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ThiS‘special proceeding on. the seismic and geological
aspects;of:theeIndian;Point.nuclear*reactor*siteenear
Peekskill, New York, was initiated by the Commission: in: .
'its memorandum and order of August 4a'1975; _CLI-75- 8,

2. NRC. 173..- That. memorandum and order was. nrompted by
seismic and geologic questions raised. during the operating
license,proceedingsmforrtheaIndianﬁPoint:27andiindian
~Point 3 nuclear reactors. The complete history of:thes.‘
proceeding~toﬂthendateoofitheamemorandumxand=orderris
outlined therein and neednnot,be;repeated.herewz See also
ALAB-319, 3 NRC 188 (1976). |
~This: Board—l/ on August 5, 1975 issued!aﬁ"Notioe'of
Public: Hearing on Seismic Issues:,- and Order in Connectlon

Therewith"’z/

and. convened a. prehearing conference on
September. 25, 1975 to discuss with: the partles the: formula—
tion of the: issues. and: other matters:. .As,thenresultuof -

this: conference- and later suggestions: from the: parties,

l/ The initial Board Chairman, John. B.. Farmakldes, left
‘the  Commission in November 1975 and was :then: replaced
byithe: present chairman,(see ‘Reconstitution:of
Atomic. Safety and Llcen51ng Appeal Board November 28,
1975)..

2/ 40 Fed. Reg. 33498 (August 8 1975)




we. issued a prehearing conference order on October 17, 1975
setting. forth the issues to be covered and outlining a

schedule: for discovery-and:submission;df'testimony; '
The-issue5;thereastated<werer S L

SO o 1. ' Does the Cape Ann earthquake of 1155, or.any:. - -
TITT Tl - . other historic event, require. the: assumptlon,t,;:
in. accordance with 10: CFR Part 100, Appendix..
A, of a Safe Shutdown Earthquake,for'the_
Indian Point site greater than a Modified
Mercalli intensity VII?

2. Should the ground. acceleration value used for
the design of Indian Point Unit 1, 2. or 3 be:.
" increased?

3. Is the Ramapo fault a capable fault within
the: meaning- of: Appendix A, 10 CFR Part 1002

The-352days;6f hearingSfon:these"iSSueS‘commenced on
April 21, 1976 and ended on: July 25, 1976..
On;August.27‘ 19.76. the:licenseesaforwarded.to.us.

"Iicenseesa! Motlon to Modlfy License Condltlon The'con—

dition involved: was: contalned in. Amendment 2 to. the: Unit: 3

._issues... ThlS amendment, 1nter alla, permltted the llcensees

2 to operate- the Indlan P01nt‘3 reactor'to 91% of rated power.

'However, sectlon 2(C)(4) of the amendment requlred the

operating license,. whlchfhadlbeen;lssued;ontAprrl,5, 1976: just

:tw0rweeks<beforeithe~eommencement"of the hearings: on. the:three. .



licensees to "conduct a program of geologieal and seismo-
logical.investigations“‘of‘the.IndiaanointAsiteoand the
Ramapo fault system.. Included;in.thisgprogramfwas ther
requirement.that:theaIicensees;expandftheéthenfexisting
microseismic monltorlng network l"southwardito~include-the*.;.,..:._t—.:*"-
Pompton Lakes, New: Jersey, eplcenter area. and northward

to:include:thetFahnstock;region;" ‘Amendment. 2, §2(C)(4)(c)u

Although the amendment was relevant“to:the-issnes-in-
theseshearingsrthe:NRC?staff:negleeted.to inform this = |
Board about it. We first became aware. of the license con-
dltlon on: the last day- of. the hearlngs on: the three issues
when:licenseesivcounsel broughtwthe.matter;tOvour:atten-
tion: in: his: cross—examination of the staff on the purpose
behind the requirement for an enlarged:micromonitoring-
system..

The=conditien<impesingw the;micrdmonitoring‘ektension
requlred the: llcenseeSxto obtain two years of data on the

expanded. system by Aprll 5,.1979.. In: its motion: the llcen-

- -Sees: in essence requested this: Boardato examlnetthe need Sl

for an: enlarged monltorlng system and extend ther completlon

of the two-year lnvestlgatlon w1th such: an.expandedmmonl-

| torlng system untll three years after: the: flnal Commission.

SRR and jud1c1al actlon on our'dec1s1on.‘-
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On September 14, 1976 we stayed. the installation of
the new system pending our review of the problem. This"
allowed. time for us to give the motion full consideration

without' requiring. the: licensees to: take irrevocable action:

ke

S issuednaydecisidnﬁ(éhairﬁEEQEafra:Eﬁissww”:;"53§;~
postponing theztime?limits-for compliancé;with:the:license
conditions: and. calling for submission'of’evidence;ffom,
all the parties, with:the expe¢tation.that a. hearing on.
the~issueiwould»be;held:early‘in;1977l ALAB?357;1E;NRCf

542,

SiXidayéidf{hearings on the expanded monitoring system:
were held in Bethesda, Maryland, between,March.lS‘andv
March 23,. 1977. TestimonY'wasfsubmitted.by'the licensees,.
the NRC staff and the State of New: York while CCPE parti-
cipated only in’ the cross—examination.. The;questiohs
involvediinfﬁhis: phase- of the heéringtarefdiscussed;in_
thissdéciéion5é5?ISSueg4m | ~ | -

_FOr'thezreasons;giventbeIowvwe:find;that: SRR s

3/1ThiS?décisicﬁ:was;affirmed;byf£he'Commis§§onfin:its;
. memorandum: of January 14, 1977 (CLI~77-2 5 NRC I3).

ST befo:e;we“rendeted'asdecision;v On: November 10,.1976.we: _:r::



1l.. In accordance with;Appendix,A, 10 CFRIIOO, neither-
the:Cape»AnnvearthQuake.nor_any other historic
event.requires\thezassumption;of.a Safe: Shutdown
Earthquake: for the. Indian. Point siter of greater-

than a- Modified Mercalli intensity VII. TOETh Ll elIe

2. Thefgroundiacceleration;value\usedffe;;£he“design-
of Indian Point units 2 and 3 should remain at
0.15g. Indian Point unit 1 was designed: for a.
lesser value, but the reactor is. currently shut
Adown;andztheﬁfuel_removed“ If it_should.be
reactivated.it:must:be>backfitted»to susﬁain:an

"acceleration. of 0.1l5g-..

~ 3.. The: Ramapo fault is not_a;capableefaultfunde:'

Appendix A, 10 CFR Part. 100.

4. AThebextended micromonitoriag-system required. by
§2(C)(4)(c) of?Amendmeht.ZTtovthe'operating'license«
ofaunit.3kissﬁnneéessary“an&QWill‘not;addutO‘ﬁhe
assﬁrance:of;publiC“health;aad;safety; TheaNRCi_
staff is therefore lnstructed to: delete: that R

e;sectlon of the llcense.amendment requlrlng the

enlarged monltorlng system,,' L Lot

we' have spec1f1cally agreed w1th certaln flndlngs of fact




proposed by New York State and given our view of the:need

for the NRC staff to supply more definitive guidelines for

the use- of Appendix A to 10 CFR 100.

It;wilI.befnotea;thaty other"than;for“the'abOVe-noted&

el ;~:r,-findings;of fact,.we‘have~ﬁotAattemptedfto;déai;specie‘ oo
fically with any of_therproposedzfindingsrsubm;££éd*by“

the parties; but we believe=we have‘cdveredithe-substanr

tive subject matter of all. of them. in our decision..




ISSUE 1.

Does the Cape Ann earthquake of 1755, or any
other hiStorinevent, require*the~assumption,v
in accordance with 10 CFR Part 100, Appendix &,
| of a Safe Shutdown Earthquake- for the Indian:
“z:__.. - Point site greater than a Modified Mercalli R e
o " intensity viiz—2/

As: we have noted in our“preliﬁinary etatement, ques-
tions: about the- adequacies ef the;licensees.and'staff
review of the Indian.Poiht’SiteaeeismiC‘issues were brought:
up'in:hearihgs>in’both;the Indian Point 2: and Indian Point
3ﬁreact0rs; In the:presentaproceeding,\New:York'State
(State)—éx'contihuesuto claim that the- Indian Point facil-
ities=should’beibuiltftovwithstahd an,intensity{VIII earth-
quake.—é/ ‘Evidence On:this.issue~wa51received duringfaa.

total of 18 days of hearlngs from- April 29 through June 11,

1976. The llcensees, ‘State: and the«Nuclear Regulatory

_4/ Appeal Board Prehearing Order, October- 17 1975- We:
note: that in its Proposed Findings: of Fact and. Conclu-
sions: of Law: dated October 15, 1976 New York -State at. -
p.. vi misquotes: this order by using Modified Mercalli -~ - = .

- intensity VIIT in- place of VII -— no: doubt: a- true T

- Freudian slip. . RN

“;§/¢The New  York. State 1nterventlon was' made: by the New:
" York State Atomic Energy Council with pr1nc1pal w1tnesses
from the New York State Geological. Survey.. . -

‘ Freeman and Company, Inc.j 1958) at pp. 136-138 for a N
full description of the Modified Mercalli® (MM): dntensity
" scale. That scale uses a subjective: description of an
. earthquake's effects on: people, buildings: and the
. surroundings to assign-a ranking of between I and XII

to: the,lmpact experlenced at any partlcular locatlon.

_ _§fﬁSee Charles . Rlchter “Elementary Selsmology (W F.




Commission staff (staff) participated fully but the Citizens
Committee for the: Protection of the Environment (CCPE) was

excused by the Board: from participation,Onlthis~issue,'

AThi57issue Centers.upon:thepconcepts.of'"tectonicv

- _ .- -.-provinces" and "tectonic structures", as used: in.Appendix. -::-
AatOLIOECFRiPart1100  to,determineﬂthe-safe'Shﬁtaown{éarthé;‘

1/

quake:fbr'a:site-—- Among=othérfthings,'Appendix A states:
that all "historically reported earthquakesvwhich‘havef
affected'or:which could reasonably be expected fo:have‘
affectéd’thessiﬁe"“must.beslisted; Id., §IV(a)(5)-‘-"The :
epicenters. or‘locatlons of hlghest intensity"™ of those:
‘earthquakes;are,fwheref90551bleynto.be;correlatedL“WLthz
tectonic:structureS“any part,of‘whichfis:located“within,

200" miles. of the site”; - where: correlation: with:tectonic
structures. is. not. reasonably possible,.“the:epicentersashall
‘be: identified with tectonic provinces: any part of which is
located within 200. miles: of the: site™. TId., 8IV(a) (6)

Using that information, the vibratory ground motion at: the-
site of each: earthquake is determined by assuming: (1) that -

S -the epicenters: of earthquakes related to a tectonic structure:

7/ For Appendlx A purposes, “tectonlc prOV1nce ~ refers to
"a region of the North American continent characterized
by a relative consistency of the geologic structural
features contained. therein'". A "tectonic structure"
is: "a large scale: dlslocatlon or distortion within: the
earth's crust". Appendix A, 8B8III(h) and (i).
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are situated at.the point"on_the=structure:closest to the
site; (2) that the epicenters of earthquakes identified
~with the tectoniC'province'in-which,thegsite:is located.
(albeit not with structures) arezlocatedfat'the;siter and

(3)- that: the epicenters of earthquakes: identified with' -

other tectonic-provinces;are-situated~at'theié;oseStTpOintf””“”"”

to the site on the boundary of the respective tectonic:

provinces. Id., 8V(a).

AIlﬂparties:agreedﬂthat.some:seismic events resulting
in earthshocks of intensity VIII or greater’had{occurre&
in- the: eastern’ United States. State maintained that at
Aleast,somezof'these:historio*earthquakes were}in;what:its
considered‘to,beﬁthe~samehtectonic:proVince as Indian
_Point;r On. the. other hand{theulicensees=and the staff, for
somewhat different reasons, delineated tectonic provinces
such‘that‘none'of the-earthquakes'above intensity VII was: -
in. they prov1noe in: whlch Indlan P01nt ig located or’ near

enough to affect the site 51gn1f1cantly.

I.. . Testimony of the: Parties:

We w1lI’f1rst.dlscuss the theorles of the»partles on
the proper method of de31gnat1ng tectonlc prOV1nces, then
we w1ll examine the hlstorlc earthquakes which’ must be
con51dered in. maklng the éec131on of the proper value for
the Safe Shutdown Earthquake (SSE) for the Indlan<P01nt

fac111t1es.
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A. The:TectOnic'ProvinceS'
1. Testimony of the State of New York:

.. Théﬁstate«of}New-York;maintained«that;tectonicr
AN provincesashbuld}becdefineatéd{dhzthexbaéiSzof:cbﬁéistency
- ‘- ﬂ ofithe.éty1e 6f deformation'of'the.rocks, On: this baSis.f’ cee
—_ ‘ accordihgzto;the StatéTs;witneés, Dr. Hali}—gf if‘fbcksr
of "two distinctly different ages that have'been.subjected
‘tosthe»same~défgrmation, and responded to that deformation
in-a;similar'fashion, *5*‘*fthoseetwo'ages~of3rocks:would
be:part:offoneiconsistenttregime:of‘deformation and. part
offonezprovincey the ages: notwithstanding™. Tr. 3309.
Further'explainfng?this-understandingrof’teéfonic prbvinées;
Dr;'Davism,57NéﬁfXdrkjgggééﬁqédiééféﬁﬁfémphasizedfth;t'ther
‘ Stafefwoﬁld:COnsider‘only‘"first"’order;CharacteristiCS‘inx
de5cribingwaptéégg;gC?S;;§iﬁéé:%277;Héﬁagreed}fhdwgvéf;‘thétl

such: provinces could be: subdivided into sub-provinces on

';E/TDrg,BedrM; Hall, Associate Professor, Department of
Geology, University of Massachusetts,. Amherst, Massa-
_chusettsuh , g : SO

- _. 9/ In using £irst, second and third order: characteristics:
. T the State was: following: the: terminology of Hadley and
S ,Devine&(HadIey‘and;Devine:1974rSeismoteCtoniC“Mapvof
North America) to. distinguish structural character-
istics in terms of size. Dr. Davis agreed: that this
- - . .. usage'is informal and not universally  accepted. -
=+ - pp., 2139. The Jarvis-P. Hadley and James: P. Devine
IR “SeismotectoniC‘Mapﬂ“waSsmarkedianState‘Exhibittl4(_
' at. Tr.. 3444 and entered: into evidence: at Tr. 3688.
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the basis of the similarity of smaller structural features.

Tr. 2138-40..

Using;only'firstzorder:characteristics; thé?siate,would;

divide%the:eastern;UnitediStates:and'Canada;into-fOu:'teCrw

~ttonic<provinoesfWhich=c105ely match,theophysiog;aphio ;.{,

provinces;of?the;areaw The,StateTs:fOur tectonic provinces:
are;shown.in'the~prbferred;testimonylg/ of Davis, Fakundiny
and: Pomeroy as- Exhibit 1 (following page C-25 of Appendix.
c), a“reproduction.ofxwhichfis:included in this decision

as;FigurefI‘CQ@QGZQ{fﬁ§£§fsia’ SR

As: can be seen: from the map, the Atlantic Coastal Plain
province runs-horthﬁardnalong theacoaet from Florida to
New York and includes: those sections of Georgia, North'and
South Carolina;, Virginia, and.New.Jereey'east:of the .

Appalachiansw Also: included are Long Island and the east-

ern. sections-of1Cape cod.. ~The'boundary north of Cape:

Cod is: undeflned but‘lS assumed. by these witnesses to be
far enough off shore for the: Cape: Ann' earthquake to be:

1ncluded~1n the Folded Appalachlan prov1nce._.Tr. 2220 22.

| ThefFolded.AppalachlangproV1nce«1nclude5=the;Appalachlan.

10/ State Exh. 9. "Testlmony of Dr. James F. Davis,
-.Dr.. Paul W.. Pomeroy, and Dr. Robert F. Fakundiny
- (Panel). on. Behalf of the: New: York State Atomic Energy'
" Counc11 on: Issue: I."m
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Mountains‘from:northwestern-Georgiannorth to the Canedian
maritime provinces as:well as’ the Gaspe Peninsula east. -
of Quebec: City. Starting in northern Alabamaithe.province
includes;therBluerRidgerMountainSq.then'narrows*infthe
. ‘:_xgreglon of Harrlsburg, Pennsylvanla. The-westernﬁborder' T
o t‘then turns northeast to the Hudson River Pallsades, then:
north.to»include-the-Green;Mountains,»:Thusfes$§atia¥ly"
all of New England is included in this province, The line
of,separationgbetween.the;AtlentiC'Coastal Plain andnthe
FoldedzAppalachian:provincesaisvnot:delineated north of
Cape: Cod. The third province: identified by the State, the.
AppalachiantElateaur adjoins:the:western-boundary'of:the
Folded Appalachianiprovinceiand extends from the Gulf
COastaI_Plainuprovince»in:nortbern:Alabama\to approximately
Albanyﬁthen,in.a;northwesterly“directionﬁto the' eastern
tip of;LakeeOntario,»thence.westerly‘tozLake Hu:on‘and
'South.-southeés,tz to the Gul’f' Coastal Plain. in: northern
o | Alabama. The: final. tectoniC'provinceQidentified.by tbe{
| State, the: Grenv1lle prov1nce,ad301ns the northern.boundary
o of- the Folded Appalachian: prov1nce from: Albany north._ The: -
: prov1nce covers. southern Ontarlo, most of Quebec,Pr0V1nce

: and a small trlangle 1n the U. S between Albany, Lake

| 'f#““f ' Champlaln and the east end of Lake: Ontarlo. .
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According to the State, each of these tectonic prov-
inces "has a distinctive set of consistent'geological
structural features"™ (N.Y. PFCj ll/l? A-=5; .also: see: State

;_Exh. 9 at 3) -and’ with: regard to: selsm1c1ty 1n the: Folded

._=Appalach1an prov1nce “on a gross pattern there appears

- tos be a general [selsmlc] denSLty that is. greater than 1#
the contrasting areasaout51de»of\the fold belt."™ Tr. 2196m1-
Later’Dr; Davis;didfsay‘some:people:divide this fold belt
or:provinoeﬁinto four“subprovinces (Tr. 2198), but: he

believes that the State's use of the overall province is.
"the'most:defensible'applicationiof the siting appendix."

Tr. 2196.

b. In addition to- the general,testimony'on:itsfl
proposeditectoniczprovinceSVthe£Stateapresentédﬁfbur*other'

witnesseslzf

_on-specific-phasesaof:NveEnglandigeology
and: seismology. Dr. Lynn R. SykesﬂofithefLamont—boherty
Geophysicai,naboratory‘offColtmbiaaUniversity=andﬁ

Dr. William H. Diment:of‘the~United,StatesuGeoIogical

. SurveyﬁrMehlouParkmﬂCalifbrnia;.presented‘testimony*on;f.

1 theésoécaiiedeoston&Ottawa;seismicxtrend{an&aitszposs}ble?i'

’f'll/ Abbrev1atlon for New York State Proposed Flndlngs and
g Conc1u51ons. : : : _

ff12/ All four appeared as w1tnesses representlng themselves
- and\not thelr respectlve employers. S S
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interpretations under Appendix A. Dr. Hall discussed this
seismic trend in connection with a review of seismic fre-~
quency contours in the eastern. United. States. Dr.. Charles L..
Drake,. a.professor’offgeologf-at:Dartmouth College,. dis-
mcussed the dlfflculty of applylng Appendix. A, glven the: .

present 1ncomplete knowledge of tectonlcs.

13/

Dr. Sykes— statedithat he acceptS~as a."working'. —
scientific hypothesis"" that there is '"a zone of activity
in;NeW~En§1and and.adjacent parts of Canada [which] appears
to be associated spatially with rocks whose age is younger:
vthan that'of‘opening*of"the:bresent_Atlantic Ocean". State.
Exh. 7, p. l.. Both Dr. Sykes~andiDrmaDimentl£7 said that
hypothesis has not been sufficiently proven to be: used in
makingrdecision5~en'nuclear:sitingu They do. agree that
there?is;aAspatial.correlation between earthquake activity

15/

and a. line of plutons—/ running north through New Hampshire

13/ state Exhibit: 7, "Testimony of Dr. Lynn R. Sykes on
behalf of the New: York State Atomic: Energy Council™..

14/ state Exhibit 5, "Testimony of Dr.. William H. Diment..
on. Behalf of the New: York State Atomic: Energy- Counc1l
on- Issue I"™.

been formed beneath the surface of the- earth by con-
solidation. from magma. See "Glossary of Geology,"™
"American Geologlcal Instltute, second. prlntlng, 1973,
at p.-550.



from the Boston area, or perhaps even from the Kelvin

. seamounts in the Atlantic Ocean.

Dr.. Halllg/ épproachedftheﬂNew\Englandtseismicity-on

the basis of the: frequency of earthquakes in various. areas. -

By draw1ng iso- frequency lines about areas of selsm1c1ty,17

Dr.. Halluflnds:that there-are~threealsoselsm1c:areas,

(1) one running east-northeast. from New York City to-
eastern Connecticutﬁf(Z) a second of much higher frequency

running north from:Boston through'NeW=Hampshire-to.thef

A White Mountains;, and (3) a. third running approximately

‘east-west along the St. Lawrence: River near: Montreal.. The

latter two regionsrare-separatedlby an area of very low:

seismicity=running‘north—northeast through central Vermont..

‘Thefwitness.agreedlthat the New Hempshire-seismicity spa--

»tially correlates with the. ring: dike or pluton series

running‘south;from,thefWhite‘Mountainsébut‘doesznot-corw
relate with the Monteregion Hills of Canada.. State: Exh..

13, pp. 6, 7. Finally,Dr. Hall concluded that while "there

16/ State Exh. 13 "Testlmony of’ Dr. Leo: M. Hall on. Behalf

of the New: York State Atomic: Energy: Council on: Issue: I"

17/ Seismicity as used here: is frequency of earthquake
occurrence:regardless of srze.
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are many tectonié'subdivisions in New England that can be
made:through.detailed.study * % * the intensely deformed
andimetamorphosed.rocks:throughout‘thewregionfcharacterize
it. as' a tectonic province."™ Id. at p. 15. |

18/

;" Dr. Drake's direct testimony=~ was largely limited

to-criticismsfofprpenﬁix:A, particularly7the difficulty

of applying: such a regulation with the incompiete knowl- i
: |

edge: of tectonies that we have today. However, under.

cross;examination he stated that the licensees had proposed
"structural provinces', i;é&r "p:o#inces=in.which a kind
of deformation can be recognized, and that there is' a con-
tinuity-of‘thiS?throughouttthis_province,.these;are reason—

able things". Tr. 2873-74.

| Dr.. Draké»further'agreed.that'these-provincesvméet.
the requirémentStoffthezregulatory"criteria as'stated.by
Appendifo (Tr. 2874) and that'the.licensees:hadlproperly
outlinedhtheepresent:interpretationhofithéutectonic:history”
of:theaEastvCOastu Tr 2869P70;  Following.theatrend;of"

his: direct: testimony; he: stfated’i: - | e

Y/ State: Exh1b1t ll, "Testlmony of Dr. Charles L. Drake R
on. Behalf of the New York Atom1C’Energy Counc1l on.. ' T
Issue . :
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where I get 1nto problems is when you start

to. divide the area up into specific tectonic
provinces: and then. to associate the earthquake
activity that is occurring today with these
specific tectonic provinces. [Tr. 2870.]

Testimony‘ofitheaﬁicensee5x ' T

wl—{fvi iA.a@ The llcensees developed their primary tecton1c>
protlnces by u51ng current. plate tectonlc'theory together |
w1th their geologic and petrographlc studles. A,panel of
w1tnesses——/ from the firm of Dames' and Moore (D & M), con-—
suItantshtO‘the4licenseesr presented the testimony on: the
Zplatewtectonics theory‘and?its}felationshiputo“the.tectonic

20/

- provinces.

Plate tectonics as described by these witnesses traces
the motion of the African and American plates from Pre-
oambrianotimes(soo millionryears.(600*m;y;))p;£/ when they
were joined;togetherfas onefcohtinent, to;their:pfesent
positiohsx The~initiar.cohtinentei diveroenoe'tooktplace
'duringtthe¢Appélachian.orogeny*in;laterPrecaﬁbrian-early
_.Paleozoicrtimezgéi%paégéfﬁéd?anﬁénsientreagte%gfbéuhdaty“'%f

merican plate. . o - aeoon

.19 The panel: con81sted of Joseph A. Fischer,- Matthew L.
Werner, III, and Jerzy S-.. Szymanskl.i '

20/ Lic. Exh. 15, "Testlmony of Dames & Moore (Panel) on’
' Behalf of Licensees on. Issue: No. ",

~Ej{'Thls termlnology denotes: 600 million years ago.

22/ For- geologic: time charts: see, Geolggz Rlchard M. Pearl;f
- - Barnes: & Noble, 3rd ed., p. 191~, :
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This separation of the North American and African

plates eventually formed a proto-Atlantic Ocean with a. long

depositiohal.trough~being:formed:whidh:developed?an:ocean:"

\
|
R crust.. In:mid-Ordovician: time: (450 m.y.), the continental
i
|

T sYstemV--ﬂeventually-Ieading;to-aacontinent—cohtihentiﬁf

.first;withkthe«closing ofﬂthe~proto-Atlantic-Ocean;along
the: southern portion of the Appalachians;in;what.is known:
' - asgtherAlleghenyvorogehy; _Thiszwas;followed;by a trans--

% Iationﬁmotion,or'possibli*localized:convergence‘Of”ther
continéntSfand:gradual.closing'offtheAproto—Atlantic;along-

the entire ancient coastline: of the American plate.

" In the: late middlemTriassiC'time-(200fmmy.h the. con—

tinents' again separated). but.well east of the original line

of separation, eventually producing: the: North American
coastline as. we now’ Know: it. This divergence: formed the:

present: Atlantic: Ocean, which is: still widening.

ST It is from: a detailed study of these: continental -
- motions:andtof the»geoIoglcrformatlonsnproduced;that,the

llcensees derlve the ba51s for thelr tectonlc.prOV1nces

-which are shown in Llcensees Exh1b1t 15 Flgure 3-1L: 23/

23/ It. will be noted that the llcensees ‘tectonic prov1nce
map goes southward only: to 200 miles: from the Indian
Point site. The reasons for thls are discussed at
p- 27,. infra.

A :motiontreversed:with'the*development“ofTaasubductionazoneﬁr

| collision.. Witnesses: described this collision as occurring




(This plate is repreduced‘anFig..Z.of this. decision . at p. 63).
Asawe~deVelop belowr-although.Figng shows: nine provinces:

' weéneedfmake:a%decision:on only: four of them..

b.. We: haver already noted that. the original diver-
a“gencenof‘thefAmerican-and Afriean.continentsrfprﬁed:an:: ;f;:;;%:'“
ancient coastline  along the North: American’ continent.. The. - .

later.convergence:and;finally the continental collision (300

entxnent. The eastern portlon of thlsxbelt,
termed: the Highlands- prov1nce by the llcensees, 1s char—-
acterized. by Grenv1111androck53 Llcw Exh. 15, pp; 3-3, 3-4..
Toithe*immediate»west*ofithe-Highlandeeprovince is: a series
'of tlghtly folded. Pale0201c sediments: with. an. absence of
basementzlnvolvement, Ibid. This is classified as the
Fbldiand‘ThrusttBele;WhOSe.westernuboundary'1s:thesllmlt;

of the Paleozoic: thrusting and marks the.easternﬁbouhdary

of’ the- Stable Interioxr: prov1nce. In«the~Stable~Interior<

province, the: lntense deformatlon of the: prov1nces to: ther

east.lswabsent* Ibid.. . - f FLED LI ::Qa.. -

24/ Antlcllnorlum iss deflned as a. comp051te upward folded
- structure of regional extent composed of lesser.folds,. o
the: core of which contains stratigraphically: older rocks. .-
See' the definitions of anticline: and anticlinorium in. _
the "Glossary of Geology"™, second. prlntlng 1973 (Amerlcan
Geologlcal Instltute), at p. 30.
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Going newttO'thespresehtAcoaetlinevtheelicensees.agree
withjthe:State:Qn.the«line‘Of demarcatien.between;the
Coastal;PlainvprOVince;and;thefadjoininq:provinces,tofthe.'

_,westﬁvas-far'horthqasrnghafiéiendéSdundg,gButLthere;egreementQi
ERL I '{FéaéeS*'°, : The"_ Ii‘,censeesv di}Vid_e~ the. northe.rn’: part_ of the_z 2 -ITEE ——_‘
o Tilr i_StetefsvFolded?hppalachiehhprevince.(showh_ingéteteaExh;fQQ;?f4rxfm
EXhibit;I; p; C~25) into primarily~fOur:provincese(two
additional subrprovinceStare:described'in:northern,VermOnt)-

See Fig. 2 at 'p. 63, infra. .

The easternmost. of these provinces, the Avalon Plat=

vform;‘weé?deserrhedép,gthe=ﬁithessesﬁa%%ftryStaixigeigonQ'”'mu
tinentaI:crust WhiCh;iSLyounger‘than;theaGrenvillian 

orogeny";' Lic; Exh. 15, pp. 3-11, 3-12. Witness Szymanski -

lndlcated that the teh ?Avalonlan referred to a'spe01f1c

age:- of the late: Precambrlan (approx1mately 600 M.Ye) o

Tr. 2810.. The western: boundary of the Avalon Platform in

eestern‘Massachusetts;and&northerh:RhodeVIslandiis, accord;' -
ing to the: Iicensees: WithesseSq-merked'by-aechange~intf SRR

= _,r'magnetlc 51gnatureZ§/ whlch roughly outllnes the area: of ;Tff:

| theaAvalonlan}aqeabasement, Tr; 2812<l3u On this- ba51s  ;r»':v;a

S '7i25/ Magnetlc 51gnature is a record of the. magnetlsm and
e magnetlc gradlents cf the terraln in a glven ‘area.
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the Avalon Platform boundary runs southwest from the region
of*Ipswich,Bay¢'Massechusettsy to Worcester, then south
near'the»COnneoticut-Rhode;Island,border“to»Long Island:

.. Sound. . It;wouldithen~appear;that4thewsouthernlborder“

“_rn: sz.o:extends eastward beyond;Cape:deiand-then turns: northeast=:. 5z "I:

“.‘erIy, so. the: Cape is;ﬁithin-thisyprorincet--Thezrecord:isi.;a
unclear as to.the;exact boundaries to.the east and north
oflMassaohusetts-Bay, but>Witness-Fischer'oited.the-paper

- of Ballard and Uchupi to:desoribe.the.bouhdaries;in.the
Bay of: Fundy aree. Thosefboundaries:ere-such.thatutheeBay-
. of Fundy earthquake (see: item 6 in: Table 1, p. 32, infra)

location: is: almost midway between them.. Tr.. 2998-3003.

