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Gentlemen:

Enclosed is the NRC Staff's geology, seismology and geotechnical engineering
review report which will be incorporated as Section 2.5 of the Final Supple-
ment to the Staff's Safety Evaluation Report (SER). This report will also
constitute the Staff's direct testimony on geology-seismology issues in this
proceeding. The Staff's witnesses will consist of H. Lefevre, S. Wastler,
Dr. J. Kelleher, and Dr. R. Regan. Also enclosed is the supplemental testi-
many of Dr. Kelleher which addresses the Board request for testimony concerning
the methods used by the Staff to estimate strong ground motion.

The U.S. Geological Survey has assisted the NRC Staff in the review of the
Skagit site. The U.S.G.S.'s review reports of February 23, 1978 and Sep-
tember 17, 1979 (these reports have been previously distributed to the Board
and parties), are attached as Appendix D to the Staff's report. U.S.3.S.
personnel who assisted in the Skagit review will be made available as wit-
nesses. I will submit a list of U.S.G.S. witnesses at a later date.

Sincerely,

Richard L. Black
Counsel for NRC Staff

Enclosures: As stated
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SAFETY EVALUATION REPORT INPUT - GEOSCIENCES BRANCH

.

2.5 Geology, Seismolooy and Geotechnical Engineering

Introduction and Summary

The Nuclear Regulatory Commission staff has completed its review of the
geological, seismological, and geotechnical aspects of the proposed Skagit
Nuclear Power Project, Units 1 and 2, and concludes that there are no
geologic, seismologic, or geotechnical considerations that would make the
site unsuitable for the proposed units. Our review included consultation
with Dr. John Kelleher, a former staff seismologist, now associated with
Woodward-Clyde Consultants and Dr. Robert Regan, a geophysicist with the
Phoenix Corporation. Dr. Kelleher N rformed the seismology review, wnile
Dr. Regan evaluated the aeromagnetic data submitted by the applicant
(EDCON report). Dr. Kelleher's Sept. 25, 1979 seismology evaluation is
contained in Appendi.t E to this report and is considered a supplement to
the staff March, 1978 testimony. Dr. Regan's reports of Sept.1,1979 and
Sept. 18, 1979 are contained in Appendix F to this report. The staff's
detailed geologic review of the site region considered regional faulting,
the possibility of near site faulting, the teO.onic basis for earthquake
design evaluation and the effects of nearby and distant volcanism on the
proposed site. No other geologic or seismic hazards have a potential for
impacting the site. The staff concludes the*. neither the faulting nor
volcanism presents a hazard to the proposec Skagit nuclear facility that
cannot be accomodated in the seismic design and that the seisaic design
basis is conservative.

The U.S. Geological Survey, in their role as advisors to the NRC staff,
has reached review conclusions with respect to potential faulting near the
proposed site, volcanic hazards, :7d with respect to the appropriate
reference acceleration to be used for site seismic design basis. The U.S.
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Geological Survey's review reports of February 23, 1978 and Septe.T.ber 17,
1979 for the proposed Skagit site are contained in Appendix D to this
report. .

The Skagit Nuclear Power Project application has been subjected to an
~

extensive geosciences review beginning in the fall of 1974. The staff's
review (NRC and U.S. Gcc!cgical Survey) has included numerous site and
vicinity visits, dis.ussions with the applicant, requests for additional
information, several meetings and field trips with geologists of the
Washington Division of Geology and Earth Resources, as well as a meeting
and later field trip with the intervenor's Skagitonians Concerned About
Nuclear Power (SCANP) ge: iogical consultant, Dr. Eric Cheney. Several

discussions were held with seismologists of the University of Washington
at Seattle and Victoria.(British Columbia) Geophysical Observatory.
Geology and seismology matters were discussed at great length at the
Atomic Safety Licensing Board Proceedings of July 1975, July 1976, March
1978, and March 1979. As a result of geologic questions arising out of
the March 1978 ASLB proceedings, the NRC and USGS requested, on June 9,

1978, that the applicant make additional geologic studies. In May and

June 1979 the applicant responded to our request and submitted a report
entitled " Report of Geologic Investigations in 1978 and 1979.' This
report has been reviewed in preparation of this report.

The proposed site is approximately 10 kilometers east-northeast of the
town of Sedro Woolley, Washington, within the Northern Cascace Mountains
section of the Cascade Mountains Physiographic province. The proposed

units are to be located on a glaciated bedrock bench over 90 meters above
the flood plain of the Skagit River.

The tectonic setting of the proposed Skagit site region is characteristic
of a remnant subducting plate margin. The structural features of the
region are not substantially different from known active subducting plate
margins, though no Benioff zone is recognized. Based on this, we have

considered five potential earthquake sources for evaluating the ground
motion at the site: (1) subduction interface, (2) 1946 Vancouver Island
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earthquake, (3) intraplate events, (4) the 1872 earthquake of the Pacific
Northwest, and (5) earthquakes associated with the Devils Mountain fault

zone (see Section 2.5.2.3). The staff concludes, as a result of our
review, that the significant earthquakes to be considered are (1) shallow
earthquakes associated with possibly active near surface structures similar

-

to the Devils Mountain fault, (2) intraplate earthquakes and (3) the 1872
earthquake of the Pacific Northwest. The highest seismic design basis
vibratory ground motion corresponaing to any of tnese postulated events is
conservatively described by Regulatory Guide 1.60 spectra scaled to a
reference acceleration of 0.35g at 33 Hz. The motion is to be input at

the free field finished grade.

Although the USGS reports do not agree with the tectonic distinction
between the areas east and west of the Cascade volcanic chain which the
staff supports, the reports agree that 0.35 g used to scale Regulatory
Guide 1.60 response spectra is an adequately conservative seismic design
basis for the site.

2.5.1 Geology

2.5.1.1 Regional Geology

The pre-Tertiary rock of the North Cascades can be separated into three
contrasting geologic zones separated by two major northerly trending post
mid-Creatceous faults (Misch, 1966). These faults are the Straight Creek

Fault (See Section 2.5.1.2 of this document) on the western flank of the
North Cascades and the Ross Lake Fault on the east side. The area of

concern with regard to the Skagit site is the Western Cascade Thrust zone
located west of the Straight Creek Fault. Misch's (1966) stratigraphic
and structural type areas are located in the Western Cascade Thrust zone
and interpreted westward. The geology of this western zone is dominated
by extensive thrust faults which flatten westward from a steep root zone

that has been severed by the Straight Creek Fault (Misch, 1966). The

structurally higher Shuskan thrust (Misch,1966), places the Palezoic
Shuskan Metamorphic Suite (Misch, 1966) above the mid-Devonian to mid-
Perr.ian Chilliwack Group. The Shuskan Metamorphic Suite includes the
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Shuskan greenschist and the underlying Darrington Phyllite. The Chilliwack

Group is comprised of a variety of metamorphosed rocks, for example,
basaltic and andesitic volcanics, limestones, and phyllite. The structurally

lower Church Mountain thrust parallels the Shuskan thrust (Misch, 1966).
The Church Mountain thrust emplaces the Chilliwack Group over the Jurrasic -

to lower Cretaceous Nooksack Formation and Wells Creek Formation. Misch

(1966) points out that while these rocks are structurally the lowest rocks
known in the western zone, additional thrusts could lie dseper. Sheared

zones within the Chilliwack, between and parallel to the two major thrusts
represent zones of imbricate thrusting.

The age of the thrust system is bracketed by the Lower Cretaceous (less
than 135 m.y.b.p.) Nooksack Formation and the Upper Cretaceous (greater

than 65 m.y.b.p.) to Pal, eocene Chuckanut Formation which unconformably
overlies the thrust (Misch,1966). Tne thrusts are cut by the Straight

Creek Fault and have been folded during the Eocene (Misch, 1966). In the

Skagit site area the Shuskan thrust has been mapped south of the Skagit
River (approximately 6 km from the site) wrapping around the north flank.

of Haystack Mountain and the south flank of Cultus Mountain (Misch,1977;
Miller ; in press; Puget,1979).

Whetten, et al (in press), mapping from the San Juan Islands eastward, has
proposed a modification to the geology of the' Cascades as proposed by

Misch (1966). Tc the west, in the San Juan Islands, Vance (1977a) and
Whetten, et al (1978) describe thrust fault bounded terranes of a generally
different character and age from those recognized by Misch (1966) with the
exception that the tirr- of thrusting may have been partially similar.
Whetten, et al (in press) proposes that the Mesozoic Decatur Terrane
(i.e., Chilliwack Group of Misch, 1966) emplaced from the southwest by the
Haystack thrust overlie the Lopez terr ine in the San Juan Islands as well
as the Shuskan Metamorphic Suite in the Cascades. In terms of the Skagit

site area, Whetten would interpret Mischs' (1966) Chilliwack rocks as his
Mesozoic Decatur Terrane and the Shuskan thrust in the site are (as mapped

by Misch,1977; Miller, in press; Puget,1979) his southwesterly dipping
Haystack thrust. Whetten, et al (in press) proposes that the Haystack

1258 2882,
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thrust fault is probably structurally the highest and most extensive
thrust yet recognized within the family of Late Cretaceous thrust faults.
According to Whetten, et al (in press) the Haystack thrust overlies the
Shuskan and Church Mountain thrusts and the crystalline core of the North

Cascades. This interpretation brackets the age of the Haystack thrust
~

between the mid-Cretaceous age for the underlying Lopez terrane in the San

Juan Islands and the intrusion of the Late Cretaceous Mount Stuart Granodio-
rite into t;.e Ingalls Complex.

2.E.1.2 Faulting

2.5.1.2.1 Regional Faulting

The geology in the site vicinity thet has evolved during the review of the
Skagit site by the NRC staff (Section 2.5.1.1) is complex. Misch, Miller,

Whetten and the applicant have been the main contributors to our present
understanding of the geology. As a result of this complexity, even with
the extensive investio:stions that have been generated by the Skagit review,
sufficient data is not available to determine a definitive interpretation
of the site area geology. It should be recognized that in all probability

final solution to the geologic complexities of the site region will bed

years in resolving. It should be carefully noted, therefore, that the
staff has concentrated on conservatively evaluating individual aspects of
the interpretations to determine their effect with regard to the safety of
the proposed Skagit nuclear power plant site.

Several faults of regional extent have been reported or suggested to occur
in the site vicinity: The Shuskan and Church Mountain thrusts (Misch,

1966), the Haystack thrust (Whetten et al, in press), the Straight Creek
Fault, the Devils Mountain Fault, the San Juan Islands Platform Faults and two
postulated faults the "B and B" Fault (ASLB Hearing, March, 1978) and the
Bellingham Bay - Lake Chaplain Fault (Cheney, 1978). Based on the weight

of the evidence, the staff concludes that the mid-Cretaceous Shuskan and
Church Mountain thrust plates, the Haystack thrust, and the Straight Creek
Fault are not capable. Non capability of the Devils Mountain Fault and s

the San Juan Island Platform Faults has not been established on the basis of
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presently available data. The existence of the two postulated faults (the
"B and B" Fault and the Bellingham Bay-Lake Chaplain Fault) has not been
demonstrated. Each of these faults and the basis for the staff's conclusions
will be discussed in the following paragraphs.

.

Shuskan and Church F.ountain Thrust

The Shuksan thrust fault has an east to west displacement of approxi.eately
48 kilometers (Misch, 1966). According to Miller (in press), the nearest
mapped surface exposure of the Shuksan thrust to the site is near Talc
Mountain about 8 km southeast of the proposed site. Misch's interpretation
places the western edge of the Shuksan thrust fault beneath the unconsoli-
dated deposits within the Skagit valley about three to five kilometers
west of the Skagit site. The Church Mountain thrust plate underlies the
Shuksan thrust picte sad has a similar amount of displacement. The nearest
extensive contact between the Church Mountain thrust plate and the under-
lying Mesozoic (Lower Cretaceous and older) deposits is at the south-

eastern flank of Mt. Baker, some 27 kilometers northeast of the proposed
Skagit site. Isolated, relatively small portions of the basal Church
Mountain thrust fault occur 19 to 23 kilometers south of the proposed site
in the vicinity of the Devils Mountain Fault. Both thrust faults are
overlain by the Chuckanut Formation which establishes the most recent

movement on them as pre-Paleocene (greater than 58 m.y.b.p.) (Misch,
1967). The overlap of the thrust plates by the Upper Cretaceous-Paleocene
Chuckanut Fermation and the isolation, by erosion, of the western portion
of the Shuksan-Church Mountain thrusts from the eastern portion of the
thrusts in the vicinity of Mt. Baker indicates that both were part of an
earlier phase of tectonic activity (PSAR) and are not capable within the
.:'ning of Appendix A to 10 CFR Part 100.

