] SEABROOK STATION
%NH PUBLIC SERVICE Saginedeg Ofen
Company of New Hampsahire 1671 Worcester Road

Framingham, Massachusetts 01701
(617) - 872 - 8100

January 5, 1984

United States Nuclear Regulatory Commission

Washington, D. C. 20555

Attention: Mr. Ceorge W.
Licensing Branch No.
Division of Licensing

References: (a) Construction Permits CPPR-135 and CPPR-136, Docket
Nos, 50-443 and 50-444
(b) PSNH Letter, dated August 25, 1983, "New Hampshire and New
Srunswick 1982 Seismic Events; Seismologicai and
Geological Studies”, J. DeVincentis to G, W. Knighton
USNRC Letter, dated February 12, 1983, "Request for
Additional Information™, F. J, Miraglia to W. C., Tallman

Subject: Response to 230 Series RAIs; (Geosciences Branch)
Dear Sir:

In the referenced letter, we submitted a report prepared by Weston
Geophysical Corporation entitled "Seismological and Geological Studies,
Miramichi Area, New Brunswick, and Central New Hampshire", 1t was indicated
that the report was responsive to the applicable Requests for Additional
Information (230.6, 230.7, 230.8, and 230.10) which were forwarded to PSNH in
Reference (c) and the Safety Evaluation Report (Outstanding Issue Nz. 3). In
actuality, the report was only responsive to portions of RAIs 230.7 and 230.R,

To complete our response to the 230 Series RAIs and the Safety Evaluation
Report Outstanding Issue, we have enclosed three copies of our responses to
the following RAIs:

230.3, 230.6, 230.7, 230.8

The respone2s to RAIs 230.3 and 230.6 make reference to an Appendix F in
the Seabrook PRA Study. It is
printed, will be submitted for staff use not later than January 31, 1984,

expected that the PRA, which is currentlv being
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United States Nuclear Regulatory Commission January 5, 1984
Attention: Mr. George W. Knighton, Chief Page 2

The enclosed responses will be incorporated in a future OL Application
Amendment .

Please note that under separate cover, we are formally withdrawing the
proprietary status which was afforded che Weston Geophysical Report discussed
above.

Very truly yours,
YANKEE ATOMIC ELECTRIC COMPANY

/4"/’;/ [:, ,/4'-- -~ 44

/ /John DeVincentis
;/ Project Manager

Enc losure

ce: Atomic Safety and Licensing Board Service List



William S. Jordan, II1, Esquire
Harmon & Weiss

1725 1 Street, N.W. Suite 506
Washington, DC 20006

Roy P. Lessy, Jr., Esquire

Office of the Executive Legal Director
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Robert A. Backus, Esquire
116 Lowell Street

P.0. Box 516

Mancehster, NH 03105

Philip Ahrens, Esquire

Assistant Attorney General
Department of the Attorney General
Augusta, ME 04333

Mr. John B. Tanzer
Designated Representative of
the Town of Hampton

5 Morningside Drive

Hampton, NH 03842

Roberta C. Pevear

Designated Representative of
the Town of Hampton Falls
Drinkwater Road

Hampton Falls, NH 03844

Mrs. Sandra Gavutis
Designated Representative of
the Town of Kensington

RFD 1

East Kingston, NH 03827

Jo Ann Shotwell, Esquire

Assistant Attorney General
Environmental Protection Bureau
Department of the Attorney General
One Ashburton Place, 19th Floor
Boston, MA 02108

Senator Gordon J. Humphrey
U.S. Senate

Washington, DC 20510
(Attn: Tom Burack)

Diana P. Randall
70 Collins Street
SEabrook, NH 03874

Donald E. Chick
Town Manager

Town of Exeter
10 Front Street

Exeter, NH 03833

Brentwood Board of Selectmen
RED Dalton Road
Brentwood, New Hampshire 03833

Edward F. Meany

Designated Representative of
the Tewn of Rye

155 Washington Road

Rye, NH 03870

Calvin A. Canney
City Manager

City Hall

126 Daniel Street
Portsmouth, NH 03801

Dana Bisbee, Esquire

Assistant Attorney General
Office of the Attorney C=neral
208 State House Annex

Concord, NH 03842

Anne Verge, Chairperson
Board of Selectmen

Town Hall

South Hampton, NH 03842

Patrick J. McKeon
Selectmen's Office
10 Central Road
Rye, NH 035670

Carcle F. Kagan, Esqg.

Atomic Safety and Licensing Board Panel
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Mr. Angie Machiros

Chairman of the Board of Selectmen
Town of Newbury

Newbury, MA 01950

Town Manager's Office
Town Hall - Friend Street
Amesbury, Ma. 01913

Senator Gordon .'. Humphrey
1 Pillsbury Street
Concord, NH 03301

(Attn: Herb Boynton)

Richard E. Sullivan, Mayor
City Hall
Newburyport, MA 01950



Question 230.3

The probability of exceeding the OBE during the operating life of
the plant shovld be discussed.

Response 230.3

The probability of exceeding the OBE during the operating life of
the plant is estimated from the fractile seismic hazard curves
(Pigure 20) determined in the repsrt on “Seismic Hazard at
Seabrook Nuclear Station", (Dames and Moore, 1983, Appendix F to
Seabrook PRA Study). The median annual frequency of exceeding
the OBE peak ground acceleration (0.125g) is 5.25 x 1074;
this annual frequency is equivalent to a probability of .0259 for
exceedance of the OBE acceleration during an assumed 50 year
operating life span of the Seabrook plant. Uncertainty on this
median estimate is illustrated by 1levels of the 84th and 1léth
percentile seismic hazard curves. The 84th percentile annual
frequency of exceeding the OBE is 1.45 x 10°* and the 16th
percentile estimate is 2.00 x 1074, These plus and minus one
standard error bounds on the median seismic hazard estimate
correspond to probabilities of exceeding the OBE during the plant
operating life of .07 and .01, respectively.




Question 230.6

Re: Your response to Question 230.3 on the probability of
exceeding the OBE during the operating life of the plant. Provide
the input parameters chosen for the McGuire (1976) seismic hazard
program and discuss the sensitivity of the results upon the uncer-
tainties in the parameters. Discuse the effect of the Franklin,
New Hampshire event of Jan. 18, 1982 and other recent event supon
the calculated probability of exceeding the OBE.

Reeponse 230.6

The report entitied "Seismic Hazard at Seabrook Nuclear Station'
ig included as Appendix F to the Seabrook PRA Study. This hazard
study describes all input seismicity and ground motion parameters.
various sensitivities are examined in this referenced study. The
New Brunswick and New Hampshire earthquakes of January 1982 were
included in tae seismic hazard analysis, therefore, hazard curves
accommodate the occurrence of these recent earthquakes.




Question 230.7

Update your historical record of regional earthquakes up to and
including, at least, the time of occurrence of the Franklin,
New Hampshire event of January 18, 1982. Discuss the
correlation of this and other recent events with geologic
structure or tectonic provinces and their significance with
respect to the OBE and SSE. Discuss the effect of any strong
motion data obtained from the New Hampshire event and other
recent events upon empirical strong motion relationships used
in determining the OBE and SSE.

Response 230.7

To answer this «uestion, the Public Service Company of
New Hampshire spousored with other New England utilities a
substantial program of studies related to the January 1982, New
Eampshire seismic activity. The report entitled "Seismological
and Geological Studies, Miramachi Area, New Brunswick and
Central New Hampshire", prepared by Weston Geophysical
Corporation, was filed with the NRC on August 25, 1983, as a
proprietary document. Important data and conclusions are
abstracted for this condensed response.

This question contains three specific requests: (1) an update
of the earthguake catalog; (2) a discussion of the correlation
of the January 1982 New Hampshire event with geologic structure

or tectonic provinces; (3) a discussion of the strong motion
data from the same event as affecting the OBE and SSE.

Updated and Expanded Earthquake Catalog

Table 230.7-1 presents an updated and revised earthquake
catalog intended to replace Table 2.5-5 of the SB FSAR.
The corresponding Figure 230.7-1 wupdates and complements
Figure 2.5-30 of the FSAR.

The present catalog includes as many 1982 events as
presently available (September 1, 1983). using preliminary
solutions for the most recent years for which final
catalogs have not yet been published by the national
agencies of the United States and Canada. The update
includes data from the 1last Bulletin, No. 24, of the
Northeastern United States Seismic Network (NEUSSN)
covering the third quarter of 1981; from the Monthly
Listings of the Preliminary Determination of Epicenters
(PDE) of the United States Department of the Interior for
1981 and 1982; an+ from the National Summary Bulletins of
the Earth Fnysics Branch of Canada up to the end of 1982.