Licenseesfwitnesees emphasizedvtheir beliefithattthe
Avalon Platform‘islactualiy‘a-segment.of’the AfrioanCplate
left ettachedlto:the;AmericanTplateefollowing’theJélosing~f

 of the subduction zone, and the. final divergence of the. two:
plates.. They-reachedtthislconcluéion,not'only-onwthe;basisxi.
of geologlc similarity between the: Avalon Platform:. rocks.w _;_~

wﬂand Afrlcan rocks, but also.on the‘ev1dence they: found_ln

_.ocean. floor dep051ts to the west. of the- platform (Seeleceaan~ﬂ

“'Exh. 15, sectlons 2.2 through 2 5 and: Tr. 2847-48) . We
v-con51der thls ev1dence 1n our dlscu551on of the llcensees"“i"
'prov1nces whlch 11e between the Avalon Platform and the o "r;'

:nghlandsfprov1nces;
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North.of.Long“IeyandTand east:oftthefﬁeﬁrYork-v
Connecticut.border-licensees:pr0posedftwo‘tectonfégprovinces
between:the‘Avalon,Platform:and“the:Highlands@ They call
theawestern:one:the;Inner:Piedmont:and,thereaSternfoneathev

t<:rA_:.5_1.CentraI,NerEngIand;, Thexdi&iding;linenbetweenithe:two ERE
Lo proVinceSirune;frem“LengﬁIsland,,northeaet_acfeseiLong;;:;_;;;
Island: Sound, and. then turnS'north,-paseing-justtto the:
east. of Hartford, Connecticut; It continueS'north'and-genw
B erally“traceStthesVermonteNew Hampshire‘line-northeastwardf
| intozcanadaun (See‘Fig; 2? p;.éaf EEEEE?)- The southern |
"'boundaryfof“thezCentraliNveEngland;provineeerunS‘east
thtonghrLongiIsland;Sonndlfrom1just east: of New Haven to:
the:southwest:cornet‘of’the;AvalonaProvince‘and iStnart‘

of the: northern boundary of the Coastal Plain.. Ibid.

'The: licensees’ panel,depicte&5the@tﬁeibrevinéeséae?pagtﬁA

.offazmobilefbeltnfbrmed:infthe;finalvconVergence and trans-—

»Iationalhmovement,of?the:North;American‘and%Africannplates;. B
_a'TheLIhnet'Piedmontaand‘tneacentraIANewanglandiprovinces~
- v arer con51dered to be: sedlmentary areas: coverlng part ofr: o ;: 5€
- ,v”“the‘orlglnal North‘Amerlcan plate and the remalnS”of.the jff“ 'aflﬂ
‘]ftaft.;ocean floor whlch was present follow1ng the 1n1t1al,d1ver- -
’yr;gence of the Amerlcan and Afrlcan plates.; LlC. Exh 15,w:17,.e;v:

3”%ysectlons 3 3 1 and 3 3. 2.
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In differentiating these provinces, licensees witnesses
ﬂpointediout:that (a) the;CentraI“NeﬁgEngland‘province:has a:
thick. dense mafic crust. and eugeosynclinal sedimentary

26/

rocks—+ﬂ while‘(bx the Inner Piedmont province has- a

wf.sa;_iiﬁ»'Grenv1111an——/ basement w1th mlogeosyncllnal sed:.mentso—28 d;t:w:::-

LTI . As: a/result of the change in. basement rock. across: the :;_,i.‘:;;h
| boundary between. the two. provinces: there: is, accordlng to.
themlicensees,fa.distinctzgraVity~gradient.in this area..

Tr. 2937.. The»boundary‘linerisythoughtfto»oorrespondito;

: theaaneient:eastern“margin:of theaAmerican.pIate; Tr. 2807.

'The: flnal prov1nce near the Indlan Point: site: proposed

by the: llcensees*panel is: the Conestoga Valley province

126/ Mafic: rocks: are dense, dark-colored rocks: usually con-
taining. larger amounts: of iron. Tr. 2456. 'The eugeo-—
synclinal sediments: contain remnants of ocean crust..
See: fn.. 28p below.. . :

- 27/ The: Grenvillian basement . rocks: areﬂprlmarlly 5111ca
‘and: alumina. Tr. 2528-..

. 28y Slmpllstlcally, mlogeosyncllnal sedlments ‘are: relatlvely
. . thin: sediments: deposited. in. shallow water while eugeo-
LT e ;syncllnal sediments: are: thicker  and. deposited in deeper: :
—z-:._ .7 - .._. water. - However licensees" witness Szymanski. empha51zed CR—
sreemmi__c:. 2. Y that: ther panel was: using- the  term. miogeosynclinal:to- S mas
o= 37 cover sediments: older- than: the: subduction zone: which. . - .
- existed: between. the: continents. The: mlogeosyncllnal
2.2 deposits-of the: Inner Piedmont contain the’great car—
5 L. v bonate bank along the:-eastern edge: of the province. -
mSieel o Trl- 2447, There: is. no known: Grenvillian crust: east. A
S0 Uofithe eastern boundary  of- the Inner Pledmont prov1nce.»:'
“iﬁﬁLlc. Exh. 15, pw 3 8. - SUN.




'w157 pp. 3-10, 3-=1l. On=cross-examination the'iiﬁensees~ -

,whichxappearszto:be:identical tOetheistateJSzGrenviilee-

'exten51ons of the Foldfand Thrust Belt. and the Inner B R

which basically lies between the Inner Piedmont and the
Highlands provinces southward from a point. in mid-eastern
Connecticut.. .The:reasbn,given;for:separating’itbfrdmy

the:Inner“Piedmont:grovincéfism.to<say the least, less:

'»Ehan.cleargin.therlicenseesf written: testimony.:: Lic. Exh.: .: _.:-=

witnesses empha51zed the: extreme complex1ty of the struc—

tures along the: line between the Inner Piedmont and

' Conestoga Valley provinces. and stated:.

Originally: we had a large  province which. was:
composed: of two provinces, one: was: the Inner
Piedmont and the: other one was the Conestoga:
Valley and we had them together.  But after
we: had: recognized. that these: prOV1nces are not
characterized by uniformities in geological
structures.,, we: thought that for the purpose

" of this: report: and this proceeding it would -
be fair to put this line, since: it divides in
our- judgment: the two different structural.
domains.. [Tr. 2960.]1

Threearemainianprovinces:torthéﬂnorthrWé?§5PKQP°Se&f“

by the: licensees:” paneél. The first is the Ottawa Basin

L prov1nce- The remalnlng two are: merely- northeasterly T nETnIil

Pledmont prov1nces and,are of not partlcular 1mportancea SRS




h72¢4alsofseesE;g; 3¢'p¢_63,u1nfra“ ;-h., A _ﬁj',ﬁ,_' I
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Cc.. Another licensees witness Dr. H. James

29/

-Dorman——;_coveredfpart'of the same: ground as: State's wit—
| nesses: Sykes, Dimemt and Hall, i.e., the: geologic struc—
tures: and seismic: activity in‘t_he-southern..segment(N‘ewS
9fHampshireM ofithef"Boston—Ottawa-trend"lig/ iWhile;the':? T
:-.. State and NRC staff referred to this area as- ‘a’seismic -

-'trend, Dr. Dorman. proposed that, within the context: of

Appendix A, it be classified. as the Cape Ann-New Hampshire: °

tectonic province..

Under: Board questioning (Tr. 2663-2672), Dr. Dorman.

: outlinedLthe:approximate*boundariesaofithis-proVincew He

did not define the boundary on. the Atlantic: Ocean: side.

The southern: border passed. north of Cape Cod, thence:

westerly beyond the 71st meridian, northwesterly to: the
Massachusetts-New: Hampshire  border,. north,along,atliner
inghtly"eastuoffthe:72nd?meridian'to~cover“the:granitic

intrusive in.Quebec at: a latitude: of about 45.5° North.

,The:provinoe:linefwoul&.thenf1oopﬁeastward;tomapproximately"
,;thea7lst.mer1d1an and. south to the Malne-New Hampshire- - . -. ...

fbonder; thence southeast out intor the Atlantic. ..Tr. . 2668- ?{4ﬂ;>lf

'

29/ Dr.. H. James Dorman, Professor of Geophys1cs, Unlver51tyc
- of Texas, Marlne Sc1ence Instltute, Galveston, Texas. )

'"-vgg/ Lic. Exh. 17, "Testlmony of Dr. H. James: Dorman on:
' Behalf of Llcensees on. Issue NO. . o




In his testimony (Lic. Exh. 17 at p. 4) Dr. Dorman
testified that such auprovinoe would. include:

(1) Awseries;of<granitic*intrusiVe:complexes;ofﬁthe>.

WhiteeMOuntains-andLextending:offshoreﬁto:the;southeastr.and;

e (2): Active=faults:indicated’by earthquakes;ocourringff:ia;;

- in:anfarea:partiallyzcoextensive'withzthefigneousacomplexes;

It;WasiDr%%formanTs%contentiongthat:the?ﬁrOVinoe-u
includes: "the largest historic' earthquakes of the»north-

eastern U. S,,'includinggthetcape-Ann;earthquake.of

1755 % * *%_ I4. at p. 5. Dr;:Dormanﬁalso‘pointedﬁéutﬁtha;m -

'

~this system: appears to. be: colinear with the: Ke1v1n Seamounts

(id. at pp. 14 '15) and the Atlantic fracture zone which
. are probably related to a "rearrangement of the relative:
movement of the plates: about 80 million years ago." Id..

at. p. 17.

& As. we. have previously noted at. p. 19, supra,

‘the: Iicensees did not develop specific: provinces: south:ofl . .

thetPennsYIvania—Marylandiborder; It is their thesis: that: - :

the: northern and: southern Appalachlans developed differ—
ently w1th dlfferent'allgnments and- stresses (Llc. Exh -1I55. =
p. 1-5, para. 5 Tr. 3015-21) and the major earthquakes
south of the Pennsylvanla—Maryland border were below the
transverse break llne between the north and south Appa—

lachlans.
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3. Testimony of the Staff

In,its:very'briefldirect,testimonygl/ the NRC

staff stated:

e m It In: our review: we: determined: that six tectonic: . y
s .. to: . - provinces lie partially within 200 miles of the .. ::. __-.
T . Indian Point site. .These are: (1) Piedmont = ._: ~ -
New England, (2) Northern Valley.and Ridge,
- (3) Appalachian Plateau, (4) Central Stable
"Region, (5) Southeastern Platform, and (6) Atlantic
~Coastal Plain.. [Id. at p. 2] :

Since no. map was pfesented)_and-the prov1nce?names.did
notfmatéhzthe.province;nameS'used‘by'either;the'State.or'
IicénseesT.it.&as:necessary to-develbp-approkimate:locarv
tions;ofithe provinéialyboundarieS‘used'by*thé-staff
‘_through‘cross examination. By‘thisxﬁean51aimap\showing‘_
theastaffiprOVinces:was:developed on. a seismotectonic: map
by“JarviS~B@.HadIey-anleames:P -Devine (1974), identifiedJ

aszState—Exhibit~l4i See: Tr. 3338 40. and: 3443 45 and p. ll,

g%%ﬁgém. ‘This: map is:. repreduced ln thls dec;s;on as: Flgure 3

Tl *',;ff"- Inaa;genéraI,Way'thetstaff:map:matches:thattof,theé'

”Lﬁf;fStatevwithfiegarafto;thegGrenvilIe,‘AppaIachian;PIateauyﬁ~

» 31/ Staff Exh.. 5; "NRC. Staff’Téstimony on Issue No. 1 and
. Issue No.. 2"; J. C. Stepp, D. R. Budge, S ' M. Coplan,.
- R B. McMullen, G.. A.. Robblns.;;,33,




- 29 -

and  the AtlantiC'Coastal,Plain proVinces; - However where
the State used one large province called the Folded Appa-
lachian. Province, the. staff divided‘the,area.into three
parts;' The;two.weSternmostfregions}next'to~thevAppaIachian:
,Plateau are the Northern and Southern Valley and:- Rldge
- provinces. These: are- Spllt in western Vlrglnla ‘and: the
northern~pr0V1ncefappears to coincide roughly w1th
the licensees” FoId'and Thrust Belt. Staff witness Robbins
.expyained.thatzthe-Appalachiansahave-"ansignificant'struc—
turai;break“‘alonqvaﬁzonezlying‘betweenﬁRoanoke'and:the:
James River. Tr. 3522. Thewwitnessfnotedtalso that-thez
region:southrof thisabreakthas major seismicity:with thrust
faulting-as,the*dominant.styleaof deformation, while the
province north of it is virtually aseismic: with folding
beingfthegdominant:structural style. Tr. 3448-49.

Staff's Piedmont-New England province runs between
the: Atlantic Coastal Plain and the two Valley and Ridge

provinces. In the north this seems to coincide with that-

area: which: licensees: have: split into: the: Highlands,.. . .:..::.

Conestoga,. Inner‘PiedmontAandfcentraINNewnEnglandfprov—n
;1indes; Flnally the staff 1dent1f1ed its Southeastern.

Platform prov1nce 1n Massachusetts and Rhode: Island.
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For this final province.the:staff‘explained.that the
United States: Geological Survey (USGS) had advised it by
correspondence. in late 1975 that USGS considered that

- "the: New England part of the: Avalonian. belt forms a tec-

oo tohic5province:in*the.la;ger'New,EngIand-Maritime Province. -..-

andqisrcailed the‘Southeastern Plathrm.in.MaeeaEhusette“'

‘‘‘‘‘

. Tr. 3472-73. As we: shall see later, this area. is: essentlally

- the. same' as. the licensees' Avalon Platform province.

In addition to its. determination of provinces the
staff, in accordance with Appendix A, section V, designated:
two. areas aSg“tectoniC'etructures"*with.whichtseismicity

- isr related.. In.itsztestimony'thefStaff'stated:

(1) within the Piedmont-New: England and. South-:
eastern Platform. Provinces we. conclude that the:
1727 southeastern New Hampshire earthquake of
maximum: intensity VIII, the 17535 Cape Ann,
Massachusetts earthquake of maximum intensity
VIII and: the 1817 Woburn, Massachusetts earth-—
quake: of maximum intensity VII-VIII can be
reasonably correlated with the: White - Mountain
Intrusive: Complex- and (2) within the Central.
Stable Region, we conclude that the 1929 Attica,
New York earthquake- of maximum intensity VIIT

- can: be: reasonably correlated with the Clarendon-

. Linden structure. [Staff Exh. 5, p. 3.l R

- TheiseismiCrEvents:tO“be1Consideredi

Inflts dlrect testlmony,the State of New: York: pre-

sented a. llst of 1ntense earthquakes the effects of which,
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under. its view of the tectonic‘pfovinces¢ should be con-

- sidered at the Indian Point'sitemig/ Since this list

encompassediallvof]the=earthquakes*suggested:for'considera—~

' tion~by'the-other\partieS"we;includezitrihﬁ%higfopiniggﬁéifﬁg

T - Both the licensees and the staff objeétedﬁtbiéénsidéﬁfﬁi:.f"}

é;;tidﬁlé%%%§§£;of%the?@ﬁééhthquakéggESéléﬁésorwbgthfbf’two"

reasons: (a) the earthquake occurred in. a province-sé-far

removed from Indian Point.that'the»resultant-intenéity'
.'would?notthave:beenigreater'than:MMzVII.at'the site and.

(b)‘the intensity used by the State is too high.

All of the events listed by the: State and other
parties will be analyzed on the basisi of our decision on

thegapplicable;tectonic#prbvinces-(seefsection.II,B,;infra)u

32/ State Exh. 9, pp. B-1, B=2. =
33/ See Table 1, p. 32, infra.
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_ .
TableAle—/

Location

The Atlantic Coastal‘Plain.

1.

1886, Aug- 31I. Charleston, S.C.

The‘FeldedzAppalachians_

1791,

1638, Jun 11 - Off Cape Ann, Mass.

1727,

1755,

1817,

1869, “Oct

1897, May

Nov
Nov~
May

Oct

9
18

18

22.

31

Newbury, Mass..

East of Cape Ann,
Mass..

Connecticut’

Woburn, Mass.

Bay of Fundy

Giles Co., Virginia .

TheYAppalachian Plateau

1929, Aug 12 . Attica, N. Y.

1.
‘Grenville:

I. 1663, Feb:
2. 1732, Sep
‘3. 1860 Oct:
4. 1870, Oct

5‘.

1944, Sep

16

7%

20.

St. Lawrence: River

St. LawrenceralIey"

Northeast of Quebec:
‘City-St. Lawrence:

Valley

St. Lawrence Valley"

Massenam N. Y.

IX.

VIII-
X :

IX> 

VIII

MM: o
Intensity Coordinates
X 32.9°N

' 80.0°W:
CVIII  42.5°N
69.0°W
T VIII-IX. - 42.8°N
: 70.8°W
VIII 42,.5°N:
70.0°W
VIII 41.5°N" .
: 72.5°W
VII-VIII 42 .5°N-
71.2°W
VIII 45.0°N
66.2°W
- VIII 37.3°N
80.7°W.
VIII 42.9°N
' 78.3°W:

T, 45.5°N.

73:. 6°W.

47.5°N

70.0°W.

 47.4°N

70;5°W
44.9°N

. 74.8°W

*/ State Exh. 9, PP~ B—l, B 2. column entltled Inten51tz :

- Source omltted.




t_ffirst:order;characteristicsg"

II. Discussion of the Testimony

- A. Tectonic Provinces
Assiszobvious:from.the'testimony¢.the,interpretations;
_offIO’CFR»lOOi.Appendisz; vary widely betweenuthe~parties»

-The variations are attrlbutable to section III(h) in- whlch

'%“tectonlc prcv1ncejiis deflned ash a,reg10n<of‘the
North American Continent characterized by a relative con-
sistency of the geologic' structural features contained

therein."

Onzthewbasisﬁof our review of the entire record- cover-
ing,this‘issuem wefmﬁst,conciude that,thefapproaeh taken
by'the-licensees:in=formulatingftheir*proviﬁcestis;the:
correct one.' Our reasons for thiSfeoﬁclusion will be out-
lined.in the»foilowing discussion-of-the~provinceszpro-

posed: by the State, the.NRCfstafffandtthe:licenseeSu

1. The- State takes the definition of "tectonic prov-
ince™ to mean that consideration will be given only to.

34/ As. a result-it claims. - . -

- .that. thefentire}United'States;between'the«western¢edge=o£”f

the: Appalachlans and’ the western edge of the’ Coastal. Plain:
and from Alabama to the St Lawrence Rlver 1s ‘one blg

prov1nce-(see Flg.’l, P. 62,.1nfra)~. It.15~1nconce1vable

-‘ggy_Seé:p;drrp supra.. .
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to us-that'the‘formulatorS»of;AppendiX'A to. the siting
criteria. 1ntended that only first order characteristics

be. considered in dellneatlngrtectonlc.prov1ncesmi If this
had'beenvthe;type¢ofzprovinceiﬁhét.was-being'con51dered“-
for-sitiﬁgy<it:isureasonablefto:suppose:that*Appendix:A;
wouldthave'said‘so.éxplicitlyL It is our conclusion that.
the licensees aﬁd'NRCistaff‘have:made‘a:préper showing‘that
some: smaller provinces are justified within the require-
mentS'of'AppendixAA;.'(Seevalso the testimony of State's.

witnessesfsykes;.Hall,andlDraker.pp.QlS;lS, supra..)

2.. It'is:our(oéiﬁion,that’therlicensees¢.in their -
détermination:offtectonic:érovinces} have made: the only
cbnsiéteht attempt. to utilize a range of scientific data.
'in;their‘interpretationlof the reéuirements;of’lO,CFR‘10@;
Appendix: A.. A major: basis for“their"approachﬁis,the present
£ectonicrplate-theory'model.of;past‘moveﬁentS'of’thé-Americén
,andefrican;COntinents:which'their‘witnesseS"in this.§r0~
ceeding“cbnsidered;to.represent,the*currentx“stéte of the
: artw,éé/. We=havevsummarized;in:Section\I;A,thhercurrently

accepted.history“ofitheztwd;continents?an&;thevprovinces:

'35/ staff w1tnesses also accept the hypothe51s of plate
‘tectonics (Tr.. 3638). as' do some "of the State's witnesses
(g;g., ‘Sykes and Drake, State Exh. 7, p. 1 and Tr..

2870). On. the other hand State witness Davis branded
the use of the: tectonic plate theory to explain the
deformation of the Appalachians as "supposition. and

" speculation."™ N.Y. PFC, PP. A—lz & A-13; Tr. 1810-11.
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that have‘been‘proposedEby the licensees. While the model
which led. the licensees to their selection of tectonic.
provinces: may not. be: completely correct,. we;findlthe_'

'geoIoginevidenCe:thatrtheyfpresentVfor“thesdifferentia;

i tlon between many: of thelr prov1nces to be conv1nc1ng.-

- We: w1ll now discuss: our reasons for acceptlng or rejecting -
the: various: provinces  proposed by the licensees and the

staff 36/ . - - .

a. The Grenville or Ottawa basin and the Stable
Interior or Appalachian: Plateau Provinces:

Since~alllpartieS?agreeron:theseiprovinceS'we
will not discuss them further.

b. The Fold and Thrust or Valley and Ridge Prov- .
inces:

ThesNRC:staffldivided~itsyVaﬂféYwahd@kidge¢prov;gﬁ,

ince>intovnorthern<and‘southern sections.. The boundarles

the: staff proposed for the Valley and Rldge prov1nce follows:

a:l9ﬂﬂxmapvdeveloped:by RodgerszandinOzgeologlc;reasons
for the eastern and. western: boundarles ‘werer presented
_,Tr; 3447 and. 3749.. However, w1thrrespect to the boundary

whlch separates the northern and southern sectlons of the

prov1nce, the: staff showed conV1nc1ngly that in the Southern.

| 36/ The provinces dlscussed are shown on the attached maps s
Fig.. I - N.- Y. State;: Fig. 2. — Licensees; Flg. 3 - :
staff, pp. 62, 63;and: 64, respectively.. o
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Valley"andiRidge'thrust'faultingAis the "dominant style
of deformation" (Tr. 3448- 49) and the province: has high
seismicity (Tr. 3526-27). On the other hand the Northern

Valley and: Ridge: is: prlmarlly folded and’ is: "virtually

aseismic™.. - 3449 - 3522- 23.

Valleyfand:Rldgea(thelr Thrust‘and*FoldtBelt) as' a series
of tightly folded Paleozoic sediments with an absence of
basement: involvement. We. have noted inﬂseotion}I,A.Z.b,i
(p.. ZOﬁvgggra) that the western boundary of this: province
is*the:limit.ofithe:PaleoZoic;thrusting'andtmarks.the.
eastern;boundary*of'the,StabIeaInterior'provincet To the
east of the Thrust and Fold Belt, however; is an. area char-
acterized.byrGrenVillian,rookS;(Iicensees“ Highland province).
-The:Iicensees did not consider‘the‘Southern.ValIey
and- Rldge province specifically since: it is thelr view: that.
the: geologlc movement and development: south: of a line- roughly
between the 39th and 40th parallels: have been. éntirely
1drfferent from: the~development.toxthe.northm..Thls.v1ew
would of course: split the Valley and. Rldge as- well as.the-
»lower Pledmont and nghland prOV1nces at thls llne. Lic..

Exh. 15, pa 1-5 and Tr. 3014-17 : State‘wltness.Drakeﬁ

tended to agree w1th thls 1nterpretatlon of the. break between
e 'f.the North and. South Appalachlans Wthh he: con31ders to run
from the New Jersey coast southwesterly to the: western part

iof West Vlrglnla. Tr. 2884-88..

Thefllcensees for thelr part identified the Northern»***4 e



We accept the Southern Valley and Ridge and Northern:
Valley and. Ridge (or .Thrust and Fold Belt) as two tectonic:

provinces..

¢c.. The: Highlands Province:

"- " The licensees have described

. eastern belt of the. anticlinoria on the Américan continent..

: This:zone-of:Grenvilliannrocks is bounded on the west. by
the Fold and Thrust Belt and to. the east by sedimentary

rocks. over a Grenvillian basement (as we have noted at

pp. 20, 24, supra). Licensees witness Szymanski described.

the: rock formation: as: being structurally different from

the:surrounding:areaSu- He stated

* % % this is an uplifted. block of the basement,.
" a block which broke through the Paleozoic. cover.
. And: since- it did so, it has a very specific
- structural assemblage which we: call up-thrusts,.
that is to say there are faults which bound
this: great anticlinoria on either side.
LTr;'3049tI

Thls type of con51stent style of deformatlon of the

“rocks 1sLa;feature;we'have already dlscussed in connectlon

- withfthe»separation‘of~theﬂvalley‘and<R1dgewarea-1nto;twor

'dlstlnct prov1nces, one: belng primarily folded. and the other

”characterlzed by thrust. movements. We: note also that state

w1tness Hall when asked what characterlstlcs -~ such as

his-province as ‘the " -7
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age of rocks, basement rock types and the like -- could be

used: to define the boundaries: of a tectonic province, answered:

The: age' of the: rocks: involved would not, in my
opinion, be. an overriding concern in defining -
the tectonic. province.. I would say the over-.

- riding concern would be the: consistency of the:
style of deformation of the rocks. [Tr. 3309:]

We conclude that the Highlands province as outlined -

by the licensees is a valid tectonic province..

d.. Inner Piedmont,,Central.New:Englandran&-

Avalon Platform. Provinces:

As: we have seen in section I.A.2.b.. (ég 24, supra) ,
the. licensees described: the Inner- Piedmont provinée~as
Grenvillian basement surmounted by miogeosynclinal sedi-
ments: (including the‘greatacarbénaﬁe'bank).  The Central
NeW%EnglandEProvinceAhoweveﬁ‘wandescribed-asfmafEC“rbcksx

covered by eugeosynclinal sediments.

ThesIicenseeéfemphasized:that.the boundary liné*between_'
theﬂCentraI New England and thewInner'Piedmonﬁjprovinces
indicétéSEtheflocationzatuwhichtan area.containingsGrenrf
vilIian?égeﬁrocks~changesrt§~anuareaawhich.holds;thés"rem—f
Hnantsiof?a;defunctnoceanr” Tr.. 2807. The division line
6r~20ne,ié'indiCated by a change: in rdck.éhemistry7 a

.gravity'gradiéntmand'séismicrvelocity;changes;' Tr. 2807-09.




We-have~noted:(pd'21¢;§EE£§)tthat"crossingcthezline
'.f}omathevcehtral NéWfEhgland into thelAvalon Platform prov-
1nce the crust -changes: to- a:“crystalllne contlnental crust™
. whlchz1s;youngerfthantthe:Grenvxlllanvorogeny. The: bound-
-onary llne chosen by the llcensees is: located along the.
'change in. magnetlc characterlstlcs between the crust. of
the»Avalon.glatform-and;thatiof*therCentrai_New England.

province..

ThefstaffFStproposed‘provincefcalled‘the;Southeasti

Platform agrees: very closely with the'Avalon*PIatformaprOVQf

41nce~ herdlfference belng}”hat the staff chose a. series:

qfcfauﬁts%:unnrng;c;oselyﬁpara%;ekﬁ_ohtheamagqet;c:changesav
_.for its' province: boundary.-

:Thé5statetoffNewaorky in. its Proposed Findings of Fact

] Cohc»u51oﬁsfgf?ﬁawé§biécte&hstroﬁéb

“£6; the division of

New:England’ into:tHe! Inner “Piedmont; Central New England:

ﬁand Ayalon Plan-ormfpro; 5&*#4135“A#E4y;h
eferrlng prlmarlly to Dr. Hall S testlmony under cross~

"examlnatlon. Tr. 3201~ 07, 3308-11, In this: testlmony

I;Dr. Hall objected to: the: use of rock age, type and strata-«

o Qraphlc succe551on to outllne prov1nc1a1 boundarles. The A




We-note-however that,the State omitted: reference: to
muchrof”Dr;.HallfS:croSs;examination by the licensees"
counsel and;hisdredirect examination-by"statefs counsel. -
When asked for his: crlterla for establlshlng a tectonic:
prov1nce,Dr. Hall replled that all of New England is.
_'characterlzed by"rockS'that;have undergonexlntense‘deform-t
ation- and metamorphism andithat,anytsubdivision‘shouid.be
based'on‘fbldSiandtfauit:bounded areas. Tr. 3205&06-
| Furthermorey hetadmittedﬁthat'foldStand faults:areznot
?'the?onlgﬂtype~ofrgeologicalgstructuref(Trhﬂ3213)vandithat
there‘are;different:degreesuof*metamorphism;.different
episodesrof?EOIdinghand,differenttperiodS'of‘sedimentatioh'

in New England. Tr. 3210-13.

Dr. Hall also agreed that based on: radiometric-dating
there?arevno Grenvillian: basement rocks. east of the' bound-
‘ary'betweenfliceneees Inner: Pledmont and Central New
England: prov1nces._ Trr.3230~ - He: agreed that,thls M{fﬁ;

boundarv line: correlates with a: llne of Avalonian: rocks.-

‘51m11ar to the rocks of the proposed Avalon: Platform. Tr;_

fa3237-38; He: further stated that, under the plate tectonic

hjtheoryg'vv,."



