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WATERPOWER RESOURCES OF THE BRADLEY RIVER
BASIN, KENAI PENINSULA, ALASKA

By F. A. JounsonN

ABSTRACT

A survey of Bradley Lake and the Bradley River, including underwater contour-
ing at the lake, was made in 1955 for use in studying possible plans of waterpower
development. The survey was supplemented by surface geologic examinations.

INustrative plans of development in accord with the topography and geology
are described in this report, and used with runoff records and estimates to compute
the potential waterpower. Runoff records available in 1960 covered only two
complete water years, October 1957 to September 1959. These were supple-
mented by estimates of monthly runoff from October 1949 to September 1957
based on a relationship with the runoff of the nearby Kasilof River and records
for that stream. The runoff at the outlet of Bradley Lake was thus determined
to have been about 334 cfs (cubic feet per second), or 84 inches per year on the
drainage area of 54 square miles, from 1949 to 1959.

Runoff from an additional area of 14 square miles could readily be diverted
into the Bradley Lake basin to increase the water supply about 26 percent, and
the waterpower estimates were made accordingly. It was determined that a
usable storage capacity of 300,000 acre-feet would have provided for substantially
complete control in the 10-year period, 1949-59, with uniform release of 421 cfs.
Development through a mean gross head of 1,131 feet to a powerhouse at tide-
water some three and a half miles from the lake would provide for generation of
32,400 kw (kilowatts) continuously. The storage capacity could be obtained by
a dam at the lake outlet to raise the surface 104 feet, or alternatively by a lower
dam and a tunnel to tap the lake at depth.

The runoff from 1949 to 1959 is estimated to have been about 90 percent of
that during the 40-year period prior to 1960. A lesser degree of development
corresponding to control and utilization of about 80 percent of the 40-year mean
runoff also was considered. This would have required about 171,000 acre-feet
of capacity for uniform release of 375 cfs. Development through a mean gross
head of 1,110 feet would provide for generation of 28,300 kw continuously. The
storage capacity could be obtained by a dam at the lake outlet to raise the sur-
face 68 feet, or by a combination of damming and lake drawdown.

Water could be conveyed from the lake to a powerhouse at tidewater by means
of tunnels and pipelines along several alternative routes. It would be possible
also to convey it along the Bradley River for development in two nearly equal
stages at powerhouses located on the river.

A-1
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Geographie, climatie, and hydrologic features of the Kenai Peninsula are dis-
cussed briefly. The runoff of the Bradley River is consistent with a mean annual
precipitation of about 100 inches; whereas precipitation is less than 20 inches
a short distance to the north in the rain shadow of the Kenai Mountains.

INTRODUCTION
PURPOSE AND SCOPE

The purpose of this report is to present an evaluation of the poten-
tial waterpower in the Bradley River basin as a basis for classifying
the public lands with respect to their values for waterpower purposes.
Possible plars of development, based on topography, geology, stream-
flow, climate and related information are outlined as a means of esti-
mating the potential waterpower.

Records of the flow of the Bradley River that are available at the
time of this report (1960) cover only two complete water years, 1957~
1958 and 1958-1959. Figures of monthly runoff for the seasons 1949~
1950 to 1956-1957 were estimated from the records of the nearby
Kasilof River near Kasilof and used with the two-year record in reser-
voir operation schedules for given degrees of regulation.

Since the runoff may be considerably affected by changes of natural
storage in snow or glacier ice, the climatic factors that determine such
changes are discussed.

The utilization of a substantial part of the potential power of
Bradley Lake probably will depend on the creation of new industries.
Normal needs of farms and the small communities of the Kenai Penin-
sula would not absorb much of the Bradley Lake potential in the
foreseeable future. A need may develop for some of the power at
Anchorage through future growth of that city. A hydroelectric
plant at Bradley Lake could be interconnected with a plant under
construction at Cooper Lake (1960), and with other hydroelectric
plants which may be constructed on the Kenai Peninsula, for joint
transmission of power to the Anchorage area. The transmission
distance from Bradley Lake to the vicinity of the Cooper Lake plant,
near the lower end of Kenai Lake, is roughly 90 miles, and to Anchor-
age roughly 155 miles over a circuitous route, some of which is near
existing highways.

OTHER INVESTIGATIONS

The Alaska District, U.S. Army Corps of Engineers, made a recon-
naissance investigation of the Bradley Lake site in September 1954.
A report based on this investigation and other available information
was compiled by the Corps of Engineers (1955) at the request of the
Governor of Alaska. It was estimated that an average discharge of
320 cfs would be available from about 54 square miles of drainage
area directly tributary to the lake, plus about 4 square miles of the
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Homer is 25 inches, and the monthly temperatures generally are only
a few degrees lower than at Seward. The deficiency in precipitation
and the cold winters on the northwestern side of the Kenai Peninsula
reportedly are due to the rain-shadow effect of the Kenai Mountains,
and because the region is exposed to dry, north winds from the interior
of Alaska.

The seasonal distribution of precipitation- recorded at Kasilof
differs greatly from that recorded at Homer, probably as a result of
the factors just noted. The totals were computed for the two periods
October to April and May to September, for the calendar years,
1940 to 1947, when nearly continuous records were kept. During
the first period the catch at Kasilof was less than half that at Homer,
being 72.0 inches as against 145.1 inches for the 8 seasons. However,
during the second period, May to September, precipitation recorded
at Kasilof was more than at Homer, being 91.5 inches as compared
with 79.7 inches. Precipitation such as that recorded at Kasilof may
be expected to result in runoff, especially snow runoff, much less than
at Homer.

Temperatures at Kasilof and Homer also differ greatly in the winter
period, November to March. The mean for that period is 19.5° F
at Kasilof and 25.9° F at Homer, and average January temperatures
are 13.3° F and 22.6° F respectively. Minimum temperatures as low
as —30° F to —40° F are not uncommon at Kasilof; whereas tem-
peratures below —15° F are unusual at Homer. During the period,
April to October, monthly temperatures are about the same at both
places; the mean for the period is about 46° F.

The seasonal distribution of precipitation and temperature at
Bradley Lake possibly resembles the pattern at Homer, or at stations
on the southeast side of the Kenai Peninsula since it is only about
20 miles northwest of the Gulf of Alaska, and is subject to the weather
patterns of the Gulf of Alaska.

CLIMATE AT BRADLEY LAKE

The Bradley Lake basin is near the crest of the mountains and, as
indicated by glaciers, and by the two years of runoff records, receives
heavy precipitation. The runoff of the Bradley River at Bradley
Lake for the water years ending September 30, 1958 and 1959, was
recorded as 121 inches and 74 inches respectively. From comparisons
of these figures with other runoff records and long-term precipitation
records the mean annual runoff during the past 40 years is estimated
to have been about 92 inches, which probably corresponds with a
mean annual precipitation of about 100 inches.

Winter temperatures at the lake probably are lower than at Homer,
since the altitude is a thousand feet higher. Tt is probable also that
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winter temperatures at sea level near the head of Kachemak Bay
are lower than at Homer, since the region is somewhat less shielded
from north winds, and less exposed to southerly winds. Ice forms in
a so-called “fresh-water” area at the head of the bay, but the bay
reportedly is always open as far as Bear Cove. Local residents also
report the occurrence of williwaws at the head of the bay when the
air is fairly calm at Homer.

In 1955 ice on Bradley l.ake prevented landing by float plane
until after July 1. Temperatures in May and June 1955 were below
normal, and the lake reportedly is usually open by about the middle
of June. It was observed to have been free of ice June 4, 1958 and
June 12, 1959, at times of visits to the streamgaging station.

Strong winds occur frequently at the lake. During the course of
the survey in July and August, 1955, there were 12 days in a 31-day
period when a small boat could not be operated. These winds gener-
ally were from east to west along the length of the lake. The shape
of trees near the outlet of the lake and the absence of limbs on the
eastward side indicate that this is the prevailing direction of strong
winds. This circumstance possibly may be due to flows of cold air
down-slope, and to southerly, storm winds modified in direction by
.the local configuration of the mountains.

PRECIPITATION

The magnitude of precipitation on the Bradley Lake basin cannot
be estimated directly from precipitation records at other places,
since none have been obtained at comparable mountain localities.
It is reasonable to assume, however, that the year-to-year distribution
of precipitation is roughly the same throughout a considerable area,
both in the mountains and at coastal points. Precipitation indices
thus may serve as measures of the wetness of given years or periods
at Bradley Lake, in relation to the average for longer periods. The
average of precipitation recorded at Seward and Homer may be
closely representative of the year-to-year distribution at Bradley
Lake. Continuous records have been published for both stations
from 1940 through 1959, and rounded figures for the water years
ending September 30 are listed in table 2.

The average of the indices for the period 1950 to 1959 is 89 percent
of the 20-year mean, and the 20-year mean in turn is about the same
as an average (partly estimated) for 39 years at the Seward station.
The lowest water year of record occurred in 1952, both during the 20-
year record for the two stations; and at Seward during 39 water years



WATERPOWER RESOURCES, BRADLEY RIVER BASIN, ALASKA A-11

of fairly complete records. The year 1951 also was relatively dry,
but 1953 was one of the two wettest years of record.

Records of monthly and annual precipitation for Seward and Homer,
1940-59, are given in tables 3 and 4, and records of monthly and annual
mean temperature for Homer are listed in table 5.

TaBLE 2.—Precipitation, in inches and percent of mean, at Homer and Seward

Homer Seward Mean,
columns
‘Water Year 3and 5,
Precip- Percent Precip- Percent percent
itation of mean itation of mean
1940 . 31.4 130 87.1 131 130
1941 oo 38.3 158 88.8 134 146
1942 L 24,0 99 73.8 11 105
1943 . 17.2 71 52.7 79 75
1944 . 33.6 139 101.1 152 146
1945 33.5 138 74.2 112 125
1946 . 27.0 112 58.0 87 100
1947 e 22,8 94 64.9 98 96
1948 L 22.8 94 67.6 102 98
1049 21. 4 88 58.2 88 ~88
1950 - . 19.5 81 66.2 100 90
1951 Ll 16.2 67 47.0 71 69
1952 . 11.9 49 42.8 64 56
1988 . - e 35.3 146 101.3 153 150
1954 . o 20.7 86 51.6 78 82
1956 o 22.9 95 63.1 95 95
1966 17.6 73 48.0 72 72
1957 e 17.6 73 45.0 70
1988 e 28.8 119 87.4 132 126
1959 21.9 90 49.3 74 82
Mean. . oL 242 | ... 66.4 |- ]ecamacaooea
TaBLE 3.— Monthly and annual precipitation, tn inches, Seward, Alaska
‘Water year Oct. | Nov. | Dec, | Jan, | Feb, | Mar.| Apr. [ May | June | July | Aug. | Sept. | Year
1940 ... 69| 56| 9.8|/120| 2.8 56| 86| 30| 13| 2.1110.7|18.7| 87.1
1941 _.____ 14.9 6.4 5.9 2.4 146|121} 13.9 4.6 3.0 5.5 .8 4.7 88.8
1942 __.__ 34| 22({11.1)} 827104 66) 50 11| 38} 3.6/10.5] 7.9 73.8
1943 . 7.1 .91 LO0] 27| 68 17| 45| 22| 34 3.6 3.6|152| 52.7
1944 _____ 11.3 (183 | 18.2 | 11.3{ 6.1 20 1.1 70| L6 48114 80| 1011
1945 ________. 12.2! 741 62|12.1|1L0| 30| 13| 2.2} 19| 22| 81 6.6 | 742
1946 _________ 15.8 2.1 4.8 5.6 6.2 3.2 3.4 4.9 1.2 .8 4.6 5.4 58.0
1947 . 1.7} 43| 29| 30| 6.4 7.1 1.8| 67| 29| 2.3 50| 10.8| 649
1948 _ ... 7.7 12.6) 87125 | 48| L3| 0 3.7 L5 43| LO| 95| 67.6
1949 ________ 13.56| 44| 1.6 47 .6 61) 37 L8 20( LO| 56132 58.2
1950 - 81109 47| 12 .91 30] 61| 55 38 L4 48] 158/ 66.2
1961 . 4.0 .3 6.17| 3.3 3.8| 26| 47| 26| 2.9 .9 3.0]12.8| 47.0
1952 ... 51| 49| 26| L8| 38} 3.1 47| L7| L4| 53| 44| 40| 42.8
1953 _ ... 21.7|119.2 151 26 16.0 | 2.1 7.6 .8 6 L1 5.6 | 891013
1954 .. 10.1} 64| 7.8| 49| 3.5] 58 4] 2.4 7] 40 27) 2.9) 516
1955 oo .. 10.6 | 88| 2.8|10.8| 2.6 35| 3.2| 44| 24| 36| 45| 59| 63.1
7.3 81 7.1 20| 421 2.3 41 7.7 3| L2| 7.3 3.7 480
30| 7.7 20 23| 2.1} 3.3 6| 1.2 .11 1.5] 51]16.1} 450
13.4115.7| 48| 87} 31| 27 2.8} 51| 46}10.3) 82| 80| 87.4
60 70| 24] 1.3} 3.6 .3 | 86| 2.5 .3 62| 18| 9.3] 49.3
97| 7.3 63| 57| 56| 38| 43| 35| 20 3.3| 54| 9.4| 66.4
Percent of
mean annual_| 14.6 ) 11.0 ) 9.4) 86| 86| 57) 65| 53! 3.0] 50| 81142 ] 100.0
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TABLE 4—Monthly and annual precipitation, in inches, Homer FAA, Alaska
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TaBLE 5.—Average monthly and annual temperatures, degrees Fahrenheit Homer
FAA, Alaska

Water year! Oct. | Nov.| Dec. | Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. [Sept.| Year

1940 ... 34.8127.8127.6|31.1133.0{20.5|41.6| 444 49.3 | 53.8 | 53.8 | 48.4 | 39.6
39.2 | 31.4 [ 30.8239|33.2|35.4|40.2|43.150.6|53.0 | 54.4|47.3 | 40.2
38.0125.9(27.6|33.3|36.4|29.7|386|47.750.9]53.9)| 547|524 40.8
41.5|26.4 | 11.2 | 16.1 | 26.2 | 29.8 | 36.4 | 42.2 | 49.4 | 52.4 | 51.4 | 45.6 | 35.7
40.1133.4129.9] 253|344 284|348 444|509 54.2555]47.4] 39.9
39.6 | 30.8 | 27.9 {33.2 | 20.9 | 27.6 | 33.1|41.6 | 49.8 | 53.5 | 53.0 | 46.4 } 38.9
37.6120.8 | 229|247 242 | 21.1{33.6|420|47.4|51.750.8;46.0| 352
38.8 (262129 9.4(26.4|31.1]36.2423|47.4|5L.7|50.8|458]| 34.9
37.4 1328|282 25.1}21.0252|31.9}42.2)48.1)50.4;49.4) 440} 36.3
3%.2(21.5|17.7|2.1(16.0|32.0|32039.245.9|50.4  51.447.6| 344
37513251791 20.1 | 16.0 ) 32.8 | 34.9 ) 40.2 | 47.2 | 50.6 | 52.8 | 47.2 | 35.8
36.2|20.7(20.4|16.4|231[18.5|36.4|41.7(48.2|522528]|47.6| 345
35.3130.121.3)14.4|26.5|27.0}332|386|45.3]520|525|46.8| 352
30.9 (352 |256|19.0|26.4/|265|37.1|42.1|52.2)53.9533)|47.2| 382
358 129.2|27.5|18.3|14.1| 265|327 |43.6(49.2| 528524 | 48.5| 359
41.1 329 | 14.6 [ 27.8 | 23.5 | 29.3 | 32.0 | 41.5 | 46.5 | 51.5 | 51.6 | 45.2 | 36.6
350] 223|150 14.1|17.4 | 228 |34.1|41.4|46.7|51.5| 51.5 | 44.9| 33.1
3231236147240 |20.5|325 367|431 |50.6(529)536!486/| 361
41.4 | 37.5 [ 18.7 | 26., | 29.1 | 33.2 | 38.4 | 44.4 | 50.5 | 53.6 | 42.7 | 45.4 | 39.3
340|267 | 249 |19.6 [ 29.117.7|33.8|429|49.5|52.0 | 524 | 46.5 | 35.8
37.7]28.4|21.9|221|25.3)27.8|35.4|42.4|48.8|524|525|47.0| 36.8

1 Year ending Sept. 30.
GLACIERS AND SNOW ACCUMULATIONS

As interpreted from aerial photographs taken in 1950, glaciers in
the Bradley Lake basin and in the nearby areas that can be made
tributary to Bradley Lake cover about a third of the entire area.
The distribution is as follows:
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i Area, square miles .
Drainage area Glacier area
percent of total

Total Glacier
Bradley Lake basin__________________._____ 54. 0 16. 9 31. 2
Upper Nuka R. basin_____________________ 4.1 3.2 78.0
Tributary to Bradley R.___________________ 10. 2 2.8 27. 4
Total . __ . _____ 68. 3 22. 9 33. 6

The largest is the Kachemak Glacier, the main body of which is below
an altitude of about 3,600 feet, starting on a pass 10 miles southeast
of Bradley Lake. This and a glacier which drains both into Bradley
Lake and the Nuka River extend as valley glaciers down to altitudes
of about 1,500 feet. The others are cirque glaciers generally above
altitudes of 3,000 feet.

The substantial extent of the glaciers indicates that the snow packs
must be relatively great, so that in the wetter and colder years it is
to be expected that a substantial amount of water would be stored
as transient snow to appear as runoff in subsequent drier or warmer
years.

FACTORS THAT WOULD AFFECT THE DESIGN AND
OPERATION OF POWER PLANTS

SEDIMENTATION

During the period of the surveys, June to August 1955, it was
observed that Bradley River below the lake, and the main tributaries
upstream, carried a considerable amount of dark sediment in suspen-
sion. This material evidently is largely the result of glacial erosion.
The delta at the upper end of the lake and the valley bottom just
upstream is composed of sand and mud. The material farther up-
stream at the glaciers includes gravel and boulders, grading into the
finer materials downstream. It was also observed that some silt or
rock flour was held in suspension in Bradley Lake. This, no doubt,
decreases during periods of low inflow and it seems quite probable
that the lake water will be fairly clear during the winter months.

If a reservoir were created at Bradley Lake, sediment undoubtedly
would be deposited at the upper end during periods of high stream-
flow, and there probably would be some gradual impairment of the
usable capacity from the outset. There is no basis for estimating the
rate of sedimentation, since it would depend on the average sediment
load of streams entering the reservoir, the amount that would accumu-
late in the active zone of the reservoir, and the amount that would be
carried through or deposited in deeper parts of the reservoir below the
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level of drawdown during filling of the reservoir in spring months.
Allowance for sedimentation may depend on a somewhat arbitrary
provision of extra storage capacity at the outset, as a safety factor, or
on a provision for enlargement of the reservoir at some future time when
the rate of sedimentation can be estimated from reservoir surveys.

If storage capacity were created at the lake by drawdown through
a tunnel outlet or by combined drawdown and damming instead of
damming alone this would introduce another kind of sedimentation
(written communication, K. S. Soward, 1956). With reservoir levels
below the natural lake surface, inflow at the head of the lake would
erode the delta and start a new cycle of erosion in the channels up-
stream. A large amount of debris thus might be moved into the res-
ervoir in a relatively short time. It seems doubtful, however, that
such movement of material would seriously affect the useful life of
the reservoir. To some extent a balancing effect is introduced, as
the space formerly occupied by material carried into the lake at low
stages would be available for storage at higher stages.

Fine materials carried through the reservoir and power plant might
cause some wear or impairment of gates, waterways and turbines,
but the trouble probably would be relatively minor.

ICE EFFECTS

Winter temperatures at Bradley Lake, and along waterway and
transmission routes probably are lower than at Homer, but may not
be as low as at Kasilof where minimums of —40°F to —50°F have
been observed at times. However, structures such as pipelines and
transmission lines would have to be designed for a fairly severe winter
climate.

Ice would form on the surface of the reservoir during winter months,
which would be the period of drawdown. Spill probably would not
occur except in late summer of the wettest years after melting of the
ice, if storage for a high degree of regulation is provided. Control
of ice probably would have to be considered for protection of the dam
and intake structure. At the time of the spring break-up large
quantities of the ice accumulate at the downstream end of the lake
because of the prevailing downstream winds. Such accumulation
was observed early in July 1955.

WATER SUPPLY

TRIBUTARY TO BRADLEY LAKE

Continuous records of streamflow have been collected at the outlet
of Bradley Lake since October 1, 1957. The figures of monthly
runoff had about the same relationship to those of the Kasilof River
during each of the two water years ending September 30, 1958 and
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September 30, 1959. The relationship varies greatly in different
seasons of the year because of widely different conditions for natural
storage in the two basins but may be fairly stable from year to year.
The Bradley River runoff in percentage of the Kasilof River runoff
for the two years was as follows:

Water year Oct.. | Nov. | Dec. | Jan, | Feb, | Mar.| Apr. | May | June | July | Aug. | Sept.

1958 ol 11.3113.5| 6.0 6.8| 58| 57 {125 59.6|61.4|20.4|13.5 5.7
1959, . 791 7.2 7.1 80| 82| 7.8| 5.9|43.1]52.3]18.3)12.3 5.4
Mean....__._...____. 9.6 10.4| 6.6 7.4 70| 6.8 2.7 |51.4|568]|19.4|12.9 5.6

Continuous streamflow records have been collected on the Kasilof
River since July 1949. Estimates of the monthly runoff of the Bradley
River were computed from the recorded monthly runoff of the Kasilof
River by using the foregoing relationship, and are shown with the
two years of record in table 6. As shown in table 4 the mean annual
runoff for the period 1950-59 was 242 thousand acre-feet, which is
equivalent to a mean flow of 334 cfs. The runoff record for the
Kasilof River near Kasilof is listed in rounded figures in table 7.

TaBLE 6.—Monthly and annual runoff, in thousands of acre-feet, Bradley River
near Homer, Alaska

[Estimated October 1949 to September 1957; provisional records rounded to nearest thousand, October 1957
to September 1959]

Water Oct. | Nov.| Dee. | Jan. | Feb. | Mar.| Apr. | May | June | July | Aug. |Sept.| An-

year nual
1950 .. 24 13 4 3 2 2 4 21 40 45 52 23 233
1961 . 22 10 4 2 1 1 3 22 46 54 57 28 250
19520 .. 26 12 5 4 2 2 3 18 28 35 53 17 205
1988, .. 25 17 8 5 3 3 4 24 61 58 62 23 293
1954 _________ 22 11 4 2 1 1 3 22 47 42 51 20 226
1955 22 13 4 3 2 2 3 18 28 32 43 19 189
1956 . . ________. 17 7 2 1 1 1 3 24 34 29 50 22 191
1957 20 9 3 2 2 2 2] 20| 60 58| 22| 3b! 266
1958 .. 41 30 7 5 2 2 4 24 66 69 79 21 350
1959 14 6 4 2 1 1 2 19 49 48 48 18 212

Mean._...__. 23 13 4 3 2 2 3 21 46 47 55 23 242

The total estimated and recorded runoff of the Bradley River for
the 10-year period was 2,420 thousand acre-feet, or 840 inches. This
is approximately 14.0 percent of that of the Kasilof River for the
corresponding period, although the Bradley River drainage area is
only 7.3 percent of that of the Kasilof River. Half of the Kasilof
River basin lies below an altitude of a thousand feet in a rain shadow
northwest of the Kenai Mountains. The bulk of the runoff must
come from the upper half of the basin which extends up to altitudes
above 6,000 feet, and about half of which is covered by glaciers. It
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TaBLe 7.—Monthly and annual runoff, in thousands of acre-feet, Kasitlof
River near Kasilof, Alaska

[From published records, 1950-57; provisional records, 1953-59, rounded to thousands]

Water Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. {Sept.| An-

year nual
1950 - oo 255 | 125 62 46 31 33 39 41 70| 233 | 400 405 | 1,740
1951 230 98 55 33 20 18 27 43 &1 281 445 | 484 | 1,815
1952 ... 267 120 76 51 33 28 34 36 49 [ 178 407 206 | 1,575
1953 L __ 260 160 116 67 49 49 40 47 108 301 480 384 | 2,061
1954 . 224 104 55 34 21 17 26 43 83 216 394 337 | 1,554
1965 225 | 122 50 37 30 30 30 3t 50 165 | 331 331 | 1,435
1956 . 174 69 22 18 16 17 7 46 60 | 151 389 | 386 | 1,375
1967 C 204 86 45 28 22 20 25 38 106 | 298 | 407 | 624 | 1.9(9
1988 . 362 220 113 70 40 35 35 40 108 339 582 309 | 2,313
1959 182 85 52 25 17 1% 29 44 93 265 389 339 | 1,528
Mean._ ... 238 119 65 41 28 27 31 41 81 243 422 396 | 1,782

is to be expected from the proportionately larger area of glaciers in
the productive portion of the basin that snow carryover would have
a substantially greater equalizing effect in the Kasilof basin than in
the Bradley basin. The annual figures of runoff listed in tables 4 and
5 verify this expectation. The standard deviation of the Kasilof
River runoff is 16 percent of the mean compared with 20 percent for
the Bradley River; and the ranges are 54 percent and 64 percent
respectively.

