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supplement to our review (February 23, 1978) of the geologic and
seismologic data relevant to the Skagit Nuclear Power Project, Units 1
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certain proprietary seismic profiles which have not yet been received by
the U.S. GCeological Survey. Aay impact of the review of these profiles
will be transmitted at a later date.

This supplement was prepared by William B. Eays and Staanley R.
Brockman. Assistance was provided by Richard J. Blakely, Robert H.
Morris and James F. Devine. .
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i »ﬂ;ﬁ;‘ SLntls Review
\| Scatd=tes 13, 1979
1

Puget Sound Power & Light Cozpany
Skagit Nuclear Power Project, Uoits 1 and 2
Project No. 514
Skagit Couaty, wWashiogtoa
NRC Docket Nos. STN 50-522 and 50-323

Since submitting its last Status Review oz the proposed Skagit

Nuclear Power_Project om February 23, 1978, the_U.S. Geo;ogical Survey _
(USGS) has received and reviewed a major submittal from the Puget Souad
Power & Light Company (PSPL) entitled "Report of Seologic Iavestigatioas
in 1978-1979" and dated May 27, 1979. This submittal and a few new
questions that have arisen from ongoicg studies in the site reglon are

discussed in this review.

Geology

The extensive investigations represented by the submittal of
May 27, 1679, were stimulated by new ideas regarding the geoleogy of the
site ‘vic{nfty that developed in the coarse of the loang-term prograz of
the USGS for mapping the geology of porthwestern Washingtoa. The new
ideas concern a tectonic mixture of meta-ignecus and metasedizetary
rocks that is widely exposed south of the plant site iz the Table
Mountain-Raystack Mountain-Bald Moustaia region. (These rocks are
heredfter termed "CH/Ju rocks”, a term .coined from syzbols for these

“rocks on the maps of the applicant aand of J. T. Whetten.) In the

Preliminary Safety Analysis Report (PSAR) of early 1978, the applicant
identified these rocks as part of the Church Mountain thrust plate, -
dragged or pushed into this region from the east by the overriding

“Shuksan thrust, and as being generally correlative to the Chilliwack

Group of largely Paleozoic age, which cozposes that thrust plate ia the

-Cascade Range farther east (Misch, 1966, 1977, 1579). Ia identifying
‘the CHE/Ju rocks with the Church Mouataia plate and the Chilliwack Group,

the applicant was probably ianfluenced by the fieldwork of G. M. Miller
(Y779, 1in press), who has sought to extead Misch’s mapping westward into
the Cascade foothilis. At NRC-USGS meetizgs with the applicant in May
1978, and at the Atomic Safety and Licensing Board (ASLB) hearing 1n
June of that year, J. T. Whetten of the USGS, who has been. mappicg ia
the San Juan Islands (Whetten and others, 1978) and was extending his
work eastward into the mainland, proposed some markedly different
relationships. He correlated the CH/Ju rocks south of the plant site

- with the Mesozoic Decatur Terrane (includicg the Fidalgo Cphiolite of

Brown [1577) an! Brown and others [1979)}) that he had mapped as a thrust
sheet in the eastern part of the islands--a correlation that is
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supported by petrologic and radfometric data. |Whetter presecated:

evidence that these rocke 272 not part ¢f the Church Mountalin thrues

- plate,- structurally usderlylng the Shuksaa thrust, but, rather, part of
a2 higher plate that has beecn thrust cver the Shuksan plate. These nev
ideas, later expanded {o publicaticns (*hetteo and Zartmao, 1979;
Whetten and otliers, 1979; Wiectten and others, in press) have produced
uncertainty and division in the thicking of the geologic cozzuaity
regardiog the basic structural frumework of parts of the Cascade
foothills. Such uncertainty is of significance to review of the site
proposal fn that 1t could limit identification and understanding of

younger, post-thrust deformation of the rocks of the region.

In hope of resolvisg quickly the_question of the basic structural __
relationship” of the Shuksan thrust plate to the CEZ/Ju"rocks and also .~
more specific concerns regardiog possible high-angle faults of post~_
thrust age, the NRC and USGS requested, on June 9, 1978, that the
applicant make additional studies, including (l) core boring, to
determfoe the orisatatfon of the fault contact between the Shuksan and
Ch/Ju rocks near Little Hiystack Mountain; (2) aerozagnetic surveys, to
help define the locaticn and the zttitude of the szze contact regicnally
and to investigate an anozaly southeast of 3Butler B{ll that had beexn
-Tevealed on an earlier, less detailed survey; and (3) further studies,
including examination of Quaternary deposita, relative to the possible
presence and significance of faulting in the vicinity of and parallel to
Gilligan and Day Creeks. o 5 .