...the bed rock geology of the Central New
England province is in large part defined as
the: Merrimac. synclinorium and the rocks that
occupy' that consist of a- eugeosynclinal assem—
blage of rocks- that are; Ordovician through at:
least part of the Devonian in age: and these:

. rocks: have. all been subjected. to intense-

. deformation and metamorphism that presumably
-~ would. have occurred at the time of closing
“or. collision of plates. [Tr. 3238.] -

Dr. Hall stated‘thatvgenerally‘these rock formations
arefcorrectly-outlinediin licensees: exhibit 20 (Tr.
3244-45) and that one interpretation of these formations:
: is .

...that they may represent. a. portion of Africa
that has been somehow sutured onto the present:
continental extent of North America, and the
boundary that is. drawn on this map that I. keep
erroneously referring to is the boundary that
is commonly suggested as being the boundary
between: Avalonian type: rocks and those: west
" of the: Avalonian type rocks. [Tr. 3237.]
This theory,. according to Dr. Hall, is enhanced by the
fact that the sedimentary rocksyover‘thevAvalonian rocks:
contain. a: fossil assemblage: that is: different from the
asSembIage;ofifbssils:thatﬂisppresent;intthearocks;ofithe:-'

_same%age:inrthégwestern*part;offtheyNew*England area..

' TJ:."-..;_‘_'3'-3].“'4‘1.‘.. Dr:. Hall noted that:
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- % * * the fossil assemblage in the overlying
rocks in the vicinity of Hoppin Hill in
Massachusetts and other local fossil local-
ities: in eastern Massachusetts near Boston is:.
the: assemblage that is known fairly commonly
" as: the assemblage: representative of the-

Atlantic- fauna:.and: the Atlantic fauna: is the .

- faunal assemblage that is found in eastern: .= . .. .. - _.
Newfoundland and in parts of Great Britain . : --.- 7.
as- opposed to the fauna representative of the:
~early Paleozoic in: the western part of New
England which is known as. the Pacific fauna.

[Tr. 3314-15.]

NRC staff witnesses Bﬁdge/and,Robbins.agreed:that
the: USGS: had: defined the proposed. Avalon Platform as
the: Southeast Platform province and had stated. that. "plate
tectonic: theory suggests: that this had been: a part of the
African continent.™ Tr. 3633-34. These two witnesses how-
ever,. while agreeing with the. plate tectonic: theory,. were
uncertain. in' their own minds. that there was sufficient
evidence: specifically to link the Avalon Platform with the
African: plate. = Tr. 3633-37.

Based: on: the: weight. of evidence received, we accept the

reei.areas: (Inner:

Jeologicak:differentiations: between: the:

Avann;PIatformi:toabef;;;; R

Centra New Englan
adequate to cla551fy them as: three dlstlnct tectonic prov-

1nces w1th1n the meanlng of Appendlx A.
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e. ConestogavValley Province and Southern Section

of the Inner Piedmont. Province

The: Inner Piedmont pro§1nce contlnues southwest
from Long: Island Sound but: in this region is bordered by
the ‘Coastal Plaln-on-the.southeast and the.proposedAConestoga»if'{f
'Valle§ﬂprov1nce on the- northwest. _”ih;thiéfarea,_tﬁef'
geology and the licensees' description. of the reaeqns'for
two. provinces become equelly-cemplex and confusing. Upon
consideration of‘thealicenseesa-testimony'(ﬁic; Exh. 15,
pp. 3-9, 3-10) and:theecross?examination‘by*therstateﬁ:
(Tr.. 2950457),~wefarezinclrned‘te:agree.&ith'Dr@‘Werner's

statement

[s]o we have three' things going on. there at once,
and there's no straightforward answer to any-

| ' - thing. We have a facies transition, a zone of

B - structural telescoping, and an area: in which
there has been complex overfaulting. [Tr.. 2955.]

We are not convinced that the Conestoga Valley can -

be: classified: as: a- separate province..

R ‘ While?the:siteeis:withinfthe:licensees” Conestoga: -
ﬂ4-»"f'_ Valley prov1nce, we: dor not. need to. dec1de Whether this . - -
I 1s.aeseparate<prov1nce. The llcensees w1tnesses.f1rst.

hed,it.included as arprov1nce,w1th-the-Innerffiedmont;
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P. 25, supra. If we were to cohclude it should have
remained undividea,'there.would still be no earthquakes
larger‘thah.the:desigh'SSE within the enlarged. province..
Siﬁilarly; if" the Conestoga Valley province were: to be a
partwof[thevHighIandsrp:ovince to;the west,.theremwould
be.no;earthquaketlaréer‘than*thevSSE’within thiescompOSite;

province..

f.. The St. Albans*Thrust:Belt:ana Vermont-Quebec
Piedmont\Provinces; |

Fbr"thewpurposes:of?thisgdecision we: need: not. dis—
euSStthese two proposed:provincesf:siheenheither“contains

an earthquake larger than the SSE:we have: assumed for- the

‘Indiaaneig“‘ﬁagglitieSp

g;"ThezCape;Ann-NeW“Haﬁpshire;Tectonic:Province~

The: area: between the White:MOuntaihs:of’New
HampshirezandfcapeﬂAnn, MassaChusettsy.and“itsrcontinuation
seaward was: exten51vely discussed by State, staff and

llcensees w1tnesses. Whlleﬁthlsuarea has' been considered

. as part: of the Boston-Ottawa seismicr trend, the testlmony’of

State ‘s w1tnesses ‘Hall andtDlmenty the staff panel and

. 37[ :
llcensees w1tness Dorman " tended’ to separate thlS selsm1C?

37/ Hall - Tr. 3262, et seq.; Diment — Tr. 1287-94; Dorman -

Llc. Exh. 17, pp. 10, 11; Staff - Tr. 3410 13.
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trend into two distinetxareas;,the southern sectien trend-
ing north—northwest from Cape Anﬁ and the northern”sectioh
including the Montereqlon Hills . runnlng approx1mately
: east-west from Montreal.. |
AII w1tnesses~agreed’that.there:isva serieSfof’igneous
intrusives: known as the: Whlte Mountain magma series whlch
‘can be spatlally correlated with the region of seismic
activity 1n New Hampshlret Dr. Hall.statedithat'these
intrusiveseare-somewhatiolder:than'those-offthe Monteregion
ﬁilIStbuttconsiderably younger than the intrusions of
northeastern Massachusetts¢ State Exh- 13, pp. 3-5.
Dr. Diment:caIle&itﬁefWﬁite%MogntainiintruSiveszpOst—oro?j
genic: (Tr. 1303) and stated that their alignment correse»-
ponds roughly with thefNeW’England'Seamounts;- Tr; 1287;88p
.Dr; Dorman called this: zonevof 1ntru51ves w1th ‘the: |

spac1ally associated seismicity a. tectonic- prov1nce 51nce

.hesbelieveSithisvcombination'meetsithe<definition'of‘tec-- Co—

'tonicwprovince~injlo CFR?IOO,‘AppendixLAy-Section:III(h)w ' .
' Lic. Exh. 17, é,.l4m The: staff on the: other hand believes:
that;the?series~of’intrusione“can‘be*éalled‘a:mtectoniC”
structure" (Appendlx A, Sectlon III(l)) to. wh1ch the sels-.

”m1c1ty is related 'T#f 3410 I1.
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The State dlsagreed with both of these views. It

claimed. that Pr./Dorman's’ proposed prov1nce is 1ncon51stent

w1th some:. oi,those dellneated by OthGZ% reensee9'~w1tnesses

 and furthermore that: tﬁe Gabe Ann-New Hampshlre reglon is- not
characterlzed blea~consistency‘of,geological_structural
features, a51required:by"the sitingieppendix,,but:merely°
representsareas of high epicenter-density", vN.Y.'PFCfVN

p; A—15r~State’Exh, 9,’pp-_Chl9y.C-21w,'In.the’case'of
the!staffrproposalr the;State”insisﬁeaithet;eveﬁfif |
"***“*fthe.WhitesMountein intrusives satisfy the~siting
appendix.definition“of’a,tectonic structure, they have

‘no relevance to the-evaluation of'seismichiSk‘because

no. evidence has been: found relating them to a causal
meohanism.fOr generating;earthquakes;,"% N.Y. PFC, p. A-17.
(Bﬁtisee.discussionfby staff“witnesszCopIaﬂ.at"Tr; 3620-22.)

. We: also notefthe;StateTStgeneral observationV(which;"

: 1t.applles to'lnter alla this: prov1nce) that neither the
use: of” "neotectonics™ nor of platevtectonlc:theory "for

thespurposeeofiestainshing:tectonic:provincesf“iszprovide&

' for in. Appendlx A..' N.Y. PFC, p- A-12. (However, see the

dlscu551on on. this: p01nt by llcensees«,

3054-56.). It furtherzassertewn hat‘thevuse'of;plate tectonlc
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history;*especially the concepts of.initial,aivergehce,
convergence,. translation and finaladivergenceﬁ‘by Dames
and. Moore is: pure speculation... N.Y. PFC, pp. A-12, A-13..
.(See{also;State:witnessesF commente%at‘Tra'lsloellmy .
vConsidering"flrst.the'State@s;general;objectione.tng-
"heotectonicSF‘andi“the~plate:tectonicftheory;-Qe:find
that we must;rejeot‘both of itsgclalmSnf NeotectoniCSf
bis-defined as "the study ofjthe:Iast«structureS‘and struc—
tural history of the Earth's crust, after the Mlocene and
“durlng the late Tertlary and the: Quaternary,"38/ -— i.e.,

theﬁmostvrecent;25>mllllon,yearszoftthe eartthvhistory.b

The: State has: glven no:reason for: lgnorrng ~this period::

ofwthe eart £ hlstory and we: know of ‘none...
With'regard‘tovplatertectonlcs“wefacknowledge=thatt
every*facet:ofithis:theory is-not;scientifioally proveﬁf
but it iS’recognized by the large: majority oflthe~witnesses
in this: case  (including three of the: State's: witnesses): as:
the s’ tate of the art." We: find nothing in: Appendix A
that. prohlblts uszfrom utlllZlng the: latest accepted geo—

loglc developments 1n maklng determlnatlons of tectonic:

prov1nces.

38/ Glossary of Geology, Amerlcan Geologlcal Instrtute,
‘second prlntlng, 1973, at p. 477

i
|
|
\

- \

. i
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With regard to whether'the,Cape'Ann—New:Hampshire

area: may be considered as containing either a: tectonic

provinceeorfaﬁtectonic.structure;in our’ opinion: the: answer

_is¢yes; The ev1dence is: clear that the lntru51ves stretch-

ing south from Mt.. Megantlc through New Hampshlre and out
into Massachusetts,Bay are all.of.SLmllar age, shape and
magnetiC“signature, It must be assumed therefore: that

o . 39y
they were produced by‘thezsame:type&of‘mechanism;_f" We: -

needinot:here«decide'whatﬁthat&ﬁeché%ieninaSy-%{“”
transform fault:or:-a: crustal weakness.. What- is:

evident: is: that we  have: in the region "y Yarge scale dis-

location or distortion within the earth's crust™ -- hence

a: "tectonic structure™ aStdefinedfin:Appendix*A; Similarly
we have: "a: region -;-characterized by avrelatiﬁe consistency
of geologic structural featuresﬁ'or'ax"tectoniCiprovincewF
While the: choicer between the: two- makes no dlfference in

the final result, we: favor the: de51gnatlon of the- area. as

40/
the: New: Hampshlre—Cape Ann province which:wouldfthen

39/ We note that we do not. 1nclude in thls series: of intru-
sives the older intrusives of eastern Massachusetts which
were: formed about 275 million years: before the New
Hampshlre 1ntru51ves. (See: Hall‘testlmony, ‘State: Exh.
131 PR.. 3 4) v ' ) ' '

40/ We have outllned the boundary of thls prov1nce, as.
descrlbed by Dr.. Dorman, by'a dashed llne on Flg._Z
(p. 1nfra). : : S .

[
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for our purposes cut through the older Central New England

| ‘and. Avalon Platform provinces as a. separate entlty.

B. SeiSmic:EVents}toabesConsideredi

g"We;m@ét.nOWgdecide%whetherhany-of’thewlist:ofiiﬁteﬁsei

earthquakes;presented'by"the'State;offNewi¥ork?cbuldpunder'j:"

10 CFR‘IOO) AppendinH}ibeseonsidered'as affeCting;the
Indian,Point site.at:a‘greater'than_intensityfVIIfleVel@
We:wiIl.consider‘eachfofvthe;earthquakeSilistediinnTable 1
(OnzpageyBZ}tgggga).inﬂterms:ofjtheir relationshipvto'theem,;m
tectonic:provinceSaandistructnres\that we have' accepted
in II.A. | |

1. ‘Charlestony S;.C;, August 31, 188s6..

Both the State and the Iicenseesgl/ agree that
thisrintensity‘x.earthqﬁakezfsﬂrelated.to<a,specifiCtstruc-

ture.. State Exh. 9-at C=3; Lic. Exh. 15 at 4-6, 4-7. We:

. agree: and, since:thisvstructurefis:more'than?ZOO miles.

from the: site,. it need not be con51dered IOQCERcIOO,n

Appendlx.A, Section. IV(a)(G), A .»*}s.;m'

'];z; Off’Cape Ann, Massachusetts, June ll 1638.

Nelther the State nor the llcensees—-/ belleve
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of both*dgubtfululocationééz'andluncertaiﬁzintensity,

We:- agree- with this assessment. Furthermore, it is located
in;a;prOvincegseparatedafrom?Indian;Point:by‘two,inter—~\
 vening;provinces; 

3.. Newbury, Massachusett51 November 9, 1727;" el

Whilé thereeiS»some-disagreementiamongfthejparties
as to"the*adtualﬁintehsity=df’this earthquéké?ééfigﬁéregis
agréemént:aS'to.its.locafion; The epicenter:is within'the.
boundaries. of the-CapefAnﬁ—New Hampshiré,provincezwhich‘
wszhaveiacéeptedt Sihcé:thevnéarest boundary of this

province:iSanearly_200»miles from the Indian Point

43/ Location was more probably in ‘the St Lawrence Rlver Valley,
This location change has: been proposed. by the Dominion
Observatory of Canada. as: a: result .of recent new studies
of this: earthquake. Tr. 3530-31. ,

44/ The earthquake is listed as' VIII-IX by the State but
witnesses- for all parties: agreed that it should be: no -
higher - than an: VIII and perhaps only a VII. (State: —

- Tr. 1870-75; Staff - Tr. 3350; Licensee - Lic. Exh. 15,
p. 4-4). We agree with the State that a single. analysis
by the. Weston Geophysical. (accurate though it may: be)

~ lowering: this. intensity to VII. should not. be accepted:-

o without thorough review. It is: evident however that . .

. the intensities of many of the: older earthquakes: are..: .-

. probably overstated and are perhaps: more: hysterical

- than historical. It would seem that in this: case a. - -

review: of the Weston: analyses by. the State. geoIoglc -

- group might have sufficed to settle. the argument inso--

far as this proceeding was* concerned. We wilk, for -
the purposes: of . this: proceedlng, con31der lt an. 1nten-»_
51ty VIIL event. , o
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facilities a similar event will not cause an intensity

' higher than MM VII at that site..
4. East”of1Cape:Ann,.MassachusettsqéNOvember~18¢ 1755;

All partles agree: that this: was. probably an. lnten-
“iSity"VIII event. Slnce there is: some uncertalnty as. to
its exact location,ﬁalthough\somewhereﬁ<in'MaSSaChusetts,
BayVOffShore-of'Cape Ann,;the earthquakewmay“have.Qccurred’.
in"eitherfthe_Cape;Ann—NeWrHampshire.or~the Avalon‘Platfbrm5‘
proﬁincex;fihpeithergcase5QSinceJtheicibsest;poihtgeffthel
boundary: of the: nearest Qf*theseatwo;provinces;is:over
lOO;miIeSifromttherIndiantéoint facilityr an intensity
VIII'eventrwouldibeaattenuatedftc no more: than an inten-

51ty VII at the site.. a3/
5.. East Haddam,. Conhecticut, May 18, 1791.

’ 'The:State-originally“rated.this,earthquake;aSran
intensity-ViIITeventgohitheebasis;cffits!ratingtinsthe~
publication:"EarthquakeaHistory‘of'the;UnitediStates;m
HoweVer, on‘the;hasiSrof*aﬂweston'GeothSicaIrrepertﬂof

‘:{1964 the publlcatlon is: ‘now: rev151ng the 1ntens1ty rat1ng~w3i

ttogaxVIlcngr. 1&171.3341r42, Slnce all.partles ‘now agree

. tofthewintensity7VIIsrating; the:de51gnzof'the;Indlaan01ntl ;f

;'fac1llt1es w1ll be unaffected by con51derat10n of thls

"hearthquake. ;p

"45/ See,. for example, TID- 7024, “Nuclear Reactors and Earth-
quakes " T. H. Thomas, et al., August 1963, pp. 15-17-.
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6. Woburn, Massachusetts, October 5, 1817.
Here*againfwe.have'some:dispute“over“the-inten-
sity"of'thisQevent:but”allxparties:agreevthat~inten3ity‘

VIIIfisiprobably:toq"highu Tr. 1931, 2995-96,. .3350-51.

- While this earthquakejappears-to havefGCCurred'within~ S 3

:elther the Avalon or: Cape Ann-New: Hampshire: Prov1nces the. )
location data are not prec1se enough to. say this with
certalnty. To be conservative we therefore: consider the-
e?ent:asﬁhaving beeniwithin»therCentralaNeW‘England;pr6v-

ince. In;this:caseEAppendix:A.requireszthat;the.event,bef

considered at the nearest point of the Central New England

- province: to the. site or a: dlstance of approx1mately seventy—

flvesmlles;from.Indlan:P01ntx. It,would therefore-present

46/

. no more- than an. intensity VII at the site locatlon.
- 7.. Bay of Fundy, October 22, 1869.

This: earthquake:r was: originally assigned:an inten-:. .

sity VIIT by Smith "Earthquakes: of Eastern Canada and

a1/

‘Adjacent Areas: 1534-1927 »2!/ . Both. the staff and'the. . .

/ New: York State has agreed that since 1"“assumes thls L
. earthquake to be: intensityVII-VIII it ‘does: not con-.
 sider it to: be a controlllng event for the Indlan

. Point. site. - Tr.. 1931.. : c y

| 47/ Publications of the Domlnlon Observatoryn V. 32 No... 3,
‘Ottawa - (1962)‘_ (See State Exh. 9, pp, B- L, B- 2)
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licensees. have been informed,by the Dominion: Observatory
that;it;has.reviewed;this:event:and,nowrrates‘itdas inten-—
sity VI and. considersiit to. have: been: located. in New:

Brunswick.rather~than;the}Bay~ofiFundy; T, 3345#46;h;

. While the State: insists that thlS ‘has. not been- : -:-
"rev1ewed;by theA?sc1eut1flc;commun1ty. we- are- of the
opinion‘that a revision by afresponsible’government'agency
of’its:own,work must'besviewed)in'a;different'light than
agrevisionzproposed.byda;QriVatetcompanyg' We-aocept the:
revision of intehsity*valueeandﬁlocatioh.ahdvdrop,the‘““

event. from further consideration..
8.. Giles County:: Virginia,qMay 31, 1897..

_ Allnparties;agreedlthat‘this;was,an.intensityh
VIII event. The;State:considered,bothytheaearthquake,and
therIndian:Point:site«tOibeain,its:proposed.foldéd;Appar~
Iaohianéprovince=andmtherefOrerarguedﬁthat:thevnuclear’
fachitiesfshouldrbe~designed?for“an MM‘VIIILihtensity
leeveIw.'.' v I : I
- The staff; however, presented conv1nc1ng detalled~“<‘
Eiev1dence that. the earthquake occurred in: 1ts proposed
ffthoutheranalley and Rldge prov1nce. Tri 3347 3&47-48,-

"3520@ Thls ev1dence supported the general plcture of a.
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dlstlnct separatlon between the North and South Appala-
chlans presented by the" llcensee (Lic.. Exh 15, p. 1-5

and~Trn.3—15—l7).and.State:w1tneSSzDrake:(Tr; 2884—88)”_

... . We have accepted the: Southern Valley and Rldge prov-

--ince (or Southern Fold and Thrust prov1nce)._ Thus.- under ..... ¥ Too

Appendlx A an earthquake equivalent to the: Glles County
event-need-be;con51dered.as-be1ng'no.closer'than about
350 miles from the Indian Point site. .

9. Attica, N. Y., August 12, 1929.

All parties: have agreed that this: earthquake was.
’nearfthe~western_end,of'LakeuOntario;-more‘than-ZOOImiles'
from: the site, andiin,a:differentftectoninprovince than
that. in which the Indian Point site is located. Further-—
more. all agree that the: event can be reasonably linked. . -

cture. Staff Exh..5,

with. the CIarendon—Linden“f{’ﬁ
. p. 3 State Exh. 9, p. C-3, Lic.. Exh. 15,. PpP. 4- 5, 4-6...

We: flnd no: reason to: consrder 1t,further;¢,¢,;

10, GrenviIIefProvincerEarthquakesy Februaryis; 1663§e_;1' -

_September 16, 17323 October 17, 18607; October- 20r

~11870 and September 5, 1944

: All partles agree: that these earthquakes were..

located 1n the Grenv1lle prOV1nce.7_All,partleS‘arezlnu
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agreement on this. province (see Figs. 1, 2, 3) and the

fact that its nearest point'of,approachvtocthe”Indian'Point

sitefis;approximately“zoo,miless

' Under'these;conditionsianyjof’the~Iistedﬂearthquakes>

‘ﬁinvthe»Grénville:provinceuwilllbe:attenuatestOta:lével:._mé

of VII or less;at:thefIndian‘Point facilities;

‘For- all. of the above: reasons we must conclude. that
none:of'the,earthquakes:listed7by’the.Statevréquirésaana”
assumption of more: than an MM VII intensity at- the Indian

Point site.. = - ‘ ‘ .

IIT. Additional Remarks:

"IncIuded;in”the:Findings<of Fact of New York State -

were: the: following three: items:

- 10. Determination of seismic: risk in the eastern.
United States: through. the analysis: of regional.
~geologic. structures: and the delineation of
tectonic provinces: is difficult, because- of lack
ofiknowledge:abouttcausal'mechanisms:ofaearth—»
quakes: and: because: the analysis of modern seis- -
micity in relation to geologlc structure does:.
not generate: a: tectonic province: map,. but rather
'-aiselsmotectonlc map..
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11. The NRC has not promulgated an official.
tectonic- province map of the eastern United
States..

C12.. The:NRC“Staff’hasfacceptedIdiffering‘setsr
of. tectonic: provinces for New: England in
Ticensing: proceedlngs for other power plant
51tes. o _ ‘ R

State PFC at. p. A-3 (references omitted) . - T

These statements are. correct and focus on some of. the

majoxr: dlfflcultles that. this Board faced in reaching its

decision on the selection. of tectonic provinces. We

believe: that further discussion is therefore warranted.

During the course: of the hearing'on.thi51issue~this,

BOardﬁquestioned;witnesses:for‘aIl.partie3>on‘their'theoriesr.

. methodology’and.criteria:for“making_their'decisions on. the:

Iocation<andtsize;of;tectonic;provincesm. The State and:
licenseesfboth.presented?detailedfmaps:andldiscussion‘of
their:approaches, Only*the;NRC"staff,faiIed tofdeﬁelop—
itszown;mapiof”the:provinces:itfwas;proposingf evenrthough;

it was: requested to' do so by the: Board. Tr. 3337-40.

) During;crossaexamination;staffrwitnesses;were?abIe~to"draWﬁ;.:

' infroughroutline§~theirfproposed?provinceS'onravCOpy’ofiaw

48/

48/ This map: was: entered 1nto ev1dence as: State Exh. 14.

" (Tr. 3444, 3688). - It 1s~presented here: as: Flg. 3 on

P« 64, 1nfrawr:ﬂg,_ o - e ;.

—
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In answer: to a questlon by New York State counsel as
to why such a map had not been. promulgated by’ the NRC staff,

witness: Stepp replled-

- I will. repeat: my answer of. earlier today and.say
that. we: have: given this matter of tectonic: prov—

'inces. endless thought and . .consideration during: o losn)

- the past two and a half to three- years: . and we.
have  discussed it with virtually everyone who:
has: any contact with nuclear power plant siting
including our advisors in the USGS who have -
worked with us on site to site bases and our
advisory commlttee that is formed of the USGS
people..

Now we have: been. advised. that: it is: not: now

- timely on the: basis: of the data. that we have.
available. to us to establish an official tectonic
province map that would be used for making --
that would be: used in a nondiscretionary way
in making decisions about seismic design. We
have instead undertaken a very extensive program
of' obtaining -- to obtain the data: that are .
needed‘by all of. those: people who are. involved
in this program in order to be able to make a.
dec151on about. such a: map..

Tr.. 3475-76.
Later Dr. Stepp stated: that. presently the staff is
vi"eimply“generally=definingﬂthextectonicfprovincesras
~definediby”King;~Rodgers:and?Hadley'andiDevinee*ﬂ*f**thng

ls the: general,concept that we: would follow, .asi"an. illus-

1 tratlonP,} Tr§y3746.' However, when belng questloned by

'w;tooktplace:»
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(Q. ) And my concern is that Rodgers or Hadley-—
Devine and King, were those maps really
drawn with the knowledge of the distribu-—
tion. of epicenters in mind?

A.. Obviously the Rodgers and: King maps were:
: not, and were. drawn for a. completely dlffer-
ent reason with no thought whatever of the
-‘,occurrence of earthquakes. :

R Qe ;That becomes. a: problem, Dr.. Stepp, in that
okay, here you're saying in the guldellnes
for applications. and so on: for seismic: that
you're: basically relying on these two maps,
and yet those. two maps were not drawn with.
the: purpose in. mind. that the NRC requires:
for: prov1nces.

A.. That.s,rlght, They were not..

Q. So, you. know, where-does;that’leave us?
Confused or  otherwise? :

'A. Well, I can tell you where it leaves the

' Staff in trying to make- our decisions. It
leaves us: generally recognizing that: the
province: -- the generalized province: con-
cepts that we use are not consistent with
what I would interpret. to be the intent of
Appendix A in defining tectonic: provinces.

It leaves: us: without a. set of provinces
that I believe might be considered to be
consistent with the. meaning: and 1ntent of
Part. 100..

Tr. 3749, . -p. o
";f;:_rﬁff We contrast thlS uncertalnty on: the part of the staff

1vw1th the requlrement Whlch the same staff places on: appll- =

:wticants~w1th regard-thwhat,musttbe_shown‘1nathezapp11catlon
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for a construction permit. The Standard Review Planég/

states; in Section: 2.5.2 (entitledLVibratgry'Ground"Motion),

subsectlon 2.5..2.2 (Geologlc and - Tectonic: Characterlstlcs

of Slte and: Reglon), that:

The applicant ‘s’ presentation is accepted when - . .
all regional geologic structures and. tectonlc-— -
activity which: are significant in- determlnlng '

- the: earthquake potential of the: reglon are

~identified. Information presented in. Section
2.5.1 of the applicant's safety analysis report
(SAR) and. information from other literature
sources: (e.g., Refs. 8, 9,:10, 11, 12) dealing
with regional tectonics should be: developed
into a' coherent, well-documented. discussion
to be- used: as- the: basis for determining tectonic:
provinces: and the' earthquake-generating potential.
of the: identified geologic structures. * * *

. In addition, in those areas where there are:
capable faults, the results of the additional
investigative: requirements: described in 10 CFR
Part 100, Appendix A, Section IV(a) (8), must
be presented.. The:discussion should be augmented
by  a. regional-scale map showing the tectonic
provinces, earthquake epicenters, locations of
geologic: structures and. other features which
characterize the provinces, and. the locatlons
of: any capable faults.

In: view: of the staff's'uncertainty concerning the definition

of  tectonic provinces, expressed: in. the testimony quoted

above,. we find it: difficult to determine the-basis on which. @ :

the: staff can evaluate- the: applicants' response..

49/ NUREG-75/087, "Standard Rev1ew Plan for the Review of
Safety Analysis. Reports: for Nuclear Power Plants "
September, 1975.
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It was obvious. from the staff panel's comments during -

this proceeding that the members of this panel could draw
their own set. of guidelineaprovinces.but.the~NRC:advisory :

committee on geology (composed of USGS employees) ‘has'

Uw;gadv1sed agalnst d01ng SO. Dr.. ‘Stepp stated that- insofar -

- as he knows "the advice: that the U.S.G.S. hasiéiVen,thiSf"'-‘

agehcy'has*never.beenlmodified. .I'don’tfthinkithat;there
'is-any'policy“that:saySathqu.s;G;S;'is running the show,.
but. in reality theirvadvicefhas,elwaYSAbeenAfollowed"

Tr. 3752.. We are thus faced with the situation where the

USGS Wthh :had’ a. major:role inv dev ping: Appendix: A

(Tr. 3778) nevertheless “has: expressed the belief "that
the Appendix would belextremely’dlfflcult to apply and.
would lead to a lot of confusion in the assigning of tec-

tonlc.provincesm"' Tr.. 3778“79n

In this: 51tuatlon, we: belleve that hav1ng accepted
the USGS concept of tectonlc provrnce the—NRCnstaff
must now do its "own thing,"™ i.e., decide, on: its: own,
the: criteria. to be applied and how the regulation-is<to: -
be: enforced.. In this proceeding we: received: Iittle- assis-
tance: from the staff w1tnesses-1n$dec1d1ng:whetherithe

State or the: licensees had. the correct concept of. the

tectonic province requirement of Appendix A because they



. 61_ o

are.apparently-reqﬁired to’implement USGS;fecommeﬁda-

tions without question. . Thus,:while~the~stéffiwitnesses
have the. necessary expertisé, it seems. that management:
suppdrttforzutiIization,of~thiS‘expertise*is;laCking;. In. .
-,étpur’opinibn.it is:éssentialﬂfor_theeggg.toudecideiwhetheri
 thefte¢t6nicfprovin¢e-concept is Viable andy:iffsb;“it -
should issue the requlslte guldellnes for the acceptablllty

of such prov1nces at the earliest p0551b1e moment..

ThlS Board appreciates the effort of New York State.

in- helplng to. brlng thls problem to light.

