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UNITED STATES
NUCLEAR REGULATCORY COMMISSION
WASHINGTON, O. C. 20855

NoY 1€

MEMORANDUM FOR: Thomas H. Novak, Assistant Director for
Licensing, OL

FROM: James P, Knight, Assistant Oirector for
Components & Structures Engineering, OE
SUBJECT: ORAFT SAFETY EVALUATION REPORT - GEOLOGY AND
SEISMOLOGY - WASHINGTON NUCLEAR PLANT PxQJECT
No. 3

Plant Name: Washington Nuclear Plant - Project No. 3
Oocket Number: 50-508

Licensing Stage: OL Review

Resnonsible 3ranch: ' Licensing 8ranch No. 3
Responsible Project Manager: A. Vietti

Enclosed are the geology and seismology sections for the WNP-3 draft
SER. This input appltes to the SRP sections 2.5.1, 2.5.2 and 2.5.3.

The report was prepared by Richard McMullen, Geologist and Jeff Kimball,
Seismologist.

As statad in the attached draft SER, there are a number of open items
(staff questions) which fall into two broad categories. First is the
pessibility of a large or great earthquale on the subduction zcne
beneath the site. Second is the possibility of unrecognized low angle
thrust faults in the site vicinity that could cause.large close - in
earthquakes or surface faulting at the site. We anticipate that when
these significant issues are addressed, that new information may require

the reinterpretation of some previous positions of the staff, the USGS,
and the applicant.

Except for the above discussed open items, the staff reaffirms its
conclusions stated in the SER-CP that the applicant has adequately
investigated and characterized the saismic and geclogic hazards at the
site, and with respect to those hazards, the site is acceptable.

Director for
tructures Engineering
Division ngineering
Enczlosure:

As stateq

cc: See next page
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2.5 Geology and Scfsmologx

The geology and sefsmology of the WNP=3 site were reviewed during the early
and middle 1970's during the Const-uchion Permit (CP) review.

As a result of the CP review the NRC staff concluded that:

(1) the infarred large deep seated fault blocks that nave Deen associatad
with large earthquakes in tue southern part o the Fuget Scund are not
present in the site area;

(2) movement of faults in the site vicinity most likely ceased in she lizs
Tertiary, more than 2 millien years defore present (myop), and ire thare-
fore not capable within the meaning of Appendix A, 10 CFR 100

(3) there are no known structures in the immediate site vicinity that cauid
Be expected %o localiz. earthauakes there;

(4) the applicant's dssassment of the possiBie veicanic ~1sks in the sit
region are adequate and that a problem of this type does not axist at the
site; and

(3) the safe shutdown oartrquaxc (SSE) with a maximum acceleration 3f 2 -
and the oneratton basfs eirthquake of 0.16g ire conservative when aoplfac
to the foundation lavel.

Juring construction of the facility numerous minor faults wers found fn the
excavation. The applicant favestigated these faults and determined that shey
were at least 630,000 years old Hut most 1fkely more than 2 aillion years ola,
The staff reviewed the aoplicant's data and made several v+ sfts %2 the sisa =3
examine the fauits and zoncluded that the faults were n0t zapac'e.

In 1974 shrougn 1976, as a result of licensing activities “ar sne Skagie
NucTear Power 2lant, stugies vere initiated canceraing tne 1372 Zarencuake
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(MMI IX, magnitude 7.0). New data from these studies raised the question as

to whether or not an event of that size could eccur at the WNP=3 sisa. The
applicant investigated that earthquake, mostly in regard to its Hanford sitas,
and determined that it was related to tectonic structure within a broad
epicentral zone ana therefore could not occur at the site. The NRC staff
reviewed that data and data compiled Dy a panel of experss formed Dy Northwest
US Utilities, and that of another panel of USGS and NOAA experts, and cancluced
that the 1872 Earthquake was centered in the region between Zntiat, Washingzon
and Chilliwack, Sritish Columbia (NRC, 1978) and should not be expectad &3
recur at the site. The most recent staff and USGS discussion of =his sarsnauike
zan be found in the WNP=-2 SSER.