Haystack Thrust

Whetten's interpretation of the Clear Lake NE quadrangle (1979) suggests
that the northeasterly dipping Shuksan and Church Mountain thrusts (Misch,
1966) are overlain by the southwesterly dipping Haystack thrust. The
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Haystack thrust fault, as shown near Haystack Mountain (Whetten, et al,
1979) is considered to be the youngest of a family of Cretaceous thrusts
known to occur in the western Cascades (Wbetten et al, in press). Whetten

(in press) brackets the age of the Haystac'k Thrust as younger than the
structurally lower Lopez terrane (* 100 m.y.o.) and older than the Late

Cretaceous (88 m.y.o) Mount Stuart Granodiorite. The staff concludes that
the Haystack thrust is not capable within the meaning of Appendix A to
lu CFh Part 100.

Straight Creek Fault

The Straight Creek Fault, located 48 kilometers (km) east of the site, is
a zone of discontinuous faults extending at least 210 km south from the
Canadian border. The fault continues 250 km north into British Columbia,
Canada, as the Hope Fault of the Frazer Rive'r area. Tertiary plutons

interrupt the fault, along the faults total length, subdividing it into
four sections. From north to south these are the Hope Fault extending
north from the Chilliwack Batholit.h, the Straight Creek fault lying between
the Chilliwack and Grotto batholiths, the Evergreen Mountain segment
between the Grotto and Shoqualmie batholiths, and the southern Kachess
Fault segment.' The Straight Creek Fault is essentially north-south trending,
with a dip ranging from 65 E to vertical. The steep dip of the fault is
reflected in the strongly linear trace of the'faelt zone.

Displacement on the Straight Creek Fault occurred in at least two episodes
Late Mesozoic early Tertiary (Paleocene) and Oligocene-Miocene (Misch,
1966, Vance,1977b). Initial displacement involved large scale right
lateral strike slip movement of late Mesozoic and/or Paleocene age (Misch

1977a). Misch (1977a) proposes 200 km of right lateral strike slip dis-
placement on the Straight Creek - Frazer River Fault system based on the
possible juxtaposition of contrasting metamorphic facies and terranes
across the fault. Misch also suggests that the geology west of the fault
zone near Harrison. Lake in British Columbia is very similar to the geology
in the Kachess Lake area, at the southern end of the fault. Displacement

on the Straight , Creek fault continued at least into the Eocene (greater
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than 36
m.y.b.p), as demonstrated by the presence of Eocene continental

sedimentary rocks contained in the fault zone. Field relations suggest
that this later movement was high angle reverse faulting with the west
side of the fault down dropped (Vance,~1977b). Movement along the
fault ceased by Oligocene to early Miocene time.

'

Tertiary plutons intrude the Straight Creek Fault and are not cut by the
fault thus bracketing the age of movement along the fe91t. Agc dating of
these plut.ons give ages between 16 and 35 million years old (Vance, 1977b).
These radiometric dates indicate continuous granitic plutonism from early
Oligocene to mid Miocene time.

Vance (1977b) and Misch (1977b, 1979)
investigated the Tertiary plutons emplaced along the Straight Creek Fault
and failed to find evidence of pc.st Oligocene movement. This assumption
was based on the fact that significant movement would be reflected in a
distinct linear break within the pluton and in offset of the ' intrusive
contacts.

Both Vance (1977b) and Misch (19775) indicate that tne fractures
and joints found in the Tertiary plutons do not require renewed movement
along the Straight Creek Fault.

More or less regular joint and fracture
systems are developed in most igneous rocks, due to their origin and
logically reflect post intrusive deformation (Balk,1937). The Tertiary
plutons have also been subjected to tensile stresses due to the early
Pliocene arching of the Cascades which could produce similar fracturesystems.

The staff does not consider these fractures to be of fault origin.
.

In addition, along the Kachess Fault, tne southernmost continuation of the
Straight Creek Fault,

late Oligocene (greater than 25 m.y.b.p.) silicic
tuffs of tne Stevens Ridge type are r.ot disturbed and overlie the fault
(Vance, 1977b).

A reconnaissance of the Straight Creek Fault revealed a prominent series
of linear ridges near the Straight Creek fault trace on the divide between
the north fork of Diopsid Creek and Bacon Creek, near Marblemount (V
1977b). ance,

Post glacial movement along these features is indicated (McClearyand others, 1978).
Investigations indicate that these anti-slope features

are most likely due to gravity, even though a tectonic origin cannot be
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entirely ruled out (McCleary, and others, 1978). Based on the available

geologic data, the s i:7 cu vludes that the Straight Creek fault is non-c

capable within the meaning of 10 CFR Part.100. Even if, at a later date,

the Straight Creek Fault is proved to be capable, it does not constitute a
hazard to the proposed site because of its distance from the site -

(approximately 48 km).

Davi , Heuntain Fault

The Devils Mountain fault zone is approximately 21 kilometers southwest of
the proposed Skagit site at its closest approach. It strikes about N85 W,

and dips at a high angle down to the south. Lovseth (1975) placed the

length of the Devils Mountain fault zone at 24 kilometers including an
inferred 11 kilometers eastward projection. If projected 1arther to the
east the fault zone would extend through Lake Cavt.aaugh into the alluviated-
glaciatea valley of the North Fork of the Stilligaumish River near Boulcer
Creek and perhaps farther to the n uthea t. If projected westward the
fault would extend into the alluvial sediments south of Mt. Vernon (Huntting,

et al. ,1961) and into Rosario Strait southeast of Lopez Island (USGS,

1977). This fault zone was investigated axtensively by the applicant.
Studies included photoimagery i.3teraretation, geologic mapping, trenching,
geophysical investigations, subsurfa e exploration and radiometric dating.

Photoimagery studies revealed no offset of the unconsolidated Pleistocene-
Holocene deposits over the fault zone either in the valley of the North
Fork of the Stilligaumish or the valley of the Skagit. Interpretations by
Lovst th (1975) indicate Oligocene (greater than 25 m.y.b.p.) units are the
youngest consolidated rocks cut by the fault zone. Pleistocene sediments
in excess of 35,000 years old have been shown by the applicant's studies
to r .ver the southern segment of the fault zone and are not offset by t.

Lovseth (1975) also found non-offset Pleistocene sediments overlying the
fault during field mapping. The applicant presented radiocarbon dating
which yielded an age in excess of 35,000 years since last movement of this
segment of the fault zone, wnich is considered by the applicant to demon-
strate that the Devils Mountain fault zone is not capable within the

meaning of Appendix A to 10 CFR Part 100.

1258 293
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Other data, however, iridicates that, several hundred meters of displacement
along the Devils Mountain fault zone has occurred since the Oligocene
(g.a.ater thc' 25 m.y.b.p.) (Miller, personal communication). Also, Dr.

John Whetten (U.S. Geological Survey pers'onal communication) indicates
that as much as 60 kilometers of left lateral movement may have occurred .

the fault zone. In addition, high resolution marine seismic profiling in
the vicinity of Whidbey Island hs shown some discontinuities in the
bodded sediments. These annaar to be most reasonably attributed to glacial
deformation and post glacial slumping rather than tectonir. movement.
We cannot rule out, however, the possibility that the dif f acements are
tectonic. The lack of positive data demonstrating the ratectonic origin
of the sediment deformation leaves open the possibility that minor recent
movement may have occ"~ a in the Whidbey Island area along the westward
projection of the t,a s is Mountain Fault. Based on the apparent multiple-
movement history of the Devils Mountain Fault, the staff considers the
waight of the avidanca inadaquata to c nsarvatively concluda that tha
fault is not capable within the meaning of Appendix A to 10 CFR Part 100.

Because the Devils Mountain fault zone may be associated with a majo-
structural boundary along the southern edge of the San Juan Island plat-
form, efforts were made to determine its extent to the west of the mapped
portion of the fault zone. If projected westward, the Devils Mountain
fault would be sub parallel but not coincident with the fault bounding the
San Juan Islands platform on the south (MacLeod,1977). On t..e basis of
high resolution marine seismic profiling end aeromagnetic surveys (USGS,
1977 and 1978) the staff considers the Devel Mountain Fault to represent a

separate fault located somewhat north and t ast of the Southern San Juan
Islands Platform fault.

San Juan Islands Platform Faults

Seismic reflection profiles obtained within and adjacent to the San Juan
Islands area by oil companies, the applicant and the U.S. Geological
Survey show that the gross structure of the region can be characterized by
a relatively uplifted platform of basement rocks, the San Juan I,slands.

2-10
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The platferm is bounded on the north and south by unnamed east-west trending
faults of regional extent which separate it from the oeep sedimentary
basins. The northern fault is within 43 kilometers of the Skagit site;
the southern border fault is within 32 kilometers. Vertical displacement

of the noethern San Juan Islands Platform Fault appears to exceed one kilometer.
'

Apparently undisturbed sediments overlying the fault in some areas are at
least 300 meters thick. The structure of the Coastal Trough, north of the
San Juan Islano platform, is 09st reveaieo oy a very strong set of reflectors
on seismic profiles which range in depth between 1.3 to 2.3 seconds.
These reflectors show that basin strata are continuous and gently dipping
throughout that part of the basin covered by the Mobil petroleum exploration
survey. The good quality of the seismic data in this area combined with
the configuration of the track lines sugjests an absence of any faulting
of regional extent within the basin. The southern San Juan Islands Platform
Fault is reflected in the gravity and magnetic data (Snavely, et al. ,
1974; MacLeod et al., 1977; U.S. Geological Survey, Aeromagnetic Map,
1977) as well as by seismic reflection data. High resolution profiling
has been carried out on both sides of Whidbey Island to determine the
position of the southern boundary fault of the San Juan Islands platform
in that region.

Because of the proximity (21 km) of the Devils Mountain Fault (which is
assumed t" be capable) to the proposed Skagit site no final determination
of the capability or non-capability of the more distant San Juan Islands
Platform Faults has been made because any earthquake event on it would be

enveloped by the postulated event on the Devils Mountain f ault. The closest approact
of either of the platform faults to the proposed site is 32 km. Considerable

(hundreds of meters) displacement has apparently taken place on each of
the faults which art blanketed by an unknown thickness of what may be
either Tertiary or Quaternary (perhaps Late Pleistocene) deposits. Because

of uncertainties associateo with the last movement of the platform faults

P.nd the undetermined age of the capping sediments, the Northern and Southern
San Juan Islands faults are both assumed to be capable.

.

The U.S. Geological Survey is currently reviewing recently-received seismic
profsles taken within portions of the eastern San Juan Islands and the
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Strait of Georgia immediately north of the islands. Any impact of the

USGS's review of these profiles cin the preceeding interpretation will be
evaluated by the staff and transmitted at.a later date.