The applicant responded vigorously to the NRC-USGS requests and
exteaded the scope of its studies slightly beyond the requests ia erder
" to address more fully coacerns regarding the hypothesized "B and B
Fault.”" The applicant was unable to carry out completely the requested )
drilling near Little Haystack Mouatain, but drilled 1l core holes there: -
. and elsewhere; carried out an extensive detailed aeromagnetic survey and
analysds thercof; markedly {ncreased the density of data oo its regicnal.
geologic map, including data near Gilligan and Day Creeks; carried ocut . _
oo-ground gravity and magnetic surveys across the lower parts of the two
creeks; reexamined photographic and radar imagery; and studied Nanaimo-
Chuckanut stratigraphy in the northern San Juan Islands. . ' .

In May and June 1979, the applicant distributed its report, "Report
of Geologic Investigations in 1978-1979" (hereafter terzed "RGI"), en
the studfes outlined above. The principal topics addressed by the
applicant in this report aand other aspects of regionmal and local geology
‘that have secmed important ia recent coasideratiocns of the preposed LT
plant site are discussed briefly below: ’

1. The basic tectonic framework of the region--In its 1979 RGI, the
applicant coocludes that the controversial CE/Ju rocks south of the
plant site and other exposures of similar rocks in the region are -
indeed parts of the Church Mountain thrust plate and structurally

-lower than the Shuksan thrust plate-—a conclusion consistent with
{ .
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20D DRI A - 1280 1590
U WU, ST | Y




H
Ra R > W
3
Rt

.
e )
o.'
-
‘st

A:AJ“h

i T

L ~

A e

L $w

L

- wooeochecreeks, but it 1is prudene: com: J.n nind :hu

|

l
that in the earlier "S R and in conflict with Whettes’s model of
The applicant cdoes _odiiy its, eariicer posit‘un
include some Mesczoic rock' si-ilar to tocPs in thc eastern San
Juan Islands, and the iGI i{ocludes (p. 3.1-4, 3.1-5) a brief
description of a third structural model, that ¢f Joseph Vazce,
which incorporates scme features of the other two.

the regicn.

It seems clear, regrettably, that the issue_raised by Whetten
regarding the place of the Cil/Ju rocks i1a the basic tectonic
framework of the foothill region around the proposed plaat site has
not been resolved by the considerable unew data acquired im the past
18 months and.that. no..cocascasus oa.this problex can_b ~expected . ...
until some future time whea much more of the regicn has been mapped .
geologically in detail and more geophysical data have beea
acquired. The preseat situatiocn of uncertainty ia the geologic

-e~community is exemplified by recemt studies ia the vicinity of

Little Baystack and Talc Mouatainms, where the aeromagaetic and

-core~hole data recently supplied by the applicaat can apparently be
accommzodated both by the applicant®s mapping and interpretation of
the thrust and by Vhetten, Dethier, and Carrol’s (1979) very
~dtfferent mapping and interpretation. The most logical aad - --.
responsible present course in the evaluation of the Skagit site
seems to be acceptance of the existence of some major uncertainty
'avottg’ geologists regarding the geologic framewvork of the site.. . .«
vegion and recogition of this uncertainty im conservative £ o
evaluatioa ' of the bearing of specific geologic features on site -

safety.

-Mgh-angle north-trending faules near the plant site--The, applicaat -
“- has*'fatrly conclusively demonstrated, by detailed observatiom.aod -
marping supported by geophysical surveys, that,no significant
north=trending faults follow the valley floors of Cilligan apd

Yower Day Creeks. The applicant has found little or no evidence..._.

for faults within the Shuksam metamorphic rocks on the slopes above biv
such £aultinx

d'-* . —— e - -

might be difficult to deCecc e W el gt T

In two localities in the vicinity of the plant site on the =
"south side of the Skagit valley, the strong possibility oz . .. . ..
-11kelihood of high-angle faulting younger thas aany regiocal ,. = ..

thrusting is a present concern east of Gilligan Creek, along the
contact between the Shuksan and CE/Ju rocks, and in the valley of
Loretta Creek, at and near the Chuckanut-Shuksan costact.