1

th
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. ISSUE 2..
Should the ground;acceleration-value=usedlfor _
the design of Indian Point Unit 1, 2, or 3 be
increased?? o B - '

" In the: Safety Evaluation Report for Indian P01nt R
Nuclear Generatlng Statlon Unit 3 the. staff cornicuded - (at EEE
.ppa,3e5, 3-6) that the:llcenseesﬁ decision. to useraphori-~’;
zootal,grouhd.acCeleration'of 0.15g for the safe shutdown.
earthquake was. acceptable. This,conclusiontwasvhasedfon.
a. maximum probable:earthqﬁakenintensity of MM VII at the
'site@ Intervenor7CCPELobjectsﬁtouthis:determinationuand:
insists.that,a;horizontaI acceleration. value of 0.20g be:
usedrfor“fntensity VII and:0;40g,for"intensity‘VIIIrz Six
full;daysaof‘hearingsw(April-zi-ZBJand,26—28}t1976) were:
used.tomcover'thiSfissue;v Since: we have found in Issue 1
that;ah;intensity-VII“isathefmaximum‘intensity-to be con-
sidered: for thefIndian;Point:site;we:willmlimittoorfdis—w.
cussion- to that level..

»it;isgrecognized”that,the~groundvacceleration.at.al-
“; qiven;site&as;thevresult.of?an~earthquakeﬂdependSq~§£§§§§5
1, alla, upon the: 1ntens1ty of the shock: at that,gartlcular R

,locatlon. _However, as the State of New York noted in its SR

B 50/ State- Exh.. l, "Testlmony'of Dr. James F Dav1s, '
- Dr.. Paul W.. Pomeroy, and Dr.. Robert H. Fakundiny (Panel)

. on: Behalf" of the. New York State Atomlc Energy Counc1l
. on: Issue’ IT".. : ;
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Intens1ty of ground motlon as: reported.at a.
given distance from the earthguake source, is

a  highly subjective quantity and any relation-
ship between. intensity and acceleration must
‘be: considered to. have significant uncertainty
associated. with: it.. " Furthermore,. intensities .
of! historic: earthquakes (such as' the Cape: Ann .
earthquake of 1755) have been assigned. rela=-.. ..
. _ tively recently based on historical accounts.-

- - . Thus a second order of subjectivity is: present.:

: in the intensity values for most hlStOIlC n T
earthquakes.. o : -~

- Only well documentéd relationships between
intensity and acceleration should be used to
determine the assymptotic acceleration: value
for: a: design response. spectrum. ‘

StateaExh-,I, p. l.

51/

‘In:their testimonyé—;-the>Iicenseestﬁtilizedithesﬁntehét

_sity—acceleration,relationship-developed?by Coulter, Waldron

52/

and: Devine: of the United States Geologlcal Survey-.. The.

other: parties {(the State, CCPE, the NRCvstaff) all used

‘the relationship: developed by Trlfunac and. Brady 53/ While

51/ Lic. Exh. 2., Dames and ‘Moore: Report: "Evaluation of
Ground' Acceleration for: the Indian Point: Slte," March 15,
1976..

. 52/ H‘ W.. Coulter, H. H. Waldron and J. F. Dev1ne, "Seismic -
- 7. and Geologic: Siting: Considerations: for Nuclear- ‘Facil= . -
':::“~1t1es,"‘F1fth World Conference: on. Earthquake Enqlneer-“
- 1ng, Rome, Italy., 1973 - (Lic. Exh. 2, pp. 4=6). -~ . -

u .53/ Presented in a series. of papers included in: testimony

" of CCPE' witness Dr. Mihailo Trifunac, Assistant Pro-
"~ fessor. of Applied: Science,.California Institute of
Technology. - (See CCPE: Exh. 1 and 2, "Testimony of.
. Dr.. Mihailo D. Trifunac -- Estimating Peak. Accelera-‘
.~ -tions' in Terms of the Modified Mercalli Intensity -
. Scale™ and Staff Exh. 5 "NRC Staff Testlmony on. Issue
No.. L and: No.. 2% _
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therefwaefconsiderable.disoussion during-theﬁhearings about:
the value:of'eaoh,ofrthesesSetsfof relationships}”theirf
ultimate«oonclusioneaare;very”similar;'
We:WiII;first;brieflyuoutlineathe‘differencesfin the ~
af.;e,»correlatlon between 1nten51ty and ‘acceleration-as.: developed
. by Coulter, Waldron and Dev1ne and that of Trlfunac -and: |
Brady.. vWeaWillAthen.discuss“thefapplication ofzsuch~rela-5
tlonshlps to. the Indian. Point units: 2 and 3,followed by a

brief review of the requlrements for unit 1.

._l; The~principal.differencefbetweenzthevCoulter,v
WaldronffDevine:(Coulter) andithe;Trifunacﬂand;Brady
(Trifunac): correlations is%thattthe~raw:data:fbr;much,of
the;Coulter.materialbisznotﬂpublioly*available and. thus:

,haSanot‘been-subjected to the normal peer;revieW'brocess, )
whiIe*theaTrifunac;materiaI haS'been puinshed; The
Coulter correlation: data: were: presented at the Fifth Worldz

‘Conference on Earthquake Englneerlng, but the backup

L_materlal waS‘notfnor'has:lt beenzmadesgenerally=avallable;
_14‘: ;,ﬁ?W1tness.Pomeroy for the State had been unable torobtaln-_a
v~>¢the 1nformatlon from the authors (Tr. 651) but llcensees 5
- w1tness Fischer had.seen enough of- the data in: prlvate-.h!;
“” meetlngs to conv1nce hlm of.the rellablllty of the con-hi"5

[:vclu51ons. Tr. 773
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‘Iffthere were, in fact, large differences in the .

* . conclusions to be drawn from the two sets of data: we

mlght be: constralned to 1nvestlgate the matter further..

_Howevery all parties: agree that. the two correlations: are-

*wthe most up—to-date and are better than any other avail->.-..=.

-_ able- 1nformatlon._ With. thls in mlnd, since the- Trlfunac
and.. Brady data appear to be the most: fully. documented, we
w1ll for our purposes: consider only thelr relatlonshlp

between 1nten51ty and acceleratlon.54/

2.. The: major difference between CCPE and. the other
nartiestis~on the:conservatism'that&should'be'used in the -
application of Trifunac and. Brady data to the Indian Point
reactorsx‘ If thesefdata:areeusedg the: licensees,. NRC
staff and the State all agree that the acceleratioen at the
site for an:- intensity VII earthquake should be: the mean. of:
all;the=acceleratlon.peaks;measured,byiTrlfunaC'and;Brady -
for such: 1nten51ty earthquakes. 5/ All three. of'theseld

- partles cons1der this: to be- sultably conservatlve because

- - -the: peaks utlllzed 1nclude the hlgh frequenc1es representa— ERT

~t1ve of’near‘fleld condltlons- Asww1tness;Elscher;explalnedwu-"“‘

'54/ This: of course does not 1mply that the Trlfunac-Brady
- correlation is technlcally superlor to that of Coulter,
Waldron. and Dev1ne. R ,

'555/ Staff Exh.. S p. 5, State Exh 1, - 1 L1c~ Exh. z,
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theSelpeakS'haVé little significance in establishing the
level.of'response:spectra; yet.thej prodﬁce a;muchghigherA.
mean-amplitude;; Hewpointedlout,thatfeVén a=buiidin§;asf
poorly:cohstructediaéaaﬁ;adbbé:hut;woﬁld:not:béuaffécted".
 l-bygthe;highzfreqpency, bépéusea"[tlhe?high‘frequency;SPikeg;;it“

Tr. 800.. 'As:an_examplew Mr. Fischer noted

.«.there's: a barn out in California that
housed a seismograph where the acceleration
peak: reached -- I think it was: roughly 60
percent. g. and the barn is still. there and.
the: instrument is: still there: and the barn
could. in no-way be. considered an earthquake:
resistant design structure. [Tr.. 800.]

H0wevér¢:Dr; Mihailo D. Trifunac,. asWitneSs‘fOr’CCPE,

" contended: that. user of the mean‘of?the:péak'accelerations
may‘hot:be:éonéervative;enoﬁgh;,;Hefpointed;outfthat.his

_ éorrelatiéntis;based‘primariIY'oﬁ:West;Coasttdataaand?there
_isaevidenceﬁtd,ShOWFthat;“the:atténuation,dfihigh"frequency
waveswin:théaEaét~{bf&thernited%States] iS’éonsiderably-z.~

- smallérrthanlthatfin:theaWest;“éé/i'CCPE:Exh;"l,.pn 7.. T

‘high. frequencies: would result only in'a slightly larger . ..

- be important.. - ...

carries. so little energy and is over so. fast *._ *_ %" LT 2 g

: 56/' It would appear: that: such a: lower attenuatlon of the ;fté;r"“-

—ﬂfl,dlstance at: whlch.the near field hlgh frequenc1es would 5?::'
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On,thiSfbasis1nhe£recommended}thattthe>correlation'betweeh
intensity and acceleration be:made on the basis of the
averagezof“the.peakgaccelerationsf"plus:one:standard.devi-
ationzof?ali;thewpeak:amplitudeSPIM_Idi at pp- 4—5. For
',an 1nten51ty VII earthquake thlS would: result 1n des1gn1ng
the fac111t1es at Indian P01nt to w1thstand a 0. 20g.. accel—_
erationfinstead:of*the;0.13gfcalculated on the basis of

the: mean of the: acceleration peaks. only.

In:hisatestimony,.Dr.‘Trifﬁnac aSSertedﬁthathdefcons-"
dition may be- a: factor in: the degree of damage to. be:

expected (TEs; 321) and that:

}Contrary to the frequently stated oplnlon
that alluvium layers ampllfy‘strong-motlon
acceleration at certain "predominant" fre-
guencies;, the: data studied in. this paper
‘'show: that on the average peaks recorded on
hard rock may be: higher;,. but not signifi-
cantly, than the peaks recorded. on alluvium..
This: is: in- accord with our' previous. study
(17) where: we: demonstrated that for a given: o
Modified Mercalli intensity level peak : .
- accelerations: reached on a' hard rock site :
are on: the: average higher than the same
- recorded on: alluvium.. - [CCPE’ Exh. 2, App. C,
- p. 5L.T

of hlgh frequency peaks when he stated.

’Flnally, it should be p01nted out. here- that,
L from the: practlcal earthquake engineering point
PR, .. ofview, high: acceleration amplitudes should not
" J'necessarily be associated: with a proportionally
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higher destructive potential. An extended dura-

tion (19) of strong ground motion and high accel-

eration amplitudes characterize destructive

earthquake. shaking, while one or several high-

frequency high-acceleration: peaks: may, in fact,. -

constitute: only minor excitation because  of the:

short. duration involved: and may lead to only - -

moderate: or small impulses: when applled to a: ,
Cosr_m e structural system. [Ibld ] s ez T sz

lf”f;' Dr.. Trlfunac admltted that he had no personal “knowledge: ;543?
of:the»Ind1an<P01nt.51te or the design of the Indian Point
reactorsgand.that.hisrtestimony'was:concérned‘with-aagen-
eric§~estimategof5peak.accelérations:in:terms:of‘the¢Modi-wv
fiediMercalIi‘scalerwithout'reference:thIndian“Pointw | S
Tr.. 332, i o o - .

on the-basiséoffall.of'thehtestimOhy'discussedxabovem
weymuét:conclude;thaththe‘approadh taken by Dr. Trifunac:
is;ﬁnnecessarily'consetvativé fbr-the~indian Point. site.

‘It is our oplnlon that, glven the current state-of the-art:
1n,thlsyarea;'use of the correlatlon of’ the mean of the
peak:accelerat10nszw1th.the»Modlfled:Mercalll 1nten51ty

scaleaa5~suggestedfby‘thezlicenséesm the?staff’and,theé - -




'~deSignfprocedure?used‘by the'stafffin,this7connectionl

‘ unnecessary conservatlsm 1n thlS approach
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the health and safety of the public will be protected

insofar as the. Indian Point. nuclear reactorS'are concerned.

However, we: do. not mean to: imply- that further study

of thls questlon is: not de51rable. Thevoplnlon‘wefhave-:

-expressed is based. upon our: understandlng of " the selsmlc

This procedure includes conservatisms- at various stages

of:the:process;as?pointed:out:by*staffiwitnesses.Stepp

- and Coplan. (Tr.. 1159 -61) and llcensees witness. Fischer..

Tr. 1011-14. One part of this process 1s the selectlon
of'thenapproprlatexvalue;of acceleratlon to be used as:
the: "anchor" point (zero period limit) for:theedesignx

response: spectrum. For this: purpose: the: staff obtains:

'thefaverage:peak value. for a given intensity by using the-
‘maximum peak acceleration from each: of the individual

accelerogramS"resulting:from'eventsgof'that,intensity;

r. 1166-68. 'Dr@fTrffunac;appearedntorindicate?durinq

cross—examinationwthat.the:procedure:hevused.innhis;studies

was,the same: as: that used by the staff Tr... 290. .HoweVer;ﬁunr_~~

' questlons were: ralsed regardlng what‘ls belleved—to be L 'f“v{ﬁigi

- Llcensees~w1tness'Flscher-suggested»that use: of.other

parameters mlght produce better correlatlons of 1nten51ty



;‘71;.5f' significance in bulldlng design.. T

- 73 -

with earthquake damage. - Tr. 1008-17. Specifically, |

Mr. Fischer stated:

[WJhat,I;have:tried‘to:indiCate:is:that.there
~are: other, and I believe  better ways. of attempt--

ing: to. correlate damage:- than merely: peak.

accel--

erations. Peak accelerations: have: llttle tc no

iy

What would be better- correlation. is perhaps
velocity  or something: that would be’ considered:

a. sustained level of acceleration.

T:. 1008-09..

Mr. Fischer had: earlier suggested that a more appropriate

parameter for correlation with intensities might;be.the

"sustained™ or "effective"™ acceleration of a given record:

as. suggested,. e;gtraby:Ploessel'and“SIossen.in~arnote

entitled: "Repeatable High Ground Accelerations”.

‘Tr. 828-29;

see also Tr. 584-94. Such. a correlation (based on: "sus-

tained™ acceleration) would appear;, on its- face, to be less

conservative: than the procedure. currently used. by

the staff’

and. licensees.. It:would, nonethelessp be: desirable for

the;staff;tO'providexagmore:quantitative~assessmentfofﬁits-

e

currentfmethods‘ vThis;perhaps;shoul&;includeeanvevaluation —e

of the frequency spectrum assoc1ated.w1th the 1nd1v1dual

‘ peak acceleratlon assoc1ated w1th each record u51ng, for

example, a. Fourler type analy51s. (Thls should 1nd1cate

the level of the damaglng acceleratlons 1nvolved )

However1'_
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a complete quantitative assessment can be properly carried
out only'through,paralleldcbnsideration of all of the-

factors: involved in selecting and. applying acceleration.

‘vaIuesu These:factors;would;include?safety-margins.relatedx“»_

- to the structural englneerlng evaluatlons.' Dr. Trlfunac-f{f%

.agreed that,. in: ch0051ng the,de51gn acceleratlon value -
selected for a: nuclear plant one must "consider numerous:
factors"™. Tr. 600-02.

3. We:faceea different situation:With respect:to
_Indian;Point;unit Im.fThis;plant:waS"builtzpriQr'to,anyv
speeifie;requirementvfor earthquake:protection~and,iswnot“
- designed to:withstandwaio;ng‘acceleratibnw' At present:
the plant is' inoperative.. If,it.iSrtoébe.operatedfagain,
changeSjwillthavetto.be‘madebso that;itncanzwithstand.an:

intensity VII earthquake.

IndianuPoint“unit;l,ahowevery-does,have a- fuel storage

poolicontainingffuer.andlintervenor CCPE. questioned whether: .

theapool andistoredifuel support strueturefwduid withstand -
- such an: earthquake. Llcensees presented Wlllram Cahlll,

fJ;aSVLce.pre51dent of Consolldated Edlson, as: -ar WItness o’

"thls matter.u Under cross examlnatlon by CCPE counsel the

-w1tness demonstrated conv1nc1ngly that the pool ‘and acces-
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safety-factdrs to withstand an acceleration of 0.15qg.
(See Tr. 697, ggiSeg;).

Undérxtheséacircumstances;wé:find{thatutheresisg

reasonable assurance: that. the fuel storage: pool of Indian’

'the-puinc?health‘and,safety‘ifﬁsubjected:toféhflnténSity*v S

VII earthquake..

}:Point’uhit'Isis"adequately designedmand built to protect -~ -

(h

"



Appendlx A tor Part 100, "Selsmlc and‘Geoldélc Sltlng

Crlterla for Nuclear Power Plants, ‘1n sectlon III, "Defln-

ISSUE 3.

ISzthewRamapQ faulttaicapableafault within the
meaning of Appendix A, 10 CFR: 1002

1tlons," deflnes a: capable: fault as follows-

_A;"capablerfault“'is'a fault which has:-exhibited.
one: or: more: of the following characteristics<=:

(1)) Movement at or near: the ground surface at
‘least once: within the past 35,000 years:

- orrmovement of a' recurring nature w1th1n
‘the»past 500,000 years.. :

(2) . Macroseismicity'instrumentallysdeterminedi
- with: records of sufficient precision: to.
demonstrate a: dlrect relationship with the
fault. :

(3) A structural relationship to a. capable
.- fault: according to: characteristics: (1) or
- (2) of this paragraph such that movement
on: one: could’ be reasonably expected to. be:
accompanied. by movement: on: the- other..

In some- cases:, the:rgeologic' evidence of past
activity at or near the ground surface along a:
particular fault may be obscured at a particular
site.. This: might occur,. for example, at a site-

. having; a: deep overburden.. For these cases, evi-

- dence: may: exist: elsewhere: along the: fault from:
ﬂwhlch an: evaluation: of its: characteristics: im

" the:r vicinity of the’ site: can be: reasonably based. _—
_“. Such. evidence shall be used in determining whetherr»
" -the: fault 1s a capable fault within. thlS deflnl- -

o tlon.v : - : : :
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Notw1thstand1ng the. foreg01ng paragraphs III(g)(l),
(2) and. (3), structural. association of a fault .
with. geologic structural features which are geo-
logically old (at least pre—Quaternary) such. as-
any’ of those: found in the Eastern region of the
United. States: shall, .in the: absence of conflict-
ingr evidence,. demonstrate that the fault is not
& capable fault w1th1n this. deflnltlon.—

:f’l-::' 'f;fJQAQ" Age of the most Recent Mbvement on the Ramapo -

$ystem.

L. The licensees: have sponsoredgextensive,studiesr
rof‘thessite:andlsnrrounding,regionvby"Dr;.NicholaStM;
) Ratcllffe, Department of Earth and Planetary Sciences,. : _ Vf~:“
Clty College of C.U.N.Y., and by the=consult1ng firm of |
Dames: and. Moore. Whlle:Drg.Ratcllffe;s‘reportﬁwas:not;
presented'fer-theQrecorafby’any of: the parties, it was
used;as"aibasiSsfbr'crosssexaminationiof*both D' & M and

staff witnesses,

On:the=basisfef€its;study ef the: entire  Ramapo fault
szstem;D’&.M;includeSrinytheasystemhthefprimary“RamapO» S '~§_

faultfextending;fromanorthern‘New:Jersey:to:northeast-offi ' -

Eadentown¢§Z/p At;that:point,the-faultzbranches‘intova.wideﬁ

JEE
K4

53/ See: Lic. Exh. 26, "Testlmony of: Dames & Moore- (Panel) }7f75<4;
e - ‘on Behalf of Licensees on: Issue na. 3", p. 2-1 and Lo

plate Al-1l. ' Ladentown appears to. be some: 8 mlles south--
__West of Indlan Point. - o : - :

A1
5
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zone~ofelessrwell—defined faults; These include, 'in addi-
tion to the Ramepob the' Thiells:. fault, the-Letchwerth
_fault,.the,Cedér'EIatsyfault; the Mott Farm Road. fault
and?themTimp Pass>fault. Licu Exh. 26 at: 2-1, Plate: Al-l.
The Mott Farm Road fault trends towards Indlan Point but
; nelther Ratcllffe nor D: & M show it cr0551ng the Hudson
River..

The=licensees-presentediaupanel,ofFD.&.M‘scientists

58/

and. engineers: as: witnesses2¥ ‘to sponsor testimony concern-

ing: the Ramapo fault system.. They testified;:ﬁndéf’cross—*‘ld

examination, that.while they had:not;shbwnta;cennection"
betweeﬁucertaintfaultsron;the»east:side:ofithe?riVer'andt
thosexof’theaRamapo:system:On.the westtsidew they were
suspicious:that1somenof“theﬁ’might.be-part'of'theiRamapo
fault system. |

59/

. The~Stete~offNeW’YorkgwitneSSTpanele— generally

agreed: with the D. & M geographical description on: the west

58/ Lic. Exh. 26, "Testimony of Damesyand Moore:. (Panel) on

Behalf of Licensees on Issue no. 3", Joseph A. Fischer,.

'Samir G.. Khoury, Bernard: Archer, Jexrzy’ SZymanskl,
”Todd M. Gates, Umesh Chandra.. Tr.. 4364—

.~ 59/ Drs.. James: F. Davis,. Robert H. Fakundlny——Leo M. “Hall®
~7 and Klaus H. Jacob, who replaced Dr. Paul W. Pomeroy

- . of the earlier“panely Tr. 4302. This panel sponsored’
‘State Exh. 18, "Testimony of Dr. James: F. Davis,.

. Dr. Paul W. Pomeroy, and Dr. Robert H.. Fakundiny, and

' Dr. Leo-M. Hall (Panel) on Behalf of the New York State-
'~ Atomic: Energy- Council on Issue III". Tr. 4301-08.




" side of the river,. butﬂcentended the northeast trending
_faults.on‘theJeast{Sidefsheuldwbe included... N. Y. Exh. -
18- at. D-1,. D-2.

60/

Thefstaff"panel——~ was:aiso«in general agreement.with:
- the D & M deflnltlon of the system. However, staff w1t;i R
‘nesses: stated ‘that: there were some: confllcts between D & M-
and. Ratcliffe and, until the staff completes its evalua-

tion,. all.thewfaultszshown:byﬂbotthatcliffeqand’D»&~Mi

wagxm@gengnWhaveatOubeuconsidexe&.as,part of the Ramapo system. The
R . . : : . . )

staff panel expressed the: view that the: question’of: the
.- .. faults on. the east side is "still a little up in-the-air.™ - -

- Tr. 5304..

Thewevidenee:on;atpossible-relationshipfof:theweast
"and. west. side faults. is. enough. for us‘toweonsider it:likely
~that‘theyﬁare connected. Hewewet;.as;developedfinhourf
further;findings;on:the;capabilityfcfithe%RamapO'fault;
infra,. weﬁdOfnot;needhto:decidefthiswquestienh

2.. There was nos 51gn1f1cant confllct between the

AT g—-staff and 11censees w1tnesses on: the datlng of the latest «-j}}}ff~

60/ Sstaff Exh. 17,'“D1rect Testlmony on- Issue III by

~ J. Carl Stepp, Seth M. Coplan, David R.. Budge, '
Rlchard B. McMullen"hi Tr.. 5115. : e




‘movement on the fault system. While intervenors State
and CCPE. disagreed, they presented no'evidencefof_their

- own on: this point..

,ThegD*&:MatestimonyAtracedfthe:geological history of. ... —

ecent movement WaSi;:;f;—J

iro.:ziii ither rég"ion -and: éo

'73{£E5€m;y..ag0ml_Based;onnthiSnanalysisﬁ the D & Miwit= 7 A
nessesjbelieveftectonic&displacement along the Ramapo has
not. occurred since*the!opening'of:the;northern North
tAtiantinOoean;(latefMesozoic)- Lic;AEth 26. at. 2-6..
| UndefbrmedizeoIite«crystalsvgrowing;on'topxoffundeformeda
caIcite:crystalszhave=been:K5Ar"dated:andigive a: minimum
ageasincerlast.movement:ofL73;t,Sim;ytb Edf'ath—Sa- This
compare51weIIHWith;opening'ofnthe’northernvNorth Atlantic:
Ocean’ about: 80 m.y.. ago. Ibid. The faults: on the east
sideaoffthe:river'show:no~movement;morefrecent.than;73113

. S m.y. Tr. 4975-76.

The staff testifiedhthat:thezdeterminatignﬁpf'the:»
minimum%age»of'unbrecciated;calcite:crystalsffrom faults
uﬁln,the v1c1n1ty of the site give an upper‘llmlt for the .

age: of‘the last movement of several hundred thousand years.

' Furthermore, 1t belleves the relatlve unlformlty of . homog-

enlzatlon temperatures of all fluld 1nclu51ons in caIC1te

- Hcrystals rev1ewed to date suggests a reglonal hydrothermal :
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event for which conditions have probably'not'existed'in
thefarea of:tﬁe siteasince;Mesozoic~or early'Tertiary time
(37 to 65 million years: ago) . Staff:Eth.l7tatwl7; This:
opinion;iStsupported;byfthe:eonclusionSaof:afspecial_review:

Mpanel set up: to. assess the results of the D&M 1nvestlga-

61/

- tlon. Thls;panel's;reportﬁ signed by Drs. Prlce;andhu
Coates, states that "* * * the last: movements on the_faults&

occurred. many mllllons of years ago: * *. % " Thid.

ThesNew:YOerStatevwitnesses:statedethat they do not
,-beIievezmthe.minimum;agerof”fault'movement;has;beenicon—
vclusiVely determinedhby'fluid:intrusionfstudies:of,calcite-

. crystals:fOundﬁwithin;theffauittpianesx“*’StatefExh;'le
at: B=3.. They:do;not;agreerwith the;D'&,Mmtﬁes;s;thatgmove—J
ment?after‘formatioh:of‘the;crystal:will_defOrm‘the crystal..
' Ibid.. However; they”didxnotzpresent-any evidence: in stpportx
of?theirsviewsgon}this:pqihtw' On- cross—examination by the
Iicenseesy»themstategwitnessesfsaidrtheyxha&ffound?no,

infbrmationﬁthat.theaRama90~faultvhas;exhibited’evidence: o

_of phy31cal offset at,or near the: surface w1th1n the past.

500?: ooo years o

6¥ This: panel was- assembled by the llcensees, at the
staff"s; suggestion, and consisted of Dr. Rs Price o
Queens' University, Kingston, Ontario, Dr. D. Coates:

.- from State University of New- York at Blnghamton and 7
Dr. N M.. Ratcllffe, City College,ﬁthe»Crty Unl sityA o

< ;New York. Id. at 18 RSN N e




' June: 1976, pp. 76 and 133.

o expressed lts bellef that&thee urface was not?g;;w

of' recent. tectonic. activity.

13;"Two=other“pdints;onwthe{ageuquestion‘brought-forth
differentﬂopinionS‘among:the.parties.v In his investiga-
tion:offthe“regionFZDrﬁ Ratcliffe?hédffbund;anrexpOSed;

polished surface: with. a: small offset at Call Hollow.. He:

;5f$§rd£this;couIdlbe;aﬁgIaciaIly"polishedisurfaceal Ratcliffey&fii;?

62/ (See:also,Tr;:4462—ahd‘5322;)

Since: the: most recent,glac1at10n;in_this-region:was more:

recent: than 353000.yearsw.if the.surface*is;glacially-'

poIishedﬂ theaoffset.is:more=recent'thent35'000,years;

'The D. & M panel, in response to questlons by the State,

rme

1al¢,“f‘“

mEme i s g

, and:thatjthersmall.offset:waszduezto quarry and construc—

tion;activitiesenearby; Tr. 4463-64. Theﬁstaff_panel was'

also: questioned on this: point and: witness Stepp stated it

pnggeologically‘unreasonable‘to;expecttsuch-a:localizedu

offset on: a. major feature: and no- evidence: of it otherwise.

Tr;:5322+23;, We=find?thisaoff5etisurfacerisvnotwevidence« -

'62/ This: refers. to a. report by Dr. ‘Ratcliffe, a. consultant
. to- the licensees;, which was. utilized in ther hearing
- by New' York State for cross. examination of’ licensees”
" witnesses.... See.Tr. 4462,.et seq. . Also- see Tr. 5322
Thls report was not entered 1nto eV1dence.~ g




in'1975;” Tr. 4470; et seqg.. One of these anomalies was
'later'identifiedias«a,pipeline crossing. Tr. 4476. In
anpefforthtoaidentify~thefothersﬁa;diver was;sent.down'to
expiore%thefriver”bottomfbutrhenwaSEunableftoafindfany
"‘fspecial,featureyg.Try”4499u _Anotherfbathymetfic*survey=~;»
of;the‘afeahwaszruniinf19765 butnnorindicationssoffthe,
suspectedwanomalies;were3found} Tr.. 4473;‘_Furthermore,
'therefwasvnoycorrespondingsfeaturevon,shorem Tr.. 4484—85,
503.7-39-.. These?factsziediD;&»M”to~concludesthaththevanom-

. alies: had: no. tectonic significance. Lic. Exh. 26 at 2-8.

The?staff:Qaneljtestified;ana‘were;cfoss—examinedfon
»thiSfmatter; statingrthat the'featuressappearftOﬂbe:irreg-
‘ularities at the water-sediment interface attributable: to
erosionrand‘debris;. Whenhquestioned, Df.‘Stepp.said-an

offsetfoffthe‘magnituderindicated:(3-4.feetf would;'if

o tectonically=§enerated,~require antearthquakeﬁof:magnitude*

six: oxr seven. Thus 1t would be: geologically: unreasonable:

to expect such an offset not: to. be: 1dent1f1ed onshore..

5327 Staff Exh. 17vat;16,

Wezflnd that the ev1dence shows the latest movement

vat or near the surface on. the Ramapo system occurredsat

f"least 73 t 5 m. y. ago. Hence the. fault is not capable 1n

“”¥~terms of lO CFR 100 Appendlx A, sectlon III(g)(l)
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""A,. nor is 1t,much in-user among selsmologlsts. B 4648n R

5off"macrosei5mfcity;"“ This;term:isunot.defiﬁeaﬁiﬁfAﬁﬁéﬁdiﬁf' -

in-his:testimony

C=ag =
B.. Magnitude and Location of Earthquakes

1. 'Befoteedetermining'the:capability_of7thevRamapo
fault:under.the~criteriqﬁ'ofprpendix:Ap section. III(g)-(2)

(p@:?é, suEra), itgisanecessary"to.arrive;at.aodefinition.