The Bradley Lake basin is similar to the Snow River basin in
altitude, glacier cover, and location with respect to the Gulf of Alaska.
The Snow River basin is in the Kenai Mountains, about 75 miles
northeast of Bradley Lake, and drains into the upper end of Kenai
Lake. Estimates of its monthly runoff have been made by deducting
from the recorded runoff of the Kenai River the recorded runoff of
tributaries intermediate to the Snow River plus estimates for ungaged
areas. The runoff, 1950-59, thus estimated was 816 inches, or not
significantly different from the 840 inches estimated for the Bradley
River. The standard deviation of the annual figures of runoff,
1950-59, for both basins also is approximately the same, 20 percent
of the mean,

SUPPLEMENTAL WATER SUPPLY

The foregoing discussion has considered only the runoft from the
area tributary to Bradley Lake. The flow from Bradley Lake could
be appreciably increased by the diversion of the runoff from three ad-
jacent basins into the lake.

DIVERSION FROM UPPER NUKA RIVER

The Nuka River originates in a large glacier about 5 miles southeast
of Bradley Lake, and flows southward into an arm of the Gulf of
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Alaska. Some drainage from the glacier also flows northward into
the Bradley Lake basin. The glacier extends from its highest point
at a ridge 4 miles to the southwest and terminates at the edge of a
wide valley, at the place where there is a low divide between the Nuka
River and Bradley Lake basins. The topography in this regioi is
shown 'with a 10-foot contour interval on the published map of
Bradley River and Bradley Lake. Diversion of all of the glacier
drainage into Bradley Lake basin could be accomplished by construc-
tion of a short dike across the Nuka River channel, at a channel
altitude of about 1,285 feet, and by excavation of a channel for a
distance of about 2,000 feet to the north, largely or entirely through
deposits of glacial debris. The highest ground along this route is
just a little above an altitude of 1,300 feet. Construction equipment
probably would have to be conveyed by barge from the lower to the
upper end of Bradley Lake.

Maintenance of the diversion works probably would not be dif-
ficult under normal conditions. Intense, warm rainfall on the glacier
conceivably might scour quantities of ice into the channel and cause
temporary damming and damage, but this possibility seems unlikely.
The surface of the glacier is fairly clean, so that abnormal quantities
of debris are not to be expected. Tt appears that the only possibility
for major trouble might be an advance of the glacier across the valley,
such as might occur after a substantial and prolonged change in
climatic conditions.

During the river survey, at about the end of August 1955, the flow
of Nuka River at this place was estimated as several hundred cubic
feet per second, and it appeared to be several times greater than the
amount that drains toward Bradley Lake from the same glacier. It
seems likely, therefore, that much of the runoff from the entire glacier
region flows in channels under the glacier into the Nuka River, instead
of dividing in accordance with the surface boundaries of the drainage
basins. If that is the case, the increase in water supply by diversion
of the upper Nuka River into Bradley Lake would be proportionately
greater than the increase in the apparent drainage area would indicate,
particularly since the glacier extends back to one of the highest and
probably one of the wettest parts of the region.

DIVERSION FROM BRADLEY RIVER TRIBUTARY

Water from a tributary of the Bradley River could be diverted
from that stream at a point about a mile north of Bradley Lake, into
the nearby drainage area of another stream which flows directly into
Bradley Lake. This diversion would tap a basin of 10.2 square miles,
and increase the water supply perhaps 20 percent over that directly
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tributary to the lake. The topography of the diversion area is shown
in detail on the published map of Bradley River and Bradley Lake.

A diversion from the stream could be made at an altitude of about
2,180 or 2,190 feet, by means of a conduit or an excavated channel
along the hillside to a point about 500 feet to the southwest. A small
diversion dam at a channel altitude of about 2,180 feet would be
required. A dike or training wall also would be required at a point
800 feet southwest of the creek, on a divide between the creek and lake
basins.

It is estimated that the maximum discharge at the diversion point
generally would be in the order of magnitude of 500 cfs or less, but
that extreme discharges of several times that amount might occur.
This possibility should be taken into account in the design of the di-
version works. At the time of the survey, July 25, 1955, the flow was
estimated to be at least 200 cfs, and it was noted that there was a
fairly heavyload of dark sediment, similar to that of the Nuka River.

One of the major costs of construction might be for transport of
equipment and materials to the site. The hillside north of Bradley
Lake extends up to an altitude of 1,900 feet on a slope of about 1 in 2.

DIVERSION FROM BATTLE CREEK

Some water from the headwaters of Battle Creek in a region ex-
tending 2 miles south of the outlet of Bradley Lake could be diverted
northward to the lake. Several diversion dams and conduits, and a
short tunnel through the divide just south of Bradley Lake outlet,
would be required for this purpose. The drainage area that could be
tapped in this way is roughly 10 square miles, including 3 square miles
of glacier area. The amount of required construction can be judged
only roughly from the topography shown on the quadrangle maps, but
the scheme appears to be relatively complicated, and perhaps of
marginal feasibility. Potential water supplies from this source were
not considered in the power estimates of this report.

The diversions from the upper Nuka River and the Bradley Lake
tributary would increase the drainage area tributary to the lake from
54 to 68 square miles or an increase of 26 percent. Assuming that
this additional area would have the same runoff characteristics as the
area directly tributary to the lake, the mean annual discharge would
be increased from 334 cfs to 421 cfs.

STREAM REGULATION

In the two years for which runoff records are available the runoff
of the Bradley River was largely concentrated in the six-month period,
May to October, about 90 percent of the total occurring then. This
seasonal distribution is closely similar to that found in a number of
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basins in Alaska at similar altitude for which records are available.

Since a demand for industrial or municipal power would be fairly
uniform, the power possibilities of the Bradley Lake site were esti-
mated only on the basis of regulated flow. It was judged from char-
acteristics of the reservoir site that it would be impracticable to pro-
vide enough storage capacity for substantially complete control of
the.runoff, and that the maximum to be considered probably would
be for control of 90 percent of the runoff during the past 40 years.
This would correspond approximately to complete control during the
relatively dry period, 1950-59.

The amount of storage capacity required during this period was
computed by first estimating the monthly runoff of the Bradley
River from the recorded runoff of the Kasilof River, 1950-57, and the
average relationships that existed between the two streams during
the period of overlapping records, 1958 and 1959. Reservoir opera-
tion schedules then were computed for the 10 years of estimates and
records. A storage capacity equal to about 93 percent of the esti-
mated mean annual runoff of the past 40 years would have been re-
quired for 90 percent utilization on a schedule of uniform monthly
releases. This is about twice as much storage as for a corresponding
degree of control in southeastern Alaska. The difference evidently
is due to the greater variability of annual precipitation and runoff on
the Kenai Peninsula. During the period 1950-59 annual indices of
wetness for the Seward-Homer area had a range of —43 to -+49 per-
cent and a standard deviation of 27 percent, whereas the annual
precipitation recorded at Juneau in southeastern Alaska had a range
of —23 to 421 percent and a standard deviation of only 15 percent
during the same period.

RESERVOIR SITES

Bradley Lake provides a favorable opportunity for the development
of the required storage for adequate stream regulation. It is 3%
miles from tidewater at the head of Kachemak Bay, at an altitude
of 1,090 feet, and is the only place in the region that is suitable for
development of a substantial amount of storage capacity. The lake
is about 3 miles long in an east-west direction, and has a surface area
of 1,566 acres. Except at the upper end, it is bounded by steep,
rocky slopes which generally extend underwater for about 200 feet.
The valley for a mile and a half upstream from the lake has a compar-
atively flat gradient and is filled with glacial deposits, terminating in
a delta about a mile wide. Tributary valleys from Kachemak Gla-
cier to the east, and [rom the divide between the Bradley Lake and
Nuka River to the south, join the wide valley about a mile above the
lake. A considerable part of the potential storage capacity of the
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site is in the wide valleys upstream from the lake, since they have a
relatively flat transverse profile.

Bradlev Lake is drained by the Bradley River, which flows north-
ward three miles through a very rugged canyon down to an alittude
near tidewater in the flat area above the head of Kachemak Bay.
The channel at the lake outlet is about 150 feet wide, divided by a
small rock island near the center.

The sides of the Bradley River canyon near the lake outlet are
topographically suitable as abutments for a dam to an altitude of
about 1,200 feet, or 110 feet above the lake surface. However, there
is a saddle northeast of the right abutment, at an altitude a little
above 1,150 feet, and another saddle west of the left abutment, at an
altitude a little above 1,170 feet. Dams would be required in these
saddles for reservoir flow lines above their controlling altitudes.

At a lake stage of 1,090 feet, the river drops only a foot in a dis-
tance of 300 feet below the island, and the canyon widens abruptly
about 400 feet downstream from the island.

Soward ? found that rock in the foundation and both abutments
is mainly of massive graywacke, and is of good quality for a dam
site. In the saddle area, northeast of the right abutment, this
rock may be at considerable depth under a cover of gravel and talus.

The topography near the lake outlet also appears to be reasonably
favorable for development of storage capacity by tapping the lake
with a tunnel outlet and drawing it down to a depth as low as 965
feet or 125 feet below its natural surface. A study of the underwater
contours shows that 965 feet is about the lowest altitude to which the
lake can be drawn down. A considerable amount of capacity thus
could be obtained by damming the lake outlet, by drawdown, or by a
combination of the two methods. The potential capacities and
corresponding surface areas are listed in table 8.

TABLE 8.—Area and capacity of Bradley Lake reservoir site

Capacity (acre-feet) Capacity (acre-feet)
Altitude Area Altitude Area
(feet) (acres) (feet) (acres)
Below lake | Above lake Below lake | Above lake
surface surface surface surface
960______ 1,050 | 169,000 | _ ___ 1,100____| 1,990 |_________ 17, 800
980. ____. 1,140 | 147,000 |________ 1,120___._| 2,460 |.________ 62, 300
1,000____1 1,220 | 123,000 |_._.______ 1,140___ | 2,950 |__.______ 116, 000
1,020____| 1,290 97,900 | _____ 1,160___ | 3,340 |_________ 179, 000
1,040____| 1,340 71,600 {________ 1,180____| 3, 660 _| 249, 000
1,060__._| 1,410 44,100 |.____._._ 1,200____| 4,010 326, 000
1,080____| 1, 480 15,200 |________ 1,220____| 4,300 409, 000
1,090t 1,570 |___._____ 0 1,240____| 4,600 |- _______ 498, 000

1 Lake surface
2 Report in preparation, 1961.
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The power possibilities of Bradley Lake were considered for two
degrees of regulation that would provide for about 90 percent and
80 percent utilization, respectively, of the long-term mean discharge.
They were estimated on the assumption that runoff from 64 square
miles of drainage area or a mean discharge of 461 cfs could be available
for regulation. For a controlled flow of 421 cfs, equal to the esti~
mated mean for the period, 1950-59, or roughly 90 percent of the
long-term mean, 300,000 acre-feet of capacity would be required.
This could be provided by a dam at the lake outlet raising the lake
level 104 feet to an altitude of 1,194 feet. A storage capacity of
171,000 acre-feet would have been required for 80 percent utilization
and this could be provided by raising the lake surface 68 feet to an
altitude of 1,194 feet.

The width across the river canyon at an altitude of 1,194 feet is
375 feet and at an altitude of 1,150 feet it is 275 feet. Storage to
the higher level would necessitate construction of two saddle dams;
one about 700 feet west of the left abutment, and the other 300 feet
northeast of the right abutment. Soward?® estimated that rock
under the first saddle probably is at an altitude of 1,165 to 1,170 feet
beneath 10 to 15 feet of fill; and that it may be at an altitude of 1,100
to 1,120 feet under 30 to 50 feet of fill at the saddle near the right
abutment. The widths of the saddles at an altitude of 1,194 feet are
80 feet and 240 feet respectively. An auxiliary dam or core wall
probably would be required at the right-bank saddle to seal this for
storage to an altitude of 1,150 feet.

Development of storage by damming alone would have the con-
siderable advantage of leaving the entire underwater capacity of the
lake in dead storage to serve as a sediment catchment, and also the
advantage that it would not result in a change in stream regimen
upstream from the reservoir. It would also provide a greater head
for power development.

The underwater topography is reasonably favorable for develop-
ment of storage by a tunnel outlet for drawdown to an altitude of
about 960 feet. This would necessitate tapping the lake at a point
about 700 feet southeastward from the lake outlet. The nature of
the lake bottom could not be judged closely from soundings at the
time of the 1955 survey, and the water was too murky for visual
examination. The possibility of development by drawdown alone, or
by combined drawdown and damming may be seriously considered
if further investigations show that conditions for dam construction
are unfavorable.

The maximum discharge recorded at Bradley Lake during the two
years of record was 3,470 cfs, August 13, 1958. This occurred at a
time of general rainfall on the Kenai Peninsula and evidently was

3 Report in preparation, 1961.
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due both to rain runoff and snow melt. The discharge was equivalent
to 64 cfs per square mile—not an unusually high rate. If a dam were
constructed at Bradley Lake a spillway capacity at least five times
that amount probably would be considered.

POWER DEVELOPMENT SCHEMES

The development of power from Bradley Lake can be accomplished
by either of two general plans, both of which would utilize the lake
as a reservoir to regulate the flow.. In one plan the entire head from
Bradley Lake to tidewater would be developed in one stage with the
powerhouse at one of several possible locations near the shore of
Kachemak Bay. In the other plan the head would be developed in
two stages with one powerhouse at mile 8.2 on the river and the second
powerhouse near mile 5.0 on the river. Water would be conveyed
from the lake to the powerhouse at mile 8.2. The flow from this
powerhouse would be diverted by a dam on the river at mile 6.7 and
conveyed to a powerhouse near mile 5.0.

In the mile and a half reach downstream from the above mentioned
powerhouse site, mile 8.2 to 6.7, the river drops only about 75 feet, or
to an altitute of about 525 feet; and from mile 6.7 to 5.5 it drops 500
feet or to an altitude of 25 feet.

SINGLE-STAGE DEVELOPMENT

Water could be conveyed from the Bradley Lake reservoir almost
due west about 3.7 miles, by way of tunnels, pipes and a penstock to
a powerhouse on Battle Creek near Kachemak Bay. This is a route
suggested in the reconnaissance report of the Corps of Engineers
(called Route “A”). Alternative pipeline and tunnel routes to the
same powerhouse site and to a possible site on lower Bradley River
also were discussed. Conveyance Route “B’” of that report include
a 4,000-foot tunnel leading to the southwest from the reservoir into
the upper Battle Creek drainage. Water would be conveyed thence
by pipe and penstock roughly 4 miles along the hillside north and east
of Battle Creek, to the powerhouse site on lower Battle Creek.
(See fig. 5)

Conditions for tunnel construction along the general routes west-
ward or southwestward from Bradley Lake were described by Soward.*
Conditions along alternative Toutes to the northwest of Bradley
Lake, leading to a powerhouse site on lower Bradley River also
were discussed. Routes to the northwest could be followed by
various combinations of tunnels and pipes. One possibility would
involve about 2.2 miles of tunnel and 1.0 mile of pipe and penstock,
with a total length of 3.2 miles. This is the shortest of several
routes under consideration. It was found that a tunnel along this

4 Report in preparation, 1961.
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route probably would cross one large fault, and that a tunnel along
Route “A” of the Corps of Engineers report westward to the Battle
Creek site probably would cross two large faults, and encounter
massive graywacke, chert beds, and interbedded graywacke and
chert beds. Routes to the northwest would be in similar rock forma-
tions. A tunnel southwestward from the lake, as in Route “B" of
the Corps of Engineers report, would be in massive graywacke for
its entire length.

The lengths of the waterways to the west or northwest were meas-
ured from the damsite at the outlet of Bradley Lake. If storage
capacity were developed there by drawdown of the lake surface, or
by combined damming and drawdown, it would be necessary to
locate the tunnel intake in the lake at a point as much as 700 feet
southeastward from the lake outlet. However, drawdown of at
least 100 feet could be obtained with underwater diversion only 200
feet from the left bank at the lake outlet.

TWO-STAGE DEVELOPMENT

Bradley River drops to an altitude of 600 feet at a point about
1.2 miles northwest of the lake outlet. Routes to this site have not
been investigated closely in the field, but it may be found possible to
convey water by way of a tunnel about 1.3 miles along the west side
of the river, and thence by a short penstock to the powerhouse on the
left bank of the river. The tunnel route would cross a sharp ravine,
considered by Soward ° to be in a probable fault zone. The tunnel
could be terminated at this point, about a mile from the lake, and
a penstock placed down the ravine to the powerhouse, but condi-
tions for anchoring the penstock and protecting it from possible snow
or rock slides may be unfavorable. Investigation may show that
a somewhat longer tunnel route along the east side of the river would
be preferable. 1In either event the powerhouse would be located at
mile 8.2 on the Bradley River. In view of the extremely rugged
terrain it might be advisable to place the generating equipment in
a cave excavated in the canyon wall rather than in the more con-
ventional powerhouse in the open.

The topography at mile 6.7 and immediate vicinity is suitable
for building a diversion dam to a crest altitude of at least 580 feet,
and at this level the width of the canyon is 150 feet. The altitude
of the river surface at this site is about 525 feet. A possible by-pass
area in a saddle 2,000 feet northeast of the damsite might be a control-
ling feature. The saddle is at an altitude of about 600 feet, and
foundation conditions for an auxiliary dam are unfavorable. For
power estimates of this report it is assumed that only a low dam on

5 Report in preparation, 1961.
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the Bradley River at mile 6.7, with a crest at an altitude of about
550 feet may be considered.

Water from the diversion dam could be conveyed to the northwest
about 3,600 feet by tunnel, and thence to a powerhouse at the point
where Bradley River emerges from its canyon; a distance of about
2,400 feet by penstock. This site is near mile 5.0 on the river, where
the water surface is at an altitude of about 10 feet.

The conditions at the damsite, in the saddle area, and along the
conduit route were discussed by Soward.®

Access to the upper powerhouse site would be difficult because of
the rugged terrain, and it might be necessary to use a tramway or
cableway from high ground for access down into the canyon. Access
to the diversion damsite at mile 6.7 also would be difficult, although
a road probably could ‘be constructed to a point near the river about
2,000 feet downstream.

The two foregoing sites are described because they afford a means of
developing the bulk of the potential power of the Bradley Lake site
in two stages, of roughly equal size. Although the capital cost and
operation costs for two plants probably would be greater than the
costs for a single-stage development, it is conceivable that a market
for all of the power may not be found in the near future. If a lesser
development should prove to be economically feasible, and if a demand
should develop for only about half of the total power at the outset,
the possibility would be worth considering.

The waterway lengths for each of the two plants are less than
half the length required for single-stage development, the overall
length of tunnels and penstocks being about 2.5 miles. Storage
requirements would be the same, but powerhouse and equipment
costs per kilowatt of capacity would be increased because of the
smaller installations and lower heads.

POTENTIAL POWER

The potential power, and related data, is shown in table 9 for the
single-stage and two-stage plan of development. For the single stage
plan two possibilities are shown, one with all of the storage developed
above the normal lake level, and one with a combination of dam and
drawdown. In the latter case half of the storage would be above and
half below the normal lake level.

In the two-stage plan the data shown for stage one is for storage
above the normal lake level. If a combination of dam and drawdown
were used the head and resulting power would be decreased 8 percent
and 5 percent, respectively for 90 percent and 80 percent degrees of
regulation. The head and resulting power for stage two would be

6 Report in preparation, 1961.
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the same regardless of which plan is followed for the development
of storage.

The power as shown in table 9 was computed from the formula P=
0.068QH in which P=power in kilowatts; @, flow in cubic feet per
second; and H, head in feet. This formula assumes an overall effi-
ciency of 80 percent

TaBLE 9.—Estimated potential power and related data for Bradley Lake and Bradley
River power siles.

Single-stage development—Storage Two-stage development
Combination of
Dam only dam and Stage 1 2 Stage 23
drawdown !

Height of dam (feet).__._..____ 4104 468 461 140 4104 168 525 525
Storage capacity (acre-feet)____| 300,000 | 171,000 | 300,000 | 171,000 | 300,000 | 171,000 (%) ®)
Altitude of reservoir (feet):

Maximum_._________._.___ 1,194 | 1,158 1,151 1,130 ( 1,194 | 1,158 | (8 1G)

Minimum.____ - 1,090 1,090 976 1,029 1,090 1,090 |ooooofeeio-
Mean head (feet) 1,131 1,110 1, 070 1,670 551 530 540 540
Controlled flow

Percent of mean_____.______ 90 80 90 80 90 S0 90 80

Flowinefs.._...___ - 421 375 421 375 421 375 421 375
Continuous power (kw)_______ 32,400 | 28,300 | 306,600 | 27,300 | 15,800 | 13,500 { 15,500 [ 13,800

1 Storage capacity half above and half below normal lake level

2 Power plant near mile 8.2 on Bradley River with diversion from lake

3 Power plant near mile 5.0 on Bradley River with diversion by dam at mile 6.7

4 Above normal lake surface

5 Above river surface

8 Stage 2 would follow stage 1 and would utilize the same storage and flow as stage 1.
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WATERPOWER RESOURCES IN TRASK RIVER BASIN,
OREGON

By L. L. Youna

ABSTRACT

The Trask River originates in the Oregon Coast Range about 35 miles west of
Portland and empties into Tillamook Bay at Tillamook, Oreg. The drainage
basin is mountainous and sparsely settled. The runoff is derived principally
from rainfall that occurs in a seasonal pattern, which results in 77 percent of the
total annual discharge occurring in a 5-month period during the winter and
early spring months. The available storage sites are not adequate to regulate
completely the high winter flows or store the water for summer use.

The potential power is estimated by considering an illustrative plan including
five sites. Powerplants at these sites could have generated 14,000 kilowatts of
power continuously during the period 1938-52, or a minimum of 41,000 kilowatts
from November 1 to March 31 each year during the period. At average dis-
charge and total head the potential power of these sites would be 34,000 kilowatts.

A pumped-storage addition to one of the sites could produced a peaking poten-
tial of 68,000 kilowatts.

The Trask River could be diverted to the Tualatin River basin for municipal
purposes and irrigation and still permit some power production. About one-
third of the water now passing the gage near Tillamook could be diverted through
or pumped over a ridge between the Middle Fork North Fork Trask River and
the Tualatin River. The potential power of a diversion by gravity at an al-
titude of 800 feet is about 3,000 kilowatts continuous. By pumping the water
700 feet into a higher level canal and diverting it over the divide at an altitude
of 1,500 feet, a considerable block of peaking power could be made available.

INTRODUCTION
PURPOSE AND SCOPE

The purpose of this report is to evaluate the waterpower potential
of the Trask River basin. The basic data for the report are topo-
graphic quadrangles covering the basin, a special map of the river;
large-scale damsite maps, geologic reports on the damsites, and stream-
flow records. The above data were all gathered by the Geological
Survey. In addition to these, use was made of the precipitation and

B1
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evaporation records of the U.S. Weather Bureau and of the isohyetal
map prepared by the Corps of Engineers, U.S. Army, for western
Oregon.

Up to the present there has been little thought given to the possibili-
ties of developing power on the Trask River. However, many of the
more economical projects of the Columbia River basin have now re-
ceived rather extensive studies and attention will shift to other sites.
As the Columbia basin is developed the need for power to firm the
system will also become greater. The Trask River could make a
modest contribution in this respect. The Tillamook County Public
Utilities District has filed an application with the Federal Power
Commission (Federal Power Project No. 2274) for a power project on
the Trask River and has also considered development of waterpower
on the Nehalem River.

Any power development will require adequate provision for fish
passage, road relocation, and reimbursement to land owners for dam-
ages resulting from inundation. Opposition to power development
is lessened by improved methods of getting fish over dams and other-
wise protecting them from harm by project works, added recreational
benefits afforded by the new lakes, construction of new and better
roads in the vicinity of power projects, and more adequate compensa-
tion to dislodged property owners.

The potential power of the river is estimated by considering a series
of possible developments entirely within the basin, and an alternative
plan is discussed in which its water could be diverted to the Tualatin
River by gravity or by pumping.

PREVIOUS INVESTIGATIONS

Jones (1924) and Helland (1953), Engineers of the U.S. Geological
Survey, have made investigations that included the Trask River.

The engineering firm of Cornell, Howland, Hayes, and Merryfield,
of Corvallis, Oreg., recently prepared a report for the Tillamook
County Public Utilities District entitled “Report of Reconnaissance
Study of Hydroelectric Development of Trask River, June 1959.”

MAPS RELATING TO THE AREA

A map of the Trask River was made and published by the U.S.
Geological Survey (1955). This map was supplemented by the map-
ping of four damsites, resulting maps of which are in preparation for
publication. Geologic examinations have been made of the following
damsites and the results included in this report. The first four were
examined by R. G. Wayland and the fifth by D. L. Gaskill.
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Site Stream Location
Clear Creek ______________ North Fork____________ Sec. 24, T.1 8, R. T W.
Keyhole _________________ ____ A0 . Sec. 27, T.1 8., R. 7 W.
Bark Shanty _____________ ____ A0 __ Sec, 29, T.1 8, R. 7T W.
Hollywood _______________ South Fork____________ Sec. 6, T.2 8, R.7TW.
Ginger Peak_____________ Trask River___________ See. 29, T.1 S, R. 8 W.

The Blaine, Enright, Fairdale, Nehalem, Tillamook, and Timber
topographic quadrangles, completed in 1955, scale 1: 62,500, cover the
entire basin.

GENERAL DESCRIPTION OF THE BASIN
PHYSICAL CHARACTERISTICS

The Trask River drains an area of about 170 square miles of moun-
tainous timberland in northwestern Oregon. Most of the basin is
within Tillamook County; minor portions are in Washington and
Yambhill Counties. It heads in the Oregon Coast Range about 35
air miles west of Portland in mountains more than 2,000 feet high.
Its course is almost west to its mouth at Tillamook on Tillamook Bay.
It is one of five rivers entering the bay. The name is for an early
settler and leader in Tillamook County, Elbridge Trask. The mouth
of the bay is about 5 miles northwest of Tillamook and about 65 air
miles west of Portland. The basin in outlined by a dashed line on
figure 1.