"B and B" Fault

Dr. William H. Hays of the U.S. Geological Survey, inferred in Merch,1978
at tne Skagit ASLB nearing Inat a generally nortnwesterly trending fault
may extend from west of Lummi Island some 59 km miles to the vicinity of
Table Mountain. This inferred fault would pass within 14 km west of the
proposed Skagit Nuclear Power Plant. The appar;..t bases for Dr. Hays'

hypothetical fault (the "B and B") include 1) Dr. Peter D. Ward's 1977
letter to the U.S. Geological Survey suggesting faulting west of Lummi
Island and 2) sheared rocks in the vicinity of Table Mountain (approxi-
mately 64 km to the soua..ust of Lummi Island). Dr. Ward, in his letter

of December 5, 1977 to Mr. James F. Devine of the USGS, suggests that a
large scale strike-slip fault may account for the origin dissimilarities
in the rocks exposed on Barnes Island (one of the Sar. Juan Islands) and
Lummi Island, about 5 km east of Barnes. Dr. Ward states that the fault-
ing was active during late Cretaceous and/or Tertiary. Faulting in the
Table Mountain area has been reported by various workers including: 1)

Misch in 1967, 2) Miller (in press), and 3) Whetien, et al, in 1979. We

have examined the pertinent available geological and geophysical data as
discussed later and conclude that this data dces not support a continuous
fault (the "B and B") as described by Dr. Hays. We believe that faulting
does exist in the vicinity of Table Mountain and at least limited faulting
appears also to have occurred between Lummi Island and Barnes and Clark
islands immediately to the west of Lummi. We do not find either geological

or geophysical evidence supporting continuous linear faulting between
Lummi Island and Table Maintain areas. Moreover, the available informa-
tion indicates that faulting as described by Dr. Hays, if it were to

exist, would be restricted to late Cretaceous-earliest Tertiary time (no
younger than 58 m.y.b.p.) and as such would present no hazard to the
proposed Skagit plant because it would not be a caoable fault. This

conclusion is based on the fact that Vance's 1975 and 1977(a) work in the
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vicinity of the San Juan Islands suggests that the Late Cretaceous-Paleocene
Chuckanut Formation continues westward from Lummi Islano at least as far
as Patos Island, some 19 km (Vance, 1975;-Puget, 1979) and is not offset
by large scale strike slip faulting as suggested by Dr. Ward. Also,

'

Barnes and Clark islands may have been emplaced by post-Nanaimo Group

(Late Cretaceous) pre-Chuckanut Formation thrusting within the San Juan
Islands such as that suggested by Whetten et al (1978). In addition, the

applicant's recently acquired closely spacea aeromagnetic coverage near
Lummi Island does nut support the presence of a continuous linear "B and
B" Fault. Our interpretation of this aeromagnetic data indicates that the
trace of the "B and B" Fault, if it were to exist, would underlie and thus
predate the Haystack i. rust fault which is at least 80 million years old
as established through dating of the Mount Stuart Granodiorite (Whetten et
al, in press). Based upon our interpretation of the information, the
staff concludes that there is no strong basis for the projection of a
continuous linear fault (the "B and B") between probable faulting southwest
of Lummi Island and known faulting in the Table Mountain area. Geologic

evidence offered by Vance (1975 and 1977a) and by Whetten et al (in press)
indicate that the faulting west of Lummi Island may be no younger than
early Tertiary (58 m.y.b.p). Additionally, the late Cretaceous (80 m.y.b.p)
Haystack thrust fault (Whetten et al, in press) appears to overlie and is
thus younger than the southeastern projection of the hypothetical "B and
B" Fault. Therefore, the "B and B" Fault, even if it existed, would not
be capable within the meaning of Appendix A to 10 CFR Part 100 because
movement would have ceased prior to 80 m.y.b.p. and would thus present no
hazard to the proposed Skagit site.

Bellinoham Bay - Lake Chaolain Fault and Hamilton Fault

Geologic concerns expressed by E. S. Cheney, consultant to the interve-
nor group, SCANP, include two postulated faults - the Bellingham Bay -
Lake Chaplain (BB-LC) fault zone and the Hamilton Fault (Cheney, 1978).
As suggested by Dr. Cheney, the BB-LC fault zone would trend northwesterly
and be at least 350 kilometers in length, probably longer, and would
extend in a zone several kilometers wide from Lake Chaplain near Everett,
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Washington to at least Bellingham Bay and then into the Strait of Georgia.
ine postulated Hamilton Fault would cross the Skagit valley near Hamilton
and would be at least 50 kilometers long.. The BB-LC fault zone would pass
some 14 kilometers west of the proposed Skagit site while the Hamilton
fault would pass about 6 kilometers southeast of the proposed plant.

~

Based upon analysis of the available geological and geophysical data,
including aeromagnetic maps developed both by the U.S. Geological Survey
(Open File Reports 77-24 and 75-354) and by tiie applicant (Fuget, 1979)
and interpretation of seismic reflection lines conducted within the San
Juan Islands and adjacent areas by major oil companies, the U.S. Geological
Survey (0 pen File Report 76-187, 1976) and the applicant, the staff concludes
that the faults as postulated by Dr. Cheney are not supported by the above
evidence and therefore they are not considered further in this review.

2.5.1.2.2 Local Faulting

Several faults of local exter.t are present or postulated within the vicinity
of the Skagit site. These include Lovseth's Fault (1975), Whetten's
(1979) interpreted Gilligan Creek and postulated Day Creek faults, the
Lake Cavanaugh Road Fault, and the postulated Skagit Valley Fault (including
the Hamilton Fault as postulated by Cheney (1978)) and as discussed in the
previous paragraph.

.

Lovseth's Fault

In 1924, Jenkins mapped a 7 km long unnamed fault in Walker Valley 2.5 km
east of Big Lake (19 km southwest of the proposed site). Jenkins (1924)
shows the fault as an approximately N 30* W curvilinear fault trace which
abruptly changes strike to N 70* W in T 34 N, R6E, Section 33. Jenkins

provided no further information or field evidence in his report to sub-

stantiate this fault. In 1975, Lovseth briefly reported a high angle
fault trending N 30 W in Walker Valley (essentially coincident with
Jenkins fault), at the contact between the Chucknut Formation and his
rocks of Table Mountain. In mapped versian, similar to Jenkins (1924),
the northern end of the N 30 W fault changes in strike to N 70* W.
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Lovseth (1975) provides no discussion regarding the N 70 W trending
contact, which is covered by a large landslide. Investigations by the

applicant east and west of the landslide revealed no evidence of a pro-
jection of this fault. The N 30 W segment of this proposed fault is for

~

convenience termed the "Lovseth Fault".

Based on Jenkins' (1924) previous mapping and the linearity of the Chuckanut-
Taoie Mountain rocks contact, Lovsetis (1975) coriciucac Ina ti .50 W contact
to be faulted, with the sandstone on the west side of the fault highly
deformed. Lovseths' Fault is shown to terminate in a volcanic intrusion
which has been dated at approximately 41.5 3.4 m.y. (Lovseth, 1975).

As a result of detailed field mapping the applicant concluded that the
contact between the Chuckanut and the metavolcanics (i.e., Lovseth's rock
of Table Mountain) is depositional (Miller, in press) showing basal shearing
due to Tertiary folding and is not a fault contact as discussed by Lovseth
(1975). The applicant bases this conclusion on: 1) the trace of the
Chuckanut contact is curvilinear, not linear, and, therefore, inconsistent with
the high angle faulting proposed by Lovseth (1975) (similar to Jenkins
N 30* W segment) 2) the extension of the mapped Chuckanut contact is at
least one mile further to the east than mapped by Lovseth (1975), 3) the
applicant has mapped undisturbed andesite dikes in close proximity to the
contact, and 4) Tertiary volcanics dated at 41.5 3.4 m.y (Lovseth, 1975)

have intruded and overlie the conthet (Lovseth, 1975). In addition, the applicant's
aeromagnetic survey indicates no faulting in the area of'Lovseth's fault.

Based on the available data and on observations ma& during several field
trips to the fault area, the staff conservatively assumes that the Chuckanut-
metavolcanic contact may be fault controlled. It should also be carefully

noted that the present data does not preclude the applicant's interpretation
Several factors have influenced the staff's decision: 1) the inability to

define a clear exposure of the contact or define any characteristics of

the actual contact, and 2) the applic.nt's interpretation of fault control to

the south in the vicinity of the Tertiary volcanics is lacking, so that is is possibl
for the fault to pass to the west of the. volcanics and, therefore, this material
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wouldnotcherliethecontact. At the same time, the close proximity to
the undisturbed andesite bodies (41, 46 and 49 m.y.b.p., Puget, 1979)
indicated that since their emplacement, movement has been minimal to

non-existent.

No further means of bracketing the ag2 of last mohement of the fault has
been found. Therefore, the staff assumes that the fault is capable within
the meaning of Appendix A to 10 CFR Part 100 because of our inability to
demonstrate otherwise. This fault is not considered of safety significance
to the proposed Skagit site due to the fault's proximity to the. larger,.

assumed capable Devils Mountain Fault. Any event on Lovseth's Fault would
beenhelopedbythepostulatedDehilsMountainFaultearthquake.

Gillican Creek Fault
Inthespringof1978,Dr.JohnWhettenoftheU.S.GeologicalSurhey
suggested that a high angle normal fault may account for the linear trace

,

of the applicant's Shuskan/Chilliwack thrust contact in the valley of
Gilligan Creek. The normal fault, located within 6.5 km south of the Skagit
site, has been named the Gilligan Creek Fault. Because of the similarity of
linearity of the Gilligan Creek area with the Day Creek area (6 km to the
eastofGilliganCreek)possiblefaultcontrolwasalsosuggestedinthehalley
of Day Creek. Mapping of the Clear Lake NE quadrangle (Whetten et al, 1979)
has not altered Dr. Whetten's interpretation of normal . faulting in the Gilligan
Creek area. Howeher,afaultintheDayCreekareaisnotincludedonthe
mapandisthereforenolongerconsideredinthisrehiew.

Individual' mapping efforts by the applicant and by Whetten et al (1979; in press)
haheresultedintwodifferentinterpretationsofthegeologicstructurein
the Gilligan Creek area. Theapplicant'sstructuralmodelinvolhestwo
northeasterly dipping thrust plates, the Church Mountain overlain by the
Shuskan. Both of these thrust plates are mid-Cretaceous (more than 90 n.y. ago),

(Misch, 1966) . The applicant olaces the fault contact between the two thrusts
in the east valley wall of Gilligan Creek.
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Dr. Whetten's model of the same area is more complex and appears to consist

of the following sequence: 1) emplacement of the Shuskan and Church Mountain

thrusts during the mid-Cretaceous (more than 90 m.y. ago), 2) over-riding of
the two earlier thrusts from the south by the Haystack thrust (Decatur Terrane
rocks) later in the Cretaceous (88 m.y.b.p.), and 3) post-Haystack faulting (high
angle normal faulting) along the east wall of Gilligan Creek. The applicant's
GilliganCreekareamodelinholhestwobasicrockassemblages-theDarrington
Phyllite (Shuskan thrust plate) and the Chilliwack Group (Church Mountain
plate) - separated by a thrust fault. The Whetten et al (1979) model of the
same area would place the Darrington Phyllite in normal fault contact with
the Decatur Terrane (Haystack plate).

Thestaffhasrehiewedallahailablegeologicdataandhasmadeseheral
field trips into the Gilligan Creek area. As a result of our investigation,
the staff concludes that the data supports a model of the Late Cretaceous
Haystackthrust(Whetten,etal,inpress)locatedinGilliganCreekhalley,
modified by Eocene syncline-folding, not normal faulting. The staff has
based this conclusion on: 1) the fact that the aeromagnetic data (Puget,
1979) supports a southerly dipping Haystack thrust emplacing Mesozoic
Decatur Terrane roc'.s over the Darrington Phyllite (Whetten, et al, 1979) and
2) the fact that the orientation of the foliation and the outcrop: pattern
of the Mesozoic Decatur Terrane, the Darrington Phyllite, and the trace of
the Haystack thrust supports post-Late Cretaceous synclinal folding, thereby,
eliminatingthenecessityfornormalfaultinginGilliganCreekhalley.
It is important to note that all favored models, the applicant, the NRC
staff and Whetten, et al (in press), include a late Cretaceous (older than 65
mybp) emplacement of the thrust plates. We conclude that this age of emplacement
or last offset for these faults is 65 m.y.b.p. and, therefore, they are not
capable faults within the meaning of Appendix A to 10 CFR Part 100 and are not
a hazard to the proposed Skagit site.

LakeCahenaughRoadFault

FaultinghasbeenobservednearLakeCahanaughaoproximately21kmsouth
of the proposed Skagit site. The fault is exposed in a road cut along the
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north side of Lake Cavanaugh Road and, based upon north-south SLAR (Side

Looking Airborne Radar) imagery, appears to lie along tne southern end of
a NW-SE trending line (lineament) extending from the valley of Gilligan
Creek to the Lake Cavanaugh Road Fault. Since the trend of the lineament
(N 25* W) is coincident with the valley of Gilligan Creek which may be, at

~

least in part, fault controlled, the assumption has been made by Dr. Whetten
that the Gilligan Creek lineament represents the trace of a fault.