The applicant’s mapping (RGI, fig. 3.2-2 and Appendix H, sheet
1)-of the fault between the Shuksan and the CH/Ju rocks in secticas
12, 13, and 24 or T. 34 N., R. 5 B. accords closely with Whetten’s
mapping (1979), and all agree that the dip of the fault is stecp

- there." In section 1 of the same township, bedrock exposure is

s
/

3
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cozaonly poor, and the contact cac be less accurately located.

2;-g e Available outcrops and probable outcrops suggest that {t continues,
T . wish 2z noztherly trozd, shrouzh abeut the center of the section.

i:: i - In the northern quar:er of the section, the few cutcrops may permit
resd an inference that the coatact turans abruptly east, so as to jols

ol 2 the thrust contact betwaecn the saze rock units fa the northeast

EXo0% quarter of sectioa 6, T. 34 N., R. 6 E. Evea if the Shuksan-C3/Ju
-g(ff. contact follows such a course, it scems likely that tle sem=ilinear

f“;f high-ansle fault that forms the contact for miles south of section
-t 1 contigues on across the section to the north. Rather thao a
R steeply folded segkent of a thrust, the fault east of C{lligaa™ s
T Creek (hereafter terwed the "Gilligam Fault") is probably a yousger
aghol foult t“a’ cuts acress the thruee.
?:?“ ~Sila " The éxtest of the G1111g3a Fault to the Torth and south Is™ -
.t unknown and perhaps almost indeterzinable. If it extends ncrthward

'}: beneath and beyond the Skagit valley, it ecters a large mountaisous

23 - . e mass of rather poorly exposed Shuksaa metazorphic rocks; to the

Loy . ''7 "' south, Beyond upper Gilligan Creek, 't is withio the tectomically

L~ ' mixed CH/Ju rocks. In both the Shuksan and CH/Ju terranes, the

identification and mapping of faults caa be very difficult. Soutd
of upper Gilligan Creek, the fault {s conceivably related to a
discontinucus lincament, apparent oa side-looking radar (RGI, p.
A 3.2-8 to 3.2-11), that extends south to a point gear the west end ..
. : of Lake Cavanaugh, but there is little or-no evideace that this & o
lineament is related to the Gilligan Fault or to any geologic
Ftructure. The offsets in glacial lake deposits about where this
lineament crosses the Lake Ca"anaugh Road (Bechtel, Inc., 1978) are
probably nontectanic. | g - ,
: ~ A seccnd locality where there is concern regarding high-angle
" - R raulc'mg, the valley of Loretta Creek (RGI, Appendix H, sheet 1; -
<1 " Whetten and others, 1979), was called to the aitection of USGS--
- ) reviewers by J. T. Whetten and-P. R. Carrol. Im the course of @ = | i
mapping geologically the lower part of the valley, Whettea and t.~r
] ' Carrol encountered an exceptionally good exposure of the Chuckazut= .
- L B A Shuksan contact in a small waterfall, 'at ao elevation of about.
R B T T 41,250 feet.' Here the contact consists of a mear-vertical shear ...
; . zone, at least about 6 feet wide, that appears to strike morth-— ..
northwest. The zoune very probably represents a significant high=-
angle fault of post-Chuckanut (pest-Eccene?) in age. In the
~ “@bsénce of strongly supportive data, the acceptance of any other
"7 interpretation here would be highly imprudent. The leagth of this
- fault (heredfter termed the '"Loretta Fault") and the azoust and  _
- exact sense of displacement oan it are upkoown. If it is present
north of the Skagit valley, the difficulties in mapping it there
vould be similar to those described in the case of the Gilligan
Fault. To the south, the fault may follow the Chuckaout contact or
may take another course. .
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3. The '"Loveseth" Fault--The "Loveseth” Pault, mapped a8 a fault by