The Trask River basin is bounded on the north by the Wilson River
basin, on the east by the Tualatin and Yamhill River basins, on the
south by the Nestucca River basin, and on the southwest by the Tilla-
mook River basin.

The Trask and Wilson Rivers flow in the large Tillamook Valley for
about 5miles. The divide between them rises abruptly there to an alti-
tude of 2,000 feet. On its eastern end this divide is above 3,000 feet.
Hembre Rldge is 3,409 feet, an unnamed peak is 3,535 feet, and Saddle
Mountain is 3,461 feet in altitude. The Tualatin and Yamhill basins
are separated from the Trask by a north-south ridge, having peaks of
3,170, 2,941, 2,371, 3,423, and 2,878 feet in altitude. The lowest pass
on thls rldge 18 about 1,550 feet in altitude. The ridge dividing Trask
and Nestucca River dramwge is almost as high. Its peaks are 2,913,
2,700, 2,500, and 3,012 feet in altitude; the last is that of Grindstone
Mountain. The highest peak on the divide between the Trask and
Tillamook Rivers is Edwards Butte, 3,168 feet in altitude. Eleva-
tions on this ridge decrease rapidly from that point to the Tillamook

Valley.
ECONOMICS

Tillamook 1is the only town within the basin. It had an estimated
population of 4,261 (Oregon State Board of Census, 1960) July 1,
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1960, which was an increase of 15.6 percent over the 1950 population.
There has been an increase of only 2 percent since 1950 in the popula-
tion of Tillamook County. The 1960 population was 18,969, whereas
in 1950 it was 18,606. Although most of the county is outside the
basin, waterpower developed on the Trask River would benefit the
whole county.

Captain Robert Gray sailed the Washington into Tillamook Bay in
1778 (Orcutt, 1951) 4 years before his discovery of the Columbia.
Clark of Lewis and Clark visited the Tillamook coastal areas in 1806
(Orcutt, 1951). The first white settler, Joe Champion, arrived in
1851; and although he stayed only for the one summer season, others
came and white settlement has been continuous.

For a great many years the only transportation link with civiliza-
tion was the sea. The Tillamook Bay bar was exceptionally treach-
erous, however, and although some ships were built at Tillamook,
transportation difficulties retarded economic growth.

The Trask River toll road between Yamhill in the Willamette
Valley and Tillamook was established in 1871. This was the first
wagon road to cross the Coast Range within Tillamook County.
Mail and freight were carried over the road until 1911 when the rail-
road now owned by Southern Pacific was completed between Port-
land and Tillamook.

A surfaced highway now follows the river from Tillamook to the
Trask guard station at the junction of the North and South Forks.
Secondary roads cover the remaining reaches of stream and branch
into the mountains to atford access to timber and for fire protection.
There is no highway between Portland and the coast within the Trask
basin. Oregon Route 6 crosses Tillamook valley and is within the
basin for about 4 miles. U.S. Highway 101 along the Oregon coast
passes through Tillamook.

The large valley around Tillamook Bay furnishes excellent farm
and pasture land, and the early settlers were soon raising cattle and
milking cows. The cattle were driven to market, and the dairy prod-
ucts were shipped as best they could be. Cheese became an important

product because it is the least perishable of the conventional dairy
~ products. The cheese industry makes a very substantial contribution
to the present economy of the area.

The pioneers found the Trask basin covered by a dense forest of
cedar, hemlock, fir, and spruce. Active exploitation of these abun-
dant timber resources together with those of other basins brought a
great number of people to the area. The period of growth began
about 1890 and ended in 1933, the date of the great Tillamook burn.
The burn devastated 140 of the 170 square-mile Trask River basin.

679-274 0—63—2
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Lumbering has been and probably will continue to be one of the
principal industries. However, there is no longer sufficient timber
to maintain former rates of exploitation. The burn caused immense
tax losses to the county and a large part of the burnt area has been
taken over by the State and Federal governments for reseeding.
Subsequent. burns in 1939 and 1945 which covered virtually the same
area, have removed all possibilities of reforestation by natural reseed-
ing. Reseeding by other methods is being done by land owners, State
and Federal agencies, and citizen organizations.

Tourists, vacationers, and fishermen come to the area in ever-
increasing numbers from year to year, and the basin has good possi-
bilities for additional development of outdoor recreational activities.
The river is fished for trout, steelhead, and salmon. If dams are con-
structed on the river, facilities for fish passage should be included.
The new reservoirs would enhance the present recreational values.

WATER SUPPLY

PRECIPITATION

The U.S. Weather Bureau has records of precipitation at Tillamook
for 42 years. Stations of the Bureau outside the basin at Seastde,
Astoria, and Vernonia maintain precipitation records, which are in-
dices of precipitation for the general area. The Corps of Engineers,
U.S. Army, has prepared an isohyetal map of western Oregon that in-
cludes the Trask basin. An isohyetal map for the Trask basin was pre-
pared by adapting data from the above sources to conform closely to
the topography as shown on 1:62,500 scale quadrangles. The new
map was used in estimating runoff by measuring areas between the
several isohyets for the various drainage basin units. The approxi-
mate isohiyets are shown in figure 1. The rainfall averages determined
range from a minimum of about 90 inches on the coast and in the ex-
treme eastern part of the basin to more than 130 inches on the higher
mountain peaks. Throughout the basin precipitation has the usual
coastal distribution, heavy in the fall and winter and lighter in the
spring and summer.

RUNOFF

The average discharge of the Trask River from 1931 to 1955 was
982 cfs at a station 6 miles east of Tillamook, where the drainage
area is 143 square miles. This is equivalent to 710,900 acre-feet
annually.

A detailed analysis was made of the records for water years 1938
through 1952. For that period average discharge was 942 cfs, 40 cfs
less than for the entire period of records. The lower yield 15-year
period 1938 through 1952 is used in the computations for this report.
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The difference between the determined precipitation and runoff depths
for the drainage area above the gage was about 26 inches. Runoff
amounts were determined for the subareas by subtracting 26 inches
from annual precipitation depths determined in the previous section.
The loss probably varies throughout the basin, but lack of discharge
measurements makes refinement impractical.

Table 1 shows the rainfall and runoff estimates for the river at
the damsites studied.

TABLE 1.—Area and estimated precipitation and runoff at selected sites in Trask
River basin

Estimated | Estimated | Estimated

Drainage precipi- average annual Percent

Damsite, gage or basin area tation discharge runoff 1 of runoff

(sq mi) (inches) (cfs per (acre-feet) at gage

sq mi)

Camp Five? ______________ 9 o8| 536, 35000 51
Clear Creek_ ______________. 53 117 6. 69 257, 000 37.7
Keyhole___ _________________ 57 117 6. 71 277, 000 40. 6
Bark Shanty________________ 75 118 6. 77 368, 000 54. 0
Hollywood . - _ - ____.________ 49 115 6. 56 233, 000 34.2
Ginger Peak________________ 140 116 6.63 | 672, 000 98. 5
Gaging station_.____________ 143 116 3 6. 59 | 3682, 000 100. 0
Mouth_____________________ 170 114 6. 48 798, 000 117. 0

L Allows a difference of 26 in. between precipitation and runoff.
2 Possible site for diversion to Tualatin River by gravity.
3 Average for 1938-52.

A flow duration analysis (fig. 2) for the water years 1938 through
1952 shows Q95,* 79 efs (0.55 cfs per sq mi); Q50, 490 cfs (3.43 cfs
per sq mi); and Qmean, 942 cfs (6.59 cfs per sq mi). There is a
pronounced seasonal variation in runoff corresponding to the seasonal
variation in precipitation. The runoff is greatest during the period
November through March and least during the period of July through
September. The average monthly discharge, in cubic feet per second
and the percentages of the average annual runoff for the Trask River
at the gage are shown below.

cubic feet | Percent of cubic feet | Percent of

Month per second average Month per second | average

annual annual
October . _ _.______ 489 4.40 || April ____________ 865 7. 54
November_ _______ 1532 13.36 || May_ . _________ 521 4. 69
December. . . _____ 2148 19.36 || June_ _____._.____ 283 2. 47
Januvary._ _________ 1640 15,13 || July.__ .- __.__ 160 1. 44
February.________ 2069 16. 98 || August___________ 102 .91
March___________ 1399 12. 60 || September________ 129 1.12

1 Discharge in cubic feet per second. Q95 =discharge equaled or exceeded 95% of the
time.
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The runoff pattern shown by this tabulation and by figure 2, which
shows accumulated flows and flow duration, was used throughout the
basin.

REGULATION AND STORAGE SITES

The distribution of annual runoff is such that reservoirs are neces-
sary to regulate the flow by reducing the high winter runoff and in-
creasing low summer flows. There are no reservoirs in the basin, but
there are several sites topographically suitable for reservoirs. Costs
of land acquisition and forest road relocations should be relatively
moderate. The necessity for fish protection might tend to limit the
development of reservoirs. It should be noted that rather high and
massive dams will be required to create reservoirs with only relatively
small storage capacities.

To find the storage requirements of the sites, the estimated total
water yield at each damsite was distributed over the 15-year period
studied by adapting the mass diagram and accumulated second-foot-
day table for the gage to the particular site under consideration. In
other words, the gaging-station records provide the pattern for dis-
tributing the runoff estimates made in the previous section throughout
the year.

Estimates of evaporation losses were made from Weather Bureau
records of evaporation rates in Oregon. An annual loss of 30 inches,
of which 27 inches occurs between April 1 and October 31 and 3 inches
between November 1 and March 31, was used.

The estimated monthly evaporation losses for the Trask River basin
are as follows:

Month Evaporation Month Evaporation
(inches) (inches)
January ... ___________ 0.3 5.6
February .5 51
Mareh__________ .8 3.8
April.________ 2.5 1.5
May_ . ________ 4.0 1.0
June____________________ 4.5 .4

The surface area of the reservoirs when they contained one-half their
usable capacities was used to determine the evaporation loss for yearly,
winter, and summer periods. An additional allowance equal to 5 cfs
plus one-fifth the annual evaporation loss rate was made for leakage
and other unmeasurable losses. The total loss was rounded to the
nearest 5 cfs. Using this method, all losses are rounded to 10 cfs
except those for Ginger Peak, which are 15 cfs for the annual and
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summer periods and 10 cfs for the winter months. During reservoir-
filling periods or during times when diversions from the basin were
being made, a conservation release equal to the flow at the sites 95
percent of the time rounded to the nearest 5 cfs or 50 cfs, whichever
is smaller, has been allowed.

Five reservoir sites are considered in this report; three on the North
Fork Trask River, one on the South Fork Trask River, and one on
the Trask River. Their locations on the river are shown in figures
1 and 3.

GEOLOGY

By R. G. WAYLAND

All damsites described in this report are in a series of volcanic
rocks of Eocene age described by Warren, Norbisrath and Grivetti
(1945, 1946) as the Tillamook volcanic series. Recent geologic map-
ping on a regional scale (Wells and Peck, 1961) has resulted in a
tentative differentiation within the Tillamook series in the Trask
River area. West of the forks at the Trask Guard Station, the dark-
greenish-gray aphanitic to porphyritic basalt flows and flow breccias
described here in the contribution by Gaskill on the Ginger Peak dam-
site would be an older series to be correlated with the Siletz River
volcanic series of early Kocene age (Snavely and Baldwin, 1948;
Baldwin, 1959). East of the forks, the upper part of the Tillamook
series consists of some of the same type of basaltic rocks; but it also
includes andesitic flows (or sills?) and interbedded dark-gray
tuffaceous shale, siltstone, and thin-bedded sandstone. This upper
part of the Tillamook series is now tentatively correlated with the
Nestucca Formation (Snavely and Vokes, 1949) of late Focene age,
and may also include equivalents of the Yamhill Formation (Baldwin
and others, 1955), of Eocene age.

The petrographic descrlptlon by Snavely and Baldwm (1948) for
the Siletz River volcanic series farther south seems to describe the
basaltic flows and flow breccias of the upper Trask River so well that
it is abstracted here:

The predominant rock in the flows is a dark-greenish-gray aphanitic to
porphyritic basalt. Rectangular phenocrysts of plagioclase and equant to
rounded phenocrysts of augite are visible in hand samples. Vesicular and
amygdaloidal basalts are common, with the amygdules composed of radiating
zeolites and calcite. Unaltered basalt is rare, and locally chloritization is so
advanced that a green-stone has resulted. Typical pillow structure is common
through the series, individual pillows averaging 3 feet in diameter. Columnar
joints which radiate from the center of the essentially ellipsoidal pillows can
be seen in most exposures. Flow breccia is not rare, and is probably the result
of autobrecciation by steam explosion which accompanies submarine extrusion.
Sporadic pillows are found in many of the flow breccias, testifying to their sub-
aqueous origin.
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Microscopic study shows that the basalt is holocrystalline to hemicrystalline
with porphyritic to glomeroporphyritic and vesicular textures. The ground-
mass varies from trachytic to intersertal. Phenocrysts of plagioclase
(* * * labradorite) and augite are set in a groundmass of plagioclase laths
* * x oranules of augite and magnetite, and volcanic glass. The phenocrysts
and laths of plagioclase constitute about 50 percent of the total rock. * * *
Augite phenocrysts and granules constitute 2-25 percent of the basalt with only
1-5 percent occurring as phenocrysts. Magnetite is an important constituent of
the groundmass, forming 5-15 percent of the sections. Glass in the groundmass
of the basalt forms 15-65 percent of the sections, averaging 30 percent. In sev-
eral of the basalts the glass was partly devitrified and altered to palagonite.

A hydrothermal type of alteration * * * has developed abundant secondary
minerals. Zeolitic minerals (stilbite, mordenite, and natrolite) are commnion
in most of the basalt and breccia, making up as much as 30 percent of some sec-
tions. Calcite is abundant, filling vesicules and irregular fractures, and chloritic
niinerals are present in most of the sections studied. Other secondary products
identified are palagonite, epidote, opal, analcite, limonite, and serpentine.

The writer has also tentatively identified the mineral leonhardite, a
variety of laumontite, among zeolites collected at the Clear Creek
site. The identification was made in refractive oils, and the lau-
montite crystal structure was verified by Mary E. Mrose by X-ray
(written communication, 1960). The augite phenocrysts appear from
optical properties in oils to be the variety called pigeonite.

As pointed out by Baldwin (1947), the basaltic flow breccia when
newly exposed is dark green to nearly black. Upon exposure to the
atmosphere, the rock crumbles, becomes brownish buff in color, and
the palagonite (altered basaltic glass) breaks down to yellow clay.

Snavely and Baldwin (1948) describe the tuffs and interbedded
sediments as follows:

The pyroclastic rocks range from fine tuff to agglomerate. * * * In some ex-
posures the fine tuff contains sporadic blocks of dense basalt. Microscopically
the tuff contains altered basaltic fragments, calcic feldspar, and augite crystals
set in a groundmass of opal, palagonite, calcite, and chloritic minerals. The in-
terbedded sedimentary rocks are predominant water-laid tuff and tuffaceous silt-
stone and sandstone, with subordinate amounts of basaltic grits, sandstone,
and conglomerate. Some of the finer tuff closely resembles a well indurated
carbonaceous siltstone. These tuffaceous sediments weather to spheroidal
masses, each concentric shell being coated with a film of manganese dioxide.

Observations by this writer were largely confined to the immediate
localities of the Hollywood, Bark Shanty, Keyhole, and Clear Creek
damsites. However, it was noted that the flows exposed along the
North Fork near its mouth appear in general to dip gently south-
westward, the dip direction ranging from westerly to southerly.
Three miles northeast along the North Fork, in the vicinity of the
Bark Shanty damsite, the rocks in the lower half of the valley section
consist of interbedded flows, tuffs, dark tuffaceous shales, siltstones,
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and sandstones, all dipping westward about 10°. The westward dip
appears to persist for 2 more miles as one ascends the North Fork.

In the vicinity of the Keyhole damsite, the exposed rocks in the
gorge are massive basaltic breccias similar to and perhaps belonging
to the older series, equivalent with the Siletz River volcanic series.
The younger, interbedded series makes up the higher valley walls
above the “Keyhole,” and where it is exposed along the road northeast
of the Keyhole in NE1; sec. 27, T. 1 S., R. T W, it is considerably
folded and disturbed. This disturbed zone may include drag folding
related to a fault of northeast trend shown on a new unpublished
regional geologic map of Oregon west of the 121st meridian (Wells
and Peck, written communication, 1960). This fault zone apparently
follows the river valley through the west side of sec. 27 and then
climbs the valley wall just north of the “Keyhole,” passing out of the
section at the northeast corner. The southeast side of this fault would
be the upthrown side, bringing the older volcanic series up to where
the river is now intrenching.

The principal anticlinal axis of the area appears to cross the valley
in about the center of see. 26. A mile farther east, at the Clear Creek
site, the regional dip seems to be eastward at about 10°. The lower
part of the valley here is entirely within massive flow breccias, the
same flows as exposed at the Keyhole damsite.

The general westward dip observed along the North Fork between
the Trask Guard Station and the Keyhole site suggests that the shales
and sandstones in or near the valley bottom in this area are strati-
graphically below the basaltic breccias and flows west of the guard sta-
tion, or that there may be either a fault or monoclinal fold near the
guard station, as yet unrecognized. However, as Baldwin (1947) and
others have pointed out, in places in western Oregon there is a major
unconformity which separates the beds of late Eocene age from those
of middle Eocene age. The western margin of the upper Eocene over-
lap (Nestucca Formation) may be in the general vicinity of the guard
station.

Lineaments observable on the topographic maps and aerial photo-
graphs suggest that the principal near-vertical jointing along the
North Fork west of the Keyhole site strikes about N. 20° W. and dips
steeply westward. Other less prominent jointing is suggested at N.
40° E. with a steep northwesterly dip and N. 55° W. with a steep
southwesterly dip. East of the Keyhole site, the topography suggests
that the most prominent jointing is vertical and strikes N. 10°-20°
W.; other near-vertical jointing appears to strike approximately N.
60° W., N. 85° E., and N. 50° E. Along the South Fork about 2 miles
south of the guard station near the Hollywood damsite, the most

679-274 0—63——3
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prominent topographic expression of near-vertical jointing is N. 20°
E., probably with a steep westerly dip. Other lineaments in that area
are N. 20° W.and N. 80° W.

In the following sections the geology of the Clear Creek, Keyhole,
Bark Shanty, and Hollywood reservoir sites is by R. G. Wayland;
that of the Ginger Peak site is by D. L. Gaskill.

CLEAR CREEK RESERVOIR SITE
DESCRIPTION OF SITE

The damsite is on the North Fork Trask River in sec. 24, T. 1 S,,
R. 7 W., about three-fourths of a mile downstream from the conflu-
ence of Clear Creek and the North Fork. The topography of this
site is shown on plate 1. Drainage area at the site is 53 square miles,
and the water surface altitude is 690 feet. A reservoir with a maxi-
mum water surface altitude of 900 feet would be 214 miles long and
would have areas and capacities as listed below.

Area and capacity of Clear Creek reservoir site

Altitude (feet) Area Capacity Altitude (feet) Area Capacity
(acres) (acre-feet) (acres) (acre-feet)
690_ _____________ 0 0| 840____ . _______ 260 15, 100
720 ___ 20 300 880_ .. 420 28, 700
760 __________ 80 2,300 || 920 . _________ 520 47, 500
800 .- __ 150 6, 900 960_ ___________.__ 740 72, 700

By comparison with the gaging station about 396,000 acre-feet of
storage would be needed for controlling the average estimated flow of
355 cfs. It is obviously not feasible to effect a high degree of controt
at this site. By using 35,000 acre-feet for regulation, a discharge of
not less that 130 cfs after losses could have been maintained during
the period 1938-1952. The reservoir could have been operated to
produce a minimum discharge of 460 cfs from November 1 to March 31
each year during the period if the summer releases were restricted
to 30 cfs (Q95) when that was necessary for refilling in dry summers.

A possible use of the Clear Creek reservoir would be in connection
with diversion to the Tualatin River basin. A tunnel 5.4 miles long
could connect the 800-foot altitudes in both basins. The capacity of
the reservoir above the 800-foot level would be 30,000 acre-feet.

In computing the divertible water in the above example a minimum
discharge of 30 cfs (Q95) was left in the river for conservation pur-
poses and losses were subtracted as explained.
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GEOLOGY

At the Clear Creek damsite, plate 1, the North Fork of the Trask
River flows in an inner gorge +00 to 500 feet deep cut in basaltic flows
and flow breccias of probable early to middle Eocene age. Flow
breccias predominate, and the individual flows are much the same in
appearance and composition. Flow contacts are tight and irregular.
One distinctive flow of porphyritic basalt (loe. 1) is readily observ-
able along the left abutment about 150 feet above river level; it ap-
pears to dip to the east about 10°. Other flow contacts cannot be
traced easily because of limited exposures. No interbedded tuffs or
sediments were observed in the probable abutment areas. Some amyg-
daloidal basalt 1s present in most talus and in many outcrops, as at
localities 2 and 3.

The exposed basaltic rocks are only slightly decomposed by weather-
ing. Hydrothermal alteration includes some minor calcite and zeolite
veinlets, amygdules, and breccia filling; the original basaltic glass is
largely altered to palagonite, and in some areas there is considerable
chloritization. Despite this alteration the rocks seem relatively im-
pervious, moderately strong, and competent for well-spread founda-
tion loads.

At locality 4 a slickensided shear zone with right-lateral movement
strikes N. 70° E. and dips about 80° N. The zone was traced up the
hillside into a chloritized area in the right abutment. No other evi-
dence of faulting was noted. Jointing as observed in outcrops is
widespaced, tight, irregular, and inconspicuons. At locality 2, the
minor joints observed in the eastward dipping flows were random and
inconsistent in strike and dip. Topographic expression within a 2-
mile radius at the site suggests, however, some joint control of drain-
age, the joints striking approximately N. 10°-20° W., N. 60° W., N.
50° E.,and N. 85° E.

Among the zeolites, pinkish natrolite is conspicuous at locality 2,
and leonhardite was tentatively identified by the writer at locality 3.

Bedrock is exposed in the channel and the abutments, or is lightly
covered with thin soil and with talus composed of relatively small
gravel-sized fragments. Fresh rock can be exposed by shallow strip-
ping.  The slope on the right bank at section A-4" is about 35°, and
at locality 5 the slope of this bank is about 40°. On the left bank
at section A-A’ the slope is as steep as 50°. The relatively smooth,
uniform slopes and the small size of the talus fragments are a natural
consequence of the autobrecciation within the flows. In contrast, the
porphyritic flow (loc. 1) and some flows or sills observable near
the top of ridges to the north and east of the site present oversteepened
or clifflike outcrops and coarse talus. On exposure to weathering,
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the flow breccias disintegrate along breccia fragment contacts more
than they do along joints. It does not appear that this mode of
physical weathering proceeds any faster than disintegration along
joints in nonbrecciated rocks in the Trask River area, but it would
be desirable to test the breccias for any possible rapid disintegration
due to alternate wetting and drying in a reservoir or to wave action.

No deep-seated active landslides were noted or are discernible on
the aerial photographs. Some shallow-seated sliding, creep or wash
of the surface mantle into the reservoir may be expected where the
adjacent valley sides have been denuded of forest cover by fire or lum-
bering operations.

Leakage would not seem to be a serious problem. Certain flows
may contain vesicular tops that are slightly permeable, but the process
of autobrecciation should have helped assure close configuration of
each new flow with the irregular surface of the preceding flow. Sub-
sequent cementation with zeolites and calcite would also have sealed
most permeable openings. In the left abutment area, the contact be-
tween the porphyritic flow and the underlying flow breccia is a pos-
sible leakage zone; but due to its altitude, it would be under low hy-
draunlic pressure. Water was observed in side gulches despite dry
weather during and before field inspection.

There is no natural spillway site, but a spillway tunnel might be
cut through the flow breccias on either abutment if an overflow spill-
way is not desired. Such a tunnel would require little structural sup-
port, but the rock may require lining and should be tested to deter-
mine its resistance to disintegration along natural breccia fragments
under conditions of alternate wetting and drying, as mentioned above,
and under static rock pressure. The known shear zone (loc. 4) should
be avoided, as should other minor shear zones that may be found dur-
ing a more extensive subsurface investigation of this site or during
stripping.

As aggregate, the flow breccias shoyld be viewed with suspicion,
and tested for the presence of opal or chalcedonic silica. Better ag-
gregate is probably available in river bars upstream, or possibly on
some of the high river terraces. One such terrace appears to be above
the left abutment at an altitude of about 1,200 feet. It is understood
that gabbro or diorite sills or dikes occur in the SE1/ sec. 30, the S14
sec. 18, T. 1 S., R. 6 W., W.M. and in the east wall of the canyon of
Elkhorn Creek. These localities were not visited. Dense fresh por-
phyritic basalt from nonbrecciated nonamygdaloidal flows would also
be worthy of consideration. Such rocks, as well as the intrusive rocks,
should be suitable for riprap.
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The basaltic rocks exposed in the abutments are virtually free of
decomposition by weathering; but the talus fragments are relatively
small, indicating physical disintegration along breccia fragment con-
tacts. At locality 1, above the right abutment, the basalt is disinte-
grated and weathered to brownish buff.