The Lake Cavanaugh Road Fault consists of six en echelon faults cutting
glacial lake sediments with accumlative offset and folding of about 7 meters.
The faults trend is to the northeast, between 60 and 70 , and dips steeply
to the southeast from 55 to 75 . The strike of the Gilligan Creek lineament

is roughly N 25* W, nearly perpendicular to the strike of the Lake Cavanaugh
Road Fault. Closely-spaced drill holes made by the applicant for a total
distance of approximately 155 meters along the road east and west of the
faulted area have encountered a dense till at an essentially consistent
depth of about 12 meters. Maximum relief on the top of the till where
crossed by a projection of the fault appears to be no more than 1 meter,
unlike the 7 meters of fault movement noted at the ground surface. Similar
minimal relief was encountered on the till top throughout the remainder of
the investigated area. Non-disruption of the till underlying the surficial
fault appears to preclude a tectonic origin for this feature.

Westinghouse Corporation SLAR imagery of the Gilligan Creek - Lake Cavanaugh
area gives an apparent illusion that the Lake Cavanaugh Road faulting and
Gilligan Creek valley to the north form a part of a detectable northwest-
trending lineament extending from near the mouth of Gilligan Creek to Lake
Cavanaugh - a distance of approximately 16 km. The suggestion could be
made that the lineation is fault-controlled, since it is associated with
faulting in the valley of Gilligan Creek to the north and along Lake
Cavanaugh Road to the south. Careful examination of the Westinghouse SLAR

(flown north-south) and that obtained by the Corps of Engineers (flow
east west) indicates that the Gilligan Creek lineament is not continuous,
and apparently consists of a number of non-related separate segments. The

origin of the segments is varied, ranging from the somewhat linear course
.
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of Gilligan Creek on the north to timbering operations and landsliding on
the south. The lineation is not apparent on either the Westinghouse or
the Corps of Engineers SLAR imagery at the approximate mid point of the
lineament (near the head of Gilligan Creek). Additionally, interpretation

,

of the aeromagnetic data encompassing this area gives no indication of
possible faulting coinciding with the trend of the Gilligan Creek lineament.
The staff concludes that 1) there is minor faulting along Lake Cavanaugh
Road about 21 km south of the site and most certainly in the Gilligan
Creek valley, 2) that the trend of the Lake Cavanaugh Road faulting does
not coincide with the alignment of the Gilligan Creek lineament, but
rather is more coincident with the trend of tha nearby (about 1.5 km)
Devils Mountain Fault and 3) that there is no firm basis for assuming that
the Gilligan Creek lineament as previously described is totally fault-
controlled, extending from near the mouth of Gilligan Creek to the Lake
<E anaugh Road Fault. We also conclude that the origin of the Lake Cavanaugh
Road Fault is probably non-tectonic and is most likely attributable to
glacial or other near-surface phenomena, possibly slumping.

Skagit Valley Faulting

The possibility of faulting in the Skagit valley was considered during our
review of the Skagit docket. The plant site is loca'.ed on the partially
eroded northeast limb of a northwest plunging syncline which is oblique to
the east-o st trending Skagit valley. The core of the syncline is comprised
of the Chuckanut Formation. Repetitive regional folding has resulted in
an apparent left-lateral offset of the syncline along the trend of the
Skagit valley. In order to define and interpret the geologic and structural
framework of the near-site vicinity, the applicant undertook several
investigative programs consisting of field mapping, geophysical exploration,
and remote sensing studies. The applicant's investigations 1evealed no
evidence suggesting faulting in the Skagit valley. Based spon our review
of the available information the staff concludes that the apparent offset
of the syncline across the ulley of the Skagit does not reflect east-west
faulting in the vicinity of the site. Our conclusion is based upon the
following: '

2-19

1258 303



. .

..

. .

(1) Geologic and tectonic maps of the area (Jenkins,1924; Rogers,1960;
Huntting,1961; Misch,1977; King,1969; Hall and Othberg,1974; King
and Beikm*,,1974) indicate no faulting, other than the Shuksan and
Church Mountain / Haystack thrusts discussed above in the vicinity of
the site.

(2) Gravity data taken in the Skagit valley near the site by the Univer-
sity of Washington and the applicant (Smith and Foxall, 1976; Harding /
Lawson Associates, 1975 and 1979) does not indicate faulting.

(3) Seismic reflection surveys made by the U.S. Geological Survey (Snavely,
et al., 1976) and Puget Power in the San Juan Islands indicate no
faulting, attributable to other than glacial processes, within the
area of their surveys along a projection from the Skagit valley to
the west.

(4) The U.S. Geological Survey 1977 and 1978 aeromagnetic maps (0 pen File
Reports 77-24 and 78-354) of the northern Puget Sound area do not
show anomalies indicative of through going faulting either along or
tranverse to the westward projection of the Skagit valley.

(5) The deformed Chuckanut synclinal fold axis at the site area conforms
with other folds in the region.

(6) The north-south trending Straight Creek Fault of mid-Tertiary age
east of the proposed Skagit site crosses the Skagit Valley 48 kms to
the east and is not offset by any postulated east-west faulting.

(7) The EDCON aeromagnetic report (Puget, 1979) and map do not indicate
anomalies suggestive of faulting either along or tranverse to the
westward projection of the Skagit river valley.

(8) The lack of associated seismicity.
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2.5.1.3 Volcanism

Volcanoes form the core of the Cascade Mountains. Two volcanoes of the
chain, Mount Baker 32 kilometers northeast and Glacier Peak 90 kilometers
southwest, are close enough to potentially affect the proposed site.
Potential hazards associated with volcanoes are ashfall, flows (debris,

ash and lava), and floods resulting from melted snow and ice from the
flanks of the heated volcano. During its review of the proposed Skagit
site, the staff considered both ashfall and debris flow.

Hyde and Crandell (1975) have postulated ash flows and lava flows from
volcanic activity of Mt. Baker will move no further than 15 kilometers
along valleys heading on the mountain. The volcanic hazards map of
Washington depicts flows of the same dimension (Crandell,1976). The most

extensive lava flow from Mt. Baker was 19 kilometers long; it followed
Sulphur Creek, terminating at the Baker River 40 km from the plant site
(Coombs, 1939). This is the closest flow to the Skagit site (Huntting, et

al., 1961). Less extensive flows have occurred in association with
activity of Glacier Peak. The largest moved approximately 8 kilometers
from the cone (Huntting, et. al., 1961). Ash flow and lava are not
considered hazards for the proposed Skagit site due to the limited areal
extent of these phenomena and the distance separating the site from the
nearest volcano. Ash flows emitting from other Washington or British
Columbia volcanoes would not affect the Skagit site.

Ashfall potentially constitutes the most widely distributed volcanic
hazard. Volcanic ashfall is greatest downwind from the source (Wilcox,
1969; Mullineaux, 1974). Prevailing winds in northwestern Washington
based upon the 20 year record (1950-1970) are toward the northeast and

southeast sectors. High altitude winds (3,050 to 8,150 meters) are nearly
uniform thrcughout western Washington (Hyde and Crandell,1975). The

proposed Skagit site is located in the southwest sector with respect to
Mt. Baker and in the northwest sector with respect to Glacier Peak.
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Ashfall distribution from previous volcanic events i'.1dicates that wind
patterns have remained consistent during the past 13,000 years (Riggs,

1958). Fallout patterns of ash emitted from Mt. Mazama, Mt. St. Helens
and Glacier Peak are consistent with the present data in that the pre-
ponderance of ejecta is located east of the volcanoes (Fryxell,1965;
Mullineaux, 1974). Ashfall distribution limits, based upon the largest

tephra ejections during the past <0,000 years, has been determined for Mt.
Baker, Mt. Rainier, and Mt. St. Helens (Crandell,1976). Since triere have
been no Glacier Peak tephra eruptions during the past 10,000 years (Crandell,
1976), the 10,000 year Mt. St. Helens fallout distribution pattern was
superimposed on Glacier Peak. Based on its eruptive history and its
relationship to similar volcanoes, Mt. Baker is considered to have a low

explosive potential (Crandell, 1976).

In the interest of conservatism, the well-documented Mt. Katmai, Alaska
ashfall (Griggs, 1922) distribution pattern was superimposed on Glacier
Peak. The ashfall in the site area resulting from a postulated Mt. Katmai
type event centered on Glacier Peak is about 7.5 centimeters. Ashfall
resulting from a potential eruption of Glacier Peak is estimated at less
than 5 centimeters at the Skagit site (Crandell, 1976). The Skagit site
is located upwind from Mt. Baker and is not situated within the tephra
zones considered ha.ardous to either property or human life (Hyde and
Crandell, 1975). Based on the abvte we consider the applicant's suggested
15 centimeters maximum ashfall at the site within a 24 hour period to be
conservative.

We have also considered debris flows originating from the eastern flank of
Mt. Baker. The debris flow potential for Glacier Peak and other, more
distant volcanoes was not evaluated in detail because of their remoteness
from the Skagit site. The applicant evaluated the impact on the Skagit
site of a debris flow as large (2 cubic kilometers) as the Osceola flow
from Mt. Rainier. This is the largest known flow from a voir.ano in the
Cascade Mountains (Crandeli and Waldron, 1956). The failure of the Lake
Shannon and Baker Lake dams which are on the Baker River downstream from
Mt. Baker was considered to occur simultaneously with the postulated flow.
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The combined volume of material, mudflow plus reservoirs of the two dams,
9would be in excess of 2.52 x 10 cubic meters. This mass, moving down the

Baker River Valley, then the valley of the Skagit, would result in less
than 30 meters of debris in the valley below the proposed plant site.
Since the plant is to be situated over 91 meters above the valley, the
postulated flow would represent no safety hazard to the propnsed facility.
We consider an "Osceola" type mudflow to be a conservative assumption

7because a rock mass of 3 x 10 cubic meters (about 65 times smaller thar.
the Osceola) c.'iginating from Mt. Baker is considered to be the maximum
reasonable (Hyde and Crandell,1975; Frank, Meier and Swanson,1977).

Based on our review of potential volcanic hazards for the Skagit site, we
conclude that a significant fall of ash at the site emitting from Mt.

Baker is inconsistent with the eruptive record of the volcano (Hyde and
Crandell, 1975; Crandell, 1976). Using Griggs's (1922) ash thickness map
of the Mt. Katmai event centered at Glacier Peak results in an extm po-
lateo ash thickness of about 7.5 centimeters at the Skagit site. A

postulated debris flow was assessed involving an Osceola-type event
(Crar. dell and Mullir. eaux,1967), and is approximately 65 times larger than
that potential debris flow as suggested at Mt. Baker by Hyde and Crandell
(1975) and was found to be of no safety significance. Even considering
the water volumes of Lakes Shannon and Baker combined with the debris, the
total volume of the flow would be insufficient to affect the safety of the
proposed plant site. The remaining volcanic hazards (flooding, lava flows
and ash flows) have no plant safety implications because they are localized
to the volcanic sourc'e area.

2.5.1.4 Geulogy of the Proposed Skagit Site

In order to define the geologic structure in the site area, the applicant
has made extensive use of exploratory techniques including surface map-
ping, exploratory trenching, vertical and inclined drill holes and geo-
physical surveys. The geologic history of the proposed site probably
begins with Middle Paleozoic (Misch, 1966) marine shale and other sediments'
metamorphosed later in the Paleozoic or early Mesozoic. Deposition of the
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Late Cretaceous-Early Tertiary Chuckanut Formation followed aetamorphism
of the Middle Paleozoic sediments and the regional Middle Cretaceous
Shuksan and Church Mountain thrust faulting. Subsequent to the Chuckanut

deposition, at least three periods of regional deformation (Eocene,
Oligocene-Miocene, and Pliocene) affected the site. These deformational

periods resulted in folding and associated minor faulting at the site.
There is no record of Tertiary rock units o!.her than the Chuckanut
formation at the site. The Pleistocene to Holocene geologic record at the
critical structures area consists of approximately 3 meters of overburden.
No volcanic ejecta have been found at the proposed site.

Soil cover is thin to absent in the critical structures area of the site
and where present does not exceed three meters in thickness. This over-
burden consists predominantly of an assemblage of glacially-derived soils.
Bedrock in the plant site consists of Shuksan metamorphics (pre-Jurassic
phyllites and schists) and the sedimentary (siltstone and sandstone with
some shale and coal) Cretaceous-Paleocene Chuckanut formation. The thick-
ness of these units (Shuksan and Chuckanut) has not been determined, but
each probably amounts to several thousand feet in thickness (Miller and
Misch, 1963; Misch, 1966).