4981,”5268@ Each party in this proceedlngzhad.lts own

definition. .

In North Anna Environmental Coalitibn‘v;<U”'S, Nuclear:

”ﬁegulatoiy“Commission5§ - F.2d: ~(D.C.. Cif£—1976fr the.

court: gave a- definition of macroseismicity which it based

on: a: book: authored by Dr. Charles F. Richter-gé/a However,.

64/ Dr.. Richter stated that the definition
relled upon. by the court. related to macroseismic effects,.
not;macroselsm1c1tym. He. also. said that: Dr. ‘Sykes: mlsapplled
the: same: quotation: from: the: book in using it to characterize:

thevDecember:1962;and.March‘lQ?GLearthquakesﬁas*macroearth—

quakes.. Lic. Exh. 29- at 2-3.

';i;63/ Dr.. Charles: F.. Rlchter, Professor<Emer1tus, California- 1 >At

Institute: of Technology; member-Lindvall, Richter &
Associates,. Consultants. in Earthquake Sciences. -~ -

64/ Lic. Exh. 29,. "Testlmony of’ Charles F. Rlchter“._
Tr. 4625.. : A
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Dr. Richter gave his definition as follows:

* % % T understand "macro-selsm1c1ty to refer
to large and. 31gn1f1cant seismic act1v1ty like
.that. observed in California, such as: is gen-—
eralnyassociated;with:faultxmovementtat,the;
surface.. [Lic. Exh. 29-at 4.} :

“:1 L. 7 piring cross examination he added that one earthguake of - C
e magnitude 6 wouldfnetfcpnstitutewmacroseismieityyfbut'”
"[i]f you had a region in which earthquakes: of that magni-

tude were frequent, then'ijould.consider"thattas.possibly

categorized as. macro-seismicity.™ Tr. 4659.

The}menbers;ofithe:Df&hMgpanel gaveitheir;own;defi-

nitions:, which were probably best summed.ﬁpabyiDr; Chandra: -

K micro-earthguake: is- observable: merely by the .
aid of instruments. A macro-earthquake pro-. -
" duces: geological effects: such as ground rupture,
sand. boils, landslides, etc. Its effect is
observable without the. aid of instruments or
the: presence. of nearby population. centers.
[Tr. 4982.]

Dr. Davis, a New York witness:;, defined a macroseismic.

event:as;one;"Which hanan:Intensitngreater'thantIII,*‘*,*

andzaémagnitudex***‘**somewherevbetween 2° and. 2.5."

- Tr. 4322. Later he sald there should be more: than one such

R event to: constltute macroselsm1c1ty., 4336,

Dr.. Sykes, a. w1tness for. CCPE, belleves the intensity .

for quallfylng as a macroearthquake w1ll vary w1th locallty,_i




".:ﬂithfasconstsnt*drivingfmechanism.andfa-potentrsy_fqr;‘;

g By =

‘but for southeastern New York he thinks intensity III is

the lower_limit;forﬁa,maeroearthquake,‘ Tr. 4060. He

’ stated;thaththe.most:significant consideration: is. to deter-

'minerwhether“therefexistsaa:tectonic:patternridentifiedﬁ

_damaging;earthquakes; Tr.. 4059.. Again:he-saiarﬁmaerew
seismicity would be- earthquakes of a sufficientrsizei
sﬁfficient:intensityp that they will be tectonically. sig-

'nificant:in;terms;offascertaining'the-potentialﬁfor damage:

- from an: earthquake™. Tr.. 4255.
Stafffwitness:Coplanzstated;

My understandlng of the term macroearthquake
is: that it is the: complement of that [micro],
* % % in. other words;, earthquakes: of magnitude
greater‘than.3w [Tr;.5381,] '

' ‘He~also agreed Wlth others that there can be: a: macroearth—

i

te '-:,_'_-_\\~

quake w1thout>macroselsm1c1ty. Tr. 5382..

The&staffipanel_introduced/a;"quking definition™ as.

Staff Exhlblt 18-65/

‘lv‘ThewstaffFconsidérsatheztermjvmacro-seismicity,_

7 asr used in' Section: ITI(g)(2) of Appendix: A to: SR
", 10: CFR.Part 100, to mean: seismicity of a level

" that: implies. significant,. coherent,’ ‘sustained:
tectonic: act1v1ty. With respect to individual

rj65/ Staff Exh.. 18 “Staff Panel's Worklng Deflnltlon of
\ ' Macrose1sm1c1ty“) Tr.r5122 28.
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faults or fault zones, we interpret macroseis-
micity to be seismicity of a. level that implies
a. significant and. constant tectonic driving
mechanism.
We' consider the: term to. refer to the: seismicity
of’ larger earthquakes. -In our view such. seis-
micity might have: different aspects in- different
rfareas; Therefore, decisions as to what seismicity --:. .-
_ ' is "macroseismicity" must be made after con51der- '
- - . ation of the seismicity of a region. - - : -

Thusm'while'there;are.differences'in these definitions,
7the-parties-are-generally agreedfthat earthquakesvbeIOW'

" Modified Mercali intensity.III‘or'magnitudev2.are,not maoro-
A!earthquakes@ 'Hence; wezneediexamihefonly'those:earthquakes
Aaboveaintensity‘III.or“magnitude=2m Furthermorep:the.weight:

\'eofftherevidence«iSwthat;macroseismicitybihvolves:moresthan.

. one: macroearthquake.

2. Before:proceeding to-a~consideration:of.the'earth~
quakes Whlch may be of 1nterest in connectlon with a deter-
mination under sectlon III(g) (2) of Appendlx A, a brlef
summary of how: earthquakes are located w1ll,besusefu1;1n

understanding:further'discussioh;of the issue.

: When»an earthquake occurs. several types of elastlc smrlvomTe
"waves emanate from the source, travellng outward in all

v’:az1muths at veloc1t1es characterlstlc of each partlcular

‘wavertypew Dlstant selsmographs respond to these pa551ng
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- waves bY’recording the ground motions at their respective
locations as functions of time on plots called seismograms.
The:wavesvof’particular interest for use. in determining

- the 1ocat10n of the earthquake are a shear: wave,. Sy,and’aw,

LI LE compre551ona1 wave, P. The P wave travels faster than the Toirs

S wave, so. in computlng the locatlon from the: selsmogram ST
the seismologist may utlllze:any-of the three phase (wave)
arrlval tlmes el arrival,. S arrlval or- S-p- arrlval tlme
lnterval-' An error. is. lntroduced in. such a calculation
using. the: P* or S. arrival if the. clock of the seismograph

‘ statienjisyin error,vso.clock'accuracy mustibe,ﬁerified:~

by checklng agalnst time. 51gnalsﬁfrom the National Bureau
of Standards. As expressed by the staff, “[t]he basic
problem- then is: 51mply one. of determlnlng a locatlon and
orlgln:tlmefthat'ls,conSLStent,w1th the-phase arrival =
times, given the: velocities with which the:different.types

of waves: travel through the earth.™ Staff Exh. l7‘at'2&,‘ hh\

The#waves>travel through.different partS'Of“the;earthﬂn‘ T

at somewhat dlfferent veloc1t1es so a speC1f1catlon of

the spatlal dlstrlbutlon of velocrtles w1th1n the earth,

b_* ;'d:;w.called a. veloc1ty model, iss used in calculatlng the loca-

tion of the‘source. Models can best be determlned by




. real life: this: may not be true and. hence significant: errors:

-Astatlstlcally combined to determine: a- -"best" hypocenter.—

" the: velocity model, coordinates:of;the'seismograph-statioh,f

B~

- 89, -.

observing the travel times of waves from known sources such
as quarry blasts or test . explosions. The usual velocity'

models assume: lateral homogenelty of the earth, yet in

,gflhttheaealculatedzlocatlon of'the»earthquaketmay:;egg;tg> el T

By using phase  arrival times from seismograms of --
several recording stations and assuming velocity models,

thefseismologist‘obtainS'several:"Iocations"hwhich'Canhbe*’
66/

Itfmay"befnotedfthat:numerOusasQlutions7fén”thegloca;
tion of a given earthquake were obtained by different wit- ~
nesses, or even by the same witness, using differing

velocity models. Factors: which affect the accuracy of the

final determination. of a hypocenter'include:daccuracy~of

clock correctlons, readings: of arrlval times from. the ‘seis-
mograms. and welght given the. result of any one: statlon in

‘thefstatistical,combining Qf’resuItS@‘ Dr._Sykes testified’

’that—inhpartSkof‘CalifOrnia, where=there~areﬁmaﬁy’stationsiilrfuh
.- ‘offering: good*a21muthal dlstrlbutlon and. where‘there are 7?5¥f7?f

3;good veloc1ty models, a prec131on of somethlng-better than R

66/ The hypocenter is the 1ocat10n, including depth, of the
’ 1n1t1at1ng rupture- cau51ng the earthquake. v
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a kilometer may be obtained. He further‘Stated.that.the
accuracy in the New York-New Jersey region has improved.
considerably over the last few_yearszwith.atbetterfdistri?~'

bution:offstation51until,ﬁow;"itfs;possibleztoutalkiabout..

;:e;_aiprecisibnrat;thegfew—kilomete:;level or better."™ -:-I._:

- Tr. 4085..

3. Earthquakesvwhich.the-various partieszhave claimed.
_should‘be,cohsiderédiin.resolving~the question of the: S e
capability: of the Ramapo fault;ére<pfesentedAin:Tablef2-
(pp.. 92-93; infra). '- ) : L
New;YOrk;cIaims;thattéventS?S; 7’and210fof?Table?2
@andﬁpossiblx?95;ll,,12p l#y 161andtlS)amay'ihdicatezthat
the: Ramapo system experiences a "significant and;constantf
tectbnic5driving;mechanism“’(NNY,.PFC at I-4) which would
quaIifyvit;as-an:area=of‘mactoséismicity under:theistaff's

worklng definition™ (p; 86) sugra) 5HoWever; the: State: .

- 87/ To obtain a focal plane solutlon, an: arbltrary unit: - zilmuTos
sphere: is. drawn with its: center at the focus' (hypo- =~ - =~ .
center) of the earthquake and first motion: observa-- . = - .. "=
tions. from: each station: are plotted on this sphere. S
The motion for a given station is: plotted by deter-

- mining where the: vector from: the source to- the. 1T :
(FOOTNOTE. CONTINUED ON NEXT PAGE)
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that‘the Ramapo system isrcepahle:or'that it is~not;¢ N.Y.

fPFC atTI44$ State~Exh.'18:atvEfl.
From;TabIeAZiand.the3llstedareferencesatoQeach;seismicr_
~event it is: ev.i’d'ent'that: items I, 2, 3, 4,5, 7, 8, 9, 1T,
.12 14 18, 19 were not 1nstrumentally located'df;‘in some
casesr notufelt, We: must therefore ellmlnate these from
considerationr. Slmllarly 1tems 6 13,15, l7 and 21 are

ellmlnated as: belng too. far from the Ramapo- fault to be e

. of concern.

. We are- therefore left w1th the earthquakes of Decem-——-
‘ber 20,. 1962 and March 11, 1976 (Numbers 10 and: 16 in - -

TabIeéZ) for:furtherfconslderatlon, s | | .

‘ 67/ (FOOTNOTE CONTINUED FROM: PREVIOQUS. PAGE)
’ partlcular seismograph penetrates the unit sphere.
The first motions: (compre551ons or rarefactions) are
obtained by reading the' seismogram and are: indicated -
on the: plot by appropriate: symbols. "The resultant .. ... -
drawing- is: a- circle with-compression and rarefactions = -
points: grouped.. Two orthogonal nodal planes can be L
‘drawn: through: the: center  of the arbitrary sphere :
separating: these two groupings' so: compression points: .- -
are: in: two. quadrants: and rarefaction points in the:
other two.. One of these planes: is: the fault plane,
.. the: other’ is: called the: auxiliary . plane.w—By»compartng—
.- “thHese: planes: with known: fault planes of the region: any
.correlation: of the fault planes with. the results:.of -
. ' the: focal plane solution aids in: determlnlng ‘the:
. association of the earthquake: with: the known: fault
Llc. Exh. 26 at C- 10, ll Tr. 3945 49.




Intensity,:'
(MM)

oo

Table 2 -

Remarks’

: Reference

C11/30/1783

- 9/1/1895

. 4/1/1947

.. 3/23/1957
. 10/13/62

.. 12/20/62

Date .

VI

:1?43t - V 

IIT

-1948

. 9/37/1951 v

C are jract*/ ,
. 9/15/1951~ v

VT

VI

(M!I)‘

IV

Not: 1nstrumentally

~ located..

LA w.

Doubtful Not listedwln§7
‘usual tables.:

Recol-
lection of one: indi=-
vidual 30 years later..
Felt location.

Perhaps: a. typo. Not: . .
listed in tables: in. -

- this: record..

.LocatedvtooAfar“fromﬂ

Ramapo (10-15 Km..)

Apparently a typo..

Not instrumentally-

~ located..

No: felt. reports:

CCPE. Exh..
Lic.. Exh..

4, Table: l;

Crr.

N;Y;

.Tr.

3897 . i us:

i
)
i

Tt;e3364é70?;;':

Tr..
at 9.

Tr. 3813,
3975-93
4982. Lic Exh..

Tables C-1, C-2

o NY. PFC at. G10

r. 3891.

State Exh. 18, Table

C-1; CCPE Exh.

Tir*/ Apparently: a typo in. the State 's: proposed flndlngs and con- )
- clusions: of law.
- (See- state Exh.

Perhaps it should be: event. No. 6 above.
18 at Cc-5. ) : _

PFC at: I-4: -~ -

3876 - CCPE. Exh. &

3951,
3806-77

2 6' )
r C-3 'y

4;at19ﬂ7

4982 State: Exh. o
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12

13..

;a..935=3;;-' _ .

Table 2 (continued)

Intensity - _ ‘ _
Date. . (MM) R Remarks- - Reference. -

. 11/30/64 M:1 - Not felt k  State: Exh. 18 at. C-1:

Tr.. 4329;

5/21/66" ,Mti?l.SP, Not;felﬁii . .. - .. State:Exh. 18 at c 1~
/2176 - AR o Tr. 4329, -

1969 MKL.5  Too far away @20 km ~ CCPE Exh. 4 at I3; -
: ' NW: of Ramapo) .. - - NRC Exh. 17 at: 20..

4. 571172 -—— . N.Y. PFC at I-4.

15.

16..

;,7/l9/75} M:2.3. - Located.E. of river, State: Exh.. iaiat.c;3f

near Fahnstock State = Lic. Exh. 26 at Table
Park.. ‘ - C=1; Tr. 4330. -
3/11/76 IV Pompton. Lakes ' CCPE: Exh. 4 at' 10;

| » - o  Tr. 4982, 4330.

17, 4/13/76  M:3.0°  Too far away, 30 km CCPE Exh. 4 at Fig. 2j

~Sykes;,. 20 km: staff. . NRC Exh. 17 at 22.

18.. 9/22/76 —— - Not in evidentiary N.Y. PFC at I-4.

Qe )

-

Ch

record..

Note: ' In Table III-C-2 of State Exh. 18 the: State listed
eleven. earthquakes: located in 1975-76. by the Con: Ed
network. Only. three of these were felt. (Tr. 4330) -
as: follows- : _ B

6/15/75. - Quarry action, not. | StateaExhlulsaat CF3mv
g macro.. . .

/4 B oy A TR ;Vf_  _Edmptoq@Lakes? . . State: Exh.. 18 at C=37% -

4/13/76 IV . Sykes places 20 km . CCPE Exh. 4, Table'l,

SE: of Ramapo.. . Fig 2; NRC Exh 17: f;
e at. 22 o :

-*Npte:» Table III—C—3 of State Exh. 18 llStS nine probable

- earthquakes: but. a. state Wltness said none were
"'ev1dence of macroselsm1c1ty.v TX.. 4330._,5 -




- C. The December'ZO} 1962 and March. 11, 1976.Earthquakesi

1. There.were_widely'differentfvieWS~op.the.December:20,

' 1962ievent‘depending;on:thezwitnessﬁ definition of macro~

,.earthquake. Dr.. Chandra:said that. although-it‘hadfan inten—

: sxty~of IV it produced no- observable geologlcal effects TiE;N:L

andahence.waSgnot.avmacroearthquake. Tr. 4982- 83. Onuthe@
other  hand, D:;vSykeSfstated.in7hisatest1mony'that>1t’was
a‘macroearthquake,-andfcitediRichterﬁsadefinition,offmaCro}:

68/

effects to support. his: v1ew.. "  He: apparently confused.

'the deflnltlon of macro- effect with: that for macroearth—

statéd{that"the:eventﬁ(with:the March. 11, 1976 one) fits»‘

. York: panel sa1d thls "one deflnltlon" referred‘to Dr. Sykes?

Mf;deflnltlon,v Tr. 4320~1Jf_cf

"~ 68/ CCPE Exh.. 4‘-"Test1mony of Dr._Lynn Sykes - The

qpake;. Lic. Exh.: 29 at' 3.. He considers: the 1962 earth-

: quake;to:bezmacroseismicityrunder his<definitionnofithex

term -- "**#;*fea:thquakes:of-sﬁfficfentusizem sufficient‘
intensity,. thatfthey“will‘be:tectonically*significant ke ke I

Tr. 4255,. 4264.. TheiNew:York:panelﬁs:written testimony

mat;least'cne:definition of 'macro' seismicity.™ State T

Exh.. 18 at C-5. OnﬂcrOSSPexaminaticnaDr. Davis. of the: New

" Capability of the: Ramapo Fault“ p. 10. See- also
p. 84, sugra. el e




According to Dr. Sykes, some inveStigators~(Isacks
- and. Oliver;, 1964) usednrecordstfrom seven.stationseto
locate the: December 20,. 1962:event;affeW“kilometers,fromz

theimain:tracewoffthe:RamaporfauIt;: Tr.. 3850313856;

'and~the October 3l, | Aw;‘

Tl;!uSIng S-P data

for.the?twolevents comblned, he-obtarnedya locatzon -"along-
the?Ramapo.fault"; 'CCPE! Exh.. 4»at:9u Later-he‘qbtalned

" new clock corrections: for the.stations;andlused these with.
thehdataffromftheVDeceﬁber"eventsalonezto;caiculate-axneW'
location, still along: the: Ramapo fault. and w1th1n a: kllO—_Y
‘metexr of his: previous: one.. Tr.. 3844r45,, A thlrd solution
usingucorrected.ccordinateevfor onefof*the~reccrding sta--
tionsa(ogdenburg) changedithe,resultJabout 300>ﬁeters_in

a-directicn‘paraller.tofthe‘faultr‘ Tr;v4251752;>

Dr.. Chandra also. used' the: comblned data for the October:
_'and December earthquakes: to. calculate a location of the:
events. He»conceded’that-there rs:no.ev1dence that:thls
assumptlon of a common: focus 1s valid,. but - due: to the:
poor quallty of‘the data' 1t was;necessary. Tr- 4314 Llc- ;FQ
Exh. 26 at: C-6 and C 7.. Later, however,'clock correctlon ;

data for the three statlons used were found in. Lamont-

R “’e Doherty flles so the locatlon of the December earthquake

T
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'waszrecomputed'using_the P and S data for it alone. Tr.

’v4374—757 Lic;vExh- 26:at:C+24; This solution isfabout onefft

kilometer from the%surfaoettrace'of?the:Ramapo-fault{

Lic. Exh. 26 at plate: Co¥mT

"?QjTheffinal solutions by:both=parties_are §9r§7éiéséftéc‘
: oneaanother;'andp as. Dr.. Chandra said? thgceﬁiéénééiFISéé;ff
tion could be coincident: with thevRamaporfauth 7Tr.:4546.
However;'bothpthe;staff’and;theT§tate,panel,teStified:that

" the: location of:one:eventy~without-additionalfevidence}

' doestnot:establish:thew“direct'reIationshipW*réquiréd”by'

' 'Section III(g)(2) and. (3) of Appendix A.. Tr;’43§4,C5225;27;

Staff?paneI{membethbplan:amplified;this:by-sajing
that,rather than: how close. a: 51ngle earthquake is to-a-
: fault the 1mportant consideration is "* * * what the other
earthquakes. in the area are: d01ng o T 5227.' Dr. Dav1s,
of’ the: New York panel,. sald they "* * * yould. want to: see:
' several events. well located of that k1nd * kK exceedlng

ourfconception:ofjthejthreshold;of:maoroselsm1c1tyuf

CTr. 4336. Dr;'Richter‘stated} ”[t]he~occurrenoe¥of7a'sma11<JWW

JWL# number of earthquake events whlch are: suspected of belng

‘m:related to a glven fault 1s also not very conclu51ve ev1-'

dence"*of a.drrect.relatlonshlp'w1th_a.g;ven¢fault. Tr"“

4814,

0

A




'fiﬁjir,._

.-The'partieetgenerallY'adreed that an obvious linea-
tionpof}earthquakes‘would;be causeuto.considerraprSSiblet.
relationship*with.axfault- dHoweverr.no‘oneféresentedxevi-
denceeoffsuch;aalineation:herex” The%StatezpanelﬁcIained“

to show an. allgnment of eplcenters w1th the- Ramapo fault¢

but when presented w1th an. eplcenter map of the reglon
‘without faults: or geographxcal boundarleség/tshOWn"they
Were unable: to detect a. llneatlon marklng the Ramapo fault..
Llc. -Exh. 22; Tr. 4312r16t«.Thezstaff.panel suteetlmony
—: states:that:the;mapsentitledl“Exhibit'2"“of’therState'e

Jtestlmony (State Exh.. 18, p. E- 4) shows: no: e e *“concen-
tration that aligns: w1th the: Ramapo fault." .Staff:Exhg 17

» athlgt Dr.. Rlchter was.cross—examlned on'the-queetion of”

~ lineation and he stated that the 1951 1962 and: 1976 loca- -

- tions. do not comport with hlS testimony concernlng the

.51gn1f1cance of. earthquakessfoundrto.llne»up»and»repeat

along a: known fault. Tr; 4774-771_ Furthermore, when pre- . ».”%

sented w1th a: copy" of plate C-2 (from Lic. Exh.. 26) w1th
the l974> 1976 (2 events): and 1975. earthquake eplcenters

markedtln yellowﬁ-Dr- Rlchter sald such: allgnment as: thereg

”69/ Lic., Exh.’ 225 a. map bearlng the legend "Selsm1c1ty of. ;<
o Northeastern Unlted States.“ Tr. 4313. ‘ S




mlght be does not agree with the trend of’ the: surface trace

of any of. the faults shown on: the:map. Tr. 4784, 4787-88;

Lic.. Exh.. 26; plate:c—Z;*

Fault plane solutlons of the 1962 earthquake were not

’1ntroduced since there are 1nsuff1c1ent data to flnd a
‘;solutlon for that event by ltself Dr. Sykes prepared a»
'comp051te solutlon of: the. 1951, 1962 and: 1976 ‘earthquakes..
CCBE. Exh 4. at l4a, Tr. 3940 44.  We do. not.find. such a

composrte solutlon persua51ve as: it. 1nvolves assumptlons

:yof a. common: source at dlfferent tlmes. Suchrw1dely“separ—

"ated occurrences do not necessarlly have con51stent causal

mechan;smsrﬁ Lic.. Exh 26: at C-14, C-15..

Weefindithat'the;merellocation'of,the-earthquake—near

the;RamapO-fault“cannotzestablishpa direct relationship,.
and there. is- no. other valid. evidence in the- record to:

support such a: dlrect relatlonshlp.

211 The solutions: obtalned by the partles for the:

't March 11, 1976 earthquake dlffer more widely..  Dr.. Sykes#

glves the locatlon as: about 0 75‘km from: thermaln trace et

_ of the Ramapo fault.t Thls value was: obtalned usrng hls

’} preferred veloc1ty model Whlch is supported by data from

quarry blasts. CCPE Exh. 4 at pp. 6—7, and,Elgure.l,v o




. The: licensees witnesses did a more elaborate: calcula-

tion, using 12 velocity models with two different data sets.

for each, thereby produc1ng a; total of 24 solutions. Lic..

krExh.'ZG' Table‘c~7 : They agreed that Dr-.. Sykes:" preferred

, fve1001ty model (hlS model 6): was: the preferable oney. and

vu51ng-1t (thelr solutlons 23 and 24) they got locatlons

of 4;and:6=km:respectlvely'fromﬂthe~surface~trace=of_the¢

fault. Tr. 4561, 4615, 4618; 4874; Lic.. Exh.. 26. at C-10,.

Plate C-3.

- Theidifference'between:thersolutions»efitheftWinarties

A i51significantﬁandfweaare?facediwith the need to. £ind: which:

is. preferable.. For the reasons: set forth below  we: £ind

the: 1ocatlon of the: eplcenter of the March 11 1976 earth-'

. quake to. be: some: 4-6 km from: the main: trace of the. Ramapo

B 27u02 as a gross: error.. (Tr; 4104.. The actual OGD seis-—

'1Qfﬁmogram was presented to the,Board and Dr. Chandra demon-

thrsdas52716€and“characterized;br.'Chandra“s~readihg%of'

fault..

‘ Bothfparties;used:thefS%wave;arrival:timeratiOGp,ZQ/_

bﬁt;their:readingsadiffered?appreciably; ~Dr;CSykesQread:«

the name of the locatlon," g OGD is Ogdenburg.,_.

[

"3?m70/ The. selsmograph statlons are 1dent1f1ed by letters for’5“r“

~

.-'Tfstrated,to the Board how he determlned the arrlval p01nt O
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for .the S wave. Tr. 4550"23,523} Also, Dr. Willis,
another w1tness—;/ for the licensees,'made anhindependent
determlnatlon on. each: of three records ‘and. read. 26. 9 and
,27 0%secondsm, Tr.. 5073u‘ Mr.. COplan»of%the staff*panelwv
'-»;looked.at all three components and: gave 27 1 as his ?i}t-faﬁ-ifgéi
;-selectlon. Tr. 5410. We flnd the D. & M value ‘to: be. the.* Q}iﬁiif
preferable:onem \

Station PNJ, usediby;both partieej is an=emateur:"

‘station.. While: the: operator of the station. furnished

cIock;correctione, there;was:nO”Way"to verify theiEQL»
:,aéqﬁﬁacy;a Trlf4233%34;-'Becausegoffthisgiiiceneeewaithess”
,ADrr'Chandra;chose;toeuseztheiS-P?time,'so the. absolute
arrival timeu(andthehce,clockcorrection) were not. involved.
(Seeiour;discussion.attpp;¢87}&$,4§EE£§:)j-Dri%SYKengSethhe

. P-wave arrival. Tr. 4378, 3880-81.

. —  Dr.. Sykes: also used a velocity correction for station.
PNJ’ because, he said,. thefwaverpathutraverses,awlowfveloc-m
'ity?meteriaI.offthewTriassic:Basin; Tr. 4035-36.. ‘waeVer4

-;hehdidihot;make%a:velocity“correCtion»fortstationxPAL,é SLoEE AT

— s . aein e R E R AR - oA RN - T Tl -— - PR

71/ Dr.. Wlllls is Professor'of Geophy51cs and Chalrman of
" the Department of Geologlcal Sc1ences at the: Un1vers1ty
. of Wisconsin. - He was serving: as:'a consultant on. the:
. location. of the I951 and 1962 events but: wasasked. by
'?;the licensees. to read the 06D record here.. :




res1duals

5444.. The: Dr & M panel sald that. station: correctlons are:

arbltrary

—loL =

WhiChfalsoaisﬁacross;thefTrfassrcTB&éinffromfthe’hypocentern
The- staff panel agreed that a correction would be proper

if the Triassic: ve1001t1es were: deflnltely known. - Trw

_determlned from (l) the average of the re51duals at -that.- i;;i; ;;?
-partlcular statlon from a large number of earthquakes, or.- :f:{d

'(2) accurate‘geologrcal 1nformatlon llke-the‘thlckneSS»of

the Triassic Basin. Tr. .4894-95.: Dr Sykes presented

no ev1dence that he determlned hls PNJ correctlon from

elther, so his: correctlon appears to. us. to be: somewhat

" The: llcensees presented, as: Exhibits 32 ~and. 33, the:

72/

provided by D &;Miforfeaoh;station:usediinr

.;72/ The- re51dual for a. given station and wave. type is equal

to the observed arrival timer minus the calculated’

arrival. time,. where the calculated time is that com-- _
puted as: the time of travel to the station from the - .. .
epicenter: after this: location has: been. determined: u51ng -
a partlcular velocity model. The: 51gn1f1cance of"
~this: ig:.that: a: small residual: gives' one confidence:.
about. therreadlng of phases.v Conversely, a large
residual indicates (1) the phase: arrival reading is
incorrect: or (2) the velocity model used to obtaln the i
locatlon.ls lncorrect. Tr.,5001

LlC} Exh- 32 and Lic. Exh. 33 are: c0p1es of Table C=5:

from p.. C=25 of Lic. Exh. . 26. upon which.residuals for: -
each of the stations have been inserted by its witnesses.
Lic. Exh. 32 was' marked with a "23"™ in the upper right
hand: corner indicating it applied to. solution number 23, -
and Lic.. Exh. 33 was: marked with a: number "24" 1nd1cat1ng
1t applled to: solutlon number 24. Tr. 5066 67.
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its solutions for Models 23 and 24. It is worthy of note
that the D & M residual for station PNJ S-P model.24 solu-
tion. is. -0.02, one-of,the:Iowest.found} thus' indicating.
‘hlgh degrees of correctness: in the- phase readlng and’ the
ST ‘f:veloc:l;ty;_model°T ‘Tr, 5003° The:re51dual.for OGD, ‘the" ?:7i_”7':iT
;:"7“‘"-'statiqnnfOr'which:the:phasesreading;byalicenséeskﬁitnesses?f:m::**
| was questioned. by Dr. 5yke5‘(p-f99; EEEEEIr is;-0.01¢ the
lowest of all residuals for model 24. 1Ibid. _The.record
Hisgsilent:onuthe:matter.ofAthe;residualsAfor:Dr; Sykes:"
'selutions:for'stations:OGD'and.PNJ,.bnt:his:residUaI.forf
1 B PAL- is: 0.14 for: the P wave;.,Tr.s4235; .ThelDi&TM‘reSidualr
o ‘ fbr;the'Phwaverfer:station‘PAL;isa-O;IZQ"Lic; Exht-33;
These1low.residuaIS'give:confidence'in thesmodels;used1for
PALyand.raise,a:question,concerning-theacorrectnesssof

applying a different model,for’PNJiaS'was;doneaby'Dr; Sykes..

