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A~~~?.Si ing Criterid. ti~'
0...I~vrP~t 17) i ' s~in lthe F.1A

-igire A1 shows c r thq'u~ek er ntI
n•orthe e n n r.. . .%''nt. u;.utt :e.;••. ". n Unitecd Strec% int .'tJfle

-rls of Can;iedi from. 1976 to 1977 ,i,.i.

.tckd by nclork% hi the. area S.
"" ' ": . " .1). tlth. Ott~ll't tc ,f •.'¢ tl C l¢"t~itioI1q S.

E -ulhiticttn es, Fatults, :tnd Nttit'ir V'oiver lPl.it its in " i ,i I. ,, , ':

Southern New Yo rk atnd N•t 0)1rni New J c e;yý_e . the period cuvercJ in I-cJ. I the 0.,.t n.
covcr•ge is nore ' conplete" for W-",

*Abstrnct. .ei.sric acrivity ine the trrearr ,%,. Iork City are"a, . concentrated ahMng .-,'York Stite tnd adjteccnt lre;t% .end r..eoe

.severael noth rast.trending fettit.% withihh the Ramnepofault appears to be tl/e rno.t er for New .England.For New.York 'n..

actite. Three ntclettr po'wer phlti.; sat Indli,m P'oint. New York,' twre situated cltea' to -- adjaIcent ar'eas the detection rt pro•vshl'

the iRasntcapo s]ht. For a re,¢tepr if," in t.eCfolr 4l0etes."t tie prol i(hjiljty/ifet ti •rite. ,"rcomplete for- v•evt. ta'.rr. tha'n rncrn"
hill '.eperience tin inten.mitv equal to o, in excCs.s (•vafv ihtethw) eurt. trtde (',r,.) 2. Since 1974 the dete€lit'•i ,(

complet fr >1.for the aic~nat
qual e i.r e.tritared to he nhuf t.5 to II perrcent. .c.7 c. for > 1. .1

".the Rnaim; f cl. We determined:tie"

The R:mapo fault syste m." ,-hich ' (ASIaH) "of the" Nuclcar` Regultaory•: nittiJntdcs (r,,) of these and ii'thefe

bounds the Trin[scl.Jecaic Newalk Commission (NRC) int 1976'and 1977. In cvetets used in this.r'port. un. Noitltli''.

grabcen ont its iaorthwest %iJe, has been . 1975 Ratclit. e (3) recognized an individ. sclec (8).

known for about 100 years Nit has iecn tial fault. possibly of the Rat:epo sys- The overall sep;i:a ttiia trihutco ",

commonly pr eemed to be :at in;ctive :tm.m that passes bencnath rct:or titrit 3.V" Ih'.ccvent•t i ircnark:ibly similar liti Mi

fault. Prior to the advent o( plate tectonic Since then. consilderahle cl'ort has becn or historical cvcntls for thc pcriod"I"S. I i

concepts in the late i96W*". 'l'eiamic de- devottd fit geologic mapping and ,tidi,.s thromgh 1959 (9). Btoth the record ill Fil•.

form;,tion iv~i, generally thoiught t•o b of local earthqueakes ne.r the icactors (2, I -and the hi-,,tor;c .iisck,, show contd.'i

" ttc last dying gasp of Palotoic ologri.- 4-6). Since late 1976, sevcral shocks tr;itions of ,,eismic ,ctivity in the n.riti.

ny." "ih separation of Niorth America have occurred on the Ramapo faul both crn. western. and souLthCettern pit,% vt

from Africa in the Triasic-Jeirassic is to the southwest and northcat of the New York State; the ccntr-a part ufi.h,"

now gcnerally recognized its .the !a~t plant as well as almost directly bcneath state is csicntia!ly ".scismnc.

-reat tectnnic event in the area. %, hich it. ... Eatihquake locations. faults, and le•c:Id

greatty influenced the sllseq(Itient peo- Scientific information and.judtmcnt • mnichanism soltions for somhiie'ae,

logic history. The hypothesi, that the ire intimatcly involved in several of the New York and northern Ncw Jersey ;11 C

fault is dead now appears to ha:ve been que,,tiuns litligted in the NRC hearings, shown in Fig. 2. A more tct:tiled dc.ct ;i

tcnalle only in the near absence of local on Indian Point. Since we participated as lion of the seismic d;ata is given cl'.