On May 18, 1980, after several weeks of resurgens activity, Mount St. Helans
eruptad violantly sending large quantities of ash severa) Auncrec milas down=
wind to the east. The NRC requested the acplicant %o reassaess the volcanic
hazards to the site bDased on the new data. The applicant concluded, Sased on
that assessment, that the maximum potential ashfall that could be expected
from such an eruption from the closest volcances during the worst metaaro-
iogical conditions, would result in a maximum of 1.75 inches of ash at the
site. They stated that the plant design couia accommodate :that king of
ashfall. The NRC staff reviewed the appiicant's daza and USGS data zollecsac
with partial NRC funding and concurred with the apolicant's conclusion, Sut
requested additional supsorting data.

The staff has completad its review of the FSAR. [t has held several meetings
with #ts advisers, the U.S. Geologfcal Survey and its geological consulsans,
Or. David Slemmons, two technical meetings with the applicant and its
consuitants, and conducted a geclogical reconnaissance of the site ing reg‘an
around the sita. On April 28, 1983 we transmitted questions, incluging thcse
of our advisors to the applicant. BSecause of the June 19383 postaonement of
the WNP-3 site construction, those questions or outstanding fssues have 733
Seer responded to. These open topics will Se aresented in Secsicns 2.5.1,
2.5.2, and 2.5.3.

3ecause of the axtensive geologic and seismic inforiation (most'y absut

sutcuction zones) that has come out since complation of sne (2 ~eview, new
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staff concerns have arisen; however, the following C? conclusions of the staff

are still valid:

(1) the inferred large deep-seated fault Slocks that have Deen associated
with Targe earthquakes fn the socuthern nart of Puget Sound are not
present in the site area;

(2) movement on mapped faults in the site victnity, including shose in the
@xcavation are ancient and are not capable: ang

(3) The volcanic hazard to the site has Seen adequataly adcrassac aven in
lignt of the recent eruption sf Mt. S:t. HYelens and has -e2n dgsropriately
considered in the design.

S2sed on new data sinca the (P, the ddequacy of the SSZ is in csuestion for :he

following reasons which reflact our general concerns:

(1) The possibility of a large or great earthquake on a succucsion zone
Deneath the site;

(2) the pessibility of unrecognized low angle thrust faults in the site
vicinity that could cause large close~in earthquakes ar surfaice fauiting
at the site.

These issues will be addressed in greater detail in the fallewing sections.
2.5.1 Basic Geclogic and Sefsmic Information

2.5.1.1 Regional! Geology

The WNP-3 site is located in the Pacific Bordor Physiographic Province of
Washington State, about two miles south of c=he town of Satsop and 16 milas
fast of the city of Aberdeen. The site area lies in the Chenalis Law!ands,

which comprise a shysiograpnic zone separating the maor=hera tarmination 3f =se
Oregen Coast Range from the Qlymoic Mountainas,
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The site and its anvirons are largely underlain by Cenczoic strata. Relative

% more northern areas of the region, rocks of the sita area are not highly
deformed. [gnecus rocks of Mesozaic and Cenozoic ige, however, are scre
abundant than either sedimentary or metamorphic units throughout the region.

The nearest outcrops to the site of Mesozoic and Paleozoic rocks (mesimorpnic,
fgneous, and secimentary types) are found in the highly deformed area some
miles to the north and northwest of the preposed plant area. Lithologically,
the Cenoczoic strata consists predeminantly of marine clastic sediments deposited
on a Dasement of Eocene oceanic tesalts.

The tactonic history of the site region is complex, with sastward and ~estward
directad Tow=angle thrusts, grabens, granitic plusens, and stratovolcinces
Sefng Sest displayed and tevalopec in the Norshern Cascaces. Ia the 'lorsnarn
<ascades, the Paleczoic Era is characterized oy metamorshic and eugaosynciinal
rocks. Eugeosynclinal sediments, granitic plutons, low-angle thrusts, ang gra-
Sens were formed throughout the Mesozoic Era. Quring Cenozoic time, the forma-
ticn of grabens, granitic plutons and basalt flows predominated tectonic active
fty. These events were followed by several orogenic periods which caused fold-
ing and faulting of the older formed rocks and genera! uplift of the region,
ang the st-atovolcances of the Cascade range degan %o form. The structural
features that were formed during these orogenies, and the region, werz sudse=
quently eroded during the Quartornary.:o prcduce the present day topegraphy.
While it appears that the last major perfod of deformation in the region enced
fn the Late Tertiary (Pliocene), evidence from Pleistocene deposits in the
coastal areas west of the site, from 1100 year old fauls Zates in the Juget
Sound 4area to the north, and from three active stritovolcances fn the csntral
part of the state to the east of the site, show that tectonism continued on i
more minor scale through the Plefstocene into the Halacene.