All parties: agreed. that: fault=planeAsolutlons are.
51gn1f1cant and relevant: to the: questlon of a‘"dlrect
relatlonshlp." Drx.. Sykes and the D &M panel submltted

- - - - -such solutlons for the March Il, 1976 event. N o=

Drt Sykes prepared hls focal plane analy51s”by u51ng = .

- a compos1te of’ the: data for the 1951 1962 and 1976 earth- TLIeLLT

quakes. He testlfled that the fact that a comp051te _




' "dlfferent, furthermore, the second event does’not lle on
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solution fits‘theldata.from'three.events suggestSnafsimilar
mechanism for’all,threefandﬂisaalSOjsuggestive of a.
‘regionai,pattern;of.stresswv.CCPE:Exh;-4”at.l4a;'Figr_4;
.Under"crosS?examinationfhefsaidfhisaFigtv4.waSvactuallyf
;1 constructed usrng the data from the March 11, .1976- eartht;. S

”fquake and 1ts aftershock, and. the: 1nformatlon from the

1951 and 1962 events: were then added. . Tr. 3940-44.

Wesdo.not“find.such.a:composite:solutiontpersuasive.

Events: w1dely separated in time do not necessarlly have: o R
the: same causal: mechanlsm. Even~the'ma1n.event'and its. ol T
.aftershockszmayjhavezdifferent.mechanisnst. Licensees:
witnesses:testifiedithat:MCKenZier(1972):saide“A;curious:
feature<of*severalgofithe Iarge;shocks [in the Mediterranean:
reéion] for which: fault plane solutions-could.be.obtained
fbrwtheﬁmain;shock;and;oneﬁmajor:aftershock'wanthat.thea;

two often had*different'mechanismsmVj They‘aISO"quoted"
Strelitz (1975) , "the: September 5, 1970 Sea of Okhotsk .~
.»earthquake consisted. of two p0551bly causally related but. . .
ddlSSlmllar events." Addltlonallyq-"thewfault planes-and ; . tgf
pr1nc1pa1 stress axes of the two events are: 51gn1f1cantly

'-elther of the nodal planes of the flrst event " Lic. Exh.

.226,at Cfl41JCrl53
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Examination'ofﬂthefresultant_Sykes-SOlution“(CCPE*
Exh. 4, Fig. 4)4indicate5~the~resultxis.not clean-cut,

~ Dr. Sykes: characterlzes hlS comp051te solutlon for

. .the: 19ﬂ6 event as: un1que.73/

CCPE' Exh. 4 at 15. We
‘sf cannot agree w1th:thls characterlzatlon.' The D &= M panel__wi :;% ¥
Q}_s e obtalned two faultlplane solutlons for: the: same- event L ffég;?“t.
| based;en-thelr:solutlon‘24,v~L1em Exh; 26 at.C;II,_Cle;
plateAc-4...ccpqugestiohed;theagh&:MisélutionsQVC;aiminq1
thefpolaritybofithe;ihstruments»at:stations,GSC*andZDBM"

:: werefreversedlandfhence;D &-Mtplotted;thexpbihtsvfb: these;
stationsvincorreCtly. The' record reflects only that CCPE's.
own w1tness said’ these polarities were in questlon. CCPE"
Exh.. 4aat:15r Tr.. 4950?54; The‘llcensees:lntroduced-two
eXhibits¢ 30;Aﬂana~30—BrZ£] showihg:the«identification'of
the=stat10ns for: thelr focal plane solutlons glven in
flgures a and: b-on. Plate. C- 4 of Lic. Exh.. 26. 'An. examina-
tlon:OfftheseitWOieXhlbltséShOWSktheVPOlnts fertthe'two"

"statibhsyin;question.tOfbeainfthexcenter'of’aiclustertof

73/ "Unique™ means: only- one: set of normaltplanes can:
correctly separate'the data: p01nts. T o

a74/~L1c. ‘Exh.. 30-A. and 30-B are coples of figures a and.. .- oiooie
- b, respectively, on Plate C-4 in:Lic. Exh. 26.. These S
- figures: show: the focal. plane. solutions: for the March 1%,
1976 earthquake. Tz 4960', _ : ‘
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pointS'of'similar‘polarity; Hence,if-these’two are-changed,

the result would ‘not. appear to change the location. of the .

planes but. merely to: glve two: anomalous p01nts. In: cross=

: examlnlng the: D & M: panel CCPE: attempted to: show: ‘that:

i{statlons near. the: nodal plane could be determlned from téf#

the shape of the flrst P wave arrlval. The panel dld not -
agree with thls hypothe51s or that it is a: "common method.

of" plcklng up nodal. arrlvals or [determlnlng] the nodal

'planesw“ Tr. 4948. CCPEvalso=cr1t1c1zed the:D &;M:solur--7

tions;becausekthey“didfnqt.allowafor‘refractionmoﬁftheGV
waves.. Tr;f4963F66;.'However, the record does not show
that. fefraction of a wave in the region in question

actually occurs..

tThecsoiutionszoffDrtzSykestand:thatzgiven,in Lic.

* Exh. 30—Aﬂareaquiteasimilarfandaoneaplaneq striking"N52°E3
has: approximately the strike of the Ramapo fault (N40°E-

N45°E).. Lic. Exh. 26 at C-11; Tr. 4946. The other plane

would 1nd1cate the strike as: N74°W and, while: there is |

no: known fault in: this area. with. thlS strlke, there is a.

M*5'p0831b111ty of such as fault sub-surface“ Llc*‘Exh, ﬁﬁaatﬁ z?f;w

The second D & M solutlon (LlC. Exh 30 B) shows E—W

'7str1k1ng planes. ‘There 1is no:surface;rupture.to a;d-ln,




determining which solution is correct.. The staff said

"# % * there's not really any reason in the data to choose -

»onefover"thefother;m’since¥neitherxexhibits&consistency‘
-,:withfothen"relatively*nearby:fbcaI,mechanism:Soiutionse~

s foo-Tee 524‘4:62;:»‘ I L R "f'-f“,‘:‘:‘j?‘é :‘- |
SR e o OnvthezbasiSﬁoffthe:above;findith‘we*cehéladetthatz
the: March. 11, l976ieventzdoeszﬁotffdemonstratefa.direct
'relationship.withmthehﬁault»" We prefer the D & M iecar"
tionfandiaccept;theastaff1s;statement-thatfthe.kamapo
AR faultédips{apprdximatelyf70‘ft0nsoutheast“(aﬁay-froﬁ“the
E D:&?M;IodatiOn); Tf@ 5464. . Thuthhezhypocenter'is;eveh‘v
'morefthanr&éS:km?ffomftheﬁfault. TheﬁtWOiD.&;Mifauit

plane solutlons, whlle—we flnd them equally vallda - do. not

cffer:the necessary demcnstratlon of a “dlrect relatlon-

of thxs:event w1th the Ramapo fault..

D. StructuraIiBeIationship betweengthe{Ramapé;Faﬁltav

and;anyfknownﬁ@apableffaultsa_

cate-a structural relatlonshlp between the Ramapo fault

‘*> testlfled that

The record does not: contain: any ev1dence to 1nd1-

. a;relatlonshlpm “Hence wé:cohélude’theJRamapoqfauIt'dées_’

.- The New: York panel i;;; .fﬂ
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not meet the condition for a capable fault set forth in

section III(g)(3) of Appendix A. See p. 76, sugra,l;

For the- above reasons we: flnd that, 1n accordance

w1th the deflnltlons in lO CFR. 100 Appendlx Ay sectlon:

III(g), the Ramapo fault is. not a capable fault.




ISSUE 4

FIsfthe-operating“licensewcondition for Indian.:
Point'3,“requiring'en;expanded:microseismic~ :
monitdringfnetwork'alongxthewRamapo:faultm

warranted?

Thls 1ssue arose follow1ng the ev1dent1ary hearlngs-mﬁui

on- the prev1ous three issues: as the result of the llcen-

. sees' motlon t0>us:request1ng-that weu"lssue'an order
modlfylng the. tlme llmlts w1th1n wh1ch [they] must comply"
1w1th a particular: condltlon of the Indlan Point: 3 reactor
Aoperatlng-llcense; Llcensees Motion +to Modlfy License

Condltlon, dated. August 27,, 1976. P 6.‘

VThefcondition in&questionwwaS'part;of'Amendment.2(C).>
tissuediby’the'NRC“stafffon'AptiI 5,'1976; 'Amendment,Z(C)(4)
‘orderedithenlicensee:to:"éondﬁct;atprogram:effgeologieal

.: and selsmologlcal 1nvest1gatlons 75/ As part. of‘the.

selsmologlcal 1nvestlgatlons the llcensees state: that they

h“were dlrected tor expand the ex15t1ng:mlcroselsmlcrmonltor-:
ing: network southwestward to: fnclude3Pompten;ﬁakes} New

,Jeisewﬁxand,northeastward to fnCludeaEahnestockﬁuNew:Yorkif?




e

Following our review of the record~concerning~this
matter'we-issuedva‘memorandum.andlorderZQ/'deferring our

dec131on -pending: an: ev1dent1ary hearlnq by uss on. the matter..

_Thls hearlng was: conducted.for six: days between March 8

' _and March 16, 1977., ertten testlmony was supplled by the

S llcensees, the State of New: York and. by the: NRC" staff.
CCPE"- submltted no testimony- but part1c1pated in cross--'

examlnatlon.

For the reasons glven below we haver decided- that the
v enlarged monltorlng network would not. contrlbute to: the
'assurance of health and’ safety of the publlc ‘and. is: there-

fore: unnecessary..

We«were:first:made:aware:ofrthe impositionvoffthe _
lioehse:conditiohuon*JulnyG;.1976?-;vthe.last:day offour

’ evidentiary'hearing'oh Issue'3‘ The: matter arose durlng
.cross-examlnatlon of staff w1tnesses by the llcensees and.
was=followed“upfby'Boardhquestlonszto-thefstaff;m-In“the
course of the: questlonlng by the: Board on the reasons for

: requlrlng the'expanded monltorlng system, staff w1tness

'_76/ ALAB-357, 4 NRC 54 v : fasons for calllng an'
evidentiary hearing are- fully explalned in that order
and are not: repeated ln thls dec151on..o_bl :

oL
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Question: Let me ask thisr-Are you-suggesting

this" program of micro-seismicity stations to

- prove  or disprove activity on. the Ramapo fault,-

or are you. looking at ‘it as: a pure research
progect’

Answer: There are: elements of both. here. . Sa. = -
- far: as: my understanding of the problem goes;,. the
w. .. principal benefit that we: mlght expect. from: the .
" microearthquake monitoring is one of attemptlng B
. to define- the tectonic environment, I will. -

characterize it, the way the- stresses are:
behaving,. the- klnds of focal mechanisms. that.
are occurring in. the area, and so on.’

It:is;invpart“awresearch~projectl 'While- a -

" number of important people, very prominent.
people, Page, Isacks, and Oliver, among them,
Dr.. Sykes; who have considerable knowledge:
inr the  Eastern United. States have postulated:
that: microearthquakes or: small earthquakes
~arer occurring along the: Ramapo, 1t is: not
clear so far as. I know in anyone's mind what:
these: small. earthquakes: may mean so far as:
the: potential for larger earthquakes in' this:
reglon. : -

‘That is really the problem we are: trylng to.
address here.. I would extend: this in- the
context of this® being: in some aspects of a
research project to: the general statement

that: we: do not know: what the: significance-of
- microearthquakes: may be: so far as being able

to estimate what they mean -- to determine:

- what they mean for the: potential for defining‘

where: future larger earthquakes may occur in
the Eastern Unlted States. - .

.3?1!‘_." o




As the result of further Board questlonlng w1tness Coplan

'added.

There: may be,. as. Dr.. Sykes: has: claimed on:

the: basis: of his' data,. a' stress: condition,.

in: that region that: is’ conducive to- some:
.~ movement on: the: Ramapo: Fault. But we:
lijdon t know how much or: how often,u

We: know: that 1t is very much less than whatw%>
we: would. see on faults. in California that
would normally be considered to be active.

While:weathink:that:given;inffact.we=are

- quite confident that, given: the. data that

- we: haver available tos us,” the situation is: .

- not. one: that causes. a: hazard. for the _ .
Indian: Point site; or creates any great. -
degree: of risk,. there are: just: some things

- that. we.-are-a little bit. uncertain about.
and we: would' like' to- know more: about.

. And: that is- what we: have dlrected thlS
program toward

Tr. 5537-38.

L L

At that time the Board questloned (1) the usefulness

- of the. monltorlng network on: only one section: of the

tectonic: province,. (2) whetherfsuch.avllmlted“network;f

vwould;present:a;biaSed?picture«of’thezseismicityralongif

the fault, and (3) whether ltVWOUld supply any useful

1nformatlon w1th regard to the safety of the Indlan P01nt
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When the dec151on to call for an*ev1dent1ary hearlng

77/

was made——z we: requnsted that all. partles presentlng wrltten

evidence: addresssthe follow1ng questions: o t.‘L:{

" l.. Is-an-enlarged microseismic monitoring = Zoi.i
7. .network: warranted for reasonable: assurance < . -
of’ the: public' health: and safety in con- - Tt
nection: with the Indian Point nuclear c e
fac1llty°-

AN If not 3

" a. on what other basis: can. the licensees.
be: made: responsible: for the cost of
the: expanded network’

_ b. Is: the. problem concernlng the 51gn1f-

: icance: of microearthquakes. on: the east. _
coast. of the: United States: of sufficient:
importance to be of concern to State:

- and: Federal governments because. of
general danger to east: coast residents? .

3., In: answering the following questions, con-
- sideration. should be: given: to: the: Dames &
- Moore: testimony on the: possible: location: -
of’ shallow: tensional stress: fields. surround- S
ing;theznorthern:end?oftthefRamaporFault:,5 . |

a. If an expanded seismic: monltorlng net-

- .. work. is: found to: be: warranted, is: the .
presently suggestedtexpanSIOn the best

one’ ; - . :

t”pr such a’ stress fleld ex1sts;'should
...~ the-expanded network be concentrated
. around’it. rather ‘than: the Ramapo '

o Fault’ B - SR

77/ Mr. Farrar: dlssented from thls dec151on.d.See,”
H at 552-57. et e
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c.. If the stress. field is a more likely
source: of microseismicity in the area,
should not the' research work on the-
stress: field be completed: before con-:

' sideration: of an expanded selsmlc ’
network°

CUUT amamessd, supra, @ WG mesLT o o

Weswilltfirst outlinefthe<testimony'of'the-licensees,~
NRC: staff and New York State- relevant to these questlons,

and. then discuss: the entire record.

I.. Testimony of the:Parties .
A. Licensees: Testimony

Licensees: testimony waSapreSented.inrthree>eectionsm
(i% a*disCussionaoffthe;queetions-asked;by.this*Bcar&:
(Witnesses. Flscher, Werner and: McWhorter) , (2)’a-detaiIedi
dlscu551on of the relatlonshlp between: mlcroselsmlclty
and. the occurrence of larger: earthquakes (Wltness Wlllls),
'ande(3%-the"prOJectedicost:of'rnstalllngzandroperatlng:
»i{},:lrr§g,the.expanded mlcroselsmlc‘monltorlng network (Wltness -

;ftGCnnella)

WewShallfdiscussithese5§eriatimyh




1. ‘Fischerq Werner:and McWhorter Testimony#
| | 78/
au< Thls sectlon of the llcensees testimony—
is: ba51cally summarized: in. thelr response to. questlon 1, -

asafoilows: a

'-Flrst, 1t is our oplnlon that the: contrlbutlon J'F,;HT:7

safety, that. would be provided. by the: enlarged
microseismic monitoring network: would: be: next. to
nil.. To date: we are aware of no reasoned and
loglcal analysis: by which the: risk of an earth-
quake in excess: of the SSE. can be: determlned
from only mlcroselsm1c1ty.. :

E Second,vthevassurance-oflthe:public:health,and“
safety“in:connectionawith;the:IndiansPoint:facilr»
ity is provided: in performing a: series of geologic:
and! seismologic investigations: done- in accord
with Appendix: A £o- 10 CFR, Part 100. The enlarged

. network: would not make: a meaningful contribution.

v to the level of assurance provided by the: above
investigations.. As: consulting earth. scientists
we- are- obliged to point-out aspects: in investi-
gative: programs: that would not reasonably be

~ expected to. indicate’ whether: or not the Ramapo
.Fault System. is- capable within the. meanlng of
Appendlx A to: 10: CFR, Part 100.

Lic.. Exh. 35, p- 5._ - L =

I 78/ Lic. Exh. 35. “Testimony of Dames and: Moore: (Panel)
‘ on:. Behalf of Licensees: on: the Expansion: of. the:-Micro-. __ . __. __
n--selsmlc Monitoring: Network,™ James: G.. McWhorter, CTomrETo
;‘ﬂMatthew L. Werner, IIL and. Joseph A.. Fischer.. Tr.a?n'
"2 5631-47.  As: we- have noted: in. section: I, supra), all
~ those: w1tnesses are«employees of ‘Dames" ana oore ,
(D' & M), consultants: to: the licensees.. '

o
1
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The witnesses further noted’ that the staff (at pp. 2-6
of Supplement No. 3“to,the;Ind1an.Pornt;Unlt.No@ 3 SER) had

stated::

-~ We: consider' the-lack of evidence of geologically
young: movement:- and. the: absence: of any obvious
.- . clustering of historic:earthquake activity along S
- ==-s-=277 7 the’ Ramapo: Fault System to support. the conclus- - <~ =%
©=-- ----- - . sion that the fault is not capable within the- -—-* —Z::-"-
SR ~ meaning of Appendix. A to 10 CFR Part  100. We, - S |
. ‘therefore, consider our original position, that
- the: design of the. units for the. largest -historic |
'~ ~earthquake to. have: occurred randomly within the o |
site's: tectonic province, provides: reasonable: » w
aoa assurance: that the plant will not be: subjected -
- to. ground: motion:. greater than that for whlch 1t. ‘
‘was: designed. - :

Nevertheless, because of the recent location of
the: two earthquakes: near the fault;, we: cons1der
a: confirmatory program directed. toward: more:
“definitive- determination of the' age of most
recent movement. and: a. determlnatlon of the
potential. for earthquake: activity on: the fault
system to: be. necessary.

Lic. Exk: 35,7pp. 7-8.
. Intotherjwords;thesadditionalfmonitoring"networktWasv

’ to:be&requiredifbr confirmatoryzinformation:overrand-above

theéstated?requirementSrofprpendix:Au

that the &tate s lnltlal ratlonale for;“

;
?1m1croselsm1c monltorlng network 1ncluded the demand,for~éﬁl;j' :

.Q “[a]na1y51s of mlcroselsmlc patterns to. ascertaln whether
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“such. patterns might;be.used“to-fbrecast largeruearthquakes".

Lic.. Exh;v35; P..7.. The State had gone on, however, to

admlt that these ke *® tests: are: new: to: the: science: of

T selsmology and are: in and of themselves inconclusive: * % * AR

:;'; -.-' .‘.‘:A:'-‘ “‘Ibld‘ '

IR
uwy

The llcensees w1tnesses discussed. the: questlon of a

'relatlonshlp between the. occurrence of small earthquakes,

" and the: potentlal for larger earthquakes. - They statedu
that- "in: order: to descrlbe thls“relatlonshlp (1) one
must be aware: of all of ‘the: variables 1n the system;: and
(2) at: least the most. important: varlables must: be:
observed" Lic. Exh. 35, P 10. They polnted out that,

f, in?estabrishing'simply'a*monitoring network, most of the:
other varlables in the: system are: 1gnored - Id. at p. 11.

ﬁﬂuReduc1ng the system to only- thewconparlson between small

.-and larger earthquakes 1mmed1ate1y increases:. the amount -
of data and tlme requlred to: 1dent1fy the: relatlonshlp,‘

_1f‘anyn~that"may beglnvolved; Id. at;pp-vll—er\

*The.w1tnessesunoted thataonly two 1nten51ty IV‘and

Indlan Point 2 and 3 reactors are. de51gned to w1th-
... : stand ground. motions: resulting: from. an:intensity- VII.
“jﬂ;earthquake at the Slte (see pp. 6 71;,sugra)

-ntenSltY V‘earthquakes__/ have occurred w1th1n the'i'_




area'of,the~proposed network%in.the-last 278 years,fthere-
fore- the chances_of:obtaining:Sufficienttdata,intthe next

twolyears>onfbothAmicre-wandimacroearthquakes?to?determinea
a relatlonshlp between. the two: is: extremely- remote. _lgtf;

- at P 2.

monitorlng,network_wouldf!ot add to-the a surance: df‘publlc
health andisafety ihsofar_as:theroperation'of'the,nuclear

reactors: at. Indian Point is concerned.
- b. Question 2.

Thexlicenéeesf witnesses: did not attempt to. answer
BoarHTQﬁestionazmatson-the'baSis:that.it;called;ferfaa_ |
”Tstrictly*lega1Aconclusioh;f As. far as: question 2.b.. is con-
‘cerned;awyes:or,ndvanswerfwas;not;given;but;the:witnessesn
.discussedithe-difference:between:thesoverall;gebIogie;
o approach@of*AépendiﬁfAAan&“theause=of'microearthquakes
' measurements tor obtain: a. determlnatlon of reasonable: assur-
anceaof public: health andhsafety;. They p01nted out: that-.

;tﬁpredlctlon of earthquakes by any means: is: in 1ts lnfancy}wu

and:~where predlctlons over a,llmlted range have been: s

5 ':izhsomewhat successful, they have been made by the use. of

:;several varlables (e.g., magnetlc fleld, tlltlng of surface,_jv




straln measurements) and not on: m1crose1sm1c1ty alone.

3 Even in these: cases,the estlmates of earthquake intensities

by~ the Appendlx A method have always been the~most conserv—

‘ earthquakes may be: of major; concern to. the publlc ln gen-

veral (Tr. 5734), the design of the Indlan P01nt nuclear

plantsfls such as’ to glve reasonable assurance- of public

health and safety up: to and 1nclud1ng 1nten51ty'VII. Thus; -

~jaccord1ng ta them, for*mlcroselsmlc measurements to add

‘fto the assurance of publlc health and safety a: relatlon-

- margzlally' lncreaseﬂour*understandlng . Id atwquZZ;.mlt:ajmi_::

,should beeestabllshed fo:,general,publlc

;empha51zed that "[w]e cannot accept that twoyyears of mlcro—b'

lshlp must.be found between mlcroselsm1c1ty and” earthquakes

of.;ntensrty VIII.or-greater,- ;éy‘at.ppn.l9-20@

The: witnesses did: agree’z{'.trhaftt ai .-}féng;-;xange:i’réfs‘"ééiééhf :

program to study mlcroselsm1c1ty An- areas of hlgh.selsm1c1ty5'

-nterestrbut they;;

seismic:. monltorlng infas very small area Aisi g01ng to -even:-
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c.  Question 3
Eicensees.witnesses«answeredlBoard'QueStion_3'g
in two ways -— depending on;the_purposeafor'which_the"mon—--

'itoringjnetworkiisfeStablished' Licensees see:twolsuch“

hsstsibleapurPQses; (1) in thelr v1ew the staff: conszders-__-;5 BT

the*monitoring:network:thberlargely‘for,researchgand:t
'vdevelopment”directed"at determination-of’the%relationShipx :

' between mlcroearthguakes and larger earthquakes, (2) they -

: r?fbelleve this: Board by its questlon 1 had. raised. ‘the pOSSL—:-‘

*blllty that the:monltorrnganetworkhhaswaﬁ“purpose;lnh_,“
. connection with*thegassuranceiof?public<healthfand-safetym;'-

Lic. Exh. 35 at p. 27. (See also Tr. 5713-14). ..

vThecwitnesseseeroressed~the belief that'such"an'R&Df
program will not: be capable of ach1ev1ng the. sought objective:
-untll much larger data bases (1 i.e., recorded events) ‘arer |
obtalned in areas: of hlgh selsm1c1ty : Llc; Exh.. . 35 at:

pp. 27~ 28. In addltlon, they noted. that. thelr own: shallow
_stress measurements “had: been completed but were 1nconclu-( -
'181ve as. to the locatlon of any unlform shallow stress~f1eld,.

| I8 at 29.‘-, |

Wlth regard to the assurance of publlc health and.

safety 1t 1s the: llcensees ‘view that thlS has been reason— ’;

l‘ably assured by the other‘geolol?cal’and»selsmologrcal '
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investigations required'byfthe;license-conditions-and
Appendiszato.lO?CFR Part'lOO“t-They indicated°that“the‘-
-1nstallatlon of the: monltorlng network mlght add & false;.

sense;of secur1ty-~ _gg at 30w.h

80/

; : ' Dr. Willis:" testlmony concernlng the. rela—
tlonshlp between mlcroselsm1c1ty and larger earthquakes
was: prlmarlly a: dlscu551on of: the emplrlcal equatlon ‘

81/ Lic. Exh. 35 at Pe Se

%ﬂlogN—A+bM developed by Rlchter.
.lAs Dr.. WllllS p01nted out, if b is: constant the equatlon
lmplles that.w1th1n a range of magnltudes governed by
hthe llnear log N.versus M law. selsmlc act1v1ty 1s 51mply

descrlbedﬂbyfthesconstant4APh' Id. at p. 6.

Recent:workihanshown};howeveri that'b,,whichrisgconéa‘
sidered”toébe‘related'to-theaphysical characteristics
~and: dlstrlbutlon of stress: in a reglon, varles between .

valuesvofPO:SQand;lera‘Id ‘at. pp. S—lGl Thesvalue&of,b:"

t~80/ Llc. Exhi.. 375 "Testlmony of Dr-. Dav1d E. Willis:on:.

;Lif:ifff-i;;f Behalf' of Licensees: on: the: Expan51on of the Micro-- s;»;;fés_ =
- .. ... seismic Monitoring Network.™ Tr.. 5918-21.  See:also witIiisl.
' - fn. 71, pe 100, suEra. S T e T
81/ M =:magn1tude B o
_‘N.=‘number of- earthquakes of’ magnltude M or larger

' ' per: unit of time.. .
*QAland b are: emplrlcal constants.




w1tness to prov1de data—~

. “network,.,v Thesea data were: based. on the-: bld"‘ pri‘ces:? rece'vived:»

bggﬂ82/ Lic. Exh.. 39,“"Test1mony of Vlctor C. Gonnella~on-s—.

may vary'betweenbgeographical regions; w1th depth or, in

“some cases, w1th tlme and between fore shocks and after

'shocks.f Id at;pp. 15 16, 24

On the ba31s of hls data Dr.. WllllS stated that ‘even:-

Qtln areas. of hlgh selsm1c1ty w1th a broad: data base, ‘b {.i};i;fiﬁiﬁf

- values obtalned "are shown' not: to- be: valid to: prOJect the~:j¢191'

occurrence of earthquakes w1th magnltudes above 3. 5" Id.

attp. 23. Because of this: Dr.. Wlllls concluded that "it -

- ise uncertaln whether: data from a mlcroselsmlcomonltorlng
- network can be utlllzed in. the above: equatlon to: accurately

sfpredlct large earthquakes" vpld, at. p.. 24. .

3. Gonnellagﬁéstimony -

" The- licensees: presented: Vlctor C. Gonnella as: a

82V/uon the: pro;ected cost of 1nstall--

»'lng and: operatlng the expanded mlcroselsmlc monltorlng

,'from the successful bldder, and were presented here in-

'four sectlons._ Phase I dealt w1th relocatlng the present

:&Behalf,of ‘Licensees. on. the: Costs: Associated. with: Expan-mffﬁi*‘
-sion: of the: Consolldated Edlson Mlcroselsmlc Monltorlng '

NetWork"" Tr. 6038 45




°

‘ TFIV.. recordlng statlon and operatlon of the'present network_
‘durlng the transition. perlod The cost of Phase I was.
_;estlmated as: $104 500.' Phase IT covered the detalled
.de51gn and: 51te selectlon for: the. expanded network and -;1‘:

ong ;;:1was estlmated to cost $47 000° Phase III: was the cost of LTI EL L

fequlpment and 1nsta11atlon of the network The cost for LIiTho e
this: latter phase was: $358 :500.. .The" flnal phase concerned

operatlon of ‘the: expanded: network for 24: months, at-a’

“total of $1,071,000

st

Vcost of $561 ooo. thuszmaklf‘

Bi.. StaffﬁT&stimonyv

x.. The NRC staff testlmonygé/ waS“presented’by a
. panel<of four w1tnesses, J. Carl Stepp, Richard’ B.. McMullen,

This: testimony,,’

fJohnaKelleherf,andsDavld;Budgeu‘

"33/ Staff Exh. 25, "Testlmony of J. Carl Stepp, Rlchard B
R McMullen and John Kelleher".: Tr. 6186-90.,. o




rthe reglon“.fzgdr at. 2. .