Fresh vitreous augite phenocrysts are common in most flows and
flow breccias, and feldspar phenocrysts are common in a few flows.
The groundmass of the basalt is largely altered to palagonite, and the
augite of the groundmass is partly chloritized. Zeolites may be found
in some flows as amygdules and as local breccia filling, along with
minor amounts of calcite. Some of the breccia readily absorbs water,
indicating considerable local porosity but probably no extensive
permeability. In general, the rocks of the abutments, section A-A4’,
are relativeley fresh, strong, and competent. No direct evidence of
faulting at the actual site was observed. As stated under the general
section on geology, there is some evidence that a northeast-trending
fault may pass into the reservoir area just north of the Keyhole site,
perhaps within a few hundred feet of locality 1. Northeast of the
Keyhole site, the trend of the axial plane of some of the folding
observable in the disturbed zone suggests the possibility of an in-
tersecting fault from the south, just east of the Keyhole site. The
rocks of the abutments at the actual damsite seem to be unaffected,
but inspection of the canyon bottom may disclose a fracture zone or
strong jointing that facilitated the rapid downcutting by the river.

Wide-spaced jointing at the damsite is no doubt responsible for
the external shapes of the conspicuous outcrops. One joint plane
observable in both abutments strikes N. 5°-20° E. and dips steeply
west. Another strikes N. 10°-30° W., also with steep westerly to verti-
cal dip. A third plane strikes N. 45°-55° W. and dips about 60° SW.;
a fourth strikes east-west and dips moderately southward. At locali-
ties 2, 3, and perhaps 4, a near-vertical joint striking approximately N.
60° E. may be responsible for the parallelism of several faces of cliffs
on the right abutment and adjacent outcrops. This joint was observed
at locality 3, and at locality 5 just west of the left abutment, as well
as in the left abutment itself. Topographic expression within a two-
mile radius of the damsite confirms the major joint trends as N. 10°-
30° W, and N. 5°-20° E., and also the joints striking N. 45°-55° W.
The jointing, like the possible fault north of the site, may be of some
small concern in the matter of reservoir leakage but would not seem
to create a major problem in the founding of a dam at the actual site
or be an important cause of reservoir leakage. A slab on the left
abutment fronting an open joint will have to be removed or grouted.

At the site, the river is flowing on coarse alluvium consisting largely
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of gravel, cobbles, and small boulders of porphyritic basalt. The
depth to bedrock along section 4-A" may be 10 feet, and possibly as
much as 20 feet. Bedrock is at river level upstream on the left bank
and downstream on the right bank but is covered by alluvium or talus
at section A-A’. The nearest nickpoint in the stream profile appears
to be slightly downstream (pl. 1) ; it is relatively inconspicuous, but
supports the observation that the river is not at present cutting into
bedrock where it crosses section 4-A4".

Drilling will be necessary to determine not only the depth to bed-
rock under the channel but the nature of the bedrock. From observa-
tions in the reservoir area it is assumed to be flow breccia.

Shallow-seated landslides into the reservoir may be expected but
would apparently be of little consequence. Leakage from the reservoir
along the fault projected through the ridge north of the right abut-
ment could be considerable. The ridge should be drilled for subsurface
geologic information and for pressure testing. The left abutment
may afford a good location for a tunnel spillway.

The flow breccias at the damsite and the intake and outlet of a
spillway should be tested for resistance to disintegration from wave
action, alternate wetting and drying, and current erosion. The
presence of a natural bridge in the prominent outcrop at locality 6
demonstrates this need.

As aggregate, the possible presence of opal in the flow breccias
as well as their tendency to disintegrate would suggest selection of
other material, such as alluvial gravels just upstream from the site or
the sources mentioned in connection with the Clear Creek site.

Impervious materials may include the tuffaceous shales overlying
the basaltic flows, or possibly some materials available on the highest
flat-topped upland remnants of the Miocene erosion surface.

In conclusion, the site seems suitable for a narrow-base concrete
dam, if subsurface exploration of a possible fault zone north of the
right abutment indicates that area is sufficiently strong and tight to
withstand the relatively low hydraulic head from a dam 110 feet
high, if the channel bottom is found tight and competent, and if the
flow breccias pass tests for resistance to disintegration.

BARK SHANTY RESERVOIR SITE
DESCRIPTION OF SITE

The damsite is at river mile 2.8 on the North Fork Trask River
in sec. 29, T. 1 S., R. 7 W. The drainage area at this location is 75
square miles, and the water surface is at an altitude of about 400 feet.
Average discharge at the damsite is estimated to be 508 cfs. A dam
that would raise water to the 600-foot level would create a reservoir
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with a capacity of 27,000 acre-feet. Use of 25,000 acre-feet for reg-
ulating the stream could have provided a discharge of at least 145
cfs during the test period. Operated in conjunction with the Clear
Creek reservoir, the minimum discharge could have been increased
to 215 cfs. Both amounts are after subtracting an appropriate allow-
ance for losses. The reservoir could have been operated to produce
minimum discharge of 600 cfs between November 1 and March 31 of
each year during the period if summer releases were restricted to 30
cfs (Q95) when that was necessary for refilling in dry summers,

The maximum reservoir altitude at this site would be limited to 580
feet if the Keyhole site were to be developed. Areas and capacities
for this site are as follows:

Area and capacity of Bark Shanty reservoir site

Altitude (feet) Area Capacity Altitude (feet) Ares Capacity
(acres) (acre-feet) (acres) (acre-feet)
400 _____________ 0 0 520 ____________ 150 7, 500
440 __________ 19 380 || 560_ _ . ________ 240 15, 300
480 _________ 93 2,600 || 600_ _____________ 350 27, 000

Operated together, the reservoirs at the Clear Creek and Bark
Shanty sites could have assured a minimum discharge of 700 cfs dur-
ing the 5-month winter period.

GEOLOGY

At the Bark Shanty damsite the North Fork Trask River passes
through a local constriction between a spur of the ridge on the right
bank and an oversteepened left bank. A prominent terrace occurs
about 130 feet above the river on the right bank, and various other
inconspicuous terraces are discernible. The terraces slope gently to
the west and appear to be due to differential erosion within a series
of lavas, tuffs, siltstones and thin-bedded standstones which consti-
tute the bedrock in this area. As discussed in the general section on
geology, this series is now tentatively correlated with the Nestucca
formation. Geology and topography at the site are shown on plate 1.

The valley constriction below the prominent terrace is due to the

“thick flows (or sills?) of gray porphyritic andesite. These flows are
overlain by tuffs, tuffaceous sediments, and thin flows. Some inter-
bedded tuff is probably also present in the andesite flows, as at locality
1 and as inferred in section A-A’. At the damsite the flows strike
about N. 10°-30° E. and dip west at approximately 4° to 7°, consid-
erably steeper than the 1° westerly stream gradient. The upper mas-
sive flow appears to be 60 to 80 feet thick. Its line of outcrop forms
a vertical cliff on the left bank at stream level (loc. 2) and an ascend-
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ing near-vertical cliff southwestward from there along the left abut-
ment to and beyond locality 3. Although outerops are discontinuous,
it appears that this same flow forms the prominent terrace on the
right abutment. A Jower massive flow crops out in the road cut and
was located tentatively in other areas on the basis of float (pl. 1).
The thin flow at about 600 feet altitude, section 4-A’, was located
by float and topographic expression.

Upstream a quarter of a mile in the reservoir area, the left bank is
seen to consist of distinctly interbedded flows, with underlying tuffs,
dark shaly beds, and sandy beds. Here the andesite flows have an
aggregate thickness of perhaps 150 feet.

On examination of the andesite under a petrographic microscope
using refractive oils, the feldspar phenocrysts were determined to be
andesine and the ferromagnesian phenocrysts to be augite. For this
reason the rock is here classed as an augite andesite, although further
petrographic examination with thin sections would be desirable. It
was observed that the feldspars are somewhat altered to clay min-
erals and the augite to chlorite, even in specimens that appear on visual
examination to be fresh. The fresh rock is very hard and tough.
On exposure, it breaks along joints into large angular blocks.

Exposures are largely limited to the road cut and to the over-steep-
ened parts of the left abutment. Joints in the exposed flows are
closely spaced. Most appear to be crude columnar jointing, but some
horizontal jointing is present, roughly parallel to the flow bedding.
The largest joint blocks observed in the talus and the streambed were
about 15 feet long. No persistent joint directions could be observed
in the limited outcrops along the river, and the rock exposed in the
roadeut has slumped out of position. The drainage pattern within
a 2-mile radius of the damsite, however, suggests well-defined near-
vertical jointing that strikes N. 5°~10° W., another joint of N. 55° W.
strike (the course of the river at the damsite), another that strikes
N. 20°-40° E., and still another than strikes N. 65°-75° E. The
courses of the two minor streams mapped on the left abutment (pl.
1) appear to be governed by two of these joints.

Bedrock is not exposed in the valley bottom along section 4—A’.
The river here is flowing on alluvium ranging from coarse sand to
boulders. In the channel most of the alluvium is well rounded, but off
to the side of the channel, angular talus blocks predominate. Most of
the alluvium and talus consists of augite andesite derived from the
flows. The depth to bedrock in the channel section along the axis, and
the nature of the bedrock, will have to be determined by stripping or
drilling. About 1,000 feet downstream from section A-A’ the top
of the uppermost flow is exposed in the river channel; this outcrop-
ping suggest that the depth to bedrock at section A-A’ is not more
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than 10 feet. If the aggregate thickness of the massive andesite flows
is 150 feet, the bedrock under the channel at section A-A4 is the under-
lying tuffaceous sediments.

Because of the different physical characteristics of the flows and
the interbedded and underlying shaly tuffs, the site is probably not
suitable for a concrete structure but may be suitable for an earth dam
as high as 200 feet above present river level. Leakage should be
anticipated along the more permeable interbedded tuffs and along
near-vertical joints in the flows, probably requiring considerable
grouting. The ends of the dam can be well anchored in the com-
petent flow rock of the abutments, but a cutoff wall in the less-com-
petent beds under the channel at the axis will probably be required.
Considerable stripping will be necessary to expose sound rock in the
channel and the right abutment. There is a possibility that the right
abutment may have been involved in a slide. Protection of tuffs and
sediments from slaking and from wave action will probably be neces-
sary. Pressure testing as part of subsurface investigation would seem
necessary. Differential compaction of flows, tuffs, and sediments un-
der load must be allowed for in design of rigid structures. Other
possible flaws include a possible shear zone along one of the directions
discussed above under the heading of joints, a deeper buried channel
than suspected from the limited surface evidence, and a cavernous
zone in the flows.

A spillway could possibly be laid on the dip slope of a competent
bed or flow overlying the massive flows, with intake near the left end
of the dam.

Rock fill, riprap, and aggregate can probably be obtained from the
andesite flows at the site and from the talus and alluvium along the
channel. Soils or clays for impervious curtains, screens, cores, grout-
ing, and other uses, will be of limited availability in the damsite area
and may be unsatisfactory in quality. Nonplastic borrow materials
needed for an earth dam may probably be obtained from the tuffs and
sediments of the reservoir area upstream from the damsite.

HOLLYWOOD RESERVOIR SITE

DESCRIPTION OF SITE

The damsite is on the South Fork Trask River below the mouth
of East Fork in sec. 6, T. 2 S., R. 7 W., at river mile 1.9. Drainage
area at this site is 49 square miles, and the water surface altitude is
350 feet. Average discharge at the damsite is estimated to be 320
cfs. The reservoir site has a storage capacity of 34,000 acre-feet at an
altitude of 550 feet. By using 30,000 acre-feet for regulating the
stream, a minimum discharge of 110 cfs after losses could have been
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maintained during the test period. The reservoir could have been
operated to insure a minimum discharge of 450 cfs from November
1 through March 31 of each year during the period if the summer
releases were restricted to 25 cfs (Q95) when that was necessary to
refilling in dry summers.

The topography of the damsite is shown on plate 1. Areas and
capacities of the reservoir site are as follows:

Area and capacity of Hollywood reservoir site

Altitude (feet) Area Capacity Altitude (feet) Area Capacity
(acres) (acre-feet) (acres) (acre-feet)
350 . _____ 0 0 460______________ 161 6, 160
360______________ 3 15 || 480 ________ 212 9, 880
380 ______________ 12 165 || 500 _____________ 279 14, 800
400_ _____________ 34 625 || 520_ _ . __________ 320 20, 780
420_ _____________ 68 1,640 || 560 . ____________ 500 37, 180
440_ . ________ 111 3, 440
GEOLOGY

At the Hollywood damsite the South Fork Trask River flows north-
ward through a local constriction about half a mile long. The bed-
rock on both sides of the valley and in the channel consists of nearly
horizontal basaltic flow breccia. At the narrowest part of this valley,
near section A-A4’, small igneous dikes across the valley. The greater
resistance of these dikes to erosion probably accounts for the con-
stricted cross section of the valley. Geology is shown on plate 1.

The basaltic flow breccias are typical of those deseribed in the sec-
tion of this report on general geology. They are of probable middle
Eocene age, and may correlate with the Siletz River volcanic series.
The individual flows are massive but thoroughly brecciated. Ob-
servable contacts between flows are tight, irregular, and inconspicuous.
The larger breccia fragments consist of porphyritic basalt, some of
which are amygdaloidal. The breccias are well compacted, and al-
though they are porous enough to absorb water noticeably when dry,
they do not appear to be sufficiently permeable to cause a leakage prob-
lem. The homogeneous nature of the flow breccias is illustrated in
the damsite area by the smooth nearly continuous exposures in the
right bank, as at locality 1; by the abundant potholes developed by
the river in its present channel (fig. 5.4) ; and by the broadly spaced
inconspicuous jointing found in the outerop areas (loc. 2).

White erystalline zeolites occurring as amygdules as well as breccia
filling are common in the exposed flow breccias. Some calcite is also
present, but analcite seems to predominate. Relatively little chloriti-
zation was observed in the outcrops, but under the microscope in-
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Above the bedrock channel in which the river is now flowing is
a terrace about 150 feet wide along section A-A4’ and wider to the
north. It represents an earlier stream channel and flood plain.
Terrace deposits consist of stream-sorted gravels and sands inter-
bedded with poorly sorted mantle material washed down from the
left bank. Bedrock near section A-A4’ is assumed to be higher under
the terrace than in the present channel, but a buried channel under
the present road is a possibility.

The right.abutment appears to be free of danger from landslides.
The left abutment may possibly be a remnant of an old deep-seated
slide. In the reservoir area some minor sliding of the mantle should
be expected.

Leakage would not seem to be a problem once solid flow breccia or
andesite bedrock are exposed in the left abutment and under the
terrace. The amount of material to be removed in these areas to ex-
pose sound bedrock cannot be estimated without a subsurface in-
vestigation. The dikes will probably tend to seal off percolation be-
tween flows or along joints in the flows. They will also add strength
for the founding of masonry structures, probably without intro-
ducing a problem of differential compactibility.

A spillway might be cut through the left abutment. The resist-
ance of the flow breccias to erosion and to slaking under alternate
wetting and drying should be tested and taken into account in
the design of structures.

Terrace gravels upstream or downstream from the site will
probably provide suitable aggregate. The flow breccias should be
avoided for this purpose or for riprap. If quarrying is necessary,
andesite dikes are available in the reservoir area, and a coarse-grained
Intrusive igneous rock of intermediate composition is understood to
be exposed a few miles southwest of the site, on Joyce Creek (H.G.
Schlicker, Oregon Department of Geology and Mineral Industries,
oral communication, 1960). Soils or clays for impervious cores
may possibly be available in parts of the valley bottom a few miles
downstream from the damsite, occurring as sediments in former
temporary lakes. More likely, impervious materials will have to
come from downstream below the mouth of the Trask River canyon.
Nonplastic material needed for an earth dam will be available in
river terrace deposits at several nearby localities.

GINGER PEAK RESERVOIR SITE
DESCRIPTION OF SITE

The damsite for this reservoir site could be at one of several pos-
sible locations between mile 5 and mile 8 on the Trask River in
secs. 20, 21, 28, and 29, T. 1 S., R. 8 W. The water surface altitude
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is 100 feet at the downstream end of this reach and about 180 feet
at the upstream end. Raising the water surface from an altitude of
100 feet to an altitude of 350 feet, which backs water to the Holly-
wood site on the South Fork, would provide about 117,000 acre-
feet of storage. Areas and capacities for this site are shown in the
following table.

Area and capacity of Ginger Peak reservoir site

Altitude (feet) Area Capacity Altitude (feet) Area Capacity

(acres) (acre-feet) (acres) (acre-feet)
100 . _________ 0 0240 ________ 411 20, 750
120 . ________ 21 210 || 260_ . ________.___ 535 30, 210
140 . ___________ 41 830 || 280_ _____________ 678 42, 340
160 _ - __________ 80 2,040 || 300______________ 855 57, 670
180 _____._ 150 4,340 || 320______._______ 1, 003 76, 250
200 . 229 8 130 || 340 ___________ 1,163 | 97,910
220 ____________ 311 13,530 || 8360______________ 1,312 | 122, 660

The geologic report, which follows, considers three possible sites
within the reach. (See pl. 2.) The downstream site, -0, will
be used for storage analyses. The average discharge is estimated
at 928 cfs.

By using 100,000 acre-feet the reservoir could have regulated the
stream to a minimum discharge of 395 cfs after losses during water
vears 1938 to 1952, inclusive. Operated in conjunction with the
usable capacities of upstream reservoirs, a minimum discharge of 570
cfs could have been assured during the test period. If used to pro-
duce the greatest possible discharges during the 5 wet months, Novem-
ber through March of each year, the reservoir could have assured a
minimum of 1,235 cfs by itself. With all usable storage in the
upstream reservoir sites, this could have been increased to 1,510 cfs.
These amounts are after losses. Average head at the Ginger Peak
dam would have been about 200 feet for either type of operation.
Simulated operating schedules for the most critical years are shown
for winter months in table 3 in the summary of regulating possibilities.

GEOLOGY

By D. L. GASKILL

Rocks in the Ginger Peak damsite area seem to consist principally
of a thick sequence of basaltic breccia flows, although some nonbrec-
ciated flows are present. The breccia generally has a rough blocky
appearance, but it may exhibit some vesicular, scoriaceous, or in places
ropy structures. The larger components are composed of dark-
gray, fine-grained or slightly porphyritic basalt well cemented by a
basaltic matrix of finer particles in volcanic glass or palagonite(?).
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Talus material locally includes specimens of basalt porphyry, amyg-
daloidal basalt, and important quantities of hydrothermally altered
dioritic breccia. The flows are cut by many small basalt dikes and
a number of larger diabasic and felsitic dikes. These rocks have
been assigned to the Tillamook volcanic series of Eocene age by War-
ren, Norbisrath, and Grivetti (1945), who give an estimated thick-
ness of 6,000 to 10,000 feet of lava exposed in the canyon of the
Trask River from its mouth to its forks near mile 11.

Little is known of the local structure. Flow contacts generally
appear to be very irregular and flow attitudes vary moderately from
the horizontal. No faults were definitely recognized, but faulting
has undoubtedly modified the local structure. A number of linea-
ments shown on plate 2 were interpreted from aerial photographs.

Remnants of alluvial terrace deposits are locally preserved along
the Trask River. These deposits are probably related to three well-
developed terraces at the mouth of the Trask River Canyon.

SECTION A-A’, MILE 9%

Bedrock 1s exposed in the channel of the Trask River and at weath-
ered outcrops on the southwest abutment. These and other expo-
sures downstream, particularly at localities 1 and 2 and in the vicinity
of section B-B’, indicate that nearly all the abutment and founda-
tion rocks are composed of thick sheets of basaltic flow breccia. More
resistant dikes of dark-gray basalt cut these exposures locally. Upon
exposure to weathering, the breccia is reduced to an unconsolidated
rubble of its component parts. Deeply weathered breccia is exposed
at scattered outcrops on the southwest abutment and on “The Penin-
sula” at locality 1.

No reliable attitudes were taken on these flow sheets, but the gen-
eral attitude is near horizontal. At one weathered outcrop on the
southwest abutment the flows strike roughly north and dip about
15° west. A few thin tight joint sets trend downstream and north-
south in the river channel, but they are rather poorly developed and
inconspicuous. Several lineaments appear to cut the southwest abut-
ment on aerial photographs. These lineaments may represent zones
of fractured or faulted bedrock. Both abutments are steep and cov-
ered with varying amounts of weathered residual mantle and slope
wash, however, the northeast abutment is more massive and not so
deeply weathered as the southwest abutment. Some 25 feet or more
of unconsolidated alluvial terrace deposits overlies foundation rock
on the northeast side of the river and lesser quantities of coarse allu-
vial material and slope detritus lie at the base of the southwest
abutment.
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Bedrock exposures are limited here, but they indicate a gentle atti-
tude of the flow structures. Bedrock exposures in the river channel
downstream from section A~A’ indicate excellent foundation condi-
tions. The southwest abutment appears to be much more deeply
weathered and probably is structurally weaker than the northeast
abutment.

Stripping requirements should not be excessive on the northeast
abutment but may be extensive south of the river. This site seems
to be very favorably located topographically.

SECTION B-B’, MILE 6

A view of this site is shown in figure 6. Foundation rocks are
well exposed along the river in the area of section B—B’. These rocks
exhibit layers of relatively fresh basaltic flow breccia, locally cut by
thin, tight, widely spaced joints and large dikes of porphyritic basalt.
Flow contacts are very uneven and undulating; but they appear to dip
about 20° SE., although the topmost flow on the south bank has an
apparent downstream or southwest dip at section B-B’. Joint sets
trend north and northwest and dip steeply downstream. Less con-
spicuous fractures are healed with calcite and quartz veinlets. The
most notable structures are the large resistant dikes, as much as
6 feet or more in width, which trend east-west and dip 40° to 50°
north across the riverbed here. The dike rock has an aphanitic
groundmass with small feldspar phenocrysts oriented parallel to the
strike of the dike. The position of the largest dike with reference
to the observed attitude of the bedrock suggests a possible offset of
flow layers along this structure.

Abutment rocks are generally concealed by heavy forest vegetation.
The steep bluff at locality 2 exposes massive outcrops of rough-tex-
tured vesicular scoriaceous blocky fragmental lava, cut by north-
striking subvertical joints, a few irregular dikes and many small
calcite veins (fig. 7). Secondary minerals, chlorite and zeolites, are
abundantly developed in places along irregular fractures. Indi-
vidual flows are not well defined, but they have an apparent near-
horizontal position or dip moderately eastward. This outcrop,
although considerably more altered than those in the river channel,
is much less weathered than outcrops on “The Peninsula” at locality 1,
and for the most part identical in structure and composition to all
the exposures described in the area of sections 4-4” and B-B’.

Flow layers in the river channel dip 20° to 30° southeast across the
river, but they may be overlaid on the abutments by flows having a
moderate downstream dip. Exposures upstream at locality 2, how-
ever, indicate near-horizontal flow attitudes. Joints and flow con-
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breccia is exposed to a height of 100 {eet, or higher, on the steep south-
east abutment. The flows dip about 20° north-northwest with a slight
upstream component of dip. The breccia is cut by small basalt dikes
and one very large andesitic dike, about 50 feet wide, that trends east-
west and dips about 70° N.

The basaltic breccias are similar in composition and structure to
those described upstream at sections A-A” and B-B’. The hydro-
thermally altered talus blocks apparently were derived from a source
on the northwest canyon wall and are similar to altered dioritic breccia
at the large quarry near the mouth of the Trask River Canyon. Sim-
ilar metavolcanic rocks crop out in the canyon along roadcuts one-
half to three-quarters of a mile below section C-C".

This site is in the deepest and narrowest stretch of the Trask River
Canyon. The canyon is 2,000 feet deep at this point with steep slopes
that average at least 30°. Abutments above the 200-foot contour
were not investigated.

This site might be considered for a high dam. Some 25 feet of ter-
race and slope detritus overlies bedrock on the northwest abutment,
but bedrock is exposed in the narrow river channel and on the south-
east abutment. Flow sheets dip gently upstream and into the north-
west abutment. Where examined at or near river level, the bedrock
appears structurally stable, perhaps more ideally so with regard to a
dam structure than either of the upstream sites. A dam height of
260 feet (Helland, 1953), would make the crestline of a dam at section
(O-C" about 1,100 feet long or approximately equal in length to the
crestline of sections 4A-4’ or B-B’. Stream gradients from 4-4’
to tidewater average about 23.8 feet per mile and decrease to about 20
feet per mile at section ('-C”. A disadvantage to this site might be
the extreme height of the canyon walls with consequent exposure to
landsliding.

It is highly probable that thin interbeds of pyroclastic or tuffaceous
sedimentary material separate some of the flow layers in the area.
The presence of such beds in the foundation or abutment rocks could
have major engineering significance. An analysis of breccia matrix
should be made together with tests of the bearing strength of this rock.

CONCLUSIONS AND RECOMMENDATIONS

Bedrock exposures in the Ginger Peak damsite area exhibit mas-
sive flow layers of homogeneous basaltic breccia. The fresh rock
is tough and well bonded, but it crumbles into its component particles
when exposed to weathering. Joints are not everywhere conspicuous,
but where well developed, appear tight and impermeable. No evi-
dence of recent fault movement was observed. Only moderate grout-
ing should be required although more information would be necessary
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for a critical evaluation. Crosscutting dikes are very resistant and
must have important effect on the local topography and groundwater
movement. Some of the larger dikes might serve as impermeable
subvertical plates in foundation and abutment rocks where favorably
alined. Contact zones between flow sheets are very irregular, often
wedge-shaped. and in most places appear sufficiently watertight and
insoluble to prevent excessive leakage around dam structures. A
moderate dip of the flow layers in foundation and abutment rocks
probably does not greatly detract from the structural stability of
the bedrock, owing in part to the rough irregular contacts between
flows. Lineaments discernible on aerial photographs appear to be
developed along prominent fractures that may represent important
structural anomalies. Lineaments should be carefully explored where
they bisect a potential site.

