000
Power facilities- ...... . .. - -- (63, 000
l11uildings and grounds .- - -. ..... 114, 000
Fislh facilities- --.......- -..--... ... -.. 231, 000
IRcreation facilities- ... 4--0, 000
Nainilt(lln(ance of )orlt of ll'matilla emballlkmenlll! t -. 19, 000

Pallyments iln li e( of taxes..-.. .......... 19, 000

l'otal anrnl charges- .. -... 18, 357, 000

402. Interiim replacement, costs wer1e collmputedl on the )basis of
adl(litional amortization changes, oln a 30-year basis, to create a sinking
fund to replace all items or portions of items having an economic life
of less than 50 years. ()Operation and maintenance costs were derived
on the basis of )past experiencee at Bonneville D)nam. Annual charges
against coml)Ietd('( otpen-river channel improvements were not assessed
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against John Day project, as navigation benefits credited to the project
elsewhere in the report are incremental benefits above present develop-
ment.

403. Accomplishments.-John Day Dam, with appurtenant works,
would be an important element in a coordinated plan for development
of Columbia River. The flood-control storage capacity, approxi-
mately 2,000,000 acre-feet, would be of great value in reducing flood
stages and damages downstream during major floods. As an example,
discharges could be reduced by 50 000 second-feet for 20 days. If the
flow at Vancouver were reduced from 850,000 second-feet to 800,000
second-feet, the stage reduction would amount to 1 foot. With a
higher-peaked hydrograph of shorter duration, the stage downstream
could be reduced 2 feet or more.

404. Inasmuch as John Day flood-storage capacity would be located
only 100 miles above the major areas subject to flood damage, it
would be operated to provide emergency flood storage in final regula-
tion of major floods. In addition, the reservoir would permit control
of localized floods and of floods arising in uncontrolled tributaries,
and would thus render more effective any system of upstream flood
storage reservoirs in the protection of the highly developed lower
Columbia River area.

405. Further accomplishments would also include the substitution
of 75 miles of slack water for a hazardous open-river channel, and the
addition of a large amount of electric power to the Noithwest power
network. Irrigation of nearby lands would be rendered less expensive
and the project would add materially to the recreation development
of the area.

406. John Day Dam would inundate the present narrow, hazardous
barge channel and the numerous rapids, between the dam site and
McNary Dam, thus permitting a fuller utilization of this vital trans-
portation corridor, and providing a greatly improved water transpor-
tation route for the export and import of bulk commodities from and
to the interior areas. Rich agricultural lands contiguous to the pool
are the annual source of millions of bushels of grain which are shipped
to downstream points for processing and for export to foreign countries.
IInmproved navigation through this reach of Columbia River would
facilitate upstream movement of petroleum products, machinery, and
consumer merchandise to an area which is expected to develop rapidly
from an agricultural and industrial standpoint. The inland area is
served by three competing rail lines but rail rates are too high to
facilitate the development of mineralized ores and limestone. More
economical water transportation would stimulate such development.
The anticipated future average annual commerce which would move
oveti the John Day pool is estimated at 4,600,400 tons. Bulk grain

nlnd limestone and other mineral products would be the principal
commodities to be slipped downstream. Petroleum products would
constitute the major portion of the future upstream commerce. A
wide variety of other products, including hcavy machinery, industrial
products, masonry and ceramic products, heavy and light hardware,
and numerous other manufactured goods, also could be transported
up river,

407. Navigation benefits creditable to a savings in transportation
would consist of the difference in transportation costs, as compared to
costs over rail and highway routes, from the origin to destination of
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commerce, based on savings per ton mile over existing transportation
facilities. Other benefits would accrue from new commerce which
would develop only when water access routes to mineralized areas along
middle and lower Snake River are provided by the authorized lower
Snake River dams and proposed projects on middle Snake River.
Additional benefits would result from new trade potential attracted
by the savings between inland points and the Portland area. Ap-
pendix M contains an analysis of system navigation benefits.

408. Tlhe project would provide additional dependable power to the
existing Northwest grid system which serves the major load areas in
Oregon, Washington, Idaho, and Montana. The project would be
strategically located within this system so that present storage at
Gran( Coulee and additional storage on Columbia. and Snake Rivers
would increase the present low flows. After completion of the main
control plan, operation of the project with 13 power units installed.
would provide a nominal prime capability of about 735,000 kilowatts
during minimum runoff years, as shown by phase C-2 sttidies in
appendix 0. See appendix 0 for analysis of system power production.
Expansion of the load area and growth of industrial enterprise in an
area relatively young in development and rich in natural resources
would provide an immediate outlet for the additional power. Present
power shortages have restricted industrial expansion and installa-
tion of authorized power facilities will not meet the anticipated load.
See appendix M.

409. Arable lands lying along Columbia River in the vicinity of
John Day project are suitable for irrigation by pumping from the
project pool. Areas lying at elevations of 800 to 1,050 feet above
mean sea level are cropped by dry-farming methods and produce fair
yields of grain when rainfall is sufficient to mature the crops. These
irrigable areas are described in previous text dealing with irrigation
problems. The Roosevelt and Arlington areas are largely comprised
of raw sagebrush lands, while the upper benches of the area lying
east of Willow Creek are dry farmed and therefore would not show as
great an increase in agricultural returns when irrigated.

410. A plan considered by the United States Bureau of Reclamation
for John Day irrigation project (designed herein as the Willow Creek
area) would provide gravity diversion from a storage dam on John
Day River for irrigation of those lands lying east of Willow Creek.
Pumping to these lands from John Day pool would provide an alter-
nate water supply and probably decrease the cost of project develop-
ment. 'The reduction in lift from that required to punmp from the
present stream elevation would result in a saving directly creditable
to the navigation and power project. The average reduction in
pumping lift for each of the three areas is shown in the following
tabulation:

Ara in Reduction
Project in pumpingacres lift

John Day .....-...........--.--------. ------ 135,100 65 feet.
Arlington.- ...........--.......-----------------------------------------. 11,600 70 feet.
Roosevelt.-.------- ---------- .. ... . ...--- ------ 1, 600 76 feet.

Total.-....... ... ----...... . ................. -- - - 148, 100
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411. The pool would be located in a thinly populated area between
the States of Oregon and Washington, where the major population
centers are several small trade centers scattered along the river and
adjacent to highway and. rail lines. The number of local people
visiting the project would be small; however, the project would be of
sufficient magnitude to attract many tourists. Minimum recrea-
tional facilities which would be provided are landscaped viewpoints,
parking areas, comfort stations, and an administration building.
Boat-launching ramps and access roads to the pool are desirable.
The project pool undoubtedly would be utilized by yacht clubs as
distant as Portland for traveling to points along Columbia and lower
Snake Rivers.

412. Only tangible accomplishments have been described in previous
paragraphs. Local, regional, and national benefits in the form of
increased industrial expansion and potential industrial production
through dependable power supply, enlargement of the tax base in
many sections of the basin, and greater national security during critical
world readjustment periods, also would result from the proposed plan
of water use development. Power shortages due to droughts are of
far reaching effect, often extending beyond the regions affected by the
drought. Development of sufficient reserve power capacity to meet
all loads in spite of climatological conditions leading to droughts in
the Western States would help to relieve the threat of industrial
paralyzation. This power reserve, therefore, would be an intangible
value of paramount importance

413.1 Discussion.-Provision of surcharge flood-control storage capac-
ity at John Day Reservoir in the amount of approximately 2,000,000
acre-feet is feasible 'from an engineering standpoint and such space
could be obtainedlat an incremental cost of about $30 per acre-foot.
Although provision for the space would cause incremental dislocations,
principally at Arlington and Umatilla, items have been included in the
project costs to insure continuance of these towns and river harbor
facilities. No public hearing has been held relative to storage of
floodwater in John Day Reservoir to pool elevation 292. No opposi-
tion by local residents, however, was voiced in the hearing of M'ay 25,
1948, to operation of John Day Reservoir at normal pool elevation 255.
A pool elevation of 255 would necessitate raising 35 percent of the
town of Arlington.

414. Surcharge flood-control storage above normal pool elevation
255 is proposed as a part of an initial system to control the downstream
flood discharge to a maximum of 800,000 second-feet, but integration
into an ultimate system to effect control to 600,000 second-feet also was
studied. Some conflicts between flood-control operation and the
interests of navigation and power would occur. The power conflict
attributable to increased tailwater depth at \McNary Dam, as shown
on chart 9, would not initially alter the system power design which is
predicated on production of firm power at an upper flow limit of
800,000 second-feet. Although ultimate regulation of flood flows to
600,000 second-feet would cause power loss under present criteria, a
future system probably could absorb any such loss at other plants,
and no extra generating facilities are considered necessary. The
advisability of raising the John Day navigation lock to accommodate
water surface fluctuations above normal level also was studied and,
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while not considered advisable or necessary under initial conditions,
might be desirable under conditions of ultimate regulation.

415. From the standpoint of navigation, the adopted normal pool
elevation .would greatly improve operating conditions. This is illus-
trated in table 37, which shows average velocities at critical locations in
the pools that would be formed by the ultimate ladder of dams and
through the critical Hamilton Island reach immediately downstream
from Bonneville Dam. While these average velocities do not neces-
sarily bear any constant relationship to the maximum velocities at
any of the cross sections, an index for comparison is furnished.

416. Storage investigations.-ln arriving at the proposed maximum
flood-control storage capacity of 2,000,000 ncrc-feet at pool elevation
292, consideration was given to other amounts of surcharge storage as
well as to draw-down storage below normal pool elevation 255. The
results of these studies are discussed in part II of this appendix in
sul)port of the proposed plan.

417. Alternative project withoutt flood-control storage.--Lay-out and
details of the alternative John Day Dam with normal pool elevation
255, without flood-control storage, are shown on plate 6, part II. Thle
structure would be about 95 feet high from tailwatoer to lleadwater and
would consist essentially of a spillway, a navigation lock, a power plant.
for generating hydroelectric energy, and facilities for passing ana-
(ronlous fish.' TIhe tool would extc(end upstream from tOhe dam over
a reach of river (lefiled at the upper and lower liniits by McNary
(ldam and Tlhe Dalles Reservoir, respectively. Normall 1)p1 elevation
for The Dalles Reservoir, as discussed in the prior report, lhas been
tentatively established at elevation 160, and extreme low-water cleva-
tion at McNary (dan site is elevation 248. The (lesign features of the
daml would be essentially the same as for the lrol)osed( project provid-
ing flood-control storage.

418. 'The total capital cost of the alternative plan is estimated to
be, $354,805,000, and annual charges are estimated to be $15,724,000.
Accomnplislhtents would lbe the substitution of 75 miles of slack water
for hazardous opll-rivcr channel in tlle reach of John Day pool, the
providing of 735,000 kilowatts of prime power, and the facilitating of
irrigation of about 150,000 acres of lands. The important flood-control
benefits of the proposed project would be eliminated. Detail of de-
scription of this alternate project and a summary of costs and accom-
plishments are presented( in part II of this appendix.

419. Other plans cons idered.-Two plans of developmentt, alternative
to the single-dam plans, described in the preceding paragraphs, have
been considered for the reach of Columbia River between John Day
dam site and McNary I)am. Tile fii'st of these, open-clihaImel im-
provement, would eliminate multiple-purpose aspects of the improve-
menlt anl rwouldl provide only increased channel (leplth and width for
navigation. T1lie second alternative, called the two-dam plan in con-
trast to tlhe single-dam plan previously described, would consist of a
low dlamn with normal pool elevation 210 at the John Day site and an
additional dam, at the Arlington site 26 miles upstream, with normal
pool elevation 255. This plan of development was proposed in House
Document No. 704, Seventy-fifth Congress, third session. The two-
dam plan would cost about $150,000,000 more than a single develop-
ment. Thle benefits from either a single or a two-dam development
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without flood-control storage would be approximatelyy equal. The
alternative plans are described in greater detail in part II.

HARBOR PROJECTS

420. Introdluction.-As outlined in connection with the navigation
problems, the construction of harbor facilities along the reservoirs
would be necessary upon completion of the proposed main river dams,
to allow convenient interchange between river and land of the greatly
augmented commerce which would develop. In addition to facilities
presently available, harbor improvements at six locations previously
have been found economically justifiable on the basis of the increases
in river commerce that has occurred within the last decade since
completion of Bonneville Dam. As slack-water navigation is pro-
vided through greater stretches of the river system, river commerce
will continue to increase and the provision of further harbor facilities
will be found economically justified by the savings in transfer and
shipping costs that would result. Provision of approach channels and
turning basins, which is the function of the Federal Government, has
been included in the plan of improvement for this subbasin to meet
these anticipated needs which are further discussed in appendix IM.
These facilities would permit river access to wharves and warehouses,
the construction of which would be tlhe responsibility of local interests.
At present, two auxiliary channels above Bonneville Dam at Bingen
and Kennewick, Wash., are authorized, and a channel at Arlington,
Oreg., has been constructed by the Corps of Engineers. A mooring
basin at Hood River, Oreg., and harbor improvements at The Dalles,
Oreg., also have been authorized, but no construction has been per-
formed. In addition, a harbor improvement at Umatilla, Oreg., has
been previously recommended but has not as yet been authorized.
Estimated costs to the Federal Government for these projects are
shown in tile following tabulation: Estinated cot
Bingen, Wash., channel----------------------------------------- $141, 400
Arlington, Oreg., channel ------------------------------------ 115, 217
Kennewick, Wash., channel-------------------------------------- 30, 000
Hood River, Oreg., mooring basin __--__----_-_------------------ 136, 800
The I)alles, Orcg., harbor---------------------------------- - 143, 600
Umatilla, Oreg., harbor---------- -------___..-----_-- -----_- 416, 250

Total---------------- -..--......_--- ------------------ 983, 267
These facilities would supplement eight existing port installations con-
structed upstream from Bonneville Dam by private interests. Many
of these latter installations, however, would require drastic revision
and enlargement after the main river dams were complete, in order to
accommodate the new water levels and increased volume of commerce.

421. Proposed improvenents.-At this time, only a tentative selec-
tion of points at which additional harbor facilities would be desirable
can be made. As the additional dams are constructed, and as com-
merce increases, the locations and extent of required facilities will
become determinable. Where savings would result thereby, necessary
harbors would be included in detailed planning for construction prior
to raising of the pools. Such planning would require coordination
with railroad relocation studies in certain cases where communities
would have to be moved, in order to secure an arrangement satis-
factory to both land and river transport.

9.869604064
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422. Following is a tentative listing of harbors now considered
necessary for the efficient functioning of an ultimate navigation
system, together with estimates of initial costs and annual charges to
the F(edleral Government. Estimates are based on price levels as of
January 1, 1948, and or previous experience on similar work.

nLcat ionAnnualLocatl;n River Pool Initial cost charge

Ringold, Washl...-... 352.0 McNary-......- $100,000 $6,000
Yaklnma River, \Wash. .---- ----. .------ -. 335.0 _--do.------ 200,000 12,000
':asco- Kernnwic(k, Wash.-.................... 328.0 .-..(o---......---. 200, 000 12,000
url1banlk, Wash......0..-do..... 100,3000. do6,000

Hlover,Wash-....... ............--.........--. 317.0 .---.do..-......... 100,000 6, 000
Walluln, Washl..........---. ...... ...--- -...... 31-4.3 .. lo.. ..-.. 300,000 18,000 -

Wa\lla Wa\lla River, Wash.-.......--.-.-..--....-- 31 1.0(.. o ..---- 200,000 12, 000
Cold Sprlings, Orcg ........------- 300.0...(....-.----- 100),000 6,000
Umatllall, Oreg . .. ..-.. 2891. 5 John Day..---.. . 200,000 12,000
Alderdalh, -Wa-sh-...................258.(... ...-o.. 60,000 3,600
1Roosevelt,\ Wash-2..2 70.............

7
.... ...-..-... --60,000 3,600

Arlilngon, Oreg...................2..-------.. 211.7 ---.-do. --_.....-. 0, 000 3,600
111lock., Orcg ..........--....-------- -------..- 233.3 -d....do-......---60,000 3,600
Biggs, O)rg .--............... 207.6 Thel)alles.-----.. (10,000 3,600
Miaryliill, Wash .............-........ --. -----.-209. 2 .....(o... ........ O, 000 3,600

Totals .- ..- .... ......-------- .... -------1,860, 000 111,600

'lie locations of these points are slhowni on plate 36, as well as on the
ap)llicable reservoir maps.

423. (on clusion .---Present harbor facilities along Columbia River
are not afdequlate to handle( tile volume of commerce ultimately
expected,. To rectify this condition, 1.5 harbors having a total initial
cost of $1,860,000 and total annual charges of $111,600 are proposed.
System a11nd local benefits would be more than ample to justify such
iml)rovemnlenls. In addition, local hlar)ors would provide moorage
for pleasure craft and refulg for all river craft (during periods of bad
weatlier. As a predictions of the exact size or location of thie facilities
required is niot possible at this time, the list of harbors presented is
tentative only. Thel list, however, is believed representative of the
actually requirements whlich'l will be determinedluponI later detailed
stuly, a ll( tle estilnmate( costs are believed to be adequate, subject
to future ('llicges in price levels, for construction of the necessary
implrovemlllnts.

BANK PRO'rTECTION AND DIKING AND DRAINAGEI PROJECTS

424, Introductio'n.--As discussed il section II of tils appendix,
about, 70,000 acres of the 170,000-acre flood plain of Columbia River
are not )rotecte(l from overflow during flood periods. The principal
flood-l)lain areas are located downstream from Bonneville Dam.
Population density, the fertility of the soil, and the favorable climate
combine to make these areas of considerable value.

425. An authorized separate survey report is being prepared to
determined tlhe advisal)ility of protecting additional areas along the
river and providing additional protectioll for areas now inadequately
protected. That repol't will be submitted at a later (late and wil
contain a complete analysis of the engineering and economic con-
siderations involved, as well as recommendations for future work.
The progress of studies is sufficient to enable a preliminary deter-
minalion of tlie economic feasibility of tile protection of several
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particular areas. These areas and others, for which justification is
not apparent or is uncertain, are discussed herein, following a sum-
mary of the general aspects of additional protection -to Columbia
River flood plain.

426. Columbia River flood-plain lands have been formed by the
deposition of river silts. As shown on plate 35, the land areas which
comprise the flood plain are not continuous and do not extend far
from the stream. Levees have been adopted as the only feasible
means of protection against flooding. The economic development of
the extreme lower river area gave rise to the first such construction
at Warrenton in 1899, subsequently, in the period 1915 to 1921, 11
or more drainage districts were organized and the areas protected by
dikes )provi(led witll tide boxes and pumping plants. This develop-
ment continue( and wans accelerated( in the pleriold 1935 to 1940,
when new districts were organized( and old ones reorganized in order
to comply with tlie provisions of tile 1936 Flood Control Act and
thereby ol)tin Fe(deirl assistance.

427. I'xistin1 collditionlS.--lExisting dIevelopment along lower Colum-
bia River may 1)e classified as municil)al, industrial, and agricultural.
Towns on or a(ljacelnt to the Oregon shore includei Warrenton, Astoria,
Clatskanie, Rainier, St. Ielenls, Portland, and Troutdale. Along the
Washington shore arer Iliwco, Chinook, Cathilamet, Longview, Kelso,
Kalamna, Woodland, Vancouver, Cannns, and Washougal. Industrial
developments centering at the mouth of the river and at Portland
arc, in tile main, not protected by levees. Lands wlh.ch, if protected,
would l)e potentially of industrial importance exist in the Portland
area and in areas near Washougal, Vancouver, ,nd Kalama. The
preponderance of the presently protected land and land worthy of
future protection, however, is devoted to agriculture or dairying.
The development of agriculture within those districts which have
been improved is in sharp contrast to that within areas which are
subject to annual flooding.

428. Protection.-Plate 18 of part II indicates the river stages
below Bonneville Dam for the 1894 and 1948 floods. From Cath-
lamet, river mile 40.7, to the sea, the profile for the maximum tide of
record combined with the flood of December 1933 to produce the
highest stages of record. TPhe 1876 and 1894 flood profiles were used
as standards of protection in. the past. Above Cathlamet, the
majority of the existing drainage districts were protected against a
flood of the magnitude of that which occurred in 1.876 plus a limited
freeboard varying from 1 to 3 feet, depending upon the size of, and
upon development within, each district concerned. Two drainage
districts immediately adjacent to Portland were protected against a
stage equivalent to that of the 1894 flood, including the increased
stage due to confining action of the levees.

429. The characteristics of the 1948 flood have been found to be
similar to those of the 1876 flood, and, because data obtained during
the 1948 flood are more complete, plate 18 of part II presents river
stages for the latter. The 1948 flood provided much additional data
on the effects of floods of major proportions. Subsequent to con-
struction of the Spokane, Portland & Seattle Railway fill at Vancouver
and the Sandy, Multnomah No. 1, and Peninsula Nos. 1 and 2 drainage
district levees, the constricted channel had not been tested by a
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major flood, nor had discharges greater than 740,000 second-feet
actually been measured.

430. The degree of levee protection which should be afforded the
various land areas lying along the main river and tributaries varies
with the development and potential development of the area con-
cerned, and with the regulatory effect of upstream storage on river
stages at the time of construction of the projects. Those projects
which are proposed for immediate construction generally would
provide protection, with 3-foot freeboard, against a recurrence of the
1948 flood. Tihe levees which protect existing highly developed and
urban areas, such as Peninsula drainage districts Nos. 1 and 2, would
be designed to withstand a flood of the magnitude of that of 1894
under confined conditions. The main control plan, discussed in
appendix M and in the main report, would control a flood of the
magnitude of that of 1894 to a flow of 800,000 second-feet in the lower
river. This reduction probably would allow future protection of
areas where improvement cannot be economically justified under
present conditions, and would increase substantially the amount of
freeboard at projects completed now or in the interim period. The
additional freeboard, amounting to about 3 feet, would be definitel
desirable, as it would relieve the water load on the levee seepage path
and reduce the degree of saturation of the levee. It would, in addi-
tion, provide the increased protection which should accompany
population increases and economic development that can be expected
in protected-arcas.

431. EIffect of levees on flood stages.-The observed profile for the
1948 flood is shown on plate 18, part II, of this appendix. Shown
also on this plate is a profile for the 1948 flood based on the assumption
that proposed and possible future levees were in place. Similar
ol)served and computed profiles for a flow of 800,000 second-feet also
are indicated. The observed 1894 flood profile is shown, together
with comlputed profiles based on 1948 channel conditions with existing
levees and with proposed and possible future levees. It should be
noted that proposed construction of tlhe Vancouver Lake area levee
plus thie possible future Ievelol)ment of lower Peninsula area would
raise tlie water surface elevation of the 1948 flood at, the Interstate
Bridge by only 0.8 foot. The cumulative effect of all proposed and
possible future construction on the water stage at Washougal would
be about 1 foot for each of the profiles shown.

4:32. Local cooperation.-Protective works on lower Columbia River,
as listed in table 36, have been constructed or rehabilitated with
Fe11eral funds under the authority of the Flood Control Act of June 22,
1930. Local interests have not been required to contribute to the
construction costs of tes projects, but they have been required to
furnish the necessary rights-of-way, and they are charged with
maintenance of the completed works. It has been found that the
districts are generally lax in prosecuting adequate maintenance.
Experience during thle 1948 flood especially brought out this condition.
A question exists as to whether or not maintenance of levees, revet-
ments, tide boxes, pumping plants, and drainage ditches, if neglected
by local interests, should be performed by an agency of the State
dovc)ement with the cost being borne by local interests through
taxation. Amendment to present State law would be necessary to
provide for this procedure.
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433. In those districts where the benefits accrue to individual land
owners and not to the general public, apparently the local owners
should make a considerable cash contribution toward meeting con-
struction costs. In many unprotected, undeveloped areas, the
principal benefits to be expected would be in the form of increased
land use which would be enjoyed solely by local people.

434. The entire problem of local cooperation will be analyzed in
detail and definite recommendations made in the separate report now
in preparation. In the estimates quoted subsequently, non-Federal
costs include, where applicable, an approximate evaluation of land
enhancement as a measure of local contribution toward construction
costs, as well as charges for rights-of-way and maintenance.

435. Unprotected areas.-Following is a tabulation showing, for both
Oregon and Washington, the land areas and acreagds now protected
and the areas physically susceptible to protection:

Areas in acres
Land classification

Oregon Washington Total

Protectedl:
By local Interests---......... ..................... 986 6, 186 7,172
By local interests and Corps of Engineers..---...........61,436 30,681 92,117

Sub}totala..... ....................................... 62, 422 36, 867 99, 289
Unprotected .........-.....- ......... 27, 87.1 27, 633 55, 507

Total-..--.--.9.--.--.--------------...---------------.90 29 64, 500 154, 796

The above tabulation shows that 99,289 acres in both States are now
protecte(l and that 55,507 acres are not protected. Excluded from the
latter category are about 15,000 acres of submarginal land for which
economic justification cannot be foreseen within any reasonable
period of time. Table 36 lists existing and authorized diking and
drainage projects. The excluded 15,000 acres include two areas for
which conditions of local cooperation required to obtain Federal
participation have not been fulfilled. Brief discussions of individual
unprotected areas are contained subsequently in this appendix. ,

436. Inadequately protected areas.-The 1948 flood provided a severe
test of the efficacy of existing lower Columbia River levees. As dis-
cussed previously, several failures occurred which will be repaired with
emergency funds to bring the levees to the original condition. The
flood indicated that in several districts drainage provisions were not
adequate and that in others the degree of protection now provided,
based upon original conditions, should be increased because of increased
economic development within the district. Those projects in this
category, in which the Corps of Engineers has participated, have been
determined and are discussed individually in later paragraphs.

437. Improvements considered.-To secure adequate protection of
lands within the flood plain of lower Columbia River generally would
require construction of levees or seawalls. Such structures would
confine the floodwaters, and at the same time, increase stages slightly,
and accelerate velocities of flow. These effects would subject the
improvements and unprotected banks to increased erosive attack.
Furthermore, lower Columbia River is used extensively by ocean-
going vessels and river craft, the wave wash of which further increases
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the bank erosion problem. Therefore, to assure the permanency of
existing banks and the existing or proposed levees, )ank protection of
some type would )e required.

438. Bank protection.-Tlhe bank erosion problem in the sub-lbasin,
and tile causes thereof, are outlined in previous sections of this
appendiix. This problem is existent only along the river reach down-
stream from Washougal, Wash. Complete surveys since the occur-
rence of tlhe 1948 flood are not available. Prior to that time, how-
ever, (damage was being incurred ant 94 locations totaling about 40.7
miles in length. I)etailed investigations of bank erosion and 1)ro-
tection are now beingg initiated in connection with an authorized
separate report, to be submitted at a later (late, on flood control on
lower Columbia River. Although neither sufficient, field investiga-
tions nor office studies to permit final r(conllmldations have been
colml)elted at, this time, considerable 1)ank protection work evidently
is economically justified and is proposed herein. A discussion of tihe
general factors involved is contaiiled in following text.

439. Methods of bank protection.-n11 the past, two general methods
haive been emplloye( to control blank erosion. Where water depth
adjacent to the shore is great, pile jetties have been const-ructed, and
in otiler locations revetmlent has been used. The jetties consist of
lines of piling extenlling from the bank into the river and so spalced as
to break the (irect attack of tile curl'ent and( encouragedtlle deposition
of river silts. A (lulmpedl stone llan.liket is placed upstlreaflm and down-
stream from each jetty, 1)oth on tlle banik anld along tihe bed( of the
stream, to l)rotect tile piling from scouring. Use of l)ile jetties co(m-
bines )bank l)rotection with navigation improvement as tile jetties
serve to constrict tilhe navigation olichannel, thus increasing velocities
and reducing mimailntenance (dredging.

440. 'Tle usual type of bank revetment employed in tlhe past has
been constructed of (lquarry stone which is available att six or seven
locations along the river. The banks to bIe l)rotected have (eeni sloped
to about 1 on 2, a blanket cOmnl)OSed of local gravel lhas been spread,
andl a top lawyer of ldumpled quarry stone has been llace(l over the
gravel.

441. I'roposed bank protection.--'h'e banks of thea river and the
principal tril)utaries were examined prior to tile June 1948 flood.
At that time about 94 areas were being eroded. Of this nlmlber, 66
erosion areas, with a total length of about 123,800 linear feet, were of
such a critical nature, that either levees and thle drainage districts
protected or high-value unprotected property were in danger of being
lost. Waves set up by wind action and aggravatecd by heavy water
traffic, both oceangoing andl local, evidently cause more damagethan
do floods. Examination of tlhe conditions as existing after the flood
lmay reveal that new areas have been stripped of protective cover and
erosion has begun. A sumlmairy of all locations examiniedl to (late is
shown in tables 39 and 40, in which the 66 primary locations are
grouped as proposed projects andl 28 secondary locations are grouped
tas possible future projects. Expenditures at the 66 primary locations
apparently would be economically justifiable, especially in view of the
damages which might result from a-l4vee failure caused by erosion.
The expenditure involved would be about $4,900,000. Erosion at
the remaining 28 secondary locations, while quite active, does not
now threaten potentially valuable lands, and for that reason can be
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deferred. Justification for work at these locations may develop,
however, as the land areas adjacent to the erosion areas are developed
more extensively. The locations of both the proposed and possible
future protection projects are shown on plate 36.

442. Project descriptions.-Proposed and possible future (liking and
drainage projects are listed in tables 39 and 40 and shown on plate 35.
The following paragraphs describe, in downstream order, tlhe proposed
and possible future projects which are considered economically justi-
fied under present or foreseeable future development, as well as a
number of projects for which future justification is not foreseeable at
this time.

443. Washougal area.-The Washougal area is situated at river
mile 125.0, in the southeastern part of Clark County, Wash., and
extends from Lawton Creek on the east to include a part of tlhe town
of Washougal. It is about 4f} miles long, averages three-quarters of
a mile wide, and generally lies about 30 feet above mean sea level,
An area of 2,260 acres lies below the 40-foot contour. Stcigewald
Lake, which extends through the greater portion of the area, is long
and narrow and has an area of 350 acres during periods of normal
rainfall. A relatively small creek, Gibbons Creek, drains 4,500 acres
of adjacent hill lands and enters the area. The flow from the creek
increases the problem of draining the lake, but can be handled through
automatic drainage gates.

444. The district has been a dairy center for over 30 years, and
has several large dairies adjacent to tile landward limits. Prune and
filbert groves, which formerly occupied about 3 percent of the area,
are now being removed. About 150 persons reside in the flood area.
The Washougal Woolen Mill also is located in the area and has become
an imnlortant factor in thle economic life of the community.

445. A total of 51( miles of levee, two large tide boxes, drainage
ditches, and a pumping plant, at a total cost of $800,000, would be
required to protect the entire area. Of this amount, about $275,000
would b)e non-Federal costs. The protection proposed would encour-
age further industrial development of the town of Washougal and
would allow a much higher agricultural development of the remainder
of the area. 'This project apparently would l)e economically feasible.

446. Sandy fiver east area.-This area lies at river mile 121.0, to
tlhe east of Sandy River in Multnomnah County, Oreg. It fronts
along 3 miles of Columbia River and along 2 miles of Sandy River.
Of tlhe 1,280 acres inlthe area, about 1,120 acres are susceptible to
reclamation. Approximately 210 acres are under cultivation; the
remainder are used for grazing registered ceef stock. The area is
subject to partial annual flooding from Columb)ia River backwater
which spreads out through the existing sloughs. Construction of
about 3.4 miles of levees and several tide boxes would be required to
provide adequate protection. The present state of development does
not appear to justify protection against the 1948 flood. If the project
were determined feasible upon more detailed study, local interests
would be required to furnish rights-of-way and make a considerable
contribution toward the estimated construction cost of $300,000.

447. Sandy drainage district.-This district is located at river mile
118.5 in Multnomah County, Oreg., on Columbia River between
Ss,.dy River on the east and Multnomah drainage district No.1 on
thl west. The district contains 1.556 acres which are used for truck
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gardening, general farming, and dairying. A large aluminum reduc-
tion plant and the Troutdale Airport also arc located within the
district. The area is protected by about 19,000 feet of levee, which
successfully withstood the 1948 flood. Seepage, however, was con-
siderable. In order to provide adequate interior drainage, a complete
system of toe drains with ditches leading to the pump house would be
required, andl additional pumping capacity would be necessary.
Total estimated construction cost of this work is $242,000, of which
about $165,000 would be Federal costs and $77,000 would be non-
Federal. Preliminary studies indicate that the proposed improve-
Ients would be justified.

448. Government Island area.-Government Island is situated at
river mile 115.0, in the channel of Columbia River about 7 miles
upstream from Vancouver. It contains about 1,850 acres, of which
90 percent is assessed as tillable land. The raising of registered
dairy alnd beef stock, as well as horses, has been developed to a large
scale. Approximately 1,490 acres could be brought to a high state of
cultivation or pasturage if protected by 7.3 miles of levee, 2.7 miles of
hydratulic filled beach, and the necessary automatic drainage gates.
Local interests are anxious to receive some (legrec of protection, at
least from the normal annual flooding if protection against higher
floods cannot be justified. Protection of the area 'against the 1948
flood is estimated to cost $800,000 exclusive of rights-of-way, while
protection against a 15-year flood could be provided for $300,000.
The justification of either program is doubtful at, the present time,
but, ill any event, local interests would be required to contribute a
considerable part of the construction cost.

449. Multnomah drainage district No. 1.-This district lies along
Columbia River at mile 112, northeast of Portland, and contains
8,417 acres protected by about 69,000 feet of levees. At the time
the levees were constructed, the land was used for general farming,
truck farming, and grazing. At present, thle area has become pr-
arily residential. Four golf courses and the Portland-Columbia
Airport also are within the district. One failure in the levee system,
at the pumlphouse, occurred during the 1948 flood. With the degree
of development now existing in the area, seepage through the sand
levees probably should be controlled to a greater degree than at
present. This control would require the construction of a toe drainage
system throughout the entire length of the levee, a system of interior
drains leading to the pumphouse, and the installation of additional
pumping capacity. Four cross levees would be constructed on existing
roads, thus dividing the district into five areas to relieve the present
situation inl which a continuous area about 15 miles in length is
vulnerable to damage from a break at any point in the levee. Total
estimated construction cost, including new cross levees, is $1,500,000,
of which about $1,005,000 would be Federal costs and $495,000 would
be non-Federal. Preliminary studies indicate that the proposed
improvements would be economically feasible.

450. Hidden area.-Hidden area, located at river mile 108.0, lies
to the east of Vancouver, Wash., and contains 750 acres. Vancouver
shipyard is located in the tract, approximately 50 percent of which
was filled by hydraulic dredging, during the construction of the ship-
yard, to an average elevation of 29 feet above mean sea level. During
the 1948 flood, water reached depths of from 2 to 4 feet over the filled
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location and up to 12 to 15 feet over the remainder. The war caused
a shift in land use from dairy farming toward industrialization. Thi,;
trend no doubt will be upset temporarily by the recent floods.

451. Adequate protection would require construction of about
214 miles of levee and flood walls, a tide box, and a pumping plant.
The lowest portion of the area should be filled with spoil from channel
dredging. The cost of protection would be approximately $340,000,
of which $240,000 would be Federal, and $100,000 non-Federal costs.
In view of the development of the railroads, hard surfaced roads,
housing facilities, and housing sites, the potential value of the tract
is high and protection probably would be justified.

452. Portland area.-The 1948 Columbia River flood inundated a
total of 2,600 acres within the city limits of Portland. An area
equivalent to approximately 700 blocks adjacent to Willamette River
in the central part of the city was flooded. The harbor wall, along
the west bank of Willamette River in the city, protected an area
23 blocks in length and from 5 to 6 blocks wide. Upstream and
downstream from the harbor wall a total of 360 blocks was flooded.
On the east bank of the river, in the central commercial district,
approximately 340 blocks were flooded.

453. Raising of streets and construction of levees, flood walls, tide
boxes, and pumping plants would be required to protect adequately
the most highly developed portion of the areas which were flooded.
The cost of furnishing this protection is estimated to be $22,000,000,
of which $14,000,000 would be Federal and $8,000,000 non-Federal
cost. The estimated average annual damages within the Portland
area are $2,415,000. Elimination of a large part of this damage
could be credited to the improvement. The city probably would be
willing to assume a fair share of the cost of the protective works.
Although time prevented completion of studies necessary to determine
all of the features in connection with this project, the benefit-to-cost
ratio apparently would be favorable.

454. Peninsula drainage district No. 2.-This district is located at
river mile 106.5, to the west of Multnomah drainage district No. 1,
from which it is separated by Columbia slough anl an artificial channel
which-connects Columbia slough with Columbia River. The tract
contains 1,425 acres protected by a levee system 33,900 feet in length.
The district has changed from an agricultural area to an urban and
industrial area, and the degree of protection provided, which is 2 feet
of freeboard over a flood of the 1876 magnitude, is not considered
adequate. This district was inundated during the 1948 flood, pri-
marily as a result of failure of a railroad fill which formed part of the
protective works for Peninsula drainage district No. 1. Recurrence
of a flood similar to that of 1948 would make the district inoperative
because of seepage through the leoees. To provide a system of pro-
tection considered adequate, the design criteria should be changed to
provide protection to an elevation above a flood of 1894 magnitude.
Adequate protection would require raising all exterior levees about 6
feet, installing a complete system of interior toe drains, and enlarging
pumping facilities. 'otal estimated cost of this work, including costs
of rights-of-way but excluding costs of highway reconstruction, is
$853,000, of which $535,000 would be Federal and $318,000 would be
non-Federal costs. The proposed work would be justified.
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455. Peninsula drainage district No. 1.--This district is located at
river mile 105, to tile west of Peninsula drainage district No. 2, from
which it is separated by the fill of the Denver Avenue approach to the
Interstate Highway Bridge. The district contains 901 acres, and
includes imlprovmenilts consisting of a large packing plant and stock-
yards, a large stock pavillion, a broadcasting tower, railroad trackage,
and farm l nandd pasture. The area is protected l)y about 20,000
feet of levee. A railroad fill, which fornmedl part of the protective
works, failedduring the 1948 flood, causing inundation of Peninsula
district No. 1 and destruction of Vanport City, Oreg. A ring levee
around the underpass to Valnport City subsequently failed, causing
inundation of Peninsula. district No. 2. Preliminary plans of tlhe
Port of Portland comntenlpla ted tlhe acquisition of Peninsula districtt
No. 1. Ilindustrial sites would belprovided by filling the area to about
elevation 30 feet with sand pumped from the river. If tlle districtt
were filled, tlhe necessity for rehabilitation of tle levees would not
exist. Otherwise, renewed plortection would be indicated. As tlie
railroad fill is not reliable, a new levee on the inside and parallel with
tlhe railroad would )be necessary. 'I'llis levee woull be constructed to
such elevation as to protect tlhe district against a flood of 1894 magni-
t.u(le. A (oomplet(c toe drainage system and pumnl)ing plant would be
llecessary. Estimated cost of this work would be $1,580,000, of
which $1,1225,000 Nwould b!e IFe(lderal and $45,5,000 non-Federal costs.

450(. Ilaydenl Island..---ay(len Islandl, situated on the Oregon side
of Columblia River at mile 105 opl)osite Vancoulver, is separated from
tlhe ()Orego mainland b)y Northl Portlanld Harbor. It is about 4 miles
long anl(l contains a)l)roximately 850 acres. A total of 292 acres of
tle eastern llalf of the island adjacent to United States Highway No.
99 lias been (developed by Hayden Islandl Amiusement Co. In addition
to lthe lamllslemnl t larkl, 24 ldupl)!ex houses containing 48 rental units,
a st)pe(rarket, drug store, restaurant, riding academy, ]lunlt club,
and filling station arie located on the island. The damage caused by
their 1)48 floo(l was slightly in excess of $110,000, exclusive of the loss
of business (luring tlhe flood. Protection of tlie east end of the island,
whlichl lies upstr('eam from tl(e Spokane, Porltlanld & Seattle Railway,
justifiably,could be accomplished by provision of a 4-mile levee, an
automatic (drainage gate, and a small llpunming plant. At a later
date, if con(litions. justified , tle lvcee system could be extended to
protect tile entire island. 'l'le cost of tlhe initial )roj((et would be
alout $204,000, of which $140,000 Awould be Federal cost, andll $124,000
ion-l'Fe(l eral cost.
457. Lower Peninsula( area..-Low\cr Peninsula area is located at

river mnile 103, to tlhe west of Peninsula drainagee district No. 1. It
is bounded ()byOregon slough andi Columlbia River on tlhe north,
Willamette River oil the west, andlll igh ground alnd Columbia slough
on the south. Columbia slough roughly bisects tile Inajor portion of
the area. 'he area is served by, or is readily accessible to, three
major railroads. In addition, the main transmission lines of the
Bonneville Power Administration cross it. T'he services and the
advantageous location of tlhe tract make it suitable for development
for industrial purposes. Future .dredging of the necessary water
al)proialches andl turln-around(s woulld provide sufficient material to
build the adjacent land area to a height above flood levels. Such
inlprovement, rather than protection by levees, is logical for this area.
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458. Burlington district area.-Burlington district area, at river
mile 100, is situated in the northern part of Multnoinah County,
Oreg., across Multnomnah Channel from Sauvie Island. The district
is 5.8 miles long and ranges in width from 800 to 2,800 feet. Of tile
approximately 1,030 acres, 130 acres are swanlp and slough, 250 acres
have been cleared for agriculture or pasture, and 650 acres are covered
with timber or heavy brush. Developments consist of 4 boathouse
moorage sites, 10 log dumps, an(l 4 woodworking plants. Th'le ool-
working plants and five of the log dumps are served by railroad. All
developments were flooded to varying depths ringg the 1948 flood.
The hlighlway connection to Sauvie Island crosses the area on a cause-
way. Two creeks with drainage basins of 4.5 and 4.2 square miles,
respectively, and( five small intermittent creeks enter and cross
Burlington district. One of the large, and two of tlie small, creeks
probably could lbe bypassed outt of the area, but the run-off of remaining
creeks would have to be accommodated. Protection of the area
would require construction of 4 miles of levees, four tide boxes, and a

pumping plant at an estimated cost of $800,000, excluding cost, of
rights-of-way. 'This expenditure apparently could not be justified
under present conditions.

459. Vancouver Lake area.-This area is located at river mile 100
anll extends from tlhe corporate limits of Vancouver, downstream
along Columbia River for a distance of about 9 miles. Tlie total area
of the 1948 flood plain is about 10,000 acres, of which al)out 4,000 acres
normally are inundated annually. The area is essentially suburban
and includes orchards, subsistence farms, a large aluminum reduction
plant., and a higllway and railroad. Several large dairy farms supply-
ing milk products to the city of Vancouver are located in tlhe area.
Tlie land is extremely rich andprotection from flooding, combined
with drainage of tlhe lo-lying areas, would open large areas for truck
gardel(ning, and for alditional industrial sites for Vancolver and
vicinity. The population within this area increased greatly during
thewLar years aLnd, as long as thle war housing units are occupied, tlis
population will be threatened by major floods. The area is so exten-
sive tlhat it could Support al sub)url)an I)opuliationequally( to te l)resent
city of Vancouver.
40. Plans for protection of tliis area were proposed in 1920 and

again in 1923, but opposition arose to prevent development. Thle most
feasible plan under present conditions and probable future develop-
ment would require tlhe construction of a levee, about 2.8 miles in
length, along the river front of the industrial area, possibly constructed
with material excavated from the Columbia River ship channel; a
levee about 7.7 miles in length, extending from the Aluminum Co.
of America property downstream along tlie river 6.9 miles, thence
northerly to a closure of Lake River; a diversion ditch to empty
Salmon Creek into Lake River; tide boxes; a pumping plant in con-
nection with the Lake River closure; and a pumping plant at tthe
outlet of Shillapoo Lake.

461. Thle estimated cost of the above work would be $1,820,000,
of which $1,225,000 would be IF(leral and $595,000 non-Federal cost.
At the present time, local interests are making plans to protect a
portion of the undeveloped industrial area. The work wlich local
interests lave under consideration would reduce materially the cost
of the project. The project is believed to be economically justified.

901275. - 52-vol. t- --21
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462. Sauiie Island.--Sauvie Island is located adjacent to the
Oregon shore near river mile 97. A complete levee system with
drainage canals anld pumping plants was constructed in 1941-42.
The levee grade was selected to protect against a flood similar to that
of 1876. The 1948 flood in this area approximated the elevation of
the 1876 confined profile. During the 1948 flood the upstream end
of Sauvie Island levee had to be protected with sand bags for a distance
of about 4 miles to prevent overtopping. Other reaches of the levee,
totaling al)out 6 miles in length, had a freeboard of only 1 to 1Y2 feet
at the crest of the flood. To give additional protection to the area,
raising this low levee to provide a 3-foot freeboard above the 1948 flood
profile is proposed. In the downstream reach of the levee system,
where the levee is built of heavier material, the height is adequate.
Very heavy seepage, however, endangers certain locations in this area.
In that reacch of levee above the pump house, the river face of the levee
would be stripped and tile lower portion of the slope recompacted.
On the landside toe, drains would be installed to carry off the seepage
water and to prevent a softening of the berm. The proposed improve-
nmeits are estiInated to cost $1,000,000, of which $750,000 would be
Federal and $250,000 non-Federal cost. This expenditure is believed
to l)e justifiable.

463. Sturgeon Lake area.-This area is situated at river mile 95,
in Multnomah and Columbia Counties, Oreg., and embraces all of
that part of Sauvie Island not included in other districts or existing
projects. The total area is about 8,380 acres, of which 4,430 acres
are in lakes, depressions, and sloughs. Sturgeon Lake, the largest,
is a State game refuge. It has an outlet through Gilbert River into
Multnomah Channel. The tract is subject to flooding during the
yearly spring freshets. The lack of development and the use to
which the greater portion has been dedicated indicate little chance
for economical justification of protective works.

464. Columbia drainage district No. 1.-This district is located at
river mile 95, on Sauvio Island in Multnomah and Columbia Counties.
I t lies onl the east side of the island and borders Columbia River for a
distance of 4.4 miles. The district first was organized under the laws
of the State of Oregon in 1915 for the protection and improvement of
1,600 acres of land. A total of 9.3 miles of levee would be required to
surround the district. A pumping plant built by the district is very
much in need of reconstruction. The elevations of the top of the
levee, prior to damage by the 1948 flood, were from 1 to 4 feet below
the crest elevation of that flood. To provide adequate protection
against a flood such as that of 1948 would require the raising and
enlargement of the 9.3 miles of levee, together with the reconstruction
of tlhe pump house and the construction of a tide box. The cost of
such work is estimated at $1,108,000, of which $800,000 would be
Federal and $308,000 nol-Felderal cost. Such improvements appar-
eltly would be justified.

405. Campbell Lake area,-This area is situated in a narrow strip
along Columbia River at mile 94, between Bachelor Island and Van-
couver Lake areas. The length of levees required in porportion to
tle land area to be protected would be large. Of the 1,910 acres in
the area, an estimated 1,450 are reclaimable at a cost of $2,300,000,
excluding rights-of-way. At the present time, the project does not
appear to be justifiable. During and since the war, the river bank
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through this reach has suffered heavily from erosion. Local owners
are anxious to receive some relief from this erosion, and they have
expressed the opinion that bank protection is required. Such work
is discussed elsewhere in this appendix.

466. Warren area.-Warren area, at river mile 91, is situated in
Columbia County, Oreg., on the west side of Multlnomah channel,
about 2Y2 miles north of Scappooso. Of the 2,140 acres in the area,
only 1,540 acres reasonably could be reclaimed by levees. Scappoose
and Sly Creeks, with a combined drainage area of about 70 square
miles, traverse the area from south to north. Construction of 4.7
miles of levee, a large tide-box installation, a pumping plant, and
attendant drainage ditches, would be required to protect the area.
Development at the present time is not believed sufficient to justify
the estimated cost of $400,000, excluding cost of rights-of-way.

467. Bachelor Island area.-This area, containing about 3,330 acres,
is located at river mile 90. It includes all of Bachelor Island and the
lands lying between Lake River, Bachelor Island slough, and the
mouth of Bowers slough. Two lakes and several sloughs and lagoons
are included. Protection and development are possible for about
2,850 acres.

468. Local owners have constructed levees to provide partial pro-
tection to 2,360 acres of land at a cost of $100,000 and have plans to
extend this protection to include another 500 acres. The present
levees protect the area against floods equivalent to about 24 feet on
the Vancouver gage, but the levee height should be increased to
provide protection against the 1948 flood. An increase in the levee
heights and the installation of tide boxes and two pumping plants
would cost approximately $680,000, of which $500,000 would be
Federal and $180,000 non-Federal costs. Preliminary investigations
indicate that the protection proposed for the area would be justified.

469. Sauvie Island area C.-This area, located at river mile 90,
lieswholly within the limits of Columbia County, Oreg. It is bordered
on the east by Columbia River and on the west by Multnomah
Channel. To protect approximately 1,180 acres of the 1,730 acres
in the area would require 5.8 miles of levee. The construction cost
of the levee, tide box, pumping plant, and drainage ditches would be
about $700,000. The state of development and the annual damages
apparently would not justify such an expenditure at the present time'

470. Scappoose drainage district.--This district; located about 20
miles north of Portland, lies between Multnomah Channel and the
high ground to the west. It contains 5,763 acres of land, which are
used for general and truck farming and pasture. The area is pro-
tected by about 52,200 feet of levee which successfully withstood the
1948 flood, and which is adequate to provide protection against a
flood of the magnitude of that of 1876. During the 1948 flood,
seepage developed at several locations in the levee, the most serious
being at two pump houses. A toe drainage system should be installed
with special attention to the trapped seepage behind the toe levees,
and special provisions should be made to control seepage at the pump
houses. Total estimated construction cost of $510,000, of which about
$325,000 would be Federal costs and $185,000 would be non-Federal.
The improvement would be justified.

471. Lewis River area.-This area, located at river mile 89, includes
the land lying between the Great Northern Railroad and Lake and
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Lewis Rivers, adjacent to the town of Ridgefield, Wash. Of the 1,600
acres within the area, approximately 1,400 acres could be fully pro-
tected l)y the construction of levees, tide boxes, and a pumping plant.
A trend toward establishment of wood utilization plants in the area
near Ridgefield is evident, annd uith protection this development
would continue. Iocal interests have spent about $35,000 for levees
along Lewis River and intend to spend additional money for flood
protection, despite the recent flood. Benefits to be obtained in this
area woull justify protection against floods of a greater magnitude
than tllat of 1948. The cost of completing tlis project would be
approximately $340,000, of which $240,000 would be Federal and
$100,000 non-Federal cost.

472. Cowlitz County diking districts No. 5 and 11.-These districts,
situated( at river mile 84, in Cowlitz County, Wash., lie between
Columbia and Lewis Rivers. District No. 5 lies to the north and is
separated from district No. 11 by tlhe Northern Pacific Railroad
eml)ankment. The area totals 7,369 acres and is highly productive
dairying district, which has become one of the important sources of
supl)ly of dairy products for the city of Portland. A large acreage
has been planted to flower bulbs in the last 5 years, and, despite a
total loss of the 1948 crop, this type of farming apparently will )e
continued on an increasing scale. Other than tile town of Woodland,
the area is not urban and probably will not become so in the foreseeable
future. During the 1948 flood, tile levees were overtopped in four
places. The area should have a higher degree of protection than has
been provided.

473. Raniing the levees to provide protection against floods such as
that of 1948 would cost about $1,222,000, of which $777,000 would be
Federal and $445,000 non-Federal cost. Expenditure for tils pro-
tection appears to )e justified.

474. Deer Isla(nd drlainlage district.-D)eer Island drainage district
lies on tli southll\;ide of Columbia River at mile 76.8 about 6 miles
below St. HIelens, Oreg., and is separated from the mainland by Deer
Island slough. The district, containing 3,950 acres of land primarily
used for grazing, is protected by about 36,000 feet of levees which
successfully withstood the 1948 flood. Serious leakage, however,
developed at a railroad fill, composed of a large percentage of rock,
which is crossed by the north levee. Control of this seepage would
require a cut-off through the fill at or near the level centerline. This
could be accompllished by grouting witl a cement-clay mixture.
Ttotal estimated construction cost would be $5,000, and no non-
Federal participation would be required. An expenditure of $5,000
would be justified.

475. Kalama River, south area.-This area is situated in the southern
part of Cowlitz County, and extends along Columbia River from
Kalama River on tle north to and including the town of Kalama,
Wash. The 1948 floodwaters inundated the main street of Kalama
to a deptl of from 2 to 4 feet. All business in the town was suspended
for a 6-week period, and preliminary estimates indicate the damage
to have been $350,000. This does not include the damage to the
municipal dock, the railroad station, or to the fish dock facilities
which lie outside of the area which would be protected by levees.
The total area is about 610 acres, of which 520 acres would be pro-
tected. Construction of 3 miles of levee, a tide box, drainage ditches,
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and a pumping plant would be required. The estimated cost of this
work would be $520,000, of which $350,000 would be Federal and
$170,000 non-Federal cost. From preliminary investigation, the
project apparently would be justified. Protection to this area would
enhance the value of all business property, create potential sites for
small industries, and expand the diversified farming area. With full
protection,. the fringe area on the north side of town probably would
be fully developed.

476. Kalama River, north area.-This area, situated on the north
side of Kalama River, has a frontage of about 1.4 miles along Columbia
River and 2.4 miles on Kalama River. The area is crossed by the
main north-south highway and railroad, the fills of which were either
inundated or awash at the crest of the 1948 flood. The total area
is 860 acres, of which 760 acres could be protected. Protection would
require construction of about 3.8 miles of levees, a tide box, and a
pumping plant. The estimated cost of this protection is about
$500,000, excluding right-of-way. Under present conditions the
improvement could not be economically justified, but may be justified
under conditions prevailing at some time in the future.

477. Carrols area.-Carrols area is separated from Kalama River
north area by a high hill that juts out into tlhe flood plain, and is
bisected by a railroad embankment. The total area is about 980
acres. The district is subject to flooding by Columbia, Cowlitz, and
Coweman Rivers, and by natural drainage from 7,000 acres of hillside.
About 15,000 linear feet of levee together with a pumping plant and
a tide box, would be required to protect an area of about 890 acres.
At a construction cost of approximately $700,000, excluding right-of-
way, the improvement probably could not be justified under present
conditions.

478. Cowlitz County diking improvement districts Nos. 2 and 13.-
These districts lie between Cowlitz and Coweman Rivers and are
occupied by tlhe city of Kelso, Wash., and suburban areas. The total
area of 1,354 acres is protected by 30,822 feet of primary levees,
-including 8,400 feet of Northern Pacific Railroad grade. An addi-
tional 7,300 feet of Northern Pacific Railroad grade provides a second-
ary protection between the two areas. The system provides protec-
tion against a flood such as that of 1933, with 4-foot freeboard for
district No. 2 and 3-foot freeboard for district No. 13.

479. During the 1948 flood, a few points on the district No. 2 levee
and the lower section of the railroad grade, where failure was feared
for some time, showed excessive seepage. The old borrow pits con-
tribute to this adverse condition. Corrective measures proposed
would consist of blanketing the railroad fill with dredged sand at a
1 on 6 slope and complete filling of the borrow pits. The cost of this
improvement would be about $700,000, of which $450,000 would be
Federal and $250,000 non-Federal costs. Limited studies indicate
the work to be feasible.

480. Rainier drainage district.-This district is situated in Columbia
County, Oreg., and extends fqr a distance of 4.8 miles along Columbia
River downstream from the town of Rainier. It was organized in
1917 to protect 1,287 acres of land. With the protection now afforded,
the district is steadily growing as a suburban home and small indus-
trial area. The diversified farming originally practiced is gradually
changing to subsistence farming. The area is fringed with dairy farms
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and smaller mint-producing plots. Rainier drainage district was
inundated during the 1948 flood.

481. The sum of $25,700 was authorized for this district in the
Flood Control Act of June 1936. A total of $47,700 was spent in the
district in 1941 for installation of tide gates, construction of hillside
diversion drainage, and other appurtenant works. The supervisors
of the district have petitioned that tle Iiillside diversion ditch be
extentled and that the pumping plant he rebuilt. The proposed
work, together with rehabilitation and raising of the levee would cost
$1,160,000, including $335,000 of non-Federal expense. Economic
justification appears doubtful.

482. Consolidated diking improvement district No. 1.-This area,
which consists of 9,885 acres in Cowlitz County, Wash., extends
downstream from Cowlitz River for about 7 or 8 miles and includes
the cities of Longview and West Kelso. Flood protection is pro-
vided b)y about 15.2 miles of levees. About 5,300 acres are industrial
and commercial areas in Ionzgview and Kelso and the balance is
devoted to farming and truck gardening.

483. At the height of the 1948 flood, the levees had 7 to 9 feet of
freeboard and, except for heavy seepage along the eastern edge of the
district, were never in apparent danger. The adverse se:epage con-
dition existed for about one-half mile along the base of the levee.
The levee foundation should be investigated where tlhe seepage
occurred, and a cut-off provided if necessary. In ad(lition, some of
the levees directing hillside drainage out of the district should be
raised and strengthened, toe draiins should be installed in some areas,
and seepage should l)e led to the pumping plant. This work is pro-
posed at an estimated cost of $270,000, of which $175,000 would be
Federal and $95,000 non-Federal costs.

484. Cowlitz County diking improvement district No. 17.-This
district is sitlate(d along Columbiia River at river mile i0, (0 miles
northwest of l.ongview. It is )ounlded on the west by district No.
15, on the north by Coal Creek, and on the east by Consolidated
diking district No. 1. Of the total of 500 acres ritlhinl tlie area,
about 440 may be protected and reclaimed. The royal along Columbia
River, although higli enough to provide partial protection, would
have to be raised for a distance of 3,750 feet. In addition, a levee
6,700 feet long would be needed along Coal Creek. 'Tlle benefits
wlich would accrue from this improvement probablly would not
justify the estimated cost of $250,000 excluding right-of-way. County
and local interests, however, might be willing to sllare in tlhe costs of
this project, and further investigation will be nade.

485. Cowlitz County diking improvement district No. 16.-Tiis area
is situated in Cowlitz County, Wash., at river mile 56.8, just east of
Stella, ald lies between Columbia River and Coal Creek slough.
The improvement district, organized in 1921, constructed about
33,000 feet of levee to protect 845 acres of diversified farm land. The
area, with proper protection, would furnish subsistence farmsteads
for the city of Longview. As population increases, dairying may
gradually replace present farm practices. At the present tune, the
district produces hay and small grains. The Works Progress Admin-
istration raised the greater portion of the existing levee, installed
adequate pumping capacity, and did a considerable amount of bank
stabilization. Because of erosion of the levee in the subsequent years,
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a portion of levee about 1,500 feet long is in need of reconstruction.
Such reconstruction would cost $32,000 and appears to be justified.
Local interests probably would be required to contribute part of this
amount.

486. John drainage district.-John drainage district is situated in
Columbia County between Mayger, Oreg., and Beaver drainage
district. The district, organized in 1915, contains 153 acres, which
are held by about 30 owners. About 8,630 feet of levee, which has
an elevation equal to or slightly below the 1948 flood height, sur-
rounds the district. The district owners held the levee against the
1948 flood until the levee became saturated. One break, which will
be repaired with emergency flood control funds, occurred along the
west side of the district. Reconstruction to give adequate protec-
tion against the 1948 flood plus a normal freeboard is estimated to
cost $60,000. The cost of the work would be economically justified;
local interests, however, would be required to contribute toward
construction costs.

487. Crims Island.-Crims Island is situated in Columbia County,
about 1 mile downstream from Mayger, Oreg., at river mile 55. The
island contains about 400 acres, of which approximately 350 could
be protected by a levee. The land is highly productive, and at the
present time is used for the raising of foodstuffs and grazing registered
beef cattle. Protection of the island would require 4.6 miles of levee,
from 5 to 11 feet in height. Estimated construction cost is $250,000
excluding rights-of-way. The project probably is not economically
justified at the present time. Local interests probably would be
required to make a considerable cash contribution to the project
construction cost.

488. Beaver drainage district.-This district has a 6-mile frontage on
the south bank of Columbia River, at a point about 57 miles below
Portland. It contains 5,595 acres primarily of agricultural land pro-
tected by about 60,000 feet of levee which successfully withstood the
1948 flood. During the flood, however, heavy seepage occurred at
several points along the levee and at the connection of the levee with
a railroad fill. One.of the main pumps failed and seepage water
covered wide areas of cultivated land causing extensive damage to
crops, particularly to mint fields. Corrective work required in this
district and herein proposed would include strengthening of levee
sections and construction of a cut-off at the junction of the levee with
the railroad fill. Total estimated construction cost of $930,000, of
which about $660,000 would be Federal costs and $270,000 would be
non-Federal. Preliminary studies indicate that the project would be
economically justifiable.

489. Clatskanie drainage district.-Clatskanie drainage district lies
between Clatskanie River and Beaver slough, about 1 mile down-
stream from the town of Clatskanie. The district was organized in
1912, and contains 300 acres. The land is intensively cultivated,
and the damage caused by flood water overtopping the levee in
June 1948 was extensive. Local interests have purchased a new pump,
but it had not been installed prior to the flood. The new pump,
when installed with the old one, will provide adequate pumping
facilities. Approximately 3 miles of levee will have to be raised by
amounts rangmg from 3 to 5 feet to provide adequate protection
against a flood similar to that of 1948. The total cost of the work is
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estimated to be $126,000, and the work apparently would be econom-
ically justified. Of the total estimated cost, $110,000 would be
Federal cost and $16,000 non-Federal cost.

490. (latskanie River area.-Clatskanie River flows through the
town of Clatskanie to empty into Beaver sough. The river is navi-
gable to the town of Clatskanie, and tidal effect extend to a point
a short distance above the towIn. The river makes four very sharp
ben(ls within the town, and local interests have constructed bulk-
heads along the banks in order to l)revent property damage. The
main street and business (establishments are located on a peninsula
formed by an oxbow bend in the river, and the elevations of the
stores range from 14 to 18 feet, mean sea level. During the flood of
1948, two blocks of the main street lying at a slightly lower elevation
were flooded, and traffic on Columbia River I-Iihway was suspended.
Annual floods, whicl occur many times (luring the rainy season,
cause damage principally through bank erosion. Thle land areas so
affected are too small to justify protection. Local citizens are desir-
ous that some form of flood protection be provided for the town.
Construction of 1,500 feet of timber bulkhead and 500 feet of 10-foot
levee would be required to protect the town. The estimated cost of
such works is $75,000, of which $70,000 would be Federal and $5,000
non-Federal. l imitced studies indicate that such an expenditure
would )be justified.

491. Wallace Isla7nd.-Wallace Island is in Columbia County,
Oreg., near Clatskanie. It is about 3 miles long, and entirely covered
with heavy brush and(l trees. Approximately 25 percent of the area
is low an(l swampy, and no development of the land ihas been under-
taken. l'rotection of about 510 acres would require 5.6 miles of levee,
the cost of which would )e appl)roximately $300,000, exclusive of rights-
of-way. 'l'hat the area would justify such an expenditure within the
foreseeable flltlre is doubtfulI.Developments may justify improve-
ment at some time in the future.