The tectonic deformation of Western North America appears %o De intimately
related to the fnteraction of two major lttposphcric plates, the Norsn Amarican
Plate and the Pacific Plate. The interaction is principally along two major
transcurrent faults, the San Andreas Fault in California and the Queen Charlotss
Fault off Western Canada. However, in She area secween Cape Mendociss in
nerthern California and the southern extent of the Jueen Charlotte Fault of¥

ne western tip of Yancouver I[sland, the %wo major 3iates named iabove ire
separated from one another Sy the small Juan de Fuca 2'.ce.

wun
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The fnteraction between the Juan de Fuca Plate and the North American Plate is

not presently understood. The magnetic ancmaly pattern east and west of the
Juan de Fuca Ridge indfcates that part of the Juan de Fuca Plate has deen
sudducted Deneath the North American Plate. Also, the chain of stratovelcances
which forms the axis of the Cascade Mountains is Selieved to have Seen producad
Oy magma from a subducting plate (Atwut;r, 1970). Several other types of

data indicate that an episode of late Cenozoic subduction accurred in this
region of western North America. Seismic reflection surveys off the coast

show 2 sediment-filled trench at the base of the continental slope (Hays and
Ewing, 1970). Anomalously high gravity values an Var~suver Island are
suggestive of a remnant subducting slab Seneath the regicn (Stacey, 1973).
Sefsmic wave velocities indicate that a high velocity slat exists beneath the

Puget Sound 2asin (McKenzie ang Julian, 1371: crasson, i872) wnich is ingi=
cative of a subcucting lithospheric plata.

The applicant has thoroughly reviewed the iDove-mentioned itams and other
types of data relatad to the current intaraction of the l{shospneric plate
Soundaries, including studies of plata kinematics (Silver, 1971: Atawater,
1970). While the avaflaoie data are not clearly definitive, the applicant
conciudes that the data tends %o support the intarpretation that sutducsion is

no lenger ccsureing aleng the Juan Za Fuca-Norsh American Plate douncdary ar is
eccurring assefsmically.

Available evidence axamined durins =he (P review indicated that subducsicn
along the Juan de Fuca Plate=North American Plata Boundary was not currently
occurring. In particular, earthquake activity indicasive of a Benioff zone (a
characteristic of subducting plates) was absent in this region. Also, the
orfentation of the present regional stress field was inconsistent wish a tive
subduction. Analysis of earthquake sourca mechanisms showed that the max imum
principal stress fs northe=south compressional and the minimum principal stress
varies from east-west to nearly vertical (Oehlinger and Couch, 1969: Couch and
McFarlane, 1971; Crosson, 1972; Malone, et. al, 1975).

New information nas Seen develcoed since aublication of the C? SER ind the
"SAR, Mowever, which may require a-medification of the above canclusions. Thfs

new ‘nformation may fncizata inas suscucsion fs continuing and that the :wo
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A reassessment of the volcanic hazard was macde after the May 18, 1920 aruption
of Mt. St. Helens. It was found that doewnwing of the prevailing winds from
the volcano at about 30 miles (plant's distance) there was an accumuiation of
6§ inches of tephra. The applicant reduced that value to 1.75 inches Secause
the WNP-3 plant is upwind from the nearest Cascade volcances. This is a
reasonable assumption Dut we require more data about the maximum thickness of
tephra landfall and maximum rate of ash fall to support it.

[n summary, it can be said that, while the geolegic zanditians of the Satsop
site and its environs are very complex, and the area is still tectonically
active, Dased on our review of the applicant's work to data, there are no

<nown faultis or other structures in the immeciate vicinity cf the site wnich
could be exnerted %o localize farthquaxes; nowever, secaus2 3f recant findings
acout the tectonics of the region, we require aggitiznal infarmation 23 susoers
that conclusion. The outstanding itams concerning faulting in the region are
discussed more fully in Section 2.5.3.