Most of the reservoir site and drainage basin is within the area
of the great Tillamook burn, with little reforestation of denuded
slopes. This condition increases the possibility of flooding and ab-
normal siltation, particularly as these brushy-covered areas of the old
burn are vulnerable to repeated fires at this stage of regrowth.

Stripping requirements of foundation rock at each of the sites
investigated would be minimal. Unconsolidated deposits and much
of the weathered bedrock on abutments could be removed by light
excavation methods. Overflow spillways would be feasible, but light
protection of bedrock from plucking may be necessary. Tunnels in
the flow breccia would probably require lining where intersected by
faults or badly fractured zones, but may require little or no support
during construction in fresh rock.

The reservoir may be subject to some Jeakage along flow or fracture
planes at the damsite, but the probable amount is believed to be
negligible. The water table is assumed to be everywhere above the
potential reservoir site.

Geologic conditions do not seem to be greatly different between
sites within the area, but. geologic structures are imperfectly known
and should be explored in greater detail at the site selected.

All three of the sites described in this reconnaissance examination
seem to be geologically suitable for a rockfill, earthfill, or possibly
a concrete-type dam.

Moderate to strong seismic activity in this region (Coast and Geo-
detic Survey, 1950) should be considered in designing large construc-
tion projects in this area.
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CONSTRUCTION MATERIALS

Rockfill and riprap material could probably be quarried at or near
the damsites. Much of the unconsolidated material in this area, par-
ticularly talus, slope detritus, and the regolith mantle, would be
unsuitable as construction material because of the susceptibility of
‘basalt to weathering. Unconsolidated terrace deposits include
roughly sorted gravel and cobbles, a few thin beds of clay, and a
shallow soil cover. Large flood-plain deposits of sand and alluvial
soil are available below the mouth of the Trask River canyon. All
those basaltic materials are susceptible to rapid decomposition by
ground water. According to Mielenz (1948, p. 8), “basaltic sands
and gravels commonly become coated with opal * * * leached
from the basalt pebbles. These opal coatings are deleteriously re-
active with cement alkalies.”

A large quarry has been developed in tough hydrothermally altered
pyritized dioritic breccia at the mouth of the Trask River canyon
in the SE cor. sec. 36, T. 1 S,; R. 9 W. The breccia is composed of
large angular blocks tightly bonded in a silicic matrix of smaller
fragments. Irregular fractures indiscriminately cut the component
blocks as well as the matrix. The breccia exhibits flow structures
indicating a replacement or rheomorphic origin. Similar rocks
are exposed along the highway in sec. 30, T. 1 S., R. 8 W. These
breccia, as well as the porphyritic dikes, and possibly the thick basic
nonbrecciated nonamygdaloidal flows of this area, should prove suit-
able for riprap or rockfill material.

SUMMARY OF REGULATING POSSIBILITIES

It would require about 1 million acre-feet. of storage for complete
regulation of the river at the Ginger Peak site. This is much beyond
the capacity of the available reservoir sites. In fact, the reservoir
sites are so small in relation to the volume of the dams required that
they may not be economically feasible until and unless the need for
peaking power is greater than at present. The 5 dams discussed in
this report, assuming dams of earth-fill type, would have a combined
total volume of about 6 million cubic yards and would form reservoirs
with a combined total capacity of only 224,000 acre-feet.

The simulated operations shown in tables 2 and 3 assume that
195,000 acre-feet of the stored water would be available for regula-
tion. The remainder would be used for conservation purposes and
creation of head. The principal value of upstream storage would
be for supplementing Ginger Peak storage. Use of the three largest
of the upstream reservoir sites would make it possible to increase
winter flows at Ginger Peak by 225 cfs over the amount that could
be regulated by Ginger Peak alone.
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The regulating capabilities of the reservoir sites are summarized
in table 2. Table 3 shows simulated operations during the driest
winters of the 1938 to 1952 test period. As previously mentioned,
the locations of the reservoir sites are shown in figure 3.

POTENTIAL POWER

The sections on water supply and regulation show that power
developments on the Trask River will not be practicable unless the
river is regulated by storage reservoirs. Water yield is high, but the
basin is small, and stream gradients are so steep that runoff is rapid.
There are no spacious reservoir basins available, and except for the
extra high-water yield there probably would be few, if any, powersites
where development would be economic.

SUGGESTIONS FOR DEVELOPING POWER

Table 4 gives three optional-use suggestions for developing power,
as follows:

1. For the maximum continuous regulation using all upstream
usable storage plus the average amount of excess power and energy
that would have been available between November 1 and March 31
of each water year between 1938 and 1953.

2. With the same storage, the maximum dependable power that
would have been available during the five winter months with no
power generation during the summer.

3. The maximum dependable power that would have been available
during the 5 winter months with one reservoir on the North Fork
(Clear Creek), one on the South Fork (Hollywood), and Ginger Peak
on the main Trask.

TaBLE 2.—Regulating capabilities of reservoir sites in the Trask River basin

Regulated flow (cfs) 1
Reservoir capacity

(acre-feet
Annual November 1- [Average
Site March 31 head
. (feet)
Indi- Com- Indi- Com-
Gross Usable vidual { bined ? | vidual | bined
site site
Clear Creek.___.________ 39, 000 | 35, 000 130 130 460 460 165
Keyhole____________.__ 7, 000 5, 000 40 140 3) 485 95
Bark Shanty___________ 27,000 | 25,000 | 145 | 215| 600 | 700 150
Hollywood________ _____| 34,000 | 30,000 | 110 | 110 | 450 | 450 160
Ginger Peak ___________ 117, 000 {100, 000 395 570 {1, 235 |1, 510 200

1 After losses to evaporationX1.2+5 cfs, rounded to nearest 5 efs.
2 Includes upstream usable capacity, if any.
3 Not computed.
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TaBLE 3.—Illustraiive schedule of operalions to produce greatest November-March
discharge for the period Nov. 1, 1940, to Oci. 31, 1945, for a Ginger Peak reservoir
with usable capacity of 51,000 second-foot-days (101,000 acre-feet)

[Explanation of operations: I, without benefit of upstream regulation; II, with usable capacity of 17,000
second-foot-days at Clear Creek and 15,000 second-foot-days at Hollywood reservoir sites; and III, in-
cluding II, with an additional 12,000 second-foot- -days at Bark Shanty reservoir site. Al ﬁgures in
second- ioot‘,-days]

I IX
Ginger Peak, Clear Ginger I}ggak Clear
Ginger Peak Creek, Hollywood Creek, Bark Shzmty,
Date Inflow Hollywood
Release! | Contents | Release? | Contents | Release3 | Contents
1940
Oct. 31_____ | |_______ 51,000 {________ 83,000 |_______._ 85, 000
Nov__._____ 22,762 | 37,200 | 36,562 | 43,500 | 62, 262 | 45,900 | 71, 862
Decooonooo 32, 806 | 38,440 | 30,928 | 44,950 | 50, 118 | 47, 430 57, 238
1941
Jan_________ 49, 007 | 38,440 | 41,495 | 44,950 | 54, 175 | 47,430 | 58, 815
Feb_ oo 17,587 | 34,720 | 24,362 | 40,600 | 31,162 | 42,840 | 33, 562
Mar________ 14,170 | 38, 440 92 | 44, 950 382 | 47, 430 302
Apr.—Oct____| 77,400 | 26,492 | 51,000 | 14, 700 | 63,082 | 15,700 | 62, 002
Nov__..____ 31,339 | 37,200 | 45,139 | 43, 500 | 50, 921 | 45, 900 47, 441
Dec ... .. 78,739 | 72,878 | 51,000 | 50,660 | 79, 000 | 47, 430 78, 750
1942
Jan_________ 25, 387 | 38,440 | 37,947 | 44,950 | 79, 437 | 47, 430 56, 707
Feb_________ 42,490 | 34,720 | 45,717 | 40,600 | 61,327 | 47,840 | 56, 357
Mar_ _______ 22,300 | 38,440 | 29,577 | 44,950 | 38,677 | 47, 430 31, 227
Apr.—Oct____| 63, 587 | 42,164 | 51,000 | 19,264 | 83,000 | 15, 700 79,114
Nov________ 78,350 | 78,350 | 51,000 | 78,350 | 83,000 | 62, 464 95, 000
Dec. . ______ 85,054 | 85,054 | 51,000 | 85, 054 | 83,000 | 85,054 | 95, 000
1843
Jan_________ 47,590 | 47, 590 | 51,000 | 47,590 | 83,000 | 47, 590 95, 000
Feb____.____ 67, 537 | 67,537 | 51,000 | 67,537 | 83,000 | 67, 537 95, 000
Mar________ 36, 057 | 38,440 | 48,617 | 44,950 | 74,017 | 47, 430 83, 627
Apr—Oct____| 92,866 | 90,483 | 51, 000 | 83,973 | 83,000 | 81,493 95, 000
Nov_ . ______ 19,606 | 37,200 | 33,406 | 43, 500 | 59, 106 | 45, 900 68, 706
Dec____.____ 41,707 | 38,440 | 36,673 | 44,950 | 55,863 | 47, 430 62, 983
1944
Jan_________ 34, 669 | 38,440 | 32,902 | 44, 950 | 45,582 | 47, 430 50, 222
Feb____.____ 33,101 | 34,960 | 31,043 | 42,050 | 36,633 | 44, 370 38, 953
Mar________ 27,119 | 38,440 | 19,722 | 44,950 | 18,802 | 47, 430 18, 642
Apr.Oct.____| 71, 549 | 40,271 | 51,000 | 14,700 | 75,651 | 15, 700 74, 491
Nov__._____ 23,202 | 37,200 | 37,200 |-43, 500 | 55,353 | 45,900 51,793
Dec_ . __.__ 21,805 | 38,440 | 20,367 | 44, 950 | 32, 208 | 47, 430 26, 168
19,
Jan__ -4_5 _____ 57,693 | 38,440 | 39,620 | 44, 950 | 44, 951 | 47,430 | 36, 431
Feb_________ 56,197 | 44,817 | 51,000 | 40, 600 | 60, 548 | 42, 840 49, 788
Mar_______. 63,146 | 63,000 | 51,000 | 44, 950 | 78,744 | 47,430 | 65, 504
Apr.—Oct____| 84,186 | 84,186 | 51,000 | 77,930 | 83,000 | 54, 690 95, 000

1 Includes losses:

1. In winter minimum of 1,240 cfs less 5 cfs losses, net 1,235 cfs.
2. In summer minimum of 60 cfs less 10 cfs losses, net 50 cfs.

2 Includes losses:

1. In winter minimum of 1,450 cfs less 15 cfs, net 1,435 cfs.

2. In summer minimum of 70 efs less 20 cfs, net 50 cfs.

in 1941 and 1944,

3 Includes losses:

- In winter minimum of 1,530 cfs less 20 cfs, net 1,510 cfs.
2. In summer minimum of 75 cfs less 25 cfs, et 50'cfs.

The summer minimum was exceeded except
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There would be a considerable amount of dump energy possible in
any of the options because of the inadequacy of storage for saving
water from wet winters for use in summer and for carryover from wet
years for use in dry periods. The November—-March excess in option
(1) is a rough measure of the amount of such energy.

The average discharge at the gage was 942 cfs for the 1938-52 test
period. The November-March average was 1,759, and the April-
October average was 364 cfs during that period. Given adequate
generating capacity, much of the excess winter flow could be utilized.

Figure 3 shows the dam and reservoir sites discussed in this report.
The dams shown would develop 940 feet of the 1,500 feet of fall down-
stream from the Camp Five diversion site. Total head is used to
measure the present potential of the various powersites. In compu-
tations of capability for producing power, average head is used. The
average head for each site is considered to be the difference between
the tailrace altitude and that of the water surface when the reservoir
has had one-half its usable contents drawn out.

The illustrative development considers dams only as a means of
developing head. The illustration is used for estimating the gross
power potential and is not a suggested plan. It will probably not be
practical to develop all the sites included. A maximum development
might be a reservoir and powerplant on each fork and the Ginger
Peak reservoir and plant on the main stem as shown in option IT of
table 3.

The Trask River could make a modest contribution to the North-
west's power network by its capacity to furnish firming power in
winter. It is normal for the Columbia to flow at rates greater than
average for 4 months, April, May, June, and July, and at rates less
than average the remaining 8 months. The Trask's flow rates are
higher than average for 5 months and less than average for the re-
maining 7 months. However, all these 5 high-rate months, Novem-
ber, through March, occur when the Columbia is low. They are also
months when demand for power is highest. Figure 8 compares the
monthly percentages of average annual discharge for the Trask and
Columbia Rivers.

Potential power estimates based on natural flow and regulated flow
are shown in table 5 for the 5 sites that have been discussed in this
report. The estimates based on natural flow were made in the same
manner as that used for measuring potential power in the United
States for presentation in table 3 of Circular 367 (Young, 1954).
The estimates based on regulated flow are intended to show the de-
pendable power possible of development considerating the regulating
capabilities of the site in question supplemented by upstream regula-
tion, if any. All power is computed at 80 percent efficiency.
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F1eure 8.—Mean monthly percent of average annual flow for Trask River near Tillamook
and Columbia River near The Dalles.

PUMPED STORAGE POSSIBILITIES

Since the coast streams may have their principal value for furnish-
ing peaking power during the high-demand winter months, it is log-
ical to look for pumped-storage sites near the reservoirs to which
water could be pumped during the off-peak hours and used to meet
morning and evening peaking demands. The Trask River contains
such a site. A saddle on Gold Peak ridge at altitude 1,760 feet (in
the NE1/ sec. 32, T. 1 S., R. 8 W.) could be turned into a reservoir
with a capacity of 400 or 500 acre-feet by constructing 2 dikes, each
about 800 feet long by 30 feet high. Water could be pumped from
the Ginger Peak reservoir. The lift would vary between 1,410 and
1,690 feet, depending upon the level of the water in the lower and
upper reservoirs. The penstock would be about 1 mile long.

Pumps delivering 300 cfs for 16 hours would lift about 400 acre-
feet of water, which could be returned through the turbines at a rate
of 600 cfs for 8 hours. Assuming an average upper reservoir altitude
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TaABLE 5.—Summary of potential power with natural flow and regulated flow

Natural flow Regulated flow
Site Esti- Esti-
Percent of time or |mated | Head| Power Period mated|Head| Power
period flow |(feet)| (kw) flow |(feet)| (kw)
(cfs) (cfs)

Clear Creek__. 30 | 200 410 | Continnous_____.____ 130 | 165 1, 460

180 | 200 { 2,450 | November-March . _ 460 | 165 5,160
Mean. .. 365 | 200
November-Mar 530 | 200
Keyhole...._._ L4 30| 110
50..._._ 200 110
Mean 380 110
November-March__| 570 | 110
Bark Shanty..} 95, ___._____ 30 | 180
80 ... 250 | 180
Mean 508 | 180
November-March__.[ 720 | 180
Hollywood.. . 25 | 200
170 | 200
321 | 200
600 | 200
Ginger Peak._.. 80 | 250
490 | 250
928 | 250
November-March___| 1,730 | 250

of 1,775 feet and a tailrace altitude of 100 feet, the average head would
be 1,675 feet. The generating capacity at 80 percent efficiency would
be 68,000 kilowatts, or 544,000 kilowatthours per day.

The pumped water would require about 1.4 kilowatthours of off-
peak energy per kilowatthour of peaking energy (Hammond, 1958,
p. 87). For a generating capacity of 68,000 kilowatts operating 8
hours a pumping capacity of 47,600 kilowatts would be required if
operated the remaining 16 hours of each day.

An alternative arrangement that would use the same high-level
reservoir, power drop and powerhouse could be effected. The water
could be pumped from the Hollywood reservoir and carried along the
north side of Gold Peak ridge. The lift pipeline would be about 1
mile long and the conduit length to the high-level reservoir, about 3
miles. There would be a saving of about 0.125 kilowatthour pumping
energy per kilowatthour of generating energy and 42,000 kilowatts
pumping 16 hours would lift the required water. The energy saved
is not believed to be sufficient to justify construction of the added lift
and conduit works.
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DIVERSION TO TUALATIN RIVER BASIN

The Tualatin basin, especially in the areas being developed as Port-
land suburbs, is approaching a point where it must seek additional
water. The Nehalem, Wilson, and Trask Rivers are possible sources
for this water, and there are several sites in the headwaters of each
where diversions to the Tualatin might be made. It seems possible
to divert an average of about 800,000 acre-feet annually from the 3
streams combined. About 235,000 acre-feet could be diverted annu-
ally from the Trask River. A small diversion could easily be made
by gravity. Diversion of a substantial amount of water will require
reservoirs and tunnels or pumping.

CAMP FIVE SITE

Water could be diverted from the Middle Fork North Fork Trask
River at a point in sec. 27, T. 1 S., R. 6 W. to the Tualatin River basin.
The altitude at the point of diversion is 1,500 feet, and the drainage
area is 9 square miles. Average annual runoff at the diversion site
during the 15-year period 1938-52 was estimated to be about 35,000
acre-feet with an average discharge rate of 48 cfs. Because of the
greater demand for water in the Tualatin basin, such a diversion
should be regarded as a possibility. The river could be carried near
the 1,500-foot altitude along the right bank of the Tualatin River
for about 414 miles and dropped to an altitude of about 550 feet at
Haines Falls in the SE1/ sec. 20, T. 1 S., R. 5 W.

Some degree of regulation of the water could be effected to that a
modest power installation might be justified. The winter diversion
could average about 90 cfs. This diverted water if dropped through
a head of 950 feet would generate nearly 6,000 kilowatts at 80 per-
cent efficiency.

CLEAR CREEK SITE

Planners contemplating diversion of Trask River water to the
Tualatin River should investigate the possibilities of diverting it
from the Clear Creek reservoir by tunnel or pumping. The reservoir
stte has a capacity of 30,000 acre-feet above the 800-foot altitude. A
tunnel at that altitude would begin at the junction of the North Fork
and the Middle Fork North Fork Trask River in sec. 20, T. 1 S, R.
6 W., and would surface on the Tualatin River in sec. 19, T. 1 S, R.
5 W. Its length would be about 5.4 miles, according to the Fairdale
15-minute quadrangle. By carrying the water near the 800-foot alti-
tude along the right bank of the Tualatin River for 5 miles, a head
of 500 feet could be created at Cherry Grove in secs. 35 and 36, T. 1 S.,
R. 5 W. The Clear Creek reservoir could regulate the Trask suffi-
ciently to permit a minimum diversion rate of 90 cfs after losses and
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provision for passage of 30 cfs down the Trask River during periods
of low water.

The potential power of 90 cfs acting through a head of 500 feet is
3,000 kilowatts at 80 percent efficiency.

Because of the higher value of winter peaking power, the water
might be diverted in winter by pumping it to the 1,500-foot altitude
from the Clear Creek reservoir, then carrying it along the right bank
of the Trask River across the divide and down the right bank of the
Tualatin River to the 950-foot drop at Haines Falls described for the .
Camp Five diversion.

The Clear Creek reservoir with 30,000 acre-feet usable could assure
a minimum November through March discharge of 450 cfs. Acting
through a head of 950 feet, the potential power would be 29,000 kilo-
watts at 80 percent efficiency.

If brought across the divide in winter, the water would have to be
stored until needed for irrigation and municipal use. An adequate
reservoir for that purpose could be constructed on Scoggin Creek.

A dam on Scoggin Creek to raise the water 190 feet in sec. 20, T.
1S, R. 4 W., would have a crest length of 3,200 feet, according to the
Gaston 7V-minute quadrangle. The reservoir would store more than
200,000 acre-feet of water. At a site 114 miles downstream the same
storage capacity could be created by raising the water 175 feet by a
dam with a 1,500-foot crest length. The upper site might be a neces-
sary choice, however, because of existing uses of the lands in the lower
part of the valley. If the water were dropped at Haines Falls, it
could be made to run into the Scoggin Creek reservoir by gravity
through a 5-mile canal that would include a short tunnel in seec. 19,
T.1S., R. 4 W. Ifdropped at Cherry Grove, the powerhouse tail-
race might have to be raised somewhat higher than would otherwise
be desirable to make gravity conduit to the reservoir possible. The
conduit route would be about 314 miles long including 1 mile of tunnel.
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WATERPOWER RESOURCES IN NEHALEM RIVER BASIN,
OREGON

By L. L. Youne and J. L. CoLBERT

ABSTRACT

The potential waterpower of the Nehalem River is estimated on the basis of
the streamflow for the period 1940-54 with complete development within the
basin or with diversion of some water to the Columbia River.

The Nehalem River originates near Timber and empties into the Pacific Ocean
near Wheeler in northwestern Oregon. The drainage basin is in a mountainous
area and is sparsely settled. As is normal for Oregon coastal rivers, its waters
are derived principally from rain rather than snow. Precipitation occurs in a
seasonal pattern; about 80 percent of the annual runoff is concentrated in the 5-
month period of November through March. In comparison with other coastal
streams, the Nehalem River is well endowed with natural storage sites for regu-
lating flow. Preliminary examinations indicate that these damsites and reservoir
sites are geologically feasible.

The high winter runoff and the availability of storage sites for adequate regu-
lation of the streamflow combine to make the Nehalem River attractive for
power development, particularly during wintertime. An illustrative plan of
development, including flve sites, was considered in estimating the potential
power of the stream. Storage sites in the basin could have regulated the stream-
flow to provide for the continuous generation of 70,000 kw during the period
studied. If utilization of the water had been confined to the November 1-March
31 period, 170,000 kw could have been generated. The theoretical potential power
of the stream, based on average discharge and gross head, is 97,000 kw. This
potential, however, would require complete regulation of the streamflow, which
is not possible.

Another way to use the Nehalem River for power production would be to divert
it to the Columbia River. About half of the flow now passing the Foss gage
could be diverted to a powersite on the Columbia River near Wocdson. The
potential power of a diversion by gravity at an altitude of 540 feet above sea
level is about 51,000 kw, continuously. If the water were pumped into a higher
level reservoir and diverted through a shorter tunnel at an altitude of 800 feet,
a large block of peaking power would be available. Pumped-storage develop-
ment at other sites is also possible.

C1
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Because of its proximity to the growing metropolitan area of Portland, any
study of the water resources of the Nehalem River basin must include the
possibility that water will be diverted to the Portland area. Indications are that
an average of about 400 cubic feet per second could have been diverted for use in
the Portland suburban area in the Tualatin River basin during the period
studied.

INTRODUCTION
PURPOSE AND SCOPE

This report presents the results of studies of water-power resources
made by the Geological Survey in the Nehalem River basin. The basic
data used are topographic quadrangles of the basin, a special map of
the river, large-scale damsite surveys, geologic reports, and stream-flow
records, all gathered by the Geological Survey. In addition, pre-
cipitation and evaporation records of the U.S. Weather Bureau and an
isohyetal map, prepared by the Corps of Engineers U.S. Army and
showing rainfall intensities and distribution in western Oregon, were
used in the study.

The contribution that the river might make to the Pacific Northwest
power network was examined and found fo be significant, particularly
in supplying peaking power during the winter months when the Co-
lumbia River network will need it. Sites for developing reservoirs for
streamflow regulation are discussed and preliminary geologic examina-
tions of them are reported. Only those sites that might reasonably be
expected to become economically feasible in the future are included;
however, cost studies were not. made.

The potential power of the Nehalem River is estimated by consider-
ing probable plans of development entirely within the basin, and an
alternative plan is discussed in which the Nehalem River water would
be diverted to the Columbia River by gravity or by pumped storage.

As power projects become otherwise feasible, problems relating to
fish and wildlife and to population relocations will remain. These
obstacles are not necessarily insurmountable, however. Opposition
to power developments is lessened by improved methods of getting
fish over dams and otherwise protecting them from harm by project
works, by added recreational benefits afforded by the lakes, by the con-
struction of new and better roads in the vicinity of power projects, and
by adequate compensation to dislodged property owners.

PREVIOUS INVESTIGATIONS

E. C. LaRue and E. C. Murphy, engineers of the U.S. Geological
Survey made investigations that included the Nehalem River. Mr.
LaRue’s study was made in 1917 to evaluate the water resources of
lands forefeited by the Oregon and California Railroad Co. Mr.
Murphy studied the coast streams of Oregon in 1923 to determine
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which additional lands in addition to those forfeited should be reserved
for waterpower purposes. The reports on these investigations were
not made available to the public.

The following reports on the Nehalem River have been placed in
the U.S. Geological Survey open file:

12-R-20 Report on potential waterpower of Nehalem and Wil-
son River basins, Oregon, by B. E. Jones and Warren Oakey,
1924, 16 pages.

12-R-33 Geologic features of damsites in Nehalem, Rogue, and
Williamette River basins, Oregon, by A. M. Piper, 1937, 111
pages.

12-R-34 Water utilization within the Nehalem River basin,
Oregon, by R. O. Helland, with Geology of damsites by A. M.
Piper, 1937,41 pages.

12-R-43 Waterpower of the coast streams of Oregon, by R. O.
Helland, 1953, 46 pages.