492. Alafruder ir( edrainage istrict.-Tllis district, 2 miles west of
Clatskanie, is located at river mile 47.6, between Westport slough and
the high ground to the south. It contains 592 acres of farm land.
Existing protection consists of 18,500 feet of levee, which successfully
withstood the 1948 flood. A portion of the east end of the levee,
which joins with a railroad fill constructed mainly of rock, showed
excessive saturation, and seepage appeared. Corrective work re-

quirel and herein proposed would consist of a complete cut-off
through the railroad embankment by cement-clay grouting. Esti-
mated Federal cost is $20,000, and no non-Federal expenditure would
be involved. These improvements would be justified.

493. XMidlanld drainage district.-This district, organized in 1921, is
located at river mile 47.4, in Columbia County, Oreg., between Wal-
lace and Westport sloughs. It contains about 1,300 acres, mostly
mint-producing farms, and is protected by about 35,500 feet of levee
which successfully withstood the 1948 flood. ''hie levees, tide boxes,
and gravity drains were rehabilitated in 1938 under authorization of
the 1936 Flood Control Act. During the 1948 flood, the tide box was
held in place by sandl)ags, and several low places on the back levee
were sandbagged. To secure the district against a similar flood,
pumping facilities should be increased from the present 15,000 gallons
per minute to 25,000 gallons per minute, a tide box should be recon-
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structed, and a portion of the front levee should be rebuilt. This
work is considered justifiable and is proposed at an estimated Federal
expenditure of $130,000.

494. Woodson drainage district.-This district is situated at river
mile 45, in the northwestern part of Columbia County, Oreg., between
Columbia River and Westport slough. The original district was
organized in 1915 to provide protection for 355 acres of agricultural
land. It was reorganized in 1937, and approximately 3.4 miles of
levee and appurtenant facilities were reconstructed, using funds
authorized in the 1936 Flood Control Act. This district was not
inundated during the 1948 flood. The pumping plant, which has a
capacity of 6,000 gallons per minute, has proved to be inadequate.
Provision of additional capacity of 7,500 gallons per minute is pro-
posed. The estimated cost of the improvement, $25,000, would be
borne by the Federal Government and the expenditure is believed to
be economically justified.

495. Kerry Island.-This island is located in the northwestern part
of Columbia County, and lies on the north side of the main channel of
Westport slough near Kerry, Oreg. Local interests constructed
about 10,000 feet of levee on the island in 1920 to furnish partial pro-
tection to 109 acres of land. Thle area is heavily wooded, and no
development has taken place on the island to warrant consideration
of further improvements at this time. Further development may
justify improvement at some future time.

496. Wauna area.-This district is situated in Clatsop County,
Oreg., and lies between Wauna Channel; Westport slough; the Spo-
kane, Portland, and Seattle Railway; and Columbia River. It has a
shore line of 3.6 miles-and contains 550 acres. A number of large tide
boxes and 3.8 miles of levee would be required to protect the area
against a flood equivalent to that which occurred in June 1948. The
cost of protection would be approximately $400,000, exclusive of
rights-of-way. The project probably could not be justified under
present conditions, but may be justified by future developments.

497. Westport area diking district No. 15, Clatsop and Columbia
Counties.-This district near the town of Westport, Oreg., lies between
the Spokane, Portland, and Seattle Railway and Westport slough, and
contains 233 acres of land used for general farming and pasture. It is
protected by about 11,000 feet of levee which was rehabilitated by the
Government in 1941. At the time of rehabilitation, the inside
borrow ditches from which the original levees were built were not
refilled. The present owners contend that the levee cannot be prop-
erly maintained as long as water lies on both sides of the levee. The
overgrown ditches are conducive to the growth of beaver and muskrat
colonies, and these burrowing animals cause much damage to the
levee. The possibility of clearing the inside of the levee and drainage
ditch and backfilling the ditch with sand will be studied. Preliminary
investigations indicate that the work is of doubtful economic justifica-
tion at this time. Future development, however, may justify im-
provements in the area.

498. Wahkiakum County diking districts No. I and S.-This area
between Cathlamet, Wash., and Wauna and Westport, Oreg., is situ-
ated on Puget and Little Islands, which are separated by Bernie
slough. The total area of 3,940 acres is used for general farming,
specialty crops, and dairying. The length of protecting levees is
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about 20.8 miles. These levees were constructed to provide from
1 to 3 feet freeboard above the 1876 and 1933 flood planes, which
intersect iil this area. Roads occupy the tops of all levees. Along
the inside toe of the levees, colonies of muskrats and beavers have
burrowed from an old( borrow pit into the embankment and created
a serious seepage hazard.

499. The levee system, which failed in 1933 and in 1948, is consid-
erdl to l)e inadequate. Only by complete rehabilitation could it be
made adequate for protection against the design flood. The entire
levee system would have to be raised anld backed with a sand fill
which would entirely cover' tlhe old borrow areas, thus reinforcing the
emblankmlent alld (destroying the homes of the rodents. This would
l)0 very difficult to accomplish. Widening the levee would require
removal of most of tle houses and other buildings on the island, as
these improvements are built on the levee. The total cost of the im-
provemnent would amount to alout $1,410,000, of which $835,000
wouldlb Fed(eral costs and $575,000 would be chargeable to local
interests. Limited studies indicate that the improvement would be
justified, and the work is proposed.

500. Jl7ti,1.g Islands.---These two islands have a combined area of
920 acres and lie along the right bank of Columbia River just down-
stream from Cat.llamet, Wash. Elokomin slough separates the is-
lands from the mainland, an(d several sloughs are found on the island.
Tlhe land lies from 2 to 4 feet above low water, and local residents
believe tlat considerable additional development is feasible. Con-
struction of about 6 miles of levee from 9 to 13 feet in height, tide boxes,
a(nd a pumping plant would be required to provide protection. The
estimated( cost for protective works, exclusive of rights-of;-way, is
$550,('00. Tl'le potential benefits apparently would not justify the
expen(liture. If the improvement were found justified, however, the
few landowners on the island would be required to assume a consider-
able portion of tlhe construction cost, as well as the costs of rights-of-
way and maintenance. Increased development may justify protec-
tion in the future.

501. EIlokomnin IRirer area.-This area, situated in Wahkiakum
County, Wash., just northwest of Cathlamet, includes lower Elokomin
River Vnlley and acreage adjacent to Elokomin slough. Dairy farm-
ing is the principal activity. One industrial establishment, a moder-,
progressive sawmill and box plant, furnishes seasonal employment to
nonfarmilng residents. A logging railroad and United States 'Highway
No. 830 traverse the area. Approximately $100,000, exclusive of
rights-of-way, would be required to protect adequately the 750-acre
area against a flood similar to that of December 1933. Contributions
by local interests would be necessary because of the fact that increased
land use would provide the major benefits. At the present time, this
project is not economically feasible, but may become so, and is pro-
posed as a possible future project.

502. 'Tetna.illahe Islawldl diking district No. 6.-This district is lo-
cated at river mile 34.0, about 4 miles below Wauna, and lies between
Columbia River and Prairie Channel. It contains 1,709 acres of land
used for dairying, pasture, and general farming. About 35,000 feet of
levee, reconstructed by the Federal Government in 1939, encircles the
island. Because of lack of funds, all of the revetment considered
necessary was not placed during the 1939 construction, and since that
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time some sections of the levee have eroded. Correction of this con-
dition is proposed, as described elsewhere in this report. A rehabilita-
tion program is proposed that would require replacing about 1,500 feet
of riverward slope of the levee, and raising about 3,000 linear feet of
levees at an estimated Federal cost of $40,000. No non-Federal costs
would be involved. The improvement would be economically justified
and is proposed for construction.

503. Wahkiakum County diking district No. 4.-This area is situated
between the mouth of Elokomin River and Skamokawa, Wash. The
total area consists of 2,271 acres of pasture land which is used prin-
cipally for dairy purposes. Protection is now provided by 9% miles of
levees constructed with a 2-foot freeboard above the 1933 flood plane.
Continued settlement of the levees since construction has reduced the
freeboard in certain locations to about one-half foot above the design
flood plane. Although few adverse conditions appeared during the
1948 flood, seepage occurred in several places. The seepage is at-
tributable to beaver or muskrat holes in the embankments.

504. Raising the levee to provide a freeboard of at least 3 feet above
the 1933 flood plane and backing all the main levees with a sand fill on
a slope of about 1 on 6 is proposed. This would add to the stability
of the levees and destroy the home areas of the beavers and muskrats.
Total cost :f the improvement would be approximately $150,000, of
which $265,000 would be Federal and $185,000 non-Federal cost.
Limited studies indicate the project to be economically justified.

505. Clatsop County diking district No. 4.-This district, located at
river mile 29, borders the left bank of Gnat Creek between the highway
bridge and Blind slough. The district, containing 90acres, was organ-
ized in 1918, at which time 7,000 feet of levees were constructed. The
levee withstood the 1948 flood and is in fair condition. The tide box,
which contains six wooden pipes, does not h&ve sufficient capacity,
and reconstruction is proposed. The estimated cost of$30,000 appears
to be economically justified, and no non-Federal costs would be
involved.

506. Clatsop (ounty drainage district No. I.- This district, located
near Brownsmead, Oreg., lies between Blind slough; the Spokane,
Portland & Seattle Railway; and Prairie Channel, a side channel of
Columbia River. It contains 1,391 acres of land used for farming,
dairying, pasture, and specialty crops. The area is protected by
36,800 feet of levee, which was reconstructed by the Federal Govern-
ment in 1937, and which successfully withstood the 1948 flood. One
section of railroad fill is included in the levee system, and an examina-
tion of this embankment is proposed. The cost of a sufficiently thor-
ough exploration of the fill is estimated to be $2,000, and, if a blanket-
ing program is found to be required, the estimated Federal cost would
be about $12,000. No non-Federal costs would be involvdd. The
improvement is proposed for such construction as may be found neces-
sary.

507. Knappa-Columbia slough area.-This area is located in Clatsop
County, Oreg., in the vicinity of the town of Knappa. It lies between
the railroad grade, Warren slough, Knappa Channel and Blind slough.
The area contains 380 acres covered with heavy brush and timber.
Columbia slough traverses about 70 percent of the length of the tract
and two arms of the slough occupy a large part of the western end.
This slough is navigable and is used for the storage of logs. Approxi-

2637



2638 COLUMBIA RIVER AND TRIBUTARIES

mately 2 miles of levee, costing about $100,000 for construction alone,
would be required to protect the area and economic feasibility is doubt-
ful at tllis time. Opinion of local interests as to the development of
the area is divided, and it is doubtful that any local contribution would
be made available to help defray the project cost. Future develop-
ment may make a project feasible.

508. Karlson Island.-Karlson Island is located in Clatsop County,
Oreg., between Knappa and Prairie Channels of Columbia River.
The total area of the island is about 1,100 acres, of which about 890
acres would lbe usable. Prior to 1936, local interests constructed
about 3 miles of levee partially to protect 370 acres of higher land.
The Flood Control Act of 1936 authorized the reconstruction of this
levee and installation of a much-needed tide box. Officials of Clatsop
County request that the remaining 520 acres of usable ground be pro-
tected if feasible. Construction of 3.2 miles of levee would be re-
quired at an estimated cost, exclusive of rights-of-way, of $200,000..
The annual benefits to accrue probably would not justify tlie expendi-
ture of such a sum at the present time, and further detailedd studies
would be necessary.

509. Lower Grays Iiver area.-This area, at river mile 24, in the
western part of Wahkiakum County, Wash., is located along both
banks of Grays River. It includes the overflow area adjacent to Seal
River and Crooke(l Creek. The principal activity is dairying, but in
recent years production of canllery peas and cran1)errieC has developed.
The bottom lands along tihe lower reaches of Grays River range from
6 to 13 feet above sea level. About 1,740 acres in the district are
subject to flooding from tides in Columbia River or from freshets.
from uplper Grays River.

510. About 840 acres, lying in trllree separate tracts, llave beenI
partially protected. As tlhe remaining acreage is divided into three
distinct problem areas, no coordinatledl plan or organization on the
part of tile local owners exists. Reconstruction of the existing levees
and tide boxes aind construction of new levees and tide boxes iln 11n-
protected areas would be required to provide a(lequnate protectionn.
local interests would move a numlll)er of houses and farm buildings.
The construction cost, exclusive of rights-of-way, would be approxi-
mately $700,000 to improve tile entire area. Justification at the pres-
ent time is doull)tful. Protection of that acreage which has benefited
from partial protection and is iln a relatively high state of development
may be justified but would require more detailedd study.

511. Deep !River area.-Deep Rive area is located off Grays Bay on
Columbia River, at mile 20, in the westernmnost part of Wahkiakum
County, Wasl. An existing project protects a portion of the area, and
some of the acreage has been afforded partial protection by individu-
ally constructed levees. Approximately 820 acres, however, still are
subject to inundation. Protection could best be afforded to three
separate areas. Tide boxes and encompassing levees would be re-
quire(l for each. The estimated cost is $225,000, exclusive of rights-
of-way. This project probably is not economically feasible at present
and, since the greatest benefits would be'derived from increased land
use, local interests would have to make a considerable contribution.
At some future time, the project, probably would be justified by in-
creased development.
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512. Svensen Island improvement district.-This district, about 12
miles east of Astoria, includes all of Svensen Island, which is located
in Clatsop County, Oreg., between Prairie Channel and Svensen
slough. The island contains 301 acres, which are protected by about
21,000 feet of levee. The levee along Prairie Channel has been subject
to serious erosion, and bank stabilization is proposed for one location.
In addition, rehabilitation of about 10,000 linear feet of levee and
construction of a limited amount of timber bulkhead would be re-
quired. The estimated cost is $100,000, exclusive of rights-of-way.
As the annual cost of this work has been estimated to be more than
the annual benefits, the improvement probably could not be justified.
Svensen Island improvement district, although small, has been a
mint-producing area for many years. At present, -some poultry,
especially turkeys, is raised within the district. Full protection
probably would tend to intensify the present development. Future
development may make protection of the area justifiable.

513. Upper Skipanon River and Cullaby Lake area.-This district is
situated at river mile 10, south of the town of Warrenton in Clatsop
County, Oreg. It extends along Skipanon River for a distance of 6%}
miles to a point 1 mile south of Cullaby Lake. Of the 2,850 acres of
land in the area, 1,400 acres are subject to inundation or have poor
drainage during the rainy season. Improvements to facilitate the
drainage and to protect the low areas from inundation would include
channel widening and the removal of snags and debris from upper
Skipanon River and Cullaby ditch, construction of 32,200 feet of low
levees, construction of eight tide boxes, reconstruction of two bridges,
and construction of drainage ditches. The construction cost of this
work would amount to about $250,000, excluding rights-of-way.
Since present flood damages are not extensive, the greatest benefits
would be derived from increased land use. Doubt exists as to whether
local interests would make the necessary cash contribution and as to
whether the project would be justifiable. Future study of a more de-
tailed nature will be necessary.

514. Summary.-Improvements at 25 locations involving 28 existing
diking and drainage districts and the protection of 7 new areas are
proposed. Bank protection is proposed at 66 locations to insure the
permanency of constructed improvements and to protect the natural
bank of the stream. In addition, several projects were investigated
that apparently would not be justified for improvement under present
development. Serious erosion presents a problem at 28 additional
locations where present development apparently would not justify
the expenditure necessary for a permanent installation. Increased
development, however, may justify improvement at some future time,
and these locations are considered as possible future projects. Cor-
rection of erosion conditions at 66 primary locations by 123,800 lineal
feet of stone revetment at a cost to the Federal Government of about
$4,900,000-is proposed. The improvement of 28 existing diking and
drainage districts and the protection of 7 new areas by diking and
drainage is proposed at a total cost of about $39,094,000. The follow-
ing tabulation shows the proposed diking and drainage projects,
grouped by improvements to existing districts and by new areas pro-
posed for protection:

2639



2640 COLUMBIA RIVER AND TRIBUTARIES

PROPOSED IMPROVEMENTS TO EXISTING DIKING AND DRAINAGE PROJE

Project

Sandy D)ranage D)istrict...........
Multnomah County D)rinage D)is

triet No. 1....................
Peninsula Drainage )District No. 2..
Peninsula Drainage D)lstriot No. 1..
Sauvie Island (Arers A and B) .....
Columbia Drainage District No. 1.-
Bachelor Island( . .................
Scapoose l)rainage District......
jewis River area............-
Cowlitz County i)lking Improve-

inent I)lstricts Nos. 6 and 11 .....
Ieer Island I)ralnage District......
Cowlitz County Diking Improve.
ment I)lstricts Nos. 2 and 13.....

Consolidated D)lking Improvement
1)istrict No. 1 ..-...........

Cowlitz County Diking Improve-
ment District No. 16.............

John Drainage District ........
Beaver Drainage District..-------.Clatskanle D)rainago Distriect......
Magruder Drainage District.......
Midland D)rainage District......-
Woodson Drainage District........
Puget Island area, Wahkinkum
Diking Districts Nos. I and 3 ...

Tonasillalhe Island, Diking District
No. 6......... ...............

Wahkiakum liking l)istrict No. 4
Clatsop County Diking District
No. 4 ........ .................

'latsop Coouty I)rainage District
ie 1.:..........-................

Total for Improvements to
existing projects.............

Capital cost

Federal

$165,000
1,005,000

535, 00(
1, 125. 000

7r,0,000
800, 0(
i0), 000
325, 000
240, 000

777, 000
5,000

450,000
175, 000

30,000
42, 00

660, 000
110, 000
20, 000

130, 000
25,000

835, 000

40, 000
265, 000

0, 000

12,000

9, 051,000

Non-
Federal

$77,000
495,000-
318,000
455,000
250,000
308,000
180,000
185,000
100,000
445, 000

0

250,000
95,000
2,000
18,000

270, 000
16,000

0
0
0

575, 000
0

185,000

0

4,224,000

Total

$242,000
-1,-600,000

853,000
1,580, 00
1,000,000
1,108,000
680,000
510,000
340,000

1, 222,000
6, 000

700,000

270,000
32, 000
60,000
930,000
126,000
20,000
130,000
25, 000

1,410,000
40,000
450,000
30, 000

12,000

13, 275, 000

Annual charges

Federal Fl Total

$6,400 $5, 700 $12, 100
39,000 36,100 75, 100'
20,800 22,100 42,900(
43, 700 35,200 78,900'
29,100 20,700 49,800
31, I(X) 16,200 47,300
19,400 14, 500 33,900
12.600 13,000 25,600
9,300 7,700 17 000

30,200 31,200 61,400
200 '100 300

17, 500 17,700 35,200
6,800 6,700 13,600
1,200 400 1, 600
1,60o 1,400 3,000'

256, 00 20,800 46,400,
4,300 2,000 6,300
800 200 1,000{

5,100 1,300 6,400
1,00 200 1,200

32,400 38,600 71,000
1,600 400 2,000

10,300 12,400 22,700
1,200 300 1,600
500 100 600

351,700 305,000 656,700

PROPOSE1) NEW I)IKIN( AND DRAINAGE PROJECTS

Washougil area .................... $525, $275, 000 $800, 000 $20,400 $19, 700 $40, 100
HIliddoln rea ........................ 240,000 100, 000 340,000 , 300 7,700 17, 000'
Portland area ...................... 14, 00), (00 8, 000, 000 22, (X0), 000 544, 000 561,00 1,105,000
lHayden Island..................... 140, X) 124, 00 264,000 5 ,400 7,900 13,300
Vancouver Lake area.......... .... 1,225, (00 595,000 1,820, 000 47, 00 43, 600 91,200
Kalamln River, south areac........... 3'), 000 170, 00 520, 000 13,600 12,400 26, 000
Clutskanlo River area............ .. 70, 000 5,000 75,000 2,700 1,000 3,700

Total for new projects ......... 16,550,000 9,269,000 25,819,000 643,000 63,300 1,206,300,
'rotul for all nmprovements... 25,601,000 13,493, 94,3, 004 ,0700 58,300 1,93, 000

Table 39 also contains a list of proposed diking and drainage districts,
together with proposed bank protection locations. Table 40 contains
a list of similar improvements considered as possible future projects.

515. Justification.-The estimated capital cost of bank protection,.
levee and drainage improvements proposed is $43,994,000. Of this.
amolmt, the estimated Federal and non-Federal costs are $30,501,000'
and $13,493,000, respectively. The total annual cost is estimated at
$2,193,400. The respective annual charges would be $1,185,100 and
$1,008,300 to Federal and non-Federal interests.

516. Benefits would consist of reduction of flood damages and of'
increased land use. Local protective works and flood-control storage
would reduce annual flood damages along Columbia River downstream
from the mouth of Yakima River by $12,843,900, based on 1948.
prices and on developments forecast for 1975. Increased land use

.
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would result from the protection from flooding. Certain undeveloped
or partially developed urban areas would be more fully utilized after
protection and many arable areas would be used to grow crops yielding
a higher return. Increased land use as a result of flood protection is
estimated at $1,654,300 annually. Thus, the total benefit creditable.
to local protective works and flood-control storage is $14,498,200
annually. Of this amount $188,700 is on the lower river where control
by storage would be relatively ineffective so that all of this benefit
would be creditable to local works. As the balance of the benefits
are partially creditable to storage, to new local protective works,
and to works now existing as well as to strengthening of the existing
works, a distribution becomes complex.

517. Initially, practically all reduction of flood damage and increase
in land use would be creditable to local protective works. As each of
the storage dams is added to the control system, the benefits would be
creditable in proporation to the efficacy of the various units of the
project in reducing flood stages. Therefore, benefits actually credit-
able to local projects would decrease with the addition of each storage
project. In consideration of the many variable factors involved both
in the interim and when the main control plan has been effected, an
arbitrary distribution of benefits has- been made with a resulting
average benefit-to-cost ratio for the entire system of local protective
works of 1.29 to 1. Appendix M contains a discussion of benefits and
a distribution to various elements of the main control plan.

518. Conclusion.-Limited studies indicate that improvements to.
existing diking and drainage projects by expenditures in the amount
of $13,275,000 and rehabilitiation of new areas by expenditures in
the amount of $25,819,000 would be justified by the benefits to be
derived. In addition, river banks and diking and drainage improve-
ments require protective work to assure permanency to the river bank
or to existing or proposed improvements. Such work is-estimated to.
cost about $4,900,000. Improvements to other areas are not justified
at this time but may, on the basis of increased development, be feasible
at some future time.

519. These proposed and possible future projects would be required
even with upstream flood control storage, to confine floods and provide
the degree of flood protection considered desirable for flood plain
areaswith in this sub-basin. These improvements aren ecessary for'
the security of residents of the sub-basin, and would permit orderly
development of areas needed for the expanding economy of Columbia.
River Basin. The proposed improvements to existing projects and.
the rehabilitation of new areas are feasible and justified for immediate
accomplishment. A separate report, authorized for submission at a
later date, will cover these proposed and possible future projects in
more detail.

DEEPENING COLUMBIA RIVER ENTRANCE

520. History of the project.-The original project for improvement
of the navigation channel in this area, as described in Senate Docu-
ment No. 13, Forty-seventh Congress, second session, and Annual
Report for 1883, page 2011, was adopted by the River and Harbor
Act of July 5, 1884. The improvement was to develop a channel
across the bar 30 feet deep at mean lower low water by the construction

2641



2642 COLUMBIA RIVER AND TRIBUTARIES

of a jetty 4.5 miles long, extending seaward from Point Adams, on the
south side of the entrance, and terminating at a point about 3 miles
south of Cape Disappointment. The jetty was completed in October
1895, including groins and shore protection, and 945,923 tons of stone
were placed in the structures. The expenditure for new work was
$1,968,753.14. As completed, the profile of the jetty was 10 to 12
feet above mean lower low water for a distance of 1.8 miles from shore,
thence sloping to a height of 4 feet above mean lower low water at
the outer end. By June 1896, the outer 1,500 feet had been beaten
down to low water, and the jetty suffered further damage from time
to time until rebuilt under the present project.

521. When work on the south jetty began, the best channel across
the bar was 20 feet deep. As the jetty was extended, the channel
deepened and shifted to the west and north. Controlling depths in
succeeding years were as follows:

Ycar Yer)epth,Yer Depth,In feet Year in fot

1890 .....-.--------------- ---.- 24 1897-. ..-- ...- ....--- .-.-------3....-...30
1891 .-....-------------- . 28 1898-................................. 29
1893 .------------------------------ 29 1899-2........8-.......-..............28
1894....-...- ..--.2--.------------.-. 29 19000...................-.............24
1895...--. -.-.- -- ------------------- 29 1901.. .... .. .2........-- --.. 23
1896 --..--------. - .---.- .------------- 30 1902......................................

Between 1897 and 1898 a marked change occurred, and the channel
moved through an arc of 60° to the northwest, and by 1902 all traces
of a channel lad disappeared and a controlling depth of only 20 to 22
feet was prevalent over the westerly and southerly portions of the bar.

522. Thie River and Harbor Act of March 3, 1899, authorized ex-
amination and survey of the mouth of Columbia River. Provision
was made for "Survey and estimates with a view to obtaining a
channel 40 feet deep at lowest water, and a report as to the desirability
of such improvement." The report is contained in House Document
No. 94, Fifty-sixth Congress, first session. A report of the Board of
Engineers on the proposed (eeper project, dated January 24, 1903, is
published in the Annual Report of the Chief of Engineers for 1903,
page 2275. These two reports form the basis for the existing project,
authorized by the River and Harbor Act of March 3, 1905, which
provides for a channel across the bar 40 feet deep at mean lower low
water and of suitable width, not less than one-half mile, to be secured
by dredging and by converging rubble-mound jetties, the south jetty
being about 7 miles long, and the north jetty about 2.5 miles long,
terminating 2 miles north of the end of the south jetty.

523. Work on extension of the south jetty was completed in August
1913. As then completed, the south jetty had an average top width of
25 feet and an elevation. of 10 feet above mean sea level from the shore
to the end of the original project, a distance of 4.5 miles, thence the
height was increased by stages to a maximum of 24 feet at the outer
end. The original jetty, including extension thereto and mainte-
nance, required the placement of nearly 6,000,000 tons of stone at a
cost of about $10,000,000.

524. Construction of the north jetty was begun in 1913 and com-
pleted in 1917. This jetty extends 2.35 miles seaward from Cape
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Disappointment and required the placement of nearly 3,000,000 tonl
of stone at a cost of about 40 million dollars. The north jetty was
constructed with a top width of 25 feet, with the exception of the
first 3,000 feet, to an elevation from 28 to 32 feet above mean lower
low water.

525. During the progress of work on the north and south jetties,
dredging of the bar channel was carried on with more or less success.
As the jetties were extended, however, greater depths prevailed and
upon completion of the north jetty the controlling depth was 40 feet
in a channel 1,000 feet wide. In 1919 the channel width increased to
3,000 feet, and in 1930 to nerly 8,000 feet, with a controlling depth on
the entrance range of 44 feet. Entrance depths in excess of the
project depth of 40 feet have prevailed since that time, although in
recent years the sands of Clatsop Spit, inside the jetties, have en-
croached on lhe channel so that full depths are not now available on
the ranges and to the south. Project depth and width prevails to the
north of the ranges, but on an undesirable alinement.

526. About 3.5 miles of the south jetty were rehabilitated in the
years 1931 to 193G. Jetty A was constructed in 1938 to check the
tendency of the channel to swing to tlhe north, which tendency was
threatening the outer portion of the north jetty, and creating an
objectionable alinement.

527. The depth on the outer bar has been about 45 feet for several
years, and the bar channel has shifted to the north, cutting away a

large parlt of the outer end of the north spit. Tlhe natural deel)ening
and narrowing of the bar channel, which is still in progress on the
north side, allows the seas to "pile up" in the area near buoy No. 10,
where most of the trouble las been experienced in recent years.
Maintenance dredging is necessary each year to provide the project
depth in this area for the one-half mile width. During the summer of
1947, over 1,000,000 yards of sand were removed from the vicinity of
buoy No. 10, at the intersection of the inside and outside ranges.

528. Annual dredging in the entrance of Columbia River, inside the
bar, for the past 10 years has been as follows:

Fiscal year Cubic yards Fiscal year Cubic yards

1939.--....--........-......-6501, 289 1944..........-----...........

1JO-.......................-... . 88,002 1945 ......-.....-.........-...--- . 393,127
1941-- ..-..... .-.. ........ -.... 1946 ....--.-------------...-..-... ... 180,009
1942 .........-..... 1917 ...-...--------------------- 483, 014
1913----...--...-.--- -- ... .--- ..1918.. ..----- .-...--... .

. 1, 00,1,0 ,78

529. Navigatioi difficulties.-Though the project depth of 40 feet
is adequate for normal sea conditions, greater depths apparently are
necessary for navigation by large vessels, especially during periods of
rough weather. The Columbia River bar pilots state that, despite
dredging of the main channel to a minimum depth of 41 feet during the
1947 season the condition remains unsatisfactory. They point out
that most of the prewar tankers drew from 27 to 28 feet of water and
that now such ships are larger and draw from 30 to 32 feet. The
cargo ships, also, have generally greater drafts. To stay in deeper
water, the ships must veer north of the range and run close to the
north jetty. A depth of 48 feet in the entrance channel is requested

91275-52-vol. 6---22
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by the pilots, who feel that the need is urgent to avoid expensive
weather delays for the larger and deeper-draft vessels. Because of
the heavy seas which prevail in the entrance during the winter season,
vessels sound from 10 to 15 feet, possibly more, so that a depth of
48 feet is desired.

530. The present project dimensions and the depth of 40 feet were
based on navigation by ships with load drafts common to Pacific
coast harbors at the time of authorization. The project dimensions
were adequate until the larger ships of the late war period came into
service. Ship,drafts at present average 3 to 4 feet more than formerly
and few of tile older ships remain in service. This trend to larger,
deeper-draft ships is shown in the following tabulation of vessels using
the Columbia River entrance:

Number of ships using
entrance in years
shown

Item

1047 Average of1020-22

Actual draft:
33 feet ...........................................2 1
32 feet .... ... .......................................... 28 None.
31 feetl...-...- ............................................................ . 133 5
28 to 30 feet...... .. ..... ..................................... 33 41

Total ships with (Irafts 28 feet or more --..--- -------------.-- .-----.------- 090 43
Total arrivals and departures of ships with drafts over 18 feet-..3........--....- 3,383 2,395

I In the 3 years.

In 1947, approximately 21 percent of ships moving through the en-
trance had actual drafts of 28 feet or more, while the average for 1920-
22 was slightly less than 2 percent.

531. Commerce and vessel traffic.-In the period 1937 through 1946,
inclusive, a total of 66,720,271 tons of commerce crossed the bar at
Columbia River entrance. Included were about 12,000,000 tons of
foreign exports, about 1,000,000 tons of foreign imports, about
40,000,000 tons of coastwise receipts, about 12,000,000 1tons of coast-
wise shipments, and about 2,000,000 tons of cargo in transit. Total
annual tonnage did not vary appreciably during the period, but
cargoes in transit were reduced sharply during the war years. In
1947, totals of 1,671 and 1,712 ships, inbound and( outbound, respec-
tively, passed through the entrance. Total net registered tonnage
inbound was 7,458,013, and outbound, 7,607,870. Most of these
vessels had drafts ranging from 18 to 28 feet, but a total of 533 ships
had drafts ranging from 28 feet to 30 feet, and 164 ships had drafts
ranging from 31 feet to 33.5 feet.

532. Existing conditions.-Depth on the outer bar is 44 feet in
a wide channel, and depths in excess of 40 feet are available between
Clatsop Spit (buoy 10) and the north jetty, but large vessels must
veer to tile north of the ranges when in this vicinity in order to
take advantage of deeper water. This maneuvering brings the ships
closer to the north jetty than navigators consider safe during periods
of heavy weather.

533. Proposed improvements.-The removal of a large amount of
material from Clapsop Spit would be required to remedy the condition.

9.869604064
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Dredging for one-quarter mile south of the ranges to depths of 45 and
48 feet, respectively, would require the removal of 8,000,000 and
14,000,000 cubic yards of sand in initial work and an estimated 2 to
3 million yards for annual maintenance. Removal of such large
quantities of material in these rough waters, where work can be done
only in a few months of each year, would require at least two large
hopper dredges, none- of which are available on the Pacific coast at
this time.

534. Increasing the depth on the outer bar from the present 44
feet might entail further work on the main jetties, and construction
of an additional jetty between jetty A and the north jetty might aid
considerably in directing the ebb flow farther to the south and prevent
encroachment of Clatsop Spit on the marked navigation channel.
Considerable study would be required to determine the most eco-
nomical and practical method of maintaining greater depths in the
entrance.

535. Preliminary estimates of cost.-Estimates were prepared for
two plans of improvement which provide for dredging Clatsop Spit
to depths of 45 and 48 feet below the plane of mean lower low water
to a line parallel with the two entrance ranges and one-quarter mile
southerly thereof, with widening at the turn. The proposed aline-
ment is shown on plate 34. Provision for overdepth dredging of 2
feet is included in the cost estimates which are based on January 1,
1948, price levels. Quantities were determined from a survey made
May 10, 1948, just prior to the June flood.

536. Under plan A, which includes dredging to 45 feet, approxi-
mately 8,000,000 cubic yards of material would be removed from
Clatsop Spit, at a unit cost of $0.13 per cubic yard. The total
first cost of improvement under plan A would be $1,040,000. Under
plan B, which includes dredging to 48 feet, approximately 11,000,000
cubic yards of material would be removed from Clatsop Spit and
3,000,000 cubic yards from the bar channel, which at a unit cost of
$0.13 would amount to $1,820,000.

537. Maintenance of such depths would be very costly if done by
dredging alone. Construction of an additional jetty extending from
Cape Disappointment southwesterly toward Clatsop Spit undoubtedly
would aid considerably in maintaining depths in the troublesome area.
Such a spur jetty would cost several million dollars Development of
a method for maintaining greater depths by construction of an addi-
tiohial jetty would require extensive further studies and investigations.

538. Accomplishments.-Improvement of the entrance to Columbia
River would provide a more properly alined navigation channel with
a depth adequate for the safe passage of the larger postwar vessels,
reduce the time lost annually by large or deeply laden vessels awaiting
safe navigating conditions, reduce the loss of ships and cargoes due to
inadequate channel conditions, and protect the existing improvements
from the shifting of the channel. Time lost annually by deeply laden
ships, both incoming and outgoing, awaiting more favorable conditions
under which to navigate the entrance safely, is not a matter of record,
but a survey may show it to be substantial. Also, marine insurance
rates might be favorably affected by the improvement. Six hundred
and ninety-six ships used the entrance in 1947; thus, the net effect
would be a considerable, but as yet undetermined, annual benefit
creditable to the project.



COLUMBIA RIVER AND TRIBUTARIES

5.39. Conclusion.--Rough estimates indicate that tie proposed chan-
nel in provemient and spur jetties would be economically justified, but
further studies would be necessary to determine the exact extent and
character of work to be performed. lFurther, in view of the fact that
solution of the problem would facilitate navigation (development es-
sential to continued growth and( expansion of tlle Pacific Northwest,
the project warrants detailed consideration. A separate report cover-
ing tllis project will be submitted as soon as practicable, pursuant to
resolution of the Committee on Public Works, Unite.l States Senate,
and Commlittee on Public Works, United States House of ll)presenta-
tives, dated August 4, 1948, and August 6, 1948, respectively.

SECTION V-POSSIBILE FUTUIRE PROJECTS

GEINERA L

540. Known possible future projects in tlhe sul)-basin include recla-
mation by (liking andl (Iralinge of additional land in the lower Column-
bia Riv, 'flood plain, and pirtecttion from erosion of ad(litional river-
1)ank arel';4, as descri bed in section IV of tlis chapltertr , 1)t exclusive of
that indlicnated therein to be now feasille; and iml)provem(lnlnt of Oregon
slough for shallow-draft navigation. 'IThese projects would be es-

sentially local in scope, although lte individual un)its of the (liking
)projects W0ollld extslen from Santly Rikver to tle monthlof Colmlllbia
River and tile const auction re qlire(l would be d(lependl(nt upon flow
regulation by I)roposel an(ld possile future up111)reamstl oraslgel . Illas-
much as possible future (liking anld( drainage and bank protection
projectss were groul)e(l for discussion with proposed( projects of tlis
nature, no further discussion is presentedl in this section.

OREl1GON SLOUGH

541. Description.-Oregon slough, a back channel of Columbia
River separating Iaylen and( Tolniahawk Islands from the Oregon
shore, is shown on plate 36. The slough is about 6.5 miles long and
extends from river mile 102 to river mile 108.5. 'The upper limit is
about 2 miles above the Interstate Bridge which connects Portland
and Vancouver. Tomahlawk Island, about a mile long, was connected
to Hayden Island, immediately downstream and about 4 miles long,
by an old pile (like about 3,500 feet long. This connection has been
broken and the remaining piles are inundated at high water. The
channel has, in general, a depth of about 10 feet for a width of 200
to 300 feet, except at the upper end where shoaling has reduced the
controlling depth to about 3 feet at low water.

542. Improvement of the upper entrance to Oregon slough by
dredging to a minimum depth of 10 feet and width of 300 feet has
been authorized, but no construction has been done. This improve-
ment would provide an adequate deptl at all stages to allow access to
the moorages in Oregon slough. A project completed in 1914, but no
longer active, provided for a channel 20 feet deep and 200 feet wide at
low water, extentling from the lower slough entrance upstream 4 miles
to a point above the Union Stock Yards. Over the specified width
the controlling depth is now 7 feet. A gap of about 3 miles remains
between the inactive project and the authorized channel through the
upper slough entrance. At the approximate midpoint of this reach,
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access to the main river between Tomahawk and Hayden Islands
is partially blocked by shoals and the remaining portion of the old dike
previously mentioned. At present. a towing company owning property
and maintaining facilities on the Oregon shore uses Oregon slough for
storage of log rafts in the lower stretch. Several fishing boats operate
out of Oregon slough, and the Portland Yacht Club maintains moor-
age facilities in the upper reach. The section adjoining Tomahawk
Island is constricted to a total width of about 400 feet by houseboat
moorages on each shore. Miscellaneous other moorages also are in
existence in the slough, and two fixed bridges cross it, one at Toma-
hawk Island and the other at the interstate highway crossing to
Haydlen Island. The railroad bridge downstream has a movable span.

543. Under present traffic conditions, the congestion in Oregon
slough is such that navigation interests urge, in addition to construc-
tion of the authorized work at the upstream entrance, that an in-
vestigation be made to determine the feasibility of connecting the
authorized section to the existing downstream project. Emergency
funds have been allocated in the amount of $25,000 for channel clear-
ing of the authorized section where unprecedented shoaling has
recently occurred. This work will be a temporary expedient only,
and $49,000 will be required for completion of the authorized project.
A report will be prepared in answer to requests by the Senate Com-
mittee on Public Works by resolution adopted January 20, 1948, and
a similar request by the Committee on Public Works, House of
Representatives, resolution adopted April 13, 1948. That report
will be submitted as soon as practicable and will cover all phases of
the Oregon slough problem. Pending holding of a public hearing to
determine the nature of the improvements desired by local interests,
no work on this study has been initiated.

CHAPTER III-SUMMARY

SECTION I-SUMMARY OF PROJECTS

GENERAL

544. The previously recommended, proposed, and possible future
projects discussed in this appendix were considered as units of an
ultimate plan of development which would include, in addition, all
existing and authorized Federal and non-Federal projects in the
sub-basin, as well as similar projects of regional scope in the rest of
Columb'llL River Basin. The major regional problems to be solved by
iml)rovemlents considered are navigation, flood control, and power
production. Regional fishery problems would be solved by provision
of hatchery facilities in connection with proposed dams and the Lover
Columbia River Fisheries plan discussed in appendixes K and P.

545. Within this sub-basin local flood control, bank protection, and
navigation problems would be solved, and incidental benefits would
accrue to irrigation through reduction of pumping lift. Recreation
needs of the sub-basin would be partially served by provisions at
reservoir projects. Following paragraphs summarize the improve-
ments considered for solution of each of the above problems, and
mention, in general terms, the accomplishments which would result
from construction thereof.
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NAVIGATION

546. Table 35 lists existing and authorized navigation projects in the
sub-basin. Thesb projects may be divided broadly into main channel
projects, supplementary auxiliary channels, and mooring basins. As
proposed, ultimate development of the main channel would consist of
open-river improvement to Bonneville Dam, river mile 145.3, and of
slack-water navigation development on Columbia River within the
sub-basin, upstream from Bonneville Dam. Authorized open-river
improvement downstream from Bonneville Dam would be adequate,
with few exceptions, to satisfy present and immediate future needs.
At low water, only 13 feet of fall exists in the 145-mile distance from
Bonneville Dam to the Pacific Ocean. At present, a deep-draft navi-
gation channel to accommodate ocean-going vessels lias been con-
structed from the mouth of Columbia River to Portland and
Vancouver. From the latter point a 27-foot deep channel to The
Dalles has been authorized and is now about 46 percent complete.
Bonneville pool forms this channel for about 44 miles downstream from
The Dalles. One possible exception to the general adequacy of the
channel below Bonneville Dam exists at the mouth of the river where
channel depth over the bar is considered inadequate at times. This
problem, which is of regional importance, would be solved by a project
for deepening the entrance channel. A separate report on that project
is to bo submitted at a later (late.

547. Above Bonneville pool, due to the rapids and swift water
slack-water improvements would be required fully to develop potential
commerce. This has not been accomplished, but interim channel
improvements have been authorized and constructed to provide
navigable depth. From The Dalles, near the head of Bonneville pool,
TheDallcs-Celilo Canal leads to an authorized channel, 7 feet deep
and 150 feet wide, extending to Wallula, Wash., near the upper
sub-basin limit. No specified depth or width between Wallula and
Kennewick, Wash. a distance of 14 miles, is provided. This channel
is 75 percent completed. From Kennewick upstream to the mouth of
Yakima River, a distance of 7 miles, no work is authorized. In
addition to the shallow channel and swift velocities existing above The
Dalles, navigation is further restricted by The Dnlles-Cclilo Canal, the
lock chambers of which are only 45 feet by 265 feet in plan and 7.8 feet
deep over the sills.

548. Slack-water development of the 190-mile reach above Bonne-
ville Dam has been furthered by construction of Bonneville Dam, with
a reservoir about 47 miles long. McNary Dam, now under construc-
tion, will form a pool to eliminate 44 miles of swift water at the
upstream limit of the sub-basin. Improvement of the intervening
distance of about 100 miles, by means of two locks and(dams, one at
The Dalles site, river mile 192.5, and the other at John Day site, river
mile 217.3) appears feasible. Locks at these structures would provide
plan clearances of 675 feet by 86 feet and minimum water depth of 14
feet. These dimensions are similar to the dimensions adopted for
McNary lock after a thorough investigation of the factors involved.

549. Supplementing the main navigation channel, and as shown in
table 35, about 19 auxiliary side channels to river ports and landing
points have been constructed and 7 additional have been authorized;
3 ship turning basins have been constructed and 2 are authorized; and
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3 small boat mnooring basins have been authorized. Additional projects
of this character, which have been previously recommended and are
proposed for construction as forming desirable units of a comprehensive
plan of improvement, are the channel and small boat mooring basin in
Baker Bay, Westport slough channel enlargement, Columbia slough
channel, and Umatilla Harbor.

550. To facilitate the interchange of cargo from land to water along
the reservoirs, construction or modification of harbor facilities along
the McNary, John Day, and The Dalles pools is proposed. Construc-
tion of facilities at 15 locations is proposed.

551. Possible future navigation projects include construction of a
shallow-draft navigation channel in Oregon slough, and supplementary
navigation improvements to fulfill needs not now apparent. Such
future projects, which would be local in character, could be added as
justification therefor develops.

FLOOD CONTROL

552. Existing flood control projects in the sub-basin consist princi-
pally of permanent reclamation of local flood plain areas along the
lower river for agricultural and industrial use by construction of dikes
and drainage facilities. Of the total flood plain area of 170,000 acres,
about 100,000 acres, as listed in table 36, are protected. Several other
areas which may also be economically susceptible to protection have
been discussed in a general way in this appendix and, although final
studies are not complete, apparently warrant protection or additional
protection. Thirty-two of these areas would be protected by proposed
projects. The total cost of the improvements proposed is estimated
to be about $39,094,000, of which Federal and non-Federal costs
would be $25,601,000 and $13,493,000, respectively. The results of
further studies, with possible recommendations for additional work,
will be contained in a separate survey report to be submitted at a
later date.

553. The above, referenced survey report alsowill contain detailed
analysis of the need for, and economic justification of, revetment to
protect eroding banks along Columbia River. Prior to the 1948
flood, 66 locations along completed levees and high-value unprotected
land evidently needed bank protection. This work, therefore, is
proposed for immediate construction. The cost of improving these
66 locations is estimated. to be about $4,900,000.

554. One local flood control channel project, at Arlington, Oreg.,
is authorized, but construction has not been initiated. No other
problem areas of this type in the sub-basin, subject to damage from
intense tributary run-off, are known where protection would be eco-
nomically feasible at present. Should such areas develop, however,
the problems would be local in nature and could be solved without
effect on the comprehensive plan of development. Cost of the chan-
nel improvement through Arlington is estimated to be $480,000, of
which $191,000 has been appropriated.

555. The proposed John Day Reservoir would provide appreciable
flood control benefits, especially to the area downstream from Bonne-
ville Dam. In connection with design of proposed dams and reser-
voirs, consideration was given to the feasibility of obtaining flood-
control storage capacity to protect the lower river areas, either by
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drawdown, provision of surcharge space, or both. Although no sig-
nificant amount could be reasonably obtained at The Dalles Dam,
surcharge storage capacity of aoout 2,000,000 acre-feet could be
made available economically in John Day Reservoir and is proposed.

POWER

556. The sub-basin includes a 335-mile reach of Columbia River in
vNhich the river fall is about 330 feet.- -A part of the potential power

available is at present developed at Bonneville Dam at the head of
tidewater, where the power drop is about 55 feet and the power
installation 518,400 kilowatts. McNary Dam, now under construc-
tion in the upper reach of the sub-basin, will develop another 90 feet
of head and have an installed capacity of 980,000 kilowatts. Upon
completion of McNary Dam, 183 feet of head from MeNary tailwater
to Bonneville Pool will remain undeveloped. The proposed The
Dalles and John Day projects would complete the development of
the potential power of the sub-basin an(d would utilize this head in
steps of 88 feet and 95 feet, respectively. The power plants at these
danis would be designed so that, as river flow was regulated by
upstream storage, full use coull be made of tihe increased firm flow.
''The proposed installed capacity of The Dalles and John Day Dams
would be 980,000 and 1,105,000 kilowatts, respectively. See ap-
pendix 0.

FISHERIES

557. Fish hatchery and rearing facilities would be included as
part of John Day and 1Tlhe Dalles projects to offset any losses which
might occur as a result of loss of spawning and rearing areas in the
pools. Facilities for passage of anadromous fish would 1be incor-
pornted in each of the dams to the extent considered necessary by
responsible Federal and( State fishery agencies.

IRRIGATION

558. Although some 30,000 acres of land are now under irrigation
in the sub-basill, these existing areas are small and scattered. Larger
Potentially irl'igal)le acreages, however, are located along the river at
higher elevations, notably east of Tlhe allies , and the total irrigable
area within the sub-basill is estimated at 480,000 acres. None of the
larger irrigation projects are as yet authorized. The Bureau of
Reclamationl , however, has recommended construction of The Dalles
project wxest unit, which would serve 4,530 acres of land at high eleva-
tions by pumpling. The Dalles and John Day Reservoir projects
would have a beneficial effect on irrigation projects yet to be developed
by reducing the plumping lift. Future irrigation diversions would
have no aplpreciable effect on stream flow in tlhe sll-basin, and such
projects readily could be incorporated into the over-all Sub-basin
development.

RECREATION

559. The sub-basin is characterized by many scenic attractions,
especially through Columbia Gorge. Furthermore, attractions are
easily accessible by rail and highway, and camping and day-use
facilities generally are available. In addition, boating on Bonneville
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pool is gaining in popularity. The only proposed projects which
would have bearing on recreation in the area are The Dalles and
John Day Dams. The new pools created would provide water-
associated recreational opportunities in the upper sub-basin, where
most needed. These two projects would, in addition. provide points
of interest at the dams which would be exceedingly attractive to
tourists and local residents alike.

SECTION II-CONCLUSION

GENERAL

560. This sub-basin is an area through which a major part of the
raw materials and products of Columbia River Basin will pass, either
in transit to the ultimate consumer or for processing in the Portland-
Vancouver industrial area. Supplies, especially petroleum, for the
normal needs of the interior areas also pass through the sub-basin,
moving upstream by barge, highway, and rail transport. Develop-
ment of navigation, both ocean-going and river craft, is of para-
mount importance to the basin as a whole, and to the subbasin proper.

561. The previously proposed dams and reservoirs would complete
slack-water development from Bonneville Dam to the upper end of
the sub-basin. The previously recommended, proposed, and possible
future open-river and local harbor projects would complete the (lc-
velopment of navigation channels on the lower river and provide
access from tributary areas to the ship and river-craft channels at
points suited to rapid and economical transfer of commodities.

562. Flood problems in the sub-basin could best be solved by con-
struction of levees and local protective works, both as an interim
measure and to supplement the effect of proposed and necessary
storage in upstream reservoirs. Provision of about 2,000,000 acre-
feet of usable surcharge flood control capacity in John Day Reservoir
would be physically and economically feasible, and would add ma-
terially to the flexibility and efficiency of an ultimate flood control
plan.

563. Run-off from the entire basin of Columbia River and tribu-
taries upstream from the Cascade Range is available for development
of power to satisfy demands-of the adjacent load centers and the
Pacific Northwest. Proposed installations at The Dalles and John
Day Dams, together with the existing and authorized installations
at Bonneville and McNary Dams, would develop all the available
head in the sub-basin and would be so situated as to take full advantage
of all upstream flow regulation.

564. Columbia River in this sub-basin is the route by which sal-
monoil fish ascend to tributary streams to spawn and maintain the
runs which support the Columbia River salmon fishery. Any prob-
lens which would be posed by construction of dams in tihe sub-basin
could be solved by provision of fish passage facilities in accordance
with proven (ldesign at Bonneville Dam and as dictated by the latest
data available from fishery agencies, and by provision of adequate
hatchery and rearing facilities to offset loss of natural spawning and
rearing areas in the proposed pools.

565. Local problems, including flood control, drainage, bank pro-
tection, irrigation, and recreation, would be solved by the previously
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recommended, proposed, and possible future projects discussed herein.
The provision of 32 proposed local flood control projects, at an esti-
mated total cost of about $39,094 000, would be economically justified
by the benefits to be derived. Incidental irrigation benefits would
accrue to The Dalles and John Day Dams from reduction of pumping
lifts to adjoining irrigable lands, and recreation benefits would accrue
as a result of minimum provision for accommodating the public at
the reservoirs.

566. In view of the foregoing conclusions, it appears that the proj-
jects considered could be combined with existing and authorized
projects, both Federal and non-Federal, in this sub-basin to solve
sub-basin problems. Also, in combination with projects considered
for an ultimate plan of improvement in other sub-basins, the projects
considered( herein would be of importance in solving major regional
navigation, flood control, and power problems.



TABLE 1.-Mazimum and low-water data
Main Columbia River below Yakima River]

Maximum observed water 194w Adopted
Drainage surface elevation ar low-water

Ma Station Stream rPeriod of record elevate~No.I taioSmeile square elevation, elevation,~~~~miles ~~Feet,mean fevmel eet, meanDate "̂sealeave lsea level sea level

1 Pasco ----------- Columbia River.-- 328 103,500 June 1, 1942. to Sept. 30. 1945G-- -- -- June 5.1946 335.8 349.6 314.0
2 Umatilla--- ----------do.----- -- 292 213.500 Feb. 1, 1892. to Sept. 30, 1946- .........----....June 5, 194 2S1.9 281. 9 254. 0
3 The Dalles-. --------do----_----_-- 200 237.000 June 1, 1878, to Sept 30. 1946..........-...- ..... June 6,1894 160. 1 160.1 128.5
4 Cascade Locks----------do.----------1..49 240,000 Oct. 1, 1878, to Sept. 30. 1938--...- ...............do..-9. 9 92.9 42. 5
5 Bonneville_------ ---do.-.------ -_ 145 240,000 Oct. 1, 1938. to Sept. 30, 1946-..------..---.... June 5,1946 82.3 49.3 8 2
6 Warrendale_----- ----- do ---------- 142 -- Oct. 9, 1940. to Aug. 3. 1942----------------- May 29.1942 26.7 48.3 5.80
7 Prindle-----_-_ --- do--.._ --- 134 ..--- Nov. 1, 1940, to Aug. 3, 1942...-..----.......... June 19,1942 25.7 44.6 5.02
8 Washougal------.--__ do -..--..- 123 - ---- Oct. 15, 1940. to Aug. 2, 1942-..-...----........ May 29,1942 23.1 41.4 3.49
9 Ellsworth_----.----- do- 110 --- Nov. 1, 1940, to Aug. 3, 19122--------_do.-- 20.5 37.7 2.10
10 Vancouver--_---...- --do--------- 106-- April 1902. to Sept. 30. 1946.--------------- June 18. 1933 27.7 36.5 1.40
11 Kelley Point-_---- -- do--- --- 102 --- - Oct. 7, 1940. to Aug. 3,1942-_------------- May 30, 1942 17.8 34.6 1.11
12 Willow Bar.-----do 96 ----- Oct. 2. 1940. to Aug. 4.1912----.do 16. 5 33. 5 .85
13 St. Helens_--- -- do--------------- 86 255,000 Mar. 17, 1930. to Sept. 30, 1946- -------- June 19, 1933 22. 4 31.1 .42
14 Kalama.------------ do -----.-- 75-- . Sept. 27, 1940, to Aug. 4. 1942.--------------- May 30.1942 12.7 27.5 -.17
15 Longview------- . do - 66 - - Feb. 30, 1928. to Sept. 30. 1946-------------- June 19.1933 16.0 23.0 -.67
16 Stella---------------_ do--- ----- 57- Sept. 24, 1940, to Aug. 1. 1942.--------------- Dec. 19,1941 10.2 18.8 -1.21
17 Eagle Cliff--------do---------- 51 - - Sept. 26, 1940, to Aug. 3. 1942.----- ------ --.do--- 9.8 16.3 -1.74
18 Wauna----------------do ----- - 42 ------- Nov. 5. 1940, to Sept. 30, 1946---------------- .....do--- 9.3 12.2 -2.27
19 Cathlamet-_------ do-------- 41 ---- Oct. 30, 1930. to Aug. 1. 19422------------- Dec. 17,1933 9.3 11.8 --2.38
20 Skamokawa-_ _-----do.- ---- - 33 ----- Nov. 1, 1930, to July 31, 1942-.------------- --.-do..-- . 9.2 9.2 -2.78
21 Altoona ------ -- do ------- 24 -- -- Sept. 19. 1940. to Aug. 1, 1942-------- - Dec. 19,1941 8.3 ---- -3. 46
22 Tongue Point _---- .-.-- do-_--------_ 17 - - Aug. 26, 1940, to Feb. 28. 1943.----- ----- -- .do --..- 8.4----- -3.79
23 Fort Stevens.-------_do__-.-- . 8 259,000 Aug. 26, 1931, to Sept. 30, 1946---------------- Dec. 17,1933 7.6 --------- -4.03

1 For location of stations see map of Hydrologic Stations. pl. 2.
X For natural conditions existing prior to construction of Bonneville Dam.
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Table: Table 1.--Maximum and low-water data
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TABLE 2.-Yearly discharge and run-off summary, Columbia River at The Dalles
[Drainage area = 237,000 square miles]

Run-offl n- Extremes in mean daily discharge
----------Mean,

Water year I Mllion cubic Maxinmim, Minimum,
Ir -feetInches feet per cubic feet IDato culc feet Date

second peiwr secoIdidper second

179 .....-..................... 17B6. I 13.85 242,000 6013,000 Juno 18 50.600 Feb, 6
1880 --....- 192.0 15. 18 2641,00 914,000 July 1 68.300 Mar. 23
1Kql.........--- -. 183.0 14.46 22,52.000) 98, 0(0 Juno 17 73. 800 Jan. 31
1882-1...........-...-..--...------. 0 13.30 232,000 883,000 Juno 14 65,300 DIo.
188.3....-..--.-..-...--- ...-- 154.0 12. 11 212,000 573,000 ...11o...- 568,800 Jan. 22
1884-......-......--.......--. 1506.0 12. 34 215,000 698,000 Juno 13 51,000 Feb. 14
1885 ..---.....- .....-...---. 155.0 12. 28 214, (W00 482,000 Juno 23 49,900 Dec. 20
1886......--...---............- 153.0 12.07 211,000 6173,000 June 9 641.400 Jan. 22
1887.. ---------- 189.0 11.f96 261.0 890,00 080 Juno 19 6O,800 Deco. 1
18.................... ....... 147.0 11. C3 2031,000 5614,000 Juno 18 64,900 Jan. 16
1889.......--------.-..--.- 97. 07.072 135.000) 302,000 Jlllo 8 62, 60() Feb. 20
1800. ...........-... .........- 143.0 11.29 197, (000 633,000 May 14 47,400 Jan. 7
181.---------------.-------- 121.0 .55 17, 000 448,0() Junllo 2 62,c600 Mar. 6
18902....--.--.--.------------- 144.0 11.38 108.000 607.000 .lune 23 60.2(00 Feb. 4
1893--......-..-..--- ........ .. 12. 0 220, M000l 79, 000 Jun 1.1 0.200Fe!b. 6
18091-.-.------...----.-------- 225. 0 17. 77 311,0() '1,t1I0,04)0 June 6 88,300 Feb. 26
1895..-----.---------------- 140.0 11.13 101,000 475.000 1May 31 80,100 Fob, 17
1896 2-...........0..[....- 1 .16.0 13. 15 2298.000) 785,000 June 22 70.000 Feb. 6
1897--7.------------.--.----.. 176. 0 13 87 213. 000) 780,0004 May 2.1 78.040 Nov. 1
1898..16----------------------17.0 13.19 230,000 619,000 Juno 21 82,000 Nov. 5
1899--..-------------------.--- 171. 0 13. 60 2:160.0 787,000 Juno 22 63.20( D)c. 18
1PM-0..-.------....--..----- --. 103.0 12.85 224.000 536,0000 May 15 103,000 Feb. 21
191 ..15......................... 12. 539 210. 00 62,0(;0 Juno 1 81. 100 Feb. 12
10902....................-...2-. 0.. ,11.32198,000 64000 .do 63,200 Fohb. 4
190:..........-- ... --.153. 1200 211,01 787, 000 Junllo 19 72, 200 Dec. 24
1004.-.....-.--.-------.--.... .. 170.0 13. 89 22.,000( ,0200 May 26 80,2(0 Feb. 11
1195 ........................... 102.0 8.1)17 1I1,04I0 412, 000 Juno 15 67.800 Feb. 16
190---.....-------............- 114. 0 9. 0 158, 10)374,000 June 1 61,400 Jan. 12
1907.--.......---...------....- .1.0 12 229, 00 587,000 June 5 77,800 Jan. 31
19-08....-- - 13 0 11. 30 197, 000 53.,00 Juno 18 65.000 Fob, 5
1 .09.....................1:1. 11.02 102,000 675,000 June 10 68.(00 Jan. 11
1910...........-...-....--...-154.0 J 12.21 213,00 5660,000 May 14 70,400 Fob. 24
111-..-.-.....---....-- 136. 0 10.78 188,)00 574,000 Junlo 18 07.400 Mar. 5
1912.......---...14-..---.... 0 10.56 181,00) 568,1000 JlIno 1 57,200 Jan. 9
1013..---.9-.:.............15-5.0 12 23 211,4() 750,980 Jlino 12 68,000 Feb. 13
1011 .-....-...-. ..........-.. 135.0 10.70 187,000 403,000 May 27 7(0.00 Jan. 3
1915--.-----..--....-.-.-.----.. 107.0 8.45 117,000 328,(000 Juno 1 02,(00 Jan. 8
1111-...................- 17:. 0 13. 80 238,000 727,000 July 1 62,000 Jan,. 17
1917........................... 162.10 12. {0 201,04 ) 727, 000( June 20 02, )00 Jan. 20
1918.--.--...--.-....-.-.----- 148.0 11.72 205,000 578.000 Jluno 23 70,600 Nov. 27
1910...-..--..--....15...0..---. 4)80172,)00S653,00 ) Jino 1 57,000 Jail. 8
10920....-............. .--.. 115.0 911.1 158, 000 428, 000 Juno 20 47,00 Dec. 7
1021 ....1.67,0.............-167. 0 13. 18 23011, 00 773. 00 June 11 80.0(0 1)a ..27
1022......-----.............. .133. 70 11.4 , (10 77, 000) Julno 9 101 Mar. 2
10923----....-.1....-..-.-------130.0 10.20 170.000 ,581,.00 Jluno 15 50.000 )Dec. 19
19241....-..- ......9....-------0. 3 7.87 137,0000M413.8H) May 26 00,800 Jan. 22
1925.--...-.-..-..- ..........- 146.0 11.51 201,000 612,000MJaey25 68,004) Oct. 27
21026...... ..................... 85.6 .1.77 118, 0 2,000 May 9 03,200 Jail. 27
19127.....- 149. ( 11.709 2(81,81){ (.41000 Jlnioe 18 74,000 Oct. 5
1928.......- .........18......--- ]. 0 13.28 231,0 (0 760,4X0 May 20 80,800 Sept. 30
19029................7........13,1 460,000 June 19 43,200 Jan. 31
13........................... 05. 2 7.) 11, 000 332,000 Juno 11 40,000 Jail. 21
101.-- ...........8....8...-1 . 4 7. 00 122, 100 308, 000 May 10 50.800 Jan. 2
132......................... 0.. 10.0.4 186,000 6A(15, 000 MFeb. 4
10:33..11..-)....--.-..... --... 113.0 11.31 1048,0(10 722,000 Juno 18 47,2200 Fob. 14
1101................ 153. 1 12.11 211. r00 453.00M)May 3 86,440 Sept. 30
11:015.......2..-.---..-..--..-123. 2 9.70 170, 200 47600 Jio 10 61,600 Jan. 22
1-:103.........1............15. 4 0.13 8, 50,00X) 2000 May 17 45. 100 Fob,. 11
109:37..1..-.-....-.----..-...-.3. 7.37 128, 700 370, 0(0 Julllo 241 30,000 Jan. 12
19318............ ............... 137. 7 110. 0 10. 200) 605 )00 May 31 66,700 Oct. 20
11,:19........................... 108.4 8. 58 1.1, 700 387, 0(0 May 21 411,000 aDec. 31
1910..)..............- 107.8 8.53 148. 500 39,O000 Jtlllo 6 61,700 Fob. 2
1911.9-1.....-...--..-.-...--- 1. 1 7.45 1311, 4) 272,000 Jino 10 68,700 Jan. 16
1012.............. 120.... 21 178. 648) 428, 000 Jun 18 82,000 Mar. 4
191:3 .............. 10 11.88 207,300 511,000 Juno 21 70, .00X Jaln. 23
1t.1-.1.....86................} 99. 8 6. 87 110.00 326, 000 Jll 1 02. 700 Fob, 22
1015................. ......... 100.2 8.65 150.800 505,00 Jllo 8 f8,200 Dec. 18
1916.----..--.-----..-.--------- 112.10 11. 231 106. 100 58 1,IK)0 May 30 71.019) Oct. 17

A verago................. 1.6 ,11.12 193. ) 582, O ....-. 5,400
MaXIImI1uml...........- 225. 0 17.77 311.00 1,16(1,000 1891 103,000 1904
MInimum.............. 85. 5 I0.77 118, 000 29,00 1020 30, (00 19:17

I Water year begins oil Oct. 1, and ends on Sept. 30.
I The stuck les shown on this table were completed prior to the 1948 flood In Columbia River; thcreforo,

the published valui of Maximnum discharge, 11I),000 second-feet, has been used, I)ata obtained during
1018 flood Indicatell that tils. discharge slhou.ld be revised1to1,230,4 scond-fai ot.
NOTK.-Tho Columbia River discharge and run-off data for the years 1870-1030 wcre obtained from Water

B1uply Pa.per No. 884, p. 185 and for tho years 110--40 from tho yearly Water Supply Papers, pt. 4, published
by the U. 8, Oeologlcal Survey,

9.869604064

Table: Table 2.--Yearly discharge and run-off summary, Columbia River at The Dalles
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TABLE 3.-Mean monthly discharges in second-feet, Columbia River at John Day Dam site, Oregon
[Drainage area=226,000 square miles]

Water year

1928-------------------
1929 -----------------
1930---------------------
1931.- ----------------
1932-------------
1933------------------
1934------ --------

1935--------------
1936---------------------
1937-- - ----------
1938--------------------
1939__-----------------
1940 .-----------------
1941-----------------
1942-- -----------

Minimum------
Maximum-
Average-..------

1928---- --------

1929-------------------
1930-------------------
1931 -------------------
1932--- ----------
1933---------------------
1934-.-- --------

1935--------------
1936 --------------------
1937------ ---------
1938_------------
1939-------------_-----
1940----- ---------

Modified
Ob- --

served mU,Initial mate

October

151,010
82,940
65.520
72 810
67,190
75.030
99,240
70,510
.73240
65,290
68,830
87, 810
73,050
93,670
118.740

149.770
80.880
65,780
73,300
69.290
75,820
10. 020
74,280
74,360
67.290
73,830
88.640
76,460
94,940
119,610

148,470
78, 0S
65,1101
72.790
69,260
75,620

106.540
74,840,
74,6501
67,2701
.73.00
87. 690!
76,1701
94.240

118,520

Modified
Ob-

served mateInitial mlte
November

194,700
74, 750
58.460
60,120,
62,000
88,250
141,610
93,170
60,430
53.690
87,880
70.740
82 090
90,460
114,710

191,120
73, 820
60,910
61, 700
68.400
93. 770
145.310
100,490
65,440
60.010
93.290
73,770
83,580
91,910
115,740

184,750
70, 950
57,0901
59,430
67,360'
92, 400
144,120
99 9901
64. 770
59,200.
92,160
72,300
82, 590

u, ;50
113,110

Modified
Ob-

Dserted cInitial mate

December

177,630
60,690
57,680
55, 190'
55,120,
90.030
184,620
87, 560
52,320
47, 8201
92,400
64,190
76.870
77,130
148,880

170,120
60,500
61,080
55,770
59,180
88,300

197, 360
85,320
56,660-
54,040
90.630'
65,300
78,140
77.560
145,000

167,220
57,660
.56,760
52,180
57,330
85,940
194,920
83,720
55,170
52.400
87.260
62, 820
76,070
74,830
140,650

Modified
Obl-

served Ulti-Initial m

January

142,890
53,940
44,140
50.640
60.210
85,4301207. 800
80, 340
57, 600
37,970
89,410
63,380
68,740
76.020
106,630

144, 630
57, 220
46 160
53.820
60,590'
S4,770
199,290
84,170
60,750
42,780
90,590
64,820
68,500
74,440
93.460

144,060
56,230
41,860
50,660
57,840o
81.740
195,490
81,760
58.070
40,270
87,2701
58,360
65,550
71.260
89, 940

Modified
Ob-

served Ue-r
mateInitialmary

February

114,420
53,130
76,290
52,590
54,610
65,490

150,6801100,400
50,430
46,640
80,030
61.300
82. 680
77.670

105,670

119,380
60.340
82,270
56,230
59,280
66,610
145,870
101,700
53,540
51,430
80.090
61,490
83.030
75.550
100,030

122, 680
61,650
79,670
54,290
55,600
63,560,

142, 540
99,230
50, 270
48.910,
76,450:
60,490,
79. 850
72. 480
98:680

Modified
Ob-

served I i ti -Initial mte

March

154.970
80, 590
70.250
71,490
151,490
89.680o
150.690
92,320
84,730
64.140{
125.230t
101. 300:
131, 190
100 540
92.230t

167,570
88,840
77,.0
80,310

157. 530
97,250
133.270
96.570
91,270
66.690
131,290
107.950'
131, 770
102.330
91.290

164.160
85,880
76, 900
78.190
148,310
94,730
130,120
92830
88.430
63.480
125,540
104.520
129.320
98.100
89.060

65,290 65.780 65.110 53 60.,010 57,090 47820 54,040 52.180 37,970 42.780 4,704,270 640 51, 48.9 . 6 9 63.480
151,010 149,770 148.470 194.700 191.120 184,750 184,620 197.360 194,920 207 800 199,290 195,490150.680 145,870 142,540 154.970 167,5 164,160
84,330 86,090 85.530 88,870 01.950 90,030 88,540 89,660 87,0001 81,680 81,730 78,690 78.140 79,790 77,760 104,060 108,260 104,640

April May June July August September
_j,- _,__,yI .- .

