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Preliminary Geologic Evaluation
0f a Proposed Nuclear Power Plant Site
Hawks Point, Pacific County, Washington

By
Robert H. Russell, Geologist
Chief, Basic Data Section
Division of Planning & Development
Department of Water Resources

PURPOSE AND SCOPE OF INVESTIGATION

The Washington State Department of Water Resources and the

Qffice of

Nuclear Energy are jointly making preliminary studies

of a number of sites proposed for nuclear power plants. To as-

sist with the studies the writer was asked to prepare a prelim~

inary report on geclogic conditions and potential geologic haz-

ards that

may be encountered in locating a nuclear plant at

Hawks Point, on Willapa Bay.

This
gy of the
which are
sance was
in recent

formation

outcrop pattern of surficial geology was taken from an open-file

report is based on my genggal-knowledge-ofkthg-geolo-
axea and a review of pugiiéhed ané open-file reports
available. A special trip for an on-site reconnais-
not made since I have visited the area several times
yvears and it was felt that insufficient additional in-

would be obtained to justify the special trip. The

map of the South Bend 15' guadrangle by Holly C. Wagner. Geol-
g ¥ Y g

ogy of areas not covered by the Wagner report were interpreted

from the geologic map of the state of Washington.
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Geologic sections across the project area (Fig. 2) were
constructed without adequate data to verify the thickness of
the various materials or to accurately define the contacts be-
tween geologic units. Where data were lacking, contacts and
thicknesses were inferred.

Logs of test borings by the Department of Highways for
that section of SSH No. 13A between the North River and North
Cove were examined and did @rbvide a good soil profile and ge-
ologic data to a depth of 30 to 40 féét'below iand surface.
Foundation borings'for the North River bridge provide a good
section down to the bedrocck~overburden interface which ranges.

between 70 and 115 feet below land surface.

LOCATION AND TOPOGRAPHY

Hawks Point, the site under consideration, is a southerly
projection of the mainland into Willapa Bay and occuples a posi-
tion midway between the mouths of the Norith and Cedar Rivers in
Sections 3, 4 and 5, Township 14 North, Range 10 West, W.M.,
Pacific County, Washington. The area is served by State High~-
way No. 105 which connects the towns of Raymond and Tokeland
and has access from Willapa Bay by shallow draft water craft,
principally barges.

The area consists of an irregulax, hilly upland surface of
moderate relief ranging in elevation from sea level to slightly
in excess of 400 feet as you progress north. It is a part of
the Willapa Hills uplift and occupiéé a position on the west

slope of that structure.



Willapa Bay enjoys a maritime climate with cool dry sum-
mers and warm wet winters. Weather is strongly influenced by
storms approaching from the Pacific Ocean to the west. The
area receives in excess of 80 inches of rainfall annually,

occurring mainly during the winter and spring months.

GEOLOGY, GENERAL

Although very little detailed geologic mapping has been
done in the Willapa Bay area, it is possible to reconstruct
geologic conditions in. a generalized way in sufficient detail
to permit a preliminary evaluation of geologic problems that
may be encountered when locating a nuclear power plant at Hawks
Point.

The proposed project is underlain primarily by fluvial,
glaciofluvial and marine deposits of the Satsop formation herein
referred to as "terrace deposits'. The terrace deposits are
confined to an uplifted coastal plain lying west of the Willapa
Hills and north to Grays Harbox. The terrace deposits occur at
elevations greater than 400 feet above sea level and extend to
an unknown depth, perhaps as much as 200 feet below sea level
where they lie unconfoxmably on volcanic® (predominantly basalt)
rocks of the Crescent formation. The terrace deposits are over-
lain by up to 30 to 40 feet of recent marine mud, beach sands
and peat deposits.

There are no known deep wells on Hawks Point peninsula so
the total thickness of the unconsolidated materials is not known.

However, wells at Bay Center, approximately 40 miles south of



Hawks Point, were drilled to depths of 600 feet below sea level
;j and did not encounter the underlying volcanic rock.

Fine~grained mud and silt overlies the Pleistocene marine
sediments in Willapa Bay. The total thickness of the river-laid
sediments 1s not known, but probably is not in excess of 20 to
30 feet other than in drowned channels of the North and Willapa
Rivers which were subseguently filled with the bay sediments.

The Willapa Bay sediments are of concern since their abil-
ity to support the large dikes necessary to provide the fresh
water reservolr proposed for teméerature control of the nuclear

reactor is questionable.

GECLOGIC UNITS

Crescent Formation The Crescent formation is a predominantly

fine-grained pillow and blocky-jointed basalt at least 5,000 feet

_thick and is exposed in most of the stream valleys and on the
western slope of the Willapa Hills and is believed to underxrlie
Willapa Bay and the project area.