;n.Irimcntfl : eattholak-e dal.a. Althotigh • -

a numiiber of workers sin'c I9fW~t (1) hlave
suggetrd correlation of c;i thv•1 'Cs

with ths and other neabty lault s. the

data were instfficient to definitcly et;ih-

lish sttch correlations. 'The icccrt iun-
provenmcnt in the scismogyriphic cov-

rerge fur this area enablvtd us to deter-
mine precise locations for 33 eaelh.
qtakes, : nt rdnmny focal niv'ci;.nsm s,,t hi-

tions. 'the rcstilts clearly irlidci-e that
• secsnec activity is relted tt fa,,t, that

trend non.rlhea.; to north-ntthe:e1.

I ndian Point reactors thMn within the
0 *, same dishtnce froec any tither nuclear

ower plant in the United States. "The re-

O ctovs arc situ;actl within I kni oift naioe
0 14hbranch oef the Ramapo failt systee,. A.
o Li•et as 1972. however, the FirIl En.irion-

0" h mciccli Statement (2) for Indian lr',iolt re-
"rf• it actor tenet 2 statcl. 'TMete e'are no ti.tl y

major faut' in or near the sie." This
view wni di.putcd by the State of New

-,'.•Jork;. and th:el concern led to blcarings
ii seismic s;tfety held bWirne the Atirteic
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%Cll *.ý F.. Wit . Ifit. .1 APR~i 11#74

.9r -. . 0

'i .J.

"0 0

j 14

0 (It up%% .7)

- 0

IS' l h ?5

0
i

- ..

* . *1.1.
) I,.

.. 1~*
I-.'. /

M 14',tid*
MVlvt

I

p......o ~O tOO zno b

9.-
I..J.

I-

Fig. 1 . Epicenter% rrr:.,,q ltmck c 1 Vt#711 e hr nie:h 1977u in ii%. i hv;-icien N e'eeh A enc~i ic% I : . ?l
stieiocc Wtew(%j,% in cthr area. Ns'ce IN: n'o ehe:is atigriineee? of c;%i eh,pii.,k% in noliher Nr.

)erseyv and %to'elhcrn N.'* Yorls. Star%. ientiec events vf tinknown onit:in.
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:~~~~~~vre~~ý;Wttl 1,11o 'aux-gie irvi~ ! entst roittei in JW' 1uiv~p-io(~~'",naliy~rh1'07j 3'in '~ 3)1 i fo thei ijnj 6 I'i'); f'9"0'rdnlno9tco ipcir..,Ale .Iii' V.. an'tI'riy(Is. .m 2)'fudtthi.

-AX.' bettI Intulnt c 6t fore6cnt-, rnortr ra~n, be, tr~ict~ ;I', :7'7'omeitvt fndtte.iit'to -ýt'wre generally; fon tobea-v ugle ccotiitintiic'i falt) Oetwcen pu~int A . ftheI motiti h ie-. ,ns~iflictcnt to ,l- w t nhi!un Iitl yi.~ amd esý'cnt 26; ne r event 126, ijtiv it' lit. isidl, R~i A lr - f otnt't ut(,,vetgietheir possthle cctrre ation with ' "n:,nitni 5r to abnnche (. (1 -/ One of, nctivity -',If igi. Iz~ octIe wr Ito iifiutt' *" ' *'''" ' . ''"''' ''(~~~the 1'hi "I fauitt l onin h e.ml ~~"F-gr 2~ shows. a, stitng spaicit Conec- w'~ithiKn V kmnFT of In~diain Point (tim-i.Ic in L. Jlto4, of epic'cn'rý-.I*I k'aioin:,rnwit?' ir "''F',)The, a%soctation of,'csmic atctnvi-. T he Kjmampo 1' ul: isyslirh h its ea66ce ine-.1' io f~i ftiiinthi ).% re,, Al ile y with this mauor, fault %y~.tcrin* a(pric* iiei lea%t'four C'ritod% 'of noc;Majoiy efye eeto fst I : to (Ir very-.ý "ladyI ýclir in F ig. 3, where'the hypocetn frIPe~mnn toii.,i 'i ,ne ti4
.,c,.lo04c (within I to 2 kin) to the failts. rur.'.- ters or eivenswt eial o.a dpthv Although -,Tnasic Jiirji%dc" movnd,them ;re in ev minaI on cis the. focai ".occuimn-g within,10'km 'utf the '~l i" htnot, hien tknit'nstritleid iMCC ha~imuin sol t~iolns sdiut '' thiS fu u ic'projected, Al'-; a l vetisi srois - ..Riinaip fault on the cast - %tle. ,'lSoliituon'n oth ollpuutIuns- lon PCrediu atohetnd of the' Ithrdson i'viertii 104 atviyisr