The areal coverage of the present catalog and map has been
expanded from that of the original FSAR in order to provide
a basis for answering Question 230.8 on the New Brunswick




recent seismic activity. Magnitude and intensity
thresholds are the same, i.e., magnitude greater than 3.0
and intensity (MM) greater than III. The catalog format
has been improved as to include epicentral distance to the
gite for all events, and M, (c for coda or duration)
magnitude values.

Three symbols have been used in Figure 230.7-1 to plot all
events of Table 23C.7-1. All events have been plotted
according to observed or inferred mpjg. This is done for
sake of consistency with hazard studies for which b-value
determination requires that all events be soried and
counted according to size, magnitude or intensity.
Unrotated squares represent observed mp)g. M. and
pest-1967 M; values. All 10” rotated squares represent
pre-1968 M; values converted to mp)gq using

mpyg = -0.68 + 1.03 Mp; (1)

45° rotated squares represent epicentral intensity (MM)
converted to mp)gq using

Mhlg = 0.44 + 0.67 1,, (2)

following Klimkiewicz 1in both cases, as in a Weston
Geophysical Corporation (1982) study.

Correlation With Geologic Structure or Tectonic Provinces

The January 19, 1982 (U.T.) event (mp, = 4 7) in the
central New Hampshire area falls along a pre-existing
north-northeast trending alignment of both instrumental and
historical seismicity, as shown on Figure 230.7-2.
Included within this alignment are the 1940 events
(mp = 5.5) which are spatially asssocited with the
Mesozoic Ossipee intrusive complex. This association is
fully discussed in the Boston Edison Co. Pilgrim Unit II
Docket, (1976) and the Seabrook FSAR (1982). The Frankiin
event of January 1982 is approximately 41 km southwest of
the relocated 1940 events and approximately 35 km southwest
of the Ossipee complex

The immediate area of the January 19, 1982 event is
underlain by metamorphic rocks of the Devonian Littleton
Formation. No large scale through-going structures nor
plutons have been recognized in the immediate epicentral
area, on the basis of the current available 15 minute
mapping. However, some recent bedrock mappint on a
localized scale, remote sensing analysis, and inter-
pretation of existing geophysical data in conjunction with
graduate studies in the area have added to the data base.
The above data, including the epicentral pattern, reveals a
spatial correlation to a north-northeast trending set of




remote sensing lineaments. Locally., this trend corresponds
to post Jurassic faultving based on the mapped occurrence of
faulted diabase. Also, the same trend is intersected by
either northwest or east-northeast trending magnetic and
remote sensing lineaments. rhis conjunction of structural
elements, geophysical anomalies, and Mesozoic igneous
activity, apparently combine to produce the present day
seismic release. This seismic release seems to occur along
the entire length of the lineament zone with the larger
earthquakes most likely occurring at the locations of ma jor
asperities or fault barriers, e.q. the larger 1940
earthquakes (mp = 5.5) were indeed in close proximity of
the Ossipee Pluton. While geologic and geophysical data do
not provide E one-to-one correlation of individual
epicenters to bedrock structures, a reasonable correlation
of the Franklin and other seismic events exists to a
recognizable geologic setting.

Within this framework of a tectonic structure association,
the occurrence of the smaller magnitude January 1982 event
in central New Hampshire does not affect the earthquake
potential at the Seabrook gsite, as assessed for design
purposes. The Ossipee earthgquakes of 1940, I = VII,
m, = 5.5, were used to evaluate the potential at the site
from that structure.

Discussion of the strong motion data from the January 19,
1982 (U.T.) event; their effect on the OBE and SSE
determination.

The New Hampshire event of January 19, 1982, mp = 4.7
triggered some SMA-1 acclerographs owned by the U.S. Afmy
Corps of Engineers. Twelve accelerograms Wwere collected
for a total of 36 components. Chang (1983), Table 230.7-2
gives location information and lists the values of
corrected acceleration, velocity and displacement.

By examining the acceleration values listed, it is clear
that the concern originally manifested about the New
Hampshire data set was undoubtedly founded on the
apparently high accelerations {0.15 to 0.5g) recorded at
the three Franklin Falls Dam sites; at the nine other sites
acceleration values were all less than .054Q.

The significance of the Franklin Falls Dam data was
investigated carefully. First, it was found that Franklin
Falls Dam should be regarded as located in the very near
field. The current location of the main shock obtained
from only permanent station data carries an uncertainty of
+ 2 km. This means that the estimated epicentral distance
(5 km) could be as small as 3 km. This becomes a Vvery

conservative case to estimate ground motion "at the site".




Assuming fault dimensions of about 2 Km by 2 Km, according
to Nuttli's (1983) relationship, a shallow depth of 3 Km
(Pulli, et al). 1983), and a fault plane orientation N20E
(ibid), the Franklin Falls sites could be very close indeed
to the rupture. This orientation and this proximity may
well explain why the motion on all transverse components 3t
the three sites is so much larger than the longitudinal
components.

Refraction surveys and geological inspection were carried
out at Franklin Falls. In particular, the right abutment
site, where the highest value was recorded, has Dbeen
carefully investigated by Weston Geophysical geologists;
they concluded that the instrument shelter was not on solid
rock, as reported by the U.S. Army Corps of Engineers, but
on loose rock fill emplaced during the dam construction;
this is confirmed by the results of a refraction survey
immediately adjacent to the shelter. The instrument
concrete pad is founded on a 10-foot boulder. The ground
motion recorded on such foundation conditions is subject to
spurious amplification, not characteristic of the true
earthquake ground motion.

The second site at the crest of the earth-filled dam may
serve a role for engineering study of dam behavior but it

is not suitable for defining design ground motion on rock.
Finally, seismic refraction surveys conducted at the third
site, "downstream", have revealed dry alluvial material
underlain by water saturated alluvium, down to the bedrock
at a depth of 100 feet below ground gsurface. Again, this
is not comparable to the Seabrook rock site.

The nine other strong motion sites were located at
epicentral distances between 61 and 105 km, and thus not
appropriate for consideration "at tle Seabrook site". Four
of these sites are at the crest of dams, and five others
are on dam abutmente or downstreanm. Regardless ot
foundation conditions, the observed values at these nine
sites are in agreement with values predicted by three
current attenuation models, as shown on Figures 230.7-3 for
acceleration and 230.7-4 for velocity, particularly if one
standard deviation is added.

Consequently, the New Hampshire strong motion data set is
net applicable, and particularly the data from Franklin
Falls. where the foundation conditions differ from those at
the Seabrook plant.

The last part of Qu-stion 230.7 implicitly refers to the
Trifunac and Brady (1975) relationship between intensity
and acceleration. The relationship was established by
"approximating the average trends of the data" available at
the time at the Earthquake Engineering Research Laboratory




of the California Institute of Technology (C.I.T.). This
data base contained 187 three-component records. The
accelerograms were obtained on various soil conditions and
at various epicentral distances; this information can be
found in Chang (1978). Most of the data (175 records) is
distributed between intensities VvV, VI and VII. A linear
regression on the seven means, for intensities I1I, IV, V,
VI, VII, VIII, X, predicts about .25g (horizontal) for an
intensity VIII, while a regression on all the data set
would predict .236g only.

If the New Hampshire data (6 horizontal accelerations at
Franklin Falls Dam) is pooled with the C.I.T. data,and I,
(epicentral intensity) estimated at ' (MM) , the
acceleration predicted for the SSE, i.e., VIII (MM) is only

.2214. Table 230.7-3 gives regression coefficients of
various sensitivity tests and the predicted acceleration
values for SSE with I, = VIII. Th«se sensitivity tests

consist of different conbinations of the New Hampshire data
and New Brunswick data with the original CIT data. The
applicant does not propose or support this pooling of the
data, because of its heterogeneity.

In summary, the strong motion data from the New Hampshire

event does not affect the SSE (and OBE) chosen for the
Seabrook design.

Weston Geophysical
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40.370N 436,20 IR
£5.200N ! § 3$3.73 s 233100
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TABLE 230.7-1 (Cont'd)

AND R7VIS=D TAALE 2,5-5 €% Th: SEASACIOK STAYION FiaAR
ATITUD? «0.0N TS &«%,0N LOKGITUDE 64.0w T3 75.04

“YOCCENTRAL LCCATION

SeC LAV,

+5.200N
eT.450H
44.000N
«7.4500N

J.2J0N
«*, 200N
«2.2)CN
&5.000N
44 ,.60C0CN
".6')0"
41.5004
6% ,1JCN
&3.27014
40.60CN
40.60CN
43.200%
62,250V
42,7008
45.100N
4«2.900N
42.770N
41.53CN
4€.200N
1,500
eT.50CN
T.450N
43,20CN
e . 650N
4T.450N
46,3000
22,650
«2.630N
43,2)0N
642.100N
«4 100N
40.000M0
42.350N
6L.500N
61,301
45,6008

LCNG.