Terrace Deposits Within the area of the proposed proiject,

the terrace deposits consist mostly of massive to cross-bedded,
semi~consolidated fine sand and pebbly grﬁyel containing an iron-
stained cementing material. A

The terrace deposits contain a few cobbles and some gravel.
The gravels are generally silty and from cross-bedding and chan-
neling suggest stream deposition.

k= Silt and c¢lay beds up to 30 feet thick are present through-

out most of the area. The silt and clay beds are thin bedded to




massive and in places contain pebbles and organic material. The
stiffer, more massive clays in places express vertical jointing.
In most of the upland area of the project, the upper 30 to
40 feet bf material consists principally of fine-grained sand,
gilts and clays with numerous ?eat deposits. Deeper, the per-
cent of larger grain size materigls seems to increase; however,
since there are no known deep bore holes, the exact character of
the materials is ﬁot known and.can only be inferred. The terrace

deposits within the project area are essentially flat lying.

ENGINEERING PROPERTIES OF ROCK MATERIALS

The volcanic rocks which are believed to underlie the pro-
ject area at about minus 200 feet mean sea level are quite dense
and resistant to erosion and would serve as a good foundation
and should possess adequate loading capacity for major engineex—
ing structures.

It is believed that the marine sedimentary formations
(Lincoln Creek and McIntosh formations) af@ missing beneath
Hawks Point and the.margne sand ané gravel materials (terrace
deposits) probably lie directly on the volcanic rock. Although
the engineering properties of the Pleistocgne sediments are not
known, it is felt that they would possess properties similar to
ruch of the Vashon glacial drift materials of the Puget Sound
area which do support many major structures. Clay interbeds
should be considered marginal and subject to sliding.

The river-laid muds and silts of Willapa Harbor are the

poorest quality foundation materials within the project area



and it is questionable whether they would support the dikes re-
quired to provide the fresh water reservoir proposed for temper-
ature control of the reactor. It is quite possible that the
fine-grained deposits would have to be removed to a considerable
depth before placing the dike material.

It is strongly recommended that a seismic profile be con-
structed from Hawks Point eastward to. Kellogg and from the power
piant site southeasterly to Bruceport Park. This plus test dril-
ling on Hawks Point would cleaxly define the thickness and seismic
properties of the tidal flat deposits of Willapa Bay and the Pleisto-
cene sand and gravel materials of Hawks Point. The test drilling
on Hawks Point would also provide drill samples of the material

penetrated and permit pump testing of all water-bearing formations.

SEISMISCITY

Hawks Point on Willapa Bay like the entire west coast of
the state of Washington is in an active seiémic area and is sub-
ject to periodic earthquakes of varying intensity. Dr. Norman
Rasmussen, seismologist at the University of Washington, com—
piled an intensity-distribution record for earthquakes in the
state of Washin&ton that occurred between 1840 and 1965. His
compi.lation shows that there has been a marked increase in the
frequency of seismic activity in the Puget Sound area since
about 1940. Some of the strongest earthquakes recorded in the
state of Washington occurred during that period.

Dr. Rasmussen's intensity-distribution map shows Hawks

Point to be in intensity zone No. 1, a zone where earthquakes of




Generalized Seismic Intensity Map of State of Washington
by Norman Rasmussen
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intensity VI on the modified Mercalli scale can be expected.
Quakes of intensity VI are capable of causing only minor damage.
However, Dr. Rasmussen's map shows the area a few miles east of
Hawks Point to be in intensity zone III where major damage may
occur. To provide an adequate safety factor, a nuclear power
plant at Hawks Point should be designed to withstand an earth-

quake of intensity VIII on the modified Mercalli scale.

TSUNAMIS & TIDAL WAVES

Willapa Haiboi is.exposed-to the Pacific Ocean, therefore,
any nuclear power plant on Hawks Point should be designed to
withstand tsunamis, the huge walls of water that sometimes follow
submarine earthquakes and volcanic activity. Tidal waves may
also be of concern, however, there has not been a history of

major tidal wave activity in this area during recent times.

WATER RESOURCES

Surface Water, PFresh There are no known sources of fresh

water either surface or ground water immediately available to
Hawks Point in sufficient quantity to satisfy temperature con-
trol reguirements on a once-through basis. The major streams

in the area, the North and Willapa Riversf;do not possess suf-
ficient flows on a year-round basis to satisfy the needs of the
facility and other demands placed on the two sources. It is pos-
sible to obtain sufficient water from the North River for an
initial filling and make-up water if a reservolir of sufficient
capacity to dissipate the heat is de&eloped on the tidal flats

adjacent to Hawks Point. The design and capacity would be




NORTH RIVER BASIN

_*Nerth River near Raymond, Wash.

Location~—Lat. 46°48'30”, long. 123°51°60”, in sec. 6, T. 15 N, R. 8 W., on left
bank 1% miles upstream from Salmon Creek and 10 miles northwest of Raymond.