Power companies and utility districts gave little thought to the
possibilities of developing the power potential of the Nehalem River
in the past. Recently, however, the Tillamook County Public Utili-
ties District considered a development on the river and in 1959 had
the firm of Cornell, Howland, Hayes, and Merryfield, Consulting
Engineers, Corvallis, Oreg., make a study of waterpower possibilities.
The firm’s findings were submitted to the utility district in a report
entitled “Report of Reconnaissance Study of Hydroelectric Develop-
ment of Nehalem River.” The utility district has suspended its plans
for the Nehalem but has applied for and has been granted, a prelimi-
nary permit by the Federal Power Commission, project 2274, to
investigate the Trask River.

MAPS RELATING TO THE AREA

A survey of the Nehalem River was completed by the U.S. Geologi-
cal Survey in 1936 and published in 1938 under the title “Plan and Pro-
file of Nehalem River from Mohler to Timber, Oregon, and Tribu-
taries, Miscellaneous Damsites.” That survey covered 102 miles of
the river between sec. 36, T. 3 N., R. 10 W., near Mohler, to sec. 22, T.
3N, R.5 W.,near Timber. It consists of seven sheets (four plan and
three profile) at a scale of 2 inches=1 mile. The contour interval of
the river-survey map is 20 feet for land and 5 feet for water. Five
damsites were surveyed at a scale of 1 inch=400 feet with contour
interval of 10 feet. The following damsite surveys were published on
plan sheets of the river survey :

773-641 0—65——2
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Location Topography
Damsite At mile— above
river (ft)
Section T. N. R. W,

Tideport. .. .. ___________ 36.9 210
Isie ... .. 30.4 250
Salmonberry. .. I 15.5 240
Nehalem Falls._.__________________________ 8 280
Stonehill . _________________________________ 4.9 80

In 1957, additional surveys were made in the basin by the U.S.
Geological Survey and the resulting map of a reservoir site on Fish-
hawk Creek and a tunnel route to the Columbia River entitled “Fish-
hawk Creek Reservoir and Damsite, Oregon,” was published in 1957
at a scale of 1 inch=2,000 feet (1:24,000) with a contour interval of
20 feet. The 1957 surveys included the following damsites surveyed
at a scale of 1 inch=400 feet with contour interval of 10 feet:

. Location Topography
Damsite At mile— above
river (ft)
Section I T. N. ( R. W,

Fishhawk Creek...
Squaw Creek
Upper Wakefield.-_

300
150
430

I 14,

The Squaw Creek and Upper Wakefleld damsite maps were pub-
lished in 1957 by the U.S. Geological Survey together with other dam-
site surveys under the title “Plan, Miscellaneous Damsites, Coast
Streams, Oregon.”

U.S. Geological Survey 15-minute quadrangle maps at a scale of
1:62,500 (approximately 1 inch=1 mile) cover the entire basin; they
are listed below with the date of the last field check:

Quadrangle Date Quadrangle Date
Birkenfeld ________________ 1955 | Nehalem __.________________ 1955
Cannon Beach_.____________ 1955 | Saddle Mountain___________ 1955
Cathlamet .. ______________ 1953 | Sensen e 1955
Clatskanie ________________ 1952 | Timber oo 1956
Enright .__________________ 1955 | Vernonia _________________ 1956

GENERAL DESCRIPTION OF THE BASIN
PHYSICAL CHARACTERISTICS

The Nehalem River drains an area of about 850 square miles of
mountainous timberland in northwestern Oregon. The river heads
near Cochran, 40 air miles northwest of Portland, in the Coast Range
in mountains over 2,000 feet high. Its course is east to Timber, thence
northeast to Vernonia and Pittsburg, northwest to Mist, west to Birken-
feld, southwest to Jewell, Tideport, Elsie, Batterson, and Foss. It
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flows west and northwest past Foss to Mohler, meanders in large
S-curves in a broad valley, passes Nehalem and Wheeler, and empties
into Nehalem Bay. The mouth of the bay is about 5 miles southwest
of Wheeler and about 65 air miles northwest of Portland. The basin
is outlined by a broken line on figure 1.

The Nehalem River basin is bounded on the west by the basins of the
Necanicum River and of other small streams which empty directly into
the Pacific Ocean. The ridge line between the basins here averages
about 1,900 feet in altitude. The lowest pass in the ridge is 720 feet
and the highest feature (Onion Peak) is 3,064 feet in altitude. U.S.
Highway 26 (the Sunset Highway) between Portland and the coast
leaves the basin by a pass about 1,100 feet in altitude.

On the northwest, north, and east the adjacent drainage is all to the
Columbia River. The adjacent basins are those of the Youngs and
Klaskanine Rivers on the northwest, Clatskanie River on the north,
and Scappoose Creek on the east. The average altitude of the divides
is about 1,600 feet. Saddle Mountain (3,283 ft), Nicolai Mountain
(8,020 ft), Clatskanie Mountain (2,680 ft), and Bunker Hill (2,040 ft)
are among the higher peaks. The Tidewater Summit Pass on the
Nehalem Highway (State Highway 202) is 1,221 feet high. The low-
est altitude on these divides is 1,200 feet.

On the southeast, Tualatin River drainage adjoins for a short dis-
tance. The average altitude of the dividing ridge line is over 1,800
feet and there are several peaks over 2,000 feet in altitude. The lowest
Pass is 880 feet ; it is on the Timber to Glenwood road (State Highway
8). U.S. Highway 26 enters the basin through a pass about 1,360 feet
in altitude. The highest part of the Nehalem basin rim is on the south
between it and the Wilson River basin. The average altitude there is
3,080 feet. The higher peaks in the reach are Larch Mountain (3,449
ft) and Lookout Mountain (3,510 ft). The lowest pass is 1,520 feet in
altitude, but most are over 2,700 feet. The rest of the south and the
southwest boundary adjoins drainage into Tillamook Bay by way of
the Kilchis and Miami Rivers. The average altitude here is 2,100 feet
and the extremes are Kilchis Peak (2,294 ft) and sea level. A pass
near the coast has an altitude of 250 feet.

Altitudes in the interior of the basin are comparable with those on
the ridge line, and, except for a rather large valley between Vernonia
and Elsie, the canyons are narrow and deep. Foley Peak, with an
altitude of 2,275 feet, is only 5 air miles from the ocean. The Nehalem
River is still actively cutting through a plateau that lies diagonally
between Saddle Mountain to the northwest (20 air miles from the
coast) and Larch Mountain to the southeast (25 to 30 air miles from the
coast). The river enters the plateau region near Elsie, about 20 miles



WATERPOWER RESOURCES OF THE UNITED STATES

C6

QZ<AH&OM~
-

QA% =

T ]
SINWG 0 el

aswreq
-

sayour ut
‘uonyeyidiosad [enuue 93ei0AY
$2Y2UY 0T )DaL2UY J0Y2AY0ST
30Lyos]
—~ 09—

Arepunoq uiseg

NOILVNVY1d X3

NODHIO

29

NOILYOOT VIV

.0C1

‘81347OST Y)IM ‘U0391(0 ‘UISB(Q JOATY WABYIN—'T HIADIJ

o <EC1

uoniels m:_Mmo R

o1410vd

&

vigun10°

Ar

NVADO




SITES IN NEHALEM RIVER BASIN, OREGON C7

by air from the coast. The lower end of Nehalem Falls, at the west
end of the active reach is only 8 miles from sea level.

ECONOMICS

The first paragraph under physical characteristics names the towns
and most of the settlements in the basin. Vernonia, Columbia County,
and Nehalem and Wheeler, Tillamook County, may be classed as towns.
There are post offices at Timber, in Washington County, Mist and
Birkenfeld, in Columbia County, Jewell, in Clatsop County, and
Mohler, in Tillamook County.

The population of the basin has declined an estimated 18 percent
since 1950. On July 1, 1960, Vernonia had a population of 1,095, a
decline of 28 percent since 1950; Nehalem had a population of 244, a
decrease of 16.2 percent; and Wheeler had a population of 230, a de-
crease of 14.8 percent (Oregon State Board of Census, 1960). The
populations of the smaller communities and the number of farms ap-
pear to have remained much the same as they were in 1950.

Settlement of the Nehalem basin began about 1867 and some 150
people were there by 1877. There was little growth until 1920.
Vernonia was named in 1876 for Vernonia Cherrington (Oregon His-
torical Society, 1941), the daugther of the first schoolteacher. The
area is served with electric power by the R.E.A., West Oregon Electric,
which is connected with Bonneville generating facilities. The Spo-
kane, Portland and Seattle railway serves Vernonia and a 60-mile-long
valley which includes the localities of Timber, Pittsburg, Mist, Birken-
feld, Jewell, and Tideport. The southern Pacific railroad line from
Portland to Tillamook follows the Nehalem River upstream from
Timber, then the Salmonberry and Nehalem Rivers to Wheeler.

A surfaced highway follows the river from Vernonia to Elsie and
low-class roads provide access to the remaining reaches of the stream
and branch into the mountains to afford access to timber and for fire
protection. The main highway between Portland and the coast, U.S.
26, crosses the basin and would be affected by construction of the Rocky
Point and Elsie dams. The Rocky Point reservoir would flood about a
mile of the present highway, and a new bridge might be necessitated
at Elsie.

The pioneers found the Nehalem basin covered by a dense forest that
was difficult to penetrate. It was the exploitation of these abundant
timber resources in the 1920’s that brought the greatest number of
people to the area; Vernonia is said to have been a town of over 2,500
population during that period (St. Helens Centennial, 1954).

Lumbering has been, and probably will continue to be, the principal
industry. However, there is no longer sufficient timber to maintain
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the former rate of production, and operations at the principal mills in
the area are being curtailed. A reduction of operations at the Inter-
national Paper Co.’s Long Bell mill at Vernonia is the principal cause
of the decrease in the town’s population. Other occupations in the
basin are dairying, growing small fruits (berries), and diversified
farming.

The basin has good possibilities for improvement of existing out-
door recreational activities. The river is fished for trout, steelhead,
and salmon and there is a 9-hole golf course at Vernonia. If dams are
constructed on the river, facilities for fish passage should be included.
The new reservoirs would be beneficial to these recreational values.

WATER SUPPLY
PRECIPITATION

The U.S. Weather Bureau has records of precipitation at Vernonia
for 24 years, and at Jewell Guard Station and Nehalem for short and
intermittent periods. Stations of the Weather Bureau outside the
basin at Seaside, Astoria, Clatskanie, and Tillamook, maintain precip-
itation records, which are indices of precipitation for the general area.
In addition, the Corps of Engineers, U.S. Army, has prepared an
isohyetal map of western Oregon that includes the Nehalem basin.
From these data, a new isohyetal map was prepared that conforms
closely to the topography of the basin as shown by quadrangle maps.
The new map was used in estimating runoff by measuring the areas
between the several isohyets for the drainage basin units under con-
sideration. The isohyets of the map are approximated on the Nehalem
River basin map (fig. 1), and the rainfall averages determined are
shown in table 1.

The headwaters area of the basin is on the lee side of the Coast
Range and therefore receives less precipitation than the western, or
windward, slope. Annual precipitation varies from a minimum of
about 50 inches in the eastern part to over 140 inches in the mountains
in the southwestern part of the basin. The entire basin has the usual
coastal-type distribution, heavy in the fall and winter and light in the

spring and summer.
RUNOFF

Records of discharge of the Nehalem River at a gaging station near
Foss where the drainage basin area is 667 square miles are complete
from October 1989. A 3-year record of discharge (1926-28) was ob-
tained for Rock Creek near Keasey, and records of miscellaneous
measurements are available including those on the North Fork Neha-
lem River and on Salmonberry River. The difference between the
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TABLE 1.—Area, estimated average annual precipitation, and estimated average
annual runoff at selected sites in Nehalem River basin

Estimated Estimated average
Drainage average annual runoff Percent of
Site area annual runoff at
(sq mi) precipita- Foss gage
tion Inches Acre-feet
(inches)

Rocky Point damsite...._.......__ e 70 71 45.5 171,000 8.9
Rock Creek gage. ... - 38 81 61.0 123, 000 6.3
Fishhawk damsite 11 67 415 23, 650 1.2
Squaw Creek dams 398 63 31.5 795, 950 41.4
Tideport damsite_.__ 463 67 41.5 | 1,023,000 53.2
Elsie damsite.._.___. 498 68.5 43.0 | 1,140,000 59.3
Spruce Run damsite_ 549 72 46.5 | 1,360,000 70.6
Salmonberry damsite. .. 573 73.5 48.0 | 1,462,000 76.0
Upper Wakefield damsi 644 78 52.5 | 1,800,000 93.5
Wakefield damsite_____ 647 78 52.5 | 1,810,000 94.0
Nehalem Falls damsite____._...._..______. 660 79 53.5 | 1,877,000 97.4
Fossgage . coo.._. 667 79.5 54.0 | 1,923,000 100.0
Stonehill damsite 700 82 56.5 | 2,105,000 109.3
Gods Valley damsite_.__._.__.________...__ 45 117 91. 5 220, 000 11.4
North Fork Nehalem Basin___.______...__. 96 114. 5 89.0 457, 000 23.

Nehalem River Basin_ .. __.__._.________.. 850 87 61.5 | 2,788,000 145.0

estimated precipitation average and the measured runoff depth for the
drainage area above the Foss gage was 25.5 inches. That amount was
subtracted from the precipitation to obtain the runoff depth at each
of the damsites considered in the section on regulation and storage sites.

The loss apparently varies throughout the basin, because a similar
comparison of measured runoff at Rock Creek with the estimated pre-
cipitation indicates a loss of about 20 inches annually. However, the
3-year record on Rock Creek shows considerable variation from year
to year and the indicated loss of 20 inches is probably not reliable be-
cause of the short period of record. The miscellaneous measurements
of runoff on the North Fork Nehalem River also indicate that losses
between rainfall and runoff may be less than 25.5 inches for this part
of the basin. An annual loss of 25.5 inches is considered a conserva-
tive estimate for any subpart of the basin. Estimated annual runoff at
the selected damsites and at other locations are shown in table 1. A
comparison of the runoff at the Foss gage with precipitation at Ver-
nonia in the upper part of the basin indicates a lag of 1 to 2 months
between winter precipitation and runoff. On the average, the highest
monthly percentage of annual precipitation occurs in December and
the highest monthly percentage of annual runoff occurs in February.
Lowest percentage of annual precipitation is in July and lowest per-
centage of annual runoff is in August.

A flow-duration analysis of the Nehalem River near Foss for the
water years 1940-54 shows @95 (discharge in cubic feet per second
that is equaled or exceed 95 percent of the time) =107 cfs (cubic feet
per second) (0.16 cfs per sq mi), ¢50=1,100 cfs (1.65 cfs per sq mi),
and ¢ mean=2,656 cfs (3.98 cfs per sq mi). The seasonal distribution
of this runoff shows heaviest runoff during the period November
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through March and very light runoff from July to the end of Sep-
tember. The average monthly discharge in cubic feet per second per
square mile and in percentages of total runoff are shown below :

Discharge | Percent Discharge | Percent

Month (cfs per of total Month (cfs per of total

sq mi) runoff sq mi) runoff
October__. 1.30 2.77 3.64 7.51
5.27 10.87 1.98 4.22
9.15 19.51 843 1.74
8.82 18.80 397 85
10. 50 20. 38 216 46
5.77 12.29 293 60

This runoff pattern, modified to reflect wet and dry years as shown
in figure 2, was used for making estimates throughout the basin.
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FicURE 2.—Runoff in acre-feet accumulated monthly for water years 1940-54 for gage
near Foss.

REGULATION AND STORAGE SITES

The distribution of annual runoff is such that reservoirs are neces-
sary to regulate the flow by reducing the high winter runoff and in-
creasing low summer flows. There are no reservoirs in the basin at
present but there are a number of topographically suitable reservoir
sites. Land acquisition, highway and forest road relocations, and the
necessity for fish protection are factors which would tend to limit
the construction of reservoirs.

To compute the storage requirements of the sites, the estimated
total water yield at each damsite was distributed over the period
studied by adapting the mass diagram and accumulated second-foot-
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day table for the Foss gage to the particular site. In other words,
the Foss gage provides the runoff pattern.

Estimates of evaporation losses were made from Weather Bureau
records of evaporation rates in Oregon. An average loss in inches
was determined for each month and these were totaled appropriately
and multiplied by the surface of the reservoirs when they contained
one-half their usable capacities to get the evaporation loss for yearly,
winter, and summer periods. An additional allowance equal to 10
cfs plus one-fifth the annual evaporation loss rate was made for leak-
age and other unmeasurable losses. The total loss was rounded to
the nearest 5 cfs.

During reservoir-filting periods or during times when diversions
from the basin were being made, a conservation release equal to the
flow at the sites 95 percent of the time for all reservoirs from Tideport
upstream and 50 cfs for downstream reservoirs was assumed. The
losses and conservation-release data for Rocky Point are used for the
Gods Valley reservoir site on the North Fork Nehalem River. The
dam and reservoir sites discussed below are shown on the river profile
in figure 3.

ROCKY POINT RESERVOIR SITE

The Rocky Point damsite is at river mile 92.8, about 10 miles up-
stream from Vernonia, in sec. 23, T. 4 N., R. 5 W. The area of the
drainage basin is 70 square miles and the water surface altitude at the
site is 667 feet. An earthfill dam for raising the water surface to the
800-foot contour would have a volume of about 600,000 cubic yards,
and would store 114,000 acre-feet. The reservoir would be 8.5 miles
long and would have a surface area of 2,300 acres. Eight miles of
State Highway 8 and a mile of U.S. Highway 26 would have to be
relocated for a reservoir that has a maximum water surface altitude
of 800 feet. The capacity of the reservoir at altitude 800 feet would
be sufficient to store two-thirds of the estimated annual runoff at the
damsite. Storage required to sustain the average annual discharge
is about 250,000 acre-feet; this discharge would require a dam to the
850-foot altitude. The area and capacity data for the Rocky Point
reservoir site are shown in table 2.

TABLE 2.—Area and capacity of Rocky Point reservoir site, damsite at mile 92.8,
secs. 22 and 23, T. 4 N.,R.5W.

Altitude (feet) Area Capacity Altitude (feet) Area Capacity
(acres) | (acre-feet) (acres) | (acre-feet)

0 0 1,720 74, 000

25 150 2,300 114, 200

210 2, 500 2,700 164, 000

490 9, 500 3,100 222, 000

. 820 22, 600 3, 291, 000

1,300 43,800 4, 600 375, 000

778-641 0—65——3
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A reservoir with 114,000 acre-feet of active storage would have
regulated the flow to 435 cfs after losses during the 5 winter months
and 10 cfs after losses during the remaining 7 months of the year in
the period studied, or a continuous discharge of 185 cfs after losses
could have been maintained. A 250,000 acre-foot reservoir might be
desirable if water is to be diverted to the Tualatin River basin. The
larger reservoir would afford complete control of the stream and
would shorten the tunnel length or the pumping head, depending upon
the method chosen for diversion.

A possible use of water stored in a reservoir at the Rocky Point site
might be for irrigation. The amount of irrigable land and possible
water requirements have not been investigated. A reservoir of
100,000 acre-feet at the Rocky Point site would have provided a mini-
mum of 355 cfs during a 4-month period June through September for
all of the 15 years of record. Most of the time this irrigation-season
flow would have been in excess of 400 cfs and there would have been
substantial amounts of uncontrolled flow during years of above aver-
age flow.

A regulating dam at the Rocky Point site would be very beneficial
to the downstream river basin. It could be so operated as to increase
low flows and thus enhance the value of the river for fish, and farm
and pasture lands between Vernonia and Elsie could be irrigated by
releasing water during the dry season. If used for power or for di-
version of water out of the basin, the other benefits would be reduced.

Rocky Point storage is not reflected in the data for any of the down-
stream sites because the purposes for which this reservoir is likely to
be built may detract from, rather than add to, downstream power.
The damsite has not been examined geologically.

VERNONIA RESERVOIR SITE

The Nehalem River has a rather flat gradient from Elsie, mile 30,
to Vernonia, mile 83. This section is designated as the Vernonia
reservoir site in this report. The maximum altitude for the develop-
ment of this site would likely be 600 feet, to avoid inundation of Ver-
nonia. Three alternative damsites are considered in this report for
the development of the Vernonia reservoir site: (1) Squaw Creek near
mile 46, (2) Tideport near mile 37, and (3) Elsie near mile 30. The
Elsie damsite has probably been given the most consideration in de-
velopment plans for this section of the river.

SQUAW CREEK DAMSITE
GENERAL FEATURES

The Squaw Creek damsite is at Nehalem River mile 45.6 in sec. 33,
T. 6 N, R. 6 W., about three-quarters of a mile upstream from the
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confluence of Squaw Creek. Drainage area at the site is 398 square
miles and the water surface altitude is 450 feet. An earthfill dam 150
feet high that would raise the water surface to the 600-foot altitude
would have a volume of about 1,500,000 cubic yards and create a
reservoir of about 700,000 acre-feet capacity. By comparison with
the runoff at the gage at Foss, the estimated average runoff at the site
is 1,100 cfs. Control of this amount of runoff would require a reservoir
of 1,160,000 acre-feet. Storage of this volume would require a dam
about 30 feet higher. Such a dam is not considered to be feasible at
this site. Area and capacity data for this reservoir site are shown in
table 3.

TABLE 3.—Area and capacity of Vernonia reservoir site, with dam at Squaw
Creek site, mile 45.6, sec. 33, T.6 N, R.6 W.

Altitude (feet) Area Capacity Altitude (feet) Area Capacity
(acres) (acre-feet) (acres) | (acre-feet)
0 0 132, 000
80 400 260, 000
500 6, 000 453, 000
1,700 28,000 700, 000
2,300 68, 000

A dam at Squaw Creek is considered only because a reservoir smaller
than one formed by a dam at a downstream site might be better suited
for the Fishhawk-Tunnel Ridge diversion to the Columbia River; a
dam here is not considered justified for any other purpose. Usable
capacity of the reservoir would be 570,000 acre-feet (the water stored
above an altitude of 540 feet, the probable elevation for a diversion
tunnel entrance). An advantage of the Squaw Creek site over down-
stream sites is that farms around Jewell and between Tideport and
Elsie would not be affected.

Assuming a usable capacity of 570,000 acre-feet in the Vernonia
reservoir behind Squaw Creek dam, a minimum flow of 870 cfs could
have been diverted during the period studied. This minimum flow
would have been met easily after the end of the critical period, April
1940 to January 1947. During spilling periods between January 1947
and April 1954, flow averages had a range of 1,450 to 2,650 cfs.

The 570,000 acre-feet of storage could be used to regulate flows re-
leased during the 5-month winter period November through March
and thereby assure a minimum flow of 2,190 cfs. For this regulation
the critical period was between November 1, 1940, and March 1, 1944.
The reservoir would have been nearly empty on March 1, 1944, and
would have refilled in 1948. There would have been excess water
thereafter except for the drawing periods ending March 31, 1952 and
1953. The greatest excess would have been 190,000 acre-feet in the
November 1949 to March 1950 period.
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In computing the divertible water in the above examples, a minimum
discharge of 40 cfs (@95) was left in the river for conservation pur-
poses and the appropriate losses were subtracted.

GEOLOGY
By D. L. GASKILL

At the Squaw Creek damsite (pl. 1), the Nehalem River cuts strata
of the Pittsburg Bluff Formation (Warren and Norbisrath, 1946).
These strata consist of alternating well-stratified micaceous thinly
laminated to thick-bedded silty claystone, siltstone, and silty to fine-
grained sandstone. The rocks are composed of subangular to sub-
rounded grains of quartz, minor feldspar, and some tuffaceous ma-
terial. Most of the finer grained beds are firmly compacted but con-
tain little or no cementing material. A few thick beds of sandstone
are well cemented with calcite. Crossbedding, ripple marks, mud-
cracks, carbonaceous material, calcareous clay and iron concretions,
and other sedimentary features are present locally. The sedimentary
beds probably grade laterally from one type to another within short
distances. Fresh angular blocks of dark-gray dense very fine grained
basalt form part of the slope wash on the east abutment of section
DB-B’ (pl. 1). The basalt does not crop out in the damsite area and
is probably derived from a dike or flow remnant near the crest of the
ridge.

Bedrock exposures occur in the river channel at section 4-4’, on
the west bank at locality 3, and in highway and logging roadcuts.
Thick flood-plain deposits of coarsely graded sand, gravel, and allu-
vium mantle most of the valley floor.

Structure of the bedrock is largely obscured by vegetation, deep
weathering, and surficial movement. Large areas of valley and abut-
ment slopes are slumping, and wet clay zones are exposed at most out-
crops. Bedding attitudes vary, probably owing to bedrock slump,
large-scale crossbedding, or possible faulting. The attitude of some
resistant sandstone beds on valley slopes subject to surficial movement
suggests a moderate downstream dip of the strata, whereas less com-
petent strata in the river bed near section 4-4" dip obliquely upstream
into the east abutment. Beds are conspicuously fractured at locality 1
(pl. 1), and a few widely spaced joints cut bedrock near section 4-A".
These fractures may be associated with a zone of minor folds and
contorted bedding that trends about N. 70° W. across the river here.
Aerial photographs reveal a few widely spaced lineaments that possibly
represent faults or bedrock fractures. One lineament strikes about
N. 30° E. through the damsite area.
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The sedimentary beds exhibit a wide variation in texture, composi-
tion, and minor structures. They are generally weak, in part plastic
when wet, and are subject to differential compaction, expansion, slump-
ing, slaking, and disaggregation. Foundation and abutment rocks
may fail along weak water-saturated bedding planes. The instability
of abutment slopes is shown by the frequency of slumps and landslides,
which are due in part to deep weathering and general absence of
cementing material in bedrock. Bedrock dips slightly upstream at
section 4—-A’ in the river channel, but other bedrock exposures are
probably influenced by some degree of surficial movement. The zone
of folding in foundation bedrock at section 4-A4” should be inves-
tigated. Other areas of indicated structural weakness, as at locality 1,
and the hypothetical lineament at locality 2 require exploration.
Leakage should be anticipated through some friable sandstone or along
bedding planes. Abutments will probably require deep excavation
of slumped and loosely consolidated weathered rock. Some deep-
seated sliding and creep of surface mantle into the reservoir area may
be expected, particularly where valley slopes have been denuded of
forest cover. A chute-spillway site at section 4-4’ might be devel-
oped on the west abutment. A spillway at section B—B’ would prob-
ably have to be a side channel tied to the east end of a dam here.
Spillways would have to be concrete lined. An impervious cutoff
wall would probably be necessary along the top of the west abutment
at section 4A-A4’, dependent on reservoir level. Attitude and per-
meability of beds are particularly critical on the west abutment at
section A--A".