T1.900W
7T7.509m
72.7C)w
T0.20%%
Tl.550W
T1.700m
Tl.e0W
€7.00)W
67.770M
T1.207%
T1.307%
T+.507w
T1.709%
76.000m
T4.000%
T1.55w
T1.70Cw
T1.507W
E€5.150u
7T1.500w
T1.650M
T3.300w
T6.000M
712.500%
T0.500m
70.507%
T1.530m
T0.10)w™
TO.500W
547.772 M
T1.°HOW
TY.T20M
T1.400M
Tie3G0W
Ti.7COM
T6.000

2.450W
73.300w
12.500m
73.309%

1(xm, )  [(MM)

NAGNITUDE REF
M3 MN ML MC

DISTANCE
(KM.)

368,24
500.53
140.31
$24.9¢
06.19
76.93
55.98
387.19
316,27
82.91
159.60
3s1.47
T6.9%
365.87
365.87
66.13
76.913
103.459
452.5%
53.17
S1e19
2h4,23
426.14é
206.174
512.01%
$576.51
64,74
203.64
$06.53
170.7%
#5.33
260.81
69.73
57.59
170.15
A1455.67
16L .60
Je9.10
198.45
358.20

Fi

Fa
FA

FaA

Fa

FA

Fa

WEMAIKS

5180 SC.xM,

7692 SC.xv,
207200 SC.xM,

9194 SC.KM,

191300 SC.KM,

11007 SC.xM,

11007 SC.KM,
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ao.

MYPOCENTAL LOCATION

LAT.

T.6J)C0N
7.670N
‘, .L-)ON
4T.000N
&T.60NCN
62.910n
47.500N
eT.60CN
47.600N
47.670M
T 10N
“T7.600N
47.50CN
4T.620N
46.8204%
&3.700MN
«T7.0J00%
41,500
1 .TIIN
41.770N
41.6004
4C.000N
44 130N
&r.7901
ST.6901
42.800N
4C.90M
&7.000N
45.P20N
44,.970N
“H.01G
45.000N
&3.300N
&1.570N
«0.%00N
“7.310N
“2.790N
“6 , TI0ON
¢1.23CN
5.3)04

LONG.

70.1%0%
TO.100W
T0.10°™
7).100W
70.170w
Tl.e70wW
Tr.100%
7T0.100w
T0.100W
10.199%
7T)1.500W
7).10M
TP.100W
TJ.10w
Tl.22%%
Ti.100w
T3.000m
T2.650M
T2.6))m
T2.70)0w
7T1.900w
75.009m
T6. 1208
T1.0J00W
7).799%
T1.800W
T3.500m
T1.590
T1.110%
ThHaebd W
77.00m
6£7.500M
TL.400W
T2.780m
16.9C0w
T1.9CW
T1.700w
T3.750m
71.500W
£7,007M

ICKM,)

TABLE 230.7-1 (Cont'd)

UPCATED AND REVISFD TARLE 2.5-%5 OF THS SEARQCIK STATIIN FSAR
LATIT L®

C0.0N "0 48.ON LINSITUDE 66.0W TO 75.0W

1(uM)

LR}

MAGNITUDE

L

ML

4

REF

€p
e
(2]
ef
ip
EP
€p
£p
P
Ep
€p
cp
Ep
E2
WG

»
wG

ep
EP
£P
Ep
€p
We
£p
£p
T
cp
L3
cp
WG
£P
£P
EP
£p
cp
EP

O1_TaNCE
(KM,)

$25.18
$25.76
525.76
$25.75
525.16

50.83
€25.16
525.76
525.7%
525.71%
133.25
525.16
525.76
525.76
“36.74

91.29
4R6.30
276,04
194.65
197.48
156.26
473.17
308.20
$33.72
522.49

78.51
336.71
‘S'o.b
325.25
214.29
557.60
356.01

0l.22
209.17
330.25
«39,.25

6"“
309.%9
178,70
305.10

Fa

Fa

Fa

Fa
FA

Fa

Fa

Fa

85949

17689

321

4791
3en

1769

4791

1769

IEMBIKS

sc ..“.

SC.km,

SC.rmM,

SC.KM.
sc.“-.

SC.KM,

SC.ENM,

sc.u‘.



TABLE 230.7-1 (Cont'd)

LUPJAYTED AND VITED TA3LT 2.5-%5 N7 THE SEABRCOR STATIOIN FSAR
LATITUS: 40.0% TN &3.0N LONSITUNE €6.0W TO T75.0W

IRICIN TIM AYPOCENTRAL LOCATION MAGNITUDE DISTANCE REMARKS
YEAR MO DA MR MN - LAT, LONG. 2CKM,) [ICWMY ™8 My ML MC (KM.)

21

3
13
22
21
25
29
20

S
11

~
14
19
1)
11
13
25

sk, 000N 710.200W : 56%.21
f.700N 61.00)% 305.19 1605 SC.KM,
4 .570N Te,390M - £ 330.16 JI079 SC.KM,
5.39CN 67.000w E 305.10
45.30CN 49.000m 305.10
©4.5308 T71.70Cwm 180.12 15410 SC.KM,
61,200 T1.500w $2.70
¢5.000N 6T7.2)0W 374.51
44.0J0N TOL.300M 130.15
45.400N T1.900W 290.34
6. TI0N A5.830M . $41.90
41.60CN T1.707% 88,83
43.300N T1.60%° 3 715.65
S5.730N T1.220W ) 315.97
47.510n 6%.320M S17.57
&T.650N T0.170W 530.70
4T.63%0N 10.170W 528.4)
&7.630% TUd.117w £ $28.49
«T.450N 712.500N $06.5)
43.47°0N 73.70%w s 2'8.49 155400 5C.xkM,
&1 .60CH TY.6400M ! 25%.22
b . 070N EL5.770M 451.41
&7.%30N 7T7.179K 495.24
46.4TON T4.5T10m 499.12
44 400N T&,.100W 310.79
41.630N 2.930M 141.12
4% ., 390N T4.0%0NM ) 406,66
40,2008 T4,.7C)M «39.35 SC.amM,
ST 430N E£7.910M S08.72
3,090 Te .T09W 2 Jle .45
41.300N 72,207 148.99
42.50CN 65.700W 419.719
44,6708 72,70 ! § 1)8.41
&2.4590N 0.707m 35.39
&2.790M% T19.3COW 39.52
43,7708 T).300m 99.52
46 .70V « 00 JeB.69
G4, PI0N T..3004 : Jad.69
&2.17CN T0.220M ? 96.07
«7.330N 70.259% % f 46,70
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TABLE 230.7-1 (Cont'd)

UPDATTD AND R=VIS-C TALE 2.5-F CF IH SEAR200K STATION F5A2
LAY ITUL D &0.N T &3.0N LINGITUDE 64,08 10 75.04

JRAIGIN TV eNTPAL LOCATION MACNITUDE DISTANCE REMAQKS
LONG. LCKM,) MY MN ML ne (KM,)

T1.420WM 86.37
T1.4T72M 205.45
T3.T10% 339.22
12.+20m 176.2%
€5.00)w 429.51
E5.520W 432,417
Ta. 110 $3%. )2
Te330W 435.32
65, i $12.82
T1.620M $6.09
11.T00% 2110.84
330w 259.28 9065 5Q.r%,
Te. 40m 435.33 12950 SC.KM, 2.4621 DY-Cm,
Te.250M 408.02 2.6E21 DY-Cm,
T&.2%0w 408.62 ) 2.8521 OV-(CN,
T64.907W 451.63
T333)0M 549.05
72.000™ SeB8.75
72.700m 548.75
INIw S11.27
12 M 511.3%
009w 548.75
$10W 545.19
L0NW $95.25
S0w 557T.00
400w 141.02 s 1.352) DY-(CN,
500w 206.74
S0 206.7+
IDW 214,119
73)M $17.01
IO 1T2.87
Tanw
JIN
110w
28w
Y23
"H
12w
10 M
529

[

By e e *
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TABLE 230.7-1 (Cont'd)