T. P. Loveseth (1975) and H. D. Gower (1978) is isterpreted by the
applicant (RGI, Sectinn 3.4.2) and by G. M. M{ller (RGI, fipg. 3.1=-
3, sheet 2, aad 1ia press), a ceoasuvitast to Bechtel, Iac., as the.
basal sedizent ry coztact of the Chuckanut Ferzation, disturbed
oanly 1y local shearinr asso.'ated with Tertiary folding. The
applicant does not meu:ion_thg existence of any clear exposures of
the coatact, and apparently its dip cannot be accurately ceasured
anywhere. The geclogic constraints on its location, though fatrly
, tight in the northeast quarter of secction 10 and perhaps in sectica
L 3, Te. 33K, R. 8 E., are com@only loose farther-southi - On the
4 basis of evidence of strong shearing and of probable discordance of .
R beds t, the Chuckanur~C®/Tn contans, it seems moat likely that the
oy contact mapped im sections 3, 10, and 11 is a fault. The -~ :
" " applicaat’s iaterpretation cancot,” perhaps, be ruled out here; but—
4 ] -~ -« ..dct. is surely not unique. Farther.south, the most likely course ef
’ such & fault lies probably along the southwest side of the large
volcaaic body ia section 14 and through the Chuckagut beyond, but
- -  other courses may be possible. ' The applicant®s cappiag, which
.established the preseace of Chuckasut east of the large volcarnice
body in section 14, as well as wes:t of it, suggests that the
"Loveseth" Fault 13 not a =ajor structure. The discordant dips 4a
the Chuckaaut in the northwest. quarter of section 13. suggest .that.
the contact there may be similarly faulted. ... . G

a0 LT

4+ The "B and B Fault"--The possibility of a "B and B Fault" was
s discussed at the ASL3 hearing in March 1978, largely as a result of.
USGS concerns regarding a letter received from Peter Ward, a -
.8tratigrapher who had been carrying on research in the oorthern Saa .
~.Juan Islands. Ward suggested that the Nanaimo aund Chuckanut
. ...sedimpntary rocks had been deposited in separate sedizeatary basinsg
:and .that their present juxtaposition across the strait between - =
i . Barnes and Clark Islands and Lurmi Island oight be best explained -
g 08 by large-scale strike-slip faulting. The USGS had not fully - - e
‘i memean.. BV@luated Ward’s suggestion at the time of the hearing and could
; only speculate regarding the proposed fault. In laformal™ — "T T
ey § ' .. consideration of possibly permissible courses for the proposed »
A e , fault south of Lummi and especially of such courses that were -
- - - clesest to the proposed plant site, it was thought that sueh a - =~
: fault might possibly berd eastward and pass through the Table
Mountain vicinity south of Cultus fountain. It was this highly
speculative, "worst-case" fault trace, between the vicinity of
. Samish Bay on the north and the viciaity of Lake Cavanaugh on the
- south, that W. H. Hays sketched om a zap at the March 1978 heariag

and that was there somehow christened the "B and B F;ult."

Since that ASLB hearing, studies by the applicant and others
have led to doubt regarding the possidbility of large post-Chuckaout
faulting west of Lummi Island, but seem to have established the
presence of faulting near Table Moustain... In the sorthera Saam Juan

» 3
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Islands, a major fault ltetween Lumzi Island and QOrcas Island wvas
first suggested by Misch (1966), and censiderable evidence points

- abh . o wne

to {euiting there tihat has affected rocks a3 joung a3 the Upper
Cretaceous Nanaimo Group. The possibility of faultinz younger thaa
the Chuckanut Pormaion ca Lumal Island is, however, core difficult
to evaluate. Stratigrzghiec studics by the applicant (RGI, secticn
3.4.1) suggest correlatioa of the Chuckasut forzation oa Luzz=i .
Island with strata cn part of Sucia Island ard oa some other '
islands west of Luzaf aad thus support some of the earlier similar
conclusions of Vance (197!, 1977). _This correlaticn scems to_lack
the support of conclusive evidenee for the various deposits being
of the same age but, 1if valid, it would seem to preclude infarence
of large-scale faulticg west of Lummi Islaad sfnce Thucksaut

(Eocene and older) time. : P A ey 5 e

e - b Another development since the March 1578 hcaring has been Lo
e -1ncteasing realization that the Chuckaput is probadly younger tham .
. almost all, 1if not all, of the marine Nanaimo Formatiocan on 3arpes
and Clark Islands and elsewhere west of Lum={ and that the
Chuckanut probably need not have been cdeposited ia a basin
dis!inctly separate from the Nanaimo basin. as Ward 5uggea:ed.