The proposed Seismic Category I facilities are to be situated on the
partially-eroded, steeply-dipping (50* or greeter to the southwest)
northeast limb of a syncline which plunges to the northwest. The syncline
is comprised of the folded and reielded Cretaceous-Paleocene Chuckanut
Format'7n. At the site, minor faulting, consisting of adjustments within

the Chuckanut as well as along the Chuckanut-Shuksan contact undoubtedly
accompanied the Tertiary folding.

In order to demonstrate the structural integrity of the Chuckanut Formation
at the site, five distinctive marker beds were traced by the applicant
without marker interruption or offset within the area of the proposed
power plant structures. In addition, a distinctive steeply-dipping easterly

trending shear zone (Shear Zone A) less than 400 feet long is bracketed by
the marker beds. This shear, according to the applicant, has a maximum
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offset of 30 feet and, where observed, is oblique to bedding. The applicant's
investigations concluded that the projection of Shear Zone A beyond its
mapped limits shows no discernible offset of the marker beds and most
likely gradually dies out assuming bedding plane shears along the eastward
and westward projections. The applicant has determined, because of the
minimal detectable length of the shear and its trangression in an east-west
direction from a lateral to a bedding plane shear, that the feature is
related to the folding of the Chuckanut Formation during the Tertiary and
is of no present significant to the safety of the proposed facilities.
The staff has examined the core from those borings passing through the
marker beds and finds that these distinctive lithologies can be traced in
a northwesterly trend throughout the proposed plant area without detectable
offset. We have been unable to find any dislocation of the generally
northwest-southeast trending marker beds when assuming a projection of
Shear Zone A (which has an east-west orientation), across the trend of
the marker beds. Additionally we have observed no offset of the
northwesterly-trending Darrington phyllite-Chuckanut Formation contact
where intersected by the easterly projection 'f Shear Zone A. Based upon

our evaluation of the observed core from the ite borings, we find 1) the
marker beds are reliable indicators of tructural cite continuity and 2)
we have seen no compelling evidence ta suggest that L ar Z0nc A extends
beyond the area as manned by the rpplicant. We also conclude that bedding
plane' shearing as well as transverse shearing such as noted at Shear
Zone A is of minimal extent n m m likely quite old, being related to
Tertiary deformation, This shearing consequently poses no hazard to

the proposed Skagit nuclear power plant site within the meaning of Appendix
A to 10 CFR Part 100.

Man's activities at the site have included two quarries, a gravel pit and
two local coal prospects. The two quarries are within the Chuckanut

Formation approximately 90 m and 880 m southeast of the Seismic Category I
structures, while the gravel pit is about 730 m southwest of the nearest
critical stracture. No commercial coal mining has been reported at the
site but two short (less than 20 m) exploratory adits are located within
the site boundaries. The closest approach of either adit to the critical

structures area is approximately 580 m. These past activities of man, due
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to their limited nature and remoteness, present no hazard to the proposed
plant structures. Furthermore, future commercial mining activities will
be prohibited at the site since mineral rights are retained by the appli ant.

No commercial coal mining activity has occurred in the site area, other
than at the Cokedale Mine about three km to the northwest of the plant
(Jenkins, 1924; Livingston, 1974). Production ceased at the Cokedale mine
in 1921 (Jenkins, 1924). Jenkins (1924) shows coal prospects, but no
mines, along Powell Creek located near the western site limit, within 580
m northwest of the proposed plant. Jenkins observed a 70 cm coal bed,

partially weathered and containing shale partings, along the roadway north
of Minkler Lake about 980 m southeast of the proposed plant. We have

concluded that past coal prospecting presents no hazard to the proposed
plant structures because of their limited extent and distance from safety-
related structures.

The possibility of coal beds within the Chuckanut formation burning in
place and posing a hazard to the proposed nuclear plants is considered
extremely remote, perhaps impossible because of two primary reasons 1) the
lack of continuous, extensive coal beds beneath either of the proposed
plants, and 2) the high ground water table throughout the area of the
plants. Exploratory investigations, including drill holes and trenches do
indicate steeply-northwesterly dipping coal beds up to 3.5 feet thick
beneath the plants. However, based upon the investigations, the coal beds
are discontinuous, grade laterally into non-combustible lithologies, and
do not extend beyond the general power plant limits, thus preventing
access to the plant area from an off-site coal fire (in the extremely
unlikely event that a fire would occur). One common method of extinguishing
many fires is by the application of water. Subsurface investigations
within the proposed plant areas have demonstrated that the ground water
table here ranges from above ground level (artesian conditions) to a depth
of 3.6 meters below the surface. The average depth is approximately
2 meters. Combustion of the coal would appear to be highly unli:?ly under
these conditions. Based upon the above rationale, the staff does not
consider that coal bed fires constitute a potential safety hazard to the
proposed Skagit nuclear facility.
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From our analysis and evaluation of available geologic data, including the
results of investigations performed by the applicant, we have concluded
that there are no geologic considerations that would preclude the accept-
ability of the site. Although the Chuckanut Formation has been deformed,
locally sheared, and faulted, the deformation took place during the Tertiary
(Mayers and Bennett, 1973; Thornbury, 1965; Misch, 1966) and no longer
presents a hazard to the site. Investigations by the applicant have
revealed no evidence of recent faulting in the site area. Man's activities,

consisting of removal of stone and sand and gravel represent no hazard to
the proposed site because of their limited extent, and distances from
safety-related structures. The exploration for coal during the past does
not cause a safety hazard because the site adits were exploratory, and of
limited extent. We base our conclusions relative to the size and location
of the adits upon: (1) no evidence of former subsurface workings in an
extensive northeasterly-trending trench by the applicant within the area
of each of the proposed units, (2) no voids indicative of previous, un-
reported mining activity were encountered during the investigations of the
proposed site, (3) a lack of evidence in the site quarry supportir.g former
coal mining activity southeast of the plant locations, and (4) no acknow-
ledgement in the literature (Jenkins,1924; Livingston,1974) of commercial
coal mining operations at the proposed site., Since neither mining nor
exploration beneath the proposed site will be permitted in the future (due
to ownership of the mineral rights by the applicant) coal prospecting will
be prohibited and consequently presents no hazard to the proposed plant.

The applicant has agreed to geologically map, in detail, geologic features
exposed in the excavations for all Seismic Category I structures, including
Seismic Category I pipelines. In addition, similar mapping will be conducted
within other excavations related to nonsafety structures if required to
adequately interpret the site geology. The NRC staff will visit the site

during, or shortly af ter, mapping of the excavations is complete in order
to make an independent evaluation of the site geologic conditions.
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2.5.2 Vibratory Ground Motion

2.5.2.1 Regional Tectonics

The tectonic deformation of Western North America appears to be intimately
related to the interaction of two major lithospheric plates, the North

American Plate and the Pacific Plate. The interaction is principally

along two major transcurrent faults, the San Andreas Fault in Califoraia

and the Queen Charlotte Fault off Western Canada. However, in the area

between Cape Mendocino in northern California and the southern extent of
the Queen Charlotte Fault off the western tip of Vancouver Island, the two
major plates named above are separated from one another by the small Juan
de Fuca Plate.

The interaction between the Juan de Fuca Plate and the North American
Plate is not presently understood. The magnetic anomaly pattern east and
west of the Juan de Fuca Ridge indicates that part of the Juan de Fuca
Plate has been subducted beneath the North American Plate. Also, the

chain of stratovolcanoes which forms the axis of the Cascade Mountains is
believed to have been produced by magma from a subducting plate (Atwater,

1970). Several other types of data indicate that an episode of late

Cenozoic subduction occurred in this region of western North America.
Seismic reflection surveys off the coast show a sediment-filled trench at
the base of the continental slope (Hays and Ewing, 1970). Anomalously

high gravity values on Vancouver Island are suggestive of a remnant
subducting slab beneath the region (Stacey, 1974). Seismic wave

velocities indicate that a high velocity slab exists beneath the Puget
Sound Basin (McKenzie and Julian, 1971); Crosson, 1972) which is indi-
cative of a subducting lithospheric plate.

Other evidence indicates, however, that subduction along the Juan de Fuca
Plate-North American Plate boundary is not currently occurring. In parti-

cular, earthquake activity indicative of a Benioff zone (a characteristic

of subducting plates) is absent in this region. Also, the orientation of

the present regional stress field is inconsistent with active subduction.

Analysis of earthquake source mechanisms show that the maxi.num principal
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stress is north-south compressional and the minimum principal stress
varies from east-west to nearly vertical (Crosson, 1972). While the
available data are not clearly definitive, the staff believes they support
the interpretation that subduction may no longer be occurring along the
Juan de Fuca-North American Plate boundary.

The applicant proposed that the geological and seismic characteristics of
the tectonic elements within the site region provide a basis for subdividing
the Pacific Northwest into several tectonic provinces. These subdivisions
are referred to in the Preliminary Safety Analysis Report as the southern
Puget Sound subprovince, the Western north Cascades subprovince, and the
Eastern North Cascades subprovince. The Southern Puget Sound subprovince

corresponds directly to the Puget Trough. The Western North Cascades

subprovince consists of that portion of the North Cascades west of the
Cascade core, including the San Juan Islands Platform and the stratovol-
car.oes. The Eastern North Cascades subprovince is described as that
portion of the Pacific Northwest east of the eastern edge of the Cascade
Mountain core and north of the Columbia Plateau. The applicant did not
define the eastern or the exact southern boundary of this subprovince.
The Eastern North Cascades Tectonic Subprovince is distinguished from the
Western North Cascade Mountains on the basis of structural geology,
volcanology and seismicity. Structurally, the Eastern North Cascades
subprovince is characterized by north-westerly trending Tertiary grabens,
bounded by normal faults of large displacements. The faults apparently
have no counterparts in the Western North Cascades Subprovince. The

subprovince exhibits no evidence of the Pleistocene volcanism which is

characteristic of the Western North Cascades Subpravince. In contrast to

the low seismicity defined in the Western North Cascades Subprovince and
the lack of seismicity in the Cascade core, the applicant considers that
the Eastern North Cascades subprovince to exhibit high seismicity,
particularly in the Entiat and Chelan, Washington area.

The staff agrees that the cited geologic data generally supports differences
in structural characteristics among the proposed tectonic provinces.
However, the staff cannot concur that the tectonic provinces described

.
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provide a suitable basis for determiing the safe shutdown earthquake for
the site on the bar,is of currently available data. The entire region has
experienced considerable tectonism in Quaternary time. With the exception
of the Puget Trough discussed below, historic seismicity does not clearly
distinguish the proposed provinces.

The Puget Trough, the northern portion of the Puget Lowlands as defined by
Livingston (1969), is characterized as a linear downwarp which parallels
the Cascade Mountains on the west and extends fom the Olympia lineament on
the south to the southern San Juan Islands platform fault. The Puget

Trough shows geologic evidence of continued tectonic acti tity from the
Tertiary into the Holocene and a continuing relatively higher level of
seismicity. This downwarp has been actively subsiding since Tertiary, as
demonstrated by thick deposits of Tertiary rocks and extensive accumulation:,
of unconsolidated sediments (Hall and Othberg, 1974). These sediments

which are probably post-Tertiary in age, reach a thickness of at least
1,100 meters near Seattle, Washington. Major structural blocks bounded by
northwest and east-west trending faults represent the present structural
*ramework of t.ie Puget Trough. These faults have been interpreted from
gravity data by Danes, et al., 1965, and Rogers, 1970. The intensity of

the gravity anomalies in the region is such that faults having as much as
10 kilometers of recent displacements are indicated (Danes, et al., 1965).

The historic seismicity of the Puget Trough indicates a significant spatial
variation in the frequency of earthquake occurrence. The southern portion
of the Puget Trough exhibits about 70 percent of the historic earthquake
activity within the entire Puget Trough. This pattern of historic earthquake
activity has been confirmed by the distribution of accurately located

,

earthquakes during the past five years (Crosson, 1974 and 1975). Four
large subcrustal earthquakes have also been concentrated in the southern

Puget Trough (Algermissen and Hardins, 1965). These earthquakes are
discussed below in Secticn 2.5.2.2, Maximum Historic Earthquakes.

1258 M 4
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2.5.2.2 Maximum Historic Earthquakes

Moderate to large earthquakes have occurred within 200 miles of the pro-
posed Skagit site during the 134 year historic record. A discussion of
tha principal parameters of each earthquake together with estimated
intensity that each produced at the proposed Skagit cite is given in
Preliminary Safety Analysis Report Section 2.5.2.5.