UPCATED AND REVIS:D TanLE 2.5-5 OF THE SEARRGOK STATION FSAR
LATITUDE 40.0N 70 49.0N LANGITUCE 64.0w YO 75.0W

ORIGIN TIm HY2OCENTIAL LOCATION MAGNITUDE REF  DISTANCE REMARKS

YZA2 MO Ca HR MY SEC LAT, LONG. ZCKM.) ICMM) M3 MN ML M(C (KM, )
1961 10 6 16 36 27,6 47.630% T70.770m 4.0 P 525.89
17641 10 21 5 19 41, 44 . TTON Te.900W 1.3 ¢P 3719.69
1461 10 26 16 13 59,3 45,7008 74,707 1.6 EP 415.52
1742 2 19 7 55 12. “6.8J0N TH.TTUNM 3.1 EP 535.46
1962 3 8 23 271 SB. 46,1308 71,357 1v cp 147.93
1462 5 20 12 13 22.8 &5.,770N T6.570w L6 P 441.10
1342 5 264 11 33 S7. LA .TICN T2.310w 3.9 £P 316,47
1962 9 S 16 37 26.1 46.970N T1.500W 3.1 £p 455.33
1963 1 14 21 ¥ 38 45.33CN  67.507W v 4.1 e 284.51 FA = 131002 SC.KM. MY = 9.4E21 OV-CN,
1763 3 16 16 2 27.% 63,7908 T71.579W 3.9 (34 106.50
1963 S 9 11 Y 12.5 G4 TTICN 73.320W .2 L1 . n
1963 7 6 22 10 14,8 46,9200 T73.130m “.1 EP 289.81
123 925 S 5° 3.1 67.55CN TJ.530M 1.3 EP S17.15
1963 9 293 16 37 25.2 4T.270N 7).409W 3.9 EP 487,05
19643 11 6 0 5 60.5 <T7.330N 70.0n0W 1.9 ep 501.66
1943 12 & ' 1) &0, «T.630H T6,.270W 3.2 cP 617,74
1963 12 19 9 O &s., 44.59CN 69.500W - 1v EP 214,10
1386 2 S 12 37 §2.% A&T7.440N T7.500W 6.0 (314 500.94
1%« 6 7 1% 1) 0P.7 &7.30CN 70.27W 3.7 £Eo 471.186
1466 6 26 22 &7 3B.5 46.000N 74,250V 3.7 4 w3B.13
1966 9 S & 23 &5, 44.970N Tea907W viir $:9 ¢,.9 £P 396.37 FA = 453250 SC.KM. MO = 2,324 OV-(M,
1366 9 S R 3) e9. 66,9108 T4,.907W fan ip 398.97
1346 9 S B 51 )b, 6,308 Te,I0W ‘b £ 399.99
1266 9 5 10 f45 51, 6 ,.9340N Te.)00M 3.3 134 338.99
1966 9 93 2% 24 &P, 60N TL,I0DM L | P 3198.99
19«5 10 31 8 &2 25, 44 .710% T4.9CW 4.1 £ 3.9
1064 12 26 3 15 Cl.nniN 2,309 v ep 216.20
1465 6 13 1% 27 0¢€.9 «7.140N T1.120% “.7 P 476,25
1365 T 15 1D &6 565, 44,9008 £7.000W 1v P 390.81
1265 & 21 S 3 3% .% 4%.730% Tl.67%Ww ¥ b L 375.9«
1965 9 Y1 & ) &) 1,730 Tl.679% 1.1 4 iG>
Lish 9 1) 0 €Y 2f.e 4T.720N T3.007% 1,2 €p €261
1065 9 26 21 1) 3P.2 GE.&WN T2.197W 1.6 cp 405.72
1966 11 26 10 2) 67.2 «S5.170H T45,.427M j.1 P 13T .4)
1965 12 25 & &' 2.1 64.,930v T7..907W Y. P 33,07
1s«7 1 & 1P 51 e, 61039 731,53 1v P 307.14
FI6l 2 2 1€ TY 2.3 el a1V, M0M 62 €0 S30.84
1047 32912 2 32.6 61.370% T).230M b EP &«99.27
1967 19 o2 9 3, 8,7 #7.5504% 1).T72)M 1.1 P 517.01
19 F §2 28 39 54 20¢ % .00M £3.2C v D | wh 247.8) Fa - 31O L,



TABLE 230.7-1 (Cont'd)

JPDATSD AN RIVISED Tauit 2,%-¢ TF THE SEABRCOR STATION FSAR
LATITICE 40.0N TO &44,0N LINGITUDE 64.0w TO 75.0W

IWILIN TN 47PCLENTRAL LODCATION MAGNTITUDE DISTANCE QEMARKS
MDD LA HR My LAT. LONG. IC(KM,) Mo MmN ML LA (Kkm,.)

$T.YION TO0.6'7w < - 493.55

CT.330N T0.430W ? 491.55

45.400N $%. 280N 1I7%¢.93

1.399N  T1.4120M 3 187.21

5. 750N THi.53 J8s.70

65.210N 73.37 )™ 154,46

«5.,1ICN TIY1.902m - 352.15

4¢.TOUN 7T0.30NW L74.64

5 .200N 637.200M : 237.8)

61.4590N T1.500W v 153.97

e4 400N 500w - 213.08 65195 SC.KM, MO = 2,2%52°% DY-(wm,
« .370N 97w ; 415.60

46.4TON 127w 409.42

«6.0)CH S0ON - 450.68

el.050N S00w ¢ 3%6.85

¢7.33CN { 25V 43«.70

6% .200N 129 401.93

45.070N 10w : 395.0%8

41.%70N 2.50 7w 206.74

&2.200 2.200M 135.44

i 10N 004 3 166,464

&7 JON LR A 479.75

&5 0N AT 433.84

&1.250M S0 . 335.17 SCEM, M) = 1.4521 DVY-(N,
.S TG T3)w 407.39

&5 0N 500% 321.32 TekM,
LT cN 00w 259.91 : SCekM,
ot JON 9. 100w ; 398.¢9

et JUM : M || 436.55

&7 yON TROW $53.2%

o1 TON 5P W S508.45

o7 0N Je5P2OW ¢ $11.52

«1.000" S0Nw 293.1°¢

| JUN 19 ¢ 11 .96

&1 LR ) 1%.92 = 1151 SC.KM,
o 04 1cn 4 15.92 1207 Sc.%M,
&6 [ 'ON . 11.019%

o 6N £r 22.2%

61 TN ] B . 15715

el 250 €26.58




TABLE 230.7-1 (Cont'd)

UPDAT-D AND VIS:D TACLE 2.5-S5 0F THE EABR0IK STATIOIN FSAQ
LATITUDS 40.0ON TS 43.0N LINGITUDE 56,08 TO T75.0W

RIGIN TIm AYPCCFANYPAL LOCATION MAGNITUDS EF DISYANCE
MO CA MNP P4y LAT, LeNG. ZCKNM,) ICav) LE) My ML MC (KM.)

“T.ATCN 520w $30.56
40.250N D0 174,44
“t 20N TN 292.23
s Ton 200w 2 354.00
&7 JON 127w 439,137
&2 04 10w 2%.25
‘4 200 A00M 356.32
&2.570N TROW 239.38
&« TCN S00w .0 $30.95%
«17 ToN S07w $30.96
(XY JCN 20 o™ 259.91
“L CN 3° 0N - 355.21
«T7.0,0N 170w £ 462.01
a5, ON R20M £25.59
44,700V Tanw § 3J0*.30
&4 910N 490w 134.60
S0.FON 139w 415.99
L4 .40CN 2.00%7 190.88 SQO.KkN,
3. cH 100w 115.413 SC.EM, MO = &,1E22 DVY-CN,
&6.530N JFOW £ 506.28
SN T LA 420w S10.26
&5.73CN 2™ ) €29.61
«D2CN 110w £ Jild. 10
oh, 1R 3¥s.6v
e’ .53CN 127 418,91
650N 127 246,71
&6.T00N 400w £ 424,65
«7.9%01 18w 5%0.36
o’ 04 )e 2C¥ 14.04
o ity T 162 .04
&1 ION AH0W . 136.70
“h iCN R 650,74
S | ‘ON i 227,03
©7 6% 110 ; - &70.93

N>

"o

e IR R

3
.
‘r
6
7
2
1
2
2
2
0
|
2
7
2
3
-
.
8
L]
L
A
1
3
S
7
C
9
9
1

“F O Tw . 450 24
“7 G Jo 28 ) 4 565.9¢6
104 e 10 516.49
10N ) 47.11
3 MN 1 332 .45
iICN 0 693,21
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TABLE 230.7-1 (Cont'd)

UPDATZD AND REVIS:D TABLE 2.5-5 CF THE SEABICOK STATION FiAR
LAYIYUN: 40.ON T3 43,.0N LOKGITUDE 64.0w 70 75.0W

INIGIN TIM® HYPOCENTRAL LOCATINN MAGNITUODF PEF  DISTANCE REMAPKS

YEAR MO (A HR MmN SEC LAT, LCNG. ICKM.) TCuM) M3 MN ML " (KM.)