. waes «o -Thus, while large-scale post-Chuckanut ‘aulting west of Lu:mi
"Island cannot at present be ruled out, strong evidence for such
"faulting appears to be lacking. If there is o such faulticg,
“oe Lo+ 4o a~-there-is, -of course, no -mecessity of accozmodating gimilar moverent. .
) to-the south, ulong some such structure as’ the "3 and B Fault.'._

N 1

~'— " In the Table Mountain vicinity far to the south ‘which Eays _ __
< speculated to be oo one possible southerly course of the major. - . - -
-~ - -fawlt-suggested by Ward, continued geologic mapping has. indicated .
»  °~ the presence of a northwest-treading fault or fault zoune :(Wheften -
and others, 1979), an interpretation that is oot oecessarily - s
'O+« fnconsistent with the applicant®efield studies (RGI, p« 3.6.1-6).~A--
Whetten (oral comm., 1979) believes that this fault or fault zope -~ --—
has near-vertical dip and has comsiderably disrupted the CHE/Ju and
Shuksan plate rocks in the Table MountafZ-upper Nookachamps Creek.. -
vicinity. The age of this structure ‘(hereafter termed the "Table ..
o ""Hbzﬁtaia Pault") and its extent to the northwest and souwtheast arte -
unknown. : .

5. The age of hich-angle faultine in the site vicinty--It seems clear
that a cooservative geologic analysis of the site vicinity must
take fato account the probable presence of fairly numersus high— - -_
angle Tertiary faults, onme or two of which may pass within a few

-~ @iles of the plant site. These faults include the Gilligan,

Loretta, '"Loveseth," and Table Mouatain Faults discussed above;
probably some of the faults mapped by Whettea, Dethier, and Carrol
" (F979) and the applicant west of uiddle and upper Day Creek; and
perhaps the Shuksao-CH/Ju contact at "No Naze Creek." All of these

6 ¢ 1280 167
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faults should probably le presuczcd to be yourger than latrst

Chuckanut deposition (Milidle Zoccne), thcugh sozme may be older.
=2 zzotable formed durlsg the ealy Tertiary (Eocene?) deforaatica.

C.

$oms poatati

that folded the Chuckaout, but the near-vertical dips of at least

many of the fault surfaces and the lipearity of the surface traces

of tha C11lizen Fault and probably other faults supgest that scae

of these structures forzed after that deforzatiom. . -° ...

) ~,: "ti"-"~-'?*-’-'-.‘:-'.."-'.:. vi?;_;T'}‘:A’..i".i "-:.“‘.'.‘.'- . -,_'-', - . g . ',
In discussing the possible age of this faulting, it may be

instructive to consider the nearest fauits that have, teatatively

at least, been coansidered capable:’ The Devil’s Mouataia Faulty .

which passes 21 ka southwest of the plaut site, 1s considered

capalle Y7 the USCS, largelr o= tha hae‘s of a lack of eviderce

that it could not be capable and of prohable displacezents as
depicted in marine profiles located west of Whidbey Islaads "The

P
. . - -

_ Straight Creek Fauls, 48 k= east of the site, has probably zoved a

o~

little since mid-Tertiary tize and is "tentatively classified as
capable" (McCleary and othurs, 1978, p. 11) 4in a study carried cut
By a consultant to the Washingtoa Public Power Supply Systeme -.:-
While {t seexs legitimate, in a conservative site analysis, to.
consider both cf these faults capable, it should be rezezbered thatl |
both are very long, very large regional structures, which have
doubtless moved many times; that displacexzent along the Straight

Creek FPault was very largely, 1f not almost entirely, accozplished: . -,
by Miocene time; and that there is no evidence that movement along

the Devil®s Mountain Fault was not also largely corpleted by that .

-

f{me. The capability of two master faults pf the region.does ot |
logically establish capability for the many scaller faults. & 4

seems likely that most, if oot all, cf the high-angle faults of the
site vicinity have not moved in Quatersary tize. There is mo

"~ strong evidence of such movezeot om acy of them. Oun -the.other ...

6.

hand, displacecents, especially mimor displacenments, that zmight ;_“"d

* concelvably have occurred on these faults betweea 500,000 years- 2390-

- ®.

and the end of the last glaciatioa (about 13,000 years ageo) could
have been covered or obscured by that glaciation; and the app}i%aa:';.;;
has presented no stroag evidence agaipst such comceivable e e
movement. In summary, it appears that the high-angle faults of the-.