196,660
99,590
142.310
126,820
230,110
145 830
291,140
137. 270
193,360
110,030
217. 940
178.7901
203,6001

193,700
93,600
141,460
125.870
220,080
146,130
305,560
133.140
190,530
103.550
207,680
173,750
189,120

188.610
83,220
135,330
119,550
207,550
137,530
298.170
124.9801
176.0401
92.540
190.570
166,450
177,4801

488.820!
209.480
243,890
241.560
435,770
305,200
418.760
283.250
425.080
237, 68
388,440
343.040
300,460

504.390
207,980
224,930
229,780
425,010
305,050
399,500
288.590
410.080
219.880
376,170
335,920
285,730

497,720 4
199,790 3
218,380 2
224,4501 2
4120401 4
297,670; 6
395,010 3
281,060 4
394,990 4
210.730 3
359.000; 5
328,870 3
279,1001 3

99,350
;79,190
93,100
69,180
75,120
13.310
75. 960
35.080
09,650
43,.370
08,410
02 570
08,380

449,140
347, 730
264,050
235,420
440,160
593.890
330 540
402,190
358,880
314,790
468.860
267,160
277,100

443,350
343,140
261,780
235.120
432.660,
584800
329, 880
398. 570
351,530,
312, 090
460,130
265,700
274,4801

309,780
215,900
227.280
192,430
303.910
418, 330
213.130
308,090
208,710
241,910
307,400
229,640
201,750

276,640
181,210
199; 190
166,180
263,100
373.980
183.420
273,540
178,500
208,530
270,660
205,550
182,600

276.120
181 120i
199,560
167. 010
262,750
374.620
183,880!
273.820;
178,700,
208,600
266,620
205.430;
182,760;

168,950
133,280
145,400
123,570
161.250
208,000
144,590
184,140
133,510
138,450
136.690
139,490
124,420

143,130
113.360
127, 770
107. 030
139,980
182,440
126,56Q
162,360
115,450
118,950
119,590
129 600
116,440

143,720
114.030
128.180
108,000
140,500
182 960
127,830!
163,120{
115.950
119.4901
119. 9901
130,190:
116, 8901

99.900
90,670
97,360
96,100

109.3101
127,070
99,230
108.190
93,900
93,810
100,030
95, 540

103, 850

85.700
80 390
87. 720
88,880
96.470

114. 710
90,080
96.590
87.140
86.520
90.200
8S. 390
98.010

86,740
81.290
89,000
90,670
97.570
115.870
92,130
98.180
88,220
87.950
91,180
89,810
98,990

0
0

-11
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9.869604064

Table: Table 3.--Mean monthly discharges in second-feet, Columbia River at John Day Dam site, Oregon
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TABLE 3.--Mean monthly discharges in second-feet, Columbia River at John Day Dam site, Oregon-Continued
[Drainage area-226.000 square miles]

1941-------------
1942.------------

Minimum -----

Maximum----
Average-----

Modified Mdied odified Modified Modified Modified

served iitl1Ulti- served UInitl ti- served Intia Ulti-served I mitiaJlrti-served ti- servd ti-
mate mate mate mate mate mate

April May June July August September

149,350 139. S0 131.240, 236.470' 219.000i 211.750 280.050 253.400 249.120 175.600 156.390 155.930 121,650 117,610 117.960 119,190 113..900 114.500
196,800 194.650j 182.270i 275.930 268.540 259.9000 418.240, 394,620389.670. 282,500 259,660 2.8.660 159.710, 147,420, 147,530, 97,650 92.810 93.440

99----;.o.8 ,0 ]300,10044,070i 90,810290
99. 50 93.600! 83.220' 20.480 207,9801 199.790, 269.180, 202320 25,12 175.600a 156.390' 155.930 121,650 107,030108.000 90,67 0.390 81.290

2,i 140 305'560 298'1701 488.820 501,3901 497 720 613.3101 593,890 584,800, 418.330' 33,980 374,6201 208,100182,440 182.960 127,070, 114.710 115.870
174:640 '-0 530I 160 7 322,260 313,3701 304,7006 394,060 359,860 355,470 255,760 225,2801 225,040 148210 131,180J 131,760 102,120j 93,170 94,370-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

NOTr.-(1) Observed discharges are those recorded for Columbia River near The Dalles by the U. S. Geological Survey, less inflow between The Dalles and John Day dam site,
corrected for change in storage in Grand Coulee Reservoir. (2) MIodified discharges are observed discharges corrected by initial and ultimate irrigation requirements for which data
were obtained from the U. S. BureauotReclamation. (3) The initii3 irrigation requirements are the net depletions which are anticipated for the year 1960 when, it is assumed, half
of the remaining potential irrigable lands in Snake River and lower Columbia River Basins and all in upper Columbia River Basin will have been developed.

TABLE 4.-Mean monthly discharges in second-feet, Columbia River near The Dalles, Oreg.
[Drainage nrea 237,000 square miles]

Water year

1928---------------
1929 .----------------
1930--------------
1931- ------------
1932-.----------------
1933-...-----------------
1934 ------------------

served Uti-Ulti-Initial mate

October

156.000 154.960 153,850
87,200 85.340 82 730
69.400 63.860 69. 30
76.500 77180 76. 870
70,700 73,000 73. 160
78,800S 79.7990 79,780
103,200 111,170 110,890

Modil
Ob-

served
Initial

November

201.000! 197,3101
79.700 78,6601
62,700 65,040
61.400 65.870
66.000 72.290
93. 200 98,610

146,4001 149,990o

led Modified
-Ob-

Ulti- served ti-
mate

December

190.830 184.000 176 050 172, 730
75, 60 65,600 64,980 61,700
61.110 62,900 65.870 61,120
63.490 59,400 59.550 55,530
71.140 59.300 62,920 60.650
97.130 95 000 92.840 90.040
148,690 191,3001 203,610; 200,740

Modified
Oil

serve. mti-
initial mate

January

150,000
58,800
48,700
54,900
61.800
90,500

214,900,

151,020
61 360
50,000
57,360
64,460
89,120
205,660

149.720
59.610
44.980
53.470
60 980
85.360
201,150

Modified
Ob-

served Ulti-Initialutial mate

February

121,000
58,100
83.200
56.900
59.500
70,200

156,200

125,160
64,480
88.350
59,710
63,370
70,490

150,570,

Modified
Ob- --------

served Ul-

mMarch t
March

127,660 164.0001 176.360
61,960 86.600 94,610
84.930 75.600 82,140
56.940 76.200 84.7901
58.890 159.000 161.800
66.610i 94,700 102040
146,400t 156, 100i 138,450

0

r0

w

t-

'-1

W

tv

QQ4

172, 710
91,420
81.770
82.430
155,350
99,280
135,060

I

r

I I- I-e
, . .-

9.869604064

Table: Table 4.--Mean monthly discharges in second-feet, Columbia River near The Dalles, Oreg.
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1955..-..-..-.-.....--_
1936-------------------
1937 -----__.____-------
1933.-----------------
1939------- _----_

1941 -----------

1942.....-----------

Minimum.--
Maximum-.
Average.-------

1928--------------.
19298------------.---

1933...--------.
1934 ----------

1935---------
1936___------___ --------

1937--------------.
E138 ----

1939--------------
1940---------------
1941 -.-------------------
1942.----------.---.-----

Minimum _--_--
Maximum--...
Average --------

74,480
77,080
70,130
72,820
92,110
76,820
97,450
122 4201
69,400

153,000
88,340

78,440
78. 390
72,330
78.020
93,130
80,420
98 920
123,490

79.200
78.880
72.500
78, 080
92,620
80,330
98.410
122,590

97,960
64,870
57.830
92.810
75.710
86,120
94,660
119,020

105.170
69, 70
64, 040
98,110
78,630
87,500
96. 000
119,940

104.560168, 990
63,120
96,870
77,050
86,400
94.140

117, 200

93,170
56.830
52.350
99.040
69.290
81,410
81,670
154,220

90.500
60,740
5, 170
96.840
69.970
82.250
81.670
149,910

69,860 69.380 62,00 64,040 61,110 52,380 58,170
154,960 153.850 201,000 197,310 190,830 191,300 203,610
90,300 89,950 93,490 96,4601 94,430 93,700 94,390

April

204,000
105,000
147, O0i
133,000
237,000
152 000
295,900
143,600
201,300
117,600
228,600
184,530
210,020
154.050
203, 470

202,150
98,590
145,730
131.620
226,540
151,880
309,900
139,050
198,050
110,700
217, 920
179,070
195,120
143.360
200,900

195,110
87,790
139,180
124,880
213,590
142,860
309 090
130, 460
183,140
99,270

200,390
171.350
183,060
135,100
1S8.100

May

495,000c
215,000
248,000
246,000
442, 00
311, 000
422,900
289,100
431,400
244, 000
395,810
347,720
304,850
240,750
280,800

512,070
213,300
228,830
234,020
431,040
310,640
403,440
294,240
416,190
225,990
383,340
340,400
289,920
223.070
273,200

503,490
204.900
222,090
228,480
417, 860
303,070
398,750
286,500
400,900
216,650
35, 960
333,150
283,080
215,630
264,370

97,870
58.820
56.100
93. 030
67,050
79,750
78.510
145,120
55.5301

200,740
91,920

June

504,000
384, 00
297,000
273,000
480,000
620.000
379,900
440,000
414,600
348,900
513,600
305,660
312,220
283,900
422,600

453.840
352,590
268,000
239,290
445,090
600.630
334,530
407,160
363,880
320,370
474.100
270,300
280,990
257 300
399,030

448,100
348,050
265,780
239,040
437,640
591, 590
333,920
403,590
356,580
317,720
465,420
268.890
278,420
253,070
394,140

85 800
63,5.50
42.430
96,310
68,270
73,490
80,810
111,600

88.910
65.970
46,510
96, 770
66,100
72 520
78,500
97,700

85 770
62.580
43. 280
92,720
61,800
68,860
74,600
93,460

42,4301 46,510 43,280
214 900 205,660 201.150
86,990 86,130 82,560

T-1-a

314.000
220,000
231,000
196,000
308,000
423,000
216,900
312,300
212,900
246,20Q
311,660
233,480
205,440
179,200
286,300

295.900 309900' 302 890 495.000 512,070 503,490 620.000 600.60 591,590 423,000
181,140 176,710 166,480 327,620 318,650 309,660 398,630 364,470 360,130 259,7601~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

280,910
185,360
202,960
169,790
267,240
378,700
187,240
277,800
182,740
212,860
274,970
209,440
186,340
160,040
263,500
160,040
378,700
229,330

280,430
185,320
203,380
170,680
266,940
378,390
187,740
278,130
182, 970
212, 990
20, 970
209.370
186,550
159.630
262,560
159,630
378,390
229,070

105, 800
55.890
51,420
87,090
66.360
88,740
82,640
112,440

106. 270
58,200
55,380
86,320
65,720
88,290
79,690
105.970

) 102. 980
54,120
52, 030
81,850
63,890
84.310
75,790

103,790
51,420 55,380 52,030

156 200 150,570 146,400
83,700 84,530 81,680

August

173.000
137,000
149,000
127,000
165,000
212,000
148,300
188,000
137,500
142,300
140,720
143,210
127,990
125,220
163,300

125.2201
212.000'
151,970[

147,290
117, 200
131,490
110,570
143,850
186.550
130,380
166,330
119,550
122,920
123 730
138,430
120,130
121,290
151,130

110,570
186,550
135.060

148,000
117,980
132,010
111,660
144,480
187,190
131,770
167,210
120,170
123,570
124,250
134,140
120,690
121,760
151,350
111,660
187,190
135,750

97,650 101,670
91.100 97,400
69,820 72,130
134,9 140, 730
107.630 114,050
138.600 141 950
106, 220 107, 780
100,860 99, 80

97.690
94,330
68,690
134,740
110.380
136,260
103.310
97,220

69,8201 72,13 68,690
164 000 176.360 172.710
110, 600 114, 110,710

September

104,000
94,400
101,090
99,500
113,000
131,000
102,900
112,000
97,870
97,670
104,110
99,290
107,530
122, 870
101,250

90,100
84,410
91,660
92,580
100.460
118,930
94,050
100,690
91,400
90,680
94 570
92,430
101,980
117, 870
96,710

91.420
85,600
93,230
94,660
101,850
120, 390
96,390
102,580
92, 770
92,400
95, 850
94,150
103,260
118,770
97,630

94.400 84, 410 85,600
131.000 118.930 120,390
105,890 97,240 98,660

0
0
tr

P

>,j

(A,NOTE.-(1) Observed discharges are those recorded for Columbia River near The Dalles by the IU. S. Geological Survey corrected for change In storage at Grand Coulee P.eser
voir. (2) Modified discharges are observed discharges corrected by initial and ultimate irrigation requirements for which data were obtained from U. S. Bureau of Reclamation
(3) The initial irrigation requirements are the net depletions which are anticipated for the year 1960 when, it is assumed, half of the remaining potential irrigable lands in Snake River
and lower Columbia River Basins and all in upper Columbia River Basin will have been developed.
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TABLE 5.-Mean monthly discharges in second-feet, Columbia River at McNary dam site, Oregon
{Drainage area-213,500 square miles]

Water year

1928....------------
1930-----------
1931________---------__
1932-------------
1933--------------------.
1934.--------------1935---------
1936_------------ I

1937----------

1938--------------------1939..-- -----

1940- ...-----

1941.--------------1942--------------I

Minimum--.....
Maximum-.......
Average -----

Modified
Ob-

served Uli-Initial

October

149,5301 147
82,640 79
65.210 64
72,550 71
67,090 68
74.840 74
9 980O105
70.390 73
73.140 73
66,210 67
68,550 72
87,580 87
72,930 75
93,370 93
117, 760 117

65,210 64
149,530 147
84,050 84

,430
.520
,370
.950
,050
,510
,660
3010
.100
. 060
,460
,320
.,200
.590
.730

4.370
,430
,730

145,270
75.650
62,600
70.350
66,870
73.190

104.OSO
72,420
72 240
65,880
71.250
85,520
73,780
91. 850

115, 730

62, 600
145,270
83,110

Modified
Ob-

served MUt-Initial m

November

190,400
74,100
58,010
59,770
61, 800
87. 540
141,100
92 810
60,060
53.390
87,170
70.120
81,640
89,530
112,200

186,810
72,320
59,550
60, 40
67,280
92 210
143, 950
99,240
64,150
58,760
91,780
72320
82,220
90,220

112, 950

53,39C 58,760
190,400] 186.810
87,980 90,280

i80, 430
68,620
54,820
57.300
65,330
89.990
141,910
97,870
62,550
57,020
89,850
70,040
·80,310
87,700
110,030

54. 820M
180. 430{87.s590

Modified | Modified Mfodified
Ob - Ob- Ob-

served In l ti served l ti- served ] Ulti-Initial Initial mate Initialmate mate mate

December January February

173. 880
60,120
56,950
54.750
54.120
89,450
182,640
86,290
51,920
47,460
89,800oo
63330
76,360
74,760
144,420
47,460
182,640
87, 080

166.9301
59,560
60,050
54,910
57,790
87,300
195,190
83,730
55,820
53,240
88,450
64.130
77,240
75,350
141,400

53,240
195,190

., U'U1

164.590
56,340
55,430
50, 890
55.570
84,510
192,550
81. 800
53,890
51,160
85,500
61, 320
74,780
72, 780
137,890

135.600
53.370
43, 630
49, 610
59,380
84.310
204,640
79,270
56.220
37, 570
87,470
62, 530
67,900
73,980

103,560
50.8901 37.570
192,550 204, 640
85,2i70 79940

137.730
56.50
45.560
52, 760
59.870
83,560
196,500
83,080
59,40C
42, 20
89,060
61,040
67,670
72,820
90,580
42.200
196,500
79,890

137,550
55,450
41,160
49, 560
57, 220
80,440

193, 080
80,650
56,760
39,530
86,140
57,430
64,750
70,060
87,260

39,530
193,080
77,140

110,040
52,250
72.520
51,630
52, 220
64,480
149,060
98,980
48.840
45,720
77,260
61,190
78,500
75,970

100,160
45, 720
149,060
75,920

11. 020
59.570
79,370
55,410
57,490
65,660
144.670
100,590
52,330
50,610
78,240
61,520
79,910
74,430
94 450

118.340
60.9900
77,650
53,600
54.410
62 670
141,750
98,430
49,440
48,190
75,520
60,670
77,90
71,950
93,030

50,610 48,190
144,670 141,750
77,950 76,300

Modified
Ob-

served [Initial mat

Marcmate
March

145 920
75,040
67, 220
68. 660
139,010
86,220

148, 200
90,940
S0,190
60,140

118.190
93,570
123,800
96,750
88.440

60,140
148,200
98,820

158.630
84,.880
74.780
78 340
148, 870
94,840

131 530
95 7801
88,050
64,220
126,550
102,740
129,880
100,190
87, 600

155.320
83.510
75.440
77 070
143.470
93,370
129,120
92,625
86.530
62, 560

123.080
101, 82
126,920
97,610
85,480

64,220 62,560
158,630 155.320
104,460 102,260

-10

OS

00

t1

I
-

a

-t4

w

t»00<

I I I i I

9.869604064

Table: Table 5.--Mean monthly discharges in second-feet, Columbia River at McNary dam site, Oregon
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1928.....----------
1929...................
.930---------
1931 --------------
1932.....................
1933 --_____.________--
1934.....................

1935 .------

1936_________...........
1937 ...--

1938.---------.
1939-- _.......__......
1940--------------
1S41..--..-----------
1942_-..---------.-

Minimum...__--
Maxieum-..
Average----

April May June July August September

185,960 183,810 179,530 482 250 498,360 488,820 497.950 447,560 441,600 .309,310 275,430 274, 170 168,800 141,890 141.410 99,710 84,350 84.230
94280 90,220 81.780 204,080 203,560 1963401 376,880 345.680 341.350 215,490 180,040 179,180 133.160 112,150 111,710 90,510 79,040 78,760
139,940 140,060 134.910 242,620 223,810 217,420 292,270 262.770 260,050 227,100 198,140 197,620 145.270 126,540 125,840 97,0 86,440 86,520
120,000 120,950 116.540 23,° 650 228,340 223,470 268,660 234,290 233,390 192,290 165,150 165,100 123,530 105,860 105,700 96,050 87,620 88,200
218,020 211,610 202,700 427,150 416,94 404,510 473,130 438,300 430,920 303,550 261,950 260,810 161,140 138,780 138,200 109,220 95,200 95,100
138,490 141,210 135,030 296,310 297,150 290,770 608.750 89,656 580,899 417,750 372,732 371,710 207,860 181,220 180,660 126,860 113,320 113,310
289,690 304,760 298,020 418,210 398,760 394,070 375,310 329,360 328,170 212,930 182,370 181,970 144,530 125,380 125,520 99,170 88,810 89,651
131,900 129,610 123,20 280350 286,590 279,950 433,980 400,800 396,880 307,790 272,420 271,890 184,060 161,170 160,82008,3409553096,910
185,340 185,200 173,400 421,500 407670 393,750 408,640 357.530 349,830 208,500 177,440 176,760 133,40 114.270 113,660 93.830 85,880 85,760
102,010 98,480 90.420 231,900 216,200 209,150 341,420 312,920 310,310 241,480 207,350 206,670 138,320 117,720 117,160 93.670 85,200 85,440
207,940 198,490 182.180 383,150 371,420 354,800 506,360 466,970 458,400 306,910 269,4401 264,60 136,540 118,350 117,680 99,910 88,900 88,710
172,540 168,450 162,100 340.430 333,860 327,350 300,720 264,880 263,000 229,370 204,431 203,470 139.440 128.425 127,900 95,480 87,128 87,350
196,810 184,180 174,390 298,150 283,970 277,880 307,710 275,910 272,770 201,600 I181,560 180.820 124.350 115,260 114,590 103.700 96,700 96,520
146,580 137,530 130, 00 232,790 215,860 209,160 276,640 250320 246,370 174,870 155,080 154.050 121,270 116,250 115,610 118570 112,320 111970
186,640 185,300 173,730 268,370 25520 253,430 414,320 391030 386,410281,210 257,930 256.500 159420146,120 145210 97,380 91410 90.900_8,4 _j6. ~0 I81,1 4.20I--91.--I
9,2809 0,220 81,780 204,080 203.560

289,690 304,760 298,020 482,250 498.360
167,740 165,330 157,260 317,800 309,600

196.340j
488. 820
301,390

268, 660
608,750
392,180

234. 20
589, 56
357,870

233,390
580.899
353.360

174,870
417,750
255, 350

155, 080
372,732
224,100

154, 050
371,710
223,030

121,270
207,860
148,080

105,860
181 220
129,960

105,700
180,660
129,450

90,510
126,860
101,980

79.040
113,320
91,860

I

78,760
113 310
91,890

NOTES: (1) Observed discharges ae those recorded for Columbia River near The Dalles by the U. S. Geological Survey, less inflow between The Dalles and McNary dam site,
corrected for change in storage in Grand Couiee Reservoir. (2) Modified discharges are observed discharges corrected by initial and ultimate irrigation requirements for which data
were obtained from the U.S. Bureau of Recl-mstion. (3) The initial irrigation requirements are the net depletions which are anticipated for the year 1960 when, it is assumed, half
of the remaining potential irrigable lands in Snake River and lower Columbia River Basins and all in upper Columbia River Basin will have been developed.
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TABLE 6.-Mean monthly discharges in second-feet, Columbia River at Bonneville, Oreg.
[Drainage area-240,000square miles]

Water I

192S-------------------
1929----- -----------

13---------------------
1931-------------
1932.-----------------
1933.----- ---------

1934..--------------
1935.-------------
1936.--- ------ -----

1937----- ----------

1939.--- ----------

1940.----------
1941.--------------
1942 ---------

Minimum---
Maximum----
Average --------

October

161,350' 160.040' 158.670
90.3001 88.240; 85.420
71.650 71.980 71.370
7S.7601 79,320 78.880
73,0501 75.230 75,280
81.480j 82.3101 82 150
107 430, 115,140' 114.590
78.4301 82.140 82 650
79.640 80, 001 81. 150
72.440 74.500 74.530
75.2901 80,330 80.230
94,8801 95,730 95,050
78,950, 82.430 82,220
99, 810I 10. 130 100.470
125.0401 125,9601 124.910

71,650 71. 980
161.3501 160.010
91.2301 93,020

71,370
158,670
92,500

November

213.0001 208.910 202.040
S3.150 81.890 78.690
64.850! 67.0501 62.970
66.820; 68.170: 65.660
69.1701 75, 3201 4.020
99.330! 104.330: 102.440
151.000I 154.3001 152.720
105.430 112. 160 111.070
67. 560 72.310 71.380
59.980i 66.0601 65.020
100.040 105, 060 103.540
79,200 81.930 80.170
88190889.440 88,220
98,060 99, 230o 97.1901
122 7901 123.520 120,590o

Modified

itial latemate

December

191.1501 182.900 179.260
6S.900. 68.0801 64.610
66.550' 69.3301 64.390
61,660; 61.660 57.490
62.2501 65.730 63.310
100.440 95,000 94.9t30
216.350 27, 560 223,570
101.6201 98.610 96.230
60,0501 63.800 61.730
55.960 61.580 59.340
110.770 108,230 104.090
74,030 74.4801 71,320
86,510 87.0901 84.340
86.310; 86,Wn! 82.710
163,8701 159.090s153,830I l 1.so

59.9SO 66.060 62.970 55,960
213.000 208.910 202.040 216,350
97.900 100,650 93801 100.430

61,5801
227, 560
100,820

57,490
223 570
97,370

Modified
Ob-

served Tmrl-
mate

January

157,4501 158.150, 156,540
62,100' 64.470 62,570
51,300! 52,440 47,250
58.200 60.470 56,400
70,400 69.890 66,240
97.1601 95.530 91,540
232 750 222.60C- 217.170
94.370 97.140 93,670
73.590 75,830 72.260
44.990 48.960 45.500
108.650 108.690 104.230
73.300 70.920 66,420
77,570 76,370 72.480
86,5 84,000 79,900
115,680 101,550 97.070

44.990 48,900 45,502z3 7501 222 600 217,170
93,6001 92,460 88,620

I I

Modified
Ob-

served tInitial temate

February

125. 900, 129. 810 132.060
61.700 67 930 68.260
92. 60 97.660 93.890
60.250 62.8,70 59.910
66,060 69,710 65,020
75.100 75,200 71.130
165,120 158. 60 15, OSO
113,520 113640 110,000
60.100 62,2 58. 020
55,200 59.020 55,530
94,300 93.260 88,520
72,260 71,430 69,420
99.860 99.110 94,820
88,010 84.860 80,750
120,630 113.950 111,560
55,200 59.020 55,530
165,120 158. 860 154.080
90,060 90,640 87,530

Modified
Ob-

served Uti-Initial ateI mate

March

175.500 187.380 183.260
92.600 100,400; 96,990
811301 87.350 86.670
81, 800 90.17, 87590
171,020 176.380 166,490
102,5601 109,690 106, 740
165.630 147, 240 143,110
104,6501 108,360 104, 070
99,100 105.190 101.910
77,410 79.540 75.920
147,450 152,950 146,640
113,960 120,210 116,370
149.670 152.540 146,370
111,470 112,680 107.870
103.3101 101,900 99,209

77,410
175,500
118, 490

79,540
187.380
122,130

75,920
183,260
117,950

t0

0CO

0
0
t4

z

b-4
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o
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I

9.869604064

Table: Table 6.--Mean monthly discharges in second-feet, Columbia River at Bonneville, Oreg.
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April May June July August September

214,350 210,480 204,470 503,9501518.610 507,610 508850 458.100 451,780 320,350 26,860 285,990 175550 149,570 150,010 107,000 92,890 94020
111, 000 104,270 93,150 223,480 220. 980 211.790 390,700! 358,620 353,420 223, 800 188,820 188,440 139,700 119. 680120,240 96,750 86.590 87, 20
153,700, 151,820 144,670i 253.200 233,550 226,330 299.070 269,740 267,200 233,800 205,530 205,710 151,250 133,570 133.930 103.060 93.50 95.020
142,060 140,200 132,9701 252,860 240,210 234,010 276,950 242,930 242,370 198.550 172140 172,820 129,080 112,500 113.430 101,480 94,430 6,390
246,400 235,310 221,720 451,780 439.830 425,660 486,000 450.350 443,160 312,280 271.150 270,470 167,960 146,600 147,030 115,500 102,790 104,020
162,000 161,370 151.830 321,350 320,130 311,690 632,680 612,070 601,800 429,500 384,660 383,820 215,750 190,020 190,370 134,300 122.020 123,250
304,600 317,740 309,080 428,580 408,580 403,350 384,800 339.070 338,100 220,360 190,420! 190,640 151,420 133,290 134.450 105,760 96,720 98,880
151,320 146,340 137.320 298,500 302,730 294,090 447,430 413,860 409.560 316,730 281,860 281,820 191,300 169.410 170,060 114,850 103,380 105,110
210,340 206,460 190,920 441,320 425.070 408,740 421,540 370,160 362,190 216,550 186,060 185,950 140,220 122.070 122480 10,360 93,730 94,930
128,250 120,940 109,100 253,400 234,570 224,400 357,630 328,260 324,770 250,550 216,780 216470 144960 125,360 125,800 00110 92 930 470
241,090 229,620{ 211,300 407,030 393,180 374,440 521,210 480,780 471,180 316,030 27S,920 274,500 143,860 126,620 126,890 106,920 97.180 98260
191,030 184,970 176,650 356,630 348,550 340,540 309,520 273.760 271,960 236,320 212,030 211,71; 145,430 135,490 136,030 101.400 94,400 95,980
218,260 202,720 189,930 311.610 295,950 288,390 315,910 284.320 281,380 208,070 188.750 188.750 130,220 122,200 122600 109.770 104,070 '105.190
159,260 148,010 139,200 245,710 227,550 219,610 287,070 260,200 255,710 181,580 162,210 161,600 127,250 123.180 123,490 125,360 120.210 120.960
209,890 206,700 193,270 286,670 278,410 268.900 427,270 403,260 397,920 289,270 266,220 265.020 165,580 153.240 153,290 103,190 98,520 99330

4=.2','oi i=. oi~~~~~~

Minimum ---- 111,000 104,270 93,150 223,480 220,980 211,7901 276,950
Maximum--- 304 600 317,740 309,080 503.950 518.610 507,610 632.680
Average. ..---189,580 184,460 173,710 335,740 325,860 315,9701 404,440

242,90 242,370
6.2,070 601,800
369,700 364,83011a 01 0

181,580
429,500
263,580

162,210
384,660
232,830

161,600
383,820
232,250

127,250
215,750
154,640

112,500
190;020
137,520

113,430
190,370
138,010

96,750
134,300
108,390

86,590
122,020
99,560

87,620
123,250
100,900

0

t-JW

P-

-.1

NOTES.-(1) Observed discharges are those recorded for Columbia Rivernear The Dalles by the U. S. Geological Survey, plus inflow between The Dalles and Bonneville, corrected
forchange in storage in Grand Coulee Reservoir. (2) Modified discharges are observed discharges corrected by initial and ultimate irrigation requirements for which data were obtained
from the U. S. Bureau of Reclamation. (3) The initial irrigation requirements are the net depletions which are anticipated for the year 1960 when, it is assumed, half of the remaining
potential irrigable lands in Snake Riverand lower Columbia River Basinsand all in upper Columbia River Basin will have been developed.
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F;

(P

Cr

c-r

1928.-------.--------
1929 -------------------
1930--------------
1931 --------------
1932----__-_-----------_
1933.----.-------------_
1934 _-------.-----------
1935 ------_---------_
1936....----------_
1937_----._-----------_
1938.....---------
1939_._____-----------_
1940.--_--___----------_
1941 _-----__-----------_
1942___-_-_------------



TABLE 7.-M3ean monthly discharge in second-feet, Columbia River at Arlington Dam site, Oregon
[Drainage area -217,500 square miles]

Water year

1928 ..------------ -I
1929. -___---__---------
1930 ------------------
1931-------------
1932..-----------------
1933.------------
1934----------------
1935---------------------
1936I _--------------- -I
1937-------------
1938..------------------
1939.-------------------
1940------- _-----------
1941.--------------
1942.---------

Minimum
Maximum----
Average .....-

Modified
Ob-

served Ulti-Initial mate

October

150,010 148.610 147,150
82.670 80.250 77,080
65.290 65.150 64.080
72.590 72.690 71,790
67,100 68.760 68 280
74.880 75.250 74.630
99.030 106 410 105.530
,0.410 73.730 73 840
73,160 73,820 73.650
66,2201 67.770 67,280
68.600 73.210 72.700
87,600 88.040 86.930
72.950 75.920 75,200
93.380 94,300 93.260
118,000 118 670 117.370

65.290 65.150 64,080
150.010 148 610 147.150
84,130 85,510 84,580

|Modified
Ob-

served
Initial
N mate

November

191.7001 188 700
74.270 73.080
58.150 60.280
59.830 61.110
61.840 67.910
87.750 93.010
141.200 144.640
92.860 99. 880
6Q.170 64.840
53.470 59.430
87.330 92.530
70,260 73.050
81.780 82.950
89.770 91.050
112 800 114,140

53.470 59.430
191. 700 188 700
88 210 91,110

182. 910
69. 970
56,140
58.530
66.550
91.380
143.190
99. 100
63.830
58.280
91. 180
71,360
81,630
89.120
111,810

56.140
182 910
89,000

Modified
Ob-

served Ulti-Initial mate

December

174.750168.080
60.250 59.970
57.080 606046
54.850 55.300
54.500 58,450
89.630 87,760
183.360 196.200
86,760 84.480
52.020 56.200
47.540 53.600
90.170 89.100
63.550 64.640
76.470 77.640
75.290 76,170
145,200 142 470

47.540 53.600
183,360 196,200
87,430 88,700

166.030
57.040
56.130
51.560
56.520
85.260
193.840
82 840
54,560
51.810
86,440
62.110
75.460
73.880
139.240

Modified
Ob-

served
Initial mate

January

137. 510
53.490
43,720
49.920
59.420
84.740
205,700
79.580
56.660
37,670
87,800
62 750
68.050
74,350

104,160

51.560 37.670
193.8401 205.700
86.180j 80,370

139.720
56,760
45, 30
53.150
59.990
84.070

197. 640
83.470
59.920
42.380
89.470
61.340
67.900
73.270
91.260

42.380
197.640
80,400

139.620
55 740
41.410
50.040
57.420
81. 030
194.310
81. 120
57.360
39, 790
86.630
57. 810
65.060
70.590
88 020

39,790
194.310
77,730

Modified
Ob-

served mlt-Initial mate

February

111,060 115.990
52 490 59.750
73.530 80.330
51.880 55.610
52760 57.980
64.850 65.970
149.370 144.930
99.300 100.850
49.180 52.620
45.990 50.830
77.650 78.580
61.520 61.800
79,540 80.900
76 140 74.540
101,100 95.340

45.990 50.830
149.370 144.930
76,420 78,400

Modified
Ob-

served lti-nitial me

March

119.260 147,630 160.220
61.120 76.450 86. 170
78.550 68110 75.550
53.750 69.370 78930
54.850 141.830 151.570
62.930 87.060 95.560
141.950 14& 830 132. 030
98.640 91.130 95.850
49.670 81.350 89.090
4& 360 60.740 64.00
75.810 119. 300 127,540
60.890! 95.180 104.230
78.720 125.230 131.190
,72.010 97.09010.410
93,860 89, 19 88.230

48.3601 60,7401 64.700
141.950 14.830 160,220
76.690 99900 105.420

156.790
84.680
76.090
77.540

146. 050
93.970
129.500
92. 570
87.440
62.920
123.940
103. 190
128. 110
97. 710
85.990

62.920
156.790
103,100

CO
tO

b:

-3
z

'-4

0

I.

.
- I I--l~~~~~~~~~~~~~L-
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-II
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_

9.869604064

Table: Table 7.--Mean monthly discharge in second-feet, Columbia River at Arlington Dam site, Oregon


460406968.9



April May June July August September

1928 ---- 188370 186.150 181,800 482.590 499.050 489,860 498.000 448,190 442 810 309,340 276.100 275.480 168.820 142 640 142.880 99.750 85.150 85.800
1929------ ----- 95.100 90.970 82.470 204.500j 204.330 197,460 376,940 346.320 342,570 215.520 180,710 180.490. 133,180 112.900 113,180 90.560 79.860 80.340
1930 -- 140 180 140.230 135, 010 242640 22,180 21& 140 292.310 263.390 261,250 227,120 198810 198.930 145.310 127.300 127,330 97,290 8. 230 88,070
1931-------- 121,710 122 590 118 120 239.680 228,0 224, 200 268690 234. 00 234 580 192 300 165.810 166. 400 123.540 106.600 107, 160 96.060 88 400 89.740
1932-------2-_0----220.520 214040 205.070 42 190 418,330 406,250 473,160 438,910 432 110 303,570 262.610 262.110 161,160 139,520 139.660 109.240 95.990 96.650
1933---.------- 139.920 1492570 136,330 297,950 299.140 293.110 609.020 590,510 582.330 417,760 373.380 373.010 207,880 181.960 182 120 126.930 114.160 114.910
9134-- ----T2S9. 30 304, 780 297,970 418 220 399.120 394,780 375,320 329.950 329.340 212 940 183.020 183.260 144,540 126.120 126, 0 99,190 89,590 91. 200
1935-------- 132 870 130,520 124.110 280. 460 27.050 280,760 433.990 401.390 398.050 307,810 273.080 273.190 184.080 161,910 162.280 108 350 96310 97,450
1936 ------- - 186.850 18650 174,780 421,680 408.200 394,630 408,650 358,120 351 000 208,510 178.100 17,8.060 133.470 115.000 115.120 93.840 8660 87.300
1937--1---------- 103.220 99.620 91.490 232,280 216,930 210.230 341.470 313.550 311.520 241.490 208.000 207.970 138.350 118.470 118.630 93.710 86.000 87.010
1938-- --...---- 209,120 199.600 183,230 383.250 371.870 355.600 506.390 467,580 459.590 306,940 270.110 265.970 136.560 119.090 119.140 99,930 89.690 90.260
1939.-....- ------ 173,230 169,08G 162.660 340.480 334 260 328 100 300.740 265,480 264.180 229.410 205.110 204,790 139.450 129.170 129.360 95.490 87.910 8 8890
1940 --- -------- 197.590 184,890 175.030 298 170 2S4.340 278.600 307, 730 276,510 273.950 201.620 183.230 182 130 124. 3 116.000 116.050 103,720 97.480 98.070
1941 .---_ ---------- 146.590 137.480 130, 780 232.830 216,250 209.900 276.850 251,110 247 740 174.890 155. 740 155.350 121.310 117,010 117,100 118,630 113.140 113.560 W

1942-------- - 187,630 186 230 174. 590 269.230 262.730 254.990 414. 70 392 060 388,020 281,360 25.720 257,930 159.450 146,870 146,690 97,440 92.230 92.490

Minimum 95.100 90.970 82.470 204.500 20 ,330 197.460 268.690 234.900 234.580! 174,890 155.740 155.350 121.310 106.600 107.160 90.560 85.150 80,340f

Mximum- 2S9,780 304. 780 297. 970 48 590 499.050 489,860, 609.0201 590,510 582 3301417, 760 373.380 373.0101 207.880 181,960 182 120 126,930 114.160 114,910
Average-,-- 516850 166,360 158,230j 318 140 310,300 302 4401 392, 270 358,530 354,60i 255,370 224, 770 224, 340 148, 100 130700 130,9 10 2, 010 92, 650 93,450

NoTa.-(1) Observed discharges are those recorded for Columbia River near The Dalles by the U. S. Geological Survey, corrected for change in storage in Grand Coulee Reservoir
less the&inflow between The Dalles and Arlington dam site. (2) Modified discharges are observed discharges corrected by initial and ultimate irrigation requirements for which data

were obtained from U. S. Bureau of Reclamtion. (3) The initial irrigation requirements are the net depletions which are anticipated for the year 1960 when, it is assumed, half of
the remaining potential irrigable lands in Snake River and lower Columbia River Basins and all in upper Columbia River Basin will have been developed.

Co

O0



COLUMBIA RIVER AND TRIBUTARIES

TABLE 8.-Active recording precipitation gages
(Main Columbia River below Yakima River]

Eleva-
tion, feet

885
85

400
300
825
39
30
40

190
360

Date established

November 1940.
January 1940.
January 1910.
August 1941.
January 1948.
December 1940.
January 1940.
January 1910.

January 1940.
August 1941.

2664

Manp
No.

I I

-

lli

-I .n
1

h
,,

.

V' - !

A

station

OREOON

- - - -

'.,"Irnt̂ iition. ................................

'~ A.4LIN (;T()N

-------------- ·- I I--------------·I-.

9.869604064

Table: Table 8.--Active recording precipitation gages
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TABLE 9.-Climatolcjical data
[Main Columbia River below Yakima River]

Temperature, in degrees Fahrenheit

8tsapon
Eleva- Years oMAP Statison tionf. record Abso- Abso-

.No feet Annual lute lute January Jul
mean maxi- mini- mean me

mum mum

101
102
103
104
105
106

Arlington, Oreg--------
Astoria, Oreg.-------
Cascade Locks, Oreg-.
Cathlamet, Wash........
Clatskanie, Oreg -------
Hood River Experiment

Station, Oreg.-------.Ir^A;-I -ach

85
231
100
476
80

300
109

37
88
68
10
12

63
55

54.1
51.2
52.4

51.2

50.3
53.7

114
101
107

101

1106
115

-25
10
-9

9

-27
-29

UI I.eUlUewl*u, __-_-------_ _--
108 Longview, Wash ---- 12 22 51.5 105 -20

109 Mottinger,Wash.--- 307 46 55.1 115 -24
110 North ead, Wash----- 196 60 50.0 97 15

111 Portland. Oreg-- .----- 30 76 53.1 107 -2
112 Prindle, Wash -----.2.200 14 50.7 104 7

113 The Dalles, Oreg----.- 98 88 53.1 115 -30
114 Umatilla, Org----- 285 59 54.2 117 -23

i Obtained by adjusting data to long period values.
Includes only those records of present location.

32.7
40.4
35.8

38.2

32.8
31.8
38.0
33.4
42.1
39.4
37.4
32.6
32.8

Precipitation, inches

I~!Goigsa

Snowfall, inches son, days,
-I-I___ I

75.3
61.0
68.1

63.8

67.4
75.8
63.8
76.6
57. 2
66.7
67.0
72.6
76.2

Aver-
age

9.0
76.3
76.2
83.8
54.0

31.3
7.1

40.6
8.6
51.4
41.6
66.8
15.5
7.9

Nor-
mal

9.3
76.9
77.0
84.7
62.6

29.8
7.7
40.0
9.2
52.8
40.2
66.1
13.5
7.7

Wet-
test
year

1940
1933
1887
1946
1937

1893
1940
1933
1916
1933
1882
1937
1858
1881

Amount Driest Amount Years of
year record

13.5
114.0
100.6
105.0
76.8

54.2
12.2
58.0
14.0
77.2
67.2
88.6'
43.6
11.7

1939
1884
1935
1944
1944

1944
1898
1929
1936
1929
1929
1933
1939
1934

5.0
49.4
48.8
67.0
39. 2

15.8
3.6

28.3
5.5
30.6
26.1
22.0
6.4
4.1

33
59
53
6

11

50
49
22
44
60
75
11
70
45

;Un- Years ofmelted recordaverage

13.2
4.1

33.4
3.9
6.3

48.3
13.6
5.9
8.7
4.7
12.5
12.8
29.4
6.6

12
28
30

31
31
37
14
39
36
40
14
32
28

Aver-
age

205
273
217

219

183
181
171
213
297
263
236
196
197

0
0

td

L-4
LI
0tz

M

;_3,

ly
an

I

9.869604064

Table: Table 9.--Climatological data
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TABLE 10.-Population, 1920-47

State and county

ItIo
'Washington ----------------------------------------------------------------------.
Oregon--------------------------------------------------

Total for sub-basin.---------------- ------------------------------------

COUNTLES W'IThIN SUB-BASIN
Washington:

Benton --.-------------------------------------------------

Clark ...............---------------...----
Cowlitz ------..------- -----------------------

Franklin ...------------.------------------------------------

Klickitat-....----...-----..-------- L----.--------------------.-------------
Skamania...--------------------------------------------------------------------
Waahkiakum.---........-----. -.-.--- .--------------------------------.--
Small areas in Lewis, Pacilic, and Walla Walla.------------.--------...------..

Oregon:
Clatsop.--..----.. ...------ ------------------

Columbia... -------------------------------------------------

Hood River. ...--------------------------------------------------------
Multnomah-.......----------.------- ----------------.------..

Wasco,Sherm---andl.-.------------ti-.-------.--------------------------
Small areas in Gilliam, Morrow, Sherman. and Umatilla--.-------------------

Percent
of 1940
popula-

tion
within

sub-basin

4
13

30
68
41
03
29
47
100

66
78
42
26
52

Population

1920 1930

42.70 57.030
111.210 129,460
153.990 ?6.490

3, 1O
22.310
4. 30
3,400
2.160
1,110
3,470
2,320

15,200
10.900
4.320

71. ,30
6.170
2, 890

3.040
27.410
13. (ISO
3.540
2,720
1,.370
3, SGO
2,010
13.900
14.,9o0
3.670

87, 940
6, 2:'0
2,790

1940 1947 (esti-
mate)

69, 230 125.900
140. 30 212.450

209. 860S 33S.. 50

3.610
33.950
16.320
3. 970
3.310
2. 170

'4,290
1,600

16. 260
16,280
4. S90
93.530
6. 770
2,900

12,000
75.000
22.000
6.000
3.300
2,000
4,000
1, 6)0

22,900
20, 600

,.300
150).00

9,00(0
3, 650

Percent Increase

1940-471920-30 1930-40 194(m4(estimate)

331 21 S2
16 9 51

211 13 1 61

-4
23

171
4

26
23
11

-13

-9
37

-15
23
1

-3

19
24
25
12

58
11

-20

17
9

33
6
8
4

232
121
35
51

f---

41
26
29
60
40
26

Source: U. S. Census, "Population" 1920, 1930, and 1940; Washington State Census Board; Bonneville Power Administration. Population for parts of counties estimated on
basis of these data.
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9.869604064

Table: Table 10.--Population, 1920-47
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TABLE 11.-Urban and rural population 1920-47

1920 1930 1940 1947 (estimate)

State and county Rural Rural Rural
Urban Rural Urban Urban Urbanrb

Total Nonfarm Farm Total Nonfarm Farm Total Nonfarm Farm

Washington----- --- - 15. 90 26, 790 34.140 22. 890 12. 970 9. 920 39.510 29, 720 17.850 11, 870 86, 000 39.900 26.500 13.400
Oregon.--------------------- 93.020 18, 190 109,640 19, S20 4,430 15.390 116,450 24,180 4, 860 19,320 180, 00C 32,450 12, 200 20,250

Total for sub-basin...-- 109,010 44, 980 143,780 42, 710 17,400 25,310 155, 960 53.900 22, 710 31,190 266. 000 72,350 3, 700 33.650

COUNTIES WITHIN SUB-BASIN

Washington
Benton .3, 10 3 040 1, 520 1.520 ------- .3,610 1, 920 , 690 5. 500 6, 500 2.800 3.700
Clark------ - 12, 630 9,950 20. 000 7, 410 6, 000 410 23.220 10, 740 9. 000 1. 740 57.000 18. 000 16,000 2. 000
Cowlitz------------- 4, 830 10. 650 2, 430 940 1,490 12. 380 3,940 1, 030 2.910 17. 500 4,500 1, 500 3,000
Franklin-----'-------- 3,360 40 3, 490 50 ---------. 50 3,910 60 --- - 60 6,000 --...-

K.lickitat ----------- 2,,0 720 1, 160 1,560 3.310 1, 580 1,730 3.300 1.900 1,400
Skarmania---.---------- --------- 1,110------ 1.370 400 970- 2.170 1.210 960 .......... 2, 000 1. 400 o00
Wahbkiakum:.-------- ...--------- 3,470 ----- - 3, S60 2,200 1,660 - 4,290 2, 450 1,840- 4, 000 2, 300 1,700
Small areas in Lewis,

Pacific, and Walla alla.--2,320 ----- 2,010 750 1. 260 --1,600 660940 .---1, 600 600 1,000
Oregon:

Clatscp 14, 030 1,170 10. 350 3, 550 3,550 10,390 5,870 5, 0 16.900 6,000 .... 6,000
Columbia ..----------.---10, 900 3,990 10,910 2,470 8,440 4, 310 11,970 2, 330 9,640 f. 000 14.600 4,600 10,000
Rood River- 3.200 1,120 2. 760 910 240 670 3. 280 1,610 700 910 4.700 1,6 00 700 900
Multnomah-i-...... 69 9S0 1,750 86.660 1,280 490 790 92.200 1,33050 810 144. 000 6, 000 5,000 1,000
Wasco--..........---...--- 5,810 360 5, 880 380 190 190 6,270 500 220 280 8, 400 600 300 300
Small areas in Gilliam,
Morrow, Sherman,
UJmatilla_-.---- ---- 2,890 2,790 1,040 1,750 --2,-0 .099001,090 1,810 3,650 1, 00 2,050

1 Rural farm and nonfarm not separately reported.
Source: U. S. Census. "Population." 1920, 1930, and 1940; Washington State Census Board; and the Bonneville Power Administration. Population for parts of counties and for rural
arm and nonfarm, 1947, estimated on basis of these data.
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9.869604064

Table: Table 11.--Urban and rural population 1920-47
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COLUMBIA RIVEIt AND TRIBUTARIES

TABRI, 12.-Land use, as of approximately 1940 (in acres)

Stato and county

Oregon ................
Washington..... .......

Total for subbasin

COUNTIES WITHIN SUB-
BASIN

Oregon:
Clatsop ............
Collnumbla........

illain111 ... ......

Ilood River...--..
Morrow...... ....

Multnomah....,..Sherman............
Unlatilla..--......
Wasco ..............

Washington:
Benton ..........

Clark ...............

Cowlit .-. ..........
Franklin............
Klickitat ...........
Lewis...............
Pictflo .. ..........

Skamanla.-..........
Wahklakum......

- Total
land

within
still .

basin 1

841, 730
420. 37:1

1,262, 112

226, 391
230, 510
60,000
1,600

200, 200
77, 240

731
43, 207
1,900

89, 980
34,473
70, 690
1,000
7, 00
3,920
66,100
2, 700

144,010

A grlcultural land

Total

410. 6fl
182, 158

692,811

18,850
46, 620
60, 00(

286
200, 200
41, 640

552
42, 231

374

89,980
24, 530
13,010

--7, 60(
1"i3,i10

2, 500
31, 538

Irrl.
gated

16, 02-
1:3,600

20
360

11, 590

280
1,100

Non.
Irri-
gated

371, 323
87, 732

459.,0,f

11, 250
38, 650
60,000

143
196, 390
32,700

26
32, 064

100

40,100
23,630
9,000

400

6. 070
1,000
7, 532

Permna-
nent

pasture

23.301
80,826

104, 127

7, 580
7, 520

143

7,600
434

124

38, 290
400

3, 730
'7,000
7,000
400

24,0061

Total

7, 760

7, 760

7,681

i 179

Range

Open
range

7, 760

7, 760

7, 581

179.---

.--

Forest
rang

Waste
and

Forest miscel-
area lano-

oils0111
uses I

401. 690 21 730
227,072 11, 143

628.6623 32,879
I-

199,960
183,990

17,'640

3,-920
63,000

112,472

1,214

I17,960
1,036
1, 526

9, 943
i,'660

200

. .--
..---

!- ..,_

I CorposJd of agricultural land, open range land, forest area, and-waste and miscellaneous uses.
I Inaccessible wasteland, townsites, etc.
Source: Data derived from statistics of Bureau of Census, U.S. Department of Agriculture, U. 8. Depart.

ment of Interior, and other sources.

TABLE 13.-Actual value of taxable property, 1920--46
[In thousands of dollars]

State and county 1920 1925 1930 1935 1940 1946

COUNTIS WITHIN 8UB-UASIN I

Washington:
lBentonl.... ....................-..... , 1,0 00 1,000 600 700 1,200
Clark ................-... .... 27,890 25,170 25,130 22, 530 24,205 38,980
Cowlltz-..................... ........ 16,370 21, 860 31, 70 22,200 22 613 30,000
Franklin ........................... 10, 0o1) 10, 020 10, 070 7,170 7, 629 9,000
Kllekitut....-.........---.--.-------- 1, 1,270 1,140 920 1,070 1,200
P'acfinc......2...................2,25 1,98 2,010 1,660 1,440 1, 000
kainania ............----............... 6, 805 , 1 5,710 4, 040 3, 810 4,300

Wahklakulrn .......................... , 08 5,40 5, 410 4, 890 4 750 6, 100

Subtotal..........760................72,120 7 0,30 82, 170 64,010 60,117 105,840
Oregon:

Clatsop ............................ 3, 720 31, 910 26, 860 20,370 18,100 22,100
Columbialn......................... 113,710 18, 110 17, 20 13,920 12, 780 17,400
(illlann.............................. 1,210 1,210 1,200 950 890 1,000
Ilood River ....................... 3, 020 4.120 65,420 56,080 5,60 9,000
Mulllinomah ---...... ..-- - 272,7301 320,020 351, 9303 283,070 278, 300 360, 00

natill .............................. 90 990 ,6501,,00 1 ,440 1,720
WIIsco.................... ..... 8, 360 10,910 11, 7(0 10, 380 11,370 14, 600

Subtotal.............3........331,.550 394, 130 .11,340 33., 170 328, 670 426, 220

Total for sub-basin................. 403,70 470,490 501, 610 399,180 394, 687 532, OGO

I Small portions of the following counties llo within the subbasin: I.cwis and Walls Walls In Washington;
Morrow and hcerman In Oregon.

Source: State of Washington, Minutes and Official Proceedings of the State Board of Equalizatlon
1921-42; Oregon State Tax Commission, Ilennial Reports, 1921-47. Figures for parts of counties estimated
from these data.

2668

9.869604064

Table: Table 12.--Land use, as of approximately 1940 (in acres)
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COLUMBIA RIVER AND TRIBUTARIES 2669
TABLE 14.-Industrial distribution of employed workers, 1940

Number PercentIndustry employed of total

Extractive Industries:
Agriculture--- ......-- -- .--.-----.-.- .--- 7,500 10
Logging-........------------------.---.--.---- 1,910 2
Forestry..------------------------------.--....-----423 (1)
Mining---.. ------------------.------------ 47 (0
Total extractive Industries...............................-.....-.......... 9,880 12

Processing Industries:
Saw and planlng mills...........---.....-...........--.......... -------6, 150 8
Other woodworking-............-----...............--........-..-............O1
Paper and allied products.--.... ... .........-...-....---.--.--------... 3,524 4
Food and kindred products-........................................------ --- -- - 2, 213 3
Iron and steel products .......-..--.-- ----- ----. ----. ..-----.---. 680 1
Textile products ......- ..............---......--.--........-.....---- .---- 554- 1
Other manufacturing- ...................................................... 3, 153 4
Total processing Industries.................................................. 17, 334 22

Service industries:
Construction .-----.......-.....-...............---.-----.-......-......--...4,581 6
Transportation................................................................ 4,707 6
Wholesale and retail trade-.........i......----- .......I-----t;, 228 21
Profes.slonal andgovernment--.......-..........------------ -----. 11,475 15
Other services ....- .......----...-----..................--14.008 18
Total service Industries ..................................................... 50,999 66

Industries not classified -.-.-- ...............................-----..........-..-. 425 (')
Total employed.....................-...--..----..........--. .......... 78, 638 100

I Less than 1 percent.
Source: U. S. Census "Population," 1940. Employment-for parts of counties estimated on basis of these

data.
TABLE 15.-Land in farms and farm values, 1945

Value of land
Land In farms within sub-basin (In acres) Vand building

'Per. Per-
cent of A- cent Crop lan Al. other uses
county Num- er of ______ ....State and county area ber of g" land
within farms farms area Per- Perpsub- in Total cent cent Total Per
basin farms rea oof acre

Area Arealand lad
in in

farms farms

Thou-
Acres sandy

Washington...---------....... 1,727 105 43 182,158 111,022 61 71,136 39 $15.871 $87
Oregon----.---------------. 2,253 98 26 221,663 99,194 45 122,464 65 25,501 115

Total for sub-
basin ---.--..--.- 3,980 101 32 403,821 210,216 52 193,605 48 41,372 102

COUNTIES WITHIN
SUB-BASINI

Oregon:
Clatsop.- ... 43 220 86 8 18,850 11,270 60 7, 80 40 2,162 115
Columbla.-.-.- 66 760 62 20 46, 5620 39, 000 84 7,520 16 6,226 134
(Oillain........ 8 15 4,000 100 60, 000 296 () 59,704 99 296 5
Hood River./- () 8 36 19 280 143 60 143 60 49 171
Morrow........ 15 114 95 5 10,810 3,810 35 7,000 65 1.174 109
Multnomah.... 29 875 48 64 41,040 34,140 82 7,600 18 12,867 309
Sherman---..- (1) 11 60 76 552 118 21 434 79 44 80
Umalinla-..-.- 2 250 171 99 42,631 10,167 24 32,464 76 2,602 61
Wasco-.......... () 10 37 20 374 250 07 124 33 81 217

Washington:
Benton........ 8 756 119 100 89,980 60,980 68 29,000 32 3.777 42
Clark.......... 9 94 201 71 24,530 24,130 98 400 2 ,8,619 225
Cowlitz ---... .10 107 66 18 13.010 9,280 71 3,730 29 1,624 125
Kllckltat----. (') 27/ 278 100 7, 600 600 7 7, 3 907 13
Paciflo .-----..--- 11 70/ 187 20 13,100 6,100 47 7,000 63 1, 048 80
Skamanla..-.(' ) 125 20 93 2 500 2,500 100 --....... ...... 500 200
Wahklakum... 84 458 69 22 31,538 7,632 24 24,006 70 3,306 105

I Small areas In Franklin and Lewis Counties, Wash., lie within the sub-basin.
, Less than I percent.