2.5.1.2 Site Geology

The WNP=3 site 1s logated on a ridge in the Willapa 4ills, I miles south of

the intersection of the Satscp and Chehalis Rivers. The site alavation was
+395 ms! prior to excavation. Elevations rise to +1,768 asi at Minot Peak, 4
miles %o the south. The floodplatn of the Chehalis River Valley is about |
miles wide and has a general elevation of *25 msl. Orainage natterns in she
site area form a modified dendritic pattern that fs structurally contralled +3
some extent Dy the regional Tertiary folding and jointing. Slopes are generally
moderate, but range from nearly flat %o vertical. The abundant weathering
profiles, reiict erosfon surfaces and Pleistocene tarraces in the area were
used extensively to detarmine 1in upper 1imit %o area! sactanic avents.

The sfte vicinity fs underlain by Quarternary deposits which consist of
weathered gravels of the Wedekind Creek and Logan Hill formations of early %o
micdle Plefstocene age; glacio=fluvial sands, silts, and gravels of micgla 2
late ?lafstocane age; loess of late Pleistocene age; colluvium and lands!ice
ceposits of late Plefstocene to Holocene ige; and Holocene cailuvium,
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of the area has been greatly enhanced. The applizant has. and is centinuing

t3 undertake numerous studies and fnvestigations that will provide an axtensive
amount of new informacion and interpretati.n. The staff anticipates that our
review of this new information will lead to an understanding and resolution of
many fssues relating to the site vibratory ground motion determination.

The increasing amount of new information, however, may require the reintarpra-
tation of some previous posftions of the staff, the USGS, and the agplicant,
Presently the open seismological items have been traismitsad in the form of
questions (0230.1 through 0230.6) to the ipplizant. The appiicant and the
staff have met to discuss these apen frsues, and it is anticipated that the
apolicant will undertake a rigorous orogram of investigations to collect the
infarmation wnich will allow the staff to resolve the open :ssues. A, summary
of these issues follows.

The most significant seismologic issue invalves the sefsmogenic potential of
the subducting Juan de Fuca plate beneath WHP=3. The staff concluded in the
CP=SER for WNP=3 in February 1976 that "wnile the available data are not
clearly definitive, we believe that they tend to support the interpretation
that subduction is no 7onqcr occurring along the Juan de Fuca = North American
Plate boundary." Since that time additional recordings of smal! earthquakes
have revealed an inclined zone of seismicity dipping to the 2ast-northeas:
(Crossen, 1980). In addition, based upon the ;ork of Ruff ang Kanameri (1380)
and Kanamori (1983) regarding the sefsmogenic potential of subduction zanes. 1
numpber of questions regarding the Juan de Fuca zone have Seen raised. [t is
the applifcant's position as afscussed in FSAR sections 2.5.1.1.4.2 and
2.5.2.4.2.2, that the interface between the Juan de Fuca and North American
plates will not be the location of a large magnitude earthquake. The staff nas
indicated via the review questions that the applicant must cscument in greatar
detail their position.

[n particular the staff has requested :hlt.tho appiicant document the following
information regarding the Juan de Fuca plate. This fncludes the applicadilisy
of Kanamori (1983) relatfonship, and examples of aseismic sucducsion :aones
which share the same characteristics with *he Juan de Fuca zone. The nagnizude
of the largest shock in the plate or along the olate interfaca tha: z3ula
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occur without exceeding the SSE and grouna motion attenuation from sucduction
Iones that can De used for the WNP-3 site will also ne documented. The magni-
tude of the max‘mum credible esarthquake on the subguction zone, along with
esftmates of vertical and horizontal response spectra, depth and configuration
of the subducting plate based upon earthquake locations cross-sections, fault
plane solutions, and historic garthquake re-locations will alsc be praovided Sy
the applicant and reviewed by the staff.