1961 9 2% 1 30 44.930N T4,7170M 1v us 336,860

bv0l 12 16 1 &) 3%, 43,8104 &T.920M 3.9 EP 266.461

1961 12 27 17 4% 40.500N T5,.757W v 4.3 €p 419.%3

1962 1 27 12 11 17, 65.920N  T4.45%% 1.8 €? 462.717

1962 1 31 14 37 38, CT.5)0N €T7.130M 3.5 £P S38.717

3% 2 3 23 ¥ T % 4T.140N A9.467)W 3.3 EP 498,00

1962 3 25 S5 15 9%, 4T.5T70" £5.027m 4.0 =P 6462.60

1762 & 10 16 30 48,1 44,100N T73.600W v 4.3 w6 245.70 Fa = $2395 S5C.Km,
1962 * 21 2 5 4B, 45,3708 T2.700W v 3.9 EP J11.96

1962 7 &1 17 56 S7. 6T.250% T7).570w 3.9 cp 433.76

1362 b 11 3 S 16 $7.530N8 T77.0%)M 3.5 EP S18.473

1962 13 2 18 45 S2. 4,900 T4, 0W 1v M 348,67

1962 12 29 &5 1) 10 “2+%200N T1,.7C%W v “.3 WG T0.43

1763 7 1 19 57 12. 62.570N T73.7%0W b P | P 240.36

1765 8 26 16 29 135, 45.140N8 73,957 5.9 £p 354,95

1763 10 15 15 2§ 01.8 42.530v 77.300w v 3.9 6.2 £l “6,.51 FA = 17793 SQ.KM, MO = 1.5€E21 DV-Cm,
1963 10 30 17 35 ST.9 42.70CN 72,300 -V 2.4 5.0 Wi 22.47 FA = 5905 SC.KM, M2 = B.9E19 OV-CM.
1963 12 & 21 3! 34.9 4&3.600N 71.500W -V 3.7 wG 98.92 FA = 2305 S° AM,
19664 1 20 18 57 5S. 46.83CN T1.330w 4.0 £ 438,51

196 3 29 4 15 64,9909 Te4.907W v .1 cp 394.09

1766 & 1 11 21 34 3 .A9CNY Ti1.500W iv 1.8 us 94.13

1964 6 15 13 9 646, 45.000N 74,2204 iv 2.7 €P 357.95

1966 & 26 11 & &6 42,.390N T71.900w v 2.6 3.6 w6 9h.4T FA = 149946 SO.7m,
1164 712 0 9 &)1, GA.T20N Tl.600CW 1.6 cP 426.94

1766 10 17 14 1) 97, 4T.6T6N €7.250W 1.9 =’ 6J0.59

1964 11 17 1Y 3 61,2008 Tl.700W v 4.3 EP 302.17

1965 3 1 2 22 ne, &T.520N T1.250M | £p €12.32

1965 8 21 B 4 &4, «6.000N 65.2°0W 3.2 e €61.25

Lo 9 29 15 ST 39.5 41,6008 Te.efw 1v¥ oM 3iT.42

1965 10 26 17 45 41,2008 T0.107W v 4.1 4G 19%9.11

3se: 42 % 3 3 1 .T308 T1.607% -V 6.1 wi 168,72 Fa = 1010 SC.KM,
146> 12 16 13 ¢1 19. 47,2308 TN.50W 6.1 ko £+3.39

1960 % 20 0 35 &2. C6.250H A45.5G0M 1.2 P 131,989

1760 6 2% 0 + 351, 45.01600 TR, PANM 1.6 EP Jebal0

135 T L0 20 w 29. 7.750% T70.9700m 3.2 4] $+3.21%

135 7 24 1 S5O Sk, 46,5029 AT.ALUMW v Yah us JlvaS7

$16% 9 23 20 11 Se 66,7701 “e2%0M P e 628.34

1765 10 23 23 5 3& 2,008 T1.°0°W -V 1.1 Wi TR.62 Fa = 1505 SC.H%,
197 2 2 13 &7 )% 1.49CY Tl.40"% v 2% w6 172.02 Fa = 1707 "C.hM,
167 & (93 12 2% N2, A .7NCN 6T 14 v 25 us Lesn,52

JODNSAUTO2S) UOIS2M



TABLE 230.7-1 (Cont'd)

UPDATFD AND P VIS0 TASLE .5=% 0F€ TKF SEASRAOOK STATION FS5aR
LATITULS 40.0N 10 49,08 LINGITUDE 64.0w TO 15.%

IRIGIN TIE MYPCCENT 2AL LI S MAGNITUDE § DI>ThanLE IEMAKS

YEAR MDD LA M¢ Wy ( LAT, LEN [Cr 3 N L] re (h#,)

v

02 .32CxH 102.44
48 . 400N ) 143.51
a6, 600N 143.51
443304 182.8%
T E LA - 142.%) DY-Cw,
4. 110N 1¢ 9
&6.930N ( 448,13
6i.2)0N Y. B.69 ) SCokm,
e7.9«0N . € $60.99
«T.4N0N 5 2 523.45
&8, 330N $56,.07
“7T.0.0M &58.20
45.170n% 2716.113
65.300% ' . itTi.0
&T.ATON ) 508.49
41.400N 215.2%
SAT.6TON $08.26
«T.4T70N : 3 S98.28
47.830N 353 .23
&2.30CN 109.¢2
&T.630% ] $13.89
s1.000N ITSL.TS
45 .899N € 495.94
&7.320N 3 $59.70
&2.9504 83.55
4% .130N . ¢ 3I17.3)
62.320N | ) 316,20
&1,.940CN 321.26
£3.90N J21.67
41,90 £ 319.35
67.550N - $20.22
«2.700N 13.0)9
4c.19CN p “T1.84%
&7.9104 4 ' SnB.61
&% .3)0% f ! 211,17
«1.970N ¢ '1T7.8%
£3.950% - 3 ) - J12.913
C1.740N £ 308.85
67.550% ) ) 518.77
s1.510N = ) 296.75
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TABLE 230.7-1 (Cont'd)

UPODATIN AND REVISCD TASLE 2.5-% CF THE SEARRCOKR STATION FSaR

LATITUDS «0.CN 10 49,08 LINGITUDF 6<.0W TD 75.04 o
IRICIN T HYPCCEMNTZAL LOCATYINN EAGNITUDS REF JISTANCE TEMACKS
. YiAR MO CA #R Wy 5:C LAY, LONG., 2CKN,) [7MM) MR NN W L] (KM, )
1374 6 30 14 S5 10, el 940N 71)J.0E7W 15 3.l P 352 .44
1975 1 17 n 17 19. &4.910N £5.710n 19 1.1 £EP 3I37.32
- 12715 “ 2 19 } 17, «S. T304 16,264 )M 5 1.1 £p “l16.84
1375 Y 9 1% 1) 22. 446 ,5640N T3I.55)m | 3¢5 P 119.40 FA = 13001 SC.RN, W) = 1.0621 DVY-(N.
1375 8 21 &« 2) 11, QT .640N 1).140N S 3.1 3 S0T .61
483 10 29 & 9% 2043 4, 0%0N 719.1704 - 1¥ W' 162,25
1475 10 15 3 25 17. 45.110% A3.390m 14 3.1 e 467,35
1375 11 3 Y0 54 5%5.9 S1.800N Ta,547% 1.9 LD 126.25 MD = 4.0521 OV-(m,
1975 21} 3 » 0.8 el.890N T4 . 550N .0 LC 327.01
1275 3 11 P 2) 12.2 41.550N T1.210M 3.5 PC 151.63% Mo = 1.5E19 OVY-CN,
1170 ¢ 1315 ) 12.9 40,.9)0N T4.0220NW 3.1 PO 352.30
. 1475 & 26 10 27 22.1 &l.450N T2.490M Iv 2e2 PO 209.59
A 1475 5 190 1 36 20.5 41.5640N T1.01) v 5.7 20 151.5¢
1375 7T 1) 3 51 14,0 45.175wn Ta, 094 - 1V 2.9 0 3152.35
1276 10 23 20 %3 1RO «7.820% 67.790w 18 v “.2 oD $53.17
* 197 10 23 21 2) ne.1 &T.R30M £7.7T00M 3.1 CE $59.88
1375 10 26 10 &7 4S5, «7T.8208 &67.3%)w LN LO $%2.6)
1977 2 16 © 35 96,1 CT.560N TI.420 }. 1 Cé $16.90
1917 ¢ 20 ¢ $ 52. “T.R4DN T0.15)04 3.7 3.1 LD $51.00
1317 7 16 T 39y ¥C.0 45.030N T4. 4008 10 j. 4 4y “4B. 14
1377 10 16 2 29 19, &6.510N 13.73)M fe® LC 4nl.é
1377 12 29 17 && 24,9 el 422N T9.759w 5 Iv 1.1 wi 119.87
72 12 25 15 5 S'.s 1.20CN Tl.561W 2 1y . 18 12.68
1974 | 6 19 23 B &L . DTEN T3.500m 3.2 LC 133.113
19714 1 6 19 2° “h . D6EN 7T2.5%7¥ ] - 1V $.9 ‘G 111.87
173 2 13 14 4 “6.350N Taulllm 6.1 CE 4n2.56
1375 2 2) § 24 31.M0 465.150N T4.170M 1.4 CE 454,346
13714 S 24 2 31 &40.0 GT.726N 65.390W Yo 2 Ce S60.02
1974 7T 20 10 55 &6 .0 &5.5508 T3.43)0W 1.9 LC 410.59
19742 8 1J 21 12 11.6 L40.4450N T1.120m 349 wE 27T1.91
1974 8 2 P &7 10.% L6.520N Ta,310M el 1.9 LI 195.65
" 1373 1 30 16 20 S52.1 &N 12C% Te.26% < FaLY 1. S NS 403,54
. 197 3 10 & & 9.4 0. .T1EN T4 ® 1 1.1 e Jah.26
@ irl) 3 23 22 5% 9%.0 &T.LETN ! - PZLY 1.1 1.5 NS S31.97
1972 & 33 2 36 16,4 #3.950M 69, )™ « ..l S 146.82 "
3 137) & S0 10 3 49.. 5 ,.24(CN £, 00 FLY Y2 NS 455%.40
< 1+72 & 23 0 5 6.7 el.U«CN 11.26%% - 1V - N 1S5«
« 2379 6 T 13 45 S3.3 &6.6N TV.95Ny (P | N 296.6%
) 419 ? 28 3 2% 12, 3.0 T).5%%)n 11 FoLT 1.° 1.7 NS 56.713
1472 8 19 69 31.0 &T7.570N ¢€£7.7%)M 1) F-LY . e NS 535.4«