I · · · _ _ · I--···---···ICI-·ll·--·-·---

9.869604064

Table: Table 14.--Industrial distribution of employed workers, 1940


Table: Table 15.--Land in farms and farm values, 1945
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COLUMBIA RIVER AND TRIBUTARIES

TA'nlr 16.-Farms under irrigation, 1989

Columbia River
TotnlItem Ts-bsnsc-bast Yakima UrnatillalDirect itver River

Irrigated faris . . . .....-..----..-- ......-number- 1, 133 25' 750 352
Area Irrigated .....- ........... ..........-.---. acres. 2,020 4,002 11, 00 11, 977

Cropharvested-...-.....-..-.-...........(lo- .. 25, 101 3, 778 11, 600 , 703
Crop failure-........................ do..- 1, 053 30. ..... 1, 017
Pasture-- .-...- ........-------- .- ..do 2, 816 2482, 607

Irrlgable area In enterprises. ----..- ...- ---.-do-- 30, 478 6, 705 11, 60 10,183
D)liferlece, IrrlKgnla -irriattc d .--....... .---.--......(O. 0,849 1, 13 .-- 6,20
Area works, could supply -................do 34, 607 4,892 11,590 18,115
I)llorenice, cap:acity-lrrigated...------...do........-do 4, 08 830 ---- 4, 138

TlABE 17.-Unreservcd saw) timber by ownership as of Jan. 1, 194/
(Millions of board feet, log scale, Scribner rule]

Other
Species Privately Natlonal publicly Totalowned forest owned and

managed

Dougflas fir-.........................- 2, 3, 108 82 2, 646
Western hemlock ..- ................................ 1,742 43 330 2,115
Cedars.....-............................................ 153 12 20 194
lBalsam firs-...................................... t3 32 69 204
Bilka sl)ruco...........-....2....................2ef ........ 47 313
Other softwoods... ... ................... 12 3 ....... 15
lHardwoods --....... .. .......- ..-.- . ............... 34 -.--6..-..-- 6 40

Total saw timlber................................. 4,720 198 63 6,487

Source: Pacific Northwest Forest and Range Exlperinotit Station, Portland, Oreg., Power Markets and
D)evelol)pents in the Pacific Northwest, Forest and Forest Products Industrles, 1917. Figures for parts of
counties estimated on basis of these data.

TJ'AInI 18.-Unreserved saw timber by counties as of Jan. 1, 1945
IMillions of board feet, log scale, Scribner rule]

Stato and county

lWashington.................
Oregon......................

Total for sub-basin... ..

COUNTIEt WITHIN SUBnBASIN I

Washlnglon:
.owlltz...............Lewis ..................

Pacifle ......... .........--

W\'ahklaktlin ......

Oregon:
(CI tsop .................
()olui)...I................
Multnomah ... ........

Per-
cent of
county
within
sub-
basin

10

Jl
84

4:3

20

D)ouR-
glas fir

2,129
417

2, 610

600
880HO

209

W
217
117

West-
ernlhoek-
lock

Cedars

1,774 100
341 :14

2,115 101

25

1,221
205

48112

22

12

Balsamj Sitka
firs spruce

176
88

21

66

235
78

313

2i35

78 ----........

I Parts of the foIlowlng counties lie wit1hil hlio bansl1, but contain no cFgnifleantl volume of saw timber:
llenton, Clark, Franklin, Kllckliat, and Skamnanla In W'ashliinglto (1llllain, 1Iood River, Morrow, 8hor-
man,l11 atuilli, nud WVasco In Orogon,.

I.ess than I percent.
Source U. . i)e.Iortmont of Agrleultulro, Forest Service, 'owor Markets nnd Dovolopments In the

Paelfli Northwest, Forest and Forest Produets Industries, 1947. :'lKuros for parts of counties estimated;
on basis of data in this report.
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Other
soft-
wood

12

16

6
7

IHard.
woods

35
6

40

5

Total

4,621
966

6,487

625
R85
033

2,078
638
217
211

WIIIC·---------III(·---.-LI---------_---__-CI_---1.-__-__1-1..-----

"--l::;:::::

9.869604064

Table: Table 16.--Farms under irrigation, 1939


Table: Table 17.--Unreserved saw timber by ownership as of Jan. 1, 1945


Table: Table 18.--Unreserved saw timber by counties as of Jan. 1, 1945
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TATILE 19.-- illanufacturing, 1939

Stato and county

Percent
of

county
area

within
sub-basiln
basin
.,_

Washington--------------
Oregon ...---------------- --

Total for sub-basin........... _ _ _'-"

COUNTIES WITIIN U11-BASIN I

Washington:
Blenton ...-- ---------.--------

Clark...-----------------------
Cowlitz..----------------------
Franklin..---------------------
Klickitat..--------------------
Skamania ..------------.-.

Wahklakm -------------------

Oregon:
Claltsp..-----------------------
Colllumblia ..-- ..------------

llood River ..-...------------
AM ulltnoiall.------------------
Wasco ...----------------------

9
10

(2)
(2)
(2)

84

43
6650

(2)
20

(2)

Number
of (stab-
lishmenots

103
356

Wage
earllcrs
(average
for year)

5.633
10, 721

464 16, 354
=__

15
33
35
4
8
3
10

70
40
21
205
20

100
1.810
3, 30

13
50
110
420

2,930
2, 350
500

4,610
295

ages Value of
I products

T''horls.
$7, 517
1:, 546

21.063

74
2, 285
4, 231

10

127
508

3, 88
3, 261

513
5, 710

335

Thotls.
$36, 501
73,058

109,619

1.180
14.715
10,975

01
462
514

2, 18

19, 702
13. 258
1, 709

34,945
3, 204

Value
added
by main-
ufacturo

Thous.
$18, 138
31,713
40, 851

324
6, 279
9, 586

52
301
317

1, 279

8, 263
0,072
885

15,112
781

Cost of
materials,
fuel andIpowe r

l
i)owter

Thous.
- $18,423

41,346
59. 768

802
8,436
7,389

30
101
197

1,339
11,529
6, 586

914
19, 813
2, 483

I Small l)qrlions of tlhe following ci)unties lio within the basin, but have no signilncant amount of manu-
factllrinl: lew.is and Pacific in Washington; (Oilliam, Morrow, Sherman, and Uitilla ill Oregon.

: Less than 1 ierceelt. -

Source: U. S. Census, Manuifactures, 1939. Figures for parts of counties estimated on basis of census
data.

TAmLr.I 20.-Employces and payrolls in manufacturing, 19/465-6 l

Number of workers Wages paid

Type of manufacturing AveraeMonthly Penk Total for sorely
average month year wage

Food and kindred products ..................--------. 3, 030 5,871 $60,22,613 $152
Lumber tand timber basic products --...-... .------.------. 6, 256 9, 113 15, 649,342 208
Furniture and finished lumber products...................... 614 677 1,089.42: 177
Printing, publishing, and allied Iroducts...-------...--..--. 422 477 916,373 181
Nonforreous metals and their products....- .................. - 2, 037 2,04 7,289, 760 298
Htone, clay, and glass products.-......-----.---------------- 07 107 191,298 165
Iron and steel and thoer products ............................. 445 517 1,244, 736 233
Chemicals and allied products.......-......-........----- 116 120 260,853 186
Paper and allied products......-.........-.....---........- 4,914 5, 253 12,697,862 216
Miscellaneous manufacturing--.....--....----------------- 10, 124 ...... 33, 657, 648 270

Total.-------.----------.------------ 28, 555 . .. 79, 619, 907 .......

I For year ending Sept. 30, 1940. Includes only covered employment and paid wages reported under
Unemployment Compllensation and Placement.

I-____ I..__.I..________

Wr

9.869604064

Table: Table 19.--Manufacturing, 1939


Table: Table 20.--Employees and payrolls in manufacturing, 1945-461
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'l'AIIL 21.-Public lands andl reservations by counties (in acres)

Btato nnd county

Oregon:
('l:ulsol) ...... ......... .

Coluumlia...-----
(1lls11a ........ .....

Ilood River..........
Morlow ...............

Nlliii Ilnolllh .. ..- ...

Shllllrnsl ...... ...--
IJ ltilla..I--...- .....
lWasco ....-..---....- County area All pllllic lndq

witllin slb-basil within silb-lm)si
_-__

Per.
ceint

43

8

115(I)

2(I)
Subtotal .-.--..-...-..I_£..

Waslililgtoln:
-In llon .- ...---------...-

('lark ...-- -... ....-
Cowllit .....--........
Fraiiklln ...------... .
Kll(ckitat...........
I'ew.l .................

Pacific ....-.-..----

Sk:minla .............

Waliklakuim -.....---.-

8
0
10

11
('8
84

Subtotal..-. ......-- ..

l'otal for suh-basin.... .....

Area

226, :391
230, 510
f0. 000

I, 5(1()
200, 20(
77, 24(1

731
* 43, 217

1, o)o

Percent
of areal

IsuIIIasll)-

b"(si g

1

(')
(1)

31

8l4, 73! (I)

8so, 9mo 1
31,473. 2
70, '00 ......
1.0o( 2
7, .00 19
3,20. ......

641, 1 ----

2,7(00 41
141, 010 (I)

420, 3731

1,'21i2, 112 (1)

Ilihllc
dlolliiih

.....

761

1, 01..'i,..
17

02

0, 192 2, C( II

1, 333 320
0.10. ..

19....
1,447 311

1,112..
1,419 .......

,, 0701 m1

12, 112 3,292

Area

......

007
7(11
11

3, ,39

588

17

'"iMS

Olier
F'eilerlI

Il rllltlands

810

330

..1,072

629

1, 112
1,i41
3, 800

5,472 71 370

I ,ess than I percent.
Source: U. '. Forest Service; UJ. 8, Blirni of ReIl''nitlon; Orogin Stato Lin B )rir: Oroegn Stato

11Rghway Comi4ssllon; Stato of Washington Park Servico.

TABIE 22.-Public lands and reservations by ownership
(As of Jan. 1, 1908]

Namo

Oregon:
i'tullle (1omalnl.. ........
Other Federal lands .....-

)o.......... ......

1 )o .....................
fitate parks ...............
Otlier State Inlais . ......
County lands. .............

Subtotal...... ......

Waeshllit ol1
Piu)llc domain..............
Other Federal lands ........

)o .... ....

)Do .....................
D)o.................. .1D)o ... .... ...............

D)o .......................
Statoa arks.......-.....
Other State lands......--
County lands .........-.....
Subtotal.. ..........

'olaul for sub-basin........

4.15
.60
.77

1. 32
. (S
.13

2. 71

9.65

1. (0
2.72
1. 14

. (Hi

.20

.70
1.00

. 03

1.88

:_."
19. 35
10. (X»

l'lcl)1c lands ...............
lonileville Dam .............

'The I)alles-Ceillo Canal ......

Ileaver Back-up storage loint
Ilecreas Ioll ......... .......
M iscellancous ..............

do ... . . .............

Pl'ulll Ilads. .......--..-...
ltonmeville Dam ..........
Fort Columbl)t.......
...do ......... ..............

Fort Canby.................
.... doo.-.....------.--..-
U. S. Army Post .........
R crva' Ion ...................
M Iscelliuieoln ........-......
... do...-----....----. ------.

goncy

U, Iandl Ofllco,
Corps of Eiglll eers.

1)o.
Trans)ortatlon Corps.
State.

1)o.
Coulntihs,

U. S. Laud Oimco.
Corp ( f Einglniers.
War Assets Administratlon.
Corps of Englneers.

1)o.
I1. S. Coast Ouard.
W'nr Assets Administratlon.
State.

)o.
Counties.

source: U, .8. Foret service, U. S. Bureau of Reclamation, OregonBtato Land oardl, Oregon Blate
lilghway CoImnlsslon, and Washington Stato Park BervIco.
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Stale
parks

2

...11

39

52

19

__---

Other
State
I;landls

......!)l

7

..4.

......

G31

7"3i3

.... ...

313

County
lands

1,741
-------

1,711

1,0 13

-i..4.......

.- .

1 _

313 I 1,207
2,948

- - - .- I_

---__-- - - - -- - -- - -

I

9.869604064

Table: Table 21.--Public lands and reservations by counties (in acres)


Table: Table 22.--Public lands and reservations by ownership
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COLUMBIA RIVER AND TRIBUTARIES 2673
Tl'Eni, 23.--Pack of canned salmon on the Columbia River 1922-47 1

Numlnber Chinook 11ueback Sllver
Year of can-

oieries Cases Valuo CasesVilueo Cases Value

1922.----------- 2'3 237, 230 $3,724,393 30, 743 $614, 860 90,437 $633, 935
192' ...........-.- 23 289,586 4,967, 657 38,309 760, 180 101554 673,954
1924-..----------- 22 2293,716 4,508, 236 7,366 129, 810 112,308 992,85
1925-------------- 21 350, 809 5, 423, 129 5,050 106, 220 113, 564 1, 488,855
192 ............ 21 295, 302 4, 744, 131 21, 736 4:4, 720 07, 142 1,027, b97
1927 ..-..-------- 22 339, 440 5, 559, 202 6,887 147,378 74,879 585,816
1928........... 24 251, 401 4,355, 218 4,814 100, 131 49,130 478,355
1929.............. 21 242,938 4, 234,214 10, 072 181,296 90, 64 0917,561
1930...-..-.- ---- 21 281,3416 4,092, 810 9, 823 19, 410 110, 430 1, 15, 042
1931 ............. 20 294,798 3, 754,929 4,125 6, 000 39, 268 27, 878
19.32.------------ 16 216, 511 2,023,390 2, 795 33,510 46,4902 280,853
1933........-.. 14 251,157 2,719,303 0,921 0, 89- 36,430 203, 190
1934 ..--13 251,068 2, 630,152 (,869 82,428 65,428 636,731
1935-..-....... 10 205, 870 2, 479, 450 1,302 17, 61 95,184 725,868
19361.-------.-- -- 11 220,188 2, 964,058 9,837 137,718 36,541 303, 263
1937 ---------- 11 291,343 4, 250,819 7, 52 120,36 69,801 725,99
1938--------------. 10 173,892 2,707,207 13,889 260,319 67,257 630,364
1939-......-.-. .--.. --.-- 207, 595 3,336, 209 5,301 102,359 69,082 730, 49
1940 -.... 11 244, 570 3,785, 681 23,974 471, 530 69, 737 621,6811941.11 328, 609 5, 558, 254 3;3,070 661, 100 35, 727 481,834
1942-.--------- 12 274, 750 6, 692, 929 23,256 625, 230 20, 511 497, 070
1943....-...-.. 11 130, 373 3, 094, 505 2,880 77,580 5, 707 01,065
1944.......-.-- 10 103,047 3,714,591 758 20,342 12,210 137,072
1945-............ 8 112,014 3,095, 228 112 3,001 22,154 244,00
1946----- 11 159, 872 5, 910,740 9,726 309, 88,6883 206, 4901947 10 250,318 8, 613,000 15,079 G61,000 42,789 1, 278,000

Number Chum Stcclhead trout Total
Year ofcan--__

neres Cases Value Cases Value Cases Value

1922 ----------. 23 8,844 $47, 130 24, 920 $180, 075 392,174 $5, 206, 993
1923.......-----2-2 25, 08 135,108 25, 968 187,965 480,925 6, 710, 924
1921 .......... 22 67, 748 303,356 29,734 285,107 600, 872 6,219,404
1925............... 21 65,812 272,398 14, 37 177,866 640,452 7,468, 40
1926 ............... 21 32,853 181,210 32,690 35, 418 479,723 6,744 004
1927 .......- ..--.- 22 68,449 425, 240 30, 148 311,070 619,809 7,028, 705
1928.............. 24 124,953 747,619 16, 339 222,139 446, 646 6,903, 462
1929-.....---.-- 21 4, 619 314,928 23,804 257, 025 422,117 6,905,024
1930 ....-....--- . 21 11,371 43,324 10,535 171,541 429,605 6,658,177
19312.............. 0 3, 618 11,764 11,990 110,429 353, 699 4,191,000
1932 .............. 15 17,261 44,879 13 132 91,924 296,191 2,474, 8
19233-.------ 14 24,398 107,351 17,805 142, 440 336, 711 3,329,178
1934.-------- 13 24, 455 02,08 149,001 121,000 362,721 3,462,919
1935........... 10 1, 495 59, 499 14,888 122, 840 332,739 3,405, 282
1936 ............... 1 30, 597 110,149 19, 282 317, 867 316,445 3,833,055
19.17 .-........ 30, 592 138, 309 17,8 189,734 416,80 6,437 294
1938 ............... 10 37, 701 143, 275 15, 248 152,480 307, 990 83,89, 755
1939 ........ .... .......... 15, 201 75, 410 25, 293 320,025 322, 472 4, , 141
1940. .............. 11 25, 282 125, 420 33, 436 373,514 380,90 5,379,826
1941............... 81, 144 672, 94 33, 112 453, 502 613, 712 7,727,984
1942 .............. 12 118,051 911,538 21,803 429,078 464,401 8,1M5,446
1943 -..11....I 12, 439 112,421 16,2(l1 323, 8714 17,660 3,669,461
19i44..-...-. ..... 1(0 1, 525 11,590 19, 222 375,838 196, 762 4, 259,433
1945 ....-.. ....... 1,032 8,848 19,34 363,068 175, 70 3, 72, 456
19160 ----- 1 115, 17 217,392 17, 373 510, 720 209, 471 7,274,9 0
1947- ...0......... 17, 121 252,000 21,999 050, (0 347,303 11,457,000

I l)ata from Pacific FishermanYYearbook,
2 Includes 1,044 cases of pinks canned froii 'ugot Sound fish.
J Includes 1,873 cases of pinks canned from P'uget Sound fish,

9.869604064

Table: Table 23.--Pack of canned salmon on the Columbia River 1922-471
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TAnp,: 24..-Columbia 1iu'er salmon production, 1866-19/ 7 1

(Allspeclihs,ihhtlld listeellihad trout]

Yeir Ciinntle I \ Froe' 'Tot I '"YearCaiu-' 2 r Frozein Totnl

I'onrnds IPounds P'oun ds IPm( I lI'IlPounds ounds 1'oiulnds Iounds
1861... 272, 000 ..... .......... 272, 1907... 22, 1:13, 28 , 1177, ......... 28.720,628
167. - 1, 2240,()-.... .......... 1,22,000 19.. 18, 881,8925,I, 45I, 000--....... 1,3110,892
1808 .1-. II, OI) .I........18.1,,328 6.094,(M)........... 21, 535,323
186. 6. .(),(N)................... ( ( ) 19111... 20,1116,220 8, 714,200 ......... 35,330, 420
1870... 10O,2), 000 10,'.(0.) I 191... 37, 120, 08 0,1003,5,0 2, 850, 000 419,80, 008
1871- 13. 0 ), 0 .. ........ .... 13, 0 ,1 M)/ 1112 . 19.44.111, 78 6.011, 41) 1,071, 030 27, 530, 198
1872... 17, M000, 0I(X) .....17, 0M, MM009113...18.17,H 0, 20113:1320.C 2,1201, (M)0 20, 50, 172
173... 17,000X) .................17, I(M), O(I)1914 ..3:10,91.1, 22$ 5,725, M00 1,1SOI,575 38, 601, 303
1974... 23.,8) 00(K)j................ 23, MX). (H) 11o15... ;7, 90,312 1, .185,8(4)0 3,372,0S 43, 838, FSO
1875... 25,. ), (N)0 2.5,2 MX, (MX) 1911... 37, 254), 7111 5, 121, C()1 3741,0 0 42, 740, 340
18706. 30, 0X)l, (M).-.- :-..-.... 30, IMX), IMM) 1017... 37,027, 528 2,.1071, (X) 715, 858 .10, 447, 806
1877.. 25, 810,(,)1 .......... 1...... -1025,IO21,3,M001,9,1. 100 1,1127,115 44.125,423
1878.. 31. 280. ,(M»X)..l. 3280,S101019.... 31t), 1,N.113,0160,1(0) 1,831,793 44, )31,497
1871)... 32,610,000...001..02....32,715,00) 2,502, 1,(xKI1,11(, MOlI360,311, 560
1.S0.. 3l0.10)00000.1,010,0)/010) 1921... 21,12.2,28 3,3511,10,1 ,391,4119 20, 712. 547
1K1... :17, 400,01RK) 37,:17 00, (MX) 11(22 .. 20,0617,8:12 1,783, 100) 1, 701. 7251 30, 152, (157
1K.2..."301, 80, 401)... 8(O,10S,.40M 1923.:12.. , 702,00M) 1.I,1)5,t) 1,)01,. 4,0 315.011)7, 250
1 (83... 42. 7!19),'2() .. ..12..I),021) 12.1.-..342,Or570.,10 2,552,M). 1, 555, 75S 38. 107, 054
141... .12. 10 I), ) 0.........00.......0 1 2 . 31, 7 ). 7303,02"0,O(M) 2,502, 107 42,333,4413
1W)5. 37.:17, 37.),.0.:1.7,05S, 10) 119211 ..32,1-11,101 1, 1),1500 1, 78,1.)195 35, 56016, 659
18SO. . 30,. 49,MS...O(X .31I,4 (MM) 1927 .. 3),31 7,012 1,010,I),1I 1,205, :303 :17, C8, 415
1H87.. 21,2')0SOOO).. . 21,2)S,(MM) 1 928 ..30,:,71. 92 , 5,1,4050111319,8 :13,127,0611
1Hi.. 25, 3 .. 13:0... . 25, 'S., :0 199.. '.'. 703,9 2,105l, 1(I 1,4 51,4 125, 32. 321, 281
1H89... 21,072 IO ... 21,072. 1SO 1930. .I. 29,12080,313 1, 174,1SI) 1,.512, 2519 31,91)23,311
1I4).. 293,(i32O't2.......... .2:l(: 11:11. 1,i51, 532 I, :71, 1)) 1, H)I, IOS108 27,31, 7.140
l1i)91. 27, Il8..803 ... 27, -,1 1111932..20. 1.110. S 2,213.1200 9761, 029 23.:1330, 217
1H492. 33, 13 !...9SI 33.13(,- 181 931:.--.22, 89),318 2,117-1, 100 1,271, 352 26. 16, 800
S11:.n ".2,, 27 1.5)1i.........I2.,279,2 .Ns 91)3l.. 21,",i 2I,'i02,S 2010I, ,(()! 20, SS 27,)56), 410

I1. 3. $1:3', : - 33,3-')lSO2):... 22,112. 2521, 1.)903(,) 1, 2(),7251 25, 7360, 00)
I.i95 .13I. 32,:260..........:1I-):12,1.91.2--21,518, 20) I, 251,S00 75., ,518231, 528., 578
1 sg.. 3:12, 755, 396:1... :12, 755,:.3l 19:17 ._ 2,i,:11. .110 66,1 1. 100 7:1)1, 11)1 21)7,15, 836
1S97 37.:7.5'),02S i,41, ( ) ... ...... 38, 02" 02,12S19:31 20,111:1.3210 121,200 631:1, 7117 21.003, 287

1I .S 33.31.14.11192 770),I0 I0 ..1.......),1,1,1 1 i ),1 771.100,1) 55'9,181 23,259, 180
I8w99". 22, 6128,3112 1, :175,01I... -.. 2 1. :1,(1632 19II0 2t1, :115, 93:12 3:16, 3:1X) 270, 9I13 261, 623, 175
I1Y)).. 2,:1.9Ti, II(1,1012, 50l -....-- 2, 71)S, 9196 1911 .. 311932, 1111 251. 1)41) 110, 121 3:1,313,4:37
1901) .. 20, ,532, *44I 3.3:1MH), W) -......... 21. 8:12,3.14 1112 2.,I7)711S1iX1 32, 311)1, 732
11902... 21,)(15,7231 ,1,(1:1, :11H).........2(X, 1)2 11013. ..1 111.40,0 SO 23:. 1(0 131, 719 12,367, 099
19(3l... 2:1, (23.11,2:1 7, :397. Y) ....:1..3), ,7;148736 114 .. 13,379,816 17. (00 1. 907,012 15, 304, 4i58
1901.. 26,8117,1072 9,. ,10, -):1, )141, 872 1 115. .l 1,9135, 5 ') 171,14)1) 2,120. 8324 1 11,511,92
1 )5 .. 27, 01 1, 51I 0,75,,,0 ......... 37, 881,1111 11 . 14,21.3,1)28105,611 ) 3. 390,291 17, 7:19, 921
1 ... 2 ,85, , I), ..........6(5,(1,:, (19(1,167,86.23,, 1,4,893,571

I )tai from I f'flf'IIsc!,prilmi Yearb)oo1ks,
2 Convertedl(o( i Im)1si:: of i;s pom)rlllIs of roiild nsfsh pr case.
I Converted on iinsis (i 1.100 pounds of rouldl fish per tierce.

9.869604064

Table: Table 24.--Columbia River salmon production, 1866-19471
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TABLE 25.-Data on bridges over navigable streams

Miles
above
mouth

Stream and nearest town Owner

Channel spans

Type of bridge
Num-
ber of
spans

Clear
width
normal
to chan-

nel

Clear height of
lowest point of
superstructure
(in feet) above-

Mean
low
water

High
water

Date of completion

l_ I I I _ I

COLVMBIA ErVER, OREG. AND WASH.

64.____. Rainier, Oreg------..------
103.5- _- Vancouver, Wash..---- ----

104.5-..--, do..-....-......._
148.3--
170----
198----
323---_
339------
340----

Cascade Locks, Oreg--.-------
Hood River, Oreg----------
Celio, Oreg._.-------------
Kennewick, Wash...-......
Pasco, Wash.---------------
Pasco and Kennewick, Wash.--.

B1RSIE SLOUGH, WASHINGTON
(PUGET ISLAND)

Longview Bridge Co.------------
Spokane, Portland & Seattle Ry...--
State of Oregon and State of Wash-
ington.

Wauna Toll Bridge Co-----------
Oregon-Washington Bridge Co-....
Oregon Truznk P.y._----
Cnion Pacific . R. Co :- -_.-___--
Northern Pacific Ry-- __-----.--
State of Washington.......------

1..5--.- Cathlamet, Wash-.............. sahkiakum County, Wash.........1.5.-..-S ---do..--..........-..Public Utility District No. 1.-.......l
CATHLAMET CHANNEL, WASH.

2.75--..-. ..- do-------..................... Wahkiakum County, Wash .........
GRAYS RIVER, WASH.

4.5--..--' Roseburg, Wash.... --.--... State of Washington .................
5.0..-.. ....do.....................-......Wahkiakum County, Wash...........

SVENSON SLOCH,B, OREC.

1.-----. Svenson, Oreg -.-.-----i
1 Lift span raised.
2 Width or Celilo Canal.
' Above canal level

Fixed---------
Swing --------

Vertical lift-----

Fixed----...----

Vertical lift.----
Swing...........
. do.-----
-. do------
Fixed---.

.....do-.............i

do ...........

Swing.............

Clatsop County, Oreg .. Fixed..

5
9

13

3
16
9
8
13
5

1
1

13

3

1

1

1,120
200
250

656
255
'65
113.25
98.55
420

25
25

215

60

48

60O

185
39.25

1 175

135
149
356
32.75
39.5
75.2

23
22.5

74.6

33

18

17.5

167
14.25

1 154

124
2 135
245

6
12
44.5

13.5
12

60.7

25

10

8

May 1930------
1908------_._____-
February 1917.....

September 1940---
April 1940-----
1912.-.....
October 1923----
1907-------_--
December 1922-...

August 1919.------
June 1942........

August 1939--.... Highway.

Under construc-
tion.

November 1930 --

1916...............

-a
ot

Ct

0

bil

03

A
Purpose
for which
bridge is
used

Highway.
Railroad.
Highway.
Do.
Do.

Railroad.
Do.
Do.

Highway.

Do.
Pipeline.

0
-4

-

C
M
:;

14

S3

03

Do.

Do.

Do.

9.869604064

Table: Table 25.--Data on bridges over navigable streams
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T.BLE 25.-Data on bridges over navigable streams-Continued

Miles
above
mouth

Stream and nearest town Owner

BXAVER SLOUGH, OREG.

2 ..... Clatskanie, Oreg...------.... Columbia County, Oreg....---.....--
3..---.--. ___. do__------- ------- -- ------do------------------- --

IWESTPORT SLO7GH, OREG.

4.25- ...dWoodson, Oreg---------------- do- --------

6.75_--- Marshland, Or..e------------- do
9.5---1 Clatskanie, Oreg- do------- --------

SKPA'NON RITMB , OREG.

0.S 1 Warren:on. Oreg...----...- ---- Srokane. Portland & Seattle Ry.-.
0.9.- Warrenton, Oreg.-Clt-------Clatsop County, Oreg.----------
2.5 ---- ___do. -.-----.----------- State of Oregon....- ---..----------

Channel spans

Type of bridge

Bascule----------.
--do-...----.

Removable span..
Fixed.-----.
Vertical] lift----.

Swing-....--.-.--
Bascule---------.do.................

OREGONS sLOrr,, OP.E4.

3 Portland, Oreg-------- Spokane. Portland & Seattle, Ry ...---. Swinc .----.....
4 . ......do ...

Multn'mah County. Oreg ...Fixedl..--....-
4.75 . Faioma, Oreg.----------- Columbia Beach Amusement Co.-.. ...do...........

COLUMlRIIA LO.-GH, OREG.

-......Portland, Oreg .-----. City of Portland -.......------- do--...------
4.45 -. d....--- ------------ Stateof Oregon..------------- do......
4.5 ---.--- do-----------o------STokane. Portland & Seattle Ry--...-----.do..-.-------..
5 -----. .do-U.................iUnion Pacific R. R. Co ------------ ...-do.. ...........6.5-- do----- 'ultnomah County- ------. -----.do .......-----
7:25 ---------do"::":--:-------:: ----- o.--------------- --------- -----do.-------T.°5__ '.........o......o...... ..'

, , '~o,....o

7.5.._-- Portland, Oreg., rnion Ave. ap- -----do .-----.------------ I.------o..

proach to Interstate Bridge.

Clear height of
lowest point of

Clear superstructure
Num- width (in feet) above-
ber of normal Date of completion
spans to chan-

nel Mepan Higlowlow waterwat aer

"I .II
50 14 .39. January 1944---

1 50 14.3 9.3 May1931-------

4. 16 11 February 1942..-
i9S 20 15 December 1934--.

1 1 50 20 14 September 1928.

2! 3.3 10 25 1916.-.--------
1 33.3 15 3 :1916.......---
3 34 10 4 December 1929.--.

S 125 39. 2. 19.2 19UtS-..-.....-
11 119) 34 14 February 1917. ..

1 60 29 7.5 1929 -.-- --------

.1S3. 75 41.7 21.7 January 1940--
1 0S 40 19 May 1933..-----
1 i 149 39.25 14.25 1 ...........
1 0 27 7 19i)9... --------

3 66 34 13 A pril 1929 !-------
1 7.0 34 14 August 1935 ---.-.
1 60 35 14 February 1917.--.

|

Purpose
for which
bridge is
nsed

o0
r

Do.
Do.
Io

Do.
Do.Do.

Do.
C

.ailroad. _
[i;hway. -
Do. £

cr

B
B

1:
iI

Do.
Do.

Railroad.
Do.

Highway.
Do.
Do.

I

..

1

-I



WELCOME SLOt.HE, WASH. ]
0.5..--- Wauna, Oreg .--. ...-..---.--.----

SK'AMO.FAWA CREEF, WASH.

0.25 .___. Skasokawa, Wash..............-
0.5 .-- i-- do:...-------------------

WEITIE SALMON RIVER, WASH.

0.01 Underwood, Wash.........---i0.02.----1-- do ------------.-..----------------1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Wahkiakum County, Wash ..........

State of Washir.gton. ...............
Wsahkiskum County, Wash ..-..---.

Spokane. Portland & Seattle Ry....
State of Washington........

LTTLE WHITE SALMON RIVER,
WASH.

0.005 .i Cooks. Wash....-..- .....j....Spokane. Portland & Seattle RyP.-
0.01 --.- do State of Washington -..--------.0.01 ----- -----do --~-----------------

YOtNGS BAY, OREG.

0.5_- Astoria, Oreg --------- ------- Spokane. Portland & Seattle, Ry......
2.4 ---. ----do --------|......--.-State of Oregon.-----------.------

KLA-S1ANINK RIVER, OREG.

L5---. Olney, Oreg-.....------------. Clatsop County, Or.eg......--------

0..--....
1---

0.75__._

3.5---

0.02--.

JOHN DAY BIVER, OREG.

Astoria, Oreg--- ---------

--do-------------

CLATSWZANj CREii, OREG.

Clatskanie, Oreg-------.;
DEEP RIVER, WASH.

Deep River. Wash--..
.- do----.----..---

L1CITTTAlT RIVER, WASH.

Lyle. WashT ..-.........
.-do ------------- .---------

Spokane. Portland & Seattle Ry .....

State of Oregon ----.----.--

Spokane. Portland & Seattle Ry.-.-.

--..- do ..........do

Swing .--------...........

Fixed ............

.--.-do . ..........

..--do ............

--.do !.....

Swing ...........-
Bascule ......---.

Fixed......

Swing--.......--.. do._

..---.do... .........

.....do .........

---do ------

'R.aculeI
State of Washington..--.- ---

Wh'a-ianim Cnntitx wVh
2
1

1
1

Spokane~.Portland ~&Seeattle Ry- FilxedSpokane.P ortland & SeattleRy.---- Fed
State of Washington ...--.---.--...----.--.do .............

25

65
61.

14-.2
184

139.2
274.3

130
120

20

60
40

61

60
38.3

134.8
154. 7

23

20.2
15

2S.2
26.2

27.3
25.1

18
27

12

11.3
25

16

20
18.5

27.4
58.6

I

13.5 August 1918----.

12.1 December 1939...-
S 1913 ......-

3 -

1 I

I
1908l__..-.....-.._
1919...---- -----

3 190-........------
1 193.5.--------

10.5
20.6

4
I8.

10.5

10
11

0
34

September 1S9f....
November 1921__

1923..............

1S96.-------------- R
October 19331..-

November 1898-..

Do.

Do.
Do.

Railroad.
TT ich vn v

R
H

R
H

R

June 1933...----- H
1900-------

I190os....... --- R
---------------- H

ailroad.
ighway. t

aftroad. z,

highway. <

Do. z

railroad.
highway. ,

C-J
c3

ailroad. >

-
ignway.
Do.

ailroad.
highway.

7

.,



2678 COIUMBIA RIVER AND TRIBUTARIES

TAnBI, 26.-Bonneville Dam fish counts

FLshother
Calendar year Chinook Bluelback Silver Chum i Stmlhoad Total than sal.lin"ck~ mnlonold

1938 .............. 271,709 75,040 1, 185 2,117 ....... 107,003 471,144 614,897
1939 ................ 28,23 73,382 14,383 1,168 ....... 121,922 497,091 464, 84
1910.......... ....... 391,573 148,805 11,870 1,729 ....... 185, 101 739,138 364,210
1941 ............... 461,443 65,741 17, 11 5, 269 4 118,087 608, 45 269,820
1942................ 401,998 55, 44 12,401 1, 865 11 151,345 623,084 245,029
1913........3......313, 121 39, 845 2, 47 790 ....... 92,131 448, 430 187, 277
1944............... 240, 76 15, 071 4, 207 954 1 100, 521 361,517 230,277
1945................... 297, 488 9, 01 71 727 1 120, 144 428, 052 309,139
194 .....-......... 445,74:3 74, 354 3,897 1,170 2 142, 548 617,720 364,707
1947............... 480,377 171,139 11, 174 199 3 135,444 798,336 408,297

Total :......:3, 590, 513 728, 342 94,360 15,994 22 1, 274,30 5,703,573 3,458,337
1938-47 average .... 359,054 72,834 9, 437 1, 599 2 127, 430 570,357 345, FRI

I Fish counting began at onnloville, May 7, 1938.

TABLI.: 27.--Lutmber production, 1936-16
['llhousands of feet, board ineasiirel

I'Lrcelltl
of

(collty
Sttea'u cICounty area 1941 1942 1943 1944 1015 1940

wt111hi

Wl\shlingtoll...n.................... 3, 517 991, 458 821, 712 837, 58:3 673,271 721,937
Oregonll 1.........7..01....127,0.1 1,117,897 1,112,4190 800,513 848,759

Iotll for slllb-llsi............ 2,31..s212, 24:, 817 '1,901 91,09 5()1, 073 '1,1473,814 '1,570, 696

COI'NTI'Y. WITHIN I'2I,-nAsIN,
Wasiliigton:

.Skllallll.ia.............. (1) 1 237 f 20,I97 22, 853 21,595 23, 711
('Clrk. .............. 130, 17.8 9.1, 70i 03, 320 78,720 137, 220
Cowlltz ................. 1 85,339 ) 7 7 0053
W\\'zliIklikniln.. ~... (i:841, 221 705, 311 721, 401 672, 950Waliklakmn .......... XI (3) 947

Oregon:
('Cllltop,) ............... 4 190, 137 180,332 172,025 147,049 111,978 134,227
('Colllllla1 .............. 5 :13, 183 371,278 371,143 342, 40:3 244, 51 203, 316
(lilllin ................ () ,..Morrow... ........... 15 1 22 18,3 20,(86
H1ood Itlver....-........ (4) 11,0Sl 0i0, 177 57,089 ' .5, 172 39, 0)39 5), 763
Mhltloillallll............ 2 8,1 ,I) 284 400, 4t8 48.1, 5:30 335, 579 303, 30
all l................ 2 21, I:43 () 24, 524 29, 214 24,522 29,823

Wasc .................. (4) 1.1,22.t ' 7, 920 13, 010 28, 500 2(1, 021 t 46, 714

I Incliides production In JelTersoln County, ()regon.I Small areas of 1eInton, FIranklil, Kllekitat, I.l is, andl I'lnefi Countiles Int Washington; and 8lermant
County In Oregon, llo within the suil)-hnsln.

J Not separately reported nIil not InclIid(ll ill sIlt-llA:lli total.
4 Iess thal onnine recent.
Boulrco: DI)parltmcnt of (Comimerce, Cenlsus of Forest Producls, 1941-43. anid Facts for Industry, 1944-4.

Prlouction for parts of coiltlss estimated on basis of census data.

9.869604064

Table: Table 26.--Bonneville Dam fish counts


Table: Table 27.--Lumber production, 1936-46
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TABLE 28.-Existing terminal facilities

Number Berthage, linear feet
Location Type of facili- Unit Capacity or size Ownership Connectionsties Ship Barge

Pasco, Wash------.---! Grain elevator--..........................-
Open wharf.................................

Kennewick, Wash .-.-. Grain elevator __---------------
Attalia, Wash-...- .. Oil--.---..............................
Port Kelley, Wash--- Grain warehouse--------- -Ganwrhue..............
Umatilla, Oreg .-- Oi---

[Grain elevator------....------------
Blalock. Oreg.--------do.---.__-------------
Celilo Canal, Oreg----. Grain warehouse----.............

(Pile timber wharf -------------------
Transit and storage warehouse--.-------
Grain elevator.-----------------..--

The Dalles, Oreg Grain warehouse--egGrain elevator.--------
Marine elevator ..._......._.......
t__--Whar--_-__-- --------------

tMarine elevator -............-..........
fOutftting wharf -----------.--------

Vancouver, Wash.----

Openwharf.--I--.--------.-...--
Sand, gravel wharf----.j------.----Wharf, with._--___---------------

Transit shed------.....------------
Open wharf, with.-------.--
Oiltank........
Grain elevator,with...
What ........-.---..............-...----.-.
Open wharf....-...........

I Open lumber wharf---------._-------

IWhirley crane ------.-----__.-------.
|Stiff-leg derrick------....-------
Mono-rail hoist .-------------
tfrarine elevator--....._...........

Gallon-
Bushel-.
Foot.----
Bushel-
Gallon----
Bushel-.
Gallon----
Bushel-
---do-.
-do.

Foot----

---do----
Bushel-
---do..
---do--
Gallon.---
Ton .--
Foot-----
----do-----
---do-----
Ton------
Foot------

1.-do.---
1--do----
1 --do---

1
1
I

1
1
1
1
6
1
1
1

.do.----
--do---
Gallon.---
Bushel.--.
Foot.-----
--.do.----
.--do_---.
Ton----
-----do------
--do---
.-do... do....

5,000,000-.------
500,000....----
28 by 125----.-
50,000...-----_
5,500,000-----.-
84,000 ..--..-...f6,300,000-....-.o
9,275,000----
340,000 ----

20.000---- ....
375,000o-------.
125 by 1,000---

-.. .--
'--1,'----

-

Private. -

Public---
__do ..

Private_-_
-_do -----t
__-do -----
__-do ...
-do---
__.do----
Public---.
Private-
Public-.-

94 by 461 . ........ ..............do0
868,000-..------ -.- -- do....
300,000.---- --.----.----- Private---
40.000..------------.. ...-do --

2,300,000.---- ----...--- -do.---
10-------------..-.....---. Public....
27 by 193-...d-o.....193 .do
J100-by 528----528 .._do.----
100 by 418--- 418 Private...
60 by 120-...--......--.. ....- Public..-
71 -....................... ....- .-do---
3,150------- 3,150 .------do---
25 by 105 ..- do----
100 by 166...-------- 166 Private
150 by 1,327.----1,327 -.. Public.--I
100 by320.------------ ---do
100 by510.510 -- Private...
3,000,000 do -.--

2,700,000 -do
30 by 587---- 587 ....-do.--
100 by 350 --- 350.--- do.....
80 by460.-----.460 .--------do40----.---------- -------I Public--
10 ----- ...-I do

81--.-----------..-.--1----do---10 ---_ I I------ do

Rail. highway, and river.
Do.
Do.

Rail and river.
Highway and river.

Do.
Do.

Rail, highway, and river.
Do.

Highway and river.
Rail, highway, and river.
Rail, highway, river, and
ocean.
Do.
Do.

Rail, highway, and river.
Do.

Raal, highway, river, and
ocean.
Do.
Do.

Highway and river.
Rail, highway, and river.
Highway and river.

Rail, highway, river, and
ocean.

River and no rail connection.
Do.

Rail, highway, river, and
ocean.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

r

0

r

-1'

X

C

c

q*

M1

cl

>-

v

i-

>

3L
CO

1

---------I-'-------'--
-- i8

9.869604064

Table: Table 28.--Existing terminal facilities
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TABLE 2S.-Ezisting terminal facilities-Continued

Location~~~~~~~~~~~~~~~~
Type

Numr
of faci

ties

Oi------------------------------------
iGrain warehouse and elevator..--
Grain elevator, ....-----.------ ---------
Special facilities:

Coal -...---.------- -----------------!-
I :1k liquids...-----------------------

Colu toerare ...--------------------
Fruit warehouse-----------------------

Lumber wharves .------------.------

General cargo.----------. ----------

Industry wharves ---------------------
Sand and gravel plants--------------
Ship outfitting and repair plants..---.-...

Portland, Oreg-..-- -. Dry docks:
Floating.... -------------------

Graving...------ -------------------

Floating-..-----.---------------..-
Self docking .---------------------

Marine elevators...... -----------------

iMarine railways:
Side haul and shunt -.--- .-- !-----
....do .....---------............
Roller type ..-- ------------- I--
Si '.id typc-e ----------------.HIoisting cranes and derricks:

i Shore ------------------.--------
Floating ...--------.---.--------
Shore ---.. --------------.............Floating-.. ..--------------.....

I Divine outfit ...........-------------
St. Helens, Oreg-..-.. Open lumber wharf .-..|-----------------
Kalama, Wash------- Open wharf-------------------------

*Ro^-ier, re; !fOpen lumber wharf....--.--.------------R - ier, Ore. -- ------: '. arf;---- --- --

b;~eri;~ .Berthage,herili- Unit Capacity or size
Ship

10 Barrel .-...- 4,364,000..- 7.930

6 Bushel 4,440.000 ----- 3,3,SO
1 d...do.:::." 2.000,000-,oo.-..i-------------
1 Ton...- 10.000 - -- --------

Barrel ...- 33.500 ----------- -------

1 Cubic foot. 360.000 ...... -- -------
Box ......... 250,000....... ----------

91.------- r-- ------------------ 1 5, 170#
f 7.050

19--------------.- 1 9, 6S2
14 ----

3.605
9-----------3--------O----2.600-
12 ]3, 69

1 Ton......... 1.000-..-....------- ------

1 .----do .-.. .1,00-00..... -----

~--, _ I ....00.0....-------------.
1 ....do- . ......0... .........

10 ... do ..... 10 ............ ..-- ----------

3---. do- 10 .----.

1 Linearfoot. 165|-----------...------
1 ....do ....... -.................-
1 ...do .......40.......14..............-------
2 -...do..----.- 140--...-- .------ .--------

23i Ton._---.-- I 0to10 ....----------

/..__.dO .___ 140----I
23; Ton- 10 to 125-
1 ..--do- ... 75 .................-do- o60-.17 .. .do.... 1 to 60...-..-..-- .-..--...

15 .- .o- 12to250.!-15 -----do.- 12to 250............. ----------

1 ... .. ....I-------------------- ---- --

1 Foot..- 100 by 1.500 1. 500
2- ifl2 by 150 .------i--------2 .-do.-.....Length, 590 ---.. 590

I -..do. ..- i 200.by 5SO.---- 5SO
1 ...do....--- 160 by 100----------------

,linear feet
---B-, Ownership
Barge.--------.. Private---

-------do--

-------------do.---------.-- do...
-.-------__ do

----------do -----.-l------Public..
1.600 Private.-
1.730 l-.do--.-

I do----- --

-- Public-
Public....
Private. -

..do....---
Public
.do---

Private. -

.- do.-.-
Public-...

Private-
_.do.---.
_do.----

--_do...--

.. Public.
do..o-....

--- .... Private _
.. ..(-do--

.-do.---.
15.0 _do ----. Public...

Private. -'-.do.---

Connections

Rail. highway, river, and
ocean.

D)o.
Do.

Do.
)Do.
D)o.
Do.
I)o.
Do.
I)o.D1o.
Do.
Do.
1)o.
Do.

Do.
Do.
Do.
I)o.
Do.
I)o.
Do.

Do.
Do.
Do.
Do.

Do.
Do.
Do.
l)o.

Do.
Rail, highway, and river.
Rail, highway, river, and
ocean.

1)o.
Rail, highway, and river.

Q
0
r~<

C~

p:

I

<-

Si
3

_3

aQcic

71-
W

-~_

I
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Prescott, Orecg ..-. Open lumber wharf.... -.--- ----- ..-

: (Wharf with oil tanks--------------------...
I Grain elevator.--.-------------------------
Long Bell Lumber Co. dock -------------

t Weverhauser Timber Co. dock-------------
Lonview, Wsh .....-!, Locomotive cranes ----------------------

Shear leg derrick---------..-----.------Cranes-------------------
Lift trucks--- ----------

I Bridge crane -------------

i Gantry crane ------------------------.
Beaver, Ore Open lumber wharf---------------------
W'est Port, Oreg ....-do-------------------------------
Wauna, Oreg .--------- ...do ------------ -----------------

Bradwood, Oreg---- ..- do-- --------------------------

fPier No. 1, with-------------------------
Grain elevator-----------------------

Astoria, Oreg-- .J Pier 2No.2 . ----------

JPier No. 3--.----------------------------
tLocomotive cranes -------- -----------

Warrenton, Oreg.------Open lumber wharf-------- --------- .O.Open wharf ---_ ------------

1 :.....do.--- Length, 700------

1 ]f-.. do..-.. Length, 2,000-...1\Gallon-- 3,00,000 ----

1 Buslhel--. 975,000 ---------

1 Foot---..-. Length, 2,000.---
I L-.--.do...- 140 by 1,760 -----
3 Ton ------ 25.----------
1 .I. do---- 40-----.
2 do 5 ---------

3 .....do ,--
1 .....do--... 71,4 -----

---do------- 7.------------
1 Foot.-.-- . .60 y 1,200----
1 ..do------ Length, 1,200-.
1 .--jdo-...- 200 by 1,050.------
1 do 150 by 400...-----
1 --do.'- Length, 1, 723..
1 Bushel-- 1,250,000---
1 Foot Length, 3,178.---
1 do--.:- Length, 2,121 ..
2 Ton.-- 35 to 50 --------

1 Foot.--:.:: 200 by 650.-----
1 .---do---- Length, 300.----

700 ---------- do-.....
2.000 -------- Public..
.*.---..-----Private---

-.--------- Public..
2 000 -.....---.Private--
1,760 ...do.--.-
--1...---.--Public.---
-..--..-------. .do..-
.--_--------------_ Private
'-.................do-....
-(10---------

0
do...

1.200..-n Public---
1 200 Private---1,00. .........i do--

400 .-- ...do..--.
1, 72 .------- Public---

.--- --- -do---
3,178 --- do -.-.
211 ----- do-.____
-..............l,---do.------

650 .-...Private- -

.--- 300 do-..

Rail, highway, river, and
ocean.

)o.
I)o.
Do.
D)o.
Do.

Highway, river, and ocean.
Rail, highway, river, and
ocean.
Do.
Do.
Do.
Do.
Do.

Highs-ay, river, and ocean.
Do.

n

0

1,1

CC

Itt

;z

w4
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TABLE 29.-River commerce 1932-1947

item

THiOUGH THE DALLES-CZI.LO
CANAL

U/stream:
Petroleum products.--.....
Other, commodities ------

Subtotal...-............
Downstream:

Grain-.....................
Other commodities .-----.-

Subtotal------------

Total, upstream and
downstream _._---.-_

THEBOUGH BO-.NEVILLE L5CE

Upstream:
Petroleum products ..---.
Other commodities-.-------

Subtotal-................
Downstream:

Grain-----........_....-
Lo -s....-..._...... . . .

Other commodities..----

Subtotal..................

Total, upstream and
downstreamm....._ ....

LOCAL COMMERCE, .VkCOEVER
TO BONNEVILLE

Petroleum products.-----
Rafted logs---.........

Hogged fuel-------..
Pulp and paper ......___|
Sand and rave! ---------------
Other commodities __----.--

Tonnage for year shown

1932

100

100

300

300

1933 1934

100
1.200 2,300

1,2001 2,400

14,400 21.000

14,400 21,000

1935

503

500

3.100

3,100

1936 19371936 { 1937

300 4,3925001 44

8001 4.436

6,500

6,500

1,190

1938

26,253
6,323

11,765
8

11,7;73

1939

120,011
610

120,621

18,921

1a, 21I

1940

294,483
, 894

296, 377

29,523

29,523

1941

363,3.6
765

364. 111

28,752

28, 752

1942

317,448
675

318.123

5,890

5, S9)

1943

422, 26
8, 59

431,325

I.820

1.820

1944

541, 123
16. 251

557,374

1,965

1, 965

1945 1946 1947

.7
550, 66T33p
550, 99 i

25.11
'22.868

47,983

692,278
27,

692,305

51. 747
' 300

52 047

742,293
707

743,000

91,915
S

91,
91, 923

400 15,600 23,400 3,600 7,300 5,626 44,349 139,542 325.2 0 392. 863 324,013 433,145 559,33S 598,980 74.352 834,923

35 26 626 2. S18 8,00 51,703 216,926 357,284 409.917 379.404 529,213 585,497 598,617 744722 809004
1,082 5,010 5,896 3, 786 3,575 106 5,221 5,097 13,190 218,899 131,078 16.521 24,648 15,955 19,250 87,223
1,117 5,274 6,169 4,412 6,393 8,113 56,924 222,023 370,474 628,816 510,482 546,734 610,145 614,572 '763,972 896,227

5,160 23,472 33,608 18,734 10.192 1,385 27,642 -. 20 43,493 38,844 7,497 1,820 1, 965 25.726 52167 104,964
47,456 49.093 46.172 43.691 45,012 5,730 9,265 133,785 283.148 249,443 170,565 127.875 174.409 161,584 202,186 255,472
9,700 7,876 4,436 9,235 227-7,866 11,586 10,329 6,530 3,477 5236 3,404 1,019 444 8,340
62,316 0, 441 84,2161 71,660 5S,.031 7,115 44, 73 194,791 336,970 294.817 181,539 134,931 79,778 188,329 254,797 36S,776

63,433 85, 7151 90,3851 76,072 64,424 15,228 101,697 416,814 707,444 923,633 692.021 681,665 789,923 802,901 1,018,769 1,265,003I-__194___, _1I_

47,000
296,000
89,000
89,000
15 000
40oo00o

53,000
271,000
229,000
106.000
58,000
59, 0001

48,000o 52 000
371,000 438,000
82,000 108,000
95.000 125, 000
57. . --

39,000 62,000

45.,000
447,000
131,000
89, 000
31.000
55.000

Total ---- --- 576,0001 7760001 69°2,000 785,00 803,000
I I, MI78~G S3W

48,000
230,000
180,000
111,000
54,000
29,000

483,000
222 000
122,000
209,000
16,000

21,000
560,000
253,000
156,000
274, 000
29,000

26,000
463,000
334,000
190,000
135,000
28,000

36,000
765.000
217,000
220,000
255,000
54, 00

48.000
746. 000
305,000
232,000
279,000
127,000

61.000 92,000
829,00 740, 000
229,000 208.000
211,000 188,000
262.000 _ SOO

7,000 50,000

36,000
10, 000

137, 000
197, 000
103. 000
30,0001

c:

,;

0

C

tz0

E

t-

si

!o

It*

>W

31,000 ----
646,000oo-----
193. 000 .-----

148,000 ----
528,o000----

5,000!---
652,oo000, 052, 000o1, 93,000l,1,6,00011.52, 000'1,o 37,000 1j, 599, 00, , SOOOll, 213, 000oc, 551.0o00----

I Consisted of rafted pine logs towed from MNaryhill ,Wash., to Portland, Oreg.

I i i I I I I
I / i, . -

i----;----!-----,---;---1-----1----1----

l

9.869604064

Table: Table 29.--River commerce 1932-1947
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COLUMBIA RIVER AND TRIBUTARIES 2683
TAH.LE 30.-Estimated available, future, and average annual commerce, Columbia

River between head of McNary pool and head of Bonneville pool, exclusive of
Snake River commerce

River stretch in miles from mouth
Commodities Total

MeNary Joln Day Tho Dalles
)0ol, 352-292 pool, 202-217 pool, 217-192

DOWNSTIEAM
Wheat: Ions Tons * 7'ons Tons

Avallallo-........... -... . 780,200 436,400 08,700 1,315,300
Future .--..-...-..-....-..-.. 780, 200 43, 400 98, 700 1,315,300
Average'---. ...-........ 780, 200 436,400 08,700 1, 315, 300

Barley:
Available -............................ 2,000 21, 340 4, 100 29, 440
Future--r-... .......-......2...2, 000 23, 340 4, 100 29, 440
Average....-- -.-----..- --.---..--.. ------- 2,000 23, 30 4,100 29,440

Wool:
Available...... ........................... 100 , 200 650 6,950
Future-.....-... ..-....... 100 5,200 050 6, 950
Average ---------... -..... ------- 100 5, 200 50 5,950

Hay:
Available-..--.......... ....o...-..--.----......10,000 10,000 20, 000
Future ...-----..- ......-.....-.... .......10, 000 10, 000 20,000
Average-.------------.------------ ...--- .---.----- 10,000 10,000 20,000

Ore:
Available .-. ..-.-.-.---- --..-.............-...
Future --------------..-..-----------.---- -------....::-30,000 -..------- -. 30,000
Average.-...-- .. ......... ............ .. 15,000 ----.... .--- 15,000

Industrial products:
Available-....-------------....----------- 4,500 .... --44, 00
Future-...-.---.-..-.--- ....-- ....-- .- ..- 25, 500 500,000 -5---.:-- 625, 500
Average.1..6............................16,000 250,000 --...-...-....265,000

Peas and beans:
Available .------------ ......... 2, 400 . .-- 2,400

Average--- ------ ------ 2,400 -.-..-......-.. ..... ............ ..- 2,400Aveorago.-2, 400 2, 400

UPSTREAM

l'etroleum products:
Available ...----.--...-------.....--- 93,600 277,600 91,200 402,300
Future--. ................ ..... 3114,000 391,500 134,600 890,100
Average...--------.. .---.....-------.- ..- 228,800 334,500 112,900 070,200

Lumber:
Available ....-------... ...---.--- ---.-. .. 12,000 1,760 150 13, 00
Future-..-..-- .....-......1---.--- 3,000 3, 260 250 46,600
Average......-..-......- . ...--- 27, 00 2,600 200 30,200

Farm supplies:
Available...--------. ..-...-... --... 1,000 700..-.-...-.... 1,700
Future..-.-...... ------..-........... 5,000 700.--5- 6,700
Average- ------------.............--. 3,000 700 3,700

roceeries:
Available...-.....-- ................--..-.--... 2,000 160 2,160
Future ...------- .... -. --.---.......... 3,500 250 3,750
Average.--------.....-...-..-7................... 2, 70 200 2, 050

Building materials:
Avallnaloa... ...--.......-...... 2,800 2,750 :00 5. 850
Future-.-....................... 128,00 3,570 600 22, 270
Average..............-............. 10, 500 3,160 400 14,000

Carbide:
Available....o-- .......-- 4o0 .......... ........,....... 400
Future-..-..- ....... .......... ........1,00
A verage -- .-.-- ...-- .....-..---- --- 700 ...............---....-..-----------700

Total:
Available.-........-..-..--. ........ 899,000 769, 010 205, 260 1,83, 800
Flituroe---- ....... ... 1, 211,400 1, 407, 400 249, 050 2,897,910
Average...-.....- ................. 1,070,200 1,083,660 227, 10 2, 380,900

I "Available" tonnage Is that which would bo moved immediately or shortly after improvements are
completed.Futuro" tonnage is the estimated commerce that would bo developed over a 60-year period after im-
provement.' "Average" tonnage Is the 50-year average of immediately available and future tonnage.

9.869604064

Table: Table 30.--Estimated available, future, and average annual commerce, Columbia River between head of McNary pool and head of Bonneville pool, exclusive of Snake River commerce
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2684 COLUM1BI3A RIVER AND TRIBUITARIES

'TA LE: 31.--Iorl-to-port barge rates on bulk petroleum products as of Dec. 31, 1947
(1'acife Inlula ndTrifT liireau, Inc., tariff No. 4-11, etTectivo Oct. 13, 19171

I'orts I Storago Ri BaliPorts M iliiininium Transimr- Iltc per Storageat tla te
-III~~r destill- rTeotal(juanlltity, atilon, Mrles toinllle, tio r, npertirto

ectween-- o- tllronsrtln illlls toil toll I

Porliand. Astoria, r .,(r)...... -(N02 214
,

$2. 1 21. $2.10 $I3.08
I)o...... o..... ......... 1X», (XX) 1. 0 l:981. .-... 1.30 3. 08
1)o...... llwaco, W\sl -....-........... (3. 108 27. 8 ....-.-.. 3. 00 --

I)o...... ,onlliew, \\asll....--- itl, ( 1. P8 44 40. 0 .-..-- --- 1.80 2. 20
I)o.......... o ............ 10,0 401.10 44 25. -1.10 2.20
I)o..... 'IT' I)alles, 0reg1...Ifi.()0 1. 15.1.485.3.74
)o...... Unatillall ()r.....1. ,() 2. 01 190 10. 4 $0. 2.53 4. 18
Do ..... Attali, Wash 1.0,00( 2.0 2 23 9.1 .50 2.53 4.t;2

I North pacificc Coast Freight Bureau Tariff No. 14-0, illudIIn Increases to Dec. 31, 197.

TAI^H, 32.-Port-to-port barge rates onL grain, bulk or sacked as of Dec. 31, 1947
Il'acinfl Inlandl TarliT' Bureau, tariff No. 30-A, effective Nov. 27, 1947)

PIorts 'Minllil- lintn AveraRg, Bate per Itail, ratoIfli'Mlni- iRat(ll-wIlro, eItitcl Average,
iiwr ton nlls to - per ton

Itween- To\- tollS ills et

vIlc', W'lsh --......... --. 300 $1.70 95, 17.9 $1.87
The D)lles, Org ...-------- 30 1. 70 14 16. 3 1. 87
North D)alles, W\ashl ...- 300( 1. 7() 104 li. 3 1. 98

iiK Eddly, Oreg...---.... 3(11 1.770 1)8 15.7 2.31
Mairyhill, Watisl...-...- 3 2.30 125 18.4 2. (6
ltfls, Orel ............... 2.30 129 17.8 2.53
(loodlioe, WVsh--.... -..-. 3 2. 60 141 18.4 2. (4
Qllilton, Oreg ---:)3 2. 60 142 18. 3 2. 64
Blalock, Oreg.-.. --..- 3() 2. 1) 149 17. 4 2. 64

Portland, Ore--......-... Sundale, Wash.-.......... 3(0 2. 6( 152 17.1 2. 64
ValleoliVer, WVasI A

...... Arlington, Org -------. 300 2. 60 1 16. 5 2.64
Loigvlew, WISil........ lloosevell, Wash ---. 3(X) 2. 6f 159 Il1. 4 2. 064

A Idlrdale, Wash-..-..-.. 3100 2. f60 174 14. 9 3.08
lloardnan, Ore( -....------ 3() 3. 30 185 17. 8 4.07
I'aitersonl Wlishl ........ 30) 3.30 1 I1 17. 4. )7
lymouth, Wsl.........- 300 3.30 205 1. 1 4.51

U matllla, Ore -.......-.-- 3( 3.30( 205 16.1 4.07
P'ort Klllvy Wash ..... . 3(1 3. (0 227 15. 9 ..-

H1over, Waish....... ..... :3(10 3. 60 234 15. 4 4. 51
I';lsco, Washll......-.. .. 30 4. 50 244 18. 4 4. 51
Klilenlwliik, Washll....... 30 4. 60 244 18. 4 .51

NOTE.---A II above iantes Incll'de Increase4s'Tect iv oil 1 )ec. 31, 1947.