The three largest historic earthquakes within the proposed Skagit site
region occurred December 14, 1872, June 23, 1946, and April 13, 1949. The
applicant's consultants developed detailed information on the 1872
earthquake in order to define its maximum int,insity and epicentral
location.

Subsequent reviews of this extensive data base by the applicant and by a
panel of experts convened by the utilities of the Pacific Northwest, and
also by the U.S. Geological Survey /NOAA Ad Hoc Working Group resulted in
some clarification of the parameters of the 1872 event. The applicant's
investigation indicated the epic. enter of the 1872 event was in central
Washington, near Lake Chelan. The applicant proposed that the 1872 earth-
quake was magnitude 6.5 to 7.0, with a maximum Modified Mercalli intensity
of a strong VIII and a felt area of approximately 777,000 square kilo-
meters (300,000 square miles). The panel of experts, which consisted of
Ors. Otto W. Nuttli, W. G. Milne, David B. Slemmons and Howard A. Coombs,
reached a similar conclusion regarding the intensity, but considered the
felt area to be approximately 1,300,000 square kilometers (500,000 square
miles) based on intensity III isoseismals. They considered the epicentral
area to be within a region north of Entiat to the Canadian border. No

magnitude determination was developed, but the panel indicated that the
event was not shallow, i.e. , less than 10 kilometers.

The U, S. Geological Survey /NOAA review panel resulted in similar param-
eters for the 1872 event with the exception of the intensity value which
was conservatively assigned a Modified Mercalli IX. The applicant estimated
this earthquake produced a maximum intensity of VI to VII at the propose
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Skagit site. In a letter to the NRC's L. V. Gossick, dated November 15,
1977, the Advisory Committee on Reactor Safeguards (ACRS) and its consultants
concluded that the 1872 earthquake should be considered as an Intensity VIII.

The 1946 British Columbia earthquake has been evaluated several times in
regard to its epicentral location. The questionable epicentral location
and causative structure for the 1946 British Columbia earthquake prompted
scientists (Hodgson Tnd Milne, 1951; Hodgson; 1946; Wickens and Hodgson,
1967) to develop several epicentral locations for this event and associate
't with both northeast and northwest trending structures. The applicant
adopted the recent relocation of the 1946 British Columbia Earthquake as
approximately 50*N latitude and 125*W longitude, 10 kilometers inland on
the east coast of Vancouver Island, as developed by Aogers (1975) and
associated the earthquake with a northeast-trending structure. One of the
most recent interpretations (Rogers,1975) and that adopted by the applicant,
is that the 1946 earthquake occurred on the east coast of Vancouver Island
near the Strait of Georgia, approximately 274 kilon iters from the proposed
Skagit site. The magnitude of this event was detern,'ned to be 7.3 with a
felt area within the continental United States of 259,000 square kilometers
(100,000 square miles) (Cofmann and Von Hake, 1973). The applicant estimated
that the 1946 British Columbia earthquake produced a maximum intensity of
VI at the proposed plant site.

The largest historic earthquake in the southern Puget Sound (magnitude 7.1
and maximum intensity MM VIII (Rasmussen, 1967)) occurred between Olympia

and Tacoma on April 13, 1949, 185 kilometers from the proposed site. The

applicant estimated that this earthquake produced a maximum intensity of
MM V at the proposed Skagit site.

On April 29, 1965, February 14, 1946 and November 12, 1939 three moderate
earthquakes occurred in the area of deep subcrustal tectonism and high
seismicity discussed in relation to the Puget Depression. The closest of
thes,e to the proposed site was 130 kilometers to the southwest near Seattle,
Washington on April 29, 1965. Its mcgnitude was determined to be 6.5 and
the maximum intensity was MM VIII (Rasmussen, 1967). The intensity at the

,
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proposed Skagit site from this earthquake was estimated by the applicant
to be no more than MM VI. The two remaining subcrustal events in the
Puget Sound were MM intensity VII (Rasmussen, 1967, Cofmann and Von Hake,

1973), and occurred November 12, 1939 and February 14, 1946. The 1939

event was located approximately 130 kilometers from the proposed site and
had a felt area of 155,000 square kilometers (Rasmussen,1967). The

applicant estimated a site intensity for this event of IV MM. The 1946

event was located approximately 152 kilor,eters southwest of the proposed site and
had a felt area of 70,000 square miles (U.S. Earthquakes,1946). Sedro

Woolley reported intensity III from this event.

In addition to the subcrustal events recorded in the Puget Sound, on May
16, 1976 a magnitude 5.5 earthquake with a focal depth of 62 kilometers
occ. -d near the southern tip of Vancouver Island. No estimate of proposed
site intensity was given for this event.

Two shocks of epicentral intensity MM VII (Cofmann and Von Hake, 1973)
occurred 65 kilometers northwest of the proposed Skagit site on January
11, 1909 and January 23, 1920. The 1909 event had an estimated felt area
of 65,000 square kilometers (Milne, 1956). The applicant estimated the
proposed site intensity as V. Based on an analysis of newspaper accounts
of the 1920 event, the applicant determined the epicentral intensity to be
Mod!fied Mercalli VI and a proposed site intensity as Mod'fied Mercalli
III-IV.

The nearest kr.own earthquakes to the proposed Skagit site occurred on
December 15, 1974, April 8, 1975, and October 13, 1977. The first two
were both 6.5 kilometers southeast of the proposed site and had magnitudes
o' 3.0 and 2.7 respectively. The applicant conducted field mapping,
remote sensing and a geophysical program to ascertain the possible relation
of these two events to a causative structure. The October 1977 event

occurred 3 kilometers southwest of the proposed site, but did not trigger
the strong motion accelerograph at the proposed site which was set to
begin recording at .05g. The geophysical program and seismic investigations
established that the 1974 and 1975 earthquakes and aftershocks were clustered
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in an area of less than one kilometer (Smith and Foxhall,1976). Additional
velocity data gathered by the geophysical program enabled a reevaluation
of the fault plane solutionr for the aftershock of the December 15 event
indicating a fault plane striking N26*E with reverse movement (Smith and
Foxhall, 1976). A gravity survey was also conducted near the epicentral
area to determine whether faulting might exist along the Skagit valley
near the epicenter of the December 15, 1974 event. This gravity data
indicate the existence of a buried ancient river channel and shows no
indication of control by faulting. As a result of thorough initial investi-

gations, no additional studies were deemed necessary by the applicant to
conclude that these earthquakes were not related to surface faulting but
most likely associated with shallow crustal adjustments or local relief of
stress.

The earthquake of December 15, 1974 produced a maximum intensity of VI in
the thick alluvial and glacial materials of the Skagit valley, but was not
felt at the proposed site. The earthquake of April 8,1975 produced a
maximum intensity of IV in the valley, but again was not felt at the
proposed site. The earthquake of October 13, 1977, was not felt at the
proposed site nor was an intensity value determined for this event.

2.5.2.3 Safe Shutdown Earthquake

Applicants' Position

The historical earthquakes considered by the applicant as having an effect
on the proposed Skagit plant site are the intensity VIII British Columbia
earthquake of 1946, the April 13, 1949, and April 29, 1965 intensity VIII
earthquakes of the southern Puget Sound and the intensity VIII+ December
14, 1872 earthquake.

The applicant's analysis of the April 13, 1949 and April 29, 1965 intensity
VIII, suberustal Puget Sound earthquakes and their effect at the proposed
Skagit site were approached in three different ways. The applicant assumed

t;,at (1) these large earthquakes are associated with the subducted remnant
of the Juan de Fuca plate, (2) that these events are crustal in origin an

125B
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should be restricted to the Southern Puget Sound subprovince directly
associated with the major deep crustal faulting (Danes, et al., 1965,
Rogers, 1975) and (3) that these events are random crustal events and
assumed to occur at the northern boundary of the Southern Puget Sound subprovince.

After careful analysis of seismicity of the Puget Depression as depicted
by Crosson (1972) and Harding and Algermissen (1965), in light of plate
tectonics as it is known in the Pacific Northwest, the applicant concluded

that the large subcrustal earthquakes in the southern Puget Depression might
reasonably be related to the subducted portion of the Juan de Fuca plate
beneath the Puget Lowlands. The applicant developed a schematic drawing of
the subduction zone at the latitude of the April 29, 1965 event (Fig.2.5-28i)
based upon studies by Issac, et al., (1968), Silver, (1972), McKenzie and
Julian (1971), and Dickerson (1970). Assuming the figure to be applicable
at the latitude of the proposed plant site, with a modification to account

for the westward curvature of the subduction zone (Atwater, 1970, Crosson,
1972), the applicant concluded that a similar event occurring along the
top of the subducted plate at its closest approach to the proposed site
would indicate a hypocentral distance of 80 kilometers resulting in an
intensity VII or less at the proposed site. According to the applicant,
the maximum acceleration on rock at a distance of 80 kilometers from a
magnitude 7.1 earthquake would be no more than .10g (Schnable and Seed,

1973).

Karsberg (1967), Sylvester, et al. , (1971) and Algermissen and liarding
(1965) all noted and discussed in varying detail the possible association
of the deep major block faults of the Southern Puget Sound subprovince to
the large subcrustal earthquakes. After a review of the available literature,

which included focal mechanism studies of the large Puget Sound earthquakes
and the available geophysical data, the applicant concluded that the
largest earthquakes -- the 1949 or 1965, intensity VIII events -- were
assumed to recur along these respective structures at their clocest approach
to the proposed plant site. The applicant concluded that the resulting
intensity at the proposed plant site would prcbably not exceed VI.
Acknowledging the fact that these large events may be considered rande~

n
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and not directly relatable to structure, the applicant applied the
tectonic province approach as defined within the meaning of Appendix A to
10 CFR 100. Assuming that the earthquake recurred at the northern boundary
of the Southern Puget Sound subprovince located approximately 32 kilometers
from the proposed site, the applicant concluded that the resulting intensity
at the proposed plant site would be VII, with a peak acceleration of .15g
and an effective acceleration of about .12g (Schnabel and Seed, 1973).

The December 14, 1872 earthquake was located, as a result of extensive
investigations by the applicant, east of the Cascades in the Wenatachee-
Chelan, Washington area. In an attempt to determine the causative
structure for this event, the applicant conducted geological investigations
in the Wenatachee-Chelan regi ' which included mapping, photo analysis,
discussions with local geolc p plus a review of historical seismicity.
The applicant attempted to sr.- t 2t the tectonic history of the 1872
epicentral region indicates a te.:urrence of structural deformstion along
generally aligned northwest-southeast trending axes. According to the
applicant, sufficient evidence was gathered during the investigation to
reach the conclusion that the 1872 event can be reasonably associated with
the northwest trending Badger-Entiat Uplift or the adjacent Entiat Faust,
which marks the western boundary of the uplift. It is, therfore, the

applicant's position to conservatively assume that the 1872 event could
recur on either northwest trending structure at its closest approach to
the proposed plant site. The event would be 97 kilometers (60 miles) from
the proposed Skagit site and according to the applicant would result in an
intensity VII or less at the proposed site.

The analysis of the December 14, 1872 earthquake and the effect on the
proposed Skagit site also was approached by applying the tectonic province
method as discussed in Apoendix A to 10 CFR Part 100. In doing so, the

applicant assumed the event to occur on the western boundary of the Eastern
North Cascades province (described in Seciton 2.5.2.1 of the Preliminary
Safety Analysis Report) located 80 kilometers (50 miles) from the pr.oposed
plant site, and at this location would not produce an intensity greater

than VII at the proposed site.
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As a result of the arguments discusssed above, the applicant considers
that the maximum historic earthquake at the proposed Skagit site is
intensity VII. However, for additional conservatism, the applicant
increased the maximum earthquake to intensity VIII at the proposed plant
sita. The proposed intensity VIII provides a large factor of safety
according to the applicant, in view of the fact thal. .>e reactor at the
proposed Skagit site will be built on competent bedrock whereas the only
intensity VIII Puget Sound earthquakes have been recorded on soils. Using

the intensity-acceleration relationships by Newman (1954) and Coulter,
Waldron and Devine (1973) (i.e., above average fi. Dedrock), the applicant
concluded for an intensity VIII maximum earthquake that a .25g reference
acceleration is adequately conservative. In order to provide additional
conservatism, the applicant elected to use .35g as the reference acceleration
for the proposed Skagit site.