TABLE 230.7-1 (Cont'd)

UPDATFD AND + SWIS<D YAI8LE 2,.85-F NF THT SELA3R0OK STATION FSaAR
LATITUDS 0 .ON 7O ©<.IN LOKGITUDF 64.0w TO 75.04

JIRIGIN TN HYPNIENTRAL LOCATION AGNTTUDE DISTYARCE REMARKS
Y A2 M0 LA “R My LAY, LONG., IC(xM,)) f(4m) L I nC (KM, )

Ts. . 2T6.867
. , «319.87
10. $18.08%8
1. €30.82
71%. D Jl3.7s
69. 267.60
r2. 2642.29
12, 2642.04
T4 .92 M 470.2)
anw S30.44
512.37
13.81
3is. 24
393.5%
241.41
587.81
310.69
565.64
56S5.64
Sa5.64
565.64
60w SAS .66
SCOv $595.64
6N0% ) C65.664

L heAOCH S6S.64
5.5L)N S65.¢64%
$5.450% $555.6%
5.6C0N 5465.64
§.5Co% $565.66
6.500w 56584
e 5L LN 56%.64
565 .66
54%.¢€%
565.64
585.¢4
€05.64
555.864
$535.64
SaS.¢4
»S5.6+

“
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TABLE 230.7-1 (Cont'd)

UPDATED AND 2°YIT:C TAPLE® 2.5-5 0OF THE SEABRCOIK STATION FSaAR
LATITUDE «O0.0ON TD 48.0N LINGITUDF €4.0w T2 75.04

ORICIN T[™ HYPRTENTRAL LOCATION MAGNT TUDE DISTYANTE REMARKS
YiA2 MO LA MR MY 5 LAT, LONG., IC(nN,) 1C(Ym) M3 BN ML mC (km,)

545.64
5605.64
S565.64
565.¢€4

1 .67
565.64
S65.¢4
S06.91
5465.64
5565.64
565.64
565.64
$6T7.04
$565.64
565.64
$65.64
$565.64
$465.64
$S65.64
$65.64
S65.64
S549.171
4584.25
$555.64
$5465.6+«
498.26
555.64
555.64
$18.15

=
-~

«7.000N
«T7T.000N
«T.000N
&7.000NH
43.5)0%
«7T CION
«7.09%0N
aT.4500
«7.000N
4T.0NON
47T.000N
&47.000N
«T.07LN
«T.000%
«7.00CN
47.03CN
«7.000N
€7.000%
«7.90CH
&7.000N
«7.000N
&T7T.CL1ON
66.050N
eT7T.00u¥
47.090N
«T7.JT0N
&7.000N
«T.000N
eT.5+CN
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AR " 9% ’
TABLE 230.7-¢

NE W AP mIK: JAwuART 19, 1992
SYRCNG M2YICON JATH
FROM 1. U.S. ARVWY
CIR2S OF ENGINEIP'S TAP
CF.CnANG)

CEapINENY
ACCEL
CCMsSECZ/ZSEC) C(CW/5E0)

S . G . - - . . - —— - ppp———————— L

L=225 145,70
271.09
3iT.86
FRANKLIN FABLLS K1GMT A8y 2%7.70
§P1. DJIST. = 8§
172.83
§29.9%
FAANKLIN FALLS RE 123.9¢%
€EPl. 2187, =

114,01

306.83
UNIIN VLiLLAGT Dak 22.45
EPl. 1587, = 95¢ AN,

23.17
25.07

LEFY RAZUTHENTY L 9.49

UNIAON VILLAGE Car DCaNITRELM

EP%. 2137, &2 K%,

NORTH MARTLAND QOianm A3UTHRENT
EPI. DI3T. = 2.5 KN,

NIRTH SARTLAND Jan
EP21s JI5T. = 52.5 k¥,




PR ———— Rl i

STATICN $IT% LZZ‘TI;:-’Eé;;:;?:Y-------EE;;EC;;B-;;:;--‘ """"

ACCEL YELD nISPe
. CCN/SEC/SEC) C(CM/SEC) (LMD
NORTH SPRINGFIELL DAW CREST L=21% 24,39 0.%6 0.06

§23. JisT. = 77,5 sm,
ue 22.45 0.3 0.96
% T-18° 71.54 0.41 2.09
NIRTH SPRINGFIELL OAM OJDwN3TREAM L=27% 31.08 0.41 0.07

E23. 2157, = 17.% &w,
. u? 12.66 0.21 0.%¢
T-18% 22.%92 0.29 2.06
BALL MOUNTAIN Cam CRESY L=-30 8.80 9.37 2.98

€21, J15T. = 105 um,
TE 11.97 2.34 0.07
T-300 10.03 0.37 0.07
WAITE 2LIVER JUNCTIOW BASEMENT L=270 15.20 2.33 0.06

cWA H2%P1ITAL)
£21. 2I5T. = 81 aw, e 21,81 0.38 0.08
1-189 31.0) 7.57 0.12
p
¥ - ¢ % o & & -




TABLE 230.7-3

RELATIONSHIPS OF INTENSITY (MM) TO PEAK HORIZONTAL ACCELERATION (Ay)

Log Ag = a + bI(mm)

DATA SET

Trifunac and Brady (1975)*
Proposed Relatiorship
IV €15 % X

Regression on Seven Mean values**
111, IV, V, VI, VII, VIII, X

Regression on Six Mean vValues**
IV, V., VI, VII, VIII, X

Regressions on

c.1.7.% (376 pata Points)

c.1.7. + nu. Y at v

c.1.7. + N.B. 11t ot VW
,I.T. + N.B. at V¥
JI.T. + N.H. at V + N.B.

«I.T. N.H. at V + N.B.

Cc.1.T. (376 Peak horizontal acceleration values from California
Institute of Technology Data Base from Chang (1978))

W.H. (6 Peak horizontal acceleration values for January 19, 1982
at Franklin Falls Dam only)

N.B. (8 Peak horizontal acceleration values for March 31, 1982)
Trifunac and Brady (1975) i2sults based on 374 data points
Mean Values taken from Table 3 of Trifunac and Brady

Due to uncertainty on epicentral intensity, I,. for the N.B.

earthquake, regression models are derived for diff:rent I,
values
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Question 230.8

Discuss the correlatior of the Central New Brunswick sequence
of events beginning January 9, 1982 with geologic structure or
tectonic provinces and the significance of these events with
respect to the OBE and SSE. Present all available information
for these events on locations, depths, focal mechanisms, and
correlation with past seismicity. Discuss the effect of any
strong motion data resulting from these events upon empirical
strong motion relationships used in deta2rmining the OBE and SSE.

Response 230.8

In order to answer this question, the Public Service Company
New Hampshire (PSCNH) has sponsored ointly with other New
England utilities a substantial program of seismological and
geological studies related to the 1987 New Brunswick
earthquakes. These studies were carri2d out by Weston
Geophyeical Corporation, from September 1982 to July 1983. A
detailed report of these investigations entitled "Seismoliocgical
and Geolcgical Studies, Miramachi Area, New Brunswick, and
Central New Hampshire" was filed with the NRC on August 25,
1983, by PSCNH as a proprietary document.