9.869604064

Table: Table 31.--Port-to-port barge rates on bulk petroleum products as of Dec. 31, 1947


Table: Table 32.--Port-to-port barge rates on grain, bulk or sacked as of Dec. 31, 1947
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COLUMBIA RIVER AND TRIBUTARIES

TAnI, 33.--Estimate flood damages by types and zones

I Est ilites based( oni 1918 prices, ecoIlInoic( dt(l ol)melnts, I\nd clii:l1nil coInditionsi
189i FLOOD) MA.(INI''TUDJ)E

I)IRECT I)AMA(ES

A gricultllnl---------
,si(lential .----------

Commercial ----------

Indusl riail ..------

Utilities ......--.-.-
Municipal
Ilighways, roads, and

brid(ges.-.. ..
Trucks annl Iusses
and terminal facili-
ti(es....-.....----

Ranlroads.----------.
Air t(rininals ----.
Navigation facilities-
Dikes iIand protective
works ..-----------

Sutotalo, direct

YnkinmI
Rivll

to Illn-
nevilhl

$25, 000
25, 0()

435, 0(X)
180), (IM)
:125, (00
25,(XX)
150, 0(0

5,000 .......-

30, (( )0

]Oillpe-
villo to

Sandltl
11 iver

$150, 0(0)
315, (N)
19, ()0(

1,725, (XX)
2Xi8, (xM)
325, 0(M)

i(5, ((XI

(1;50, (XX) i,0(x)

Cnlllas
to

LTe, is
River

$1, 430, (XX)
2, 200), )0

738, (X))
0, 900), (HX)
1,125, (IX)

715, 00

725, (XX)

135, (XX)135, IW)i
35, (XX
50, 000

Sand(ly
River

to Wil-
Riviictt
River

$3, 550), (0)
8, (XX), (KX)
4, 775, 00)
15,()00,(MX)
1, 115, (X)

i0, 001)

0(X), 00)

25,0(00
15), (H))
150, OI)

1'ortlnnd
rean,

inetto
River
hIbek-
Wviter

$25, 00)
I(0, 00:)

18, 2.10, (Xl
11, 21(0, (N)
4, 210, 000N)
1, 950, 00()

150, (0)
1,200, (i

8|0, (MX)

Lewis
Iiver,

W\\' sliing-
toll to
Baker
Blly

$1 1,(X),000
4, li0X), 0()
1,780, (XN)
.4,31(0, (n)

8C)O, (IX)II), (0(N)1010, 00(1

700, (X)

150, (X)
50, O(X)
25, (XX)

V11ill
Ilmet te
tiver,

Oregoi''
to

Youn~gsolly

$9, 25, 0000

"-i:i6,'6o64.13,1 (X)
20, (MX)
10, (MX)

140, 000

125, 01X)

10,)(X)

100X), (00 2, (XX), o01 2, 5(X), 0 2, 500, (1 ()

'Tot' l

$25, 655, 000
15, 415, 000
20, 417, 0(X
51, I0)5,1(I)
7, 971, 000
3, 185, (N)

2, 730, (0

3415, t010
2,2(X), (NX)

235, 0()
1,515, (XX)

7, 10, (N00

.,) gl',[ U'Vu[) uriA(,xl""I I.n (,Yl-r. ')'ennnA.l- ,!,V,I rMI 1f .1),u- li ni. VOl 14IAIiR!(,1Wi

INDIHC('T I.OSSES _.______
Agricultura;l- -32(....-.!... .........320,(X) 20, (X)-......... 1, X)00,000 750,(0N) 2,270),000
R1tesidelItill. -. 25, 000 35, (000 10,000 I, 6(x, (X)0 27,0() X900, (X)0 .....--- 2, 597, 000
Commllerlcialr . 1....1.0, (XX) 6(, (0) 272, (HX) 725, (MM) 5, 711). 000 2441, () 120,0(0) 7, 207, 000
Industrial--.. -.--- 121,(N)- 1,5 (N) I01,M), ()12XX) 3, 7-10, (X000 , Xo,)0001 2,740, 000 (W(X,X(H) 42, 4:10,0(X
Utilities.. . . 25(X, I 0(20,(1) 230, (XI 285, 000 71i0, (X) 140, (00 2,0 0,000
Tlrallic interruptions: ,

IIllhwa vs-------- 35), (NX) 35, (nX) 125, (00 450., 000 150, I10N 300, O() 60,I 0 1,470(,000
Railro:ads.---. 1410, (MX) ....... (5, MiM) 125,0(H) 3,2(X), (X)0 1,150, ()I 75,0(XX 4,755,000
Navigation-. :..350), (XX) ....... 175i, (XX) (...X....... )----- 1,,125, (0)
Air terminals.... 25,(XX) I()i. .... 125,

Emergency ex)penlses. 12, ()N1 25, (MM) 550),)(I)1,365,1(M)150 35, (HN) (i85,0() 3, 922,000

d direct losses 1,(2,(XX 2,371 000 13, 672, O() 18,590,000 2,217,000 7.,09,0 ) 2,370,0(X)i_, 021,000
Total dailuaces , 462,000516, 20, 0X'30, 840, O( )&I, 315, O(O)5, 22,0 331, ()19, 3, )01212,814,

_______ __1FLOOD MA _NITUDE

1-18 FIOO ) MI A(.NIT''IJ)IE

I)IRhIT I)AMIA -

Agrirutll tlrll.I-.-. $200,000 $10, 000 $ ,48,0(0 $2,18(0,000 $10,000 $7,850, ()00 $3,325, 000 $1-1,085,000
Residentll-a...-..--... 15, )X) 270, 185 21,04, ) 0,(10)1,057, (IN) -....... 22, 712, (X)0
Comllorclal--... ... 222, W01 22,000 135, 000 2,7S80,000 3,120, 000 307, 000 205, 00 0,851, 00
Indistriil --...-..-- - 45, 000 450, 0001 820, 00(0 0l90, 0001 2, 250, 00) 443,1Y0O 7-10, 000 5,70, 000

Municipal-........... 25, 001 3, (N) 165, () 2,010, 00) 975, 75,0 ) 2, 3,1105,(XX
Illighways, roads and
bridges ---.--.--- 10()0,0(00 32,M(NH) 46i0,0(X) 750,000 53,0003 125,000 115,000 1,(012,(0

Trlcks, luIsss(Sand
terminal facilities. -.- 4, 0(X) ......-, (W0 50), 000 25, (00)....-. ...... 84, (W)

Railroads-...-----.--. 106, )--..- , 0(OX) 85, (0X) 75, (X)I 70, (X) ) (5, ()(Xl 31i7, IHN)
Air terminals ..-..----......--...- , ((). .l......- 1), (HH)
Navigaltionl. ......... 210,000 1)I( ,()X) ,I0..)...... 125, 1000 25,0(N)I(),IH)93);1,0(0)
l)lkrs.............l..........1,()... .....X). 1,4(1),0(),X(),I( M.):1, l(N), (XX)
Emergency ox l)ollses................... - ------,--1o-E

1)er11ency,(ixpnsesI--.'

------- .... ..------ ----.. .. ......

Suhtol ,di re t
(Ilailiae....... 9l.87, (XX)| SS,)000 2, 105,00 31,22S, OO 1), 720, (X)N 11,;38, 0( 6,4172,()() 59,(1.1,(XX>

2685

___.__ ___

Typ'3e of dallnlage

.1.,...........

9.869604064

Table: Table 33.--Estimated flood damages by types and zones
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2686 COLUMBIA RIVER AND TRIBUTARIES

TAilrE 33.---Estimated flood damages by types and zones-Continued
1048 FIJOOD) M AONITUD)E-Continued

Type of (ldannge

INDI)IIECT l.OS,.q. S

Acrlilllturinl.......-
lhshhnr!lal ..---.....

olluslrlh l.i.........
I istrlis ......
'I'rafll itlterrul)tlon:

1Iilllt wys' .... ..
Itailroi s... .... ..
Nit iv':(lou ......

Air Iorinalll s. ...
Etlnerrnlicy (\lx)endl-

tllrcs ............

Sultotnl, in-
dircr( losses.

'1'o.Al im)Ifngs.<;*?.̂ - ~~~~~~~~~~~~~~I

Bonne- Portland
Ylnkinn ville to Cnnm .I Sandvy aria,eIlver Cimnmas to RIvr W'llmt
to Hon. nndI La wis tIivr
nevilllo Snndy Rvelvcr Ilnit

lil~ver Rivr aker

$18,000 ......... 3.000,000.......
$.15,00......... 0.0(X) 00, ( X)$1...00,0
80, (XK 435,K01 70,5, 00 1,51, 000 1,800, 00
3, 00) 50, 0001 25, 000 , (XX) 24, (H0I