Impervious materials and aggregate are probably available from
alluvial deposits in the Nehalem River valley. Nonfragmental and
coarse fragmental volcanic rock is exposed in the Nehalem River valley
near Jewell, about 8 miles downstream.

In conclusion, the Squaw Creek damsite has little to recommend it
aside from topography, but it is probably adaptable to a flexible
wide-base earth or rockfill structure.

TIDEPORT DAMSITE
GENERAL FEATURES

The Tideport damsite is at river mile 37, secs. 23 and 24, T. 5N, R. 7
W., about half a mile upstream from the community of Tideport. The
drainage area is 463 square miles. An earthfill dam that would raise
the water surface from its present altitude of 437 feet to 600 feet would
have a volume of about 1,500,000 cubic yards and store 1,060,000 acre-
feet of water. Storage required for complete regulation to an esti-
mated mean flow of 1,415 cfs is about 1,500,000 acre-feet, which would
require a dam to near the 620-foot altitude. A dam to that height has
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not been considered because of the altitude of the town of Vernonia.
Area and capacity data for this reservoir site are shown in table 4.

TABLE 4—Area and capacity of Vernonia reservoir site, with dem at the Tideport
site, mile 37, secs. 23 and 24, T.5 N.,R. 7T W.

Altitude (feet) Area Capacity Altitude (feet) Area Capacity

(acres) (acre-feet) (acres) | (acre-feet)
0 0 5,000 141, 000
40 200 7, 261, 000
420 5,000 12, 000 445, 000
1,380 23, 000 15,000 716, 000
2,700 64, 000 19, 600 1, 063, 000

The reservoir would provide about 70 percent of the storage required
for complete regulation of the stream whereas the Squaw Creek site
would provide only 60 percent of the storage required at that site.
Lands that would be flooded by a dam at the Tideport site are perhaps
more valuable than those farther upstream. A dam at Tideport of
necessity would be higher but would have about the same volume of
material as one at Squaw Creek. During the period studied, the
reservoir could have assured a discharge of about 1,240 cfs if its entire
contents were used as active storage. The reservoir would have an
active capacity of 800,000 acre-feet above altitude 540 feet. This
capacity could have provided a constant diversion of about 1,185 cfs
to the Columbia River. If all the water were diverted during the 5-
month period November through March, a uniform flow of 2,900 cfs
could have been maintained.

The conservation release at Tideport is 50 cfs.

GEOLOGY
By .A. M. PIPER

The bedrock at and near the Tideport damsite consists of thinly
stratified shale and earthy sandstone overlain by dense nonfragmental
volcanic rock (basalt) and fragmental volcanic rocks (basaltic tuff and
agglomerate). In general, the rocks dip 5°-85° in a N. 20°W. to N.
20° E. direction. At the damsite, the exposures of bedrock are scarce
and geologic features must be interpreted largely from regional
features. A geologic map of this site is shown on plate 1.

At the site, dense volcanic rock is exposed at the base of the west
abutment to a height of about 40 feet above a roadcut and for about 350
feet along the-road. The exposed rock includes a layer of dense fine-
grained basalt about 45 feet thick; another layer of basalt about 40
feet thick contains small globular masses of secondary nonmetallic
minerals (amygdule fillings), and fine-grained fragmental material
(tuff). These layers seem conformable and contacts are tight. These
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rocks are inferred to form the greater part of the thin spur above the
exposure that extends to the margin of the mapped area. Similar
volcanic rock is inferred to underlie the opposite, or left, bank of the
river.

The dense nonfragmental volcanic rock exposed at the Tideport
damsite hashigh crushing strength ; however, it probably will not form
a rigid and thoroughly stable foundation at the right abutment, be-
cause the rock is highly fractured and partly altered. The exposure
described in the preceding paragraph is crossed by two large fractures
that strike N. 20° E. and dip about 70° westward. Between these two
fractures all the rock is cut by closely spaced cross-fractures that strike
In many directions; some of the rock is crushed thoroughly. In this
fracture zone, many of the blocks are rotated rather steeply and their
faces commonly are partly decomposed although some faces are silici-
fied. All these features indicate that the exposed rocks are in a fault
zone of appreciable displacement. The fault that strikes N. 20° E.
locally controls the course of the river farther upstream. This fault
suggests a line of serious weakness at the damsite. Other fracture
zones may be concealed beneath the slope wash.

Coarse fragments of volcanic rock 2 feet across in a dense basaltic
matrix form extensive outcrops on the left bank of the river down-
stream from the damsite. This rock is likely to occur at the site
beneath the cover of slope wash and is moderately weaker than the
nonfragmental volcanics.

The sedimentary rocks in the vicinity of the damsite are largely shale
but mclude some earthy sandstone beds. These rocks are moderately
low in bearing power and are probably plastic when wet. At or near
the site these weak rocks are exposed on the right (west) bank at three
places: (1) along the road at the downstream edge of the basalt out-
crop described above, where they dip 70°-85° W. and strike N. 70° W.
and are deeply weathered and air-slaked; (2) at an altitude of about
750 feet along the thin spur forming the west abutment; and (3) in
shallow cuts along the road 1,300 to 1,600 feet upstream from the site
where they dip 20°-35° N. 20° W. They probably form most of the
right bank both upstream and downstream from the basaltic spur.
The upper hillsides in these areas are scarred by several landslides.
The scars are shallow and only a few yards across. Whether sedi-
mentary rocks occur on the opposite, or left, bank is not known.

The line A-B on the map of the Tideport damsite (pl. 1) indicates
the most feasible position for a dam having its foundation and abut-
ments largely or entirely on the volecanic rocks. At this position the
permissible maximum height of a dam probably is limited by the
bearing power and perviousness of the narrow basaltic spur forming
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the right abutment. Neither of these two limitations can be thoroughly
evaluated from the data now available. However, this position seems
wholly unsuited for a high rigid narrow-based dam because of the
fractures that have been described and because of the extensive sheets
of weak fragmental material (tuff) that may separate some of the
layers of basalt. The position might be suitable for an earth or rock-
fill dam.

At Iine C-D (Tideport damsite, pl. 1), a dam would be slightly
narrower and both abutments would have considerable mass. There,
the right abutment is probably the weak shale and sandstone beds;
the character of the bedrock in the left abutment is unknown. Only
a flexible dam that has a comparatively broad base would be stable. In
summary, the Tideport site seems to be distinctly inferior geologically
as a possible damsite to the alternative site near Elsie, which is de-
scribed in the following section.

ELSIE DAMSITE

GENERAL FEATURES

The Elsie damsite is at river mile 30.4, sec. 4, T.4 N, R.7 W. The
drainage area is 498 square miles and the water surface is at an altitude
of about 395 feet. The axis of the dam would be near the present U.S.
26 highway bridge. An earthfill dam that would back water to the
600-foot level would have a volume of about 1,840,000 cubic yards and
the reservoir a capacity of 1,500,000 acre-feet. A considerable acre-
age of farm, pasture, and timber lands, as well as numerous access
roads and highways would be flooded. Complete regulation of the
runoff at the site during the period 1940-54 would require a storage
capacity of 1,600,000 acre-feet, on the basis of a comparison with runoff
at Foss. This capacity would require a reservoir with a maximum
altitude of 605 feet. The area and capacity data for this reservoir
site are shown in table 5.

TABLE 5.—Area and capacity of Vernonia reservoir site, with dam at the Elsie
site, mile 30.4, sec. 4, T. } N, R. 7T W.

Area Capacity Area Capacity

Altitude (feet) (acres) | (acre-feet) Altitude (feet) (acres) | (acre-feet)
0 7,500 309, 000
200 10,100 485, 000
1,300 15,200 738, 000
1,900 18,700 | 1,077,000
3,300 1 1, 500, 000

5,000

The available storage in the Vernonia reservoir between altitudes
470 feet and 600 feet at the Elsie site would be 1,425,000 acre-feet and
773641 0—65—4
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it is assumed that it would not be desirable to draw the reservoir lower
in regulating for power production. To insure conservative esti-
mates, an active capacity of 1,400,000 acre-feet has been used. This
volume 1s sufficient to have maintained a uniform flow of 1,450 cfs
(92 percent of the average) during the period from April 1, 1940, to
September 30, 1954. The 1,400,000 acre-feet would have been drawn
out by about October 31, 1945, and the reservoir refilled by January 15,
1951. The reservoir would have been drawn down only 600,000 acre-
feet between January 15, 1951, and September 30, 1954. This fa-
vorable circumstance would have permitted operating from the top
of the reservoir.

If the reservoir were to be used for firming winter flows, it could
have maintained a firm flow of 2,195 cfs during the 5-month period
from November through March and 1,000 cfs during the rest of the
year. The greatest drawdown would have been about 1,370,000 acre-
feet at the end of October 1945. The reservoir would have refilled by
mid-January 1951, with only minor storage requirements thereafter
through 1954. By reducing the summer flow to 50 cfs a minimum dis-
charge of 3,535 cfs could have been assured for November through
March of each year. :

If water were to be diverted to the Columbia River via Fishhawk
Creek, only 1,000,000 acre-feet (that part of the Vernonia reservoir
above 540 ft in altitude) would be active storage. This storage could
have provided a year-round diversion of 1,300 cfs of water. Other
possibilities for diversion could have included a combination of a
summer discharge of 470 cfs and a winter discharge of 2,645 cfs, or
a November through March concentration of 3,280 cfs. After supply-
ing these amounts, a minimum flow of 50 cfs would have been left in
the river at all times.

GEOLOGY

By A. M. PIPER

Three distinct bedrock units are recognized at the Elsie damsite
(pl. 1) and they differ greatly in perviousness and bearing power.
From oldest to youngest they are shale, nonfragmental volcanic rock
(basalt), and fragmental volcanic rocks (also basalt).

The shale is thinly laminated, bluish gray when fresh, extremely
fine grained, and moderately indurated. It is virtually impervious
and low in bearing power. In part, the shale is somewhat clayey and
probably is plastic when wet. Where exposed at the surface, it slakes
and weathers deeply to a yellowish-brown clayey soil. Good out-
crops of shale were mapped at four places along the left (east) bank
of the stream, as follows: (1) in roadcuts 20 to 30 feet above the river
near the downstream edge of the mapped area, where the shale dips
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mental basalt that is interpreted to be a rigid, steeply dipping plate ex-
tending to considerable depth through the shale. Accordingly, this
position seems suitable for a thin rigid dam that is arched for stability
to a height of about 90 feet above the river. This conclusion should
not be considered firm, however, until the vertical extent of the non-
fragmental basalt has been determined by test drilling in the river bed
and on either bank along the axis of the proposed dam. Neither this
position nor any other within the area (Elsie damsite, pl. 1) seems suit-
able for a thin rigid dam of greater height, because the upper part of
either abutment would be composed of the fragmental volcanics.

If the site at Tideport were superseded by a dam at the Elise site,
the pond level would reach an altitude of 600 feet or more—that is,
at least 200 feet above the river. To be stable, a dam that would con-
fine this depth of water should be broad and flexible. A fill of earth or
rock is suggested as most feasible. The left, or east, abutment of a
flexible dam at the downstream position (A-B) may even be unsound
above an altitude of 480 feet. The reasons for the instability of this
abutment are as follows: (1) the potential leakage may be excessive all
along the abutment for about 2,000 feet from the river, and (2) a con-
siderable part of the abutment may prove unstable if saturated to or
above an altitude of 600 feet.

The upstream position (C-D) is suggested as a more feasible site
than the downstream position (A-B) for a flexible dam up to an alti-
tude of 600 feet. The advantages of that position, which tend to com-
pensate for a moderately greater length, are: (1) because both abut-
ments are broad, excessive leakage seems unlikely, and (2) the weak
shale, which is a major cause of instability in the fragmental volcan-
ics, is inferred to lie below stream level and therefore potential land-
sliding would be avoided.

For a rockfill dam, the nonfragmental basalt near the site is suitable.
At any place above 600 feet in altitude, the rocks are fragmental
volcanics; 1f quarried for erecting a dam, a moderately large propor-
tion of these rocks probably would need to be rejected. The most
promising quarry site seems to be the flank of the ridge that overlooks
the right abutment.

Percolation under a low rigid dam could easily be restrained by
grouting the fractures in the nonfragmental basalt. A high flexible
dam would call for more extensive cutoff measures; how extensive can-
not be estimated without thorough test drilling. The most critical re-
quirement seems to be an impervious connection from the dam deep
into the shale that underlies the volecanic rocks, unless the volcanic
rocks are proven to extend far beneath river level.
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Except for the nonfragmental basalt and the more massive parts of
the fragmental volcanics, all materials that form the Elsie damsite
would be eroded rapidly by swiftly flowing water of considerable
depth. Thus, the design of an adequate spillway involves critical
problems.

For the low rigid dam, an overflow spillway seems feasible because
firm rock probably underlies the streambed at shallow depth for at
least 500 feet downstream from the line A-B. Accordingly, an exten-
sive downstream apron probably would not be necessary, although rip-
rap or some other measure to protect the left bank might be desirable.
As an alternative, a spillway tunnel could be driven through the
massive rock in the right abutment without undue difficulty.

For a high dam, an overflow spillway seems undesirable. A spill-
way at the side of the dam would be topographically feasible across
the east abutment only if the dam were placed in the less desirable
downstream position (A-B). For assured stability, a spillway struc-
ture there would require a substantial and extensive cutoff and an
extensive pavement downstream.

An alternative spillway site could be located in a saddle about 1.2
miles northwest of the damsite (Elsie spillway area, pl. 1). This site
is equally suited for dam construction at either of the two positions
shown on plate 1 (Elsie damsite). Within 1,000 feet of this saddle
in every direction the bedrock seems to be entirely composed of shale.
Like the shale that crops out at the damsite, this shale is thoroughly
decomposed to a moderate depth beneath the land surface. Even if it
were unweathered it would have low bearing power and would be
abraded easily by swiftly flowing water. However, it is virtually im-
pervious. Any spillway structure across this saddle should have an
extensive pavement downstream. If the main dam is to rise above an
altitude of 600 feet, the spillway structure must also serve as a dike
to close the saddle. For this dual purpose, the structure should have
a. wide base and should be seated on unweathered shale. Its maxi-
mum feasible height cannot be estimated closely without loading and
percolation tests of the foundation material.

SPRUCE RUN RESERVOIR SITE

The Spruce Run damsite is at Nehalem River mile 22.5 (sec. 24, T.
4 N, R. 8 W.) just downstream from the mouth of Spruce Run Creek
and approximately 8 miles downstream from the Elsie damsite. The
water surface at the Spruce Run damsite is about 305 feet in altitude
and the drainage area is 549 square miles. Dams of various heights
have been studied for the Spruce Run site. The damsite might be
used either for a dam to back water to the Elsie or Tideport damsites
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or for a dam that would back water to Vernonia. Table 6 shows the
area and capacity data for the reservoir site.

TABLE 6.—Area and capacity of Spruce Run reservoir site, damsite at mile 22.5,
sec. 24, T.4N,R.8W,

Altitude (feet) Area Capacity Altitude (feet) Area Capacity
(acres) | (acre-feet) (acres) | (acre-feet)
0 0 f| 440, 3,000 125, 000
80 600 254, 000
130 2,700 552, 000
320 7,100 1, 126, 000
- - 5456 15,700 , 000,
400 .. 885 30, 000

The approximate height and volume of earthfill dams and capacities
of their respective reservoirs are as follows:

Dam Volume | Reservoir
Purpose height (cubic capacity
(feet) yards) (acre-feet)
Back water to Elsie damsite. ______.__..__._____ 90 260, 000 30, 000
Back water to Tideport damsite___.____________ 132 615, 000 115,000
Back water to Vernonia_ .. .___.___._.___________ 295 | 5,200,000 2,000, 000

The average discharge of the river at the damsite is estimated to be
about 1,880 cfs. The 2,000,000 acre-foot reservoir would have com-
pletely regulated the stream during the test period and would make
almost any desired water-use plan possible. The reservoir would hold
1,270,000 acre-feet above the 540-foot altitude. That amount of stor-
age would have made possible a continuous diversion of about 1,600
cfsto the Columbia River during the test period.

The more likely use of the Spruce Run site, however, would be for a
dam to back the water to the Elsie or Tideport sites, which are at alti-
tudes 395 and 437 feet respectively. The total head created would be
90 or 132 feet and the reservoir would reregulate the releases from the
upstream reservoir for power development.

The damsite area is shown on the previously described Saddle
Mountain quadrangle, scale 1: 62,500, and the 1936 river survey map,
scale 1:31,680. A large-scale map has not been made, nor has a
geologic examination been made of the area.

SALMONBERRY RESERVOIR SITE

GENERAL FEATURES

The Salmonberry damsite is in sec. 10, T. 3 N., R. 8 W., at Nehalem
River mile 15.5, about half a mile upstream from the confluence of the
Salmonberry River. Drainage area is 573 square miles and the water
surface altitude is 205 feet. Table 7 shows the area and capacity data
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for this reservoir site. The water surface at the Spruce Run damsite
is 305 feet, and at the Elsie site is 395 feet. The approximate height
and volume of the earthfill dams that would back water to these sites
or to Vernonia, and the capacities of the respective reservoirs, are as
follows:

Pam Volume Reservoir

Purpose height (cubic capacity

(feet) yards) (acre-feet)
Back water to Spruce Run damsite_________________________ 100 | .. ___ 16, 000
Back water to Elsie damsite________________________________ 190 940, 000 115, 000
Back water to Vernonia. .. ____________ . . .. ... .. 395 | 8,400,000 2, 500, 000

Dams high enough to back water to Spruce Run or to Elsie seem quite
reasonable whereas the larger one probably is a remote possibility.

TABLE 7.—Area and capacity of Salmonberry reservoir site, damsite at mile 15.5,
sec. 10, T3 N, R. 8 W.

Altitude (feet) Area Capacity Altitude (feet) Area Capacity
{acres) (acre-feet) (acres) | (acre-feet)
0 250, 000
50 700 463, 000
250 7,000 831, 000
680 25, 000 1, 485, 000
1,160 60, 000 2,531, 000
000 5, 000

A dam that would back water to the Elsie damsite seems the more
likely. A 115,000 acre-foot reservoir between the Elsie site and the
Salmonberry site could be used for reregulation of releases from a
large reservoir at the Elsie site. The constant release from Elsie of
1,450 cfs on a continuous schedule could be regulated to a minimum
flow at the Salmonberry site of about 1,845 cfs. Reregulating the
summer (1,000 cfs) and winter (2,195 cfs) releases from Elsie could
raise the summer minimum to about 1,310 cfs and the winter minimum
to about 3,150 cfs at Salmonberry.

If the dam were constructed to the 600-foot altitude, complete con-
trol of the Nehalem at the Salmonberry site would be possible; in
fact, only 2,100,000 acre-feet of storage would have been required for
the period studied. That storage would have been depleted near the
last of October 1945 and the reservoir would have refilled by the end
of March 1951 with only minor drawdown thereafter.

The entire 2,500,000 acre-feet of water in a 600-foot altitude reser-
voir would be very valuable for peaking purposes, for it could be used
at any time of the year in large or small amounts, or saved for use in
dry years as needed. For example, a full reservoir in June 1940 could
have been drawn upon at a rate greater than the average discharge
through the dry years which ended during October 1945. This large
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exfoliation, and deep fracturing, has caused rapid bedrock deteriora-
tion and landsliding. The abutments probably have been weakened
by high-angle shear zones and by one or more possible faults parallel
to the river on the east abutment. Several springs emerge from be-
neath landslide rubble on the east abutment at river level, and seepage
was observed along clay partings in the west abutment. Some leakage
might occur along flow contact zones susceptible to hydraulic pressure
or along high-angle joint planes trending downstream, but such leak-
age would probably prove unimportant and controllable by grouting.
Stripping should prove minimal on the west abutment, but would
require removal of considerable rock debris and deteriorated bedrock
on the east abutment. Unconsolidated rockfall material, perhaps
more than 50 feet thick in places, is present on the lower slope of the
east abutment. Thick talus deposits are also present higher on the
east abutment above the main landslide deposit. Loose, incoherent,
disintegrated mantle rock, 10 to 15 feet thick, is locally exposed in
roadcuts near the damsite area. Careful examination of the structural
stability of a broad bedrock rib immediately northeast and above sec-
tion D-D’ on the east canyon wall would be advisable. A slide or
rockfall originating on this spur might directly damage a dam or
create damaging reservoir waves.

Impervious and aggregate materials are locally available in river-
bar and flood-plain deposits above and below the damsite. The dense
fresh basalt from nonbrecciated nonamygdaloidal flows might be a
source of aggregate in the damsite area.

The Salmonberry site seems suitable for either an earth-rockfill or
concrete dam.

UPPER WAKEFIELD RESERVOIR SITE
GENERAL FEATURES

The Upper Wakefield damsite is below the mouth of the Salmon-
berry River in sec. 16, T. 3 N., R. 8 W., near Nehalem River mile 14.4.
Drainage area is 644 square miles and the water surface altitude is 175
feet. The reservoir site has an estimated storage capacity of 2,740,000
acre-feet with a dam to the 600-foot altitude. The volume of an earth-
fill dam to this height would be about 14,300,000 cubic yards. The
average discharge of the river at the damsite is estimated to be 2,480
cfs. Storage required for complete regulation is estimated at 2,600,000
acre-feet. About 1,000 acres of the reservoir lies below the Salmon-
berry damsite, and most of this is in the Salmonberry River valley.
The area and capacity data for this reservoir site is shown in table 8.

The most likely use of a dam at this site would be to raise water
to the level of the Elsie site. Storage would amount to about 150,000
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TABLE 8.—Area and capacity of Upper Wakefield reservoir site, damsite at mile
14.4, sec. 16, T.3 N, R.8 W.

Altitude (feet) Area Capacity Altitude (feet) Area Capacity
(acres) | (acre-feet) (acres) | (acre-feet)

0 0 2,400 164,200
31 400 7,650 566, 2
130 3,600 12, 230 963,800
390 14, 000 22,290 | 1,654,200
900 39,800 32,170 | 2,743,400
360._ . ITIITIIITTTI 1, 460 87, 000

acre-feet. This amount could be obtained with an earthfill dam 220
feet high having an approximate volume of 2,460,000 cubic yards.

A branch of the Southern Pacific railroad follows the Salmonberry
River and the Nehalem River to the coast and about 4 miles of it
would be flooded by a dam backing water to the Elsie site. The cost
and difficulty of relocating the railroad would have to be considered
in planning a dam at this site.

GEOLOGY

By D. L. GASKILL

At the Upper Wakefield damsite (pl. 2), the Nehalem River is con-
fined in a deep canyon that is cut in basaltic lava flows of the Tillamook
Volcanic Series (Warren and others, 1945). Valley walls rise to
altitudes 1,800 feet above the river here. Bedrock is similar to that
described at the Salmonberry damsite a mile upstream. Individual
flows vary in texture but the predominant rock is a dense dark-gray
fine-grained to porphyritic basalt. The flows exhibit slightly ir-
regular contacts and many are separated by pyroclastic rocks and
brick-red zones of baked tuffaceous clay. Many flows have well-
defined flow partings.

The river is actively cutting bedrock in the damsite area. At sev-
eral places along the river channel, fine-grained and porphyritic feeder
dikes have been intruded along near-vertical fractures trending in a
northerly or northwesterly direction. These dikes reach a maximum
of 5 feet in width and contain a high percentage of glass and accessory
magnetite. The basaltic flows strike roughly N. 80° W. and dip
approximaiely 27° N. ‘Several small faults or shear zones are indi-
cated on plate 2 (Upper Wakefield damsite). The faults mapped in
the area of section B~B’ are intruded by dikes. Displacement on
faults does not indicate recent movement. These old faults are prob-
ably not critical planes of weakness in respect to a dam here. Joint
systems represented by near-vertical, closely spaced parallel fracture
sets are common in the foundation rock along the river, although
large areas or individual flows may appear almost joint free, The
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more conspicuous joint sets generally strike in a northerly direction and
have secondary joints at right angles and diagonal to the major set.
Most of the fractures are thin, tight, and discontinuous and probably
do not seriously weaken the fresh unaltered bedrock. These joints
are spaced about 3 to 6 inches apart in foundation rock at section
B-B’ and at the river bend upstream from section A-A’.