north toi nrthe ist,,%shlch vii .so the pre-.*. fjult `The .teas~terly diap of the hypo, colminuvus alting the entir'zcoi7.1Iciinnttrnd f hef ul4 i 1,1 lci centen in Hg3are ihtedip or Figire 3 indicate% thant sicmic.i 411j Os
1hsre'markbe sp itial cuortetau'ic~ l the faiitts determind frm foc. tmech~ a~p ~uueued oadphnathecoi'itelcyoftheno iir ne~wih nim ad gcohulgic evidennce (4 ¶) 10i kn. Ini contrast. iiuitch of the SqvsL

the tried of the maopeut faud:llesuI ae litle,." Re utly littIl ictivity i~s found within activity nu'rihwc%t of the H~R. ~T;doubt thits earihquak6 in ttt:s wife oc~cur the Tna~sic. Newairk ba%i l,n the *'rcn be. occurst at shallow ilepths (I to 2knin."
pf ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~j cxsigfut. wcth aa6futadteIiiso isof swarm type. 1'hi eviden'Ce S.Il'kalog pexitin. tuits ~ twentheRami~ atit m tie ?uidon that the Hamaipu fault may hav IN

- ~cikmic potentlial 'thiun adjaceiit C,;
I' noft?;we~t of it.

Epcrlta. locations fut /Fa ehnm slinn ii0EiHfsI Ji'. V~tt!wee2pr. r: l hait high-angle reverse itrupRHskm.meorierd I rdninnt oeOf attap'
0 ERMs2 km' miaSte orCP prcpfmini. nul r o1tiv0ERHs5 kmin ln'a hcuso f~ault movement in this arci; thusqdiit"

dowuitthroosn side #' from the sense of moveme~nt dldiriiyusd sis ~ -Thruij't or. re'verse, 'teeth' / 4rJa'T ssic-Jur. snic (4. 3. .I) 1Tl%.fjj7'2  nism. 'on overthrust block *g 7 saeo tesi hsa~h~c,
/ /with t'ime. 'I'ls present maxittininu

* ', , *~previtvc str%.~ utireCtit0 1i in n. iilj'
,~ * form andi (rcititt wc%t-noli~hvwe~'i~ius

14/ nou~hwcrst-uiprpinz fail,11.C ) / ' - ' *In di;it plr fcdctic~tt oframiwtsik. th-. ~N~ ~co;i-.t of North America waIt-%
/ '> aloft: a plate hoivindauy duiring 11wc

- / /'\,IV ,~ n~cht %prc~tly n rc-ion iti'eri''- 4. 7q 1 2% 13 + :1 litio~p?1elic Plate. In awm

(12) found thamt in: rpt~iu cartlqitit
/ \.-" such is those in ca.itc.rn North Aint.,'

-' tend lto ouncir alioog~ rmiajar pi%:c0-.7-.~.4 f.n?. thmt wete e-i.'tiviit iiI by i't

~~it 7 i ( 14S Yr tal fragmentaition in the Nlesv.tiic its,1 )
- o '2 / L. CAt 110/411h; via'. Many of thesse f racti,

A 1 5 7 'fauit.% are still scismitcaty actviu' I
tbut. of cotr'se. not to the ~em 'suet ti.
wsiere durng~ the initial --tges orfct'nug'

+1 tal rifting.
0 It1 1 s On the bas.is of focal mcchaiiikni

km tion's.Alvg;rwatl (10) poouuit~atrd th,,I
'... . ' . . ' . . . ii% t i v i t y in th e N ' w Y o l k C it y .a u e ;i