250,, (XX) 30, 0o 103, 000 378,00(.........
I...,,. 1(XX) 65, (X ) 375, 00

130, 0 ........ 50, 00 225, 000
~~~% 1.....,0 125, .....-,,000 125,000..........

8,)0 12, 000 29, (00 1, 860, ( 25,000...·--------.- . .
48., 000I),05,(XI 1, 287, 000 7. 568, 000 3, 54, o000

1, 4 7:, (XX) 1, 9-13, 0003, 6920, 0(W, 796, 000 10,275, 000

TLowh
River,

\W slbing-
ton to
linker

any

4.5, (XIX
18.5, 000
370, 0M1)
140, (X)

3X), 00(
24, XX1

Wllaln
niltto
River,
Oregon

to
Younlgs

Tany

$075, 000 $1

4i., 000 1
820, (XX)

85,000 1
35, (000

1, 071, 000 529,000

3;,00, 000 2, 189, 000

14, 978, 000 7, 661, 000

JUNE 1933 FLOOD MAOTNI'I'IUI)E

I1IIEfCT DAMACE

Agricultlunl .........
Rcsidenlil ...........

('omllniercial ........
Industrial --.. ..------
ITtilltles.............
AfIlllnel)r l.. ----------

Illghwnys, roads, nand
bridges ..........

Trueks,_hbusses, and
ternlnals.....-....

I(anlro:ls.-..-........
Air terminals..... ..
Navigtnton.........
)Dikes...............
Emergency expenses..

Subtotul, di-
rect damagei..

INlDIt.CT O.)SSES

Agrlulltural.......
Itesidrntllal .........
('ooninerelal ..........
Ind ustrlitl .... . ..

Utililtes .............
'r'mflle Interrulption:

Il[1hwIays .......

Itallro:ils........
NnvlRgtion ......
A Jr termtinils.....

EiiioerL'etiy cxpcndl-
tiures ...........

$10, 000
5, (XX)

10, (XX)
O, I(X)

..--

.
.. . . . .$73,"(X)

1o, (X0 .......

2,--- 00
5, 666

$191, 000

3, 0(X)
79, 001
85, 0(X)

.

$120, 000
25, (XX)
73, 000(7I3, 000

.

$21, 000
33, 000

212, 000
17, 000
50, 000

5, 0 ..I--.--.--.I--.----

15, 000 75, 000
15, 000

.

$050,000
10, 000
10, 00
18. 000

215, 000
25, 00(

210,000

35,60006
1'5, n0)
350, 000

$405,000

210, 000
7, (XX)

25, 000

275, O00"

$1,370, 000
64,000

167, 000
797, 000
239,000
75, 000

250, 000

37,000
35,000
7156, o0(X)

52, 000 73,000 381, (X) 303,000 378,000 1, (18,000 913,000 3,718,000

5, (XX)

. i., i.. .m, ol

6..'...6<

0,) (XX)
1(10,0,(, )

3....... 9.....(...

--, ono

35,:666' t,-- ;xx-

78, 000

27 000
*I, O(Xm55,000

40, (XX)

__- _

45, 000

-_ ;...__
123, noo000

__..__. ._:

340, 000
161,000

40,000
45, 000

.__, _--

Sul)totill, it(l-
rentt losses.... 15,n0) I15,0o) 30, 000 22, 000 131, 000) 240, 000 155, 000n 719, 000

'I'otll d(I1111s:('.s. 17, 000 2210,000 li1, 0X) i325, ( X) 509, (XX) 1,858,000 I, 098, 4,4197,
.
. _ _ _ . _ . _ _ ... . . _ _ ~~~~~~~~~,

o
_ , _o __4 ,_4o__? _,oo._o

Total

1,850,000
,063, 000
,835.000(

5, 729, (X0)
832, (00

,236, (XX)
5419, (XX)
)05, (X)OW05, 000
130, (00

1, 545, 000

), 174,000

1,818, 000

If

7W

11-1.-1 1.----

22,WO



COLUMBIA RIVER AND TRIBUTARIES

TABT,E 34.-Pertinent data- Constructed and proposed danms

Item

General data:
Eight (normal headwater to
minimum tallwater).

Over-all length...--..-....--
Stream mIlle (from mouth).--.....
Drainage area.....-.----- ..------
Distance from Portland airlinec)
Distance from Spokane (airline).
1)istalce from Boiso (airline).....
Discharge:

Mean annual (1878 to 1046)....
Minimlumn of record..........
Average regulated .......--
Maximum of record (June

1891).
Spillway design......---.....

River elevation (power l)lait tail-
water):

I)ischarge:
Minimum of record.......

Average regulated
8()0,000 second-feet
MaximumI of record (June

1891).
Spillway design..........

Reservoir:
Elevation:

Drawn down pool............
Normal pool-..---.---..
Maximum pool (free dis-
charge).

Maxitmum controlled pool -..
Flood control storage ....----..
River discharge at start of storage.
Length at normal )pool -..---.----
Area at normal pool)....----..---
P'ondage-3-foot drawdown
Highway revision (Stato and
county).

Railroad revision- .....---.
l,1and acquisition ---.........---

Spillway (datn:
Length-over-all............
Elevatiol:

Crest .--.. .-- -.--..---

Unit

Feet --.........

...-do... .......

Second-feet.....
--.-- do ..........-

-----do-..........

..--.-..i-.........

.-----do..........

.do.

---

.(10.-

Bonneville Tho Dalles
constructedd) (proposed)

65

2,477
145.3

240,000
36

256
283

201,000
38,000

112, 950
1,170,000
1,600, 000

6.0

14.0
39. 5
62.7

....do.... ......

.....do.--.......
.lo

. odo..........
Acre-feet.-----.
Second-feet---.
Milo...........
Acre.....-....
Acre-feet.----..
Mileo...........

do ..-.-----.

Acres.....----.

Feet ..--- ---

Feet mean sea
level.

69.0
72.0
82. 5

72.0
0

47.2
20, 30
60, 00

1,070
24.0

87.-5

8,420
192.6

237, 000
80

240
275

193,900
35,000
109,250

1,170,000
2,290,000

72.1

73. 2
103. 5
110.0

124.0

157.0
lliO.
176. 5

160.0
0

31.3
11, (00
33, 00)

18. 7

81.4
5,937
1, 818

119.0

Bridge (leck ..do .... 97.0 185. 0
leicght--maxilmum1 (foundation Feet..--.. ..-- 197 115

to deck).
Gates:

'TYl)p verticall lift). -...(..).-(.--..------( )
Numbler.ll-----....-...........---- 18 30
Size (width by height Includ- Feet 12-60x60 60x43

Ing 2 feet freeboard 6-50x60
Gate operation ..........---........ ) (1)
Discharge capacity at normal pool Second-feet.-....--... 1, 200, 000
Stilling basin type..-........................ ( 1)

I Average regulated flow during critical power period (1929-32).
a With John I)ay Reservoir as Iroposed for navigatin, flood storage, and power.
* Between backwater curves, disclargeo= 800,000 second-feet.
4 Fixocl wleel.
2 gantry cranes,
2 level apron with baffles and end sill.
lBucket with perforated end sill.

* Horizontal apron with balffes and end sill.

John Day,
navigation, McNary
flood storage . underr
and power construction)
(proposed)
. ____

94.6

4,000
217.3

226,000
96

205
262

188,000
30, 500
105,080

1,160,000

2,250,000

160. 2

161.0
179.0
188.0

208. 6

252.0
255.0
290.7

292
J 1,927, O(0

800,.000
74.7

44, (X)
13, 000

108.6

t1i. 6
47, 832

1,310
223. 5

297.0
200

(4)
22

50x57

(6)
650,000
(8)

84.5

8,300
292.0

213,500
168
150
218

185, 00
30,000
13, 580

1,150, 000
2, 220, 000

2 2{;5. 0

2256.0
'279.0-296.0

2299.4

2311.1

337. 0
340. 0
356. 5

340.0
0

59. 2
37, 00)
105.000
47.47

89.49-
41, 93

1,310
291.0

301.0
168

(4)
22

60x63

(I)
1,430, 000

(I)

2687

__

9.869604064

Table: Table 34.--Pertinent data--Constructed and proposed dams
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2688 COLUMBII A RIVER AND THIBUTARIES

T'A HIp 34.-I'erti'net data--Constructed and proposed dams--Coni inuled

It

John )nay,
Ilhnnonvil.' Th'Ill lhls"Ilvgioit io. McNviryenl Unit I(tLstlructed) (I)roplos.e)tlxxLstlore. underr^uoii rucKnd;dpi)oAWrcomsttnircioin)

(p>roposld)

Power f:cilitivs:
I'owerhotise Ii' tli -)over-il ..... I

ilntik deck.

tire.

Whirlh sl):;ic( r.servait lonis ir-,(;(.
'Tot:l Iistalllcd cal);city9......... I

.MlXii ll-llll....... ......... ... 1
Itattl .. ....................

IFor lisclhlrge of 8(),0(K)
sc((otll(l-fect.

For dilscharge ofli;),(X)(
scotll l-feet.

Nominaizl prime (i;\Il)hillty. .....
Noiii lfirinnn (c.l)ahilit. t 7. Iewr- .
cent lohtd( factor.1

Nuviiatlion lock:
'IN'Y '...
N0ottrim1 lift .................
Net clear Inlh-t......--...........
Nelt learr I tll ................. ..

I )elpth ov<er lower sill (minlmin).
D)epthl over upper sill tt nlormuil

I)ool tOl tvtioll.
Noil-overllo\w dliln:

('onlrete ---ttal length.......... .
EFiliI)itlkilleint-to(1tal ligth..I...

Fislh fa'ullities'
dI,;drlvrs --nninl r ofl nits ........

Fish locks-ilumlhr of unit ......

Total conlstructi(ol tilll.............

,'(*(t ....-...
,z.(1).. .....

ilo watts......

..- .........

..to

.do I.- .o.--.....do

.(Io

... ..

.do ..........
.......

(It)4

1,027
115

10
I

0

518, 4)0

65. (
058. 0
:3J. 5

476, (X)
570, (X0

('2)
6M)
76i
21
:12

..........

3:I
6

. --.. .. .

1,478
192

14
2

4

8I0O, (XX)

87. 5
85. )
51. 5

0s.o(

919, ()0

(")
8.87.f)i75

H<i
11
17

:3, I','

3
7

..7%.

1, 208
3:157

13
1

4

1,105, (X)

10 113
93. 0
76. 0

81. 0

722, 000
I9li:, 0)(N

(")
O. .S
(i75
86Hli
II
17

1,252

2
2

HW!

1, 403
180

14
0

6

080,000

84,I 5
8 .0
62, 0

)66. 0

(21. C'00
832, LOO

(')
2 81.

6i75
Y6

'3 19
20

339
4, 885

2
1

9 In aicordatice with Iphase ( develol)mettIt, atiltiIllix O.
1 111 ll lool storage rtegiltltlonI to 8(H>),().X) sconltld-fee t it pool 292, with uiltimtate regillntion to 6OO,(XX)

soconll-feet 1ittxilililll lIuIwI will be 118 feet.
I)(lM'Indall(he ipe'king ral)ability, winter season.

2 Sitlgle lift.
i3 With Jolhn D)ay Ieservoir at normal 1pool elevation 265.



COLUMBIA RIVER AND TRIBUTARIES

TABLE 35.-Existing and authorized navigation projects

Feature

MAIN CHANNEL

At the lmoutli..-..--------..--
'Portlind (Ilroadway Bridge)

to the sen.
Iortlanll-- Broadlway Bridge to
Ross Island Bridge.

Molthli Willamei te to Vancou-
ver.

Vancouver to Tl e T)alles.... ...

'elilo Falls to Wallula....
Wallula to Kennewick..-----
\Mouth of Snake River to Keln-
newick.

AUXII.IARY CHANNELS

lnker Bay Wash.:
Westerly chainniel........
Easterly channel ..-.-

Sand Islrld to Chinook, Wash-
YoiunIs Bay, Oreg ..----------

Skil)ipaio, Oreg-.-------------
ieelI) River, Wash ---------.-.

(rays River, Wash.-----
S k a il o k a w a (S t e a in b o a t

sloiugh), Wash.
Skamokawa Creek, Wash.----.
Elokoniiu slough, Wash.------
Cathllaniet, Wasll--------------
West|port slough, Oreg---------
Clatskanie, O .reg-..-....
Lonigview, WaIsh --..---------.

RIainier, Oreg---------.------.
Olld louith of Cowlitz River,
Wash.

Cowlitz River, Wiash .--------

St. lehiins, Oreg --------------

MIlltrlomlill channel, Oreg.--
ILake Iliver, Wash.. .....

Lewis River, Wash ...-.----.--

Oregoll slough, Oreg-----------
Oregon slough (upper en-

tranel), Oreg.
Bingen, Wushl...--------------
Arlington, Oreg.---------------
Kennewick, Wash...-.-.----.

IIAInOlS AND IIOAT IMO)()INO
BASINS

Warrcnton small boat harbor,
Oreg.

Astoriaimoorlghasin, Oregc.
IIoo(d River mooring bI)asin,
Oreg.

'ThI 1)alis I arbor, Oreg
TUIININn IBASINS

Skipanoni (Warrenton), Oreg...
Skamniokawn (Winters wharf),
Wa3h.

Vancouver (2 basins), Wash..I.

uUnas-WVashougal, 'Wash......

,.ocKi

Ilonnevllllel 1a l ..............
Thle lalles-Celilo canal (4

ellunl)ers)
McNary (Ulinatlliai )im) ...

River niles,
Colulllbii

River

0
0-10. 0

(2)
101.0-10i.0

106,0-191.1

201.1-314.3
314.3-328.
:124. 2-328.0

3.0

4.0
7.0
10.0
10. 7
20. 0
21. 0
3:3.0

33.3
35.8
38.0
43.5
50.0
GI. 0

6i7. 4

67.7

67.7
81;. )86. 1)

87.6
87.6
102.3
l()o. 0

171.0
212. 0128.0

10.7

14.0
169.0

190.0

10.7
33. 3

106.0

l)epth nt low
water

Width or other
controlling
(Iiiefllsiolls

.10 feet........... 2,70(X feet.----.-
35 feet -........... 500 feet .....-

Stitus

Completed.
I)o.

30 feet..---.- 300 feet-....-I Complleted.
:30 feet...-. ..-. 311) feet....-... Completed.
27 feet...-..---. 300 feet.....----
7-feet..........feet
NoIe specifiedl None specified.

Obstruction removal

8 feet -...------ 200 feet..........

10 etc------et
8 feet-.....---
10 feet-----------
:30 feet -----------
8 feet.--------
Sniag removal.
24 feet ----------

6.5 feet.--------
10 feet.----------
lfeet .--------

28 feet -----------
6 feet--...-..-
28 feet.---------
2.1 feet.-----------
8 feet..---.--.--.

4 and 2.5 feet---
30 feet.---------
25 feot..----t-.

6 feet .---.----.

6 feet -.-------
20 feet...-----
10 feet-..

201ifeet........
l. 0 feet.........
150) feet........
2(X fee....-.. ...

)00 feet.....--.-
15Ufeet

75 feet........
100 feet..........3011)) feet.........23) feet--..---..

41) feet
.......

25.0feet.......
220 feet-......
150 feet.---------

5)Ofeet..........
500 feet ........-
300 feet3(H) feet---------
IO) feet....---..50 feet.........200 feet....300feet -....-----

40 )e r c e nt com-
pleted.

75 e recent c om-
ipleted.

33 c r c en t co ni-
pleted.

Completed.
i)o.
D)o.
l)o.
1)o.
1)o.

No construction.

Colllleted.
1)o.
)o.
1)o.
l)o.

No construction.
Completed. ,

No construction.

Complllleted.
I)o.
1)o.
D)o.
1)o.
1)o.

No construction.

10 feet...-... 200 feet ........ )o.
6 fet..-------.-.-----.-----.. Complelted.
6l feet..-.--------.--.......... No construction.

12-foot (Iraft..... 700 by 800) feet..

18-foot draft... 1,01)0 oatss.....
10 feet-----.---. 500 l)y ,300(feet.

8 feet .......... 400 by 800 feet...

l)o.

I)o.
1)o.

Do.

3 feeot-......... 450 by 450 feet... Completed.
24 feet..--------. 250 by 2.50 feet... No construction.

30) feet..........

122 0 27 feet..-.. ..

145.3
192.8-201.1

292.0

800 by 2,1(X) feet
and 8S0 by
3: X) fe l.

1,01W) I)y 3,1)()
feet.

Complleted.

No construction.

24.2 feet....-.. 76 by 600 feet.... lCompleted.
7.8 feet.......... 45 by 215 feet... )o.

12 foot.......... 8 bhy 675 feet.... Und(erconstruoetoll.

I 11 milos additional 11 Willalmette River.
J 3 miles I1n Wlllainetto River. Maintainel by Port of Portland.

2689
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TABLE 36.-Existing and authorized flood-control projects

Location Area
County State mile on ro-:i-ounly '!-ta~;Columbia tected.

River acres
-I

Description of improvement

CORPS OF ENcINEERS AND LOCAL INTERESTS

Diking improvement district No. 1..-..... Pacific.......--------.. Washington-_.
Warrenton diking district No. 1...---..-.......Clatsop......-....-... Oregon........
Warrenion diking district No. 2..-....-...... .......do......... .....-.....do.........
Warrenton diking district No. 3 ----------. -- ..do ................. ......do .........
Diking district No. 2-...-.---------- . do--....--.-........-.-...do ..-...--
Lewis and Clark River area, diking district do....-- .... ..do--....
No. .

Lewis and Clark River area, diking district ---do.--.....-.. --do-........i
No. I1.

Diking district No. 3 . ...---..-..-.....----- .....do.- ......... . ... do.........

Diking district No. 5 .---.--..-----..I----- .--.do-....------.-......-.....do........
Young River area, diking district No. 9........-- do.-........ I---.do.......
Walluski River area, diking district No. 13. ...-. .do..... do.........
John Day River area, diking district No. 14 ...!..d-....-......................

do ......

Svensen Island District Improvement Co ....- . !..--do.......--I do.........
Deep River area--------.....----- ..-----.--- Wahkiakum .----..... Washington.._
Upper Grays River area ...-- -----.--.--.---.-.do -----.. . do ....

Karison Island diking district No. 10 --... ... Clatsop.--.-........... Oregon-....
Knappa area diking district No. 12--. ..I...-....do----....... ....do......
Drainage district No. 1----. --.--.....do.-.......do--
Diking district No. 5.------------------------- Wahkiakum .......... Washington...
Blind slough diking district No. 7-.-.-.--.-- .. Clatsop--- Oregon._-....

Diking improvement district No. -- ........Wahkiakumn. Washington...
Tenasillahe Island diking district No. 6---- Clatsop.J---.----.--i Oregon...-..
Diking district No.1-............................ Wahkiakum-........*Washington...
Diking district No. 3 ------------..---..---. .---.-do .....-. .....1.... .do--....
Westport diking district No. 15.-------.... Columbia and Clstsop.. Oregon-......Westland District Improvcment Co---.... Columbia ............ do--.....
Woodson drainage district----...- ....... .....do-- ..--------... ..-do......
Marshland drainage district.-------.....-. -.-do ---..--.......1....do -.......
Webb District Improvement Co....... do--...............do .....

Midland drainage district--------------- --- ...do--. .....do-...
Magruder drainage district .... do--... do-.......
Beaver drainagedistrict-- .do-----..........do---...
Liking improvement district No. 15 ...- .......; Cowlitz-----. .-. Washington-.

Wo
Consolidated diking improvement district No. 1. i.... do--- ..--- .. ...-. i do-......-
Rainier drainage district-----------..---...- Columbia-.............! Oregon-.....
Diking improvement district No. 2...-..---. Cowlitz--..............- Washington..
Diking improvement district No. 13 ....-.. .......do .....o........ ....

3.0
S.O
10.2
10.7
11.3
13.0

13.0
13.0
13.3
14.0
15.0
18.5
19.5
20.0
24.0
25. 5
26.6
29.0
30.0
31.0
33.7
34. 6
am. s
4:38.
44.0
45.0
45.6
46.0
47.4
47.6
50.0
56.8 ..

60.7
62.6
68.8
68.8

1. F8Pile and stone dike.......--.......
1,915 Levuees. drainage, and revetment......
99 do-..........-. .......------------
945 .....do . .......
24S ...do....-...................

1. ll.... .do..........................
325 ....do.... ......... .........

485 Levexes and drainage. ...........

535 Levees, drainage, and revetment......
2.528 -....do............................

610 Levees and drainage...............
246.....do .....................
301 Emergency repairs to dike...........
425 Levees and drainage - ............

2.100 Channel clearing and revetment.......
370 Levees, drainage, and revetment ....
69 Levees and drainage--..-----..----

1.391 Levees, drainage and revetment.......
1 500 Levees, diversion canal-----I...--
928 Levees, drainage, and revetment .....2. 271 Levees and drainage- ..

i, 09-..do-- .........._ ...............
3, 00 Levees, drainage, and revetment-....

740 ....do--..........................
233 Levees and diversion canal...........

1, 091 Levees, drainage, and revetment-.....
:355 Levees and drainage.-......!.---
976 ....do...............................
720 Levees, drainage, and revetment-.-.-

1,300 ...do ...--.......|.......592 Levees and drainage ----. .!...--
5. 595 Levees, drainage, and revetment......

--...-. Repairs-flood damage to local inter-
ests levee.

9, 885 Levees and drainage......-
1. 287 I-- do........................-
1, 146 Stone revetment .. ..................

08 Levee and revetment..................

Comrpleted.
Io.
Do.
I o.
Do.
Do.

I)o.
Awaiting local coopera-

tion.
Completed.

I)o.
)o.
Do.
Do.
I)o.
Do.
Do.
Do.
Do.
I)o.
Do.

66 percent complete.
Completed.

Do.
Do.
Do.
Do.
Do.
Do.

)o.
I)o.
Do.
Do.
I)o.

Do.
Do.
Do.
Do

Project

cO

Status

0
C-

:Z

.3

ct

W

~1-

c4

M

M~

9.869604064

Table: Table 36.--Existing and authorized flood-control projects
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Drainage improvement district No. 1 .--..--.do-----------------....o-..68.8 269 rainage--
Prescottarea3------------ i Columbia--------- Oregon------j 72.4 500 Levee and drainage..----------

Deer Island drainage district-- .----. ----. dod..-o.----do... d..- .76.8 3,950 Levees, drainage, and revetment---.
Diking improvement district No. 5 .-- - Cowlitz----. Washington..j 84. 0 5.629 Revetment and diversion canl-----
Diking improvement district o.1-- do... do4.0 1,740 Revetment andchannel improvement.
Scappoosedrainage district ----------- Columbia Oregon.--.. 90.0 5, 73 Levees, drainage, and revetment
Columbia drainage district No. 1 ---..--.do -.-- --- .---do.-... .' 95.0 1,,02 Emergency repairs ....-----.----..
Sauvie Island drainage district .--- ------ . Mu;ltnomah....--.--.- ---......dc97.0 11,376 Levees and revetment -...... -----

Peninsula drainage district No. 1 --- ---- -do-----.-do 105.0 901 Levees and drainage_... -----

Peninsula drainage district No. 2-. ---..- do .-----do106. 5 1,425i Levees, drainage, and revement-....
MIultnomah drainage district No. 1.- ---do-------- -do 105.0 8.417 Levees and revetment-..... ..-----
Sandydrainagedistricti--- ....---- --d-do-....do -11.5 1556 Leveesand drainage ------
A.kali Canyon, Arlington, Oreg..------ . Gilliam-----------do-....41.f Channel improvement_...-...-----.

Subtotal-- --------------------------- 92,117 -.....-........-....----
LOCAL INTERESTS AND CIVIL WORKS

ADMINISTRATION

Deep River area.-..-.--.--------- -
Wahkiskum....-..-.. Washington..-20. 0 0 Levees.. ... ...

Lower Grays Riverarea ----- ----- do --..----- do ----.-24.0 840i ...do....-.....-.....-I-----------
Clatskanie drainage district------Columbia--Oregon 0 300. do
John drainage district ------------------- do ---------- . do... 6.0 15: Levees and bulkheadls.-----....------.
District No. 17 area---------- Cowlitz----------------- Washington-6.0jCaO I Levees.-----------------------------

Subtotal-- ---------- ---- ----- ------ -- ------ 2.494 ----------------------------

LOCkA INTERESTS, CIVIL WORKS ADM;NISTF.ATION,
AN'ID WOR.S PROG.RESS ADMINISTRATION

Diking improvement district No. 15....------- Covlitz--.... .- .... 'Washinmton.. 5.1 S 5, Levees and revetment....................... !i
LOCAL INTEREST

Upper Skipanon River area.-------- ------- Clatsop .-------- Oregon-....---
Svensen miscellaneousareas..------------- --- do-.---.---: -..do--.-----
Gnat Creek, Blair area ---. --------------do.. .-------------...--- do.----.
Diking district No. 4 ..do--. .--- ido.--.--
Clatskanie slough area. --.- --- Columbia.......----..--- do -..----
Palm drainage district ...----.-------..:-- ----do--- --------.. do.--.---
Clatskanie River area-....------..- ------.-- ----do-----.. do.......-
LaCenter area .-...----.-------.---------- Cowlitz------ ashington.
Lewis River area------------. .---- ..--do.-.--.--..---.--------.do------.-
Bachelor Island area --------------------------- Clark --..------------ ..do .-..---.
Tomahawk Island area (Lotus Isle)-- :---- Multnomah-------..- Oregon....--.

10.5
19.5
29.0
29.0
48.0
49.2
T:~.0
.S6.0
89.0
90.0
106.7

127
150
18
90

80

SOO$00
2,100

40

Levees-.............
-do-do-..-........-....

...- do. .. --..-------.--..i..do.---------

ado . b-do-.--...... ... --...

Piling an rotimber bulkheads
Levees ---------..--.--.....--....
.do..-.

do .-- .-------- --------

Do.
Awaiting local conpera-

tion.
Completed.

Do.
Do.
Do.
Do.
I)o.
Di.
1)o.

9Ai percent complete.
Completed.
No construction.

Completed.
Do.
Do.

Do.

Do.

I)o.
Do.
1)0.
I)o.
i)o.

Under construction.
Completed.
Frnder construction.
Completed.

Subtotal-
....-------...-------------------------.--------)..------.....-.......-

Total-.. ---------------,-----9.........-....-....-------
I Excluding 985 acres authorized for protection for which local cooperation has not been fulfilled.

tc
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'IABLE 37.-Navigation channel velocities at critical locations under proposed slack-
water development 1

Flow at The
I)allcs, second.

feet 2

100,000...-----...
125,000..........
20),000 .........

300,000..........
400,000...(.....
600,000...........
G00,000..........
800,000..........

Average velocities In miles per hour

lhiunilton
Ishind,

)illlo 142.7

2. 9

3. 8
4.3
4.6
4.8
5.2
6. 7

Sheridan Th
Point,

mile 147.8 i,
189.7

1.2
1. 5
2. 3
3.3
4. 1
4.9
5.9
7.7

0.0
1. 1
1.8
2. 5
:1. 1
3.7
4.4
5. 6

Ilell
(Into(late

Rapids,
milh(
205.9

0. 6
0 6io(.
1.4
1.8
2.1
2.4
3.0

Scho-
fieold

Rlpdcls,
iile
216.0

1.0
1.2
1.9
:'.5
3.2
3.7
4.1
4.8

281.:1

1.7
2.(0
2. 7
13. 4
3. 9
4.4
4.8
5.4

Percent
of time
velocity

Pasco is
Bridge, equaled

illn or ox-
328.5 ceeded I

0.8 100.0
1.1 62.0
1.7 17.0
2.4 12.0
3.0 7.0
3.6 4.0
4.0 2.5
4.7 0

I Open river mllo 0 to milo 145.3; Bonneville Danm inllo 145.3 normal l)ool elevation 72 (existing); The
Dalls )Dam milo 102.5 normal pool elevation 160 (proposed); John I)ay Damn nmilo 217.3 normal pool eleva-
tlon 255 (proi)osed); McNary Dlam mile 292.0 normal pool elevation 340 (under construction).

2 Conditions as for nailn control l)an. (See appendix M.)

I_ _.__

9.869604064

Table: Table 37.--Navigation channel velocities at critical locations under proposed slack-water development1
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TABLE 38.-Storage capacity data, John Day Reservoir

Storage in acre-feet between elevations-
Reach and low-water elevation - "- - - - -

160 1 170 180 190 200 210 220 230 240 250 260 270 280 290 300

Mile 217.3 to 219.03, elevation 144... 3,790 8,950 15,340 23,420 34,845 51,520 68,195 84,870 101,545 118,220 140,540 162,860 185,180 207,500 229,820
Mile 219.03 to 223.0, elevation 148.. ..5, 520 16,030 28,485 42,030 56,790 73,665 90,540 107,415 124,290 141,165 160, 190 179,215 198,240 217,265 236,290
Mile 223.0 to 2272, elevation 152 -- --- 2,440 9,735 22,365 36,300 51,945 69,905 90,115 112,415 136,530 163,280 190,030 216, 780 243,530 270,280
Mile 22722 to 23L37, elevation 160- -------- - 10,700 22,760 36,840 54,130 72,955 93,995 116,820 140,660 166,475 192,240 218,005 243,770 269,535 C0
Mile 231.37 to 235.65, elevation164.----.... 7,500 19,175 33,760 49,625 67,615 88,145 108,675 129,205 151,400 173,595 195, 790 217,985 240,180 0

Mile 235.55 to 239.70, elevation 172------------ 9,620 21,015 34,475 48,490 63,040 77, 975 93,185 110,470 127,755 145,040 162,325 179, 610
Mile 239.70 to 242S6, eIevation 178---- ----- ------------- 5,315 14,655 24,790 35,630 47,490 60,940 76,320 94,880 113,440 132,000 150,560 169,120 d
Mile 242.86 to 247.15, elevation182-....... . 5,050 19,100 35,525 53,935 74,525 97,090 121,105 147, 670 174, 235 200, 800 227.365 253,930Mile S m n

^"24a)to 247.15, elevation 182--;---- ----3 520,0 22.365
Mfile 247.15 to 251.30, elevation 189--------------- ...... 260 9,820 24,975 42,325 61,835 83, 640 108,145 136, 030 163,915 191,800 219,65 247,570 t

4,620 108,395 133,490, 0690,44:5 ;47, 22087Mile 25130 to 255.18, elevation 195 2,810 15,045 28,925 44 650 63,040 84, 620 108 385 133,490 160 445 189,620 220,875
Mile 255.18 to 258.74, elevation 197 --------------------- ----- 1,590 13,390 27,035 41,940 58,180 75,585 95,790 116,725 138,430 160,915 184,290
Mile 258.74 to 261.75, elevation 203 ----_ ---.---- 3,480 13,845 25,050 37,440 51,585 67,725 85,585 104,755 125,170 146,800S
Mile 261.75 to 264.45, elevation 207---- 485 5,650 13,325 22,050 32,865 48, 140 68,850 93,800 122,175 180,540
Mile 24.45 to 267.33, elevation 208 ----.5,490 15,795 27, 710 45, 540 70, 605 100,935 137, 750 180,540 229,235
Mile 267.33 to 272.11, elevation 216 --- - -- 12,7 36, 565 71, 215 121,680 187, 990 263,760 347, 720 438, 385 E

Mile 272.11 to 276.28, elevation 23......------ ------ -------- 13, 810 31,560 56,185 96,38.5 153, 110 220,335 293,960
Mile 27628 to 278.91, elevation 225 -- --- 6,545 16, 265 28,235 48,280 78,355 114,795 154,815
Mile 278.91 to 28L05, elevation 232 -- ------------------------ -------- --- 2,045 7, 660 14015 2000 46,185 79,460 120,685
Mile 281.05 to 283.56, elevation 232-- -------- ------ --------------- 3,005 10,880 19, 580 31,375 47,950 69555 96,810
Mile 283.56 to 286.11, elevation 234 -------------------------- 385 8,470 18, 630 29,940 42,680 58,325 79,125 tI
Mile 286.11 to 288.70, elevation 245-- -------- ---------------- -----2,385 12,450 23,690 36, 565 53 245 74,580
Mile 288.70 to 292.00, elevation 247--1.-- - -------1,265 10,815 22 370 36. 720 55,980 79,185

Total---_------------- 9,310 27,420 71,760 149,955 267,525 433,050 630,535 864,965 1,155,165 1,504,430 1,943,170 2,447,900 3,024,230 3,667,820 4,368,640 ,

ti

9.869604064

Table: Table 38.--Storage capacity data, John Day Reservoir
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TAPIl,i: 39.--Propose.d dikinl and drainage and bank-protection projects
I)IKIN( AND D)UAINAOE

Locution

%W%is' li il'aiil firea ...... V
Samdy dr(linalwe' distri l J

....... ..........................Mllltlnotlll C'ounlliy,ain:Ie dIslrict No. 1 2

Ilidylen Is:riul. ...... V
'ilrllvi Illld(11 s . . ..... C
''ninsilh1dialnu'o district No. 22...

cI'PlilSil, ' rln: e(iislrict o.
Ilydis Islr icl ..... ............

Vai' ovll er,'ollklry....lk-....ltls... ..............tts ..V
Sialvir Islaill (;»rli's Ail} l. ----........ ....C......... (1
('oIlIriil)ij drainag) district No. I I ...............
K cilall1hor lan!r-d area ................ .............................. V

('o litzoso('oriltlllke.dsiictl I t sos.........................................
(onwlitlCl ntclldllk-ilrmii i|ro\ in»t (listriclsNo. 51i d 11 ....
irpprIsl d ran'l:.ge district 2 ....... ........ .....

l' liam nR i ve r-voa I .. ...... - - ---- -------

Cowlitz ('ounlty dikinvl ilnlroveme'nt district No. 16 2.......... .. ........
Jolhn d lri'tllae d islret I ---...-... ()
l:laver d(Inriiage district 2.............--
C'hilskanih dranin:i;>e dislthil ..-----.............-----....---
C(lilskanile RItiver area ...............

M auriider drainage dislict
Milandil d(11ilaget disicl.ie
Wooldson drina'olII>' distliclt 2 ...........................-
l'uiget Island are:a, Wi'llkinakui Coui ty (liking distiricts 1 olUn .3 ... V
Tinasllalili Island dikingldistrict No. fi 2 ...).....
Walikiakun dikiniRinnpi ovebinontdistrict No. ..2 .
('Clnatsop Coilnty dikinv district No. I (.).
(Chitsop Counity drionai_' district No. 1 ..

BANKI I'I''OTEIC'TIION

Slato

Vashington

Vshlingtoa.
Iregon ...---

. .(Ido -. _....

V:ils)hilIg!oil.

re lo. ...-- ..

... i. ......

'lol........
'...slito......

)roJII......
. i-..... ..

)J'reon........

'aslllgtoll... -o..... ... .

remoi......
Aii.io......._.Io...

Area,
acres

2, 260
1, 5511
8, 417

75(
2, 600
1,4125

901
851)

10,(00)
11,376
1, 602
3, 330
5, 76'.3
1,600
7,309
3, 050l10
1, 35
9, 8S5

845
153

5, 595
300

Town
592

1,300
355

3, 940
1,709
2, 271

90
1,391

N!Ium
0

of a11rea

:IT RIVERtWIL.I.A Mt
Sallviv Islhnd.. (lh

-(Id o
d o

.....d

-_- ----^---- -------.------..--I

MIII.TNOMAII CIIANNEI.

1h1iIVIC ISilllm , IIall l 10)ll.l
,a'tvic Ishlnd, ('line loeation
,Sca:lllppoose dlriiiril.'o dislrilt, (hapman location-.....
Ic')apl oose (Iai1ae district, W hies loc) l ion .......

CI1.UMIIA IllVER
lWasholigital M111' .............. .......... ... ........ ...
MIiltinom(1 drallnlle dislrlct No, I, Crosbl loaltlon ....
MIlltnomnh dIrt lge (listrleit No. 1, Pillon location.
NMit.litIomllh drainage districtt No,i,WI l Jnn1loctioll.
N iilltlollllltli dIIl'ingo districtt o,1, (,No llmiltol locutione.

NMiltnoimnlh drahinage'edistrIct No. 1, Powell l lctonI ...
MItilnoinal drainage district No. , I6tIh Ave. location
M Iilt noniali dIrlmnie dist rict No, I I oltgretve locution
,Iiltlomlll1' d(i' village dIstriet No. I ,( 'arson locat.o..

MNI mltloIimhI driiiiii.o district No. I AirlrIt l ocaution
MI illtII hIu lldraimina,)' district No. I, ('o. Mirlim location
!'1n1inslll'(lrIrai district No. 2,Po)rthlnd Yncht ('Clb location
To!n::liuwk Ishlnd.... .
PlnislIsltil'drhingil district No. 1, Stock Show location
V i icoliver M ill... .............. ...............

I1'cnll sIila driilIago district No. I, Swirt l otllon ......

Vancou ver Lake ara, Matllew I).I,.(. local oll ......
Vl'ancollver L,11ko ar'a, NMatIllws Pointl
Saluivio Islnd, lielie VIwl'oint
\'Vnimlvoiior Lake aren, Ih tIn D.I I,. , local . o

Vallcoulverl' lke eaI,Hlinro k La (ling ............. ...

Sauvle Island, M or n D.I) .C.I oeatlion...................

State lank

regionn ..... Left
.. ,do ..........(o.....

--.-do.......... --o---... o........ ..do .........do_.(o..

)rgon iigll.t
do . do
ldo 'It ....

W\aillgton.. I ]Ji-hl(
O(ron L.eIft
... lo .do

(I_. (..

. od. ......do..

lo. .... . 11do1
. .... ...... I o...

.. (o ........ .. o.
(lo... . (Ido

.--do.. ..do
.Io.do..... j.do

.... do ....... Ishlind
.(!go. ....... Left
Wrshlin ton... tilht..
....d ...... .... -do.

(... .Ao.......do1 1o
... do.... do..
Orc onleft...
Washlngtlon.i *itihit.
d.(o ........ do

O w,,on ....... left. ...

I Existinglg dkilgK and dalniago pIrojicts, Ioei, .

2 Existing (liking and diralltiago projects, Corpl of ,Englneers participation.

River
Iilk-

125. 0
I!,. 5
112. 0
IlS. (I
11)7. 0
11)1. 5
105.0
115. 0
1 I. I

IX). )

117. 1)
95.0

7. 0

10. 7
510. 0

3S(. 7
33. 0

211. I9.1).

29. 1)

Itiver
mnilo

2. )
1.7
1. 1

1. 0

1(.Ii

9). I)
7.5

123.0
11H.
117,7
1111. 9

II2. I

112.3
111. I

111.0
10S. 2
Il?.
107. 5
1Hi). 1
10115. 8

10l). 7

102. 7

101.3
10(1.
1i10. 5

length,
feet

500

400
200
300

1, 500
6,900.I, 500

100

2IX)
5'M

1. 00
1, I000
2, (XX)

,5O
1, )00
2, 000
1,000I, (0

2iX)

200
1,00()

500)
500

__ .,4K(I!, 400

I'. .- ..I .- .I I

9.869604064

Table: Table 39.--Proposed diking and drainage and bank-protection projects
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TABLE 39.-Proposed diking and drainage and bank-protection projects-Continued
BANK PROTECTION-Continued

Name of area

COLUMBIA RIVER-COntinC(ed

Vancouver Lake area, Hewlett Point............
Vancouver Lake area, Sturgess ).I,.C. location-.........
Sauvie Island, Hutchinson location .-......-------------
Sauvie Island, Reeder Point-- ..-....-------.....--------.
Beatty 1).L,O. location.......--..-.......-.....-----.-
Knapp Point.------. --..........------....-------.
Sauvlo Island, Willow Point.............--......---.--
Bachelor Island area ..-------...---.................-
Cowlitz County diking district No. 5..............-
I)Der Island drainage district ..-----------.--------------..
Kalama River area-south.....-.......... ---------.---.
Cowlitz County diking-improvement district No. 17, Fisher
Island Channel.

Cowlitz County diking-improvement district No. 15, Fisher
Island Channel.

Cowlitz County diking-improvemnent district No. 15, Fisher
Island Channel.

Cowlitz County diking-improvement district No. 15, Fisher
Island Channel.

Crimes Island South End ........---........-.....
John drainage district Bradburg Slouglh---.. .......--
Beaver Slough, Magruder drainage district..--....----.-..
Beaver Slough, Beaver drainage district.-----------..---...
Clatskanie drainage district. ...........................
Midland drainage district .--...-.-....---...-- ..-----
Westlp.ad District Improvement Co.......--....--..---..-
Westland District Improvement Co.............--.-.---
Wahklakum diking district No. 1 .... .............
Wahklakum dil:ing district Nos. 1 and 3-----.-- ..
Wahkiakum dlling district No. 3..--.-----..-......--
Tenasillahe Islrnd diking district -......-----------------
1'enaslllahe Island diking district, east side...-....--------
Wahklakum diking district No. 4 ......... .........
Blind Slot'gh, right bank........ .........---......... ..
Blind Slough, left bank ....... . ..........-....-.....---
Brownsnread diking district. ...-...-.......-..... ..
Karlson Island (liking district..... ...................-
Svensen island improvement district..-......- ........---
IIammond waterfront.---------------............. .........

State

Washington...
.---.do.......
Oregon.......
.....do0........

Washington...
.----do .......
Oregon.....-
Washington--.

-.. do........
Oregon .......

Washington..
...-do.......

Bank

Right.-.
...do ....

Left ....

Right...

-..do-..
Left.
do. .

Lct-_t.
Rlght--.
...do---

.....do. ....-...-. ..lo ...
---. do.------. I. ..do....

...-do.--.---

Oregon......
.....do.-..-----
.....do-....

..... do--.....-._...-do......--

.....do.......-
....do.--.do

... do......

Washington...
....do-.

...- do ...

Oregon.......-
.....do...--.--

Washington..
Oregon......--
.....do...
..-.do.....--
.....do... ---.

.....do .-----.

--.do...

Island...
Left.--.

._.do....
-..do....
...do..
.--do...
...do.....
...do---
Island...
...do...
--.do---
...do..
--.do--
Right...Left..-..

...do....
_.do.....
..do...
.do....

..do...

Total.-..-..-.--.. .... -.....-.. .... ....-..---..........------

River
mile

100.4
98.4
0O.0
97.4
97.3
95.0
94.2
87.5
82. 5
79.7
73.0
60.0

59.5

59.1

58.8

56.7
55.2
49. 7
49.7
49.7
49.3
45.6
44.1
40.8
39. 1
38.3
36 2

34.4
34.1
27.9
27.8
27.5
27.1
23.9
9.0

Length,
feet

500
1,000

.500
2,500
1,500
5,000
2,400
11,500
1,000
0,000
5,000
1,000
500

600

600

1,000
2,000
600

10,400
3,200
1,000
600
300

4,000
5,500
1,000
200

1, 00
400

3,000
4,000
2, 000
2,000
2,000
2,100

123,800

I · · ·

___I--------------------
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rAHIL.: *10.- -lossible future diking and drainage and bank protection projects
)IKINO ANID DRAINAGE

lIocatlon

Sandy River, east re
Oovernioent Island nr ........... .. ......

Lower peninsula area
Burlington district nrea..
Sturrgeon Lake area..... ..
Cnailpholl Lake rea....... . .......
Wwarren rea ...............
Saunvie Island, area C.............
Kalaina River, north area.....
Carrols arca ....... ................................
Rainier drainage district ..........
Cowlltz County diking inimprovemienit district No. 17 1.........
Crrims Island .............................
Wallace Island..................

Kerry Island ..... .....
W\\aina arrea..... ..................
Westport area diking district No. 15 .. ...............
Illitinlg Islandn........ .......
Elokonili River arca..---------.---..-... .................

Knappla-Columbia slough area... .......................

Karlson Island1.............. ..... .........

Lower Orays River district 2........ ........................

Deep River area .....
Svensen Islnd l)istrict Iniilroveincnt Co'.2 ..........

Uplpr Sklppanon aind Cullal)y Lanko ..........

State

Oregon... ......

..- ..do .. ..

o........
..do.----..

.....do--.--.....-.
Washington.....
Oregon .-.......
-....do.. .........-
Washington....
.---.do --.. ....-

Orcgon .-.........
Wanshington....
Oregon ...-.....
....do.-.. . .......-

.-.-.do. .... .......

.... do... ...... .....

.....do..........
Wshlngton.......
--..-.. do....... .....
Oregon ..-.-..-.....

... ..do ..... .......
Washington.......

.....do...........
Oregon...---......
..-- ldo - ..-..----

BANK P'.OTECTION

River ar'nllI Name of area

WII.LAMETTE RIVER

Lower Peninsula area ..-.. ............. ..........

MULTNOMAI[ CIIANNEL

Burlington area, Tomlenson location...............
Sanuvio Island, east bow location........
Scappooso drainage district, Reasoner location ...
Sauvio Island, Fargher location ...... ....
Sauvie Island, llorst location ..........

Hoyt D. L. C. location........-- ............-.. ......
Lower Peninsula area .............--.......

COI.UMBIA HIVER

(overnmcent Island, Bartlet ,ani(lng.....
Oovornment Island, souitlh silo.....................
l'lnkin Center location...... ...........
governmentt Island, north sdlo ........ .........

Government Island, sosolltsdo.. ..........
(lovernmont Island, south sid ..........
Taylor I), L.0 .loatn ................. ..........
Oovornment Island, south side ...................
Lemon Island ..... ......

Image location ...... ..... --...- ........ ..........
Lelser Polnt ....... ............ ..

Iayden Island area............
Tower Peninsula area...... .........
Sauvlo Island, Bello Vn P'oint .....................
Sauvlo Island .............
Camlillbell Lako area ......... ......... .........
Sauvlo Island, Ilcrlcl landing ......... .........
Kalama River area, nortl ...............................-
Cowlitr. Co. diking ilmp. list. No. 15, Coal Creek slough..
Tenasillaho Island diking 1)1st., north end ............

Total ............. ...... .............. .........

State

Oregon........

.--. do..........do.
.... (10-.-- .
.... do.........

....-do........

.... do ..--..

...do.........
Washington...
Oregon........

.... (10.........
.. .do. ..-.. ..
Washington...
Oregon .......

-. ..do...... .,
Washington...
Oregon......

. (...do......
Washington...
Oregon.......
Washington...
Oregon..(10 ....Oreg.....o......Oregon.......

Bank engRth,
n_ I

Right.._

Left ..
Right...
Left ....
Right...
...do....
Ieft .
Right...

Left....
Island..
Right...
Island...
.__do0.....
...do .....
Right...
Island...

.. o...(..

Lt.. .

-o-(1....
. .(10.....
Right...
Left...
Right...
lt..d...
Island...do-I····

500

4, 00
8,000
1,000
1,500
3,500
4, 200

600

1,000
4,500
1,000
1,000
2,000
2,000
1,000
1,000
1,000

800
800

1,000
--- 300300

bOO

65,000o
17,000
0,000
4,300
13,300
1,000

88,200

I Existlg ingkg and (drainago projects, local.
t Existing diking and (drahllna projects, Corps of Engineers participation.

River

121.0
115.0
103.0
100.0
95.0
01.0
01.0
90.0
72.0
70.0
62. 0
00.0
55. )
49.0
45.0
44.0
4:3.4
3S.0
37.0
20.026. 6
25. 5
24.0
20.0
19.5
10.0

Area,
acres

1,280
1,850
1,030
8,380
1,010
2,140
1,730
8O0
980

1,287
500
408
510
109
650
233
920
750
380
520

1,740
820
301

2,850

3.6

165. 4
8.
8.4
7.
4.8
3.2
0.9

115,9
115.0
115.2
114.8
114.7
113.4
112.7
112,6
112,4
110.8
110.0
105.3
104.0
101.3
95.3
91.3
89.3
71.6
57.3
:15.0

s_-------------

.... ...
_ir

9.869604064

Table: Table 40.--Possible future diking and drainage and bank protection projects
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Figure 2.--Timber products plants at Longview, Wash.
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COLUMBIA RIVER AND TRIBUTARIES MAIN COLUMBIA RIVER BELOW YAKIMA RIVER OREGON AND WASHINGTON CLIMATIC CHARACTERISTICS
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COLUMBIA RIVER AND TRIBUTARIES MAIN COLUMBIA RIVER BELOW YAKIMA RIVER OREGON AND WASHINGTON BAKER BAY CHANNEL AND MOORING BASIN




COLUMBIA RIVER AND TRIBUTARIES MAIN COLUMBIA RIVER BELOW YAKIMA RIVER OREGON AND WASHINGTON WESTPORT SLOUGH CHANNEL ENLARGEMENT
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COLUMBIA RIVER AND TRIBUTARIES MAIN COLUMBIA RIVER BELOW YAKIMA RIVER OREGON AND WASHINGTON THE DALLES DAM LAYOUT AND PROFILE
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t142, uv4d thefo«1eeiAl W4idllell:
4. [hNcher"swe mlodifed by fwitteirrietilen for Iniol

vel9e"A In It. S"ehe River ieem end foretlltimediv«opnpmet *l,,whre.
Flietheed Lel is relatedfeoIt minfmum diee4*cw ef
4,300 culit f1 tw second.

c. *17,000 Acre-felt of tisl*t *rter« In Koot"ney Lkte
(Cam40deefe used in lth Interest of Cerot LimPeNr P1nwt.

d. The following sltoree ore used in ll Interest of the

NHty H"toe 2,9,000 cfre*fs
GlcereVIew $,1OOO"000
Pordise 4,00,000 "

Albonl 1:4F11 1,140,000 "

Grend Cqtiol,IfI,000
Hill ;0y" 1t ,0OOO

0. A deuctloW l 2,5'.Q0 «Mc Wit p*ecn41d of the site
forf Iecklo,fisht m|ifll o«i,meteioNwou« e nd Woe has
been med*. Over-,ll IFlant offlcley lsa*lses dIt
" percent.

2 The lailwote cuwrv Is shom oe ofctoxd by ohevill1he4dwater
fIuclu1tions. See R*eferenf No. I.

3. Nominal pIlme ceop1llty is tlhe evqre eutlput fo the
crillcel months fit the systlm crilktl p^wer priodi t r

1, 1929 to March 1, 1I32. See Ref.refnce N.2.
4. Av toe eannual *,lqy production *uoele 7,274,000,pO0 kt iht

REFERENCES

I. ApNIdx 0 Chort 32 ,The Deil Sorae,, Htilwter,
Tillwater, fweI Ovput, end Pbont C"ellty'

i. Ap9*o1di 0 CO t o0 tThe Dalles Oeokef*t, end Per~
roeps 192t7- 114t.

Nominl prime end Nominwl fint Ceptlllte o The D041ki
pow r l the pIee' C*- «"tem ore 701,000 kilowatt
nd^ 9 ,,000 hiklefett roepfstitely.
See Aippdlx 0 till far eJtJ itkn.
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COLUMBIA RIVER AND TRIBUTARIES MAIN COLUMBIA RIVER BELOW YAKIMA RIVER OREGON AND WASHINGTON JOHN DAY PROJECT NAVICATION, FLOOD CONTROL & POWER RESERVOIR MAP




COLUMBIA RIVER AND TRIBUTARIES MAIN COLUMBIA RIVER BELOW YAKIMA RIVER OREGON AND WASHINGTON COLUMBIA RIVER AT THE MOUTH
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COLUMBIA RIVER AND TRIBUTARIES

P'AKTr II-SPECIAL ST'UDI)IES
SI;CTION I-PIR,,cIPIrAVrTION CHARACT1RUISTICS

(INERNAL

1. Effective utilization and1 control of the water resources of a

regioll are contingent Iupoll knowle(lge of precipitation characteristics.
In recognition of the futndamenltal impol)rtlance of those climatological
anl(d meteorological factors that, leterllmine tle distribution of precipi-
tlt,ionll, withll regal )boil to line and larea, a st uldy was ,made of all
availal)le pl(reiplitation (Iata ftor stations along Columbia River. A
detailed isolivetal emap of normal allllnual precipitation was d(evelo)ed,
geograptllica l variations in tile seasonal distril)bution were investigated,
storm stll(ies were allade, andl( tle longer precipitation records Vwere
analyzed statistically to detectt,, if possible, evi(lelce of sec(ilar varia-
tions or long-time treln(ls. Plates 4,5,) and ( of part I of this apl)plendix
show ('cetaill p)ert,il(elt results of these stI(lies.

NORMA:\ ANNUAL PRECIPITATION

2. The isoyeta,nl mapl) of normnal annual precipitation, plate 4,
illustrates tlhe wide range ill precipitation along Colulmbiail iver.
l)ata from precilitation st ntioMsn iswell as other such( factors as

vegetative cover, topographlllic details, geological studies, anld a tmios-
pI)heric flow paItterns were given(dlel tailedl colisideraiftion inll tlhe develop-
melnt of the final pattern. Inll order that, the inliluencll(e of periods of
precil)itation that, deviate from the normal should not be overein-
l)iasize(, )recil)itaition records were ad(ljusted to long-period lormalls
)y means of tile d(oub)le-lmass-curve ImetIlhod. To accomplish this
a(ljustIfment., the basin was assutilied to )be (lividel into two major
climatict zonles, one east a11l( tlIe otiler west of tile Cascadee laillge.
A primary })ase station was carefully selected for each. The two
zones were further ( ivided(l into areas of app)roximateimeteorological
Iholmogeneity, within each of which a secon(lary base station was
chosen an(i adljustetd to tle l)ro)er plrimiary bIase state ion. Othlier
stlattiolls withill eic('l area were ill turn a(ljustedl to the proper controlling
secoidlary statioll. Altlhouglh tle most reliable normal were devel-
oped from records ill excess of 10 yeals ill length, reasoilable norma ls
were derived from shorter records. In a, few instances, records for
p)erio(ls as short as I or 2 years wereutilized, recognizing, however,
tlhe lower reliability of tie computed normal.

3. Vegetative cover, when considered ill relation to such mo(lifying
influences as elevat,ion, slope, exl)osure, and soil mantle, supplies aI
clue to the anioulit of precipitLatioll, andl( was used as a gui(lde ill tle
absence of- thler information. Il addition, the density of tile vege-
tation provided an illlndication of trailns)iration losses, thus permitting
fuller use of run-ofl data.

4. Thle effects onl the normal aniiuail l)recipitatioll of such geographic
and tOpographic features as elevation, distance from tlhe ocean, prC-
viouls aItilospheric lift, steepness, and concavity, were ilve'Stigatedl.
Atmospheric flow diagrams were prepared to show the most common
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COLUMBIA RIVER AND TRIBUTARIES

traj('(tories of moist maritime air over the basil (lilu'ilg the various
seasons. Attempts were llda(1e to weigh tile ilfluience of forced coil-
vergellce occuIrrintgius Ia result, of topl)ographit featllures.

5. tUsvrs of tli(, isol(eytal map, pIlate 4, should(h aware of the fact
that it is a silmplilievd repl)lrseltiltioll of what actually occilrs in lnatiure.
Altllhough the isolyet al pattern aits dlrawnl may appear compt)li('ated,
tile true pl)attlern is lll(ldoubtedlyn!. i chi more ilntricate. Modifications
al(l re(lillnlelets will of course Ihe il(licated ascdata accumulate. As
the ltil) puilrposely was somewlhalt gene((ralize(l, it does not, necessarily
indicatp('lrcisvly orrect('0 point v values. Average areal values, howev er,
are ri'as(Oialyalcclralte.

SEASONAL, DISTUI IJ'l'ION

6. Thle bari clhats on plate 5 and thle profiles on plate 6 show how
the distribilhtion of precipitationn tlrouglh lie year varies with locationI.
Solid lies of tlie precipitiltion profiles indicate thel actual am11ount, in
incltes, wlichio iorma lly occurs (llrilng the seasons, October thlrolugh
D)ecevI ber', (O)ctober thll'ogh March, O(ctobher through June', a,,ld
Oct olbel'r i rouhll Septetili'her,llitelaterleilg t}lie mlclan an11lualll precipi-
tailiol. Siuiilarly, thie diasliedl lies indicate theIJ)e(perellage of lmean
antnaiil r)ecipltialion occurringll (11ring tlie various seai(solns. Nor11al1
l)ercniagl ' (irig the remainlinigplortioln of thle yealIr maliy be obtained
ill (e1ch case. by subtilra(' inL tlihe indicated p)erceitagef'rom( 100. Like-
wise, sub)lrac'it ig tie actul 11101ou111t for ainy givell season from tlie

anannu11 al pr1cipl)itatioll gives thle ilamoulIt, occlrrii'lig during tile
reiaillnldel of (lie yar alit any given point.

7. Indications of both minaritime an1( (ontin mental type precipitation
regillies a'e evildelnt on tle ch('1111arts. The former,rwithll a )lronolulced
winter maximiuml, is domiIant over tlew western portion of the sub-
b1)sin. Over te Casca(l1 lange an111(1 in the are1a to the west,, mIore
than oln-lhalf of tle anualre1cipitation occur's duringg tlie period
November through Febru ary. In tlhe eastern'll portion, tie winter
nlmaximllll, tlhoulghli lr)lse'le, is much less I ouced. Theproportion
of p)1'reciitation occurri igIs snow1 within the sub-baslin is insignificant,,
although snowfall and antecedlent snow-nFelt, in Columlia River
Basin, particularly a tthigh levels, largely determine the mrun-off and
flood-producing pot ential of the stream.

PRECIPITATION TR[NDS

8. Plate 6 shows certain results of a statistical study of precipita-
tion records in and(l adjacent to tlie basin. Fourl stations, Astoria,
Portland, and Tlhe Dalles, O(rg., andl Walla Walla, Wash., were
selected on thle basis of length and continuity of record(l, and the
precipitation records analyzed in detail for the purpose of detecting,
if possiblee, se(ula r variations in the. rcord(led( amounts of precipitation.

9. Such variations call be shown eitlheir y means of residual mass
curves or by moving averages. Ordinates of the former are summa-
tions of the precipitation from the beginning of the period to the year
in question minus thle product of tie mean for the entire period times
the number of years in the record up to the one in question. A
general upward trend of such a curve indicates a period of super-
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normal precipitation, and( conversely. Because the smoothing
device known as moving averages is )referred by many, curves of
these quantities also are shown on plate 6, below the corresponding
curves of cumulative residuals. As is the general practice, a 10-year
period was selected for computation of the averages. To reduce the
effects of possible nonrepresentative irregularities of an individual
station, the data were averaged for the two stations west of the
Cascade divide, Astoria and Portland, and for the two stations to the
east, The Dalles and Walla Walla.

10. In addition to graphic protrayal of past fluctuations of annual
precipitation, curves are shown illustrating variations of precipitation
during the months of January and July. Both the accumulated
departures from mean and the departures of moving averages are

expressed in percentage of mean. Because January is normally a.
wetter month than July, the January variations, expressed percent-
ually, generally are less than the July variations. For the same
reason, the annual curves are more conservative than either of the
two monthly curves. Although tile periods of record are much too
short to justify the drawing of definite generalizing conclusions, the
curves (lo reveal a miumber of apparently real trends and relationships.

11. When the 10-year moving averages of all four stations were
averaged, the resulting data (defined the curve shown on plate 6.
The most striking feature of that curve is the definite downward
trend. Secondary cycles with a wave length of approximately 20
years appear to be superposed on the primary downward trending
line, but tlhe conclusion that precipitation generally has been decreas-
ing appears to be inescal)able.

12. The curves shown on plate 6 are not intended for use as fore-
casting tools. Because of the complexity of climatic fluctuation
phenomena, reliable extrapolation of apparent trends or cycles is not
yet pIracticable. Continued studies and accumulating data are,
however, gradually building a foundation for the understanding of
the cause and nature of climatic variations, so that long-range fore-
casting may eventually'become possible.

SECTION II-COST ESTIMAT1ES

INTRODUCTION

13. Cost estimates for all of the units which would enter into an
immediate comprehensive development program for the sub-basin,
except for bank protection and diking and drainage projects, and
auxiliary harbors, are contained herein. The estimates have been
prepared in detail in those instances in which adequate data were
available. Approximation has been necessary in the cases of the
proposed diking and drainage projects, bank protection work, and
auxiliary harbors in connection with the proposed reservoirs. For
these projects, estimates are based on prior reports modified as
nearly as possible to reflect present conditions, or on past experience
in accomplishing comparable work. Cost of local protective works
and auxiliary harbors are summarized in part I. Detailed estimates
for local protective works will be presented in a separate report.
Detailed estimates for auxiliary harbors can be prepared at a later
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(late ill conlnectionl with (dtlile(l planllnintg for construction of pro-
)pos((l d1alllS nld reservoirs onl ( 'ollImbia lRiver.

14. 'i'l(i projects for wwhichh d(etalile'd[estimliotes are slo\n wouIld1)ocollstruct(( byI)v l ( l)orps of lnll(ineers, n11)d(nll be divided into t.wo
lgro)llps; local l'lavintio)lrojects.l Ind locks and dn1 s.I Tlfheformer
are relatively s l11111 p)roj(ecls involving short. ('cn111els or lharl)or im-
)l'oveovieits. l'revioslvly stubmi)liltt individui(l su rvexy report s present

p)(tli(enlt d(tnl ill rega(ld thel('to. 'No firtll'ie (discussion of these
esti iimat(es is colitflil(dl h(e'inll excej)t to nlote thlit, w\l('re n1eessary,
estiminte's 1)rel)nredl l)ior to J11Inry1 1,i \18,were adjusted to tiat
'ostI ): Ise

1 5. Istimnltns.'foritl(e lock a nd (llnm proj ects, aggreirantingir l1)0out
$(;()(})1o (,()()(1, Inr,( tl( lrinl ilpnl sIlb)je(t'ls of (lie following discussion.
A (l,'tniled(stim,.e for wth(' previouslyv report l 'The D)nlles project,
1s ()roI)ose( lhereil, is included as tnil)le . A (letnil(l estimate of tlho
prol)po( d(l ,Johli l)nav l)r'ojet \wit lisrc'Iliarge floodl-co trol store ('ca-
plnci'ty, i.s l)re1et(ns ( al)le' 2. I)etliled eslimnltles for inll)rovXenllls
nt Blnker Buy, W\estl)ort slourli ch(innel, ('oluml)il slouglh ('11)1n1el,
Inid 1'111111itill I l)lIolrnlre contllilled ill t(Il)les 5 throuIghi 8.

1'II;PL.\AiA\'1'I)0N ()F E.'1'I.MA:\1'T1S

I1 . All eistlints1('11 lsedi oilprie levels )prevl iling as of Jiltinary 1,
!)1-IS. All of tlie d(nns (olnsidl(edl(i herveil, includlig, tIlost, proposed

nl(In thle n liltitv(i std(li('(I, would(I consist (esseltiaily of nlavigntion
locks, spillwnys, n1(1 powerr pintsw1hiclic would I) similar, exce()t for
v riation illi l!(iglit, tot) ose lt Bonneville (ndLI cNNry l)nms. 1)Pr-
so.lo, will tle a(lvnatllge of eXl)eriei(ce nl!((dlnt, galiled ill connection
witli tlios( proj('ts r('i(e'vwed 11(1 ciec(ke(d uit prices 1lsed ill the
letaild(l estilliltes ill older to inlsulre (oor(ililltioll of (lesigli, constlruc-
tionl. nl op)lrntioll viewploiilts. D1)a1t a1s to rC(lir(edl e(xte'ilt of fishery
fa ciliti s wn1( olbthinled1 l'rolrelosibl(e State lnd Federal 1agel cies.
('osts of (letrical(11 ('(i)llti(i lt{iand hydr(lIlic tirbl)illes have bee(li derived
from 111111111 factl leris qu(1otations.

1SEQU'ENCI,' (OP CONSTRIUCTION

17. Il )rel)nparing tlie present estimates, it was assuimed that con-
stI'ruction of lite previously rel)ol'ted( 'T1'ie Dalles project, would pI'(re(10
thillt (of Ill( JohnDl)y projectt. Should tle Johnil ay project l)recedo

ll(e Daliles project , so01( llmodlificationl ill tlhe (liversion feattlure of both
p)oje('ts would be)( possible witl i a slight re(lluc(ioll in b)oth cost (sti-
111111tes. 'I'(, ablove( seql(l((ce has bIeen>((lssuill(( for t1,e purpose of tihe
repl"ort, however, ill t he ilnt(r (eslt of co((servatioll.

TEIMPOA() Y 11OUSING DU)!ING CONSTRUCTION

18. Unit prices empl)loyed in estimattig theo cost of the various
projects arel adequate to icl(lule tihe cost of teml)orary housing for
construction workelt'rs. 'I h(se costs would be born l)y the contractors
involved, without separ(l)ate p)aymlit, therefore.
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PER,11IMANE,IN'P BUILDINGS AND GROUNDS

19. '1'The (estimates for pelrmanl('ent 1ullild(ings anll grounds provi(le for
hollsiil stol(res, schools, recreation fwactilities, ltilitiees, anlld Iiscellaieouts
facilities for personall(Iilployeliy ll normuloperation and maiiltenance
of the dams and( power plants after construction. The (stiimlates of
personnllel, of tl(he nullelr ad11 size of housing units, and of otller facil-
ities required( are I)ase(l ol requ(lllireme(ll ts t Bolnneville Dl)al aldld on
estimated requ(lirillm'ents for IcN ary D1)ai. Consideration was given
to hllousing fa(l facilities alvailal)le il liiearbl)y areas. In the cases of
The I)alles I).am , w icli would be relatively close to The 1)alles, no
stores, schools, or similar coImitmuillity facilities \\wouI(l )be required and
it is estimated( that 50 p)ercentt of the )(ersonliel woul(l l)e house({doutside
the l)roject reservations. John Day rl)oj(ect, bIecause of its relative
isolation, would 1be provided with compl)e(te community facilities and
housillng facilities for 60 percentn t of the rieuirei(l personnel.

LANI)S AND IMPaOVEIMIPINTS

20. 'Plhe flowage estimates included in project costs are based on

payment of fair nlarket. value for Ilailds and( improvements which
would be) affl(cte(l l)y l)ackwatel from the projects considered. Sever-
ance lhas 1)(een included where applicable. The al)praisals are based
upon reconnalliissalice field inspections and information obtained from
county records and(l various other reliable sources.

UTILITY RELOCATIONS

21. Relocation projections serving as tlhe basis for cost estimates
were made on p)lotogiaillmeil(ic mal)s with 10-foot contour interval
and scale of 1 inc c(leuals 000 feet. Designs were prepared with a
view to malintenalice of existing standards and to the repl)lacement, in
kind, of existing facilities. Information was obtained I)y iel(l recon-
naissance to sup)lemIent survey datai and to afford a basis for classifi-
cation of required excavation.

CONTIN(GENCIES

22. Percentages used( for contingencies were variable in accord with
thie amount of basic information avatilaible and the completeness of
(design. In general, 15 percent was added to all construction itemrIs.
Exceptions are the utility relocation estimates to \wiich 25 percent
was added to cover detailss impossible of evaluation prior to final
design.

INDIRECT COSTS

23. Indirect costs in the amount of 131/ percent have been added
to the direct construction costs, which include allowances for con.-
tingelncies. This )ercelntage allows 2'i percent for preparation of a

detailed engineering report adpI)nlts andl specifications, 7 )percent for
engineering supervision during construction, and 4 I)ercent for over-
hca(l. Supervision is based on the type of work involved and is
independent of volume of work. Overhead percentage varies with
the amount of work under construction in the district and the value
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selected is representative of the low percentage costs applicable under
a large construction program.

PAYMENT IN LIEU OF TAXES

24. Estimates of annual charges, shown in part I, contain a non-
Federal item for loss of taxes to inclu(le all loss of tax revenue to non-
Federal interests as a result of changed conditions following con-
struction of proposed projects. If the Congress (leems such action
advisable, these amounts may be considered( to be a Federal annual
charge, payable to non-Federal agencies in lieu of taxes lost. For
purposes of this report, however, these amounts are shown, where
appropriate, as non-Federal annual costs resulting from construction.
No change in total annual charges would( result if these amounts were
considered as 'e(lderal l)pymeInts in lieu of taxes.

SIFCTION ITI--[SPItLLWAY DESIGN FIooDs
BASIS FOI DlERIVATION OF SPILLWAY DISIGN FLOODS

25. The conventional method of (leriving a spillway design flood
from a lmlaximuilli-possible stormII is not ll)plica'ble il the cnse of Co-
limblia 1River, since the maximum annual floods are the result of the
melting .,f n 5-motllh accumulation of snow. Rainstorms have not
resulted in any exceptionally high stages on lower Columbia River.
In view of these facts, an analysis of the snow-melt potentialities of
the basin is the logical approach to the determination of a spillway
design flood for lower Coltlmblia River. T'le spillway (esign floo(l for
McNary Dam was derived by the procedureout'linel below andiwas
utilized in det erminilill the desigll flood for the downstream The
Dalles and John Day projects.

EVALUATION OF SNOW-MEILT,' CONDITIONS

26. Th'e evaluation of tlie worst possible snow-melt conditions use(l
in the derivation of te(l spillway design flood for McNary )am in-
volved tlme (letermiination of-

(a) Mliximnum-possible mnnmal precipitation.
(b) MlIximum-possille flood season rin-off' that could occur in

the year of maximum-l)ossible annual precipitation.
(c) SSnow-melt run-ofl rates d(ll'ing a maximum-possible flood.
((I) A realistic temperature sequence that would l)(roduce the

grean test concentrate ion of snow-mel t.
The required hydlrogral)h was obtained )vy integrating simultaneously
tl(e wvorst-p)ossible conditions noted above a1d( r'o0ting the acc(umu-
lated snow-melt through channel storage ablove NcNary lamn site.

MAXIMUM-POSSIBLE FIOOD-PRODUCING MEITIEOROILOGICAIL CONDITIONS

27. At the request, of the Chief of Engineers, the Hy(lrometeoro-
logical Section of thle United States Weather Bureau prepared a report
entitled(, "Tentative Estinmates of \Maximum-Possille Flood-Produicing
Meteorological Conditions in the Columlbia River Basin," dated
January 25, 19,45, in lwhicll meteorological conditions causing floods of
recent recor(l were evaluated and limiting meteorological factors were
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presented. The report includes estimates of maximum-possible pre-
cipitation, in terms of mean annual precipitation in the basin, for areas
of 2,000 to 50,000 square miles, and prescribes limits of maximum and
minimum temperatures of 7- and 30-days (Illration for like areas.
Extrapolations of these data were made to establish the maximum-
possible flood-producing meteorological conditions for the basin above
McNary (ldam site. Details of these extrapolations are discussed in
subsequent paragraphs.

MEAN ANNUAL PRECIPITATION

28. The mean annual precipitation for Columbia River Basin above
McNary (lam site is 24.1 inches, as determined from the mean annual
isohyetal map of the )asin. Develop)menlt of tlhe isohyetal pattern was

on the basis of adjusted long-term station normals, using topographic
features and run-off records as guides.

MAXIMUM-POSSI BLE ANNUAL PRECIPITATION

29. The Hydromueteorological Section of the United States Weather
Bureau states inl its Columbia River Basin report that certain l)road
relationships arealGppalrent between the maximunllm-possile and the
mean annual precipitation for a wide range in areas an(l mean annual
precipitation. These relationslhil)s ai'e graphically illustrated on

plate I of part II. By extrapolating the curve of mean annual basin
precipitation to a drainage area equivalenI to that above McNary
(lam site, the_ maximum-possible annual p)recipitation for Columbia
River Basin above MiNary (lam site was (letermine(l to be 1.92 times
the mean annual precipitation of 24.1 inches, or 46.2 inches. Thie
maximum-possil)le 12-nionth precipitation so derived for the 1)asin is
158 percent of the greatest observed precipitation, 29.2 inches in 1927,
and 135 percent of the estimated precipitation of 34.2 indies in 1894.
Annual precipitation are based on the 12-month period, October
thllough the following September, in order to correspond with tlhe
water-year data in published reports of the United States Geological
Survey.

SURFACE LOSSES AND RUN-OFF

30. The sum of surface losses and natural basin run-off for any year,
October through the following September, is assumed to be equivalent
to tlhe annual precipitation for the corresponding period. In the de-
velopIment of a maximum-possil)le flood, basin losses resulting from
evaporation, transpiration, and (deep plercolation are considered a
minium. Relationships of annual surface losses and natural run-

offs, for Columbia River at McNary dam site, to annual precipitation
are shown in figures 2 and 3, plate 1. Tl1e basin precipitation for each
year was determine(l from precipitation records at 14 representative
stations, shown on plate 1, by tlhe following equation:

Sum of annual precipi- Basin mean
tation at 14 stations X ipitaltionpre-1Basin annualll precipitation--

c itation
Average annual sums for 14 stations

Natural annual runoffs at McNary dam site were derived from flows
observed near Tlhe Dalles, which were adjusted to reflect tle effects of
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Snik(e Rliver irrigation d(p)let ionll andl of minor trmilitary inflows be-
tweei NMc.Nairy (hllll site ndl The )allies. Irrigat.ioll(- deletions ill
otler tributilrisl r, insig.lific('ilt ,and were not. considered . In ligure 2,
pl t e 1, losses for(11a(cI NVill, \w erplottId( 1aU ainst corres)pold(lin, anIal,1211
)pr((ipitation und a curve (draIwin to ('e velope t(he mll1inimuml losses. The
obs(,ere1aIv1tual rIil-o1' n11 p)nrecip)itation re'('latiolslip) iS illlSt.a'lt('d inll
figliire'(,:'1)i I,i) whichi iirv('II (\'xws dI 11 to envelopepe t li maximliuint
rilil-oli's. x1 i'}I)oli(Iiol (l 1('('tirv;es shown ill figures 2 illnd 3 to a
nmixinti~ nnm.l)11prcil)ilflion l)'O (;.2 i.ncles indlic'tls( a bnsin loss of

20().7 inchesi, dI( r n-ol' of 25.5 inches, or 290(),000,000 acre-freet, for thei
1Ilxiillinl-p)ossil)l(b flood y('1r.

BA S. FLOW

31 . B1s( Ilo\Vs of (Colillib in Riv('r fire fil yi constili t, )throlglilot tlhe
vyet r. ]' ltl( (1nd1( o(f lit s1uilliller, surface( rni-ofl is ternmillat(d i(nd lilthe
river I lecedes to ibse flow, which icol( 1in(es until (the spring fresllets in

I 2lrc('h. ()Occasionl will(ter rainsltornis or (e1'ily S)rillg thlws. fnlly
e(sult ill surfIllcevi(i-oil for o10rt periods . Ilns)ectliol) of (lily (lischllarge
Iiv'(ldo rl plis for 'I'lie D)lil1s, indic(iits( 21il vU e1r)iseflow of 90,(000s;'CoIl(l'-If((t. I 11l,11complil11(0lls involving thlie 7-n1onlth flood ruin-of
volume,l1)H( flows 'we'r(e s('gr(Igteld fro( from tlc si(rilificait, flood rull-off
vollmles.

32. A\ review of d(nilv dischnirg l1ydro(Lgr )lis for The Dalles for tlie
In rver. floods of record indic{il(s thlli 'l I1se( flows varied( from 80,000 t,o
120.000(second0-feetl. No conliSten('t,coreltilion existed )between the
manllituide of 1',se flows and( flood d(ischlares.', I(n(Iermilning tlie
spillwily dSig1n flood,) ILydr(ra'ph,i over, till elf'ort, w2as malde to
sele('t alb1is flo(w that. \\oIld be1h ill excess of ay1i tiiat rimaly have pre-
vail((I (dlriig ally l)vpre(iolis floo(. 'l'lhe h)s(e flow adlopl)t( for (e-Sl)ill-
wva:y (lsig 11 lood, thi(er'lore, wt s 1 10(),000 s(eoon(l-f(eet. Thllis reprIse(ilts
tll(i difl(eree betweel 12111al2 rim -oll' andI 7-month flood season runl -ol',
(listribluted throughout,(lhe year. Sincethis l)se flow is small ill
comIl)1aris()11I to w(Ie)(l (dis iairge of tle spillIway design flood1, 21 greniter
or sIIIIl! r 1b)se( lo would Ilot l1ffect 1111 (teriailly lihe peak of the (Idesign
flood.

FLOOD)(I)-SEASON UN-OFF

33. TIhe significant (lool po)rt ion of thlie iaIu111 l run'i-off for Coluibl)ia
River Blasiil occi( rs froml1Nr(llch tlhrouglt S(p)te lbler. A fairly dfillite('
relaltiolishlil) exists etlveeln llie 7-1monthl floo(l season runi-oll', less
base 11ow, all(d theaIl( tl1 run-o()l which is illulstratle( 1by figi're 4,
plait 1. 'l'o determinedl lli}e lmaxi1i1um 7-monthll flood ,run-,ofl', le(ss base
flo(w, til(lt l 1igit )((ccur, 11111-o(ls (('occu ring in ai period of 40 yetrs were

ilillyzed and111(1a cu rve wa1s (driw11 to eivelop t1we maxIllimum 7-month
flood11(lS('01 lrull-o. Thisc9urvle(, wi ('11l ('Nxtrlol)at t.o it 11m1xilll-imn
a1i l 111 run1-o'ofl 29(),000,000()()() t(acr(-feet, indic(('21 t ( malliilillmu 7-mionth
floo(l se(asonl '1 lil-ofl, I(ss balse flow, of 1 !)0.(),))000000 Icr((-I'(t, 143
p1(r('eIlt (lot1h l1isrgest ()obsierved(I 7-lmol()tilt Ir.-oll. 'lte largest, ob)se(rve(
anu11111t run-o(1l,214,!' 0,(),0()((0)*are-'(let, ill 1894, alulada corresponldi(ng
7-montl [(flood seaso11n run!-clr of 132,700,000 i(re'-feet.
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SNOW-MELT RUN-OFF RATES

34. The apparent, slnow-nilt, rates during tilhe ma.xitmum-possib)le
flood season (were based uponal extral)olatioll of rates from floods of
record. These observed meltlrat('es wered(eter(illed( by plotting mass
curves of nlatulral rim-oil at, M lNary ldatm site, for the pelrio(d March
7 through October 6(, against tlhe accu(ltmulatedIeat, supply for the
basiln dutlring years in which stages varied from law water to ext relle
high water. The aculmulateld heatlsupply for tlie basin is rel)resenlted
ly the sum of the average day-degrees above 32°, commencing March

1, for seven representative statiollns in the basin. 'Il11 ilemss curves
of heat supply versulls run-off are shown ill figure' 1, plate 2.

:35. Thle slope at any l)ointt on tle mass curves defines tile rilte( of
rull[oft per unit. of heat slppl)ly and represents the apparent melt rate
'routed thriougil valley storage. The meIt rate is termed "apparent,"
s it (does not, represenlt tl(i actual rate of melt at, any p)artic'ullar

point, butt it is tliec('Oll)osite rate tit wi(ch the enlltire basin contributes
water from snow. The )l)apparent, rates of melt are not, constant but
vary during the season witIh tile (cluiging snow-over arel'(a. Tiis
area varies from at millinimlum in tile early l0(lod silso(ll to ia maximum
in midseason and ag(ailn approaches at minimum as the snow cover
disapl)pears. Tlhe steepest slope of tle mass curve of runofi ver'8sIS
heat supply represents the great est)Stal)arent mel, rate for tile season.
A relationship betwetIenmaximum tlinual app))arent melt, rate. and
annual flood season rllun-ol' is evident, from figure 2, plate 2. From
anl extral)olttion oftilo e survey of ol)served maximum seasonal melt
rates to the maximum 7-month flood season run-off of 190,000,000
acre-feet, the maximumI seasonal run-offl rate, was (leterlinel to )be
94,300 iaere-feet per day. degree above 32° F., ap)proxiliantely 160
percent of thiatt, during the maximum flood year of 1894.

3(). A curve rel)res('nting t li apparentt, rates of melt, after March 1,
for the maxitium-possille flood is shown in figure :3, plate 2. rThis
('urve wats derived from ai graph of apparent, melt, rates for thle 10
la rest 11()od years, figure 1, pllte 2, )vy increasing tlie observed melt
I'ates on thle lasis of the ratio of tlhe volume of the maximum 7-mont-h
flood season runl-ol' of 1 ()90,000,00) acre-feet, to the average flood season
volume of the 10 largest, floods. Tlh(, only exception wlas thel maxillum
rate for the year, which was obtained from figure 2, plate 2. Tills
maximum rate was assumed(l to o('ur tit, the time of the highest
average l)asin templ)(ratuire in order to provide an additionalll increase
in the maxillum-plossible 1'1run-of'.

WO()ST-PO(SSIILE S!';QUJIENCE OF SNOWN'-M!iLT T'IMP!l'E.'ATUIEtIS

:37. The tel)erature sequen( e used ill the, ((derivation of lhe spillway
design flood for M.(eN ary (dami site wast(eterm-lini,(l in accor(ldance
with crit ('il l)pre(selilted ill thie Weather Bureau report. previously
(it ed. The Weather Buretau st iesi( n(linicate t hat, folr maximum-
l)possib)le floOd-p)rod(luciilg meteorologicalcont l itions, tlie( tiemperaturl e
woul(l remain tIt or nealr freezing during tile winter att(l spring months
so that, tle snow pack would remain. a maximum over the basin.
Wrhe the season iatl advanced to at point where the teml)eraturl'e
could no longer remIaili below freezing for a,major1)ortion of theo
)asinl, at rapid t ransilion would 1)e milade from the lowest,-possible to
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thle highestl-p)Iossibl1( te('ilperatulre in a periodli of 2 weeks. A con-
tinliloIs te pllral)(''itilitre c('ul '' for tlil' 11() 1 season,l1se(' ill ( 'rivinlg the
a1111xiilinI-l)OSSib)l( lfloodl, is so\\wn ill figure 4, 1)late 2. T(e ('lcurve of
ll)xl.illlIiill snovw-eln'lt '.1tl(ofl' rate's was,, ajustl'(l so that, the pteak
runi-ofl rate woi'ld, ('(lil 11e tim, of highest t'illperatilres. Th'l'is
afl 'rangelTl('it wo ll( 1p(IIc te the g(rieat (St possiblee flood(1 (ischiallrge.
JThe1 (,vel()loping nmaxiuliiii antid niiiin 7- and 3()-(lay t(nlj)ep'at.lIre
(!drt1ition curves shown ill figure 4, pl)itte 2, were derived front anl

extrapo'laltion of U. nite('( States Wa('thieiBurea'il ('stimalItes of highest
a1n(1 lowest, possile ave t(' liti'll, liberaltres for (ColuIml)iji River
Basin.

EFFECT OF RAINFALL ON MAXIMUM-POSSI ILE FIOOI)

3S. Occurrence of a maximIiluim-I)ossille flood in Columbia River
'B!asin wo-ut ld( (l)('epend enti r(ly 111))1 'tle basil 1snow cover and( melting
t('ll)teprallltiis. Late s)pr'ing andlarlysume,;t1(r rains in C(ollimbl)i
Rlixv'(r' siln above M cNar (!daI[m site generally are of low int (nsity
and1l sllort (diit ion. At t alt li me of year the infil ratioion ttand vaplora-
tion lo.ss-'s .are' highly, a ('cond(litliOn which' results in ia mno(erate min-off
from !alae sellsonl storms. 'l'The occasional tIll1(!i(rstorim or (o111(1-
burst type of stlormit is localized and not, of sufficiently area ext ent o0