NRC Staff Position
The staff's review of the vibratory ground motion potential for the proposed
Skagit site was conducted to determine a conservative value for the intensity
and resultant ground acceleration for the safe shutdown earthquake. As

stated in Safety Evaluation Repcrt Section 2.5.2.1, the staff feels that

an evaluation of the seismic hazards at the proposed Skagit site more
realistically involves consideration of the regional tectonics as a remnant
plate margin rather than delineation of tectonic provinces based on surface
geologic structures.

The proposed site is located near and somewhat seaward of the volcanic
chain along the Pacific Northwest. While this chain of volcanoes was
probably generated by mid-to-late Tertiary subduction of the Farallon
plate, there are reasons, discussed bels.?, to think that the tectonic

regime has now evolved considerably from that of a typical subducting
margin. At present, much of the seismicity of the Pacific northwest may
be derived from two regional tectonic processess: (a) a remnant subduc'1on
zone in which the present convergence rate is probably several centimeters
a year or less, and (b) a shearing force exerted by the northwestward
movement of the Pacific plate on the remnant Farallon plate, possibly in
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the vicinity of the Mendocino and Blanco fracture zones. The remnant

Farallon plate is often referred to as the Juan de Fuca plate. These

models - remnant subduction model and shear model -are not mutually

exclusive and some aspects of each probably influence the contemporary
tectonics of the Sacific northwest. Neither of these tectonic models
necessarily exclude a regional stress contribution from other possible
sources of which the staff is currently unaware.

Under these two models there are potentially five seismic sources which
require evaluation for assessing vibratory ground motion at the proposed
site:

(1) Subduction Interface

Large thrust earthquakes associated with movement along the subduction
interface do not constitute a hazard to the proposed plant site.
Comparisons of this margin with other subducting margins around the
Pacific present clear evidence that large thrust earthquakes (m >
7.0) should not be expected as a result of interaction between the
Juan de Fuca (Farallon) plate and the Americas plate. Locations

along subduction zones with a history of large thrust earthquakes are
characterSed by well-defined dipping Benioff zones and by focal
mechnisms w.lich indicate shallow-angle thrusting. Despite the

occurrence of several earthquakes in the Puget Sound region at
hypocentral depths near 60 kilometers, the seismicity of the area
does not define a Benioff zone. Neither are there, to the staft's

knowledge, published focal mechanism studies which indicate shallow
angle thr'Jsting.

These two observations constitute sufficient evidence to conclude
that large earthquakes should not be expected on the interface and
are not a hazard to the proposed plant site. Nevertheless, there is

considerable additional evidence which supports this conclusion
including:

\19
2-38



. .

. .

.

(a) The shallow water depths offshore: segments of subdur. ting

margins from vlich large shocks are absent or near absent arei

characterized by shallow oceanic seafloor;

(b) The absence of a well-developed trench: subduction zones where

large shallow thrust earthquakes occur have well developed off-
shore trenches;

(c) The absence of great thrust earthquakes during historic time:
one hundred years of data are not insignificant because an
entire margin is involved (Mendocino Fault Zone to Vancouver
Island) and not an isolated segment or seismic gap;

(d) The relative youth of the oceanic lithosphere within the
Juan de Fuca plate: subductions zones where large shallow
thrust earthquakes occur have significant portions of oceanic
lithosphere which is Oligocene or older (23 million years before
present). By contrast, the 91 dest portion of the Juan de Fuca
plate is late Miocene (about 10 million years before present);
and

(e) The relatively high heat flow within the Juan de Fuca plate:
this is indicative of the youth of the plate, and by inference

suggestive of the inability of the plate to sustain the stresses

necessary for great earthquakes.

(2) 1946 Vancouver Island earthquake.

There is reasonable evidence that the plate margin near the northern
half of Vancouver Island responds to a different regional stress
pattern than does the remainder of the margin. Based on magnetic

evider.ce, the northerly portion of the Juan de Fuca plate may have
been decoupled from the remainder of the plate during the past 10
million years (Riddihough, 1976, 1977). The larger shocks of Vancouver
Island, including the 1946 shock, occur in the northern part of



. .

. .

.

Vancouver Island, that is, landward of the potentially decoupled
portion of the plate (G. Rodgers, 1976, personal communication).
Finally, the focal mechanisms of earthquakes near the northern
portion of Vancouver Island are consistently strike slip including a
reanalysis of the 1946 event (G. Rodgers, 1976). For these reasons,

Rodgers groups the 1946 earthquake with other events of the northern
, ,

portion of Vancouver Island. While the sum total of this evidence
does not establish the existence of a separate plate (tentatively
named the Explorer plate by Riddihough), the evidence does indicate
that the tectonic style is distinct through the northerly portion of
the margin and that, therfore, a tectonic bound can reasonably be
drawn somewhere across the southern portion of Vancouver Island.

(3) Intraplate events within subducted portions of the Juan de Fuca

(Farallon) Plate, i.e., events similar to the 1949 or 1965

Seattle earthquakes.

Since earthquakes with hypocentral depths near 50-60 kilometers were
reported near the southern tip of Vancouver Island (Milne, personal
communication, 1976), it shald be assumed that events similar to the

1949 or 1965 Seattle earthquakes could occur further to the north,
beneath the proposed site at a depth of about 55 kilometers.

A survey of twelve published curves presenting empirical relationships
between distance and acceleration for earchquakes cf magnitude 7.5
show accelerations of .3g or less at a distance of 50 kilometers
(PSAR for WPPSS Nuclear Project No. 3, Fig. 2.5-57b). The earthquakes

of 1949 and 1965 generated intensities near VIII MM at the ground
surface which are equivalent to a reference acceleration of .26g
(Trifunac and Brady, 1975).

(4) The 1872 earthquake of the Pacific northwest.

This large event occurred to the east of the chain of active volcanoes
and, therefore, a recurrence of such an event should be postulated no
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closer than 32 kilometers (20 miles) from the proposed plant site,
the approximate midpoint of the band of volcanoes. Implicit in this

reasoning is the staff's position that the chain of active volcanoes
is a clearcut, seismotectonic boundary. A summary of attenuation
curves contained in the PSAR for WPPSS No. 3 (Fig. 2.5-576) indicate
that an earthquake of magnitude 7.5 would attenuate over a distance
32 kilometers (20 miles) to a value of .35g or 1ess. While the
magnitude of the 1872 earthquake is unknown, data support a value
less than 7.5.

(5) Earthquakes associated with the Devils Mountain fault zone.

An earthquake of magnitude about 6.5M is a conservative estimate of
s

the largest event which might be as ciated with movement on the
Devil s Mountain fault zone. This conclusion is based on (a) the
absence of clearcut seismicity evidence to delineate the fault zone,
and (b) a comparison with similar tectonic settings, i.e., near the

seaward side of volcanic chains. While exceptions to this statement
occur, i.e., earthquakes of magnitude greater than 6.5, it is important
to note that these exceptions were located near extremely active
subduction zones which have experienced the largest known earthquakes.
Based on Schnabel and Seed (1973), an earthquake of magnitude 6.5
would generate average accelerations of about .27g at a distance of

21 km (13 miles).

Based on the for:[0ing analyses, the staff concludes that a seismic
design value of .35g horizontal acceleration is adequately conservative
for the proposed Skagit site.

2.5.2.4 Operating Basis Earthquake

The applicant committed the design vibratory acceleration for the operating
basis earthquake to te .175g, one-half of the safe shutdown earthquake
consistent with Appendix A to 10 CFR, Part 100.
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2.5.3 Stability of Subsurface Materials and Foundations

2.5.3.1 Subsurface Conditions

The proposed Skagit Plant will be founded on a glaciated bedrock bench
located on the margin of the North Cascade foothills above the Skagit
River Valley. Structurally, the rock bench is a truncated limb of a
synclinal fold of sedimentary rocks of the Chuckanut Formation. The rock

is a thick massive bedded sandstone and siltstone with interbedded shales
and coal seams; it exhibits numerous shear zones. The rock beds dip

steeply to the ,outhwest at about 50 degrees on an average strike of N55W.
The geology of the site is described in detail in Section 2.5.1.5 of the

Preliminary Safety Analysis Report, "Ge.? logy of the Proposed Skagit Site."

The existing ground surface in the area of plant structure has a maximum
elevation of 484 feet (U.S. Geological Survey Datum) and gently slopes
away from the proposed plant site to the southwest, west, and also to the
north towards Black Creek. Plant grade will be at elevation 415.

The depth of soil overburden varies from a thin veneer of about 10 feet in

thickness in the area of proposed plant structures to a maximum depth of
about 95 feet north of Unit 1 in the vicinity of Black Creek. Overburden

soils consist of a few feet of recent alluvium underlain by undifferentiated
glacial drift materials consisting of loose to dense silty to gravelly
sand varying in thickness up to a maximum of 27 feet. Underlying the
glacial debris is dense glacial till classified as a silty, gravelly, fine

to coarse sand which has an average Standard Penetration resistance of
100 blows per foot. In the area of proposed plant structures the till has

been eroded and only exists sporadically in thin layers but has a maximum
thickness of 65 feet in the Black Creek drainage basin north of the proposed
plant.

Groundwater levels range from near the existing ground surface to 31 feet
below the ground surface, and are subject to fluctuation corresponding.to
variations in precipitation which is the only source of recharge. The

groundwater level used for design purposes is discussed in Section 2.4.4
of the Safety Evaluation Report, NUREG-0309, " Groundwater."
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2.5.3.2 Foundations for Structures

Main Plant Structures

Proposed Category I structures, with the exception of the diesel fuel oil
storage vaults and the Cat.egory I piping system between the main plant and
the ultimate heat sink, will have mat foundations founded on hard rock or
fill concrete extending to hard rock. The excavations for the structures
will extend a maximum dapth of about 20 feet into rock material for Unit 1
and 50 feet'for Unit 2. The level of hard rock is below foundation grade
in the southwest areas of Unit 1 where portions of the foundations for t:1e
containment and enclosure building and auxiliary and fuel buildings will
be placed on fill concrete extending to a maximum depth of about 20 feet.
The staff reviewed preliminary design details and specifications for
placement of fill concrete and related foundation preparation (Drawing
No. SK-C-558 Rev. A and Specification 10363-C 106) and finds them acceptable.

Placement of fill concrete will be subject to quality assurance requirements
of Appendix B of 10 CFR Part 50.

The containment and enclosure building for each of the two proposed units
will be founded on a circular mat, 145 feet in diameter which exerts a
total static load of 9,520 pounds ;.ar sqvare foot. Other proposed Category I
structures, the auxiliary building, control building, fuel building and
diesel generator building, will be founded on independent mat foundations
with total loads ranging from 2000 pounds per square foot to 3600 pounds
per square foot. The staff agrees with the applicant's estimate that
total and differential settlement of these Category I structures will be
negligible.

Ultimate Heat Sink

Each proposed reactor unit will have a Category I water storage pool for
the redundant mechanical draft cooling towers that provide the emergency
cooling water for plant shutdown. These pools and towers will be located

about 200 feet to the southwest of the reactors of each unit. The storage
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pool will be a reinforced concrete box structure about 60 feet deep supported
by a mat foundation 155 feet by 145 feet founded on hard rock at about
elevation 340. The excavation for the ultimate heat sink pools for the
proposed Units 1 and 2 will extend to a maximum depth of about 50 feet
into hard rock.

Construction of the ultimate heat sink pool for the proposed Unit 2 will
require excavation into Bacus Hill, a rock ridge that extends above eleva-
tion 600 and is located at the southeast edge of the proposed plant site.
The applicant has completed a stability evaluation of the excavation
slopes based on information obtained from outcrops and drill hole data
regarding bedding and fracturing characteristics of the rock. There are

several high angle fractures dipping northward. However, experience with

deep cuts in rock in early exploratory trench excavation indicates the
rock is blocky and fracture planes are commonly irregular and discontinuous.
However, because there is some uncertainty, the staff recommends that a
more detailed stability evaluation be completed during construction when
the excavated faces are exposed which will permit direct inspectian of
existing rock conditions. It may be necessary to employ rock anchors and
drains to stabilize local rock masses or it may be desirable to remove
additional rock. The applicant should provide the staff with a special
report of the detailed evaluation of as built conditions of the rock

slopes during construction together with a description of action taken to
stabilize rock masses; geologic mapping of the excavated faces should also
be provided, as soon as this information becomes available.

The rock foundation is adequate to support the ultimate heat sink structures
and the staff oncurs with the applicant's estimate that total and differential

settlements of these structures will be negligible.