The staff has also requested that the appticant calculate site specific response
spectra for the maximum historical earthquake, not associated with kacwn
geologic structure, in the tectenic province of the site, and far the maximum
farthcuake on the Olympia Lineament. The applicant has 1130 Seen asked %0
2stimate the annual excaedance prodabiiity for the SSE using all sessible
sefsmologic source including the subduction zzne.

The staff, the USGS, and Or. Slemmons will ungertake and participate in meetings
and probably several site visits to review the aoplicant's additional informazion
and field fnvestigations. Upon the applicant's submission ancd she staff's

review of the new information, the staff will issue fes Final SER. This SER

will discuss in detail all the relevant geoiogic ana seismic issues inciuding

the regional and site geology, capadle faulting, seismicity, operating and safe
shutdown earthquakes, and the vibrataory ground moticn. Repores by the USGS and
Or. Slemmons will be incorporated as appendices and «i11 be discussed in the

SER.

2.5.3 - Surface Faulting

The aoplicant has determined that the structural geology 2f the site and
region around the site is characterized By large uplifes and faults and folds
reiated to those uplifts that were formed Oy regional northeast directed
compression during the Tertiary period. Three of these uplifss are orasent
within the site vicinity, the Minot Peak uplift, the 3lue Mountain upiffs, ang
the Black Hills uplife. The site fs locatad on an anticline which s the
torthern extension of the Minot Peak uplifet. All of the uplifss are BSounded
arimarily on the southwest sides and southeast sides Dy hign angle faulss tnat
strike north=naortnwess, and @ast-northeast, respectively, with offsets ranging
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from several thousana faet %o several hundred feet. Tie closest faults of shis
kind to the site are the Weikswood fault on the southwes:t side of the Minot
Peak uplift and the Gibson Creek fault an the southeast side of the uplife,
Offsets on both faults exceed 2000 feet. The Weikswood fault is approximataly
1 miles south of the site at its closest appreac:, and the Gibson Creek fauls
fs about 5 3/4 miles south of the sita.

The applicant inveszigated all of the faults in the site vicinity by means of

4 Titerature search mapping, borings, trenching, and remote sensing technizues.
The applicant determined an upper limit of age of last movement on the faulss
Oy analyzing cﬁbss-cutting relationships between faults and stratigraphic 2an=-
tacts, relict erosion surfaces, Quarternary denosits, palaosols and weathering
profiles. B8y drtermining the ages of these features the applicant was apis2 %2
show an upper Timit of movement on these faults of at leass 630,000 years
oefore present and more likely 2 million years defore presant. The staff nas
reviewed the data tha: is the basis for the canclusion and concludes that i
faults mapped in the site vicinity are not capable within the meaning of
Aopendix A. Numerous minor faults were encountered in excavations for the
plant. Most of these faults are northwest %o northeast striking reverse
faults. The applicant nas made a goed case in the FSAR for relating these
faults to the regional faults and to the Late Tertiary northeast directed
compressfon. NRC staff gevlogists examined these faults on several occasicns.
The NRC concludes that the faults mapped on and arsund the site are not casiole
(Appendix A).

On the other hand, considerable new geclagical infermation regarding the
tectonics of the site region has been developed since the FSAR was publiisnadg.
Although we hold to our position that the faults in the stte localfty are nst
capable, some of the new data raises some coancern. For example, it fs not
clear what happens to the faults at cepth. I[f they are indeed related to Lita
Tertiary tectonics which are no longer in existence that is one thing, but if
they are tfed to large eastward dipping thrust faults shat flatten downward
(eastward), wnich are related to an active sucduction taczonic style of h
Juan de Fuca plate, then additional inalyses and possibly investigations, w#i')
have to be carried out. A major nerthwest-crending fault in the Humotu!ias
River area (Tator and Cady, 1978) is a possible ‘auls of this kind. It srejacss
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convincingly matched (c.f. Barr, 1974 and Elevers and others, 1973). Consi-
dering the difficulty of identifying the mirror image of M,
been requested to evaluate the hypothesis

the appiicant has
that NH fs a faylet as suggested oy
Pavoni (1966), and that the on=shore subcrustal extension of HH could Se the

source of deep-seated major earthquakes in the Puget Sound region (Fox, 1983),
and %o evaluate the response it the site of a major earthquake on fault AH.
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