_L0 betorig Ito a larlger sVickmotictoitiu I"'
rig. 2. Faut map 14.35. 29) ror'similsvite~rn Nests York at141 nosrthern New JItr~eyt'hii'virtg v'iv'n. ino ciemt'uling Nluithwt.~tei ly to Vvilern (circles) of inltnimiisntialty t5 -iC.te. earInnqlislke froim IJA2 thro'gh 11977. Itrilicaiir.J imxtr- pprui.s~itnatly ;Jolssu the F:,11 Linte..tainliesi (FR/f) in criccntrat locagtiuins repro:sent hrrioximatrly I*t 's:.indaitt devgimimil'. Fisca lt;':ei'j,~ .uiliu Cellitzil; dert', i,;,iti..roflsniiviioil splilltIflh xUe uirrer-hemi'plivro plotiv, the itark sorea uereio-ont the cotiirr-i's's-In foundli alosng, tlit sonc in Dl~e;o I* *4'siirtuii. Frifr e~ant ItI thvre xietl msti r 'c'nntm ,t'iilns the 0.0r'i It.wever. %,, ~ :i' ' a ' a.
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..and covir only aI 15.cetin &iui the
lrl%focttc rectivil of felt ,.hrck' %Iows flu-t

in tire 'ptcoter New Yent Cii) :
* Ammrecs the 1;&igcr event%' toice utote ir.v

occictctd -duming the lat 2 S rti ' ate
*three shock% (1737. IRKM. atid 97
of i~cen.4ty Vill on the intifd.1fiel !Mortcarlli
(MM) s.cale and three (1751. I1?'I. aridf

19.57)of infn%;ty I. Sin e~m pr WIt'.lo
catord shock% or the las.t 15 yerat %hormw
suchm a clo%e rctlition~hip to immcII.4!.Ie-1
trending farrmlt.. the larger fell %hoockt. for
Momo~ of whrich prrci~t licitic'uc, itae nlot
a1va itml'te. are mp~t reattlinamt-y aw'?cr.
prct! at .t occurrinS affoig~t lth onte,
facultol Its other nicact wlicieca liosf.r rorcv
cerd metir. in~inorninat ol cicc it .t~e
able. laratcr %ihteks follow atorm evcr s5fle;etcr
lenneency thanir imallcr %Iuck% its Iv Iteal*
lied an in~oitor throucig~nwitioci faisll% 415).

I .witi trrrcvritnteis aeI infimcitort ;if ef.
lwitii to le'cate eamtihmietualt% heck!)y liors
felt epiitivs 19l; con%cqueiitlv. thcv 1410:
cveetit% Canniel Ice unequiveeteh.:r euat
cd %*ith a %rccific fault. Within Ilt: iie r
fainty in the datar. hovievcer. istwitt off
thebe eventof ma.y have oceanored oil Ile*
Raff%.-'ei atcilt. The 114111 %hctk wats felt
front Mamrlthnd to New I i.srrrP~tir;fe.iNll

en Ioick an crakedploir %%Ie ct'e I
poilted at 31, tile% from Cil%teifl i'craim-l-
vatna tocentralConnecteLt.Aglhotr~h

IWOr Cfin :iJI(Icuck(9. MeI 'rIk.W ifret jefi-

ceniri hoky.Nw tok -siods
Rockw~ox (17) .in their (cig~illl uc-tifimmcs: (4

d~ctz. Itic pt~mwed thce center off tili ~mew el
* ra~ioncrn sheking in northe:eietor New

icricry. Art epictntrirt lviestoic "i lhrl,4
areat it, slirorg4ccit'v nwrrfw-lpe.lrNi1mt%
or f~victtiiiki thamt wete let'l in 'ecet,
New Jorrfoy fix). Felt repeet,%fil filew1c
IM s7hoPrck lre mime), lflctst linriii. five
smclter fell ;irca torfihe 19.17 event rlat '"it %utilewhere Iitkonge the. inorh %litleii@ t

* Nc'* Jcricy ocat Astriory Ki~mk. %%CiI vff
the Racmampet fainch.

fellI reprntil ftr ttitlrck% in INIPJ noid
1957 andJ limitedl in~tionmneonlam dai- I'm

* 1957 (0016 - 1,4) inItic.ite that tiewy (W.
cloned neaur the southibc-Itolnd of the
Pi'.er:ec taeoli near point A in, Pr. 2. 1 he
17s31 ciothqiiialre w., locaterd Icy Sinireh
(9) in ',.ew itittooy tivar lith Hitraro fanult.I
In ;rdeqrijicj felt trivpii% arid Idiuitemii a.
sintrormn'iga dacta hindicitre thait fic, c:ietth.quaeke ( -% 3.9) in 191ficto (cI eid ael'teue
Ier Lts oftthsCIf of the litnentpos fimintI Ojii

At Ollckd vr, m 3 in IW4 I eccoirriet o" iow
tit' *it. tl'm fImcet ( tig. !lI.