: by-thquoardygwastbaSicallytaimedaatuekolaininq-thesstaff -
"rationale‘for'imposing~the'mOnitoringncondition; Thef
'thrust of. the: staff testlmony ‘was: that, whlle geologlc.eV1—-
<-dence permltted the conclu31om thatfthe Ramapo fault_ ‘
:fils not. capable;. "* R ke [w]e were not able to conciudeuofqi T
.f;conservatlvely that thlS structure does. not play a pOSSLble—f:T
'role in. locallzlng earthquake act1v1ty" Staff Exh. 25,

P imf Because of thls, the staff stated 1t would WK ke con--

_ tlnue to. press: for expan51on of the mlcroearthquake network, w

b

so that a. more accurate determlnatlo

ships: are between earthquakes and. ge oglc structures 1n

Accordlng to the staff thls relatlonshlp “1s an: 1mpor-f _

tant means. of asses31ng the: llkellhOOdMOf future movement

»of’faultS‘and, when: this: relatlonshwpwrs known, an: accuratew

'.)assessment;of;the:se1sm1Cﬁhazard;at'theysatescan usually'f

be: made.."™ ;[_b_i_d_'f

4/

- 2. Prlor to the amendment of the llcense by con-

o dltlon 2(@), therNRC staff had llcensed Indlan Point: Unlt 2
“>*ﬁgfor“operatlon and.Indlan P01nt Unlt 3-for fuei,loadlng_ |
“jand subcrltlcal testlng,on the ba31s that the Ramapo fault

- was: not capable and that the maximum hlstorlc earthquake

”’ﬁ84/ Amendment: 2 was: dated Aprll 5, 1976y, (See p. 108"
sugra ) . e , » _ : o

'of what ‘the. relatlon-~ﬂ5
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occurring in:the tectonic provincefhad resulted in aiModi_

.85/ The authorization for:

fied Mercalll 1nten31ty VIT.—~
Indlan P01nt 3 to engage in subcrltlcal testlng was 1ssued"
on: December 12, 1975. |
f}Bj;that’tlﬁeithekIicenseesp fbllowihg'discuSSiohsa
with:the:State:ofiNeWrYorklvhadlagreedpto set.upJa:netWorkw
of 12 mlcroselsmlc statlons (later expanded to 13) in the
1V1c1n1ty of the Indian Point Statlon but. almed at the
.northern end,ofzthe;Ramapo;fault-. Tr,763l7, This network.
beganfpartial;eperatien-Junegl,‘l975-andhfﬁlI_operatidh,
'l‘_in;Septemberf 1975. | | |
Theastaff‘witnesseStteetifiedtthatttheyvhadltaken,and:
still’do-taheathetpositien;that.theeRamapo faﬁlt iS‘not'f

‘capable within the meanlng of. Appendlx A to 10 CFR Part 100.'

Staff Exh. 25, p. lZ.,_However;_they'have:not been able to
conclude;thattthe:Ramapoifault'"plays-nonrole.in)localizing«

~earthquake: activity". thid, . The. witnesses indicated. that

- 85/ See "Supplement. No. 1. to the: Safety Evaluation: Report
B (SER): -- of the: Indian Point' Nuclear Generating Station
. Unit No..3"™, (January‘IG' 1977) at pp. 1-5. This deci~-
sion was. confirmed in Supplement: No. 2 to the SER
(December 12, 1975) at pp. 2 1 through 2-3 and p. 22- 1.
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: the:staff’s concernﬂabout the “localiaation“iofﬂearthquakes
began w1th the. occurrence of a magnltude 2. 5 earthquake o
N near: Pompton Lakes, New: Jersey86/ on March ll 1976 which
followed a 1951 earthquake in: Rockland Countyh ‘New: Jersey,
'Initially;condition:chr(4)-calledionly“for:a;southec {;;;_j;ﬂ

western: expan31on of the. monltorlng system but,followrng dis—

cussrons-w1th New YorkrState, tﬁ ?systemuwasalatergegpanded;
to»rncluderstatlons;t03thewnortheasta§§/b_Theaentireicon—

drtlon 2(C) was. then. issued at: the time: of the 1ssuance

01nt 3 statlon

L7

of the: SER ‘Supplement 3: for: the Indk~i'

‘H't“,'“f_- without: prlor dlscu551on w1th the appllcants

3w. Throughout‘thevhearing’the*staff‘insisted'that

the: data collected: by the expanded microseismic’ network

P R ]

AAnelther would nor could be: used to predlct the advent of

86/ The- earthquake eplcenter was: located: about 50 km,from
.Indian Point: but close to the- surface trace of’ the
'Ramapo: fault.

87/ The: March. 11, 1976 earthquake (Wthh was: a. magnitude
.. 2.5 event) was: at. that time thought. to have: occurred O
. w< . .- adjacent: to: the: Ramapor fault about. 20; km: from: the:: t',;;a e
o= Indian. Poimt’ site. A ‘laterxr: review of- the data placed, e
.- - thes epicenter -about: 9 km: £rom. the- Ramapo. (approx1mately
30 km from. Indian. Polnt).. Tr. 6193 6493; also- Lic..
Exh. 26 plates C2 and C3. o S

'T;; 6317~ 18.) Coe | o
Tr. 6318.. The supplement was- issued on April. 5 1976 vf'“

‘shortly prior to' the: tlmeythat~the licensees expected :
to recelve thelr full operatlng llcense. o .

© |
v\S'*s




large earthquakes elther in the short term or long term. 90/"

It aid 1n51st that the expanded network : ‘would- enable it -

tOsdetect and‘obtaln:accurate‘focal»planewsolutlonSFfor-

'_any mlcroselsmlc events that mlght ‘occur: along: the: entlre?~’

gullength of the Ramapo fault.: It p01nted out that the lfiLj‘“

,expanded network 1nclud1ng the segment north of Indlan
- Point: would: cover: 4. to 5 tlmes the. area of the present

'network

o Aocording;thwitnessvSteppf;_wvyaétagwpuldgsgpplyﬂthe-

- The.data themselves would not necessarlly -
the: microearthquake: data: themselves would not:"
necessarily lead you to-a: determination of the
potential of movement on. the fault. That alone
would not.. But considérations: -- this. would be:
a. two: step. process. -

We're considering the first step in it now,
‘whether or not: there is: any reason to be unduly
- concerned. about localization of  earthquakes.
-along this: structure,. and the: microearthquake:
can: lead: us directly to that: -- can. dlrectly '
-lead tora. conclusion about:. that.

Now if in: fact it should be determlned that
'earthquakes of small magnitude: are localized.
‘along: this: fault zone: then: the question: arises:

zone: should be and: that determination. would:

“. microearthquakes, and considerations of the
- extent:.of the fault, the fault geometry,

55911‘

90/ Statement by Staff Counsel.' Tr.
istaff tness

Statement by'
fStepp and.Kelleh‘ 76

- involve: other: considerations: than simply: the-.~ - .-

- of: what: the: maximum. earthquake- along that fault .  °
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possibly: the sense. of" movement, p0531bly the
" levels of stress in the area,. stress condi-
. - tions in the area, and the depth extent of
;,the fault o :

In: short,. 1t would con51der - 1t would be:
based upon. considerations. of the;, I. guess: the. -
fault dynamics,. if' we: could use a very gen~ = .-

. :- eralized: term,. and- 1ts geometry and dlmen- jiié;;iig,j

--sions. ¢ i _ . v o B . _

Tr. 62-3ei _

Later,when pressed for a. course of actlon lf the data

v showed.the worst p0851b111ty, Dr. Stepp stated-

Weil, letﬁSasupposerthatuthetdataae-~for‘a s
-moment: suppose- the: data: caused us: to: conclude: - .
that earthquakes. are being locallzed along: ==
-preferentlally along: the Ramapo. Fault system; -
.~ that' is, that: it has' a: greater risk.of having --
a:. greater: probablllty of hav1ng earthquakes,. lf
they should occur' in the .region, localized

along it. than: would: be: the case: assuming
scattered act1v1ty throughout the: reglon.'

dThen the course»of actlon we: would take is to:
‘assess what: the: max1mum earthquake act1v1ty
would: be on: lt. . .

. There: are: several outcomes from that, lt seems
- to. me. :

| -(Qg. All rlght, Now: on: what ba31s do you do
that°) , , .

' The- assessment: wouldlbe made, based’upon the= -

~ Maybe: itfclusters: only: at: Pompton Lakes: and.
“there's not- another: earthquake along: the: fault
‘zone. anywhere. =Maybe those focal mechanisms
‘are eventually shown to be incompatible: with o
~ the geometry of’ the Ramapo. Fault. system.. - Maybe o

- . . they-.are compatlble but it clusters only there.. ' .

?Ij;”Then that would pose one 51tuat10n.. S

~“nature: ‘of the: activity: along: the: fault. zone:..’ we4-~»~-
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‘Maybe the'earthquake act1V1ty is rather.uniform
along the extent of the fault.. That would pose-
another 51tuatlon.. ' . _ S

. One: outcome. could. be- that - and 1t would seem
"to. me: the: most: likely one; in. the event we:

. concluded. that earthquake activity was being:
- localized along: this: fault zone: at all, one:

2.7 i sv, outcomer could: ber that we: would accept the maxim: - . -

7’ mum- earthquake as being represented. by the: -

.~ maximum regional earthquake: just as we ‘ve: done. - -

" now;,. .and we-. would. say something: 1like an Inten-—
sity VII might. be: produced by thlS fault zone,
or' a: magnltude 5-plus.. -

But5the:differencerwouldfbe?thatﬁifAWe:concludedy
that this: fault is: in' fact localizing earth- .-
quakes: is: that -- we would' have to: consider:-
~ . that . that particular earthquake has a greater
likelihood: of being: Iocalized near the plant.
than: wer now have: con51dered

aAnd*our recommendatlon most: llkely would be. that.
- the design: response-spectrum be: reevaluated: to:

.- determine: whether or not: it embraces an earth-

. quake: of that magnltude that: close to. the- plant
- site..

r.. 6350=52.

Thewstaff’admittﬁfithat "[:}hlle-many [mlcroselsmic]-‘

studies: have been: reported in. the: llterature, a general

relatlonshlp between mlcroearthquake act1v1ty and’ the

,occurrence of larger earthquakes 51gn1f1cant to englneer-

"earthquakes reflect current tectonlc act1v1ty more dlrectly

than any other measurable geophy51cal data, they are.
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powerful data for evaluatlng the geologlc causes of earth-

quakesr"_ Ibld

The: staff prov1ded no: data as. to: the probablllty of
flndlng that mlcroearthquakes were: focu51ng on: the Ramapo,_~4
apparently basrng thelr concern- 1n thls matter entlrely '5ﬁ:§f ?f

4:» on: the March. 11, 1976 earthquake. a m.;,. ‘--‘”Lf5_~l?f'_Li‘:ff7t_€

Qm In summary, the staff stated (1d. at: p. 7) three'

reasons for requlrlng the expanded network-

: l._ If the tectonlsm is: uniformiinwthezareaaa,-'f:
larger network: will get more:datayin.lessytime-'

2, A greater potentlal will be: provided for.
gathering: data: for more: focal. mechanism: solu~
‘tions: and from: there: to: assess: whether: there
.» 1is: the: potential for movement along a: partlc—
- ular fault.

3. The network. should show whether or not.
.earthquakes are: concentrated along: the: Ramapo
.;fault e : : :

1/

The: testlmony—— fOr‘thezStatefoffNew;Yorkiwasipre—au-

"sentedgby"ltsaw1tnessq Dr.. Aggarwal, and it. discussed .

"Testimony‘of'Dr.‘Yash Pal Aggarwal on: , Tl
" _Behalf of the: State of New: York™". Tr. 6179-91. .Certain = -
- ‘par€s: of this testlmony ‘were: strlcken fGilOWlng? smotion
: ‘by the licenseesii(March, 8, 1977).%:See’ also=Tr: 5969 92,i.
L f5995-6017, 6161-73,. 6171 817, 6303-.51 6379-95.. - :

. State Exh._20,“Supp1ementary Testlmony of Dr..: Yash Pal. ;: g
v’f”G3Aggarwal on: Behalf of the State of New. YorkF Tr;63967« L
'i;6403. - T N : AT




: essary to: evaluate the seismic potentlal of the Ramapo~"

1. The major portlon of the wrltten testlmony con-:
cerned questlon 1. and: the. State s p051tlon on: the need. for:
anuexpanded,mlcroselsmlc;networki The State malntalned

that. “[1]n order to evaluate risk to publlc health and

,safety from the Indlan P01nt nuclear fac111ty, It is: nec——f;,;

a'FaultnSystemx"a State- Exh. 19, p.'6; ‘To do thlS the State:

' urged that one. must (a) understand the: "earthquake problemm

,1n the: eastern United: States, (b) critically evaluate the-

4 hlstor;calnrecorddof'earthquakesslnﬁtheeareawofflnterest;':

and (c) conSLder the: selsmotectonlcs of southeastern New

_York and northern New Jersey in. llght of the most recent

'dlnstrumentalkdata-' Ibid. on. the basis' of: such requlrements,

?themState conclude %that anw

enlarged mlcroselsmrc network
»stnecessary; - S S

To:support;itséConclusion,the;Statefs%testimonyﬂdis--

chssed)the relatlvely brlef hlstorlc record of selsm1c1ty
.1n eastern United: States compared to the longer record in:

gChlna.‘ Slnce hlstorlcal events of’ 1nten51ty VI and VIL *k~4-i~”~73
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Flnally, the State malntalned that, since 1t s futlle
to. attempt to assoc1ate hlstorlc events: “w1th faults in

thlsxareaP (ld at 9),.<

Sl e , the alternative: is: to: examiner the more: recemt: i
< . ... - instrumental data: for seismic events: in: the - itriisrzi_ss
R ST arear andr to-ascertain whether these more
s li-.:-- - 7 " accurately located events: show any relation=—=-I.70 el L
- : - ship to local faults. If such is the case, .. 7. - 7:.

then: we: can conclude with reasonable certainty:
that: thes hlstorlcal events. were also assoc1ated
w1th faults in. the area..

Ibid. —
Q‘; The:Stateaassérted;that?tﬁéﬁneeessaryxiﬁstruﬁentai:??a'g‘ifia
~data: can. only be: supplled by an: expanded mlcroselsmlc : _"v ;»,*f;
‘ network because thls WllI be: able to detect mlcroearth- : |

_quakes along:- the Ramapo fault with: enough prec151on to
_allow calculations: of focal: mechanism solutlons. ~In\the>

~ State st oplnlon only such: prec1se 1nformatlon can. llnk a:

-partxcular:fault:wlthra‘glven;earthquakeu Id:.-at. 18-19.

'The!StatefasSertedﬂthatﬁtheﬁpresentfnferbseiSmievnet;f"

- work iss 1nadequate 51nce,of elghteen earthquakes reported IR

~<1n'the-general area: in: the last three years,_fccal mechan-

 more: focal plane~solut10ns mlght have been obtalned and

'uncertalntles 1n one of the present solutlons ellmlnated

?&/ ,S_tate::‘ Exh. 20,p- l .




StatenExh; 19 at P l9uﬂ TheQState~thuS\impIieS'that a
dec151on could be- reached as. “to whether the Ramapo fault

is: locallzlng current selsm1c1ty.

_;-f - 2' The State s: answer to: our questlon 3 asse"ed"'“

;}@7-jgﬁ;¢:}1n essence that the focal plane solutlons are the only way~
| »,'—h, - to determlne stress orlentatlon at. the depth -of the hypo-!ﬁié-;
hcenter and that shallow dlrect stress measurements may orv

. may’ not 1nd1cate the same: stress orlentatlon. Thexplace-—‘
bment of am: expanded network therefore does: not depend. on:
chmpletlon;of-shallowwstressbmeasurementslu,StateyExh,-ZOﬁl'

‘ P 3‘»’ =

IT.. DiScussionxof“the?Testimony

A.. Question. 1.

. Is: an: enlarged microseismic: monitoring network. .
- warranted: for reasonable: assurance.of public =~ -

-health: and’ safety in: connection: with the: Indian- )

. Point nuclear fac1llty9 R S e T e

/e w1ll dlscuss the testlmony recelvedsln response to thls
questlon 1n the llght of 10 CFR 100 Appendlx.A, "Selsmlcg d

"5and Geologlc Sltlng Crlterla for Nuclear Power Plants"

TIf we flnd the answer to thls questlon to be negatlve the,;ﬁfi“

“:ﬁf_remalnlng questlons need not be con51dered




1in AppendiX'Aﬁwhich was-adopted ih Novemberv197393/ 3
(just 1- 1/2 years before the staff condltlon was lmposed)

the: Comm1551on set. forth..

L I '*ﬂ***ﬁthezprincipaIiseismicrandégeologic9conrw' . :
~ .Z: . - . siderations: which- guide: the: Commission: in its:- .=1z._..":

- sites: for nuclear power plants: and the: sult--: B
ablllty of plant design.bases: established P
in: consideration of the seismic: and: geologlc
characterlstlcs of the- proposed 51tes.

10 CFR;, 100, Appendlx By Sectlon I.

Theee crlterla are: prlmarlly based on the. geology
- and seismicity of the: geographlc region. around,the site:
. wrth;partlcular:regard«toathefgeologlc:and:selsmlczhlstoryﬂ
.-ofthefareao"Particular:emphasie;iehpiacedon;faulting
. nearfthe\site:ahd;determinatiOns-oflwhetherrsuoh\faultSz»
;are:hbapable;"‘
The deflnlfion of- af"capable" fault glven in Appendix-
A,. Sectlon IIT(g) is: of partlcular lmportance but:'since: |

thls deflnltlon has already been: quoted in full ‘undex:-

_“evaluation: of the suitability of proposed . f:z.czz_.: fg



For faults, any part of:which is within 200.
miles of the site and which may be of signif-

- icance in establishing the Safe Shutdown Earth-
quake, determination of whether these faults
are to: be: considered as: capable'faults. .This.

. determination is: required in order: to permlt
" appropriate consideration. of the geclogic:
history of such: faults: in: establishing: the-
.Safe: Shutdown: Earthquake.. For guidance in ::i::

5ﬁdeterm1n1ng which: faults may be of significances::—

in: determining: the Safe: Shutdown Earthquake, . .:-::v

Table: 1 of this: appendix presents: the- minimum: e
‘length: of fault to. be' considered versus. distance: -
from: site. .Capable faults of lesser length

than those indicated: in Table: 1 and: faults:

which are not capable faults: need not. be: con-:
sidered in: determining the Safe Shutdown Earth-
quake,. except where- unusual circumstances: '
indicate: such: consideration: is: appropriate..-

Sinceiweﬁhavecdeterminediin”ISSueﬁ3?that“the<Réﬁapo

fault is: not capable,we must now: decide: (l) whether, in

- accordance: w1th sectlon IV(a)(7), there: are. unusual cir-

cumstances;herevthat.requlre,speclalk1nvest1gatlons,'andh

e (2) Whether'theainstallation:andaoperation‘ofian expanded:
:‘ micfoseismicenetworkziSaaarequiredepartfofjtheSe:inveStie

gations;v

When asked for: a: statement of what was: con51dered to

be:thevspec1al c1rcumstances whlch requlred further lnvestl—_:‘

.a_;ThefunusuaI‘circumstance’herevisafoundedabothm -
. in: the geologic history of this particular
- fault. zone and in the seismicity of the area,
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in my view. The geologlc hlstory of the fault
is such that it has: been a- locus. of movement
dating from pre-Cambrian time, at least into
the Mesozoic. time, a. perlod of several. hundred
million years, and. spanning many different
orogenic: phases, several. different: orogenlc
':_phases, I should say. -

In further questlonlng,Dr. Stepp asserted that there . :fi:i
is: " a hlgher 1evel of selsmlclty in this general reglon.

Tr. 6337 Heglgtsraadmltted;thatasersmrcx‘y?around"Ind1an<

Desplte thlS lack of: unusual seismicity: compared.to

' the: rest of New: England, we: agree with Dr. Stepp that the

Iffvhrstorlcalgcxrcumstances;of?themRamapotfault~structureearef'

somewhatruniquexin:thatlit{iSbaufaUlt;system{whichh though
| not'capahle:noWy has«had?a history'of'movement'through the

' geologlc ages and does have splays whlch are: close ‘to: the:

RN

*;s1te of arnuclear fac111ty. It 1s therefore approprlate SR

;"1ocatlon of the fault.*{t;fllly

In Supplement No. 3 to the SER for the Indlan P01nt

;ﬁfNuclear Generatlng Statlon.the staff brlefly stated the




spe01al program of 1nvestlgatlons requlred by llcense

amendment 2C as. follows-”

(l) Geologlcal mapplng in: sufficient scope and
detail to: accompllsh the follow1ng. .-

‘";;Eev;_fﬁwt I (a) Definition: of the main trace: of the- ‘l i'»f;;;;
o f f;{*:;:ﬁ;;f*E}QJRamapo Fault and: assoc1ated faults of the Ramapo - LT
- " Pault: System.. : : , : .'.,tl_._FffiEf“

_ (b) Structural. and teetonlc relationship.
of the Ramapo Fault System with" faults at the:
- Indian Point site..:

(c) Identlflcatlon of crosscuttlng features
-and: faults: which: might be used to. determine the:
age' of most recent movement on. faults of the
Ramapo system..

(d) Age: dates: of the fault: along those:
sectors: near the: epicenters. of the: 1951 Rockland:
County,. New: York, earthquake and: the 1976 Pompton
Lakes, New: Jersey, earthquake.. - :

(2): Determlnatlonvof'the:agerof”mostﬁrecenta
movement on: the Ramapo- Fault. and. the: Ramapo Fault.
System by appropriate: age: dating. techniques. and

- relationship: to- crosscuttlng features..

(3) Determlnatlonuof.the;relatlonshlp;of‘current;
- and. historic: earthquake activity  to. the Ramapo.
‘Fault. and Ramapo: Fault. System. The existing: S
earthquake: monitoring: network is to: be extended '
southward: to: include: the: Pompton. Lakes:, New Jersey . -
o : epicenter area and’ northward: to. include. the-
IR . Fahnstock region. The: density of the: network- - - o
Cio motEnne - .. should: be: sufficient to: obtain: precise  locations-- - ...
- -..and. focal: mechanism: solutions. . Velocity studies: ~~:. 7~
‘needed to: obtain' reliable- -earthquake: Iocations="* . .~ ..o
" “and mechanism: solutions: should be, conducted. - Téih"f’ .
‘This network is to: be operated at least two full

",'years following complete installation. of all - ¢~\i:vv
" stations.” These studies: should be: supplemented
by stress: measurements to define the current '
«tectonlc env1ronment of the area."- ‘ »




(4) Additional geochronological age dates of
most. recent movements shall be: obtained on. those-
faults. observed in the immediate vicinity:of the.
plant, including each of the different fault. .
. sets.. Fluid inclusion dates: are to be: confirmed
by: dating: other mineral assemblages and/or by
‘using: other datlng techniques..

Staff £ Exhe, 26, P 2-7.. o o S

Only the. part of item: 3 of thls llSt coverlng the

proposed lnstallatlon and operatlon of an. addltlonal micro-

selsmlc;monltorlngrnetwork,1szbe1ng;questloned,1n»thls‘”,

. proceeding:.. In other words, because of the special.circum—

stances:that'weéhave~discussed'(see-p; l3l' 53253) on the:

g relatlonshlp of the Ramapo. fault to the- Indian Point.

' nuclearyfacrllty¢ majorpprOJects;of'mapplng,,age dating

: andﬂstreSSrmeasureﬁentS:arefbeing'accomplishedfin-a'large{
area%Surrounding‘theéIndian.Pointfsite; ‘What we must now:
dec1de 1s whether,. ln addition to. the programs already
completed or: underway, data. from an: enlarged mlcroselsmlc;'
network would be: of any real srgnlflcance in assuring: the:

'health:andisafety“of’the:public:insofarraS'the;nuclear'

facrlitieseat:Indian“Point:are=concerned; ‘ :":;*;;-:

e

.staff 1n51st that the condltlon is necessary “to; make the

dec151on for reasonable assurance of health and safety.

. The 11censees 1n51st 1t 1s worthless ln thls respect.




1. We;will’first”consider'theflicensefcondition for
the-: mlcroselsmlc network .in the general terms of whether
the: condltlon is: a. proper one under Appendlx A. After

Mconszderatlon;ofrthe:recordkbeforeauSJ-ltﬁrsvourfopinion;'

fQPE?heireasonSagiVen'below:thattitfis~nothFFf‘}3}7?5?<??€f?Tﬁ¥a¥:

o a. We note flrst of all that: mentlon of 1nstru-
mentally determlned earthquakes in the deflnltlon of a
capable fault. concerns only those earthquakes which. produceﬁ
- macrose;smlcltym. on cross-examlnatlon the staff was: asked

g to explaln, if mlcroearthquakes axe cne. of the: better: (1f

~ not the: best). source of lnformatlon, why mlcroselsmlc eval—

. uations: were: not: spec1f1cally 1ncluded in: Appendlx A.

Staff w1tness Stepp: gave the follow1ng answer:

Thexanswer:isvthat;l;dant:really know.. I.
could speculate and I think: it would be: some-..
‘what informed. speculatlon because- it's a.
'question that I've: asked: a: number of tlmes
- myself.. : o

CIf I understand the reasonlng that went into
- It, it could be: specified: as: that related: to:
. the: state of the  art of the use of micro-
- earthquake: data and a. cost-benefit you might
.'say’ reason: with regard to the. state: of the: o
art: when: Appendix: A wastbelng formed.. ¥Micro=-
-earthquake- studles was: even. in. more: 1nfancy s
~than: it:now: is -in. ' &And the people' who: were:
" forming. Appendix A, some of them at least,.
held the strong view that such information
- would. create more: confusion than not and
.7~ eventually the use of microearthquake. data
'ﬁgffwas not 1ncluded in the Appendlx._ T
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~Part of the reason, I belleve, for: 1t not being"

included in there is that we do not have these
data available to us. The. Appendix:.was written

~around data that are: available to. us. in. ordinary
. circumstances.. - Microearthquake- information,.

microearthquake: data are generally not available:

- to us: because: the: level of the netowrk capablllty
_that we have is 51mply not suff1c1ent to provrde

.;’

Moreover, and thls, as: I understand lt, ‘was. a.
very: large: factor: 'in the consideration to. 1nclude
or not include: the: data, one could not place
great: reliance on: the: locations for as: you. go
down: in magnitude: fewer  stations record: the
events.. The: scatter in the data become greater
and reliance on the: eplcenters becomes: weakened.

So: for all of those: reasons: a requirement to:
consider microearthquake data was: not 1nc1uded
in: Appendix: A.

Tr. 6277-79. .

Dxr..

Steépvagreed:that:Appendix"A.is~azrecentfregula-

tion;having:becomefeffectiveiintDecember‘1973“and'he gave

no: indication- that any great advance in- m1croselsm1c tech-'

niques: had taken place in: the 18-month: 1nterval between

: _December_1973.and;Aprrl l975ywhen'the=condltlon;was;lmposednu

" bu.- WitneSSeSmfor%aIl;offthe:partiesfagreed?thatz

glve no: 1nd1catlon of the magnltude of the stress.ﬂ Llcen—tr*f

sees,

Tr..

Cp

5934 State,-State EXh 19, p_ 13 and Tr..- 6507' o




Staff, Tr. 6270. However, it was noted by staff w1tnesses

(Tr. 6269-72) and. agreed to by Dr. Aggarwal (Tr. 6511-12) .
- that,. lf'the:earthquake;occurs:neartaaprefex1st1ng“fault".h~’
~tAtheaﬁﬁééﬁﬁéintY“ofgtheedirection:of’theaprinoipalistressﬁ"
'Ivls at least 120°fand may therefore present an:: erroneous :-.j‘zi;f;a

plcture of the stress orlentatlon near- the fault-,<_if :;--z{t;vl-7

. Cu jInvvarfouS:discussions during‘the~hearing

several. ways in whlch microseismic: monltorlng systems had

- been;usedpwerermentloned, 'Primarily- such: systems have

_beenfusediintareaszof?high;activitygfbr‘monitoringithe.v

'seismiCity"of‘fauItsrknown to be active. In these cases
ftheanumber"of;micro—occurrenceS“wasvlarge:-e~perhaps

-several. per day. 1In one or two. instances a: decrease in.

the: frequency of microseismic events. has been shown to

" haveﬁpreceded?by:some;hours;orjdaySﬂthe"occurrence of a

Iarger;qnake-ﬂ'Tr; 5826-27.24/

In. low: seismicity areas;, however, microseismic networks:

~hadipreviously"beenﬂrequirediby'NRCito:meet:special situations:

o -im:twoi instances, e.g., in: one case: to monitor the change.::

-94/ Several references were- c1ted here by llcensees “wit- -

ness: Dr.. Werner- to. papers By Dr. Sykes, State witness
on issue 1, and Dr.. Kelleher, now a. member of the NRC'
staff and a w1tness in thls proceedlng.v :




in microseismiditY'during and'following the‘filling-of a
;largetreservoir;ﬁ No usage has prev1ously been- made of
mlcroselsm1c1ty by ltself in elther low. or hlgh seismic

_ areas: to- establish: a: relatlonshlp between mlcroselsmlc e

o _;f,_Tr; 6360. Thrs”ls“demonstratedwbyh'J

Q. Gentlemen of the panel let me: ask if you
will direct your attention: to page 2 of your:
testlmony, the: first. full. paragraph which: starts

- there: in' the middle: of the page and there it's:

. your testimony, is it not,. that an expan51on

’ of the: network is requlred- ‘

”l.. so: that: a more: accurate determination
“of what. the: relationships: are between.
earthquakes. and" geologlc structures in. the:
reglon...." .

That correctly states. your testlmony, is that
correct9 ,

-A}- (Wltness Stepp) .Yes¢:that¢sfcorrect.

Q.. Do you. expect to be: able: through the use of
this microearthquake data: to. define any type of

relationship between: ‘these ‘earthquakes' and. :
- structure:that: would allow: you. to: assess: the . -

potentlal of an. gvent. in: excess: of the: SSE?2 -~

I would llke to answer' no: and then explaln il - -

SETW ‘do notuexpect these mlcroearthquake -—
-any mlcroearthquakes that may be located by
-..this network to lead: dlrectly to. an. assessment
_ ... of.a larger than SSE earthquake. In fact we
. - had. not even considered that at-this point and.
“ffwe thlnk that such an. earthquake would be
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extremely remote based upon regional considera-
tions and that's why we accept the level of SSE
that we have accepted. .We think that's con51st-
.ent. with the level of. conservatlsm that is
'embodled in.- Appendlx A.

The: measure to: which that might be: drawn: _
“upon: for such a determination-is. really not .. -

fifrii . .: clear to.me at this: time. I would not wish- ta-;; e iéfg:

state one way or the: other whether one could:-:-: =iz =7
- extrapolate- from: a. set of small earthquakesyi_b-tirmf;f s
' to: predict. larger earthquakes. R

Tr.. 6226-27..