Drainage area.~—219 sq. mi.
Records avaflable—August 1927 to September 1960_.

Gage~—Water-stage recorder. Datum of gage is 7.39 At. above mean sea level
{Western Washington Electric Light & Power Co. benchmark).

Average discharge.—33 years (1927-60), 854 cfs (690,700 acre-ft, per year).

Exiremes~—1927-60: Maximum discharge, 35,000 afs Dec. 10, 1933 (gage height,

15.8 ft, from floodinarks), from rating curve extended above 7,500 cfs; minimum, 21
efs Aug. 24, 1951 (gage height, 1.01 £t.).

Remarks~-Some diversion for farm and domestic use. No regulation.

Reviéions.wRevised figures of &ischarge, in cubic feet per second, for the water
years 1852 and 1933, superseding figures published in State WSB No. 6, are given
bherewith:

' Per Runoff Moments ry maximum
MONTH Mean | squate Minimum
mile Inches | Acre-feet ! Discharge Date dny
Pecember 1958 ..vaveiciennecna] 1,880 fiivnvaeend i, [P asstieasaarns reraeebenasrenss 687
Calendar year 195L.......... 1,103 549 | T8 | T0BA00 [eerreeecirnefresiesrenseraeenioeioens
January 1932 ..i.snaean [ 628
chruary 86T
March . 522
MBY ieevinsesierisracieaanens 3 PP 178
JUte iiiineiiannen.. . ensirenavans 116
iuly e 56
BEUSE L iiiiiineninaiedt 44
Beptember .ovenuen Nesessesienan ! iy
Water Fear 1951-52,uuu...un.. Feb. 8, 1952 | 37
Qctober 1932 .ivvreiienans [ arrreresnasciras 32
November - .
ember ....... FRN

Calendar year 1952..........

tesiensenrineasas
SUWF trirrrinciarrnnees
AUZOSE wirveiersnencersnasranen
SePLEmbBET vuirriaiarsarseanes .-

t

Water yesr 153258..... | o 4.61 62.53 f 70,308

Mean Discharge, in Cubic Feet Per Second

Dec. ‘ Ian. l Fsb. f Mar, | April . May | Juze July  Aug.

t
~ i ; }
2,959 2.9% 3,7 !1,064 bon Cmy | e o | w3 1,178
Lite L4T GLAl0 LS dner g6 et 1 131 | 901

3 i : 4.1
3,151 ,i96 11,367 2,882 843 210 32 - 15 T8 | 17 1,310
2,303 811 a,m {1.8‘39 911 ' 318 170 - 894 79.5 5%.4* 8
2,047 (2,187 2,121 | 8 1,120 gyoe 184 ' LA 4510 101 ]
1,746 12,566 1213 1,088 (1,440 . B8 a7y ¢ 150 £9.2 1 305 1,102
1,936 {1.39:» .‘ﬁm i1.2~21 1,230 | e38 330 0 106 . 52.3~; 69.1 11,035
H 1
Figure 3
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NORTH RIVER BASIN

North River near Raymond, Wash.—Continued
Minimum Discharge, in Cubic Feet Per Second

Oct, E Nov. | Dee. - Jan. ’

1,
% B
994 11,110 495 400 18 i 14 104 k1] 213 78
B8 - 729 ] 0
|
|

Feb. | Mar. | April | May | June { July | Aug. | Sept. !Annual

1051. A

195,00 |30 | ms | e : 189
3956... 3 820 1,230 1,000 : 848 943 315 133 133 0 55 42 i 42
17, s | oame [Tge {aser oz | es oo |18 | us | om0 | Bor | me | gie
1958, .. 55 13 533 T43 11,000 626* i it a3* 41* 32 40 | 33
195900 61 | 29 | 9w [1,%0 e | 7 | 35 |30 |mo | & | e | s ! &
Weo.l| g foas |We Csuo| e | Sm | e | |18 | & | st osof &