'I
g

a.4

.0it

IC
110. 1. COevLIp o~le~ael
lion folowing fcoca ctodrill
fil'it.~ncd ikulittrooict e(sla

&M of lice Kform~pa (A.ult It
N1r il keyedl to the epic CIV
&,rely Nowev irrfit are III
IiS~ec leccr ar4111hi cuemtd I

* rorfimrwrl vne:r tlar'doit of
of epicenter 211 Wis. 211
m'WA'Urrc from anmO atiot
the f.Vimll on tile ba~ii

conclludlt0611ittlre I )0'it cceq.h'lhevyhrtjw

fhcI)ts the %4te or cthockio for a psnrticnlcm't -
jtucmfl todctcai meire g:crtcclgm or tcot visis coo

* Cl~h.mpio the rr11414 imp'r-¶aenl optir%it.o"
'fi clar ~ Axt. ;tq~~ Inotl the w.ime'ci

ittfety ofl Inwis~n Poimnt is: Hotr c twi~ICP
Itsp the K&m.mj'V fault? We calcolAie iib

* * a gobicthituty aft occuirrence (Wis. 41 4,1
frailliqu~l~co or~intcncmty VII xnJ VIlI

withn 1 kmofft he f~aish by ettraflmcimtilr
th o wwn~oie uf smselicr '.hgwk it.
lacrixor inmgrriutures footing the welltlormnnc
Iclatiollothip Itlcg N - ai - 1031. wheir 'N

direrlcatm~r~t ec* 1% the cumuLitivo: frequency of bbhoKt . A f
I vert imcal trL to""e: 1 the magnitude. 07J3. anrt!I oei

event% 'withinc Io for chtock' rucitierlit' l~hrtcmtcictt Ne'.
-AcT. I Iee Cteci reermmi Yortit moled New ici %cy (0)Int *rl it, A,
let nimneteer din Fe'.. .; 4huntce. tit be ar.c'ate.le to Ih% e%etciteriecce

tcteie nsfo ctiu. 11411 lire aor's in Fig. 4 mtepcwtrrt thecor rinc

l0e6.0"icu. NoMNcAgA 1ocCrurtwoecc ' ctrot'k' within It, km folr 1I.
Pli/011t1t di'l.mmec'e iIO MamIn V111ml1 bet werr ponnlc. A and A
a nmjcjs c aNthec ofl Ic,, cccumwcej from 1974 to 1977. Wme fit

of focal, wrtchtaninim tej the Mdlij title Iflhtctmgh It Ict" oi mier

fle blopt~c 0.7.

To check the Itm edctAbiliiy wito tire fto

r-------- qrenevyinmstnitoJe trt.eilinotimhp rinetie ff

0 1 94 W tctrirurened the ratei, of wc~mrsirt'e 0e h,
* ISItINI toicaul Cenertio di,Jicobril frailicr #i

* Its? M? ho-An in 14i. 2 for thrice diflerentrtrt i'
Co~tt%. Aec ('~roilis~er the M.gileitccdec l4t0.

11 e 1?0 hiri'ttcicAl evenrts fromt the followini-,i sort
cis .01 titon lictwevr irrticn'rty (19 :n~t imigoodmmet

n 0.(15¶ t' 4. (0.71 1 0.01111
Girttle Iiis't C~oa%t (19). The rantc.ec% of
cuircreice ofi cvirimt' (tit the grcrioclk 110,1
tit 1977 (1 foo ImIntl W97 or~ilhquackcc) at,