Category I Pipelines

The proposed Category I pipelines that connect the ultimate heat sink to
the containment and auxiliary building will be founded on dense glacial
till (average Standard Penetration resistance greater than 100 blows per
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foot), bedrock, or a mat of compacted engineered fill consisting of sand
and gravel. The gradation of the fill material given in the Preliminary
dafety Analysis Report in Section 2.5.4.5 is acceptable. The maximum

6epth of engineered fill that may be required will be about 25 feet for
Unit 1 piping and about 10 feet for the Un'c 2 piping. A bedding of sand
12 inches thick will be placed under all proposed Category I piping for
both Units 1 and 2. Backfill between the rock excavation surfaces and
building walls will consist of free draining granular backfill with a top
size of 1.5 inches and 3 percent or less passing the no. 200 size sieve.
Lean concrete will be used in areas too small to permit placement of
engineered fill to provide suitable support for the overlying engineered
fill supporting the proposed Category I pipes.

The settlement. of the engineered fill supporting the proposed Category I
piping systems was evaluated under dynamic loading conditions by using a
synthetic (Bechtell time history with a maximum acceleration of 0.35g to
represent the seismic ground motion. The settlement of the engineered
fill due to a seismc event calculated by the applicant was considered
negligible.

Diesel Fuel Storage Tanks

The proposed diesel fuel storn- tanks will be founded on rock just north
of the power block areas for Units I and 2. The foundation loading is
2000 poundt per square foot. The staff finds the details of the foundations
design shown in Figure 2.5-17e of the Preliminary Safety Analysis Report
acceptable.

2.5.3.3 Foundation Treatment for Plant Structures

Excavations for proposed Category I structures will be carried out in a
controlled manner to minimize damage to the rock foundations. The staff

requires that the applicant complete a test excavation in hard rock,
during construction, to demonstratr that specifications and controls for

blasting are adequate to assure that the foundation excavations can be
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completed without unnecessary and unacceptable damage to the foundations.
The test excavation should be of sufficient size to include all expected,
variations in geologic conditions to be encountered in the excavation
during construction. The staff should be notified when the test excav.
tion is complete and will be available for inspection. If unsatisfactory

results are obtained, the field data will be evaluated by the applicant
and the staff to develop suitable controls and criteria for blasting
activity.

All excavations wil; be m'qually scaled of loose material and geologically
mapped in detail. The staff will inspect these excavations before mapping
is completed. The staff should be notified at least one week in advance
so that an inspection trip may be planned. Rocks, such as coals and
shales which deteriorate and weather rapidly, will be covered with a thin
layer of protective concrete within 24 hours after exposure at bearing
grade.

The foundation excavations will expose zones of coals, shales, and shear
zones which will require treatment. Coal beds range in thickness from a
fraction of an inch to about 3.5 feet. There may also be a few zones of
combined coal and carbonaceous siltstone ranging up to 7 to 10 feet in
thickness. The staff requires that all such zones, two feet or greater in
width, as measured horizontally on the exposed face, be treated with
dental concrete. This treatment will consist of removal of the weak zone
to a depth, below foundation grade, which is at least twice its exposed
width. The excavated weak zone will be sloped on both sides so that it
becomes narrower toward the bottom, and the excavation will be cleaned of
all loose, soft or unsound rock 5efore being filled with dental concrete.
The analytical justification for this method of treatment will be provided

by the applicant in the Final Safety Analysis Report.

2.5.3.4 _ Plant Area Bench Fill

About 22 acres of space will be provided on the west side of the proposed
site for plant operation. Existing ground level in this area ranges from
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elevation 415 feet to 355 feet. Rock material consisting of sound sandstone
and siltstone from excavations at the proposed site will be used as fill
to establish plant grade (elevation 415) in this area and in the upper
reaches of .he Black Creek drainage basin to the north of the proposed
plant site. The maximum depth of fill will be approximately 50 feet.

In the proposed plant area around Category I structures and facilities
(south of coordinate N 62,400), excavation requirements for the foundation
of the bench fill will include removal of all overburden material to dense
glacial till (average Standard Penetration values of 100 blows per foot)
or bedrock. Where the overburden thickens to 90 feet in depth in the
Black Creek drainage area north of the proposed plant (rorth of coordinate
N 62,400), only the surficial organic sofis and the underlying loose
glacial drift materials will be removed. In this area the foundation will
be proofrolled; unsatisfactory compressible soils will be removed prior to
placing fill. Black Creek will be diverted to the north of the proposed
site; subdrains will be installed in the original Black Creek stream bed
and other drainage depressions to permit the free passage of ground water
from beneath th9 rock fill areas.

The applicant has assumed that the rock fill in the proposed plant area
(south of coordinate N 62,400) will be sufficiently free draining to
maintain the normal groundwater level near the base of the fill. The

applicant has established controls restricting the percentage of fines
(passing a No. 200 size sieve) permitted in the fill to five percent and
has specified that the fill be placed in lift thicknesses not exceeding 36
inches and compacted by a minimum of four passes with a (20,000 pound)
vibratory roller. The optimum lift thickness and compaction effort to
achieve an adequate density and to assure drainability is dependent on the
actual gradation of the in place rock fill. The applicant has therefore
committed to construction test fills during construction to evaluate these
properties. The in place gradation and density of rocA fill obtained in
the field test fills should be evaluated and shown to be satisfactory
prior to continuing with fill placement. The maximum size rock (measured
in its maximum dimension) permitted in the fill should be restricted to
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2/3 the lift thickness. Also, every effort should be made to reduce the
quantity of coal, shale and carbonaceous siltstone in the rock fill since
these materials will deteriorate during handling and placement and degrade
drainability of the fill. The staff requires, and the applicant has so
committed. that the first six foot depth of fill not be permitted to
contain mee than five percent coal, shales or carbonaceous siltstone
since this zone is most critical to foundation drainage.

The applicant will place an eight foot wide engineered transition zone
between the engineered fill supporting proposed Category I pipelines and
the proposed plant crea rock fill to prevent any tendency for fines in the
pipe support fill to erode into the adjacent rock fill.

Lateral earth pressures exerted by the proposed plant area fill against
structures will be computed issuming an at-rest earth pressure coefficient
of 0.7 to account for the pressures due to compaction of backfill. The

dynamic loading increment of lateral pressure will be computed using the
Mononobe-Okabe Methed. This criteria for lateral soil pressures is acceptable,

providing these pressures exceed those calculated from the soil structure
interaction analysis.

2.5.4 Seismic Design and Soil Structure Interaction

The design basis earthquake is described in Section 2.5.2 of this supplement.
For all rock supported structures, a ground motion with a peak acceleration
of 0.35g at the foundation level will be used. The response spectrum for

the design ground motion agrees with Regulatory Guide 1.60. Dynamic

properties of the foundation materials are expected to be be appropriately
determined and modeled.

Foundation / structure interaction under seismic loading is taken into
consideration using spring interaction analysis techniques described in
Section 3.3 of Bechtel Topical Report BE-TOP-4. This method is appropriate
for the foundation conditions of this proposed plant.
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2.5.5 Slope Stability

2.5.5.1 Bacus Hill
.

Bacus Hill is a rock ridge located soutneast of the proposed plant site
woich extends from elevation 400 feet at its northern toe near the proposed

plant site to elevation 580 feet at its crest. The southern limit of
Bacus Hill is along State Route 20, about 2000 feet south of the proposed
plant structures. The north face of the ridge faces the proposed plant.
The r* dge is composed of sedimentary rock of the Chuckanut Form & tion, the
same geologic formation that the proposed plant will be founded on.
Overburden is thin and there are numerous rock outcrops.

The slope of the north side of the ridge toward the proposed plant site
flattens from about a 1 vertical (V) on 1 horizontal (H) near its toe to 1
on 3 towards the crest. The rock bedding dips favorably to the southwest
and west, away from the face of the slope which enhances its stability.

There is no evidence of prior landsliding on the north face of Bacus Hill
and none would be expected in the existing rock slope before the planned
earth and rock cuts except for normal rock spalls due to long-term weathering
and erosion. The overburden could slide if it became saturated or was
disturbed at the toe of the slope by spalling rock. such surficial slides,

however, would be small and would not present any hazard to the proposed
plant. See Section 2.5.3.2 for a discussion of precautions for excavations
into the toe of this hill.

The dip of the Chuckanut bedding flattens to the south and become less
favorably oriented with respect to the soutnern face of Bacus Hill.

However, the strike of the bedding is obliquely oriented dipping toward
the west (Fig. 2.5-13 of the Preliminary Safety Analysis Report).

A reconnaissance survey was made of the plant site area by the staff in
order to examine existing rock exposures for evidence of slope instability.
Other than movement of small rock masses attributable to road construction
activities and normal, expected geologic processes no unusual movement was
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observed. Numerous Chuckanut Formation exposures, with dips generally
ranging from 35' to 60* to the southwest, were examined along 1) State
Route 20 at the foot of Bacus Hill, 2) the site access road (Bacus Road),
3) the abandoned quarry on Bacus Hill south of Bacus Road, 4) along Wiseman
Creek (Powell Creek) approximately 2,000 feet west of proposed Unit 1, and
5) in the trenches at the two proposed nuclear reactor locations. Road

construction along Stata Route 20 and Bacus Road has involved rock excavation,
blasting, slope undercutting, and ditch excavation. The predominant dip

of the Chuckanut Fo-mation is into the plane of the roadway thus accelerating
the movement of small, surface blocks along bedding planes where undercut
because of soil and/or rock removal. The movement of the rock blocks is
minor and, where observed is surficial, involving only the lower undercut
or undermined toe of the slopes. Blast effects, involving the movement of
small rock masses due to gas overpressure along bedding planes, joints and
other openings, was especially common along Bacus Road, the quarry, and in
the site trenches. These are clearly surface phenomena since continuous,
undisturbed rock was seen immediately adjacent to the disturbed rock.
Other than small scale surficial movement attributable mainly to erosion,
nothing unusual was seen along the good exposures at Wiseman Creek. No

indication of movement was seen in the exposed faces of the gravel pit
north of State 20 at Wiseman Creek. In summary, the staff has seen no
evidence within the plant site area indicating the potential for
large-scale movement of rock masses and sees no known potential for rock
movement affecting the safety of the proposed facilities.

Numerous flow slides of overburden materials (unconsolidated sediments,
glacial outwash, and alluvium) have been reported on the south side of
Bacus Hill. Two such slides were reported by Puget Sound Power and Light
Company in a summary report of the December 1975 Skagit Valley Flood.

Another report on the same slides was prepared by the %agit County
Planning Department, Mount Vernon, Washington. The staff reviewed these
documents and concludes that flow slides of overburden material would not
be considered unusual in these materials during period of high rainfall,
however, they would not affect the proposed plant safety.

h
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More recently, Heller (1979a) has reported a number of debris flows and
slump flows within the plant site adjacent to State Route 20. Those

factors listed by Heller as contributing toward these slope failures are
1) ground water perched at an impermeable boundary and 2) road construction

(cutting and filling) (Heller, 1979a) Heller's (1979a)
report includes an area within at least 1.5 km of the proposed plant
locations and, with the exception of those landslic;es having occurred
adjacent to State Route 20, has indicated that the slopes are stable, have
not exhibited any landslides in the recent past, and are probably not a
significant hazard.

2.5.5.2 Lyman Ridge

The geologic structure and stability of Lyman Ridge which is immediately
north of the proposed plant site was also evaluated by the applicant. The

toe of the slope is at approximately elevation 500 feet and located about
3000 feet north of the principal plant structures. From the toe up to the

2000-foot elevation, the slope averages about 20 degrees. The slope above

the 2000-foot elevation, extending to tne crest of the c*dge at a 3450-foot
elevation, averages about 15 degrees.

Lyman Ridge is underlain by Shuksan metamorphic rocks. These rocks are
strongly foliated and the foliations dip steeply into the slope. Any

major sliding involving a large mass of bedrock would require shearing of

the rock across these foliations and therefore the possibility of large
slides appears unlikely.

No evidence of landslide scarps or scars was found by a remote sensing
analysis or by a field study conducted by the applicant. Minor sliding or

creep may occur in the colluvium and talus at the toe of this ridge, but
the proposed reactors are at least 3000 feet from the toe of the slope and
therefore their operation and safety will not be affected if such movement
does occur.

.
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