Buramary
WATER YEAR ENDING SEPTEMBER 30 CALENDAR TEAR
Momentary maximum
TEAR Minf Per Runofl Runofl
. Dis. ! munt | Mean |Square Mean
charge | Date day mile | Inthes | Acre-feat Inches { Acre-feet
BB iaviesianaforroneaaanls eeerreiireaaen DUV USRI ST I ' ............ 1,201 74,45 £69,600
1954 cinnianeae 9,240 | Jan. 6, 1934 7% 1,19 537 72.82 850,600 11,079 65,86 T80, 800
1955, ... veaes] B,7E Nov. 18, 1954 58 1 4111 55.83 652,100 11,185 73.47 838,200
L858, cinnunnana]  T/M0 § Dee. 13, 1055 42 11,310 5.0% | 8L.43 951,100 1,115 69,33 808,600
1857 enernaes] 8,810 | Dec, 9, 1936 41 4.08{ 55.35 46,300 | 743 46.08 538,300
1958, 4 iieannens 5,560 1 Dec. 27, 1957 32 822 35| 50.91 504,800 | 991 61,41 17,500
1959 aviinanee) 8,450 | Novw, 13, 1938 61 1,102 503 88,28 797,700 11,116 69,08 B
reesssansss) 13,500 | Nov. 22, 1939 5 3,055 4.82 1 65,54 763,800 jerriennn P P
* Bstimated.
-
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greatly influenced by the ability of the tidal flats sediment to
support the required dikes. Water guantities and storage capac-
ity figures would have to be developed by the engineers respons-—
ible for designing the facility. Figure 3 contains a summary of
stream flows of the North River at a gage 10 miles west of Ray-
mond. |

Ground Water, Fresh There are no records of drilled wells

on the Hawks Point peninsula or adjacent areas which would in-
dicate the water-bearing potential or thickness of the Pleisto-
-cene sand and gravel materials which are exposed over most of
Hawks Point and which may extend to as much as 200 feet bhelow
sea level in that area. However, based upon wells that have
been drilled in sgimilar material at some distance from Hawks
Point, it would appear that the Pleistocene materials could
serve as an aquifer capable of producing moderate amounts of
ground water if said deposits do extend to as much as 200 feet
below sea level. It would not be unreasonable to expect yields
of 100 to 200 gallons per minute from propetly designed wells
penetrating a relatively thick series of these materials. The
test well previously recommended for the area would define water-
bearing potential of these materials andg%urnish some of the
data required for a guantitative evaluation. Yields in this
range would be adeqguate to furnish domestic and plant require-
ments other than temperature control for the nuclear facility.

Marine Water Salt water in sufficient guantities for cool-

ing purposes could no doubt be pumped from Willapa Bay. However,

Willapa Bay is guite shallow and somewhat confined, suggesting

11




that normal exchange of water due to tidal fluctuation and in-
flow from tributary streams would probably ke limited to the
point that ecolcgical problems would result. In summary, it
would appear that it would be necessary to develop a "watex
reuse" program if many of the environmental problems associ-

ated with the heat dissipation are to be prevented.

SUMMARY AND CONCLUSION

From this preliminary evaluation of the Hawks Point pro-
posed nuclear power plant site the following summary is drawn:

The Hawks Point site is guite remote but occupies a posi-
tion on Willapa Bay where adjacent areas are used extensively
for boating, fishing and other recreational purposes. Willapa
Bay is an impoxtant spawning and rearing area for a number of
salt water fishexy species and any apprecliable water temperature
change could upset the ecological balance of the aréa. There
are no apparent geologic problems that would prevent development
of a nuclear power plant on Hawks Point. However, the mud and
silt deposits in Willapa Bay may reqguire special attention or
removal before dikes are built to provide water storage for tem-—
perature control of the reactor. Suffici%nt water for cooling
purposes and for facility needs could probably be obtained from
the North River and drilled wells respectively but would require
a sophisticated reuse program for temperature control.

Conclusions

L. The preliminary evaluation of the Hawks Point nuclear

power plant site disclosed no apparent geologic problems that

12



could not be accommodated in the éngin@ering design of the plant.

2. Clay interbeds and peat deposits in the top 30 to 40
feet of overburden are of questionable stability and subject to
glide.

3. Muds and silts of Willapa Bay may have to be removed
to create foundations for dikes to enclose the reservoir.

4. Water requirements for cooling purposes probably are
availlable but would require a sophisticated reuse program.

5. Power plant facility should be designed to accommodate
an earthqguake of intensity VIII on the modified Mercalli scale
and to withstand tsunamis and tidal waves from the Pacific Ocean.

6. A number of environmental problems peculiar to projects
gsuch as the one under consideration are mentioned below but will

require evaluation by people competent in the specific areas;

they are:
a. Potential ecological imbalance.
b. Thermal pollution.
C. Project impact on present and potential recreation and
residential developments.
a. Psychological effect on people who now live or plan to
move to the area.
€. Impact on land values.
RECOMMENDATTION

To provide answers for the points still in guestion about

the geologic suitability of the proposed Hawks Point nuclear

13




power plant site and to determine availability of ground water
to satisfy plant fresh water requirements, it is recommended
that:

1. Seismic profiles be developed south and east from the
power plant site at Hawks Point across Willapa Bay to Bruceport
Park and east from Hawks Point across Willapa Bay to Kellogg.

2. A test drilling program be carried out at the plant
site to clearly define geologic facies between the land surface
and the underlying volcanic rock and provide guantitative infor-
mation on the ground water potential of the sands and gravels of

the terrace deposits.

14
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