Tuvssgite vicinity are very probably-but uncettaiqu'incapable.;54s{i§;sz-,

g g S .a®s o
. s . £ .

oo - R 2

The 1946 earthgquake neaf the northeast ccast of'central Vaacbuver-
Island--Several papers dealing directly or iodirectly with the 1546

-““earthquake have been published since subaittal of the last USGS

el

Status Review in Pebruary 1978. Rogers and Rasegasa (13578) 2 cas
recompute the epicenter of the earthquake and place it cam Vancouver
Island near its nort: 'ast coast, rather than uander the Strait of
Georgia. Thejy favor a fault-plane solution calling for a

- ‘porthwest-striking fault surface, possibly in close proxially ib_

the similarly striking Beaufort Range Fa "t, but they do rcot rule

" 'ouf .a northeast-striking surface.  Riddihough (1978) relates the

/UM

1946 event to a mortheast-trending fault in the subducting plate

-
1
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"“"the applicant’s mapping ead tectonic model. The following are several
~T"— ~general conclusiocns” arising from our Yeview 5f these data aad the Xdcon

beneath the crust of Varcouver Islasd. Slawson and Savage’s (1978)
resurvey of an old triangulation setwork reveusled distortione
consirtent with movement on the Begufort Range Fault, but
association of the carthijuake with surface geology appears to

remain douotfule. . ... L L% L. "y
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The USGS has reviewed the analysis of aercmagnetic data Dy

Exploration Data Consultaats;” sci—(Edcen) and fouad 4t to de generally———-
satisfactory. Alterpative interpretations are pessible ia sozme caues,
however, and the data do not unambiguously establish the correctness of

report: e :':‘"n. 'T-- i

te
o

Lk Sarba ey & - * 2 e s

-~ v -
N » p o . RN y -r
e L -.‘~.-" » 8% 0 @ S PR AR A

: L - O .
(a) Aercm: J;:ic ancmalies help to defiae the shape azd location
of hizhly magnetic rock types, which are probably - & T ez
serpentinites ia this area. In particular, aeromagaatic data
were used to deduce the nature of the contagt odetwcen Shuksaa
metamorphic rocks and the C2/Ju rocks. Bowever, the dips of
the surfaces of the serpentinite bodies zay be unrelated to
‘the attitudes of the thrust because (1) the serpentinite may
Yl not be originally associated with thrusting; -(2) serpentianite
~is a highly mobile rock when subjected to stress; and (3)

serpentinites possess highly variable magnetic propercies.'
’ i ' - P N e B R R - v

-

(b). Concern regardiog an abrupt change im trend of the = ~ :
aeromagoetic contours southeast of Butler Eill, oz szall-scale
USGS aeromagnetic maps (see RGI. fig. 3.3-2), was expressed ia .
- the NRC-USGS reguest to the applicant of June 1978. . The, .. .

~ additional more detailed aeromagnetic survey data pravidcd'by
the applicant indicate that there is no magnetic basis for a -

- - BT Pl A wt e -

.".ﬁ_"*__:;:._faulg_with_an gast-éést_&teng along Skagit Valley south of
e e Butler 8111-'4;J,ﬁr-Jf_ajf-.grﬂﬁ. D e e g N T eaghatt )
@ e A S st I+ 5 " T is, e PR o e S ‘7‘...-,,._..

- o - . . -

o= o, 2l A e .t

- -, - o
- ‘e LR Yt e

-{e) . Anomalies alonpg the thrust coatact in the vicinity of Tale®:

o *Mountain are caused by rock bodies (probably serpentinite) & '*
which appear to have northeast-dipping portheast faces. :
Bowever, these bodies extend to only about 2,000 feet below
ground surface aand could, therefore, be confined withia a thia

thrust sheet.

(d) The absence of fault-related aeromagnetic anozalies npear the
‘ mouth ‘of Gilligan Creek, south of Butler Eill, and elsewhere
does not necessarily preclude the existence of faults in these

arease.
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(e) Aercmagnetic maps chow that ancmalics ! characteristic of CH/Ju
IuChs Usually Lermiuate ot tne thrust contact betweea Shuksan
and CH/Ju rocka. Thia enssscrs shat 46 C2/0: rochs unierlt
Shuksan, as the applicant has suggested, they lie at depths ia

i excess of 10,000 feet. As Ci/Ju frequently crops out ia s=zall
1t PvTr "V areas surrounded bj Shuksan and avay frez the thrust (e.g., at
:';T%;:_"f’ Butler Hill), this lack of anomalies over Shuksan terrace =,
i forces a rather cozplicated geologic medel. '~ | 1
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a4 A e TS ERHUEN VIR
— A detatled discussion ia theCeology-andserczagnetic data sections

of-this review is presented coacerniog the existance and age of pumergus
. bigh-angle faults in the site vicinity. The conclusion offered there is
that these faults are "very probably, but qnccr:ainly, incapab;e.ﬁ }-