(Idalltioll to 1)produ(ce IV11 ticeablel( increase in Columbia Ri;ver
(I iscla rge. '1urtlIiore(, climatologicall reclrC((1ds indicate tllhat a I Lrge
general rainstorill alt that timlie of year could nlot l)(e a(cconpanied( b)y
maxitmiui11 --possible t((illp)(rat1itires. 'ell(refore, tle resuIltaint redl11tioll
inl silow-iielt 1.rlt-ofl front a (I(decr(ase ill t(millratlure in tile ilmaxilmum-
possiblel ulln-ol' v(,ar, as a result of a mianximumllIU-l)ossil)e latespringg
sit()0or, wo(mld be1(ri.('eater tlanti lite increment of flow resulting from the
storm)'. The, nt(l eI'(,,'t, of rainfall would( be to decrease the maximum
(lischlillrge( (of ('ollumbiia Rivr at1 I('McNatry (:damiI site and l'prevent the
(CC'(lie''(i(ece (of ia lmaxiiiii -l)possi)le flood.

SPIL,LWAY 1)ESIGN FL1OO1)

39. 'I'llThe sp)illwav (d(sig(ll flood( fori M(N.a ry l)Dam was (derived( by
apl))yiIug miaximulti sei (aso(nal rttIl-oll' r't(es (l( tei'mlineId from figure 3,
p)ltet, 2, to thie incr(''(,mnts of lheai. supply of figure 4, plate 2, and(
il(t'('sillg li' dischitarge i'relienilts thus obt))ainled by a base flow of
1 40(),(() t1 (' ld-feet . 'I'lie f l(IdI l(isderived liasL; maximumll(liis;cllarge
of 2,200,0001() s'ond(-feet andil a 7-tnontlh flood)( season volume of 249,-
000.00(}0 ac(I-feet, (rt' 2 1 .9 inches ol ruli-ol'from lthe 213,500-squtiare-
l,,ile, b)asi n al)bove cNairv (ldami site. '1'lt( lhyIdrograpllh is shown in
figure 5, plate 2. lThe sIpillway designn flood(1 would haveat peak dis-
('iiiarge app)lroxilnatIly twice asaI tIlrg( and( a volume one anTl one-
lallf ti(,es as great as for tlie 189.1 flood , the largest of record.

SPI1,LLWAY FIOOD) RlOU'ING(S

40. Be(nause of t(le negligilile storage capacity of AMcNary Reservoirill comparison1 wi I[ Ihe'1ltll-ofl volume, tanil( because of thlie flan t-resed
]hy(ldrograpl)l, thlie iaximmiiiIlt (dis'cairt'ge(' of tHie spillway d(sign flood
would b)e uncha ed( i l)passing t hroughli tli( i(r'se'voir. l(ows in
excess of 1,4100,000 s(co I(1d-fet, h()\(owever\ , wouldbe1(1r)etarded slightly
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by surcharge storage. McNary spillway will discharged 2,600,000
seondl-fet,, or 118 p)eree nt of the spillway design flood peak, witll
the reservoir p)ool at the top of t le (ldam, (lev ation 3(05.0 feet. Plate 3
illlstrat'es the relation b)(tw\een p)ool elevation and discharges in excess
of 1,400,000 secon(l-feet.

BASIS FOR DERIVING SPILLWAY DESIGN FLOOD FOR TIHE DALLES AND
JOHN DAY DAM SITES

41. The. sI)illwny design flood for Columbia River at The Dalles
dam sit,( was determined by a rational extrapolation of thei spillway
design flood derived for MeNary Dam. lThat for John i)ay dam
site was (ieter'mined by inter'l)oation between the spillway design
floods for McNary Dam and T1l(he l)alles dam site.

42. Thie sI)illway design flood derived for The Dalles (Iam site is
2,290,000 secolld-feet with a. 7-mnonth flood volume run-off of 258,000,-
000 acre-feet, wh\iclh is equ(ivalenlt to 20.4 inches of runi-off. Tle voluino
and peak (dischlarge relationship) curves used to extrapolate the Mc-
Nary sI)illway design flood to one for The Dalles dam site are shown
in figures 5 and 7 on plante 4. TIhe ihy(rograpll of The Dalles da(m
site sl)illway design flood, together with the live maximum floods of
record, is show\i inl figure 2 on plate 4.

43. 'Thle spillway design flood for John Day dam site is 2,250,000
seconld-feet, with a. 7-m(onth 11oo( volume of 253,800,000 acre-feet,
which is e(j(livalent, to 21.1 inclies of run-off. 'PThe volume and peak
discharge relationship curves used( to interpolate between McNary
Dam and The Dalles dam site spillway design floods are shown in
figures 1 and 2 on plate 5. The hydrograph of John Day damn site
spillway design flood, together with the five maximum floods of record
on Columbia River at T'1'e 1)alles, is shown in figure 3, plate 5.

44. The sp)illway (design floods at John Day and The Dalles dam
sites have a l)eak discharge approximately twice as large and a volume
1yi times as great as tlhe flood of 1894, the largest of record.

SPILLWAY FLOOD ROUTINGS FOR TIlE I)ALLE$S AND JOHN DAY DAM SITES

45. Since the volume of flood-control storage at John Day Reservoir
and surcharge storage at Thle Dalles Reservoir would be very small
in Comparison with tile volume of the spillway design flood, and since
the hydrographlll is broad crestedl, tell reservoirs would have a negligible.
effect in reducing the peak discharge of thli spillway design flood.
Figure 1, plate 4, illustrates tlhe results of routing of flood through
the reservoir at Thle Dalles Dain. Figure 4, plate 4, shows the rela-
tion b)etweell pool elehvationl and discharges in excess of 1,200,000
secondl-feet at Thle Dalles Dam. The prOl)Osled spillway at Tlie
Dalles Damn would (ischlarge 150 percent of thle spillway design flood
peak with thle reservoir pool tt the top of the damn, elevation 185
feet. John 1)ay Damn, with top elevation of 297 to provide about,
2,000,000 atcre-feet of flood-c..ontrol storage, would have sufficient
spillway capacity to pass the spillway-design flood at elevation 290.7.
With the pool at tlhe top of dam, the spillway would pass 114 percent
of thle s)illway-design flood l)eak.
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,("ECT'!ON IV---(,:OI,,OnG
JOHNll DAY DAM SITE

46. ('leurail.-Areal geology of Jolin1)Dy dam site is shown on

plate, 1t of part II. Coluillbia liver at, tilhe site flows ill a channel
about 1. 30,(0()() feet widealt tlie1)ototill of a st('pl)-wall('(l cannlill several
hinli(dred feelt deep. l'raclticaillv no 1oo l)ltlili exists. Ad(lo)l'ed lowv-
walter (l eviltion is 1 li) feel,. T'lle, (1h11alllel co( ntlill.s 11111i ros0 islanl(ds,
most, of whliclt are (comp!)osed of bed(1)rock. fa\lfy olf tlhe islan(lds are
very .sluttl, )ll otherlrs are several llhundred feet. across. Tlie channel
is (divid(l(l into I') )lartsl by1 large rock and( gravel islnll( aoutl, a
mile loIr, tI(te upper end(1 of wlihich lies aross (li t axis of the proposed
.(a1m. h'al(v )l)ititllets rise ioe(' or less gradl' a1ily ()1ro1 tlhe ('ele of
t1ie river to nil (elva1tion of about 200 feetl or more, t(hen, rise almost
verl ItilI toI Iv toItil evi io(ll greli00I l 300() 'veel, well above tlie mnaxi-
milam1pool elevaltion. ---

47. S'pb.'rfc'llfe,r.'/l'/o/Yf/.---Subllsurfa((eexplorationon in tlle sit area,
(oisisted of' 2S seismti(c lines nd1111 1I ('ore (trill lioles, totailing 2,112
linear freet of ldrillhim. 1)ll--1 atnd 1)1r-2 wereIdrilled ill 1930, and tlhe
cor(es h-av I)eenlost or de((sltroy( d. lIohl ID)l---3 tll-rolugll I-)1-11
wer dri killed i 194!) . 1)11-( was lost itat 48 feet( depth without (lleoun-
terill' (bedrock; Itowever, 1)11 I11 was drilled tl a later (late ill the
sMelle (ge11'1ral11'rell. Los() (1of Iill lile 1111(1 talbulatioll of tlie seismic
d(lala atre siown on)pIlal(' 7.

4S. hI'(lionul f/(cohfl!/ (lnd ph!/t.iog)f(ilph/.--T\le site is il li/e Columbia
lBttsit slubprloviile of t1le ('olulinl)ia lt1telmrtolintale Plhysiograpl)ic
)lrovilic(. The region is a rolling )plateau into wllicl! Columblia River
and a Iribtllairy, .(lli)ayi River, aliav (lit relatively utianrow valleys
several lutlnl(dre f(eet deep((1). ( 'oluillbia Rive(rIasalt, of [riocene ago,
dll(le(rli(esll(1 e(ltir( area(, and( o'('(lll.s in widespread flows, w\llichl are
either r horizo()nti l or show ve'ry broad, get'(le folding. Thel l)alles
f()ormiatio(, , con(isisting of silt,sa1111(, 111(1 gravel, overlies the Columbia
River basaltlIt lle Ihig r e(levatliols but, is niot found ill thei' major
stlreamlll valleys. Faults re ()ot, mltli(ero'(is; major est-west trendll(ling
faullt, however( , formL;s (ie nloirtIl side of t1le Columbia River Valley
an(111 (extl(l(s for a llll)(bel' of inmile(s boti upl)streamn andd(ownstl.reamn
from ,Jol1 1)allay(Daltt site. The faullt probably is nlorinIal, witli tlhe
u)pttllrown si(ld to tll( nortrI. At. tile site tile fault lies about, milo
nortth of tlie ri ve c 11iel a id ldoes not. alffeet follndal t ioll con(li ltionlls.

49. Site feologyf.--lBed(oclklat tile site is Columbiia. RiverbaIsalt,
which un(lerli(s tlie stream and formlls both ab.)utments. Nine (liffer-
e(it, bIasalt floows, ra(rillng in thlickel(ss from 15 feet to 70 feet, were
econtetred!I iln core drilliig. lIndividual flows in some iistilances
vary i tli(ckiess1by as ullti(ch as 30) feet. The tlu'ee( uppermost flows,
those al)ove appl)roxiliate' elevtiion(;0 feet, alre rellitiv elyliassive,
being from 40 to 70 feet, tli(,ck, and are composed of jointed, but
ievertelleless s(o1nld, rock. 'l'te flows below elevation 60 generally
1are tiliineran(I more ('losely fractured,bI)ut, to tlie (Idept.h explore(l,
all exceed( 1H5 feet, in tlicke('ss. 'Th'lin sandy and m(l(ddy inlterlbels
o(ccuir between Ille flows below elevation 60, buttlie. interbeds were
nlot. (ei(oulltered in allll drill lioles at, tlie same contact horizons and
are not colitinluolouls.
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50. A thin bed or b)eds of sanlstone totaling 15 feet in thickness
was enlleolntlered nt the lowermost d(leptls rea(lched ill drilling. This
stratum rises 20 feet in elevations toward( the right abutmeinet but,
everywhere ill tile site area is bene, athll the assumed foundation grale.
The salndstone is fine-gailedl, friable, alid micaceolus, witll thin colln-
tortmel edd(l(illg a(ld really shilyS seliams. Contained withlil the sail(l-
stonealre thilln flows of basalt. The sali(lstolne is less compllpetenit, tlhall
the other strata fornllmil tlhe foundation at the site but is believed to
be (6T sufficient coml)etlence nd depl)th bel)catih the foun(lation grade
hlnes to have no (lefillito bearing on nily of the engineering fealtires
of tle prol)posed structilre.

51. Tlie geologic structure of thle site area a)l)pears to be that of a

very Ibroadl, very gentle, arch. Several mlile(s downstreamm from tlhe
site, componen) t (ips of alout 2° lowIlstrealli were observe(l ill tile
basalt flows. Coli)polnent (lips in tihe same amount, but in the lup)-
stream directionn, are found several miles above, the site. No dip can
be ol)served on the north side of the river at tie site. On the south
side, at tlhe axis, a (lownstream component (lip of 2° or less was
found, but oast of Johnlll Day River tie basalt flows are horizontal.
Tlhe site axis appears to be very close to the. crest of the arch, where,
where thie river has cut the John Day Rapids andll associated bedrock
islands in relatively massive flows.

52. Be3(drock underlies the site at very shallow depths except under
tlhe north channel. 1Bem(eatltl the north shore and the rock on tcrops
on. the main island is a deposit of river gravel, san1(1, and col)bbles
approximately 1,200 feet wide and, as slhown by DIf-11, at least 2013
feet il thickness. ])I---; an(l seismic sollI(lings are inconclusive and
do not give the lateral limits of this pot hole but the structural and
areal geology of the site area indicate that foundation conditions as

good or better than those at the presently proposed axis would be
found by moving thle axis either slightly upstream or downstream.

53. A sand(l andl gravel deposit occurs about one-half mile above the
proposed axis. 'I'his deposit, through which the present channel of
John Day River is cut, is about 2,000 feet in diameter. The upper
surface is at an elevation of about 280 feet, or about 130 feet above
both river channels. Seismic soundings indicate that the underlying
bedrock surface is at or below thle river elevation. The deposit,
therefore, ma.y be as much as 150 feet thick at tlhe maximum. A
rough stratification isexposed in at gravel pit along the highway about
2,000 feet upstream from thle proposed axis. This bedding shows a
strike of about N. 85° W. and ia dip of 15° to 20° south. Thel dip is
due to original deposition in fore-set' beds and (does not represent
geologic reformationn of the material. Elsewhere on the deposit, the
bedding is obscured by a covering of blow sand.

54. Recent talus is confined to narrow, minor deposits along both
abutment walls. All talus deposits are believed to be stable. Numer-
ousdepositss of blow sand, covering the bedrock to a depth of a
few feet, are found on the lower portions of the abutments. Other
than in the north channel, very little alluvium was found in the site
area, although relatively minor deposits exist around the mouth of
John Day River. Reconnaissance indicates that the south channel
is essentially bare ot overburden.

55. Leakage conditions at the site.-Pressure tests made in connec-
tion with the core drilling at the site indicate that the relatively thick
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lh)ws betweenl elevation 160 and elevation 00 are fairly tight. In
soe)il.ilStiatilceS, tests 111ma(le ill tiis iiiterval show that, at pressures up
t,) I00 1lu1d(spSer squlre iich ito1,no wate(r could( 1)e forced in to the rock.
Ill,i(ti liilier blasalt flows (elow elevaLtion (0, all tests slowed much
leakage1 of water through the1 rockl fralctuliles. Tests made in the abut-
lllelts Il(b)o e elevva tionl 1(30 also inldlicaited colnsi(lerable leakage.

TIHE DALLJES DAM SITE'

50). (t/ieral.--T'l'e D)alles (anm site is located( in the gorge of Column-
hil iver linearll tlie julloction of t le extensive Collumbllia River basalt
p)1ncall oil tlie east nild1 tlhe folded anl1 luplifted bl)asalts and related
lava, s of tile (C'aseade Rlalge oil tlie west,. The topl)ogra phy is youthful
Nill boIx-like ('caIyoFns sepallrated by broad stlret(el(es of generally flat
to) rolliig lateat so rfacee. 11The tol)ogr phyl) is illtiiltnt ely related to
l(e c(lfaracilltelr of lie )lasalts whli(ch er-odebly tidl(lermniliig and sapping
1111 birilak ofl olI vet-('ail faces wllich are (controlled by tilhe vertical
'oliumilar joinltillg of tlie basalt. This erosionl c(l.aralcteristic l)prod(ices
ta lif nd11

e11(l)(' Itch tol)giip1iy wi ill tile ca yo is. Water level of
(Clumb1111)ia li ver varies thi 0(g}i thle r'lpl s oft i e dami site area b1ut is
1atial average, ele( vition. of 00() feet. Th'e river bed( is chatralc terized by
Ilrge' 11i1 {d Ie) )potholelts atl1d scoulr chillanlels, some of whlich extelld
miore( ltlai 100 feet below river level. P'lat(es 19 through 22 show
arllll geology, foundatlioll expl)loratioll, geologic sectionlls, anli logs of
<irill holes.

.57. The prin('iplal rock unit of tlie r(egioin is the Columlbia River l)asalt
IfM.lioe(i, e age, lihe combl)ied flows of which llave. all estimated tllick-
i;ess of :1,000 feet. Of tllis totally, less than 1,)000 feet arI'e exp)ose(l in
tle ('ll vlon waIlls ad(jacentl. to (lie dam site. Th'e I)astlt flows arc in
series, 11 of wlicl occur with ll lie ('area 'exalilled(. Th1 eselare usually
s(p1irate('l b)y thit soil lawyers O(r mirllor ilcol)ftorllities. 'Each series
coisists of from 1 to 5 flows at1ld idlldivi(tdul flows range from 5 to mo101ro
tlhnll 50 feet. ill thicknliess. Agglomera tic interl)lases are, rare, and sur-
fia'c' cxition111o reveals no) (itlick 01' extensive tull' beds within the
series. 'iThe lows ex(llibit columlllar st ru11t re, horizoiltal joinltilig,
vesicllarI.to scoria(u)lo s pl)1lses, a1111 soume( lateral thilniling, I)ut pri-
111arily are1 coll)m)ose(d of goo tl Ilar(l sou)ll rock of excellent quality.
I! ,lii1erl II, e ma1 jorit y of lthe flow contact s iare well sealled 1andlosese.

58. The (Columllbia iverblasllt is ov('rlaiin uncollfolrmabl)ly by the
yo1lg1er, 111(1eral(y contsoli(ated, terrestrial sed(imenlts of the Plio-
ceeli, ''ltel1)1 lles an1l( Shiutler formations. Neither of these rock units
are kioxwnli toc()(-cur at thledam( site, so are not discussed in detail here,.

59. 1,at, Pleistocene gravel an(l finer allutvium is present i terrace
relmnnntilts between 50 anld(i 250 feet above river level. Recent depositss
colisist of sadi(l, gravel, silt, an111( sall(ddu(lnes on the valley floor and
tilts aFilt sait(l du(1les on the. slopes. Coarse detritusplartially fills
tile (lee)er Imthtoles and( scollur chaInnels. --

(0(. Thechief structural feature of the. general area is The Dalles
synclie, an openi asymmetrical fold trending apl)roximatcly north 30°
east anill appearing to terminate against the Columbia fault a mile or
more north of the river. T'lie axis of the synclines ics 2 miles west of
the site andl the basalt flows dip from Threemile Rapids southwesterly
ito The Dalles syncline at a very low angle. Although, in general,
the river- flows through a gorge, the warp of the synchlne has tipped
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tie basalt flows downward from the northeast to southwest, so that
otn the north abutment of thi: site and for several miles (lownisttreamli
on the north side of the river, thle lim of the basalt rises only 100 to
200 feet above the general river level. Just above T'11reemile Raplids,
which is located at the western limits of the site, the dips of the basalt
flows reverse to the northeast forming a shallow asymmetrical inter-
med(iate sync'line wit i a ste'()('erwestern fli)b. Thlis syncline plunges
to tle south ani( lhas an axial trend s.igh tly west of north. This
seco((1(lry fol(l is ilitiinately associated with the faults present, anl is
l)rblally due to cumulative colmpnl' ssive stress( s 1end(ing in the faulting.

6(1. '1'The major ('olum')iati iver' fault,, as nearly as it can be traced,
lies to the north, well (;utsi(ld th'1 (lain site ar'ea.. Three secondary
northwet'st-souttheast trail.verse faults occur in the area ma ppedl. The
westerinlost, at tlhe foot of 'Threemile Rapids, and the easte(rnmost,
at tle 11ead of Fivemile lRalpi(ls, bI)oll(l a liorst block, while an iinter-
meI(liiato fault, occurs at Big Ed ly. ''llefaults appear to be of' the
rotational, or hillge, tyli'e with the greater throw on the north si(le of
tlie river. T'lle I))alles formation appears to have )e(en (Iisplacled on
at least two of the ft'aults. IIn11(ce, the faulting is p)ost-Pliocene iln age,
but, a ~maslkinig b)y ludistirbe(l Quaternary deposits ild(!icates o lac-
tivit.y ilI late geologic tilles.'. Shear zo les of tlhe fitults ill tlhe basalt
form111 lilies of weaiknes(' r'esilting in rapid hlealfwar'( erosion with
abi)ll(lalnt plod(liction of talus and tlhe (levelol)pent of chliutes.

(2. 'Th Thr'li''eemnile Ral)i(ls ht'1i t is dowlntllrown oil !ie west side,
Xwitlh (disp)lale('ei't, tpl)proaclin'll 13() feet oni tlie north siIl( of the river
an1d dc(Ireasig to :0 ,feet, on 'li' sou t,l si(.

6;3. The 'ig l(IldyfauIt lt is uptihrown on( the west si(le withli (dis)lace-
Inellt, :tpp)l)ro' iillhg 50 feet o1 the north side of tli'river, anl (I ('creasinig
to 15f or 20 feet. 011'thlie soullth side. A psleudo-aniticlille in tel(IbasalIt,
(lil;to (Ir,'g, is 110(il'c1ble ill tli e gill(cl onl thie nlort.l si(l(e of the river
at Big l'(d(y. Thllis fatilt crosses iu(lder thle proposl)ed e ri'thl- an,(l rock-
fill section, at which poi)it tlhe, in(li tcate(l throw is 30 feet,.

(it. Thle l,'ivemileIRllpi(ls fault, crossingtili, e rive just above the
h ea of (llat raIpi(is, also app1))rently lasI greol:t,tltlr,'owl )rogressiv(ly
nort'llwari( wiXll a possible displac'telient ill excess of 150 feet on tile
nor'tl sid(le of thel iver.

(5i. Thie po(ssilhiity of additional failtiing normal to the above-
discuisse I t1r11nsvet'rse faults is suggested by tie sharp) Iectili near e(lge
of ti lo w-rocklc pla.tfolrm on the north si(le of tlhe river fromi Three-
mtile l al)i(.s to Big Eldd(ly land1 lby thle liniealr west-(east coitilnuation of
tlie chlit es pi)aralleling Fivemile Rapids. H lo(xever, examination of
the really siloweX(l lo (lisplacemenet iln ti(e flows.

66. A separate joint system parallel to the strike of the flows is
noticeable, ii th,li area al(jacent to tle axis of the intermediate syncline
oil thi!esotlt si(lde of thle river, but is poorly defined on the north side.

67. 'l'The stratigrapl)hic and structural features of tlhe site area indi-
cate tl1n1t:

(a) 'The basaltic bedrock of the area is, in general, of excellent
quality for foundations.

(b) Permeable zones .will 1)e present along some flow contacts
but can 1)be fully outlined and a(lequately treated.

(c) Thie fault zones can be fully delineated and potential
leakage treated.
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(d) Thle ypicul (ollllntlll structure of tile b)asalt1 lends itself to
pl cking, scouring, anidi, sone casesndl-irsallppinig,l particularly
y back surge of large s lr(am!is of water dropping over shurp

(d ,clivities.
(e) A cosi(l(lrblepiorion of tilelarInge rock sizes required for

tite propose(dI (iarth- I(d rock-fill se('tioll calin )e sectiired from tite
ne(,,ess.aryexc'avations ald frontinlellradja'centarea11 s.

ARLAIN''ON DAM .SI'T

(iS.(Ge/(lul.---A\rlt geidolgy of tithe Arlinglton site is shown on plate
16 of p1)rt11. in(I(ie presIlit,site area, thieriver¢is, al))roximltely
3,000()()() feet wiie and itas I low-waler elevation of about 184 feet.
Present ill tite( left. portion oftlie riverlare two low gravel islands, eaich
appl)l)roxilately Imlile lo(it and 800 feet in wvidtit. Tile south valley
wall rises sol(ewhilat over 300 feet, inI 1.500 feet.''llte slope of tile
nortItl valley wall is1 rokeni at elevation 300, al)pproxilnmately 1,000 feet
from tlie river. l(Beyo(otlits l)oit tiet(lrrai is essenltiallylevel for
afll additional al 1,500 feet ()l rlllwalrd', where( it.alut1stll e nearly vertical
rock fit(ce of tlte calltyoll wall,wltich( rises 1,000 feet or more above the
riv'i r'.

69. Sub.s'ur/fce inres/t/) .-1li'eliiniiaryexploration of tlhe site.
wa Is liitiale(( i 1930 and l1 ,1 s bI)eil continued ite(rll itilently tod(l t.e.
Tile exploration ('onsists of 49 seismic lines, 4 core-drill holeshaving
it total footage of 4,10.9 feet, and Ic1ihurn-drill hole 102.5 feet deep.
(Cross sec(ti)ons alind logs of drill holes are shown o)plate 17, )artl 11.
7(). P'hy'.siog'rahl (ad reqi/o/al(/,Icolofgy.--'lThe site( is localte(l in tlhe
Colulmbia Baisin subpr)l)ovi(e of tlte C'olumbiail1itrillontalle.PIltsio-grilphic( Province,, between tlhe No rthi Central Plat eau and thlte Yakimna
1olh; section. iITheC topography Ianidpresent cou rseO of Columbia)
Rive,'r ill ilis regio() i are la1rgely rest Iatit of ti e generally east-west
I(rei(ling ('oltiibi)ia RiverFlattltlai i auxiliary faults. Tl!e topography
is( tarac(terize((l I) t ya etly rolling upland) ,tlie surface of whicli ranges
from 500 to 1,()()() eet above ti le level of the river on thle soutl and
inorlth sides, I'esl)e'tive(lv. lnto thlls upl)lald, Columblia River and
triblltarie(s have cu('lit relatively11arrow , steep-walled( canyons.

71. 'Thebed1)((irock of stills region consists of t.wo or llore. series of
Col)tialbill Rliver' b)asaltl flows and1( occasiolll interl)eds of asli and
se(lim(lentary depositss of variable thil'kitess. 'I'll( tlbickness of indi-
vid(ltal i)bastlt flows varies greatly. Asli intere1)(s tend( to1)e tIlin and
of a lenticulai r natrll(', )but, tllose ompllosed( of se(dinen tary material,
claiy, soft sitale, al(Id poorly consolidated( sanlIdstolle vary from thin
rath11er limliitd z)onIes to ('coltinliotis andt extenllive bed1 s of considera)le
tli ickiness. The litter be(Is itmay I)elon)g to or1)e associatld wit thlie
I tall or1 llellb)urlI forIlm tionts.

72. Site fIedlof(l.-BAledrock, C(olumlllia River ias1) lt flows, is1)resent
il bothll abutlments. Oi thle riglit, it is (exposed ovr ('considleratle
area; onl tlte left it. generally is o)bscureid by overbllrdell iiald(l is colm-
plet ely covered abovl e elevation 275. At (low wa t er. l(d,lock isexposed
along )ollth edges of the river tat applloximate clevi'llt[1, S5.

73. tllthle itearly flat-lyintg 1)asalt, it norilleaste(rly ()r ui!)Strel'( lll (lip
of l)bout oite-.half of 1° is meiastiratile onl tile riglit aliutment. T Ie

rock, whlii(lh lis )oorly (develol)e(I (o(tllllllllar joiniting, generally is
hlar(d, dense, and sound. ''lhe joints app)l)ear tiglt and should nlot leak
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to nlly appreciable amount. No interl)eds were ol)serve(I in the site
a rela, nor were any encou ntere(l in alny of the drill holes.

74. Seismic lines inlli('at thallt b1)(edrock is present beneath 111' island
portion of the (hliannel section t, appllroxiialto elevatiioni 135 (feet,
1)eneathi some 60 or more feet of Recent alluviulil. )alta from subl)-
seque(lllt core drill holes tel(Il to corrolborate tl11at illi(cation. Hole
DH)1-4, locate(l on the axis between tlhe islnal( oln lie( southli shore, en-
co)unteredl )bedlro(k at elevation 179.3; no alluviuii walns pr(1esen1t at,
tilis l)oinit. Hole 1)I--5, located( some 500 feet (lownsthream from tile
axis and1l )1elow tlie island, however, was lost, after 1)pelltratilg river
gravels to (levation i8; no rock was ellcoulltered. Two other lioles
D])1-1 anl(l 1)11-2 drilled some 2,000 feet (lownstrealll from tile axis, en-
countered 1)bed(rock at elevation 175.7 and 134.0, respectively.

75. The Columilia River fault, which cuts throllgh tile site area in
a lnorthieast-sou thwest directionn nearly parallel to tlheriver and about
2,400 feet north of itl, is just l)eyoll tlhe 1northlwest extension of the
contenll)late(l (1an1 site. The fault appears to b)(e normal witli the
ul)thlrown side lying to the north. Vertical displacement, along tile
fault mayamount, to as much as several hundred feet in somc places.

76. Overblurd(en del)osits are present in quantity only on tl e left
antbutment. At tlhe axis, the overl)urden consists of talus ant( slope-
wash ad(mixed with sonice gravel andi overlain in places by a thin layer
of blow sand. MaIny of titl talus blocks arena of emoli1nom1s size. These
blocks, together wiitIl smaller frangm(en ts, have broken away from an
basalt rimlrock which outcrops at. applroximnato elevation 750 feet,, a
considerable distance south of tlie river. As gravel is exposed( in a
borrow p)it, al)out one-half mile below the site, some gravel may und(er-
lie at least a portion of the taluis and sOl)ewasll oil the left abl)utment.
This could explain tilhe presence of gravel in this material neaor tlie lower
portion of the abutllit client face. Overburd(en is thin on the. right abut-
ment and consists of only a few feet of san(y soil covering tlie more
level portions of tlie, al)liutlmenlt.

77. Recent alluvium, river sanod, and1( gravel deposits are present
in the site area, as islands in. the river anil( in some palaces constitute
thle river bottom. The extent and (lep)th of these deposits generally
is not known, but in some locations (lepths iii excess of 98 feet occur.

78. Alternate site geolog!/.--An alternate axis, locate(l about one-half
mile upstream from the adopted location was investigated, but was
rejected because a, suitable abutme'lt, south of the river was not
availal)le.

S l cTroN V-A L,'TERNATE, PL,A NS

INTRODUCTION

79. In a(l(ition to studies for tile proposed John Day project dis-
cussed inll part I of this apl)pendix, alternate storage plans and plans for
improvement of the reach of Columbia River between tle, lead of
the l)roposed The Dalles Reservoir and M(cNanryr D)amn were studied
and comparisons of cost estimates were made to det'ermiine the relative
merits of tlhe schemes investigated.

80. Alternative plans of development investigated are listed below.
(a) Storage plans (John Day Reservoir for navigation, power,

and flood control).
(b) Single-dam plan (John Day Dam without flood storage).

91275--52-vol. 6-27
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(c) ()1)il-chalilll illlproveevnl(wt (c!ialllill('ienliiargenient to pro-
vi(d 12-foo()t, mililiulill (I(')tli (overlt widlill of 250 feet).

(d1) '1Two-daiul-ptlal (Johilll])ay andl Arlington )allis for naviga-
lion i il )o\\('vcr).

1Thesep1hatl.I ll'(s discusse('d in tli.hc followillr text.

STOIRAC(; PLANS

S8. (,/(ral.-. ..],)1llr srag'lig phlas, (lesignJlt(eid case I through INV il
tal11(1 3, weri sItli(,ied pri,,r to sl(ic(tiol ofItIn' lpropo)sed 1)1an1 toplrovi(e
i))out '2,00()0,000 cre-fee, t(of flood-coitrol storaige space at. Jolhn )ay
DI)aI. D1)atl, ill 1a1e1!( 3 ind(licite halla surcharge storage si)ace ill tie
tinioiit. of 1,927,,()0() ac're-fel, n(.sIre,(I letCwee(, thie backwater
curves lit I limil ,,,a(1liximulli,,lpool (l'('vltions for 1 discllarge of
801()0,000)l svcod-fI(eet, c('111 obtlai ledaitia cost of about $31 per acre-

fool, with si1111111 11111otllei ts at lesser (ost, alld It!Itta o obtainl storage
c.al) cityv 1) ,l11(Irawi own would cost .al)out. $1(00) plr acre-foot. I 1lts-
11111ich as it is Ilot d(e''ledi pi)ra(ticab(le to exceed( tile ilaximium water
sur11rlce' (vi'el ions whid(r.1esull t. t McNarv l)lam alnd at
tULniailillI, from ald(10ptiOll of imxiXii flood control pool) elevation 2902,
lllt. clevt,,ionl was (I,)ldopted s )pr(vidiig thle iliaxiillill feasible sir-
chilr(ge 1I()()Id-c()ntlr()1 storage ("clpac(ity for Jo1DllI)vy Rlesel((Vx()i. With
liigheip(oolle)e1lee town of Ulltiatilla would requireli complete(relo(a-
tion1and1 iterchiligeofll (argo betweevI perm('1 1lleilt shllore installations
c leariig tiiet aiIximum s8)rage leveiIHla barges operation at noriimal
I(ol level would I(ecioe(' i(ncrleasiw.ln (liflicult. Seepart I for d(escri)-
tion o( 1ll(e1ro1p)s('l )roj('cl.,wlji('l is o('mp)lral)l('e to c(se( IIJ of tabl) :3.
Followio nlg a11ie brif' (Isrilptions of cases 1, 11, fanld IV, thle rejected(
alteinlliitives showil ibntable 8.

'82. ('is.e I.- -C.ase I dlifl'ers f'om() tll(e 1lterniltlive silgle-(ldam plan
foir .Johln D withoutfloo(d-(coltrol stoorage ii ol)(l ratioll of tllc sp)illway
Ilild il lew siz ()'f sp)illwlivy gaates. 'lThis pllan1 would utilize thlie 7164,000
(acre(-t'(, (1 surch''llge('h stli)'lre' S)l('( 1)('tw(ee'l no()1rmal andlmaximluml
)()1l to)]'(gilllte 1lil' (idisch'illr (ldurinilg floods. Tle1(dd(litiolltl cost

at. ihe (11111 would result, fro() liglher sp)illvway gates to restrict (lis-
chliarg-es nlnd stirollg(,r trli)nes to withstand! thle higher Ilead ipll)osed
(111lrit, stolraglge p)'rio(ls. F'lowaige d(i'sign xw'ou)l(l be )11as(d oil thl
)ackwlxat(lr )r(fil' of tilelS9.1 flood spl)periil)pos)se(l oln maxi 111mum1 pool
iel(vatio()n 27 1.5 tit, Jo)ll Daii)ay D)aim, iin lieu of the tnormtal pool 2,55
withoutll fIm)(il-con tro(l slorllge. Costs (Idue toto lis rise inl elevation
woulda11(.ci)ouit, for 00() )erce'lt, of t lie inclre'nta(lll storage cost. ' Unit
cost, of tlic storige, Splitce Iiade(' tivailtbl)le would e)(b about $21 |per
('re-f(oot. No() provisio)ls for operation of thl( navigation lock att

levelsti)bovenol( ,()1r1l )ool were('1'( sid(l('(red.
83. Case II.----Wit h :mlximilil blood control poo)l t elevation 282

and lnorl )0pool 255), this plan would make; available 1,380,000 acre-
f(eet of usalble storage be)(twee(l backwaVt(r profiles for 800,000 second-
feet,. '.1'he essential differences from tile single-dall 1)la for John
l)Day l)roject withouttl(ood storage woull 1) (l1ue, to ill're(lse in pool
el(i'vntion aid the nl(cessity for restricting flows at maximilum pool.
The top of dlain, allowing 5-foot freeboard, would be at, elevation 287,
and tlhe spillway crest elevation, established to allow passing the
design (dischllarge at maximum 1)ool through tlhe twenty-two 50-foot
spillway b)ays, would be 215.5. The height of the gates would be
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55 feet, including 2-foot freeboard. Tile stilling basin would be
provi(lded with balles andl end sill, (lesigne(l for 2,250,000 second-feet
discharge at pool elevation 282. Thlle navigation lock would not be
designed for Ol)eration at levels above normalpool 255, excel)t that. the
ul)st'reamll emergency (1dam woul(1 1)(e designe(l to retain the 282 pool.
Und(ler this storage plan tllhe adverse reflect of baclkwater at McNary
Dam power planlt (ldring flood(-control ope)lationIs woLld be nearly
compensated for by the increased head at John )nDay a11t(l by utilization
of tile 15-percent overload capacity of the generators. Geenerator
thrust bearillgs an(l turbines at Johnll D)ay would e designedd for the
additional head inl)osed(l (luring flood storage operat ions.

84. Utility relotcationlcostswould cotitute thie greater portion of
tlhe incremental cost chargeable to flood control. Tlhe taking line
elevation would be increased( 27 feet at thle (ldam and, because of
decreasing backwater effect, somewhat less up)strealn. T'lle usabllo
storage of 1,:380,000 acre-feet available un(ler tills 1)lan would( cost
$33,050,000, or about $24 per acre-foot.

85. Case IV.-This plan utilizes surcharge storage between pool
elevations 255 and 292, and (draw-(lown storage to pool elevation 241.
The usable flood(-control storage capacity available l)etween )ool
elevations 241 and 292 for 800,000 second-feet backwater amounts to
2,381,000 acre-feet. Releases of normal storage to pool elevation 2,41
would be based on forecasts of floo(Is exl)ecte( to exceed( 800,000
second-feet. Releases would be calculated as nearly as possible so
that the pool would be ,it elevation 241 when thle flood (liscllarge
realche(l 800,000 second-feet.

86. T'he spillway woul(l be designed to pass 650,000 secon(l-feet at
m)inilmuml pool elevation 241 and to restrict. tlie flow to (;50.000 secoeld-
feet at maximum pool elevation 292. ''lie required spillway gate
height would b)e 72 feet, including 2 feet of freeboard. 'T'lie navigation
lock would be designedd to liandle traffic at normal pool andll (luring
draw-down to nlliiinnimmn pool prior to a flood. This operation would
require that the upper lock sill be set at elevation 227 and( that, tlie
upper gate be 36 feet in height. 'The emergency (ldam Ill)streatml from
the upper lock gate would extend from the uippler sill to maximum
pool elevation 292, witli a 2-foot freeboard.

87. 'T'lle installation of four additional turbines and generating units
to compensate fo'power lost because of tihe 14-foot draw-down would
constitute the greater portion of incremental costs chargeable to flood
control under tills plan. XWith the required 17-unit powerhouse,
space would remain for future installation of only one additional unit.
Tlie turbines and generator-thrust bearings would be (lesigne(l for the
maximum head at 600,000 second-feet discharge. Flowage for this
plan would be identical to that for the proposed plan with lnaximum
pool elevation 292. The usable flood-control storage would be
2,381,000 acre-feet and would cost $105,619,000 or about $44 per
acre-foot. 'lhe incremental draw-down storage, however, would cost
more than $100 per acre-foot.

SINGLE-DAM PLAN WITHOUT FLOOD STORAGE

88. General.-This plan would develop the head between The Dalles
pool and McNary Dam for power production, and provide slack water
for navigation. The normal pool level considered for John Day Dam,
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elevation 2)55, was sel(ecte(l to utilize most econoilically tlhe inter-
venling lheadl an11(1 to provide satisfactory navigation colndlitionls as

regardlsdepthss 1111( velocities at tile upper enl( oflte pool. In con-
nectlion with head iitilization, economic factors control. Backwater
effect tnat Me Nari Da coilfd he reducedIlV ra ising Johni Day pool
al(i overilalpping Mc'.Nary alilwwater to a greater (legree. To accom-

plisll (lihs, liow(evCIr, it. woul(l ee)(cessary to raise John Day Dam and(
fllrlll(' toelevatee reservoir relocations, thus illncurring additional dain
a11(l reservoir costs( . Fiirther, llie ilinrementalllhelad developed( would
)be variaiblev,depending!g upon 1tle stage of upstream storage develop-
111(lt a( thle mmilimil regular (l flowavarilaille. A preliminary
(vailatitilon indlicat(es lthat elevation 255 feet is tlle highest. normal pool
elevation (ecoomillicailly justifiable. lThis elevation is 3 feet lower than
tlie pool level re(colm(l(mended for Arlington Dam in House Docum(ent
No. 704, Seventyi-fifth1 Congress, thir(l session, blut, because of diffelr-
e('ces il reservoir lengths, backwater effect ts of either would be
pl'ract i(alv' i(leilt cal.

.S9. Ih.erriplion.---Lay-out andl (Itails of tlhe single-(dam John Day
pl)oject with normal pool elevation 255, without flood-conitrol storage,
are slioxnIl onl plateI(. T!he structure woul( lIe about 95 feet, high
from-i eadlwater to tailwater andl( would consist. essentially of a spill-
way, a 1natx'igaltion lock, a hydroelectric generating plant , land facilities
for p)assilng aiiad(lrollous fish. 'lThe l)roosed( lay-ouit is similar to that
for thle pl)ropos((l Jolin Day Dlami with floo(I-control storage. Instead
of 1imaximlum floo(d-contlrol p)ool at elevationn 292 the maximum water
surface wouldl)(e at e'lvation) 271.5 and tlhe crest. of the dam woul(l be
ait eleviation 282.

90. Sev(,,'al features, of thle plan would( be i(lenltical to those for tlhe
propos((l Jolnlll ay Dall. Cofferdaml (lesigl and1( construction
scledtl(les, navigaltio'n locks, andifisll facilities would be identical
while r'(ec(altiol facilities and the nonoverflow construction section
would 1(' quitee similar.

91. 1lon'r.age a(td1r1loctiol .--John Day Reservoir with pool elevation
255 is shlowli on plate 7. Railroads, highways, and other utilities.
localte(l 1(i.a tile river woul(l require relocation above the backwater
)profile of tlie 1894 flood( passing tihe (dami at normal pool elevation 255.
Backwater pro1)files are shown on plate 8. Estimates of costs for-
relocationl are l)ase( upon tlie construction of the project following
compl)letion of Mc Nary a(nd The Dalles projects.

92. The prinicilal difference, insofar as flowxage and relocations are
conce11rne(, between this plan and, the proposed( plan, is tllhe diliflerece
il maximum pool elevation. 'The town of Arlington would( be. raised
similarly to tlhe prol)osed plan, the variatiolln being in the height of
fill require(l. North Umatilla, would(l)e )rotecte(l by a levee which
wotul(l eliminate l)resent floo(l (ldamiage in that portion of the town.
Irrigation wolul(l be only slightly affected, but Boardmian would re(lquire
relocation. St(lies showed protection of these two towns by levees
to )be infeasible.

93. ('osts.--Initial costs of the single-danm John Day power and
navigation project with 13 generating units installed are summarized
below. These costs are on tile basis of January 1948 price levels and
are based on tile prior construction of 'Ilie Dalles and McNary Dams.
A summary capital-cost estimate of the single dam without flood
storage is contained( in table 4, which compares costs of accomplish-
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ment of alternative plans. The total estimated construction and
capital costs for the single-darn plan without flood storage' are $320,-
547,000 and $354,805,00'0, respectively. The estimated annual charges
are $15,711,000 to the Federal Government and $13,000 to non-Federal
interests.

OPEN-RIVER IMPROVEMENT

94. A pIreliminary study was made of the feasibility of providillg
open-river navigation improvement for the 75-mile reach between the
head of The Dalles pool and MIcNary Dam. Channel widths of 250
feet and 12-foot minimum depth were considered adequate for such
improvement. As thle minimum release of water through the IMcNary
power )lant would determine future low-flow conditions, no increase
in stream flow (ldue to future upl)stlream storage was assumed (during
the low-water season. For the plan consi(lered herein, however,
McINar power plant was assumed to be operated in such at manner
that thle present minium flow would not. )b further re(uce(ld.
Typical l)ackwater computations made through selected sections of
tle reach indicate that provision for d(raw-down of the water surface,
which would occur where enlargement of tlhe channel is necessary,
could be approximated by allowing for 1-foot over(lepth in excavation.
This allowance was made in preparation of the estimate of cost. The
present river profile and navigation depths are controlled to a large
extent by rock outcrops through tlhe rapids. As most of tle excava-
tion would le removal of rock ill swiftly flowing \water at these rapids,
tlhe cost would be high. Based on surface examinations, thle material
requiring excavation has been classified and an estimate of cost is
shown in tlhe following tabulation:

Item Unit Qilntil Unit Amoint

Excavitlion, rock............................. ('ubic ard ....... 1, 7115, ()0lo $11. 25 $25, 151,000
E xc:ivatl ion, oulilders-..---.. --..0-..:,-).O ) 1. O00 1, 112, 0)0
Exxcavation, sand and gravel -................ -....do ---............. 3, OOO 2.50 1, .):{, 000

'Total cost . ......................... 2, 140, 000

95. Interest at 3 percent on the above investment and amortiza-
tion over a 50-year period would namlount to $844,000 an(l to $249,000
annually, respectively. In addition, mnintenaflice is estimated to re-

quire thle expenditure of about $320,000 each year. Total annual
cost of the improvement would thus be $1,413,000.

96. TIhe, benefits from this plan of oplen-river iml)rovemllent would
consist of savings to barge operators, resulting from decreased operat-
ilng costs. This saving is estimated at 11 i mills on the January 1948
estimated operating cost, of 9 mills per ton-mile and would result p)rin-
cill)ally from increased load factor an(ld number of barges per tow.
Decreasing thle cost of barge operation also would increase the ton-
nage shipped by water. Total tonnage used ill determining annual
benefits is liberally estimated as that which would develop under
ultimate slack-water improvement as shown in table 28 of appendix
M, or 4,600,400 tons annually. Total annual benefits cre(litable to
open-river improvement through the 75-mile reach would, on this
basis, amount to $431,000.

9.869604064

Table: [No Caption]
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97. A comparison of annu1 l benefits and annual costs for open-
river i)11pro(lmienlts in(licate(' that it. would not be economically feas-
ible, tl'e b)enelit-to-c0ost ratio being 0.30 to 1. Asi(le from the in-
favorable ('Cnllomic aspect, open1)-rver imnproveIment would nullify
potential floo I (1colt. rol, 1)\wer, anl irrigatiotl 1)en)(fits of great value
wli'ch 111a,' sI)j('l'lc t(o r('aliziation die(l,'r miultliple-pulrlpose slack-water
development. Tli'eonl y advaniistage \\would li(e ill the provision of
Natural rive colidlit ions for m11igra'tilig and spawning fish.

TWO-DAI)\ PLAN

98S. Gnera.'l'.-The two-dam plan given consideration in this ap-
pend(ix is tihat recommended in 1(937 in House Documecnt No. 704,
Seven ty-fith Congress, t litrd session, as a part of a comprehensive
p])lal for development, of (Coluii)bia and Snake Rivers in Oregon, Wash-
iligton, al1(l lal110. It. consists of a low dain with normal pool eleva.-
tionl 210 at tlhe(i John l)Day site an(l a low dam, normalpool elevation
255, at the Arlinlgton site, 20 miles upstream. IJocation of the Arling-
toll site is showll on plates 1 mall( 36 of part 1. The 1937 recommen-
(latioli was a modification of an original 1)roposal for a single high
(lami at the Jolhn )Day site. Tlhe 1937 studies recognized an initial
cost dlilfereltialfavioriilg the single-dam plan but fixed clhrges apli-
cable to the! single-damll (levelol)mente diningg a. long period of power
loadl dl(Velol)lli nt were allticil)pate(l to exceed tllis saving and the two-
dami p)lail was thought basically the more economical. Studies in
colinnectiolln wi I the 1)r'('esent epl)ort, however, inllicate that no appl)re-
cial)le power load developlmientl period would 1)e necessary for the
silgl,-le-(amdI(I'velopmenvt a1l that tlie initial cost of the two-dam plan
is greatly in excess of thattL of tlhe single-dalm 1)lan.

99. T'he strul'lill'res collsi(lere(l for the two-(lam plan generally are
similar to ithe, si<loe ,John Day Dail previously dliscusse(l, excel)t for
hliiglit. Eachv,,oild include a. navigation lock, spl)illway, powerhouse,
and facilities for passing lishl over tlie dan. Arlington Dam site was
selected for the additional (damn of this plan as it is upstream from thle
town of Arlingtoll, which wouldundergo major dislocation under the
silngle-(dall 1)lan, almid as the geologic and topographic characteristics
of this reachll of the river are favorable. Pool elevation 255 was estab-
lishied for Arlington Dam in conformance with the level proposed for
the single dam at. Johlii Day site. Pool level for the low John Day
Dam was set at elevation 210, which is in accordance with the previ-
ous proposal of Ilouse D)ocumient No. 704. John I)ay Reservoir at
pool elevations 210 would overlap Arlington Dam, which is located at
natural low-water elevation 183, l)y 27 feet. ''lhe head at tle low
Jolill Day 1)am1i at a discharge of 800,000 second-feet, which is the
upl)er flow criterion for firm capablility, would l)e 31 feet or 63 l)ercent
of maximuism. While re(luction in the level of John Day pool below
elevation 210 would result in some savings in flowage costs and in
concrlet-e in the spillwily and lock, tl I)percent h(ead reduction at, a
disclhi rge of 800,000 seconld-feet would 'be;increased, with consequent
increase in .cost. of power facilities. In addition, navigation condi-
tions at the ul)streami end of the pool would l)e somewhat less favor-
able.

100. John D)ay Damn, pool elevation 210.-Geologic and lay-out con-
si(lerations which governed tlhe arrangement of John Day DamI to pool
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elevation 255 also would bo applicable to tile lower structure. T'he
general lay-out and details of the (dnml are shown on l)lnat 10.

101. At normal pool elevation, lihe spillway would be capable of
passing 1,420,000 second-feet, a, flow larger thian the maximum of
historical record. The design discharge of 2,250,000 second-feet
Nwoul( l)e passed ait )pool elevation 228, 18 feet abol)ve normal lev(l.
The Crest profile would be based on the liead at spillway design dis-
charge.

102. The navigation lock, fish facilities, and power facilities would
be similar to those for the dam with normal pool elevation 255. The
lift, of the navigation lock woulll vary from a maximum of 49.5 feet
at low flows to 31 feet at atidischarge of 800,000 second-feet. Fish
facilities would l)e coml)arable to those for the dam with normal pool
at elevation 255, with the excel)tion that fish locks would not be neces-
sary an(l tlhe cost of fish hatchery facilities would b)e reduced( al)olt 50
percent. The )powerhouse v'ould house 14 generating units each rated
42,000 kilowatts. Space would be available for four additional units.
The total ultimate installed capacity of the 18 units would be 756,000
kilowatts. The power plant woull( 1e designed( for constant head-
water level, but the head available at the power plant would be) re-
duced during floods because of the tailwater rise at, lighl discharges.

103. llate 11 illustrates lead and output characteristics of John
Day power plant (normal pool 210) under phase C development as
related to river discharge conditions. The tabulation following sum-
marizes data. pertinent to the generating equipment:

Itclem Description

NomiiiMl priiL, calal)ility ..........- ........ ..... 376,000 kilowat s.'
Nomin l firm (capability ................................... 101,000 kilowatts.' 3
Installed generator capacity-----.---.--.-- &S.,000 kilowatts.
Type of turbine--. .--..---- Automatic, adjustable 5-1)ladc propeller.
Design head --------....-----.--...-----.-- ---..... 40 feet.
Hated head............('(-.-. --.............- ............--48 feet.
Mmaximum head ...-.----.....-..-- 53 feet.
AM itni Ium hea(l 3 31 feet.
Turbine rate(i output-......-.---.---------.--.-....--...... 16,500( horsepower.
Revolutions per minute .---------...------------------ ... .7.
Diameter of turbine runner .......................... 320 inches.
Elevation centerline of runner... ...................- 122 feet, mean sea level.
U nit Sl);acing 94 feet.
Generator rating at 0.95 power factor....................... 44,200 kilovolt-amperes.

I See appendix 0.
J Computed on basis of 75-percent load factor.
IFor river discharge of 800,000 second-feel.

104. Arlington Dam, normal pool elevation 255.-Arlington Dam,
tlhe second unit of the two-dam plan, would be located at river mile
243,.5, approximately 2 mil(s upstream from Arlington, and would
create a reservoir at elevation 255, 45 feet higher than the low John
Day pool. The project would consist of a navigation lock, spillway,
powerhouse, and related facilities. A compl)lte geologic description
of- Arlington dam site is contained in section IV of l)art lI and on
plate 16.

105. Lay-out.-Plate 12 illustrates the lay-out considered for Arling-
ton Dam. 'lhe project would consist of a navigation lock, spillway,
powerplant, fish facilities, amnd connecting nonoverflow sections. All
facilities would be compl)arable to those at the proposed Jolln Day
project cxccpt for the variations due to the decreased lihead. The
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powe(rhiouse would(l provide( space( for tile installat-ion of 12 generating
units wit.lh a cal)acity of 450,00() kilowatts, as (Iscussed ul(le'r phasee

(development, ill appendix 0() Space would be available) for four
ad(litional ulits.

10(). Plat(, 1:3 illustrl'at.es lea(l and( otitpl)t charactceristics of Arling-
ton power p)1lalt,till(ne' l)lphase C (dve(Ilopment, as related to river dis-
charllge co( (lit io0l . >See appendix (). The following tabil)lation sum-
marize(s (Ia(Ili. )peltinleit to tlie g(IIeirat ilir (eq(liplmenit:

till lhescrlption

N'ominhi p.rme c>t{:iility :L....;,M l kilow idtts.
N'om h tii in(.:trlilfiili.:...i. t'i ki|, iilow ls.i, 2

]1tl:xill],l {,<it,.tlfIr (p.i:it-i. ."' 1,> , ll kilow ilIs.
Ty,''p of IlIrt',i (' .. . .. i lltll ,ltic, ljlsl;ihle .>-)1a;1 p)rol',hllir.
I )e lnt'i'ltl.:I - 1'2 fiet.
IMi [llI]i dII... ft't.

.M1 ibiulllllll ln l .'..... :I feetl.
T ilhtpml.u...p.l. >7.i00<) lhorsepower.

H 'eivolllio s pio {rllitllto... , ;1.'2.,
I ii i Il initr t)l I IIrhilH I li'f . ... I .;1) incll( is.
I'Elvv;it OlI c( lvt1 rliti d i' illlr 171 f(tl,{l titeal lsea 1 ".
i'llit sl)l'iilt'. f' t ..I? feet.
<;tll :iutfr r:ilt ;>lll.'i.ti ))owe r factor - .. 17, iHl k ilovollt-alip)'rts.

.q^ uiltcndlix (0.
2 (')l)1I tllctt l 011 Im:bi' of 7-;-.'tp',rclt loi:l factor.
3 I'or iivt' di-'cll:trum' f N.K(iXMIl 'co('ol -fi'l.

1()07. FloWml(i, (ainl r(loc(iions.- Pllate 36 of part, 1 shows Arlington
(lail site a11nd its r('lvli()onsllip) to t(lie connmulimili('s of Arlington, Ore(.,
Roo{()se velt, Wash.; alil( ottel( settl l(ements along ('oluilult)it l.iver.
'late shows ba(kwalt' )profiles for various flows u11) to 1,1 50,000

second-f(eet, I) on(! eopublisled((!isca(irge( of the( 1<894 flood,
\Nwhich wereusedNI (( in lete'(I ini l nd ac(lliitioll and utility Ieloca-
tion, limits for tlhe two(-(lamI)lanai s well as fo r tl(he single-dam,Johin
Day project discussed earl(,ie' ill tlis appendix. 'ITl 1894 backwiatt(er
profile for Arlington I(ese(,voir an(l for thle l)ool for Jolhn Day Daml for
lnavigatio( alnd( power above Arlingtonll (lall site are nearly coinci-
d((1t, 1he( varialtion Ilot e(xc(ee(ling I foot. Flowag(e lprol)elms and
costs a lo()hgI Iiis uppl)l) re(acbl of (lie river, t here(lfor, would be practically
idlentical for the two-(lalll plan and the sinigle-dai! plan previously
describedl).

108.. t ,1(er ttle two-(lda) plann, tlie ra il'oa(ls (ldownstralmill from
Arlingt(on D)aill would(1 r((equilre relocation as under the single-dal.
p)all, b)iut, to 1a lsse(,r ('(er(e(. I'll(' I)l'iil)ail areas li(l(d- free from the
inlundlation which would o(.ccur undere(li single-dam plan would be
steel) si(l('-lill slopes. A rlington,1I)owevei( , would remain essmentally
uati(et('(ed by ttI-e two-(ilanl plain, although tie( raillroadl and accessory
facilities along t1ie waittr front, would Jhave to b)( raIised(! al)out 10 'feet.

109. E4sthliltit('s of r(Ilocatioll (cost wereI maIde onl the. assumpl)tion
thlat, for reasons of (ec(olonlv, coistruc('tion of Arlington )ani would
pre'('le that of John I')a,Lv D)alt.

110. A coimpal)isoni of tlie single-ami a(nd two-damn p)lansis is sum-

maliz(li ill table 4 of HpatI1. The( total difference in r(eseirvoil costs
bet(weenl hlie two-ldamlia ld single-(llim plans amounts to $5,602,000,
of which $3,295,000() would be charg(ealle to relocations, and $2,307,000
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would l)e cllargenalle to cost of lands and impllrovemlent occurring
largely in the town of Arlingtoln.

111. Cofllerdam desigils for the two-(lainl)lllpl arie pr)ed(icate(d on
construction of Arlingtonl Datll prior to Johi D)ay Dami. Thllis
Sequellce is favorable in that Arliington co(ff(er(lans woull not, )e in-
creased ill lheighlt because of backwater from John )Day pool. Cofle('r-
damlis for the, low Johin D)Iav D)amr would be ilifltl ('llced byl tile b)ack-
wat er ell'et, of Tile DIaless Reservoir and woI(uld be idellti'call witli the
cofl'lerdals requl'ir'( for the John D1)ay Dl)a, for lavigaItioll and l)ower.
Tlhe sequence of construction operations also wouil(d Ibe similar.

112. Railroad( relocation is estimated to require 1 year for each
damii of tlle two-dalml plall. Two years work within each first-step
coffer(lamll would be required f1(nd 3 years within efach secol(l-step)
coflerda.lnm, after which four generating units could be placed in opera-
tion. Addliionial generators woldbe11 ilnstalled thllereafter at tile
rate of four perC year. Total construction time for John Day Dam
with 14 units woull be8l years. For Arlington lDam, with 12 units.,
the construction time. would be 8 years.

113. (osts.-Summa1ry estimates of initial costs for the two-dlam
plan a.re included in taille 4. Estimates of annual charges were
preparedd upon the basis previously described for the propose(l project.
The total estimated eaplital cost of the two-d(lan plan is $523,227,000.
This total includes a preliminary estimate for Arlington Diamn, based
on thle rock line shown on plate 12. Later drilling showed rock to
)e ,at a greater depth than indicated on plate 12. Inasmuch as, onl the
basis of tlhe preliminary estimatte, the two-dam plant would l)e ex-
tremely unfavorable, new estimattes were not made, andl the pre-
limninary estimnatle for Arlington Dam was used in the comllparisons
following. An additional amount, of 15 percent for conlltingencies was
included to allow for construction items which would ble (lepelident
upon foundation elevation. If no more favorable site could be
develol)ed, actual costs at, the adopted Arlington location p)lobably
would be increased abloutl $10,000,000 over the preliminary estimate
shown.

114. Total estimnaLted capital cost, of the two-damll plan, as shown in
table 4, is $168,422,000 in excess of that for tile single-da(ln plan.
Wle'ereas estimlat ed reservoir costs for tlhe two-daml plam are $5,602,000
less than for tlhe .single-damn plan, estilna.ted structure costs aro
$157,725,000 more. About $34,769,000 of tlie structure cost dif-
ferenitial would be attributable to duplication of cofler(lams and spill-
way and lock facilities. Tlhe greater portion, $118,524,000, however,
would be attril)utanleh to increased cost of power facilities. The
estimated cost of each genern'ating unit at tlhe low d(ams is approximately
equal to the estimated cost of eaell generating unit at the single-dlam
John DIay project, even though those at tlie latter structure would
develop about, twice as much plOwer. This is accounte(l for by
slower rotational speeds of tlhe turbine runMners and by the larger
physical dimensions of the lower head units, which would require
larger hydraulic passages w'itlI consequent increase in dimensions of
the structure for eMach unit. Tlhe following coml)arison illustrates
these data for each daim of the single-dantm an(l two-damn plans.
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Two-dam plan,
Item

I Sln le-
--_-.---.-..-__-__- __idYaphn,1

John Dl)y Arllngton John l)ay

Nori l lovnton .-........ ... ..................------------- ---- ----- 210 255 255
l'owvr pli[t d:lt:i:

M axi ini hv d, f et ................-........... 48 OS1:ilhll hvadl, ft't .--. .........---- .iS 4-1, 1
''iirlhi, (dlmillr,leh r-,i -----.......--....--. 32 315 281
l;nilsp: cillg. ,l ...---.... ........-.. 91 92 82
ltevoliloins p)r m iilil - - .. . I;. 7t-,). 2 85. 7
(;ilnvf ot(r c;pl hility pir unit -.-.. . ....--- .... .... .-- I(5,4 X)85),'O)

115 . Tabl)le 4 illustrates also tnheannual costs c('argeabl)e to i)oth
the single-(dallt andl two-da li plans. As a result. of the larger capital
exp)eill(itltre, ialllnua.lilt'erest, and atinortizatioIn ('liarges for the two-
(Idai p1lan would(1 1( $.,545,())() ill excess of hliose cltar('ea.l)le to tile
sililgle-(amil)llail a1dl(, because of duplication of facilities suscecti)ible
to replal(cei(entl, ail(l req1 uiing opelratilgi)ersounnel, anlaltii.l charges of
that ,al.ti 1rea igailnst, ll t(o-datli p)lan wouil(l exceed those against tile
sillnle-dalin plan b)y $1,441,(000. Considering a1ll items, annual
ciari'g(es ill connect io( wiitli tlhe two-(lam plan would exceed those of
tlihe siigle-d(lanli lani)y $7,t92,000.

I11. , lccom)/liifnt..----iAs ali alternate e 1)tlanl to thel single John
Day I)all, wo lower dla ins, one atlJohln Day site and tlhe other at,
Arlingtonll site,, would utlilize hlie full fall of tlhe river betlweell Thie
D)ale1s !pool and McN.tary D)am for power ald(1 would( provide slack
wat]'er for navigation(. N avigaltioll and power develop)melilt would b1)
l le principl)al accompllishmenlts, witli irrigation and(l recr(eationll as sec,-

ott(lary beneilit, features.
117. Development. of John Dayalnd Arlillgton (dam sites would

logically follow that of Tl'1e D)alles l)tam. Power (levelol)ed( from the
projects would Ibe ItseI( locally, and stil-plus power would be trans-

iitt(ed to ll(e Nortl wIest .(,1)1l. Power output, of tlie two plants
would roughly equal to that, which could be pro(luced( at tle0
altlrnaltive siniigl(,e-dhallJohln D)ay pr)loject, for navigation alldpower.

11 8. No irrigation 1,bel(efits woutl 1,e creditable to John Day low
dailyl wit I a pool (levationl of 210 feet, as )umpl)ing from tilis lower
level wv)oul not 1)e practical its compared to pltml)pilt frol l)OOlS ait
elevations 25;)5'^) . Ilnasii'chl ats tihe Arlington, Willow Creek, and
l(oosevelt. irrigalble areas may be served equally well from either the
John 1)ay or Arlington pool ait elevation 255, irrigation benefits for
tlle tiltellnalti(ve silgle(-dalt or two(-(ldaml)lalls wo()ld be eq(uatl.

1 9. ]{(,(rcatlio(ll beIlefits also wo()ul(l 1)e c(re(lit iable to 1)oth the single-
(Ital tl.il two-daii l)latisl in aboutil tile same allount, andl tihe intanigille
vali(ues previously mneintioned also would accrue to thle two-d(laIln lan.

COO()INAT'lION' WITH'l O'II.t A(;GENCIES

120. All agencies ki)own to )(e concernede( with the Joln Day project
or alt(,'lltt.tives thleret were kept, informed regtr'(ing thl stud(lies thIat
were iMade(. Prior to final selection of tie l)propol)sed project for flood
control, navigation, al(tpower, ita publlic hIaring'ig w\as li(d at Arlington
on MIt ay 2.5, 1,94S, to acquaint till inltrests witllfeatures of thle alterna-
tive singl(e-dailill project' . Th'lel1 lite(l States Fish and(l Wildlife ,Se;rvice
was consulilted as to fish lahhdderI ld hatchery requirements for tlhe
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single-reservoir project. The views obtained were influenced to some
extent by the opinions of Oregon and Washington agencies respollsible
for fish and game in those States. Power production and transmission
problems were analyzed with assistance from representatives of the
Federal Power Commission and the Bonneville Power Administration.
The highway departments of Oregon and Washington, and the United
States Public Roads Administration were consulted as to the desir-
ability of incorporating a highway bridge in John Day Dam and all
three agencies expres sed unfavorable opinion. The United States
Coast Guard, which is responsible for the estal)lishment and main-
tenance of navigation a.i(ds through the reservoir area, furnished esti-
mates of cost for the necessary revision of those facilities in connection
With reservoir deVwlopl)m(t.

SUMMARY

121. Discussion.-The proposed project and three alternative meth-
ods of improveImelt. for the reach of Columbia River between the head
of tlhe propose (d The Dalles Reservoir and McNary Dam were con-
sidlere(l. Alternatives included the single-dlam pltn (John D)ay Dam
with normal pool 255), open-river improvement (channel enllargament
to provide 12-foot minimum (ldep)th over wi(lthll of 250 feet), and the
two-(lam plan (John Day Daml will normal pool 210 and Arlington
Dam with normal 1)ool 255).

122. The alternative single- or two-dam plans would( provide for
multille-p)url)ose development of tlie river, yielding slack-water nav-
igation benefits, revenue from salet of power, an(l irrigation and
recreation advantages. rlPe opeln-river imp.'ovement would( aforol
navigation benefits only and such benefits, because no reduction in
the present swift river velocities would be effected, would not b1)
(qual to those for slack-water improvement. Opeln-river' improvement
in this reach would restrict efficient utilization of It:,adjacent coll-
structed and authorized slack- water pools. Furtlh'i,'llore, this type
of improvement would not provide nee(led flood control or develop a
valuable potential power resource. In view of these unfavorable
features, and inasmuch as the ratio of benefit to costs for open-river
improvement woul( b,( only 0.30 to 1, 1)1ased on tihe most favorable
assumption, this type of improvement would be1 vastly inferior to
slac'k-water developmentt.

123. The benefits accruing to the single-damn or the two-dam plan
of development would be nearly equal. The single-dam plan would
lhave a slight margin in navigation benefits because of one eliminated
lockage and also a small margin ini power benefits because of the
elimination of a 0.5-foot head loss due to backwater, )but the total
differential would be) insignificant. Table 4 lists initial costs and.
annual charges for the, two-lam and single-dam plans. Under the
two-(ldam plan, the initial capital expenditure would be greater by
$168,422,000, anld annual expl)enditure would be $7,982,000 greater
than under tlthe single-dam plan. IF urt'her, slightly smaller returns
would bejittribu table to the increased investment require( under the
two-dam plan. 'llie single-dam plan, on the basis f the costs and
benefits set forth above, would bo overwhelmingly more favorable
than the two-dam plan.
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12-1. Annual ch(llges p)revio)lsly ienlit ioned(l are pred(licated(l 11)0 con-
(litions I.lt (a1cit (t111 following conmpI)lte installation of generating
'(lii pn en l'. That I t)sorption of pow))('1output. iwlitcihl woll(l actally
(occi 'l at a ra'tt just ifyigii e('(iatleilsti llitlion of llgflenerating facilities
is shtiown ill app))el(lix N, Reporto)l1lower N1tmarkets an([d I)evelopments
ill liei aci ific N orthtwest, prepared 1 )y IlhlB( onnteville Pow\er Admin-
istrat;ion. As showii( tIheein, llie average energy (lenadl, ill a per'liod
1()0vi's!teice,' prob;1)t)ly \woll(l 1)('ilrm(v(';iati the rate of 5,000,-
(100(),00(1 kil¢walttl-hours, or about 570,()(000 kilwatts per year. ']h
1,1050.()00)-kilowatt illstiallatitlon atl Joihn Day Dam thus would be
a)sor )ed(i as ralpidly as develN)oped, and no carrying charges over a

)period of mi(d d(evelopmllentt would( 1)he assessab1he against the project.
125. ()inlv rllativx('ly inttangil)le ('co)li(derations favor the two-(lam

pl)a1[. O()ne of these, tilhe temlirary dislocation of tihe city of Arlington,
\ 1ould I c mipensatiled for by tlihe (levelopl)nellt of t sul)perior town site
() I1 l ('lie )t1b kmeilt 1)proposed( for ('collstrlucti()n tI tie p)1resent town
sit (. L(ocI'l resil(lents have inmlade no) issue of tIle single-damlInroplosal,
ailld In protests \were pres(pl edil at tlie hearing on John Day project.
Anothe1r factor, passage of fish over a single hlighl (daln in (iont rast, to
p)lasagsio o)er( two lo w\rr tdams, is not suscel)1tible to evallantioin at tiis
title. Appare('tly, any ad(vaottagte're(titbld)to the two-(amlll )an in
tills respect would Inot )be significant.

CONCLUSION

120. The foregoing (data demonstrate the a(lvantages of develop-
l(enit, for navigation anid lower, of Columb)ia River between the
}heail of tie proposed 'T'le I)alles Reservoir andIMceNary Dam by a

single da at, tlie Johlin l)ay site as comnpareol to (l(velol)menlt, l)y two
lower (1atitS. T'1hei eed( for flood-colitrol storage at John I)ay site is
d(iscutssed ill part I of this appl)end(ix and( in apl)end(lix . Accordingly,
oi 11we basis, IrF1lternatlive( studies previously described, about
2,000,000 a(cr-I't.At of floo(l-cotltrol storage should be provi(led at
the )1propose(l Jolhn D)ay llam.

SET:(IOrNx VI---L,()wVI:t COLUMBIA RIvIj{v BACKWATExR.tR SrTIUDIIES

GENErt AL

127. ()ccurence of thel 1948 flood, the largest flood il1 the last 54
years oil (Columbiat River, provi(le(d an oplportuntity to obtain detailed
hligh-walter dlat a for lower-river s w r levs are required to
p)rotec) t la d from floods as small as '100,000 second-feet. The maxi-
Iili ldisc'tiarge of the 194,8 flood was slightly in excess of 1,000,000
second(-fe(et andl the wvat(tr surface was about 15 feet above flood stage
at Vallcoulver, VtlWash.

PRIO)FILES

128. Wat(er-siurface profiles from the imolith of Columbia River to
Bonneville l)at1, a (listatuiee of 1415 miles, were obtained for the mlaxi-
mum1lI flow during the flood and also for an 800,000 second-foot dis-
charge. Th'l'ese l)rofiles, as shown on l)late 18, were the basis for a
blickwatIer stud(ly made to determillle the effl'ect of future levees below
Vanilcol()er.
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BACKIWATER STUDIES

129. All l)ackwattr COmpuItations weret mallde, using Manning's for--
mula, and velocity head was taken into consi(leration. The first l)art
of the backwater study-was the determination of tlel channel rough-
ness, as expl)resse( in terms of n value. These values were found to
vary from 0.035 to 0.015, with an average value of 0.025 for the lower
Columbia River, between mile 30 and 120. These coeflicients are
for tli( main channel. The overbianl area, wh1ichl carrie(l only a
small part of the total discharge, \\as assllmedl to have at roughness
coeflicient of 0.15.

130. Cross-sections of t.heC river at approximately 2-mile intervals
were taken from tol)ographic mtaps and river surveys. These sections
varied in wi(lth from 3,500 feet to 35,000 feet. In several instances,
topographic data for tlhe overbank section were not complete.

131. T'll actual variation in channel roughness l)robably is not as
great as tle computed values would indicate, because all such losses
as those resulting from eddlies, 1)end(ls, and inaccuracies in river cross
section are compl)ensated for in the computed rollghness coefficient.

132. The effects of future levees were Compl)ted for an 800,000-
second-foot discharge, the 1948 flood, and the 1894 flood, using tile
computed( clhalnel-rouglhness factors and the reduced cross sections.
Plate 18 illtlstrates graphically the increase in water-sulrface elevation
thllat would result from thle construction of certain new levees shown
thereon. Below mile( 100, thel elrect of tllese fliture levees would be
minor for floods smaller than that of 19,t8. The maximum effect of
future levees, however, would be to increase )Ceak stages for floods
such as those of 1948 and( 1894 by about 1 foot. Present, levees would
raise the 1894 water surface at Vancouver about 1 foot. Sholl(il anl
1894 flood occur after the completion of all proposed levees, the maxi-
munl stage at Vancouver would be 2.2 feet higher than that observed
in 1894.

SECTION VII--FIooD-DANMAGE E1STIMATES

FLOOD-DAMNAGEI SUVsRV'YS

133. Two separate floods occurred on Columbia River in 1933.
The June flood reached a. stage of 25.5 feet at Vancouver and liad a

frequency of about once in 12 years. The D)ecember flood, caused
by heavy l)recil)itation over the lower tributary areas and high tides
in the lower river, was the highest winter flood of record below the
mouth of Willamette River andl equaled or exceed(led the stage of tlhe
1894 flood below Cathlamtet, Wash./

134. Following these floods, tile Weather Bureau, tle 3Bureau of
Agricultural Economics, and-the Corps of Engineers made surveys
of the damages resulting from each flood. For thle summer flood,
losses on agricultural land were estimated to average $11 per acre.
Damages in Kelso, Wash., were estimated to be, at least $500,000.
Damages to other urban areas were partiallyy al)praised. Thlie esti-
mated total damagee dule to the June flood was approximately
$4,000,000 and the damages in the December flood were somewhat
higher.

135. A survey was made in 1947 to determine damagess from floods
of 1894 and 1933 proportions and an intermediate flood that might be
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expected l)elow Bonlneville l)am with existing protective works and
il(ler l)resenlt condlitions of economic development. The survey was

extendl(l(l early ill 1948 to inlclutle l0ood( River, 'he Dalles, Arlington,
andl( int,'erme(liate l)oiits al)ovc Bonneville. Extensive flood-protec-
tive works had been constructe(l since the 1933 floods. Very few
of the levee sysite1s liad adequate freeboard to provide protection
against the IS'; 1 lood(, but. ill this survey it was anticipated that the
levee's wouil witstail(nd staig(s in excess of the 1876 flood.

T'll ' 19418 FLOOD

136. Tllhis flood, occurring a few months after the extensive survey
made to determline prolable damages from the 1894 and lesser floods,
mli(e possil)le a check o(n tlhe accuracy of the prior survey and allowed
for genllerl revision of the estimates on the basis of wlit actually
occullrred. Corps of Engineers' employees previously engaged on the
19,17 flood-d(amage survey made constant observations of conditions
ill thle floodl laill.

137. 'Th'le 1948 flood caused tlhe greatest damage and economic loss
of any flood that hlas ever occurred on the main stein of Columbia
River. The sequence of disasters attributable to thllis flood resulted
in at. least, 25 deathss, require(l evacuation from their homes of about
100,()00() )persons, destroyed 5,100 homes, inundated 137,500 acres of
high-class agric'ulIlllur: land, disrupl)ted all traffic facilities, and caused
heavy damage, to industrial, commercial, and all other enterprises in
tlhe floo(l zone.

138. 'lThe first. notice that a major flood was in prospect was pub-
lishle(d Friday, May 28, 1948, with the forecast of 30-foot stages at
PortlIa(la l( Vancouver. It was realized that this stage would inun-
d(ate all unl)rotected areas in the lowlands and top a few of the dikes.
No great anxiety, however, was felt concerning other areas which werce
believed to be ade(!quately protected. Various public agencies were
alerted, sanlldbag reserves were established, and the area generally
prepare( to wait oult the flood.

139. On Siunday, May 30, tlhe first major disaster occurred Nwith the
bIreaking of thel railroad fill which was part of the levee system protect-
img Vanport City, Oreg. This fill, approximately 35 feet high and 40
feet wi(le on top) and carrying three lines of track, waits constructed in
1918 antl( widened at intervals over a period of several years, and was.
considered well compacted( and( stable. Without previous warnlling,
the break occurred at 4:20 p. ml. and inundated, within a very short.
time, the entire Vanport area, containing a Government housing proj-
ect serving 18,500 persons. At least 14 persons were drowned, and
8 still are listed as missing. Property damage was estimated at
$21,500,000,() including $15,000,000 to buildings and improvements of
tlhe 1e(deral Housing Authority and $6,500,000 to personal property
owned by residents. Within about 30 hours after the inundation of
Vanport, thle cross fills supporting Denver Avenue and Union Avenue
likewise collapse(l, allowing the flooding of areas which contained
numerous auto courts, Portland Meadows race track, the residential
communities of Falomna and Bridgeton, Columbia Edgewater golf
Course, and similar properties. Losses in these areas were estimated
at $5,000,000.
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140. Almost simultaneously with the breaking of these fills, the
levees protecting the town of Wood(land, Wash., gave way, inundat-
ing much of that town of 1,200 people, and flooding 8,370 acres of
diked agricultural land, including 260 acres of tulips anl( large areas