* ~ S toA IVr177 1Ttf7. lhtvS. amel-liti( taimtI
0 . . c~~441-440 IVJe in ecrsoltolent i.ircritenert I'

ttreeiC rrftCkelfj4 by the 41,e061t liec (irt' -I'
-- *~* Sqemmee'. (ir 4) illidcAre the If¶ mff In.,

c11m1ccce fef e% Cmtl for Ill itetCnem 't) VII

the persilol 17.17 11inrcmm-A ty77 mt Nith If-

eve~ ~ ~ ~I vet Ii . Kt1:rdl~I1 (MM~ VI 1) ormnthqeuakei in
Vo -1 calle sonI :cr ncirrer :he timmIt. tenici

f gone., I'eltwermc N onJ iP". ptredit'Ot cIrcicic.
it N9 cl ee~hemmekcm M o-- VII ahloiut 01tcC rcr 97 )*

it per ) Co@At Ae .efn~c. il sn oliempc hemerirdj i% p'lacedt Ott 1
teloo ame *itnh for the ritaximucmr ii-Pt O~f PQ%%;mt~Ic ec-Ihqmnrmkm
he itamwom .- ll~ ,Amj If. hoeworvir. soe sitecmmrce thatf 'ehet'nc
n I0 km g-f lice f Ncmtc f -4 IX e'r MM -, %'IIl renindm e%-cs
C% lice moilenemmuer %,..t
lotii me~eltel~ej~losj t4 Idien iteC te.oitr~pemnJfni- rec.rmmencr 6wer
C_. Ihe short off rthe ftA' MM l: 0 16I. are det1~i? - 10 Antei I
wreirdo inderernlerilli )cvcm% Yhome Cc~leru.sct. Are'cm'I
-W Yorck etje .eellacvefll fmmc%ettcmet mlcfi errill'. in delett'rrereece
nilmmte tru'lieree'.teec 4.
Y. , 0. 1). in the, titA. on.1;nidnnwc. to onfcormointitiC. r% ice titIV,
Roil I'lprqf"1l he 9.ielit N,%tl t1071n anlicm tsfle I antl the hc V111'.
VAt. :11.1 ccc gmc.'ulce.c'mr in 9 CtictceCIljl

I
I

C

I

a

I

oif tfeeeljnofic 0"6 or rt C.41
firnt Of 11eag1nileaele. lDAct
l711k Mhm or'll iefrostont J 11
for aicceckto ImlOtere stilhom
7he e400ielt"el m..ek Jorow!,
off, 111mmt It. the frce'eeej
emtf~ti If thait molre"frewe.I
CUlve. 0.111, *A% dorlrm
far fecmco theicec~lots inl 14C
stere. I III imrten'ety.ni r..
frumwr 1lY), the m'lctettioilli
ice ofuf a OttoN e a-I'..
fw're'ee Ce'nftiroloct horlImr



t%' ,.. ... iirtcecig ie nedte o
..... Y,; .... 1 't....•., e ,• 't.. car-the E-asI 'Coo'N l,

2 "Vill 'r ciiteng . it , ati'll~ ,.'o•i Iiii, I.
., g~ onilv iii etn the ~~at ,i Iot ll 'A

'. .. "M a• II" %nithin t0 km a t V'! V
.. ... N o u.pp e r b o u n d on . . ,, 5 0 . ' 2 0 ¶ , , ... , 7 . .... . . . . . . . .. . . aiaJ t hr .t. %O

, Eicluding events of NIM • IX 'i "; 2N70) - I 14 .... slt.' k ..... :" "" " " h ' e i".
n o ti..... '.' . . ' federal sitinj-ap en i.• (7) ,howevri

. 'b . E vents along entire R arn po r lt:ut ,, .::, - -
No uipper boud n i e tvnt . 3 Ki:o P5 7 iglhly%Vn'ItV th' armti

:.,MM •- IX .: ... 4 • I ;-.i tt !.- ."erences or up to two M,! intn~iy ,,
s--ud g e.•1e nt•- o, ! , .. ... .. . ,..-3 ca7n 3 bo tained with the exist n f pI.

2 t.! M vii ,hocks occur at ralidomn once'per dure,• dependine o2n"howth 'tin.r.
100 years alon lg faults of htoal Ien ih depending v - ow,-,. ;e"1 e":

60 km" Y~:,r drawn.'. For a' .j0'3•;•. . 60 km :, . :.:.....,-:.• .:. . V : .', . '' '. , , ,'•,re:uriV p.;riod:... •-ire c• ,c..a•a a
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