- - . . - = LR e a < !
» Oo the other hacd, there have been numercus s=all easthquakes 4a -
the area comtaining the site. Their magnitudes range fro= 1.2-to 3.3
and several have been felt locally. An sligaceat of epiceunters has been
-noted in the Skagit River Valley but there are doubts about the absolute
accuracy ‘of their locations. The stated accuracy of events located by -

-~

the University of Washington-opersted seiszic network 45 1 to 2 ka ° 21
-{Crossenm, 1974). However, the seiszograph staticns in the Skagit Valley
“vicinity are fewer and more widely spaced than those further to the-"  -- .«

south and because the locale i{s near the northernm limit of th- network ;. _ -
© coverage, the accuracy Is not likely to be that precise. -The-remaining -
- zepiceaters appear to be essentially random in the site vieipity.  None - _ .
‘of the-small earthquakes 'ave been asscciated with identified faultse:- >
At is possible that these earthkguakes are associated ui:hrstructuxelhijglj'
that are sufficiently small that no surface expression has been *-:-=iiv <
* recognized by.the geologic investigarions. - .- 0 X e rINOSTL e

PRy e’
* -

Lo . .- 8 Sl ? . (Vi ”

= - Consequently, it is our judgment that for purpeses of nuclear——eemove o
reactor design it should be assumed that carthquakes as large A Tt i
- magnitude 4.0 could originate-om any of the fdentified faults or aa. "
- unmapped.fault in the region cf: the plan: sitas. Eowever, it 4s ouz i< .
judgment that evenm 1f an earthquake of this sire were to occur on one of .7°
these structures, its consequences at the plant site would be less than
- that already postulated to result frecm the two =ush larger earthquakes
-discussed in our previcus reviews (Jan. 30, 1978 and Feb. 23, 1978). -

!
LR

- Since cur last review, other articles relating to the tectonics of
the Pacific Northwest, in general, and the Vancouver Islazd vicinity, in
particolar, have been published. "They reinforce the ~ocacept that the
1946 earthquake was related tm the present-day subdi regize of the
regiom rather tham regional northe~south cowmpression \---sers aad
Hasegawa, 1978). Rogers (1979) suggests that the occurreace of

v earthquaces haviog a northeast. aligozent across Vaocouver Islaad are.
related to differential movements of ~he Explorer and Juan de Fuca

4
.
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platea. Two internretations of the tectnnic sottinge are prenented; his
preferred setting nuggesta that the subducted lootka fault zoze (pazed
by Hyndman, et al, 1978) would represeat, i effecct, a tectonic
boundary, north of which earthquakes would occur because o Intense
local north-south cozpression resulting from the Explorer-Azerica plate
iotersccion.  To the south of the Nootka fault zooe, subduction of the
Juan de Yuca plate beneath the Azerica plate would prozeed fn a corzal
but aseiecmic fashion. In view of these considerations, we belicve that
the constraints oo the locus of .an eveot sizilar_ to.the 1946 eargthquake -
would make its significance less than the two postulated costrolling
earthquakee (TUSGS Jza. 20, 1978,=2a4 Peob. 23, 1978).
s . - e o X . ' L -
.- In iummary. there-is-a recogaition that-there-has-been-a-large— ——
amount of new geological and-geophysical data provided by the applicast =
and others since the preparation of our -last review. However, there
renains a major uncertainty as to the completesess, significaoce, and
proper interpretatiocn of both the new and previously discussed data.
Consequently, it is still our jugment that for purposes of nuclear
reactor desiga the foll*aic; two eatthqua&es should be considered as
controlliug: 8 oy R
1. an earthquake similar to the one that occurred Dececber 15,
* 1872 but having its epicenter sufétciently close to the site-
that no attenuation effects bde con 'dered. and, " "_t

.. st Nian

2. a ahallov nagnitude 7.0 to 7 1/4 earthquake on thc#ngiil
Mountain Fault 21 ka. from the site. .

The USGS reactor site review team agrees with the applicant’s _
proposed use of a bedrock acceleration value of Q.35 g as the Safe ' L
Shutdown Earthquake f r use with the Safety Guide 1.60 design apectrun :
for nuclear power plant desiga. . SRR o )
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