Given%these considerations'wefdo-not'belieVeﬂthat a
research pro;ect w1th such: tenuous usefulness 1s one Wthh
‘should be: requlred of an. appllcant or llcensee under-

't Appendlx,Am,

d.. Flnally, we observe: that the staff has’ appar-
ently 1gnored the: thlrd paragraph of Appendlx A, section.

- III(g) (3). (see P 76r7 ) -"C;thh appears ta Hw‘

ation: at. the: Indian Point. 51te.* Thlsrparagraph;states:..'

Notwithstanding: the foregoing: paragraphs:.
- IIT(g) (1), (2) and: (3), structural associa--
. tion of a fault with: geologic structural '
features: which are: geologically oXd (at .
Ieast pre-Quaternary) such as many of those: ... -
- found: in the Eastern: region of the United . _:: _.. c.:¢
‘States. shall, in: the: absence: of conflicting: -::-:
- evidence, demonstrate that the fault: is' not - _.z7.':z
Ca capable fault w1th1n this deflnltlon. R

As we have seen in sectlon 3 of thlS dec151on s
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or the faults on the- east 51de of the Hudson aopears to
_have occurred -at. least: several mllllon :years. ago. The State:
'clalms?that:theafaultSTsampled;have»not:beenzproven,to:ber
lthe%youngestrbut theywadmit"that:there;isinouphysical. |
":’;3},;£mev1dence at or near the surface of movement in: at least - - ‘
| the last 500 000 years. See p.. 81, §EE£§~ 't;s””253 E — iéikﬁh

- We: flnd that the welght of the ev1dence strongly

1nd1cates that there has' been no movement: in the: faults
' around.IndlanmP01nt'51nce:thesend}ofitheaMesozoiciperiod.
‘On;thiSabasisrthere:is:nOrneediforrtheu"additionai{investi—5-
' gatlons"_suggested by  Section. II of Appendlx Agi/ beyond

- mapping and age: dating.-

2. We: will now' assume- arguendo that we ‘have erred

in our dec151on in subsection: f’

actual.selsmlc:SItuatlonuthat we find around’ Indian Point..
A microseismic network of 13 stations around Indian . Point. -

hasabeenzinuusevfOrfover:ISEmonths,géz The: system began - = o

95/ Appendlx A, Section: II, “Scope,T thlrd paragraph.ww ER

¥ 96/ The:network: stations: are located’ over an: area: of .
- rounrez’ - Uapproximately 300: km?2 "5 - (25 km: northeast—southwest,-u““,“
Cnssostos 0 12 km: east-west)s.. . One- station is 20" km- west -of’ the:~
.. main group. State Exh. 19, p. 2 and Fig. 2. . Within
" the: area surrounded by the stations. the network is.
" capable of detecting an earthquake down. to magnitude .
';zero or. a- llttle less.. Tr. 5667 : .
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operatlng in June 1975 and became fully operatlonal in
September of 1975. Since that tlme»llcensees quarterly

reports to the NRC: 1nd1cate that: some- 839 tremors have:

97/

been: recorded.=—"  Of these only '18: appear . to: be: natural o

"réevents, the remalnder belng dlsturbances caused by quarry-ia;“{txif

“”‘;jfollow1ng'table-3a;f

and. constructlon blastlng. o I ;_t. - S

The State s testimony 1ndfcates that 51nce Aprll 8,‘
'11974 the Indlan P01nt network together w1th the Lamont-_f
Doherty and Connecticut. seismic networks have recorded a.
total of 18 events of possible lnterest to: the Indian:

. Point: fac111ty.98/

Of" these the: four events at Wappinger -
‘Fallsq whlch may: have: been quarry blasts, are: agreed by
‘all;partles.tozhave;no»relatlonshlp to the: Ramapo Fault.
SimiIarlyy the~earthquakes.atQSchooley'Mountainvwere over:
75LkmvfromﬁlndiantPoint:andiapparently not connected with:

. the;mainhRamapo.Fauit;gg%r We,arenthuenreduced:to a. con-
sideration ofﬂlz;eventsiduringrtheflast;two\yearsm These:
12_events;taken:in“chronologicalsorder-andinumbered;aslin’_

the: State" 's. Table: 1 (see: fn. 98 below) are shown in: the :

© 97/ See: Quarterly Reports for the Seismic’ Monitoring Pro-—-
~ gram for Indian Point dated Oct. 22, 1975, Jan 5, 1976,
BApril 12, 1976, Aug. lO, 1976 Nov. 8, 1976 and

Feb. 14, 1977. ' L

. 98/ State Exh. 19, Table l, appended thereto.
5@*99/ State Exh. 19 Table l and State Exh 20, Flg. 1.




Tableﬁ3.:

_ , % -
No. ~Magnitude -~ =~ TLocation—' _ Date

5. 2.1 ~ 7 km. S.SW: of I.P. close:  47/8/74 (prior
‘ ' torsplay“ofiRamapo;::yﬁ ~ to: operation of
| | ) - I.P. network) ..

-«@ﬁﬁtZﬁ?km‘N”E. of I. p.‘[5;1:;f_>7 7719/754{ j;};;3

15 km S.. of I.p. ”'-ﬁt:gp"'3%22/75'5
32! km- S.W.. of Ramapoﬁ,m' - :

12 1.5 40 km S.W. of I.P. - 11/10/75.
: v 5 km f£rom. Ramapo,v o

13 L.ov 17 km S.E. of L.Ph. . 3/6/76
o - 17 km from: Ramapo and S :
east‘of?Hudson:River

.14 - 2.5) 50 km' Si.E.. of I.P%. Co3/11/760 0 -
- 15 . 1.8y Close to Ramapo: . 3/12/76 |

17 25 27 km S.E. of I.P.. . '8/20/76.
o : o 25 km: from Ramapo; o
east of Hudson River

18 1.8 About. 2 km N. of I.P.. ' 9/22/76
. S - in the: Hudson: River: - o

I9¢ . 1.0 . 60 km S.E. of I.P. 10/28/76. =
R may be: near: extension o
of. Ramapo:

. 30 kmS.. of T.P. .. L1/22/76 -
-20: km: from: Ramapo: - =
‘eastq51de of Hudson:r" B g

_*/ A1 distances glven in the table are- scaled from Flgw-l.:""
»'of State S Supplemental testlmony. State,Exh. 20,

) ﬁ’**/ Distance: from fault is stated along a 11ne perpendlcular "{ff
e to fault trace to eplcenter. el R A




 From thlS table-we see ‘that only two events (5 & 18)
occurred within the. Indlan Point network, i.e., within.
l3}km~of:thessite@ Of?thesrest,.only 12, IALZISAand2195Q

can: concelvably be: dlrectly connected with the- Ramapo o

;We:believe:that;itziszimportantftOfnoteathat‘the%tWOHa
- earthquakes (5, 18) nearest to the<Indian:Point;facility

 appear’ to be near splays: of the Ramapo.. ZStaff witness

N Kelleherjemphasized;theaimportancefofithis?with;the;follow-

ing: remarks:

If there's a complicated fault: system and if &

there's: --- In. general, the: more heterogeneous it

is,. theemoressplaysmrthe‘morevbroken:up, the.
‘more: transfer structures, in general the: smaller
- will be: the: earthquakes associated with: that.

So' if you: have: a: very complex,- compllcated fault
system: with. a: lot: of splays on it, and you're
‘getting a: number of different events on. thése,
small. events; microearthquakes on various: parts:
of. the: system, I would not: necessarily feel that
there: was: potentlal for a much: larger earthquake.

6286

In the case of earthquake 18 (the September 22 1976

fevent whlch occurredijust.to the northlof Indlan P01nt,,iff

£ State w1tness Aggarwal was of the oplnlon thatAthlS earth—
quake was most probably assoc1ated w1th the Tlmp Pass
fault, a: member of the Ramapo fault system.. Tr. 6479.

Dr. Aggarwal p01nted out that hlS focal plane solutlon of
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earthquakef18ashowed{amfault~dip of ‘approximately 62° and .
hypocenter‘depthvofHBkari.He:stated that this dip extend-
'hingifromttheJhypocenter,tosthe:surfaoexwouldgcomeiclosefg‘

tORtheysurfaceftrace;of“thepTimp;PassyfauIt; Tr. 6479-85...

L In rebuttal testlmony, however, the llcensees wit-fzz;g

- . nesses: Werner and McWhorter presented a. strong argument

that the actual measured dlp of the. Tlmp Pass. fault is

- - 81°.. Tr. 6562, et‘s eq.. Slnce thls fault is: a strlke—sllp

fault,. Dr. Werner: explained: that,the dlp measuredrnear

e b

55 .beﬁmalntalne a-~depth-

© Q.  (Mr.. CurleY) *: *'*<Whattwefre{talking“aboutj _
isr ar dip' at the surface. Must. that angle continue:

to: depth°

- A. (Dr. Werner) I would say yes it is: ai law
‘established on several levels;, the one being:- the
" rock mechanics level where observations are
that, you. know, in response: to: a. given stress:
system: you're going to have: a: planar‘break

" develop;,. a.flat planar: break and. that's what thes
fault: represents.

T Addltlonally there are fleld observation:
studies. -— I can't. glve~you exact citations:

‘me, but I would: reference: the: work: of: Handon*
~re1at1ve;to.rock mechanlcs.‘_f;,rv R

c1te the works of Moody and John W11cox.

.‘“1,

"‘Trm 6571 72 'd;:‘"

right: now: because: I don't: have the material with:

ﬁﬂﬁ; There are.fleld StUleS»Wthh 1nd1cate that.‘ .
- strike-slip faults as a classaare planar.. They’ -
" maintain. their. dipr at depth and .in that I would:
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Under these circumstances the Timp Pass fault: could
not extend eastward. to the’ hypocenter of earthquake 18.

Its should. be-: noted that events lzp 14 15 and 19,

- at least: three of whlch were: detected by* the Indlan P01nt

ﬁ;}network and a focal plane solutlon obtalned on one, are Eii;:'

at the extreme southern end of. the: proposed expanded,net- o
work,t In addltlon, Flgure 1 of State. Exh 20. lndlcates
that-five;(lOg.I3m~16r 17,. 20%‘of*theﬂearthquakes%in'their

ﬁf;Table l are: located.east cf”thE?Ramapo fault, three of them

2. @ast of the Hudson Rlver. In.answer to a Board questlon

.(Tr; 5536) as: to; the srgnlflcance of a. hypothetlcal scatter

- So: that to answer: your questJOn,.Mr. Farrar,
directly, the fact.that micro-earthquakes: may:
"be: scattered rather randomly throughout. a: broad:
region: here,. occurring on: many faults, even
though' the: overall. stress system may be- con- .
’=Sistent'withumovement'on:thefRamapoj the distri- -
bution: of the earthquakes: in: a. more random
fashion would suggest that at: the: very worst,
. If we: speak of worst in .terms of hazard of ‘
. movement of' faults; all of the faults' in: the:
;area?offsome:kindiof?equaliparticipationmin,:‘

‘one’ then:-distributes: thes level: of seismicity: -
among: all. of these: faults, it gets pretty much -
“'diluted so far as' the: significance that it has
for movement on: any one: of the faults.'

'Tr;

‘;the.dEfOrmation that' is' going on,. so: that: if"~.  .:<I7;




vggpﬁIndlan P01nt facw

g

| In'summary,.it:isaapparent«to.us;that“theﬁpicture
presented by the data. from the existing Indlan P01nt,v
Lamont Doherty and: Connectlcut monltorlng networks is: of

a. very few mlcroearthquakes in. a large reglon about: the

- were; w1th1n 12 km of the Indlan‘POLnt site and at worst »
these: may- have been connected with. splays of the Ramapo
fault.. Flve:of/thevearthquakeS"weref40«kmror:more'south-
' east of’ the: 51te near- the: ‘southern extension- of the. Ramapo
ifault, The remalnder of the events were: well east of this:
4\»fault; Thls picture would be in accordance with: the historic:
:ldata shown by appllcants plate CZ}DW, ThlS plate shows: a-
:j' trend: line: of hlstorlc earthquakes. 1n'the area runnlng
north-south some 30. km: east of Indian P01nt. The=act1v1ty
:pappearSTtO*lncreasefasyonefgoes east:from:thefarea»of the
Ramapo~and‘decreases,to,the>Westeof:theyfault. |
Thefpreponderancetof;thefeVidence~indicates:that an.
_expandedfnetwork;&ill;not:produce>dataato»enhancevassurancee -

}: of! publlc health and. safety. The data. already ‘at hand

";fromrthe~ex13t1ng networks*do n%}??hmwvnfw”ﬁ;

"farequlrlng‘an addltlonal.network.~ Thus we: find: no

'3ﬂlg§¥ Attached’to licensees testrmony (LlC. Exh 26) on.
"1ssuek3 of thlS proceedlng.,-,__vﬂ o _




justlflcatlon for requlrlng the 1nstallatlon by the llcen-

. sees of the expanded monltorlng network.

| higger'therneasensrgivenhin'this;endnionhwevhaVeanadey
the: following findings:.‘ |

1. NthistoriC"event requires~the-assumption; in
'_accordance w1th 10 CFR, Part 100, Appendlx A, of a safe

Shutdown Earthquake greater than. MOdlfled Mercalll lnten-

slty-VII;forgthe;Indian:Peint,facilities-v'

'ZAA Thevhorlzontal ground acceleratlon,de51gn ‘value

should remalntatha.ng for the Indlan P01nt'51te based

sonaa;maxlmumaprebabIegearthquake@og;intensitnyM1VII.
3@ -The%Ramapo fauit:iS“not.aicapable*faultm

4. That sectlon of Amendment: 2 to the- Indlan Point: -
: Unlt 3 operatlng llcense numbered: 2(C)(4)(c), whlch con-

'talns;thezrequrrement*forfanienlarged;mlcroselsmlcrmonltorec‘

Fif andasafety and is: unnecessary, w; ﬁ ;*":m"fii3h?{*3“'H
'5.; Determlnatlon of the selsmlc rlsk in- the eastern »

Unlted States through dellneatlon of tectonlc prov1nces

is dlfflcult. Because of adv1ce from 1ts geologlc adv1sory




=0 I5L -

committee - the staff has not promulgated an off1c1al tec—
tonic map of eastern Unlted States, nor has it 1ssued
' guldellnes ‘to. the 1ndustry to aid it in developlng such

prov1nces, It now appears that the U. S Geologlcal

7}_Serv1ce whlch had a: major role inr developlng Appendlx,Aﬁi

f‘has expressed the: oplnlon "thatrthe Appendlx would be:
extremely_dlfflcult.to:apply—and"would,lead,to a;lotuof
confusion:in‘the?assigningvofltectonicfprovinces;“
Tr. 3778-79. | | |

6. Inﬂthiswproceeding‘theliicensees:presented the: . -
- most: reasoned: sc1ent1f1c approach: to: the: selectlon of
pbtectonlc provinces and the staff offered no opp051t10n

"fththose:prov1nces- -We~have;accepted\most but: not all

- of them..

7i§-ifﬁthe tectonic:province;approachvis=t0'remain
v1able, guldellnes must be 1ssued so that the industry
and publlc alike: can: be aware: of the ground rules.. In:.
-other“wordsgthe:staff:must"knowrandftell'othersm~what:

ruleé?ft,fotrying'torenfOrcet o S -3

As the result of these flndlngs,we conclude that the

operatlng llcenses for Indlan P01nt unlts 2 and. 3 should

v'”??not be modlfled except w1th respect to amendment 2 to




=152 "5 :

the Indian~Point‘unit 3 license. That amendmeht is to be:

S L

modlfled by the deletlon of that portlon of" sectlon .

2(C)(4)(c) which: relates: toylnstallatlon of an; expanded:. -

tlon of the unlt I fuel storage pool,but before operatlon

SRR The llcensees should be allowed to: contlnue opera ;é“?f”33

sof that reactor may ‘be resumedfnecessary'modlflcatlons must |

| - be: made to ensure the public: health: and safety in the

._event;ofianfintehsity:VIr,earthquakex

It is: so: ORDERED..

FOR THE ATOMIC. SAFETY AND: LICENSING
APPEAL BOARD

;%/az 4@&7—5 Al NFs

" Margaret E. Du. Flo
Secretary to. the:
AppeaI.Boar&g,

The: oplnlon of Mr.. Farrar,. dlssentlng in. part follows. '
.See: pp. 153~-60, infra.. :

e




*'-sald, and they are: anx1ous to 1s['

2153 -

Opinion' of Mr. Farrar, dissenting in parts::

I disagreevwith my colleagueS’on.a-number of counts,
and thus cannot jOln in the opinion which they have. pre-
pared.. It w1ll be some: tlme, however;, - before I can com--
pletewthe wrltlng of a: full response to: what they have- ‘

F e e I /
opinton. "

aCon51der1ng all the c1rcumstances, we: have’agreed that

:thetbest'course-to~followv1n thlSeoasevls:to:release‘their
oplnlon now, accompanled by only an‘outllne of the main.
points: on which my views differ from theirs. I w1ll
'nsupplx~a,oomplete;opiniOnfasusoon:asnpossibie” and in it
settforth*a~detaiIedfanaIYSiSisupportinq=mytconciuSionsr

| f!e A{number of’. earthquakes greater than: IntenSLty VII
.(the level taken 1nto account in de51gn1ng the second and
thirdfunltSaof‘thrs:plant) have: occurred’ in and around’ the:

Eastern seaboard in the- past: 200° years. Under.the«Commission's

regulatlons, we- must assume- that earthquakes of thls size:

1/ Although the: majority decision does: not: call for: any’ _

T change: in the: status. quo- of the: facility, its authors: - -
believe: that some of their holdings: will be important: in. '
. other cases,. and. that llcen51nq boards: should therefore:

’“havefthexguldanceéof their opinion: now. ParticuIarIy

important,. in: their: judgment, is: the:' need for senior- NRC

taff. management to: focus: on: the: ambiguities: concernlng

# +he' meaning. and’ appllcatlon of' the: tectonic province con-- -

gi}'cept embodied in the present regulatlons (see pp. 55-61,.
. sugra) DR » : ,




will recur; the queStion'is‘--'where° In‘that‘connection,
we are told by the regulatlons to. assume’ that, unless a
f_prlor earthquake can be. assoc1ated w1th a. partlcular
_structure, it can. happen:agalnﬂanywhere~1n“thefsamef
'_ “tectonlc prov1nce o Such a.prov1nce is: deflned.as a:
‘region of the North Amerlcan contlnent" hav1ng "a- relatlve H;lli o
con51stency of * * geologlc structural features- * x * L 2/
In de01d1ng whlch of the widely varylng versions: of’
proposed,tectonlc;prov1ncesgto:accepty we%must:be?consc1ousv
offtheﬁeontextaof‘our;inquiryiv.In:searohing;forr"reiative-
con31stency r We: should: be: paylng partlcular attention: tor
tthose features whlch are: 31m11ar or dissimilar im terms
of’ what they 51gn1fy in: terms of earthquake potent1a1
Intotheriwordsm structural%dlfferencesawhlch;havefno
discernible:bearinéfon“thefpresent“likelihood,of’earth-ﬂ
“quakes should not, as I read the regulatlons, form the.

3/

baSlS for draw1ng prov1nce boundarles.

2/ 10 CFR Part 100, Appendix: A, EIII(h).'

3/ in llght of . thls pr1nc1ple, and the: fact that the»defl-

. nition of & province: is: couched: in terms of a reglon
.. of the: "continent™, I find: perplexing: the: majority's:

" unbuttressed: statement,(pp- 33-34,. supra) that it is

.. "inconceivable™ that. the drafters: of the regulation-

" could have intended that  only: so-called "first-order™

. characteristics be: employed, resulting in provinces of.
‘' the size proposed by the: State. The suggestion that any
_ such intent would have been stated "explicitly™ ignores

.+ the: imprecise wording of' the regulatlon,‘whlch was: de-
‘lliberately drawn w1th vague contours. Indeed,. one: of

(FOOTNOTE CONTINUED ou NEXT PAGE)._u_;?f7;f"




I am not.eonvinced’that in all‘ihstances~thevmajority
opinion adheres to. thls pr1nc1ple. fet'my'colleagueS‘
should not necessarlly be. faulted on this score, for the
Alengthy'hearlngrrevealed‘a<pauc1ty of*knowledge*about
;{;;M:-wt;ﬁearthquake mechanlsm. In the face of thlS lnexactltude,
| o '-our task is. dlfflcult but our: course is. plalnly marked..
lAs+I;havevstressed before,. “lngrecognltlon'of;the~gaps;
in:out understandingtof.earthquake:occurrencelahd-mechanismyr
the: Comm1551on s regulatlons insist that in thls area, more
', so: than 1n others,'conservatlsm be the: watchword" :i/ |
| Wlthout -going: lnto detalluat this: tlme, I can. say that:
uy conservatlve appllcatlon of. what I belleve to be the’
cont:olIlng‘prlnc1ple-leaves;mevattoddsawith*my*colleagues
oh{some:offthefprovince-bOundaries;they-adbpt;~ Buty in
llght of the 1mprec1se state of the art, I would be:

'exceptlonally careful to- avoid dec1d1ng matters not ab—

solutelxcnecessary;to.thefdlsp051tlon*of this case. In:

-3/ (FOOTNOTE CONTINUED FROM: PREVIOUS: PAGE) ..

. the: reasons: the: dispute on this issue: was: sor sharp,.

- .7 and’ the: evidence: so: voluminous;, was: precisely because:
“the: deceptively” simple- definition of  tectonic: pro—
“vince leaves: S0 much.room for: dlfferlng 1nterpreta-'
.tlons. - : : o

4 >/ Publlc Serv1ce Co..of New Hampshlre (Seabrook Units

T and 2)., ALAB-422, 6 NRC.. (July 26, 1977).
(dlssentlng oplnlon)(sllp opinlon, pp, 172r73)




'y

'.thiSfoonnection, it;can;beaSeen fromhthe;majority'S'opinion
that‘the.disputeS’which-areicrucial to a decision involve
relatlvely few earthquakes and prov1nce ‘boundaries.. Thus,b

N my: oplnlon will deal w1th thls issue on as narrow: a ba51s
as p0351ble;. I cannot/now, before my own: analy51s is:

'*fcomplete, say w1th certalnty whether I will: be: able to
endorse the majorlty ‘s ultlmate conclusron on: the first
issue, i.e., that 1t was: acceptable to use only an.

-IntensityTVII.earthquakeras;the:startxngvp01nt'for‘plant

design.

2;‘ The Comm1531on ‘s: regulatlons go on: to requlre that,
once: a: forecast is: made of: the hlghest lntenSLty earthquake
1 likely to be felt at the 51te of a: nuclear power: plant,
the.plant be desxgned to*take»account of:: the— "maximum"™ .
acceleratlon whlch mlght result.from such. an: earthquake.—;/
- 10: CFR: Part 100, Appendlx A, SVI(a).. We"havellndlcated
eIse?hereﬁthat‘this?requirement‘was:nottintended;to:be“'- : ";‘

‘applied: Iiterally; it:is;tOfbeﬁunderstoodnas?referrinq('

ﬂ;i/ In: effect, then, theAregulatlons requlre that the\»
.- somewhat: subjective intensity ranking (see pw:8iy fn
v *isupra) be: converted: into: a specific, objective
| measurement of the force which the: earthquake: in-
' question mlght bring to bear on the nuclear power

plant. :




only"to:a—lesser‘quantity; i.e., maximum effective accel-

6/

eration._f But even at that, the. majorlty s dec151on on.
how: to determine: the effectlve acceleratlon 1evel to be:
'assoc1ated w1th a: partlcular intensity suffers from the
same-def1c1en01es whlch I outlined when the ldentlcal
?questlon came up in Seabfook = Inpbothzlnstances,ﬁthé-
board*magorltles:settled:upon~aafigureQwhich-hasinct?inamy“
judgment beentshown.to‘cofrespond,in,any significant way'
to;the;maximum.effective:accelerationffbr*theuintensityi

in question. | - _ \

In a: nutshell the problem is. thls. The basic data::
relled upon,. about which there: is no: dlspute, have been
‘takennfrom‘avlargeunumber'offearthquakerrecqrds, Trac1ngs;~
--~calledﬁseiemOgrams:4-=recording the accele:ation1measurai
by’anfinstfumentat'a;particular*10cation:during a. particular

4earthquake:haveabeen:groupedﬁaccording;to the intensity be-

' Iieved: to: have been: felt near the location of the seismograph.

6/ Seabrook, ALAB-422 supra, 6 NRC at r, (majority
opinion, p. 607 dlssentlng oplnlon, P. l7 6); see also
p; 158, lnfra. :

T/ ALAB—422, suEra, 6 NRC at  (@issenting opinion,. '. _
PR~ 175-76)- e e e




during‘that“same-eatthquake; Thegseismograms.in each
intensity.group were- then analyied.to ascertain the -
highest anpiitnde, er‘peak;'acceleratien:fecorded.on-
each: of them.. . The?disputesbeforequ“invoivesﬂthe*VaIidity“'
,Aof concluSLOns drawn from an: analy51s of the: several peak
".acceleratlon,figures found in each 1ntensxty group. |
| All parties agree- that it 1s not: necessary to use:
the'hlghestapeak'assoc1ated.wlth~a:partlcular:1nten31ty'
IeveI,to;represent thezmaXimnmtacceleration-expected.ferf.
1that.1ntensity;‘ Thisnisibecause:the{highestfpeaksﬁgenerally'.
have.a?iafgeHCOmpenent:of*high frequency“Qanesxwhich{willL |
havegno dlscernlble lmpact upon the fac;llty. In'other“
words,. the max imum; effectlve acceleratlon lies at some:
"_Ievelfbelow:the.highest:peakw

While it. is thus: perm1531ble not. to insist on' the: use

- of the hlghest peak, there: 1s not, in my" judgment, an. adequatei

,};ianatlonnlnsthe«recordmorﬂ

émy colleagues' opinion: for:

%edﬁntenanCLng'use.of the?mean, or‘averagep-of the peaks

Do fint-va]

toarepresent’thermax1mum effectlvesacceleratlon,. ThlS;’

‘_approach might have obv1ous merlt 1f the several peak

.v;

aﬁfacceleration flgures, taken from the selsmogramsjfor all

A

earthquakes of a partlcular 1ntens1ty, fell w1th1n a. ‘narrow




‘range. But their'scatter is;large‘---the“recordrreveals”
that thefhigheSt'and lowest peaks*associatedeith each. of
the relevant 1nten51t1es dlffer from each other by. an order
_of magnltude, i.ew ’ by a,factor of ten.8‘/

Consequently, the mean.of the- peaks taken: from all
'seismogramS?associated w1th‘a part;cular;;ntenslty mlghtzt. e
fall‘COnsiderably*beIow:theﬁlevelvofteffectiveVor-sustained
acceleratlon found, for example, on. one of  the selsmograms

reflecting generally hlgh:levelsﬁof.acceleratlon. And it is:

"”thatrquantity“--ﬂtheﬁhaximum:effective~acceleration;--‘whrchp

o the,regulatlon requlres be' employed to represent an: earth-

quake of the: 1nten51ty ‘under’ scrutlny. I cannot.percelver‘
any-justlflcatlonn1n*thlsfrecord:for stating*that‘the»mean
:of the: w1dely scattered peaks: found in a: number of records.
is: 1nherently representatlve of the max1mum effective:
acceleratlon‘latent in one. And I fall to: see: in the:
majorlty s dec151on to- accept the: use: of the mean of the:
‘peaks: any other legltlmate support for doing so. T believe:
that an: effort should be madezto;ascertain.theemaximum:

2/

effective:acceleration~in someaothery.rationai, manner;

.8/ Trlfunac testlmony (CCPEoExh l), pp. 3 4 Tr. 312 15
~ . (the reference at. Tr. 314 to' the figures: found in Appendlxw
."c™ of the wrltten testlmony should be to Appendlx "E")..

9/ The views I have ‘been espou51ng may. at ‘last be: galnlng
some: degree of acceptance. - See: the maJorlty s addltlonal
" remarks, pp: 72-74n supra._‘_w v R :
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: 3. I do not take issue w1th my colleagues' ‘resolu—
tion_of the third issue, E;g;,'the capab;llty of the: -
.RamapO'FauItw AlthoughﬁItwould’not;express therreasons
-for"my own*conclusionrin quite“the;samefWay’they*do,

_L,we all agree that the: ev1dencevthus far accumulated and:
'f:f'presented to us: does not demonstrate that any of the ’
' cr1ter1a whlch determine capablllty have been met
Nonetheless, the staff has: made what to me: is: a
conv1nc1ng presentatlon supportlng its clalm that. the
;;fault might: play a pos31ble role in loca1121ng earth-A
e 1 quakeract1v1tyj,and:thatutheqexpandedimrcroselsm1c~mon;§»
.‘;toring*netmork'iszwarrantedf_ Thus,‘on:thevaurth issue,
I must agree with: the staff, the State, and: the Cltlzens'
Committee: that the: monltorlng condltlon whlch the: staff
attaohedito;thevUnlt;3&operat1ng“11Censershould’beﬁupheldl.

I‘dissent;»thenyvfromvthefmajOrityPS'opinion:onethat;score.

Asx prev1ously 1nd1cated I will explain the reasons: for

thls conc1u51on, and the other v1ews I have expressed -
, 1oy '
a. subsequent opinion.™

{1 7a In Seabrook. (ALAB-422, supra), I made a similar commitment.
ﬂ?ln,connectlon with:. my'dlssent on the: seismic: questions:

presented in that case.. . The>Comm1551on has: extended
its time: to- decide: whether: to: review those questions: f
~until it receives and analyzes. my opinion. . (See its
- Seabrook order of September 15, 1977, CLI-77-22, 6 NRC
Gy Y. As noted’ above: " (pp-. 156 157, supra), one

~ of the: questlons here. is the same as one of those:in
... Seabrook. 'Moreover, the so-called "Boston-Ottawa
-8eismic: trend™ or "Cape. Ann—-New Hampshlre tectonic :
‘. province™ plays a significant: role: in: both: proceedings..
chnsequently, I intend to release my supplemental '
<.op1nion in. both cases at the: same tlme. e
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