Large areas of stable bedrock are exposed on the steep (40°—45°
slope) north wall of the canyon. The north abutment is dryer and
supports less vegetation than the heavily forested south abutment.
Bedrock on the south side of the canyon is almost completely con-
cealed by vegetation, talus, landslide rubble, and rock-soil creep.
Limited areas of bedrock are exposed above an altitude of 300 feet
on the south abutment along sections A-4’ and B-B" (pl. 2). These
rocks are separating from the cliff face in large blocks along vertical
joint planes. West of the deep tributary gorge in the south canyon
wall, most of the lower slopes below an altitude of 400 feet are covered
by soil and rock debris that are in part saturated with water. This
debris is more than 120 feet thick and is probably the result of land-
sliding. Slickenside surfaces observed on large boulder blocks com-
prising this material at river level indicate the presence of faults or
landslip surfaces high on the south canyon wall. Many springs issue
from the base of this debris along the south side of the river. The
structurally weak and unstable character of the south abutment is due
to the pronounced dip of the flow structures toward the river and the
advanced state of bedrock disintegration and deterioration accom-
panying deep physical and chemical weathering.

Considerable excavation of deteriorated bedrock below the zone
of open fractures would be necessary on the south abutment for a dam
structure in this area. "In contrast to the negligible stripping neces-
sary on the north abutment at section 4-A4’, as much as 40 feet of
talus debris would have to be removed on the south abutment below
an altitude of 300 feet and 50 feet or more of bedrock above this alti-
tude, depending upon the height of the dam.

Bedrock leakage probably would be limited to fractures and flow
contacts, particularly the flow contacts dipping toward the river on
the south abutment.

Core holes should be drilled along the south abutment profile to
determine depth of unconsolidated material and bedrock deterioration.

An overfall type of spillway would subject the bedrock to some
plucking, but would abrade the rock very slowly. A side-channel
spillway or water-diversion tunnel on the north abutment would
probably be feasible.

A damsite in the area of sections A-A’ or B-B’, east of the tribu-
tary creek on the south abutment, would probably be suitable for a
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rockfill or concrete-type structure of any desired height. However,
reconnaissance of possible sites immediately upstream or east of the
mapped area (Upper Wakefield damsite, pl. 2) is recommended.

A brief discussion of available construction materials in this area is
included in the discussion of the Salmonberry damsite (p. 31).

WAKEFIELD RESERVOIR SITE

A dam at Nehalem River mile 12.8, about 1.6 miles downstream
from the Wakefield site (fig. 3) would make a reservoir for a given
dam height where capacity would be only slightly more than that of
a reservoir at the Upper Wakefield site. For this reason the two
positions offer equal advantages as reservoir sites.

NEHALEM FALLS RESERVOIR SITE
GENERAL FEATURES

The Nehalem Falls damsite is at Nehalem River mile 8 in sec. 27,
T. 3 N., R. 9 W, where the water surface altitude is 65 feet. Raising
the water surface to 395 feet, which would back water to the Elsie site,
would provide about 362,000 acre-feet of storage. The volume of an
earthfill dam of the required height would be about 8,300,000 cubic
yards. Table 9 shows area and capacity data for this reservoir site.

The average discharge at Nehalem Falls is estimated at 2,585 cfs.
Complete regulation of the river at this point would require about
2,740,000 acre-feet of storage. This amount of storage is much beyond
the capacity of a reasonable dam at this site. Creation of head and
reregulation of releases from upstream reservoirs would be more
likely uses of any reservoir at Nehalem Falls.

TABLE 9.—Area and capacity of Nehalem Falls reservoir site, damsite at mile 8,
sec. 27, T.3N.,R.9 W.

Altitude (feet) Area Capacity Altitude (feet) Area Capacity
(acres) | (acre-feet) (acres) | (acre-feet)

0 0 850 51, 000

6 40 1,200 92, 000

90 1,400 2, 000 153, 000

250 8, 200 2,750 248, 000

540 23, 000 3, 900 380, 000

If the river is regulated at Elsie to a continuous flow of 1,450 cfs,
847,000 acre-feet of storage at Nehalem Falls could reregulate to a
constant flow of 2,200 cfs. This flow would leave 15,000 acre-feet of
dead storage in a reservoir backing water to the Elsie site. If the
river is regulated at Elsie to 1,000 cfs and 2,915 cfs for the April
through October and the November through March periods, respec-
tively, the reservoir at Nehalem Falls could regulate the river to 1,210
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cfs and 3,900 cfs, respectively. By concentrating all the flow at Elsie
except a conservation requirement of 50 cfs in the winter period, a
flow of 3,535 cfs there could be increased to 5,385 cfs at Nehalem Falls.

Another possible plan of development that might affect the use of
the Nehalem Falls reservoir would be to divert all the flow except
a conservation release of 40 cfs at Squaw Creek to the Columbia River
basin. In that event, the Nehalem Falls reservoir could be used to
regulate discharges from the drainage basin downstream from Squaw
Creek; the average flow at Nehalem Falls would be about 1,525 cfs
(40 cfs conservation release at Squaw Creek and 1,485 cfs from the
intervening drainage area). The 362,000 acre-feet of storage at
Nehalem Falls would permit a minimum regulated flow of about 1,030
cfs after reservoir losses. If water is diverted to the Columbia River
from a reservoir behind a dam at Tideport or Elsie, discharge at
Nehalem Falls would be smaller but might still be large enough to

warrant development there.
GEOLOGY

By A. M. PipER

The damsite at Nehalem Falls seems to involve only two extensive
rock units—an incoherent terrace deposit, and a volcanic unit (basalt).
A view of the damsite is shown on figure 8.

The terrace deposit consists largely of poorly sorted sand, pebbles,
and cobbles as much as 8 inches in diameter that were derived from
dense volcanic rocks, chiefly basalt. The rocks comprising the deposit
are slightly weathered and all are bleached and iron stained. These
stream-borne materials are exposed in the streamward faces of two
terrace remnants about 30 feet above the river; one is on the left (east)
bank at the upstream edge of the area shown on plate 2 (Nehalem
Falls damsite), and the other is on the right bank near the downstream
edge of the area. Near the landward edges of the two remnants, the
stream-borne materials are mingled with slightly sorted slope wash.
The terrace deposits rest on rock shelves from 2 to 15 feet above river
level ; the maximum thickness of the deposits is estimated to be about
30 feet. The unit as a whole is highly pervious and incompetent to
sustain a rigid dam.

The greater part of the volcanic rock (basalt) is composed of several
thick sheets that dip about 5° to 10° in a N. 30° E. direction or diago-
nally upstream. The basalt is fine grained, dense, and fresh; it has
moderately high crushing strength, probably at least 20,000 pounds
to the square inch. However, the following three features detract
somewhat from its strength in mass:

1. Fractures which are undulatory, discontinuous, and commonly 10
feet or more apart are nearly vertical and form two sets. One
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set trends northeast, the other northwest. A few fractures have
crushed selvages as much as 4 inches thick. Cross fractures,
random in strike and dip, are common. Taken as a whole, these
fractures probably weaken large masses of the basalt only slightly,
for the plates and blocks that intervene between fractures are
random in size and shape and are rather closely interlocked.
However, the thin spur that forms the east bridgehead near the
downstream edge of the area is unstable and seems to be sliding
toward the river; thus, the stability of the thin spurs on either
side of the valley in the central part of the area also may be
questioned.

2. Fragmental partings (basaltic scoria and flow breccia) separate
the sheets of dense basalt at some places, as beneath the terrace
deposit along the west bank of the river in the central part of the
area. These fragmental partings are weak but, as exposed in
fairly large and numerous outcrops, are neither thick nor ex-
tensive. Those that are exposed dip upstream and therefore
would oppose the tendency of a dam to slide downstream.

3. Weak zones occur where the basalt is slightly or moderately decom-
posed or where it is cut by veinlets of nonmetallic minerals (drusy
quartz and zeolites, in part cellular). Their number and extent
are not fully disclosed by the outcrops, but they seem to be most
extensive in the downstream half of the area.

A small part of the volcanie rock is composed of fine-grained dense
basalt in thin dikes and of massive, coarsely fragmental rock (mostly
basaltic agglomerate) similar to that at the Elsie site upstream. Both
upstream and downstream near Nehalem Falls damsite, massive frag-
mental rock is extensive and commonly is deeply weathered. It may
also be extensive in parts of the site that are covered by slope wash.
This possibility is a critical feature of the site with respect to the erec-
tion of a dam, for the fragmental rock is materially weaker than the
nonfragmental basalt and probably would not sustain an extremely
thin dam. However, because landslide debris is absent, any frag-
mental rock at the Nehalem Falls site is probably stronger than that
on the east bank of the river at Elsie site.

The best position for a dam at Nehalem Falls seems to be that indi-
cated by the line A-B on plate 2 (Nehalem Falls damiste). At that
position, both abutments are broad and it is inferred that fractures do
not make either unstable. Nearly continuous exposures of dense non-
fragmental basalt of high bearing power extend across the stream
bed and also form the full height of the right abutment. The uncon-
solidated stream deposits are neither extensive nor very thick and can
be removed with little trouble. However, the nature of the bedrock in
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tic basalt, altered chloritized porphyritic basalt, and flow breccia.
Flow breccia is exposed at a small quarry on the north abutment east
of section ('-C” (Stonehill damsite, pl. 2) and along the railroad grade
near bench mark PTBM 90. At the quarry, the flow breccia is about
40 feet thick and consists of greenish-gray angular welded blocks of
pyroclastic material chloritized to a greenstone. Vesicular and
amygdaloidal zones are common, especially in the upper part of the
flow. Joint faces are pyritized, veins of calcite cut the rock, and cavi-
ties are filled with quartz, calcite, and zeolite minerals. Massive flows
of finely crystalline basalt and porphyritic basalt overlie and underlie
the breccia. The flows at the quarry dip about 25° NE. Bedrock
exposures on the steep north abutment include both unaltered and
altered chloritized oxidized basalt. The river is abrading finely crys-
talline basalt along the base of the north abutment and seems to be
flowing over bedrock a short distance upstream. Finely crystalline
basalt and weathered porphyritic basalt outcrop locally along the
abandoned rail grade on the south abutment. A thin bed of glau-
conitic( ?) sandstone was observed between flows on the south bank
near bench mark PTBM 66 (pl.2). Most of the south abutment slope
is covered by terrace and mantle deposits and obscured by vegetation.
Only a thin veneer of alluvium is inferred to overlie bedrock in the
river channel. Unconsolidated river terrace deposits are thin, prob-
ably less than 15 feet thick at section -C”.

Bedrock on the north abutment is broken by numerous joint frac-
tures. Lineaments plotted from aerial photographs and shown on
plate 2 may represent weak fracture zones. Faulting is inferred on
the north abutment, where highly oxidized zones are exposed along the
highway and poorly exposed altered flow breccia crops out in railroad
cuts. If the breccia is the same as that exposed at the quarry, a large
displacement of flows is indicated, down thrown on the west. A
series of northeast-trending faults cuts the volcanics and sedimentary
rocks of the Cowlitz Formation several miles west of the damsite be-
tween Foss and Mohler, and a thick sequence of indurated faulted sedi-
ments (laminated hornfels) is exposed along the abandoned rail grade
about half a mile east of the damsite on the south side of the river.

The north abutment seems to be structurally stable owing to the dip
of the flow layers into the hill, in contrast to the inferred dip of the
flows toward the river on the south abutment. The moderate upstream
dip of the flow layers should afford good anchorage for a dam. Bed-
rock is weakened by joints and by local rock alteration, and probably
by faults. The inferred fault zone mapped on the north abutment
probably crosses the river and seems to be the most objectionable geo-
logic feature of the damsite. Exploration would be required to deter-
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mine the structure and degree of decomposition along this zone. Addi-
tional investigation of concealed bedrock structures, especially on the
south abutment, is advisable. Joint planes and possible thin inter-
beds of tuff or sedimentary rock may be potential zones of reservoir
leakage.

Impervious materials and aggregate appear to be available in large
quantity from alluvial deposits in the Nehalem River valley near the
damsite. Sand and gravel have been excavated from terrace deposits
21% miles west of the damsite. Highway-metal quarries have been
developed in and near the damsite area.

The Stonehill site is probably suitable for a wide base earth- or
rock-fill structure.

GODS VALLEY RESERVOIR SITE

The Gods Valley damsite is in sec. 26, T. 4 N., R. 9 W, on the
North Fork Nehalem River, about 1 mile upstream from Soapstone
Creek. The water surface at the damsite is estimated to be about 240
feet in altitude. The only maps of the dam and reservoir site area are
the U.S. Geological Survey 15-minute Cannon Beach and Saddle
Mountain 1:62,500-scale quadrangles. A dam that would raise the
water to the 400-foot altitude would have a crest length of about 500
feet; its volume is roughly estimated to be about 680,000 cubic yards.
As measured from the quadrangle maps, the reservoir capacity would
be about 75,000 acre-feet and would cover an area of 1,400 acres.
There are no important roads or other improvements in the reservoir
area. Average discharge at the site is estimated to be about 300 cfs.
By using all the storage, a minimum discharge of 245 cfs could have
been assured during the period studied. Other possibilities would be
a minimum release of 535 cfs for power production during the No-
vember through March period or a diversion of as much as 300 cfs into
an irrigation canal during a 4-month period June through September,
after losses and a conservation release of 10 cfs.

A regulating reservoir at the Gods Valley site would be very bene-
ficial to the North Fork basin regardless of whether a powerplant were
included, and especially if it provided for passage or propagation
of fish.

The damsite has not been examined geologically.

POTENTIAL POWER

Power development on the Nehalem River will not be practicable
unless reservoirs are provided to regulate flow. Table 10 presents the
regulated discharges and power that could have been available over
the 15 water years 1940-1954, by regulation in four reservoirs on the
main stem and one on the North Fork. Nehalem Falls benefits from
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storage at Elsie, and Stonehill from storage at Elsie and Nehalem Falls.
Rocky Point storage is not reflected at any of the downstream sites
because the purposes for which this reservoir is likely to be built may
detract from, rather than add to, downstream power. The various
regulating possibilities of the reservoirs were discussed in the section
on regulation and storage. Table 10 shows three alternative plans
for utilizing the reservoirs: (1) by continuous regulation, (2) by
assuring a small amount of water for power production during the
summer months (when the Columbia River is flowing at high stages)
in combination with a maximum amount of the remaining water for
winter power production (when the Columbia River is at low stages
and when demand for power is high), and (8) by assuring the maxi-
mum regulation for the winter months if no water is released for power
during the rest of the year.

Figure 3 shows several damsites and reservoir sites on the main
river, and one dam and one reservoir site each on Fishhawk Creek and
the North Fork. A total head of 705 feet on the main river is available
for development by dams or by combinations of dams and conduits.
Three hundred and forty feet of head could be developed at the site
on the North Fork by means of a dam and conduit. The illustrative
plan of development presented here includes four dams on the Nehalem
River and a dam and conduit on the North Fork. Fishhawk Creek is
discussed separately because it would divert water out of the basin and
thereby reduce the power potential of downstream sites. The basin’s
hydroelectric power potential is estimated as the combined amount that
could be developed by dams at the five following sites: Rocky Point,
Elsie, Nehalem Falls, and Stonehill on the Nehalem River, and Gods
Valley on the North Fork. Some of the alternative dams discussed
on pages C10-C40 and other possibilities for power development may
have equal or greater merit, but to avoid confusion they have not been
included in this section. The illustrative plan of development was
chosen for estimating the gross power potential and is not necessarily
the optimum one. In fact, the best use of the Nehalem River for power
development might be a pumped-storage diversion to the Columbia
River. That possibility is discussed separately at the end of this
section.

The most valuable potential contribution of the Nehalem River to the
Pacific Northwest power supply might be for furnishing peaking or
firming power during the winter. The Columbia flows at rates greater
than average for 4 months, April, May, June, and July, and at rates
less than average during the remaining 8 months. The Nehalem
River flows at rates greater than average for 5 months, November
through March, and less than average for the remaining 7 months.
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The 5-rate months thus occur when the Columbia River is low; these
are also the months when demand for power is highest. Figure 9
compares the monthly percentages of average annual discharge for
the Nehalem and Columbia Rivers.

If the Vernonia site is utilized for a large reservoir, a high degree of
control will be afforded and the schedule for producing power can be
correspondingly flexible. Three different schedules are shown in table
10 for the five-dam development. The plan for continuous generation
would have the lowest capability, but it would be 98 percent of the
combination plan, which has the highest potential, and for that reason
the energy output is almost the same regardless of the time of use.
These high potentials are due to the regulating value of the Vernonia
reservoir site. The greater value of winter peaking power makes
the winter-use plans attractive, but the undesirability of completely
closing plants during the summer is favorable to the combination or
the continuous arrangement.

Diversion of water to the Columbia by pumping from the Vernonia
reservoir with a dam at Elsie and by operation for year-round regula-
tion could produce 666,000,000 kwhr of energy. A combination of
winter and summer operations could produce 703,000,000 kwhr an-
nually. Operated to produce winter peaking power only, the plan
would produce 696,000,000 kwhr which would require expending about
350,000,000 kwhr of off-peak energy for pumping requirements.
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FI1GURE 9.—Mean monthly percent of average annual flow for Nehalem River near Foss and
Columbia River near The Dalles.
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Table 11 summarizes potential power of the individual sites for the
uncontrolled river, for continuous regulation and for maximum
utilization of water between November 1 and March 31. These data
show power potentials under existing conditions and by possible regu-
lation. The data also indicate the importance of regulation in any
practical waterpower development on the Nehalem River.

If the Rocky Point dam is constructed for irrigation or conserva-
tion, it might be found economic to include a powerplant. The reser-
voir operations might assure a minimum year-round flow, concentrate
the flow in the winter months for power production, or hold the water
for summer irrigation and fish propagation.

TABLE 11.—Summary of potential power under natural-flow and regulated-flow
conditions

[Computations are for 80 percent efficiency]

Damsite Head (it) Percent of time or period Estimated | Power
: flow (cfs) (kw)

Natural flow

Rocky Point_. ... ._______ 130 L J 10 90
50. - - 100 900
}41TCE: R 235 2,100
465 4,100
Elsie. oo 205 | Q95 oo 65
50__ - 650 9, 000
mean 1,573 21, 900
ovem 3,110 43, 300
Nehalem Falls.______.._______. 330 | Q95. 105 2, 350
_ 1,070 24,000
AN . ceeee e m 2, 585 58,000
November-March mean _ _ 115,000
Stonehill._______.______________ 42 0! 334
3,420
8,280
16, 360
Gods Valley._.. oo oo 340 230
2,890
6,930
13, 900
Total ___ | 3, 900
40,210
97,210
192, 660
Regulated flow

Rocky Point_..__._____________ 105 | Continuous. - e ccooeomcom e 185 1,320
November-March 435 3,100
Elsie ool 170 | Continuous....-- 1,450 16,800
November-March 3, 535 40, 900
Nehalem Falls..___.__..__.____ 270 | Continuous...- 2,200 40, 400
November-Mar 5,455 100, 000

Stonehill oo 40 | Continuous. ... 2,205 6,
November-March 5,615 15,000
Gods Valley________.__.._.__.__ 305 | Continuous. ... - 245 5, 080
November-March_ .. ... 535 11, 000
Total . oo Continuous. . oo emice e 69, 600
November-Mareh . ..o |l 170, 000
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A reservoir behind a dam at the Elsie site would store more than
1,400,000 acre-feet between altitudes 470 and 600 feet. It might be
operated to produce a uniform year-round flow, a moderate flow from
April through October with a firming winter flow about twice as great
trom November through March, or a concentrated winter flow with
the summer release limited to water for operating fish ladders.

Regulated flows for the Nehalem Falls and Stonehill sites are based
on regulated discharges from the Vernonia reservoir with a dam at
Elsie.

If the Gods Valley dam is constructed for providing irrigation
water, for fish propagation, or for other water-conservation purposes,
addition of a powerplant might be feasible. A 314-mile pressure con-
duit along the left bank of the North Fork Nehalem River at the 240-
foot altitude would reach a favorable location for a penstock in sec.
32, T. 4 N, R. 9 W., where the river surface is estimated to be about
60 feet above sea level. The head would vary between 180 and 340
feet depending upon the water level in the reservoir. The purpose
for which the reservoir is built would determine the type of water-
power operation.

-FISHHAWK CREEK DIVERSION TO COLUMBIA RIVER
AND PUMPED STORAGE

The Nehalem and Columbia Rivers are separated by a distance of
only about 8 air miles across Tunnel Ridge in the area of Birkenfeld
on the Nehalem and Marshland on the Columbia. Water raised to
an altitude of 600 feet in the Vernonia reservoir site would back up
Fishhawk Creek toward the Columbia and thus shorten the distance
between the two streams, and the water could be pumped into a storage
site upstream on Fishhawk Creek. This arrangement would shorten
the tunnel route and increase thehead. This and other possible diver-
ston sites are shown on plate 3.

FISHHAWK DAM AND RESERVOIR SITE
GENERAL FEATURES

The Fishhawk damsite is in sec. 29, T. 7 N., R. 5 W., on Fishhawk
Creek, a tributary to Nehalem River. The water surface of the creek
at the damsite is 670 feet above sea level and the drainage area is 11
square miles. An earthfill dam that would raise water to the 900-foot
level would have a volume of about 3,300,000 cubic yards. The reser-
voir would store 45,000 acre-feet of water when filled. Table 12
shows the area and capacity data for this reservoir site. Runoff at the
damsite is estimated to be about 28,000 acre-feet per year.
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TABLE 12.—Area and capacity of Fishhawk reservoir site (damsite in sec. 29,
T.7N,R.5W.)

Altitude (feet) Area Capacity Altitude (feet) Area Capacity
(acres) (acre-feet) (acres) | (acre-feet)
0 0 || 860 - . 400 25, 000
5 75 1| 900___ 600 45,000
40 975 || 940__ 840 74,000
130 4,000 || 980.__ 1,220 113, 000
240 12,000 || 1,020 - _T_____Tl 1,670 172,000
GEOLOGY

By D. L. GASKILL

The geologic reconnaissance map of Fishhawk Creek and vicinity
(pl. 4) covers a maturely dissected area of high relief athwart Tunnel
Ridge which is the divide separating the Nehalem River-Fishhawk
Creek drainage from the Columbia River drainage. The area con-
tains no valuable mineral resources of record or material improve-
ments other than a few unimproved access roads and an abandoned
railroad grade across Tunnel Ridge. Much of the area is burned or
logged over. The remainder is largely second-growth forest land.

BEDROCK

Bedrock is obscured over most of the area by vegetation and a deep
residual mantle. Middle Tertiary sedimentary rocks of the area prob-
ably include the upper part of the Pittsburg Bluff Formation and
units of the Scappoose Formation (Warren and Norbisrath, 1946).
The upper part of the Pittsburg Bluff Formation consists of fine- and
medium-grained tuffaceous shaly sandstone and tuffaceous shale.
These beds are locally crossbedded, conglomeratic, and commonly con-
tain carbonaceous and pumiceous material. The overlying Scappoose
Formation is lithologically similar to the upper units of the Pitts-
burg Bluff, but grades upward into massive friable medium-grained
micaceous sandstone. The sedimentary beds are locally overlain by
the Columbia River Basalt. The Columbia River Basalt consists of
dense and fragmental basaltic flows of varying thickness. Some of
the flows are separated by pyroclastics or water-laid sediments.

STRUCTURE

The area was probably uplifted after deposition of the Scappoose
Formation. Uplift was followed by a long period of erosion and
possible subsidence, terminated by extrusion of the Columbia River
Basalt in Miocene time. Subsequent to the close of volcanism, the
region was warped into gentle northwest-southeast folds and subjected
to periods of erosion separable into several epochs of stream adjust-
ment (Warren and Norbisrath, 1946, p. 237).
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Plate 8 shows tunnel routes at altitudes 540 and 800 feet and a section
(A-A’) through Tunnel Ridge. The section illustrates a gravity
surface-to-surface diversion at altitude 540 feet and also pumped-
storage alternatives. The penstock could be on the surface or under-
ground. If pumped storage is to be developed, pressure tunnels and
an underground drop to the powerhouse site may be desirable in order
to utilize head from the reservoirs. This pressurization could be done
by connecting the tunnel at altitude 540 feet to the reservoir through a
shaft or by pumping from the low reservoir into the high reservoir
through a short tunnel or surface conduit and connecting the high
reservoir with the Columbia River side of the divide by a tunnel at
an altitude of 800 feet.

Alternative tunnel and conduit routes have been selected for illus-
trative purposes and are shown on the plan map in plate 3. One is at
altitude 540 feet and begins in the NE14 sec. 1, T. 6 N, R. 6 W,
on Fishhawk Creek, passes under the deep part of Fishhawk reservoir
site, and ends in the SW1/ sec. 8, T. 7 N., R. 5 W, on the south valley
wall above the Columbia River near Woodson. This route is about
4.7 miles long. The other alternative is at altitude 800 feet and would
conduct water from the Fishhawk reservoir through Tunnel Ridge to
a point above Marshland. This route has been shown because the
topography on the valley wall south of Marshland appears better
suited for conduit and penstock routes. The penstock would be shorter
and the powerhouse would be nearer the surge tanks. Tunnel routes
at altitude 800 feet are shorter as the outlet end is moved toward
section A-A’" where it is only 1.8 miles from the intake as shown on
the section in plate 3.

If pumped storage is added to the diversion scheme and the tunnel
is at altitude 540 feet, water could be pumped into and discharged
from the Fishhawk reservoir through a shaft connecting the tunnel
and reservoir. The lift would range from 70 to 360 feet. An ad-
vantage of this plan is that it could operate directly from the Vernonia
reservoir as a gravity unit when desired and thereby keep pumping
to a minimum.

A purely pumped-storage development might also be effected by
pumping water through a tunnel or surface conduit from the Vernonia
reservoir to the Fishhawk reservoir. The lift would be between 200
and 360 feet because water below an altitude of 800 feet would be dead
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