The question has *“hr2e distinct parts (1) the correlaticn of
the eartliguake sequence with geologic structure or tectonic
provinces: (2) the parameters of recent 1982 events, and

relation to past seismicity; (3) on the New Brunswick strong
moticn data as affecting relationships used in determining the
OBE and SSRE.

Earthquake Correlation With Geologic Structure or Tectonic
Provinces

A convergence of evidence from geological, geophysical and
seismological studies reveals the existence of a
seismogenic structure in the immediate epicentral areas of
the January and June 1982 earthquake sequences.

From geclogical observations, majcr faults are known,
either bounding and/or cutting the Miramichi Massif and the
included North Pole pluton. The Miramichi Massif is
comprised of a complex sequence of multiply folded and
metamorphosed Cambro-Ordovician sedimentary, velcanic, and
igneous rocks intruded by Devonian igneous rocks. The
widespread Devonian intrusive event is in part responsible
for the low gravity geophysical signature of the Miramichi
Massif, which indicates the body is widespread and likely
interconnected at depth.
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The rocks in the immediate epicentral area are all
representative of the Miramichi Massif described above.
The area is underlain by a Devonian granitic body: the
North Pole pluton.

Faults forming the boundaries of the major lithic 2&nd
gstructural terranes as well as iantrazonal faulting often
ghow 2 multiple history of deformatio». This is not an
unusual observation as faulted rock is weak and will tend
to fail repeatedly as stress fields vary. Mylonitic fault
zones forming the boundaries of and traversing the
Miramichi Massif show evidence of subseguént brittle
failure resulting in a multiply fractured and silicified
mylonite breccia zone. Such is the case with the Catamaran
Favlt which cuts east-west acress the Miramichi Massif just
south of the epicentral area. This deformed zone cuts the
Massif into northern and southern blocks and may influence
stress concentrations along structural and/or lithologic
discontinuities in the northern block, resulting in the
observed stress release.

Frorm gzophysical measurements, sicnifizant gravity 2nd
magnetic anomalies are found in spatial coincidence with
the geological structures. Location, amplitude and
gradient of the gravity anomalies have been used to model
crustal blocks in the epicentral region. Taking into
account the complex structural and lithological
associations at the surface with the geophysical and
seismological evidence, it is possible to hypothesize
significant stress accum:lation along lithologic/structural
discontinuities at focal depths corresponding to modeled
geophysical anomalies and potentially associated seismic
events. The Trousers Lake event (June 16, 1982) is
probably related to boundary faults and lithologic
variations associated with the northwestern margin of the
Miramichi Massif. The larger January, 1982 events in the
central Miramichi Massif may be associated at depth with
the boundary of the North Pole pluton in the surrounding
metasediments. Frcm seismological analysis, observed focal
depths and faulting mechanism of some larger 1982 events
are compatible with gravity modeling results. A review of
the past seismicity in the 1¢ .2 epicentral area and its
vicinity (next subsection) suggests that the tectonic
structure considered responsible for the 1982 sequences has
indeed been seismically active before.

During early Fall 1983, the New Brunswick Department of

Natural Resources - Geologiczl Survey Branch in conjunction
with the Canadian Atomic Energy Control Board excavated two
areas in the immediate vicinity of the Miramichi epicentral




sone. In the first area, a previously identified post
glacial bedrock offset (crack in road) was examined.
Exposure of a large section of rock indicates that the
crack is of limited extent and therefore non-tectonic. In
the second area, (Figure 230.8-A), an east-west trench
approximately 70 meters long and 5 meters wide was made to
intersect a N40°W trending EM and VLF anomaly

identified by the New Brunswick Survey. The aeromagnetic
data immediately south of the North Pole pluton and the
interpretation of black and white aerial imageiry (Figurc
4.3, Weston Geophysical, 1983) indicate a similar northwest
trend.

A N4O°W 65°SW (apparent) dipping fault zone

comprised of gouge, breccia, flinty crush rock and
pervasive fraccuring was exposed in the trench. Based on
observed structural elements and detailed mapping, the
fault zone has a complex and multiple brittle tectonic
history of which at least one motion was clearly right
lateral strike-slip.

The overlying till (Wisconsin) at this fault location has
been broken and is separated by weathered granitic rock,
breccia and gouge plastically emplaced into the till

(Figure 230.8-B). This injected material extends to just
below the existing ground surface. It is clear that part
of this disruption, horizontal shearing of the breccia and
gouge, is glacial (non tectonic) in nature. The mecharism
of the injection and raised elements of the breccia and
wcathered granite are related to tectonic and/or glacial
processes, contemporaneous with or subseguent to Wisconsin
ice loadinc.

Detailed mapping documents the long history of tectonic
deformation along this fault. This fault, particularly in
view of its conformance with the larger structural fabric,
supports a "tectonic structure" earthquake relationship.

fince these 1982 earthquakes are associated with a
localized structure in Central New Brunswick, 5€5 km from
the Seabrook site, these events have no significance on the
Seabrook OBE and the SSE. The New Brunswick events did not
exceed the intensity VIII assumed "at tne site" for
Seabrcok. The observed epicentral intensity and magnitude
of the New Brunswick main shock are not Jgreater than those
usually assigned to the nearest large earthquake. the Cape
Ann 1755 event used for determining the SSE.




In summary, the applicant considers the 1582 New Brunswick
activity related to a local tectonic structure. The
horizontal acceleration level (0.25g) of the present SSE,
based on an assumed intensity VIII at the site, is more
than adequate to accommodate ihe ground motion from such a
distant source. In fact, it can accommodate the earthquake
potential of the New Brunswick event simply associated with
the site province.

Parameters of Recent 1982 Events and Correlation with Past
Seismicity

The report on the New Brunswick studies presents in detail
the parametric information currently available on the 1982
sequence, and a review of the historical seismicity. A
gsummary of important data and conclusions is now abstracted
for a formal respcnse.

The New Brunswick sequence began on January 9, 1982 with a
main shock of magnitude mp = 5.7 at 12:53 U.T. Three of
the larger aftershocks, egual to cr greater than

mp = 5.0, occurred on January 9 at 16:36 U.T.

(mp = 5.1), on Janvary 11 at 21:21 U.T. (mp = 5.4), and

on March 31, at 21:02 U.T. (mp = 5.0) Figure 230.6-1
shows the relative spatial location nr these four ruptures,

as inferred from fault plane data and microearthquake
distributions.

More than 50 aftershocks larger than mp = 3.0 occurred up
to the end of 1982, and thousands of smaller shocks were
also recorded by sensitive instruments temporarily deployed
in the immediate epicentral area, and by permanent regional
stations of the Canadian and American networks. Wetmiller
et al. (1982) and Adams and Wetmiller (1983) have discussed
this earthgquake sequence at professional meetings:
Wetmiller et al. (1983) have just submitted for publication
a detailed study of the aftershock activity.

Table 230.7-1 gives the origin times, locations, depths,
an) magnitudes of all events with my greater than 3.0, as
currently available for the year 1982. This sequence of
events is the best ever recorded for the northeast; for
this reason, the number of located smaller events is larger
than that of any other important sequences. Yet the New
Brunswick sequence appears to be normal and consistent with
other Xnown sequences, such as that of 1925 La Malbaie, the
1935 Timiskaming and the 1944 Cornwall-Massena earthquakes,
considering the respective magnitudes and the distribution
of larger aftershocks.




At present, only the main shock has been the object of
in-depth analyses. Nabelek et al. (1982), and Hasegawa
(1983) have presented an abstract of their research, while
Choy et al. (1983) have published their study. There is a
general good agreement between most of the source parameter
estimates: location, depth, faulting mechanism and

moment. The epicentral coordinates of the main shock are
47.00°N and 66.60°W, + 3 km. They are at the center of a

6 km north-scuth by 6 km east-west area which contains most
of the located aftershocks. The seismic ruptures have
oczurred predominantly on two conjugate planes, shown on
Figure 230.8-1, roughly trending north (Adams and
Westmiller, 1983). Micro-activity is distributcd from
depth ranging from almost O to 7 km, in a V-shape pattern,
with each limb about 2 km thick. The focal depth for the
main shock is estimated at 7 km, + 3 km. The prevalent
faulting mechanism for the four larger events and he
deeper microearthquakes is thrust under compressional force
in the east-west direction. The source parametars of
Nabelek et al. (1982) and Hasegawa (1983) are shown on
Table 230.8-1 and thoege from Choy et al. (1983) on Table
230.8-2.

The only significant descrepancy between the source
parameter estimates is the inferred stress drop. Nabelek
et al. (1982), In an abstract for an oral presentation,
have considered as a favored option a higher stress drop.
This controversy is still unresolved. Conceptually one
associates smaller dimensions, higher frequency spectral
content, and the possibility of a new rupture with higher
stress drop. Reactivation of an older zone of weakness is
molLe common for a lower stress drop.