of truck la.nld.

141. Continuing high stages brought worsening conditions to other
dikes in the areas as the soil became saturated( and( seepage increased.
On June 8 the (likes protecting Puget Island and NMarsihland drailiage
districts gave way, inundating an additional 4,400 acres of agricuil-
tural land. The final major break occurre(l on Jtllne 11 when a sec-
ondo(ry levee along Columbia slough protecting Mtultnomah district
No. 1 collapsed, allowing floodwaters to inu(lndate an area. of 8,417
acres containing the Portland Municipal Airport, Army Air Base,
four golf courses, and about 1,000 residences. A total of 17 dikes,
excluding a. previously (damaged levee at La Center, were )reached( or

overtopped, inundating 29,971 acres (luring the course of the flood.
142. In addition to the more spectacular levee failures, great dam-

age was done by nattliul inundation of lands )celow the level of the
flood crest. In Portland, about (;50 blocks devoted mainly to storage
and industrial uses were flooded. These areas contained all the main-
line railroad tracks, the industrial area in Guilds Lake, the housing
project on Mocks Bottom, and other waterfront propl)erties. Exten-
sive areas in Vancouver likewise were under water, including 12 blocks
in the city, the Vancouver Airport, Fruit Va.lley housing project,
industrial areas along Vancouver Lake, and other properties. Smaller
areas were flooded in Camas, Washougal, and Kalama, Wash., and
St. Ielens and Rainier, Oreg. Also numerous samills, packing
l)lants, and other industrial establishments not connected with any
urban area were flooded and( damaged.

143. Below Rainier, Oreg., and Longview, Wash., t.le effects of
the flood were combined wvith the effects of ocean tidal conditions.
The toppl)ing of the Puget Island dike was diue to high tidal inflow
further raising the flood stage. The effect of the flood was felt not
only to the mouth of thle river but far out to sea. Great damage
was done to marine life and fishing due to dilution of sea water and
the outflow of silt and debris brought down by the river.

144. In the reaches of Colunbl)ia River above Sandy River, serious
damage resulted to navigation facilities and to urban and suburban
properties in and near '1lite Dalles and Umatilla, Oreg., and( Pasco
and Kennewick, Wash. A portion of tlhe city of The Dalles was
inundated and rail traffic interrupted for several days when low levees
protecting industrial areas and the railroadyard were broken. Emer-
gency repairs of the levee, however, prevented more extensive dam-
ages. The can.ial and locks around Celilo Falls sustained consider-
able damage, as (lid(locks and storage facilities at various points
along the river. Several trailer camps and suburban) properties near
Pasco and Kennewick were inundated. The cofferdam protecting
the north abutment of McNary ])am (under construction) was dam-
aged, but not severely. Extensive tracts of orchard, small fruits,
and garden land along the river were inundated. Reduction of head
at Bonneville Dam due to high tailwater reduced the power output
to approximately 30 percent of normal capacity.

145. Navigation on the entire river was disrupted because of loss
of navigation markers, excess currents, and shifting channels, and
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becaul)se of tile a(ll(led lhazalnirls to saturated levees resulting from wash
(ltlrinlg pl)sslge of shiip)s.

14 0. NIIny arets not lictiuallly flooded suffered damllages and losses)e('(I1(Sf of seevpa(tge aildI (ivlcillationl of properties. The. Reynolds
AluminumIII (o. 1)laInt ii Sandly1 dr'linige district was closeddown
(1d ,{t{o 1o)(1 liazardf1, ail!i(tiutrred Cergecy costs in excess of $(00,000,
witliotll, cosidvlering loss of p)rotductionl. Ell;mergelcy levees wereb'(u)ilt
l'olli~dl th(e A\liminuill (C'orp. of Amlerica, 1)lant., and by continuous
flood ligllt tig it, wals kept) ill o))erat'iol will(i 1ergelcy'costs exceedillng
$1,({000),0000. \A part, of' thie ('rowvn-Zellmerbacli (Corp . properties xwas
olpt'ert(l 1(1('I 'tndiaIdvse'condilitions, but tihe costs incurred illn c'le l-uI)
n111( re(ol( it i()onilg plants am(ountled to $ 1,128,000. Other concerns

eXperielncefl, to solm(e extent,simtiilar tielips.
147. All )() lpe and l ivest.ock w(ere evaicu ated( from nearly all of the

dIiked,I listrit s (lri(ng tlie last, of May or first, part of ,Ju'nie and(l re-
11 iIed()u :t lit least, 3 weeks. I)During this timee crops were left, un-
te(ldte(ld, ltirge li(l'creges 11t11s1lly p)lnlHlte( to truck crops could( not. 1e)
worke((d, ald( (Ia.iryi'ilg p)l)eratlOls were (lisrutl)ted(l. Crop production
o0l several thou0sa}l acrt(s ill various low Ilrelas was drastoically
redil(cedi (1du to s('epl)geI( which risedl thle water tal)le sufficientlly to
drow(l )11 t or s('riously retardiF growing ('crops. '['he Corps of Engineers
SI)(pelt l)bout, $3,000,(00 ill (colmlbl.tilg thle flood, saved( 33 (likes thint,
protl(ectedprop(l erty worth ani(estillilt (i $5)(00,000,000, aill1 expectedd
to S1)'lend $2,(000,000 rebul)di(ling llid rep'l)rilg likesal.'l(d levees. AMXIlt,-liomll! (' inlty esltinalllted costs of flood fighting at $280,000, the city
of 'Portlandtl estimated(( (1)(nllSS II,1at.nearly $ 1,000,000, Italid Oregonl
Sta1ell ighiway I)epartIenl' t splIet neimrly $500,000 onil t(empollary
relmirs to D)(enver A vellnue and Union Avenue fills, and will spend at
lea-t< $1,000t).000 (on)I pori"'in'1t.r(e)ai rs to various State highways
aifl('eted('. '1The l( l('dCross sl)tlt approximately $3,000,000 on11 im-
il((l ialte relief, food(, anId liousilln, il' (Idd-itioll to large allln()ilits of
food and( (clotlihiitg (dollt edl 1)y ind~livil1duals, orgatlizations, and1 coim-

,1.S. ''lThe totnil losses a!id (1d{ntges caused by the 1948 flood will
1e(',1r b)e ktiown. (Coliii(er('iil ilterests and indu(stlries at near and
farl-distln111 lpoillts were (lisruptl)ed(l })ecatulse of t,'lilhie interruptio land
otlrd(iliciculties. Power prodauction at Bonneville alid ('ranld Coulee
D1)tllSis 1I mulll(ch ('edllced(, In11(1 I(severe power sllhortage wats l)re've(llld
only bv tihe fact thatl,!1illerolls ilidustries wvre foreedl to close (down
because( of loo(d conditions. Fishliti(11lries at Bonll(eville land Whlite
SaIlmoni wvrefl(lolodl, and at Ivlsst 10,000,000 salm)on1 fry were libe(r-
at(ed into floodwaters at ll a ge when survival was at best problem-
it icill. Simlilanly, manyl thollusau(lds of game-li)ird nests were inunldated
al 1(1fledglings wevore drowned.

149. Fl1ood-dmainge surveys of the 19,48 flood in this sub-basin are
being made il cooperation with agencies of the D)epartmentl of Agri-
cull tr T.The.Soil C(conservation Seirvice, Bureau of Agricultural
Economics, andi( t(lie t111 au of Production nt(lad Alarketing are obttain-
ing dIet ailed (latta on agricultural properties ill thel five colities of the
lower )basin. 'T'i C(orps of lEnginee(s is obtaining (lta on small
part-time ngricultiurll subl)url)an tracts and da(lta on all other classi-
fications of properties fornill tyl)es of (ldmages. '1'he present known
and estimated losses amount to n1(arly $80,000,000 ats shown onsheet
2 of table 33, part 1 of this appl)endix an(l, with other unknown costs,
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the total damage due to this flood could very easily amount to
$100,000,000 in this sub-basin.

RESURVEY OF DAMAGES FOR FLOODS OF 1894 AND 1933 MAGNITUDES

150. In connection with field appraisals of the 1948 flood damages,
consideration was given to what would occur with repetition of the
1894 and 1933 floods. Recompnutations of rating curves and flood
profiles indicate that levees, bridges, and other obstructions would
increase the 1894 natural stage about 1.6 feet at Vancouver and
Portland and 1.0 foot at Longview. Present levees, except possibly
those surrounding Longview and Kelso, would not withstand a flood
of 1894 magnitude and duration. In those areas, seel)age would
exceed the capacity of pumping plants to such an extent that exten-
sive ponding would occur. All of the levees protecting agricultural
areas above mile 30 would be overtopped by the calculated stages.
Bank erosion and secondary channel changes occurring during such!
a flood would be great. A number of industrial establishments are
located adjacent to the river, with warehouses, (locks, and other
facilities located, for advantageous handling of materials at low and
intermediate stages, at levels below a maximum flood stage. Pre-
liminary estimates indicate that the damages for a flood of 1894
magnitude would total over $210,000,000 as shown on sheet 1 of
table 33, part I, of this appendix.

151. The June 1933 flood, if rel)peated at this time, would do butl
little nore dm(lange than occurred ill 1933. While property values ill
the flood plain have risen greatly, much of the low area now is pro-
tected adequately against floods of this stage. Review of the dam-
age estimates made in 1947 indicates a total damage of $4,497,000,
based on present developments and conditions of protection. Details
of these damages are shown on sheet 3 of table 33, part I, of this
appendix.

wINTER FLOODS

152. In addition to the described spring and summer floods, winter
floods occur principally because of heavy local inflow from floods on
streams west of the Cascade Range superimposed on normal or slightly
higher than normal natural flow and tidal conditions in the mainly
Columbia River. These floods cause appreciable damage ill t.l '

lower river area. As mentioned heretofore, the highest such floo(l
occurred .in December 1933. Much of the area inundated by that
flood n6w has adequate levee protection, and damages due to a
recurrence at this time are estimated at $2,050,000. A similar flood
with lesser stages occurred on the lower river in December 1946t, for
which damage data were obtained, indicating damages amounting to
about $140,000. -

FLOOD-DAMAGE APPRAISALS

153. In all surveys of flood damages, both the direct damages and
either the known or estimated indirect losses were obtained directly
from property owners and by appraisals. The direct damages con-
sist only of the actual physical damage caused by contact of flood-
waters with plroI)erties, and include cost of repair and rehabilitation
of buildings, furnishings, and equipment; replacing stocks of goods;
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the loss of crops iiun(lat(ed; erosion of banks and topsoil where such
can l)e (letermilned(; ald(l imagess to railroads, highways, streets,
utilities, andll inl(llstrial properties. The indirect costs include(l flood
fighting to hold levees; emergency policing, and otiler emergency
expell(litures for evacuation of l)eople, livestock, and materials; loss
of production a n(l wages due to closing of industries, disruptionn of
transportation, or other factors; increased cost or losses from detour-
ing traffic or interrul)tion of traffic; and such. other items of loss that
are not included(l as physical (lamlages. A complete an(l accurate
evaluation of all indirect itemsis impossible. To facilitate segrega-
tion and(ompl)ilationl of (Iamages, the main river and backwater areas
)celow the mouth of Yakima. River were (livi(led into seven zones,
and three of t le lower river zones were further divided into four
sulzones for segregation of damages (due to winter floo(ls.

S'TAGE-DAMAGE CURVES

154. In or(ler to determine the damages at, various stages, flood-
damage curves wereprlepl)ared for each zone along the river. These
curves were l)lotte(l, using as key points the probable damages to be
exl)ecte(l with recurrell ce of the 1933, 1948, and 1894 summer floods,
anlld the 1933 and 1946 winter floods. The curves were adjusted to
take into account the prolal)ility that some of the areas where resi-
dential )rol)erties suffere(l very severe (lamnages in 1948, especially
the V)anportarea , would be utilized( for other purposes with properties
less likely to sustain heavy flood damagess.

DETERMINA'ION OF ANNUAL DAMAGES

155. The average annual damages in each zone were estimated by
use of (lamage-freqt(ency curves and( the mass diagrams thereunder.
By plotting the p1rol)al)le damagess at various stages against the
exl)ect(ed frequency of occurrence of these stages in any one year and
drawing a (lamange-frequency curve, a mass diagram of annual (lam-
ages was obtained( for each zone. The area encompassed by the
curve was measured to obtain average annual damages. These
curves an( diagramss are shown on plate 23 of part I of this appendix.

156. In orders to check this computation, and to establish damages
which wouldbIereadily comparable with damages remaining with
various headwater flood control reservoirs in operation, annual (lam-
ages were computed .mathematically as shown in table 9, part II, of
this ap)peIldix.

COMPARISON OF RESULTS OF METHODS OF COMPUTATION

157. The two methods of determining the average annual damage
give generally coml)arable results. The variation in results between
tlie two methods for the various zones ranges from less than 1 percent
to 10 l)ercent. The over-all totals show a variation of only 1 percent,
as in(licated in the following tabulation:
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Annual
damages Annual dam-
from mas ages by

Zone and description dilagrams matliematl-
of damage- cal eompu-
frequency tatlon
curves

SPRINO AND SUMMER FLOODS

1. Yakima River to Bonneville ....-.... ......................$....$173,000 $193,400
2. Bonneville Dam to Sandy River and Camas, Wash .-.................... 241, 600 241,800
3. Camas, Wash., to Lewis River ........................... 1,018,000 1,106, 400
4. Sandy River to Willamette River...--------........................ 2, 201,900 2,138.200
6. Portland vicinity, Willamette backwater--............................. 2, 526,600 2,415,600
6. Lewis River to Baker Bay------........................................ 1,993,900 2,088,400
7. Willamette River to Youngs Bay..- .... .....................------ 1,009,200 1,051,000

WINTER FLOODS

6A. Vancouver, Wash., to Cowlitz River..- .....................-.. 65,200 78, 600
6B13. Cowlitz River to Baker Bay..---........-- ---..---------.-- 155.700 182,300
7A. Willametle River to Rainier, Oreg ...-... ................. 37, 900 42,100
7B. Rainier, Oreg., to Youngs Bay.......................................... 98, 400 112, 400

Total ..--------------------------------------------- 9, 521, 400 *, 650,100

DETERMINATION OF FUTURE DAMAGES

158. In order to evaluate probable future damages and the benefits
that would be derived from flood control works to be installed at a
future date, an estimate was prepared of increased economic develop-
ment that might be anticipated by 1975. The year 1975 was taken
as the most logical future date when construction of the proposed
-projects would reach a stage at which effectiveness would be realized.
The forecast of future trends considers only the development that
would take place without additional flood control improvements.
The estimate is based on normal growth and development in each
zone during the past 40 years as shown by population growth and
increased valuation of taxable property, the increase in industrial
growth and population forecast by Bonneville Power Administration
and the Pacific Northwest power pool in establishing future power
demands, the area available for such expansion in each zone, the
forecasts of requirements for navigation facilities, and other pertinent
factors. In estimating ratios of increase for each zone, individual
ratios were determined for various general classifications of properties,
such as agricultural, industrial, suburban, and urban, both for resi-
dential and commercial development. These individual ratios were
weighted in each zone to determine the over-all ratio for the zone.
Based on these factors, the average increase during the next 27 years
and the estimated average annual future damages would be as shown
in the following tabulation:

Percent Annual dam-
Zone and description increase, age, 19751918 to develop-

1975 ments

1. Ynkhla River to Bonnevilleo---.....--- ......------------.----------------- 25 $216,000
2. Bonneville l)am to Sandy River and Canmas, Wash .--------.. ... 25 302,000
3. Camias, Wash,, lo LewisRiver-100 2,036,000
4. Sandy River to Willamette River -- ...... ...............--------- 60 3,523,000
6. Portland vicinity, HWillametto backwater -........-- ..----.. ...... 45 3,664,000
6. Lewis River to Baker Bay--...-----------------.. ----... ...---------- 40 2,791,000
7. Willtniimtto Rliver to Yomngs Bav..---........-.-----.......--- . 25 1,262,000
6A. Vancouver, Wash., to Cowlitz River..--.............-.-- ....---...- 50 98,000
613. Cowlitz River to Baker Bay ....---------- .---- ...-- ...-- ..---- 40 218,000
7A. VWlllainete RIiver to Rainier, Oreg.......--- ......... .. ............ 25 47, 000
7B. Rainier, Oreg., to Youngs Bay.-................ .. ..... 25 123,000

Estimated total evaluated average future annual damages.... .......................... 14, 280, 000
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TABLE 1.-Detailed cost estimate, The Dalles project
IlPhaso C-2 development, 080,000-kilowatt nistallation]

Feature or Item

Utilities- ---- -

Relocations. .-----. -

Union Pacific It ......
Slpikanc, Portland &

Seattle Ity.
Wishram yards..--
(Columihia hiver bridge.
Unite(Id States Highway
No. 30.

Maryhill Ferry slips....
Power lines ....-..--.--

'Telephone lines ..-...---
Contingencies, 25 per-

ctlt.
Indlrect co!s, 13a per-

cenOt.
Lands and acquisition..........

I.ands.............------
Privately owned:

Cultivated, Irri-
gated.

Orclhard, Irrigated.--
Nontillabloe ......

Industrial.----..--.

Plotted town.......
Indian hands ...-..-.----

Public donmin..-------.
Improvements .......---.-

Farm units ....._...--.-
'Town units.........---
Industrial ....... ..-

Severance ........-.-.---
Land a;nd reservoir surveys.-
Continuencels, 5 percent....
Ac(quisit ion........ .....
Inlirect costs, 13( percent.-

Reservoir clearing.--.....---.-
Clearing .... ....---.--...

Medium...........

IPliFt ...........--

Fishwheel removal.
Contingencies, 16 per-

cent.
Indirect costs, 13J per-

cent.
Cofferdams and diversion.......

Diversion channel excava-
tion.

Cofflerdnms.. ...

Pumplag ...........'.".:..
Continvencles, 15 percent...
Indirect costs, 134 percott.-.

Gate controlled spillway sec-
tion.
Excavation.................

Forebay approach chat-'
nel.

Tailraco:
Commrnon...........
tock...............

Foundation.............
'Trench.................
Foundation preparation.

Concrete an(d Imbedded
steel.
Mass In dam, apron,
and cut-olT.

Piers...................
Deck girdlers and railing.
Sell's .... ............

Rlelnforcing steel ......
Structural steel .........

Oates and aplurtenatnces...
Oltts ailld ilides.......
Cranes 2-3:.-ton.......
Control houso ..........

Unit

I.idol.-I-do._-_.-

Qulan-
tity

,36.1
45.3

Job - ......

.. do .......

Mi le-I------ 18.7

Job..---.
.....do ..--.--(10:,.o:::

Acre........

.....do.

. do..- ..

o..... .-

Job.........
Acre ........

Eaclh.
....do...
..... do......

Job. ...-..

.....do......

Acre.

Each........

Cubic yard

Job.....
-..do...

. ..-----

Unit price

$258. 700.00
180,000.00

Lump sum
IAillul sumll
120,000.00

I.llmp Stll
Lump sum
Lump sum. -------) SUII

Item cost

$9, 330,000
8,154,000

Feature

Feature
cost

$23,'34,6OO
. .----

. .- -- -

2,483,000.
956,000

2,356,000.

17, 000
17, 000
42,000 6,'841,06C

3,943,000

. I....I1......i65, 666
2221125.00-375.00

107
6,030

234
32(6

3-1
20
10

1,053
10

"i445,i000

430. 00-C25. 00
1.90-38. 00

125.00
Lulmp suni

12. 50-625.00

Lump slim
ILump sum
Lump StuIll
LumIp SUili

150.00
1,900.00

"""'" 2.80

46,000 --.......

62,000
38,000
1,000

15, 000
3,000

93,66006
89, 000

143, 000

129,000
158,000

ILump suml---.....
Itilp sunm

_ _ _-- --

_ _ _ _---

_-- - -

325, 00666

26,000
43,000
28,000
54.000
87,000

19.0066
31,000

32, 0001

6, 700,000
----.. 500,000

-.-..-.....[ 1,117,000:-::--:-:::: 1,156,000

.....I ........ . . 4,278,000
Cubic yard.. 646,000 2.80 1, 529, 000 ...........

....- do......

---. do(1..
Square yarn.

Cubic yard..

.....d(Io ......

..do..o......
Pound ......

.....do......

Poun......
I on ........

Each.-------

86, 000
240, 000
430, 220

7, 000
30, 000

--

.095
2.80
4. 2.
9.40
2.80

18. 60293,0001

81,000
672,000

1,829,000
61, 000
101,003

......... 10o, 6,o000o

6,420,0001 .-...----

49. 330 30.00 1, 4o,4.0.00..
13, 7001 65. 00 si, 000 -

21, 800 30.00 G54,000 .. ..--.

12, 200 000 .11 1, 342.000
3, 120. 000( . 2 874,000.....-

-..--.- ...4. 34,3,000i0(, 333,,3o30 .35 3,660 ...........

700 1,4()0, 90O .00 .-..--
2, 18,800.00' 38,000 -.-. .....

Total cost

$33, 148,000

728,000

269,000

, 719,000

26,067,000

2732

I-- I '~1-L1

::-::::::----- 1-T00

9.869604064

Table: Table 1.--Detailed cost estimate, The Dalles project
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TABLE 1.-Detailed cost estimate, The Dalles project-Continued

Feature or item Unit

Gate controlled spillway see-
tion-Continued
M Miscellaneous ...------- ---..

Lighting and wiring. Linear foot.-
Drilling, for grouting---- do.
Routing ...----..----- Cubic foot...
Drilling, for drainage... Lnear foot..

Contingencies, 15 percent--.------ -

Indirect costs, 131j percent-- ----

Nonoverflow concrete dain.m ........--
Excavation-....---.----- .

Rock ................... Cubic yard..
Foundation prepara- Square yard

tion.
Concrete and Imbedded.

steel.
Mass .. ....... ..--. Cubic yard..
Reinforced roadway -----do......
Reinforcing steel ----...- Pound......

Miscellaneous.-- .------

Drilling, for grouting. Linear foot...
Grouting--.------------ Cubic foot...
Lighting and wiring.... Linear foot..
Drilling, for drainage..-------do...-

Contingencies, 15 percent...----------.-

Indirect costs, 13Jpercent.--------. ..---

Power facilities (14 units)------- --------.----.

Substructureo ---.---.----.-..----.---.Rock excavation, fore- Cubic yard..
bay and tallrace.

Foundation excavation do.
Trench ................. ...do..----
Excavatlon (wet), out- .....do.---.-
side cofferdam.

Drilling, for grouting.... Linear foot..
Foundation grouting Cubic foot...
Foundation preparation. Square yard.
Mass concrete Cubic yard..
Reinforced concrete, .....do ---. .

heavy.
Reinforced concrete, ----.do-.-.--
medium.

Reinforcing steel .... Pound...
Structural steel...-------.do..--.-
Station service bay. Job...
Assembly bay---...- -----do---..
Drilling, for drainage_. Linear foot..

Superstructure -------------Cubic foot..
Power generating equip- -------.---.--

ment.
Turblnesa--. ...-z-...-- Each........
Generators--.. ....- -----do ...---

House units .......---- -----do ....-
Switching and auxill- Kilovolt-
ary equipment, ampere.

Miscellaneous power Job.--
plant equipment.

Gates and equipment....... -------------

Intake gates frames, Pound.---
and imbedded parts.

Trash racks, frames, Square foot..
and Imbedded parts.

Draft tube steel stop Pound......
logs and Imbedded
parts.

Gantry crane:
Intake deck...--.-. Job ....-

Tailrace (leek . ...... -.-do-...-
Contingencies, 16 percent . .....--.--

Indirect costs, 131/, percent ..---..---.--

Quaiy Unit price Item cost Feature Total cost---I_I.
1,800

38, i900
38, 00o
11, 160

0i62,'26
37,330

236, 600
14,400

2,983,330
'52,;5
105,000
3,450

20, 580

432, 670

424, 670
11, 00
10,000
46,900
93, 800
40, 000
342,000
228,000

79, 000

40,400,000
3,364,000

7,800
11,468,750

14
14
2

1,033,000

i4, 480,

80,000

2,280,000

$56.60
3.75
2.80
3.75

4.25
2.80

18.50
65.00

.11

3.75
2.80

37.60
3.75

2.80

2.80
2.80

21.00
35.00

45.00

.11

.28
Lump sum
Lump sum

3.75
.60

2,379,000.00
1,830,000.00

184,000.00
8.95

Lump sum

O .35

56.16

.28

Lump sum
Lump sum

. 146. 000
109, 000
42,000

434, 00105,000

4,375,000
936,000
328,000

.197, O66
294,000
130,000
77,000

1i, 2ii,066

$399, 000

2,995,'666
3,101,000

"639,"666.--&9'000
5, 639,0001

698,000

1,031,000

1,068,000

28, 762,0666

1,805, 000 ......

108,000
04,000 -------.

176,000
263.000
112,000

7,182,000
7, 980,000

3, 655,0001 ..........

4,444,000
942,000
436,000
425,000
29,000

33,306,000
25,620,000

38, 000
9,247,000

6,881,000
69, 361,000

820.0001...........

412,0001...........
638, 0001 ..-----

229.000
153, 000

16, 72t,00
17,311, 000

$8,975,000

145, 541,000

2733

TI
,50 0

----------



COLUMBIA RIVER AND TRIBUTARIES

TABIE 1.-Detailed cost estimate, The Dalles project-Continued

Feature or item

Powerhouse structure for 2
future units:

Substructure.----- . .

Rock excavation. fore-'
bay, and talilrace.

Foundation ............
Trench .....------.

Drilling, for groutlng...-
Foundation grouting.--
Foundation preparation
Mass concrete.--.----.
Reinforced concrete:

Heavy ...---.--..
Medium .......---

Reinforcing steel ........
Structural steel .....--

I)rillng, for drainage
Superstructure..............
(lates and equipment .......

Intake gates, frames
and Imbedded parts.

Frames and Imbedded
parts (draft tube
stop logs).

Trash racks (Imbedded
parts only).

Contingencies, fi percent...
Indirect costs, 131 percent..

Rock and( earth-fil da..
Embankment section:

Rock (quarry run) to 6-
toln.

Rock, 8- to 10-ton......
Pervious:

Blelow elevation 110.
Above elevation 110.

Impervious:
Below elevation 110
A above elevat Ion 110

Riprap) -..---..--------

Retaining wall.......-
Contingencies, 15 percent.-
Indirect costs, 13!. percent..

Navigation lock.------------ -

Lower approach channel.--
Excavation..--------
Concrete guardlwall.
Reinforcing steel

Upper approach channel.
Excavation:

Rock...........
Common-.........
Onard wall.........

Foundation preparation.
Concrete ....-...-----.

Reinforcing steel.....--
Main lock excavation.......

Channel:
Common ..........
Rock ...............

Trench..--........--
Foundation preparation.

Concrete and Imbeded steel.
Mass in walls and sills-.
Reinforced ..............

Conduit lining--....--.
Paved walls
Reinforcing steel .......-

Anchors ..............

Oate.s and appurtenances...
Miter gates ............

Miter gate operating
machinery.

Tainter gates...- .....

Talnter gate operating
machinery.

Enlergency dams.......
Emergency dam der-

ricks.
Operating houlso --...-.

Unit

Cubic yard.

...-do .......

do ...--
Ilinear foot.
Cubic foot
8quare yard.
Cubic yard..
... do.......

.do ....
Pound .....

do ....

Linear foot..
Cubic foot..-

Pound .....

....do .......

Quan-
tity

'...iiii.
84,000
1,700

14,100
28,200X
56,000

38,710

42, 670
15.190

5, 200,000
481,820

1.020
1,638.390
2,068, 570

150,000

Unit price

$2.80

4.25
9.40
3.75
2.80
2.80

21.00

35.00
45.00

.11

.28
3.75
.60

............

.35

.28

Job.........I .......... Lump sum

Cubic yard..

....do .......

.... do ..

....do.--....- do .-.-.--

... -do .......

PoCubic yard.

Pound------

Cubic yard..
.... do.-----
.....do.....
Square yard
Cubic yard..
P'ound.---.-

Cubic yard..
(do.10----.

..... do.
Square yard.
Oubic yard..
. . do.......
..... do .......

...-do......

Pound ......

Each ........

Pound.i----
Each...---.

Pound....
Each ....

Pound....
Each ........

1,408,000
95,700

721, 000
137, 600

489,000
180,000
192,330

75,000
11, 400

1,140,000

133, 00
16,000
4,000
5, 300
11,000

1,100,000
.... ... ...

46,000
406, 220
16, 400
13,330

107.250
8,500
4,720
13,60

2,800, 000
4,000

2, 170,
4

314,000
4

1,635,000
2

2.80

10.00

2.00
.75

2.00
1.00
2.80

Lump sum

I 9.95
65.00

.11

2.80
.95

4.25
2.80
35.00

.11
. . .

.95
4.25
9.40
2.80

18. 0

35.00
45.00
35.00

.11
9.40

.35

42,000
.45

40, 000
.28

1 65,800

Item cost

i3i,'666
357,000
16, 000
53,000
79,000
14,000

813,000
1.493,000
684,000
572,000
135, 000D
4,000

983,000.724, 666

Feature
cost

$4, 51, 000

.983.'00
792,000

...----

. ...---

. ..---

. . --.

42, 000 .....--.

26,000...........
---...---- 949,000
-----.-- ~982,000

. - - - - - - -

3,942,0001......
957,0001 ----------

1,442, 000 ---------

103,000-----o.-

978, 000

639.000
425,000

746,'000
741.000
12, 000

372,000
15, 000
17,000
15,000

385.000
121,000

43,000
1,727,000

154,000
37,000

1,"984,000
297,000
* 12, 000
478,000
308, 000
38,000

759.000
168,000

1, 285,000
1,330,000
1,613,000

92.5,000

1,'961,'666

) 3,'3i,'666

"i, 893,i 66
1-----------

141,000.-

160,0001 .-----'-

458,000 .
132,000 -..-...-.

Job......... I.........

Total cost

$8, 257,000

11,181,000

13,190,000

2734

I I

I~I

Lump sutm|
I

75, 0001 -----------
I!



COLUMBIA RIVER AND TRIBUTARIES

TABLE 1.-Detailed cost estimate, The Dalles project-Continued

Feature or item

Navigation lock-Continued
Miscellaneous

Mooring hits............
Movable bridge--------
Electrical system.---..-
Pipe handrail, floor

grating, etc.
Drilling and grouting...

Contingencies, 15 percent...
Indirect costs, 133^ percent--

Mooring facilities.. ......

Mooring facilitie.s...........
Contingencies, 15 percent---
Indirect costs, 13\4 percent.-

Fish facilities..................
Fish ladders................
Hatchery facilities........
Contingencies, 15 percent-_-
Indirect costs, 13!/2 percent.-

Buildings and grounds...--...-
Buildings and grounds......
Contingencies, 15 percent.
Indirect costs, 13ti percent..

Construction of Indian village.
and fishing facilities:

Construction of Indian vil-
lage and fishing facilities.

Contingencies, 15 percent--.
Indirect costs, 13D percent.-

Recreation facilities ........
Recreation facilities-.....
Contingencies, 15 percent_
Indirect costs, 13~Y percent-.

Oregon-Washington Highway
Bridge.

Navigation aids -----............
Navigation aids-.........
Contingencies, 25 percent.
Indirect costs, 13,i percent..

MiscellanCous----. ..--.

Access road, earth dike, etc.
Contingencies, 15 percent.
Indirect costs, 133i percent..
Total estimated construc-

tion cost.

Unit

Each.^.

Job.........
.do--.

-.-.do-....-

tityE

"""

6

_- - --

. . .---

. . . ---

Job.....-.I..........

Job.

Job.----
---do

Job---------
..----- -

.--- - -

. ..-----

Job ...................

Job.

Job

Job ........

Unit price

$3,800
Lumlp sum
Lump sum
Lump sum

Lump suing

Lump sum

Lump sum
Lump sum

Lump sumn

--------SUD)
- - -

Item cost

$23.000

188,000
132, 000
34, 000

19,000

Lump sam ...........

iLump sumn

Lump sum

Lump sum

LIump sum

.- - -

. L--mP-SUD1
6MP S-11-

Feaul irc
cost

$396, 000

1, 569,000

28,000
29,000

17, 055, 000

800,000
2,678,000
2,772,000

366,000
380,000

. . . - --

Total cost

$245, 000

23,305,000

3,189,000.6 io3,o
470,000 ...........

70,000
73,000

i:05
29,000
31,000

51,000
13,000
8,000

M568,0
85,000
88000

. ...
.i, .

255, 000

-------'-o-
7 1,

729000

.""741 000 i

286,286,000

2735

-- - -- - -- -- - - -



COLUMBIA RIVER AND TRIBUTARIES

''TABLE 2.-Detailed cost estimate, John Day project
[Flood-control pool elevation 292, phase C-2 development, 1,105,000-kilowatt installation]

Item Unit Quantity Unit price I

Utilities..-....-......-------

Ultlori'llllcincT: . Ht::::: A1I : :::- 82.8 .$2.5,.570.00$
Spokane, Plortland &-..... . 81. 8 255,550.00 i

Seattle tyv.
United States Highway do---- 62.6 102,280. 00
No. :10.

Conityv road .....-.4..-.-- -do 46 17, 0. 00
J'ower llnes.--- . Job..------ ----- Lump sum

Telephone lines ..-............( ..... Lump suml
Umatlla port facilities ...-- -.--.--

Embankment--.....---- Cule yard. 1,807,000 0
Riiprap.---. ----- -..(o........ 62,000 2. 80
Itoadway-------------. Job ----- Lump sum

Contingeniees, 2.5 percent ---------- -------------

Indirect costs, 13t percent-- ------------ --------- -------------

Lands nnd acquisition ------- --------- ---------- -------------

Lanlds --------- ...-- .---- --.----------...
Privately owned:

lrrigate- Acro .------ 3,079t 50.00-500-. 00
Irrigablo do..... 182 40.00- 7..00
iry ------ do ---- 2, 038 20.00- 50.00
(}ra .i-do--- 37,G61 4.00- 7.00

Towns:
Boardman, Oreg.- Lot --..-...--- 200 Lump sum
C*astlolock, Oreg .-do ...... 288 Luimp) suml
Irrigon, Oreg-. Blocku......llup sumt
Umatillla, Oreg-.. Lot --- 602 Luml) sum
Alderdale, Wash-.... Acre ....... 45i Lump sum
1Roosevelt, Wash.-- Lot 172 Lu sum
Liuizon, Wash ......- do 12 Lump sum
P'lymouth, Wash ----.....( 607 Lump sum

l'atterson, Wash.... Block 38 Lumip sum
Oovernmiient land Aero.--- 3,072-------------

Improvements -.....---- ..---------- ..-------- -------------

Farm units -..--. ..... Set..------- 110 Lump slim
Commercial units .......---do- _- 12 Lump suti
Schools-................- ..Lump lisu
Towns!

Arlington, Oreg..... -do ....... 121 Lump sum

Boardman, Oreg-....I..- iu 70 Lump sum

Unlatlla, Oreg...... .....do...-- 131 Lump sum

Alderdale, Wansh-..- ..do..--. 1 Lump sum

Roosevelt, Wash. .......do.. 23 Lump sum

P'lymouth, Wash-.......do.---- 6 Lump sum
Patterson, Wash-.. .....do ... 6 Lumpsum

Relocate cemeteries-grave Job-......-.. Lump sum
removal.

Severance------------------------(10-------- Lump sum%vern ....O ..............._.....do ..... ..... Lump sumY
Land anid reservoir survey . . do--.-- Lump sum
Contlngoncles, 10 percent. . . .------------

Acquisition ....-.... .... --.----------- -----...-- --..------

Indirect costs, 13½6 percent- --------- -------- ..---------

Rais!ng town of Arlington. ...---------- ------- ------

Embankment .....-..... Cublcyard. 3,400,00 0.65
Revise flood channel. --. Job--.---.--.-- Lump sum

Sewerage and disposal do . .. Lump sun

plant.
Water system and plant. .....do-- -.-...... Lump sum
Streets l(nd sidewalks .. .....do --..-.. ...- Lump sum
Electrical and telo- ....do. ......

L um

phone revision,
Contingencies, 30 percent . ......--- -------------

Indirect costs, 13,i6 percent---------- -------------

Reservoir clearing ............. .---------------------.

Unclassified .. .... Job-...-- Lump sum
Contingencies, 15 percent--- -----.----- ..----- -------------

Indirect cost, 13½4 percent -------.---- ------- -------------

Cofferdam and diversions-.. ----------

First step cofferdamin-- ... ...-------- - .-- --

Steel sheet piling, fur- Ton- ...... 7,410 1 270.00
nish inld place. I

Travel nil -..-....-..-- Cubicyard.. 204,00 1.50
Remove steel sheet pil- Ton ..... 7,410 50.0C

Itg.lRemove gravel fil.-C.Cublo yard. 204, 600 1. 6

torn cost

41,'(5,'000
20, 90, 000

6, 43,00 .......

105, 000
30, 000 -

903, 00 .
146, 000
10,000.

410,000
8,000
65,000
169, 000

30, 000
5,000
24,000

299, 000
2,000
2,000
3,000
8,000
10,000

"345,00
161,000
10,000

1,005,000
1l3, 000
797,000
12, 000
62, 000
13, 000
156,000

2,210,00553,001
60,000

Feature
cost

$52, 174,'OO
l .----

l .--

1,059,'06(

13, 308, 00M
8, 083, 00

1, 035,600

---.----,-

280,0
86,0

491.0(
710,0
825,0

2,963,0

35,000 -80,,00
25, 000--

"2,00'i,000

307,000
371,000
307,000

889, C
620, C

25,(
26, (

i4, 02,'

$71

. 1
3

)O

00

00
00

100
KI)

o

0)0

2736

Total
cost

5,524,000

1,305,000

219,000

13, 27, 000

___

I:::::::::
I........

9.869604064

Table: Table 2.--Detailed cost estimate, John Day project


460406968.9



COLUMBIA RIVER AND TRIBUTARIES

TABLE 2.-Detailed cost estimate, John Day project-Continued

cost cost

Cofferdam and diversions-Con.
First step colTerdam-Con.

Embankment:
Pervious.----...--
Impervious .........

Removal.------...
Pumping ---.....-......

Excavation common,
navigation channel.

Second-step cotTerdan......
_Steel sheet piling:

Furnish and place
Place 2.............

Gravel fnll.
Remove steel sheet pil-

Ing.
Remove gravel fill..
Embankment:

Pervious ...........
Iml)cervious.
Impervious blanket-
Removal.........

Pumping .........-.-.

Excavation, upstream
lock approach.

Temporary gate slots,
spillway piers, 22 sets.

Temporary fish ladders.
Third step spillway bay
cofferdams.

Steel bulkheads:
Upstream-......--.
l)ownstream.--...

Temporary bulkheads
abutments down-
stream.

Pumping-....--.....
Contingencies, 15 percent
Indirect costs, 13]6 percent_.

Navigation lock-.............-
Lower approach channel..

Excavation:
Common..........

Rock --.
Foundation prepara-

tion.
Concrete:

Mass ..............

Paved wall..
Reilnforcing-steel .--

Upper approach channel.-.
Excavation:

Common ......----
Rock ..... ....

Foundation prepara.
tion.

Concrete:
Mass.---..--------
Paved wall. ......

Reinforcing steel .......
Main lock ..................

Excavation:
Common ..........
Rock...............
Trench .............

Foundation prepara-
tlon.

Backfill.................
Concrete:
M ass ...............
Reinforced ..........

Conduit linng ......

Reinforcing steel...--.-
Gates and appurtenances..

Miter gates......--.-
Miter gates operating
machinery.

Tainter gates .......

Cubic yard-
.....do.......
.....do......
Job .........

Cubic yard..

Ton .......
.....do--..

Cubic yard..
Ton .........

Cublc yard..
----do.......
.....do....

-----do-.----

Job
Cubic yard.

437,000
80,000
517,000

2,040
2 5, 930
216,000

7,970
216,000
20, 000
33,000
50,000
283,000

'"276,66
Job ..........

....-do..:Z]][]]]XZIX]]--__________

Each........
do.......

.....do.......

Job--....-

.---

Cubic yard
... (0 ...- ..-

Square yard.

Cubic yard..
... .(o ...

Pound.-..-

Cubic yard..
(to-...-

Square yard.

Cubic yard..
.....do
Pound ......

Cubic yard--
do .......

Square yard.
Cubic yard.-
.....do....-
.....do.......

.ldo ......

Pound....I

Pound ......

IEach........

|Pound-....

7
7
10

35,000
347, 000
4,000

29,000
700

180,000

20,000
6,600
3,300

22,000
1, 600

405, 000

31,000
329, 000

4, 600
16, 000

165, 000

290,250
14, 000
4, 700

3,748, 000

2, 326, 600
4

294,200

$.80
1.00
.60

Lump sum
.40

1 270.00
180.00

1.50
60.00

1.60

.80
1.00
2.00
.60

Lump sumi
2.80

Lump sum

Lump sum

48, 000. 00
36, 000.00
8,000 00

LAump sill

.05
4.2.5
2.80

18. 50
35.00

.11

.95
2.80
2.80

25.00
35.00

.11

.05
4.25
9.40
2.80

1.00

18.50
35.00
45.00

.11

.35

42,000

.45

I Includes allowance of $20 per ton for salvage.
1 80 percent of first-step piling.

$350,000
80,000

310,000
200,000

1,010,000
........... $4, 9, 000

651,000
1,067,000
324,000
399,000

324,0001..........
200,000
33, 000
100,000
170, 000
400,000
756, 000

44,000 . .........

33(, 00
252,000 .........

152, 0 0 .......

20, 000

33,000
1,475,000

11,000

537, 000
25,000
20, 000

10, 000
16,000
0,000

650, 000
63, 000
45,000

20,000
1,398,000

43,000
42, 000

165,000

65,370, 000
400,000
212,000
412, 000

8i4. 0006
168,000

1, 0oi,000
1,656, 000

2, 10, 000

691,000

8,161,000

2,114,000

132, 000

$17, 605, 000

*

2737

cm'001---66-666--------



COLUMBIA RIVER AND TRIBUTARIES

'IA'^nl, 2.--Detailed cost estimate, John I)ay project-Continued

Itoem Unit Quantity Unit price Itom cost Fe re Total
cost cost

Navigation lock-Continued
(]llt'S i1tIId anlpurtelnllanlxes-

Conltilind
Tainter gates operatlllng

Inll'hinllr y.
1t llrgelley(mIlls----...
lIinergeiicy daml der-

ricks.
Oltrlillg llllou-........

ls lla louS .. ...........

Nloorlllg bils ..... .
M ovab)le bridge ........

1; lectrical syst(ll......
1'I1pe handrail, etc. .....

l)rilling finl( grolutilg...
Contliiigelciies, 15 Iwreent
Ildirect costs, 13 : ipercrent-

Splllway (Rilo contlrollehd) ...
E xcnvailtlon . ............

Forelmy, rock --.....
'I'alrira(, rock...........
l:ollindlitilol, rock ...--

'rnii rock
Foundaltionl i)pre'lara-

tlon.
Concrete and steel..........

MutIss, dai, apronll, cut-
off.

Piers ....................
Deck, girders, railings..
Sills mil nproni blocks-
Trailing walls --.....

teiniforillg steel ....

Structural stIel..-----.
Oates and upl)irtlnaliC'es...

latests lill guides ......

C('nines two )(X)-ton....
Control house.--...--M1 iscellaneous -..

light nlg and wiring. -

)rillllng grout holes
(Irottling ..........

I)rilling drain holes. -.

Contingencles, . iwrcent...--
Indireet cost, 13:!percent

Power facilities ................

Substructure .---.-.-..
1 excavation:

Forebay and tall-
race:
('olnoh .......

Hock ..........

Foundat tolln:
Colnlon-l ..--

* KRock..-.....--

'Trenchl, rock-.......
D)riliing grout holes.
Foundation grout.

itg.
Drilling drain holes.
Foundation prepa-

ration.
Concrete:

IMass, scroll, case
and draft tube.

Mass........------
te,inforced(, heavy ..

lteinforced, medliuul
Reinforcing steel ....----

Struetiral steel .------

Station service bay-...
Assembly bay .. ..---..

Superstructure ....-..- ...-

Power- generating equip-
mnent.
Turbhinec..... .......

Clenerators ...........

house units .............

Switching and auxiliary
equpllmolt.
M iscellancous power
plant equipmllent.

Each .....

lolllud .....

Job........-

ach ........

Job .. ....

...do.......

..do.

.-.- .do---...

.....do .....

S(uaro yard.8qllaro yard.

4

3, 1.o
2 O, 400

:318
G0, 400--

Cubiyncyard.
(.....o 603,000

....do.......
--..- do .......

....do.......

Pound -.....

.....do.......

Pound-.---
TolnI--...-
Each........

I;iieear foot.-
. . .. o.....

Cubic foot
Linear foot.

Cublc yard..
.-..do.......

. .do. ......

......do .......

.....do.......1

Linear foot..
Cubic foot-

L.inear foot..
Square yard.

Cubic yard..
....do .......

.--. .do. ......

(.....0 .......

Pound......
do( ....-

Job.....--.
.....do -.-....
Ctubie foot.-

Each .......

..(10 .-------

.....do .-....

Kllovolts....

107, 000
9,800
9, 40
i, 640

19,090,000
3,000,000

14, 500),
1,200

2

240,o330
42,000

110,0(
21, 000

1,171, 400
107,900

1,411,600
240,000

8, 000
04,000
175, 000

47, 000
38,000

381, 000

1,016,000
310,000
114,000

40,400.000
3,400,000

i2, 6C09,000

13
13
2

1, 253,000

Job ...... .... ...

$ 10, 000

.28
6600, 000)

Lumpll) suill

3,875
L,11111) Silll
1IIlllp SIlIll
1,11111) SI1IU
Lump) s5II1

2.80
2.80
4.25
9.40
2.80

18. 50

30.00
65. 00
30.00
60. 00

.11

.28

1,400r
19, 000

56. 50
3.75
2.80
3.7'

.05
2.80

.05
4.25
9.40
3.75
2.80

3.75
2.80

21.00

18.50
35.00
45.00

.11

.28
Lump slim
Lump) sul

.60

. 2,951,000
2,060,000

184,000
8.95

Lump sum

$100, 000

633, fooo
132, 000

75,000
31, 060
180,000
132,000
34,000
36,000

i, '0666
87, 000

2, 440, 000
:0, 000oo

186, 000

$121,000

2,023,000
2,094,000

ii-.1 18, 656, 00
11,150,000 ----.-----

3,210,000
637, 000
282,000
3:12,000

2,199,000
810,000

5, 077 5,06
1,680, 000

38,000
75,000

158, 000
308,000)
79, 000

1,113,000
302, 000

1,341,000
1, 054. 000

75.000
352, 00
'490, 000

6, 793, 000..626 6600

4,347,000
4,500,000

55,033,000

170,000
106,000 l .-..-----

8,001, OOOl....--.
18,706,000
10,850,000
5,130,000
5,434,000

952, 000
436,000
425, 000

38,363,000
26, 780,000

38, 000
11,214,000

7,541,00666
77,585,000

860,00 ...........

$37, 830, 000

192,087,000

2738
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COLUMBIA RIVER AND TRIBUTARIES

TABL, 2.-Detailed cost estimate, John Day project-Continued

Itoin

Power facilities-Continued
platess and e(qull)ment-...

Intake gates, frames antd
inimbedded parts.

Trashracks, frames, and
imbedded parts.

Draft tube steel stop
logs and imbedded
parts.

Gantry crane, intake
(leek.

Gantry crane, tailrace
(leck.

Contingencies, 15 percent...
Indirect costs, 13 d percent

Nonoverilow concrete dam-..
Excavation.-----

Common.
ock ..............

Foundation preparation.
Concrete and steel--......

Mass.-
Reinforced roadway-...
Reinforcing steel.....
Fillets and pillars-.....

Miscellaneous-.-
Drilling grout holes.....
Grouting ..........

Lighting and wiring
Drilling drain holes.----

Contingencies, 15 percent. --

Indirect costs, 13; percent.
Mooring facilities...............

Mooring facilities -------...

Contingencies, 15 percent---
Indirect costs, 13;f percent--

Fish facilities...............
Fish ladders-............
Fish locks ..........-

Hatchery facilities-.........Contingencies, 15 percent.
Indirect costs, 13A percent-

Permanent buildings and
grounds.

Buildings and grounds......
Contingencies, 15 percent.
Indirect costs, 13Y percent--

Recreation facilities.............
Recreation facilities.........
Contingencies, 15 percent.__
Indirect costs, 132 percent

Provisions at McNary D)am....
Miscellaneous provisions....
Contingencies, 15 percent-..
Indirect costs, 13% percent

Navigation aids--..-......
Navigation aids.............
Contingencles, 25 percent
Indirect costs, 13tt percent.

Total estimated construc-
tion cost.

Unit

Pound......

Square foot.-

Pound .----

Quantity Unit price

i5, 600,00
80,000

2, 690, 000

Job ....---.--.-...-..

.....do.................

Cubic yard.
.....do---...
Square yard.
Cubic yard..
..do.

Pound-....
Cubic yard..
Linear foot-.
Cubic foot.--
Job
Linear foot--

Job

Job -........

--do--.-
.---do-....

.--

44, 000
50.800
10.800

262. 300
4,960

2, 072, 000
3, 280

40, 66
82,000
9.00066

Job.------.--..--

Jbb .---

Job."."_

Job.......

$0. 35

5.15

.28

Lump sum

Lump sum

4.25
2.80

18.50
65.00

.11
45.00

3.75

2.80
Lump sum

3.75

Lump sum
.............
Lump sum
Lumpsum
Lumpsum

Lump sum

Lump sum

LIump sum

Lump sum
.----

.----

Item cost Feature
cost

...-.-.-.$7, 006, 000
$5, 460,000 ...--..

412, 000 --...-..--

753, 000 ..--------

229,000..........

1I2, 0001.........

42, 000
216,000
30, 000

4, 853, 00

322, 000
228, 000
148, 000

150,000
2,30,000
44,000
34, 000.....i6;'66 22, 075,000

22, 847,000
288, O66

45,68 000

978, 000

188 000
28,000
29,000

i, 025,' 0o
2,950.000
800,000

2, 060, 000
2.139.000

3.024, 000
454, 000
469,000

..28.i'66
42, 000
44,000
30 6006
46,000
48,000
120, 000
30,000
20,000

2739

Total
cost

$8, 220,000

245, 00

17, 980,000

3. 947,000

867, 0(0

400,000

170,000

379,826,000

___



2740 COLUMBIA RIVER AND TRIBUTARIES

TABnI 3.-Comparative estimates, John Day flood-control storage

. Data for assumed storage conditions

With various amounts of flood-control storage
Item Without -

flood Case I C IIC as oII Cas III Case IVcontrol 761.000 I ,30000 1,027,000 2,381,000s orago acre-foot acre-feet acre-feet acre-feet
usable usable usable usablo I

Normal pool elevation, feet, mean sea levol.---. 255 255 255 255 255
1Maximum controlled pool elevation, feet, mean

sea level .......------- ...---.--------..---- 255 271.6 282 292 292
Minimum controlled pool elevation, feet, mean
sea level ------------- ----- 255 255 255 241

]liver (dscliargeo at start of storage, second-feet-..- 1,400,000 800,000 800,000 800,000 800,000
Spillway (22 50-foot-wilth gates):

Crest elevation, feet, mean sea level 205 205 215.5 223.6 209. 5
Height of spillway gates, feet a-... ...--- 2 55 65 67 72

Power facilities:
Rated head, feet -....-.----.--.----.----.-- 03 93 03 03 93
Maximuni head, 800,000 second-foot (feet)... 76 92.6 103 113 113
Maximum head, 0OOO,000 second-feet (feet).. 81 97. 5 108 118 118
Installed generator capacity, kilowatts ....... 1,105,000 1,105,000 1,105,000 1,105,000 1,445,000
Number of units ....-.......---.. .........- 13 13 13 13 4 17

Incremental costs:
Utility relocations--------.-.-. $10,500, 000 $17,20,000 $23,673,000 $23,673,000
Lands and improvements-....----.... ... 600,000 825,000 1,137,000 1,137,000
Arlington, Oreg--------------------------------. . 2,100,000 3,425,000 4,715,000 4,716,000
Umatilla, Oreg ---------....... 1,175,000 1,920,000 2,619,000 2,619,000
Miscelaleous provisions at McNary Dam .. . 200,000 300,000 400,000 00, 000
John l)ay Dam:

Spilway -..........-- --...........--......-..-- - 413,000 2,778,000 6, 490,000 8,776,000
N'onoverflow ....- ...... ...... 978,000 1,748,000 -470,000
Navigation lock--- ---------- 160,000 342000 368,000
I'owr plant .-..-...---------- ---- -------- 1,090,000 5,464,000 18,149,000 64,301,000
Total, incremental costs-------..-- IBase 15,978,000 33,050,000 69,279,000 105,619,000

Cost per acre-foot total flood-control storage.._ 0 $20.90 $23.95 $30.76 $44.36
Incremental l1ood-control storage, acre-foot 0 764,000 616,000 647,000 464,000
Incremental cost -.......---.....-- ........... 0 $16,978,000 $17,072,000 $26,229,000 $46,340,000
Cost per acreo-foot Incremental storage.-. 0 $20.89 $27.71 $47.95 $102.10

I Between backwater curves, dischargo-800,000 second-feet.
I For flood regulation only.
* Determined by discharge of 650,000 second-foot at maximum pool elevation.
4 'our additional units to maintain power capability during draw-down.

9.869604064

Table: Table 3.--Comparative estimates, John Day flood-control storage
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COLUMBIA RIVER AND TRIBUTARIES 2741
TABLE 4.-Comparative estimates-John Day project single dam (without flood

storage) and two dam plans (1948 base)

2-dam plan
Item Single dam ___________________

John Day Arlington Total

Rivermilo..... --------...--. ------......·..- 217. 3 217.3 213.55 ........
Natural low-water elevation, feet, mean sea level 146.0 146.0 182. 6 ...........
Normal pool elevation, feet, mean sea level-....... 255.0 210.0 255.0 ...........

Mlaximium pool elevation, feet, mean sea level----..- 271.5 228. 0 272. 4 ...........
Minimum pool elevation, feet, mean sea level-.. ...- 252.0 207.0 252.0 ...........
Tailwater elevation, 0=800,000 cubic feet per second.... 179.0 179.0 219.0 ...........
Tailwater elevation, maximum flood of record ....-----. 188.0 188. 0 225. 8 ...----...
Tailwater elevation, spillway design flood-....---...... 208. 5 208. 5 246.6 ...........
Rated heal, feet......................................... 93 48 45 ...........

Iead, =-800,000 cubic feet per second, feet ..-------. 76 31 30 ...........

Length of pool, miles ---------.----------------------- 74.7 26. 2 48. 5 ...........
Power installation, kilowatts---.....---------....--- 1,105,000 588, 000 640, 000 -...-.--
Average construction period, years .....------- .--... 7 7 7'i 7 ...........

Initial costs, 1918 base:
Utilities...- ........-...........- .............. $50,639,000 $17, 567, 000 $29,777,000 $47,344,000
Navigation aids ------.. --------....-...- 134,000 47, OC 81, 000 133,000
Lands and acquisition ......- .............. 4, 153, 000 191,000 1,658,000 1,849, 000
Reservoir clearing .........----....................... 148,000 50,0(00 95,000 1.15,000
Cofferdams and diversion ---------------......--... 13, 927,000 13,927,000 10, 990, 000 2.1,917,000
Gate-controlled spillway section..................... 31,331,000 22,861,000 26,211,000 49,072,000
Nonoverflow concrete dam---.... ...............06,472,000 1,829,000 5, 271,000 7,100,000
Rock. and earth-fill dam --............................ .............. 731,000 731, 000
Power facilities..- ------.... .......--...... 173, 938,000 165, 306,000 127, 16, 000 292, 462, 000
Navigation lock-................................... 17,263,000 11,931,000 11,128,000 23,059,000
Mooring facilities.--.----------..---.-----..- 245,000 215,000 24.5,000 490, 00
Fish facilities-----..--------........--.----... 17,980,000 9,124,000 8, 621,000 17, 745,000
Permanent buildings and grounds......------...- 3,947,000 3,947, 000 3,136, 000 7,083, 00
Recreation facilities ...- ..------.....-- ...- 367,000 255,000 284,000 539,000
Subtotal ......................................... 320,617,000 247,280,000 225,389,000 472,669,000

Interest during construction ..-----------... 34, 258,000 260,892,000 23, 666, 000 50,558,000
'Total capital cost-.......------- 354,805,000 274,172,000 249,055,000 523,227,000

Annual costs (3 percent financing):
Interest-----....-------------,.- ------- 10,644,000 8,225,000 7,472,000 15,697,000
Amortization -..................................... 3, 144,000 2,429,000 2, 207,000 4, 636, 000
Interim replacements ..-..... -...............-. 626,000 649,000 497,000 1,046,000
Operation and maintenance-....- ....-..--.- 1,297,000 1,216,000 1,102,000 2,318,000
Loss of taxes ......--...........--.............. 13,000 1,000 8,000 9,000
Total ............................................ 15,724,000 12,420,000 11,286,000 23,706,000

_ _I I ·

9.869604064

Table: Table 4.--Comparative estimates--John Day project single dam (without flood storage) and two dam plans (1948 base)
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2742 COLUMBIA I1 E'R AND TRIBUTARIES

TABLE, 5.-I)ctailed cost estimate, Baker Bn, channel and mooring basin

Item--

Federal cost -....-.....--..--
Breakwater ---------.-------

Stone
"''D)lt(i'' wnterwaviy aii11 ninor-

lip batsin:
I)redging .........---..-

W'est cinnel-1....--..-....1-
Addllit l(nal (re(lging --.

Non-Federal cost .........

lands nnd easmientels.-......-
ConsI rucltion costs

1l'ling.......-----.-
I,ogs ......................

Lumber .....-----.

1 hardware ....- ..

nmpliand npp)roehes
Utilities, lights, water,

etc.
Intercepting sewer.........

Unit

ICubic yard

..... do-..-....

.(10o..(1)

linear foot..
'I' h ousand

feet, board
measure.

.-..- do .......

P11ndlld
Jobt)
.....do.......

Quant ity Unit price

36iWi

650, 000

'-3-'o666-
18,000

420

115
10,000

.....do ....... ..........

Total estimated cost of ..............

imll)rovellent.

7.66'

.20.20

i,lmi) stiumi

1i.25
40.00

115.00
.20

T1ump Stilhl.
Illnp SIIi

,Lump sum.
. _

iii
-

Item cost

130,000

6, 000666
22, i,66
16,800

23,000
2,000
2,700
10,000

Feat ure
cost

$252,0066
'i6,"666"

6, 0666

107,00666107,000

T'otal'cost

$442, 000

112,000

30,000 .- ...-

-.--....-- --------- 554,000

NOTE.-Allowances for contingencies and Indirect costs have benei made In the unit prices shown above.

TABLE 6.-Detailed cost estimate, 1Vrestport slough channel enlargement

Item Unit Quantity Unit price Item cost Feature Totalcost

Federalcost-- $111, 760
lDredging..-........... Cubic yard.. 745,000 $0.16 $111,750 $111,760

Non-Federal cost ........-- .-- ..-- 31, SOO
Dredging-... .....- ..........do .... 210.000 i* fi 31, 600 31,5600

Total estimated cost of im- .. ..--.. ....-----.. 113,250
provement. . 2

NoTE.-Allowances for contingencies and indirect costs have been made In the unit prices shown above.

TAtiE 7.-Detailed cost estimate, Columbia slough channel

Item Unit Quantity Unit price Item Faro costederalost-5ostcost

Federal cost ... . . .... ....................-------------.....- -- ---.--- --------- --- - -- --- $905,100
Clearing ------------.-*.... Acre. .-.... 20 $450.00 $9,000 $9.000
Snagging........... Jo) ..........Lump sunm 5,000 5, 000
Dred-ing--.----------...... ......... .830,700

( hnunel, mouth to Union Cubiceyard.. 1,980,000 $0.39 772,200..........
Ave.

Turning basins:
Denver Ave ......... .do.. 82, 000 .39 32,000 .....---..
Union Ave-. .---do...... 68,000 .39 26,00 --..--

Building now tower founda- Job).--...--- Lump sum 55,000 65, 000
tons and moving present
towers of Bonneville Power
Administration.

Navigation aids and markers ..- ...do - ----.. .. Lump su! 5,400 6,400
Non-Federal cost. ...-----236,200

Lands and rights-of-way....... Job-..Lump Sini 5,600 56, 00
Bri(ge alterations ----..--..... .....- .......... .... --.. 240,00

Alter Union Pacific rail- Job -...........---..--- ump sum 240,00 ...

way )ridgRo anfd con-
struct fendersas required
tit other bridges.

Accrued amnortil7itlon, to be do........- ... Lump sum 9,000 9,000
deducted.

Salvage value, to beododucted...- .do.-.L..... ... Lump sum 1,000 1, 000
Total estimated cost of h a -1n--.......-... ........ ... ...... ... 1,141,300
provemnent.

N o'r.-Allowances for contingencies and indirect costs have been made in the unit prices shown above

____LI.I_

9.869604064

Table: Table 5.--Detailed cost estimate, Baker ? channel and mooring basin


Table: Table 6.--Detailed cost estimate, Westport slough channel enlargement


Table: Table 7.--Detailed cost estimate, Columbia slough channel
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TABLE 8.-Detailed cost estimate, Umatilla Harbor

Item Unit Quantity Unit price Item Feare Total _cost cost cost.

Federal cost-...........$------......--- ...............------- ---...---- ..-.....-- $416,260
Drilling and blasting.--.------ Cubic yard.- 25, 000 $10.65 $266,250 $266,250
Excavation and disposal ----.-----.do--... 25,000 6. 00 150,000 150,000

Non-Federal cost.--................... ............-------- --. . ......-.... 204,700
Dock and terminal facilities..-. Job---......- ... Lump sum 196,700 196,700
Extension, pile trestle ----.---- -----do......- Lump sum 3, 000 3,000
Extension, conveyor belt- to .....do......-. ..--. Lump sum 6,000 6,000

grain elevator.

Total estimated cost of Im- ......... ....... .........- .......... .......... 620,9560
provement.

NoTr.-Allowances for contingencies and indirect costs have been made in the unit prices shown abov e.

TABLE 9.-Computation of average annual flood damages on Columbia River and
tributaries affected by backwater
[Based on 1948 economic developments]

ZONE 1-YAKIMA RIVER TO BONNEVILLE DAM (STAGES REFERRED TO AT CELILO
CANAL)

Stago Flood Number Average
Item (mean Expected damages of floods damage at Summa-

sea frequency per of inter- Interval tion
level) flood val stage stage

Annual flood ----------------------.-- 135 1.00 0 0.04 $500 $20
Average appreciable damage stage--.-- 137 .96 $1,000 48 11,600 5,520
1946 flood ----------- 144 .48 2,000 .28 43,500 12,180
6-year flood -...........-----.-....---- 147.5 .20 65,000 .02 67,000 1,340
1933 flood--...-...........-..---....- 147.6 .18 69,000 .113 324,W 30,67015-year flood---------------------------- 151.6 .067 580,000 .03 1,026,500 30,8001948 flood-.--------..----------..------. 154.6 .037 1,473,000 .017 2,086,60 35,470
50-year flood ..--...............-.......158 .02 2,700,000 0 300 141894 flood .--.--------- 160.1 .014 30800001460,
Maximum flood considered in economic } .014 3, 780, 000 62,920
analysis ..---- .......... 162 .00 4,100,000

Average annual damages..----- ----. ---------- -----.-- --.-- 193, 400

ZONE 2-BONNEVILLE DAM TO SANDY RIVER AND CAMAS, WASH. (STAGES
REFERRED TO AT VANCOUVER, WASHI.)

Annual flood -----.-------------. .---- 12 1.00 $1, 500 0.10 $2, 250 $22
Average appreciable damage stage-...-- 14 ,90 3,000 .42 , 000 2,100
1946 flood ..--------------------- 21.4 .48 7,000 .28 40,500 11,340-year flood............................. 25 .20 74, 000 .07 11, 250 10, 5901933 flood ----- ..-- ---...... 26.3 .13 228, 6 .06.3 624,260 39, 330
15-year flood --.......----..--- 28.5 .067 1,020,000 .023 1, 481,300 34,0701948 flood ------------------------- 30.2 .044 1,02,600 024 2,711,300 65,07060-year flood -.----------------------- 33. 5 .020 3,4, 00 .007 3,673,1100 25,7101894 flood ----------------------------- 35 .013 3,866,000
Maximum flood considered in economic . .013 4,133,000 53,730
analysis .......- ........-...---.- 36.5 .00 4,400,000

Average annual damages.. . --------- - 242,100

ZONE 3-CAMAS, WASHI., TO LEWIS RIVER (STAGES REFERRED TO AT VANCOUVER.
WASH.)

Annual flood ....--- ------..-...... 12 1.00 $2,000 0.10 $3, 500 $350Average appreciable damage stage.--- 14 .90 5,000 .42 18,500 7, 7701946flood ...-----------.------ 21.4 .48 32,000 .28 120,000 35,2805-year flood 25 .20 220,000 .07 321,000 22,470
1933 flood ....-...-- ---- ------ 26.3 .13 422,000 .063 951, 000 59,91015-year flood --- ---------- 28.5 .067 1,480, 000 .023 2, 505,000 67,6201948 flood .........--- ----. 30.2 .044 3, 630,000 .024 10,265,000 246, 36060-year flood..-... 33.6 020 17,000,000 .007 23,47, 000 164, 320
1894 flood........-.--..........--....35 013 29, 950,000
Maximum flood considered In economic .013 39,475,000 513,180
analysis ..-....---.-.------------.-- 36.5 .00 49, 000, 000

Average annual damages----.-- -.----. ---'-.. -------- 1,107,300

9.869604064

Table: Table 8.--Detailed cost estimate, Umatilla Harbor


Table: Table 9.--Computation of average annual flood damages on Columbia River and tributaries affected by backwater
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TATILF 9.-Computation of average annual flood damages in Columbia River and
tributaries affected by backwater-Continued

ZONE 4-SANI)DY RIVElI TO WILLAMETTE RIVER (STAGES REFERRED TO AT
VANCOUVER, WASH.)

Stage Flood Number Average
Item (mean Expected damages of floods damage at Summa.

sea frequency per of Inter- interval tion
level) flood val stage stage

Annual flood ..-...----....-..--------.. 12 1.00 $1,000 0
A vragwallpp)reclable damage stago ..... i .90 2, 00 10 $1, b00 $160
1049flood -...-..--.---........---------- 21.4 48 7,000 .42 4, 500 1,8905-year flood ..-..--.--..-------..--.- 25 .20 74,000 . 28 40, 000 11,340
19;{13 flood..-2. ... ...---.... 26.3 .13 330, 00 .07 2n02,000 14, 140
15-year flood .--...-.-----------. .---- 2. 5 ,167 4, 000, 000 .023 , 450, 000 15, 300
1918 flood.--............-...----.--.-- 30.2 .0144 12,300,00 .023 8,450,00 194,350
50-year flood.---------------------- 33.5 .020 38.0 00,0 .02 25, 150,000 03,600
184 flood ........---.. 35 .03 55, 00,00 .007 46, 500,000 325, 500
Maximum flood considered in economic } .013 04,000,000 832,000
analysis ............--- ..--..-- ... 36.5 .00 73, 000,000

A verage ainii l d(lat ages . .. . ..... ...................-.. ............ 2, 138, 300

ZONE 5.-BACKWATEI WILLAMETTE RIVER, MOUTIh TO OREGON CITY (STAGES
REFERREI) TO AT U. S. E. 1). MOORINOS)

Annual flood ....----- ---- .---- 11.5 1.00 0 0.1 $1,000 $160
AveIngo )ppreciable damage stage---- 15 .85 $2,000 37 1 .000 . 920
1946 flood ....-.-....---.----.----.-..- 20. .48 30,000 .28 104,000 29,1205-year flood ----..---------------..--- 24.5 . ')0 178,00 .07 341, 00 23, 90010933oo.. ............................ . 26 .13 605, 00 .063 2,102, 500 132. 460
15.year flood ..- ......-- ...........-28.2 .007 3,700,00 .023 6,987, 50 1607101948 flood .-- 29. 7 .044 10,275.000 .024 27 137, 500 10,710
50-year floo--------------------------- 33.2 .02 44, 00,00000 .007 5, 3, 00 382, 4101891 llood --..034.76, .0137,165.230,0001,0' 690
MIaxiInum flood considered In economic }. ,11 .
analysis ........ ..-- 36.2 .00 93,000,000

Average annual damages..-..-..... ........ .. ....... 2,415,600

ZONE 6.-LEWIS RIVER TO BAKER BAY (STAGES RFi.ERRED TO AT LONGVIEW.
WASH.)

Annual flood . ........................ 9 1.00 0 n. mn8A verage appreciable damage stage ..---- 10 .82 $2,000 38$0,0w 2$101946 flood ............................. 14.7 .44 12,000 .38000 60
6-year I(flood---------------- 16..8 .20 120, 000 .24 86,000 ,0193.3 flood ---- 18.2 .22 1, oo0, C0(Y .083 780 0,000 68,0730515-year flood.----- ---..-.-- .... 19.8 .067 12, 600,000 .017 14250,000 24232301948 flood .03------------ 20305 ,000,000 690,000
60-year ood. -..-.-------- .- 23.5 .02 30,000000 .007 32,150, 0n 225,050MH.1 O-......................- 24.8 .013 34,300,000 . .013 3,10,000 469,950
Maximum flood considered in economic }
analysis ------------------ ------------ 25.8 .00 88,000,000

Average annual damages....----.... ......... ............2,088,400
SUBZONEBA.-LOWER COLUMBIA RIVER, VANCOUVER, WASHI., TO COWLITZ RIVER I

(S'T'AOGES REFERREI) TO1'0 AT' LONVIEW, WASH1.)

Annual flood...............---..........-
D)amage stage -----.---------....-.----
2-year flood..----------- ----

1916 flood ......... ... .. .............
b-year flood ......- .... .........

20 year flood ...........................
December 1933 flood...............
60-yea:r flood .......... . ... . ....

100-year flood....... ....-..- ..

Design flood-..--......---.-.- ....

Average annual damages ........

7
10
10.2
10.6
11.9
14.8
16. 6
17.2
18
20

1.00
.65
.60
.38
.20
.05
.024
.02
.01
.0I

0
$1,000
3, COO
4,000

12, 00
600, 000

1,500,000o
5, 500, 000I

.....---_.--

0.45
.05
.12
.18
.15
.026
.001
01

I .01

$500
2,000
3, 500
8, 000

106,000
400,000
750, 000

1,200,000
3, 500,000

$225
100
420

1,440
15, 900
10, 400
3,000
12,000
35,000

78, 600

.

·____I_
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TABLE 9.-Computation of average annual flood damages in Columbia River and

tributaries affected by backvwater-Continued
8UBZONE 6B.-3BELOW COWLITZ RIVER, COWLITZ RIVER TO BAKER BAY (STAGES

REFERRED TO AT CATHLAMET, WASI.)

Stage Flood Number Average
Item (mean Expected damages of floods damage at Summa-sea frequency per of inter- interval tion

level) flood vll stago stage

Annual flood...-......------.......- 9 1.00 0 009 $1,70 160Damage stage.------- 9.5 .91 $3, 500 0.09 $1,7650 $1842-yearflood-. 10.1 .60 25,000 .18 42, 50 7, 501946 flood--- -10.5 .32 60,000. 4
1 500 11 4505-year flood -------------.-- -......... 10.9 .20 130, 000 1 5,n0 . 1 400

December 1933 flood ..-- ----......- 11.7 .05 650,000 .1503 , 175,390.00 50
60-year flood------ .--- 12.2 .02 1, 700.000 .03 2,350,000 23, 0
100-year flood . .....- 12.6 .01 3,000,000 .01 4, 0, C00 40.000Maximum .............................. 13 .00 5,000,000

Average annual damages-....-- ----......... -----........ ........ . 182,300

I Stages of secondary winter floods.

ZONE 7-WILLAMETTE RIVER TO YOUNGS BAY (STAGES REFERRED TO AT LONG.
VIEW, WASH.)

Annual flood 91.-00O 00 89 00
Average appreciable damage stage------ 10 .82 $2,000 0.18 $1,000 $180
1916flood ..........---......-..14.7 .44 12,000 3I 7,000 2, C60
5-year flood ----.------------ 16.8 .20 130,000 0824 71,000 17, 040
1933flood- ............................ 18.2 .22 9000000 03

,n 1, 0
15-year flood 19.8 .067 5,200,000 . 053 3,050,000 161,650
1948flood-.........- ............ 20.3 .05 6, 600, 000 .017 5,900, 000 100.300
50-year flood- 23.5 .02 16,. oo00. .03 11,300,000 339, 000
1894 flood .......-...-...-........-----24.8 .013 19,000, 000 .007 17,500000 122, 00
Maximum flood considered in economic .013 20, 500, 000 266,600
analysis.---25.-8 .00 22.000,000 __________.. ____

Average annual damages.....- . -........ 1,051,000

SUB-ZONE 7A-WILLAMETTE RIVER TO RAINIER, OREOG. (STAGES REFERRED TO AT
LONGVIEW, WASH.)

Annual flood ..---. ...........------. 7 1.00 0 0.45 500 $226
Damage stage -..- .........-..--. 10 .55 $1,000 .045 1,500 76
2.year flood ............................ 10.2 .60 2,000 .12 2,500 300
1946 flood ---------------------- 10.6 .8 3,000 .18 6 500 1,170
5-year flood.-..... ... ....11.9 .20 10,000 .15 65,000 9, 75020-year flood ........................... 14.8 .05 120,000 .026 260,000 6,760l)ecember 1933 flood -................... 16.6 .024 400,000 004 450,000 1.80050-year flood-........-..........- 17.2 .02 501600, 0O 6,000n
100-year flood- .....-1-.-.--.....018 .0170100,000 16,000Design flood ..-.....--.......-......-20 0 2, 500, 000 01 ,600,00016,000

Average annual damages . .. ------ ............ -------.......---... 42,100

I Stages of secondary winter floods.

SUB-ZONE 7B-RAINIER TO YOUNGS BAY (STAGES REFERRED TO AT CATHLAMET,
WASH.)

Annual flood... ....----------

Damage stage--------.---------
2-year flood ......----------------
1946 flood ........................ ....... .... ---

5-year 1lood ----. ..--.-----

I)ecember 1933 flood ................---
50-year flood ---------- -----:
100-year flood ---... ..--------.
Maximum...........---------------.---

9
9. 5
10.1
10.5
10.0
11.7
12.2
12.5
13

1.00
.91
.50
.32
.20
.05
.02
.01

0
Average annual damages-...-- ...................- 0

$3,500
25, 000
50,000
90,000

400, 000
800, 000

1,500, 000
3, 600, 000

0.09
.41
.18
.12
.15
.03
.01
.01

$1,750
14, 250
37, 500
70,000

245, 000
600,000

1, 150,000
2, 00, (000

$160
5,840
0, 750
8,400

36, 750
18, 000
11,500
25,000
112,400

SUMMARY
Subtotal, damage In subblinll due to primary spring an(l summer floods. ..-----------------$9, 236,100
Subtotal, annual damage diue to secondary winter floods ..-......................................--- 415, 300

Total, average annual damago...--.--...-----.--.-...............----- ... 9, 651, 400

___
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PERCENT OF TIME

/0.jrn1 /

t T ep "9100 PrcOnm toed WetrI"cur eIdtV e
r«e«ulefed 41di1eor" curve * basedOthm1PMbe 0 Worse
per sty forMe perHled 0etNor lt?7 ttwfuih 1j4tmbe'
1942, unrhih follow11(t c4ndilioat

0. Oitcherwet o*r modifled by (vtwr'irrietie"fiv141tlI
devtlopmemt I theStlhe VIWrSie end wI ltlimNw
deolelpmenl elsewhere.

1. Flotheod-LeM Is rutoted for e mnlimura discMws ef
4,300 cu1ic4 tft p wKOo4d.

c. 17,G000 A&e-feot of Ittln stolet* inn Ketel"y Leke
{COa4edoa uvsed $A the interest of OWrN Linn PO"r PlMt.

d. The fole1ing« »t6"4 ore u4 iA tIhMInterest Of the
«ylt»l«i

Huony HNoe 2,10,000 wCt1-ftM
GIK~IfVIe SIll0,000 "*
INhtedt 4,»0.0,00 ·O'"
Albool Falls 1,140,000
G'fenCdil* SI IB 000
.Helll Canyon 3,200,000

H411y(mtm$~Om

e. A d4uctlon of 1,000 cubi fut personn l0 thlil-
for leckate,fish mrrtiremon,micotleeoMe .lM, eeehal
been mode. Overf-lit plant effic;efy Iis *s 4mod of
I percent.

1. The ilwotiw curo Is hM Moffeted by The Ollct
hedwoter. See Reference Ne.1.

3. Nominal prime epb41tilty l the average output for the critic"
months of the system critical pwefr perid: Septefbef
I, Illl to Mch I, 19132. See Referwe No. 2.

4. Avor'lo onneVl enerq productlOn oguels 7,129000p00
kw.lk.

REFERENCES
I. Appntdis 0 Chwt 31 .J*M0y(P(e ClMv. 255) S3reg,Hdwet Tlofo,T wellwrf, Output,ed P CapeMlity.'
1. Awe4nd 0 Chrt 49'JotMO1y(Pe4ICilv. 25S) Otie,

end Powr Orephe 19? -1941t.

Nominal prime end nomlnel firm ceHlitle ofJohM n Day
power plent ia the pdae C-t system ore 75500 kllowett
end S.,000 kllovwett respetively.
See* Appendix 0 test fe e*pieNtlea.

COLUMBIA RIVIR AND TRIBUTARIEC
JOHN DAY

(POOL ELEVATION 2t5)
POWER PLANT CHARACTERIS1 ICS

PHAS C 0CVILOPM[NT.

In I Shet cale: As Shown
P llh 4 d01trlct,PrtlnlOr.0feo ' OctabW t, lf48

D~ b,.e.f....,....,

d^^****lldr^^:^;ssdCL-OtGI,I9/ 11
APPENDIX L PART R PLATE 991275 O-l--vol. VI

z

Z

i~
i!

Lordrim-1mzn a r A noA------ -N a

II I -- --I

___ ---- I I ---~~~~~~~~~~- ------ --- ·Ir~~~~~~~~~~~~cr~~-r~~~-·l--*-rrr~~~~~~lliir- .- L- 0iWrm 0. O

I c

\ i i
t

6
i

. ,

. t "
t I

i

I

-L

goeo 70

)-

PLATE 9. COLUMBIA RIVER AND TRIBUTARIES JOHN DAY (POOL ELEVATION ?) POWER PLANT CHARACTERISTICS PHASE C DEVELOPMENT




COLUMBIA RIVER AND TRIBUTARIES MAIN COLUMBIA RIVER BELOW YAKIMA RIVER OREGON AND WASHINGTON JOHN DAY DAM NORMAL POOL EL 210 NAVIGATION & POWER




DEPARTMENT OF THE ARMY CORPS, '-o ENGINEERS

;¾:', i ;t <,:.~ 7';::-:! -: - -::, -

.....
........ - i:. : T.. :- -- -

..... . . | ,., . i~I * ; .* ! * ; . ; ; *" . ..:---, '

1 .»-. f.T -- . ___...

I~~: 44*.i..d .n.it'h ,.-. M'' A * I.......

wr] 4- /J- .T I r'qIP~iysirg I^efW y T1~iL itJ » i(9 iggp~7 "ii''-~ ;.Irrl'l~l~llri*nlkr*q!Inkef.__'*"'"r; ·
ro"· 6 .... . s '.

J .

1.. ........ --,.
~.-l ^ , f H

_

' i ^ ' -
^

**.b tnt '.i..; :n? *^ -r-t-^-'^-rT^'^ ^^^"":~~~~~~~~~~~~~~!.... .;, ..... .\', .. . ..:,'s> ^ ^c^
..........14 ,

c ...
·
.r.-

it -II
-. .- -- ^^~ f i· , J-T--i .t .. · ·, ·· ; ,. . ; .... ,·..''' . ,~, .:-, ; · .. .,. .. , ^ ^^

, ,, ;-. t
,. . .

1
... . . ., : ;: .. . . . i' .., . . . ,": :, . . .. .

i ,̂*" *r-t 'i"*. . . , . . . . . .. . .. . . . ..^.
'

-' i"·-, * : ; :*.~, · ·"

'o t
.. ... ;,,,-,.'~ .......,-'I , . ,- ......!

-.... -i -.. . ......- -- --- --- .. . . . . . . . . ..........i-- --- --

u ·s"]' I"" ; .J-ii!*i*i .̂. . .- *j :: .^ .* ...: ,': ^ ^ ^!-
^ T^ ~T ^ T ' '

.,,-,--'"n7 7 ^ .... . ..,..:.,.,~ ,..... ..; .....:;,,. .............,;..~== - = ,-.w-.--=---,

b1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0W

--f -~-f-t- ?., t F- '-'F. -%-,: ~ i=..,,.,.,,
.,~.,.,..,.,,-=:,, :·.. " ;:' '.''-;':",_ \ . W M A . ..rJ'.,,~.-.,$. .

.,'
--~ 1' .- '.'. i . , ' ' .· ' .*. ; . ; . .. ' '.:'",'. " w' .'.""'r.,?; ....w''̂

. ...

iIW.s ---JI·- - -' -_s , _ _'-

:i:: : !::1 ::::i:'!::": ;I:::' : ::'::1::

"-.---.. -'-,-:'7-+-.. --I· i tTTI. .i. . . . "7 ' T ' A.il; ........... "^ .. ...; .......' ', t.' f : ....... ';"

-..l...... . ,;.|.....- ,P - . . .,L.I- . .- ... ) . . ,.....!» < ., ...* . . . ....... ..... , .- .. . ..... .-. .* : ., . ..,, ....

=--I<- ..... ..- ..... ,---.......* .....i....: .................: 1 .... ..... . : ...i ·. : ·r'.. · ** .....

- · , ....,\ , \-\ ?!* ...... \' --; ^' ~' ' :- , , :' :. *Lh '. -*:{7

~il.. ..1.+ 1... ~..,I.\,..,..............-.·6.,.

"+1: " L '''!''t:...:; '.........-' . . , . . - ··..7l

~;-~-.;",.,~'.,t,-..r,.:-i!';~: :l'-'--~':': ...._" : :'' :': _ '':'!~: ....': .... ::''":'':' ~' :

-7....,,,.,~I:;- . . . . . , " . '. ''' :O'A- '

a~;Tl,',';";.'_J'I;'_% ,1:1' ';,:; ;'',:':~-~'::~:::_ ""'.' '- ~-_- ~ : :__7 ' ;: :;:_"--"'-'~ ' ; .....-:_:~_'..~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~i

PIRFCENT OF TIME
70

I TM'T*pe *I 100 pefC-e 1ld otnwr' 'wre V4 tow
"I'r*l ilc4ltlsrhMqw,rW1we be e Ike Pht" C tspom

r i fotew poled Osteier l1o7twoi gtpleboer
04 ,ithf liiIAiyfohs*fr4lt.eomott16., 0104hrot" wre byltlde ftures offrlet1. ltv leuO

deies~ me.eg klm m4 ffl.#l.*g
4 !met el*6here,

k. prlethmo Lem is reietd fee 0amOego d4lwe of
4,100 <ei. f*4 Pw eeoA.

c. 17,000 A&cWOfe,o Seulitq S*wh IM K4etm4 Lobe
fCen4dere weed mi teeoe4iMt *o4 CG Lio PWer Pim.

d. The fel-i.A oto we's 4 IA the IlWert of the

Mongry Hwoo 2,*00,000 acrecfoo
6t.f.V14# 1,1610,000M4era, VI" II,III)

Perediee 4,I0,000.
AIbNo FPlls 1,140.000
GrewOuIO35,110,000
"MNis CYon3m *0,000

I. A dedmetw ef tow0 cuobc flow pr goseMd at Hs life
fo" tliimlo,ftlmb ml~rtlee~ ,mioeie~tmsou uoema hmp bool

2. TI teilatoowutvoV bsee"mso offeed by The et

edw.,, See Wmiso ,',,,,..e,*
writlol oete of the, ".I". ottwl pquh t-OrW!4: "
I, r ". Mwot i, 1s3. Se etbf««emeie LK
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