A second important event occurred on 'une 16, 1982 near
Trousers Lake, about 30 km wes:t of the January 9

epicerter. The focal depth was estimated Lo be about 7 km,
and the Mmp1g €qual to 4.8. The significance of this

event is that its location coincides well with the sharp
gravity gradient on the west side of an inferred crustal
block, while the larger January sequence locates
approximately on “he oppo:ite eastern side, as shown on
Figure 230.8-2.

The January and June 1982 seismic activity is consistent
with the past r«gional seismicity. Figure 230.8-3 is a
regional epicentral map, 2° x 3° around the January 1982
sequence. All known events with M greater than or egqual to
2.0, or I, greater than or equal to II are included and
identified by date for reference to Table 230.8-3.
Considering the sparse population within a 75 km radius of
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the 1982 epicentral area and the lack of a regional New
Brunswick station until 1971, when one was installed in
Fredericton, it can be assumed that most of the
non-instrumental epicenters are subject to a large location
uncertainty, possibly many tens of kilometers. The
instrumental locations from the last decade are subject to
a smaller uncertainty, in the order of 5 to 10 km. Thus,
the possibility exists that some of these historical
epicenters are mislocated and did occur in the same
epicentral area as those of 1982. The existence of a
seismogenic structure capable of generating earthquakes as
large as that of January 9, 1982, witn an mp = 5.7, is
supported by the past seismicity. 1In particular, the
occurrence of recent events with mp = 3.7 on November 28,
1981, mp = 2.5 on September 7, 1981 and my = 2.6 on
January 4, 1977, in the epicentral area, confirms the
inference of a seismogenic structure, continuously active,
and somewhat similar to others ki in the northeast.

New Brunswick strong motion data and their effect on
relationships used for the OBE and SSE determination.

In January 1983, the Earth Physics Branch of E.M.R. Canada
made available in digital form five accelerograms from two
New Brunswick aftershocks (March 31, and May 6, 1982): in
February 1983, it published the open-file report 82-31,
"Strong motion records from Miramichi, New Brunswick, 1982
Aftershocks," by Weichert, D. W. et al. Table 230.8-4,
abstracted from that report, idertifies the five records
that were of sufficiently good quality among fifteen to be
digitally processed.

Table 230.8-5, from the same report, lists the site and
instrument characteristics. The foundation conditions at
Holmes Lake and Loggie Lodge are described as "massive
concrete fireplace hearth on 5 m alluvium” and "major
granit2 boulder on 5 m alluvium", respectively. The Indian
Brook site is on "granite boulder on gravel", while the
Mitchell Lake Road site is said to be "bedrock". Seismic
refraction surveys and a geological inspection were
conducted in October 1982 by Weston Genphysical at the
Holmes Lake, Loggie Lodge and Mitchell Lake Road sites.
Some lcr~ation uncertainty resulted from the fact that
~ertain original sites had been closed or relocated during
the Summer. Considering this uancertainty, the results of
these surveys are in general agreement with those
foundation conditions cited on Table 230.8-5. Except for
Mitchell Lake Road, site conditions are not comparable to
the Seabrook rock foundations.

Weston Geophysical



As shown on Table 230.8-4, the frequencies associated with
the peak accelerations of the March 31 event (mp = 4.8 to
5.0), are notably high, 18 to 47 Hz, often higher than the
average natural frequency (25 Hz) of the SMA-1 listed in
Table 230.8-5. In these cases, D. H. Weichert et al.
(1982) have recommended caution in accepting tle validity
of the instrumental correction for accelerations.

D. H. Weichert (1983), in his oral communicatioan to the
Seismological Society in Salt Lake City, has fi mly stated
that the SMA-1 gradually becomes a displacement meter
beyond its natural frequency, with a magnification c¢f about
fifty. Thus, the high &cceleration values obtained when
standard correction routines are applied to the reccrded
high frequency oscillations are most likely invalid. This
problem was also discussed with P. N. Mork of the U.S.
i3eological Survey, who pointed out in the same vein that
all response spectra of SMA-1 records are rotinely cut off
at 25 Hz by the U.5.G.S. to avoid presenting unreliably
corrected data. For these two reasons, foundation
particularities and partly invalid instrumental correction,
taken separ~tely or jointly, the strong motion acceleration
data g2t from the New Brunswick aftershocks is not, at the
present time, a sufficien* basis for questioning fhe
validity of the Seabrook design spectrum at high
frequencies.

In should be clear that the applicant does not deny the
presence of high frequency accelerations of very short
duration in the near field. This could well be a
characteristic of near field observations for some of the
seismic sources in the northeast. The applicant is only
stating, with others, that the SMA-1 accelerograph, because
of its narrow response curve, may not be a suitable
instrument for high frequencies. Figure 230.8-4 shows the
amplitude response curve of the SMA-1 accelerograph. It
can be seen that beyond the natural frequency of the
transducer, the correction factor gets to be very large,
due to fast roll off of the curve. It seems that a broad
band digital accelerometer is indeed needeé for assuring
the correct recovery of ground motion amplitudes over the
entire source spectrum.

It is interesting to note that recordings of a magnitude

mp = 3.5 New Brunswick aftershock made in January 1982 by
the U.S.G.S. with a broad band digital system (Cranswick

et al. 1982) did not show anomalously high horizontal
acceleration values associated with frequencies higher than
25 Hz. Another finding by Cranswick et al. (1982) was the
great difference in signatures at two stations relatively




cluose to an epicenter and at similar distances, but along
different azimuths and with diverse topography, stressing
the importance of site conditions.

In the case of the Mitchell Lake Road recording for the
Marcnu 31, 1982 event, a site reported as firm rock, the
high frequency motion observed could well be attributed to
some speciai effects associated with the near field. The
estimated eypicentral distance is 4 km, and the focal depih
is inferred to be quite shallow, i.e. about 4 km on the
basis of aftershock distribution (0 to 4 km). Assuming a
fault length of 3 to 3-1/2 km, using Nuttli's relationship
(1983) for mid-plate events, one sees that Mitchell Lake
Road site was very close to, «lmost above, the end point of
the rupture. This is confirmed by the relatively large
vilue of the vertical component recorded. This 1s an
unusual case; as a singular data point, it does not impact
the design spectra for Seabrook.

With regard to the confirmatory issue described in Section
2.5.2.6.3 of the S.E.R., not explicitly mentioned in the
RAl 230.8, the applicant is compelled to respond that
neitier the New Hampshire or the New Brunswick strong
motion data sets offer a sufficient and reliable basis to
study the appropriateness of the vertical/horizontal ratio
beycnd 33 Hz. P23 stated by Chang (1983), the peak
frequencies of the acceleration from the New Hampshire
event range from 11 to 21 Hz. In the case of the New
Brunswick data, the range is from 18 to 44 Hz for the hori
zontal and 37 to 47 Hz for the vertical acceleration. Thus
this last data is beyond the 25 Hz natural frequency of the
instrument, in the range of unreliable correction. 1In this
centext, the applicant concurs with the NRC's staff which
"sees no reason not to accept the applicant's variance"
from RG 1.60 used for the vertical component of the design
spectra at high frequencies, ae stated in the SER.

It should be noted that peak velocities of the March 31.
1982 event, in general associated with a lower frequency,
e.g., 15 Hz, appeai :0 be in agreement with some of the
curreat models extrapolated to near field distances, as
shown on Figure 230.8-5. Weichert (1983) had noted the
same, and found the values compatible with an inferred
intensity I, = V (IV was observed at 50 ka), and the
absence of damage.

If, aside from their validity, the New Brunewick recorded
acceleraticns (8 horizontal data point for the March 31,
1982 event) are pooled with the CIT data, with an Ig




assumed equal to V(MM,, then the new relationship predictis
0.219g for an intensity VIII; if the I, is assumed to be
1V(MM), the regression gives 0.189g for an intensity VIII.
1f both sets of new dat=: (N.H. and N.B.) are pooled with
the CIT data, the resulting values for an intensity VIII
are 0.184g or 0.208g (see Table 230.7-3).

On the basis of this review of site conditions, near field
effects, and instrumental correction validity, it is
concluded that the New Brunswick data set, as curren..y
available, does not affect the OBE and SSIZ at Seabrook.
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TABLE 230.8-1

SOURCE PARAMETEPS OF THE
JANUARY 9, 1782 (5.7 MR) EARTHOUAKE

,’a. o 5 ’.

1.5 X 102226 DYNE-CW,

50-120 BARS. 900 BARS.
(Y 0.5) (v 1.0)

25 5Q KM,

- F20M SHORT PE2120 BIDY WAVES
- FROM LONG PZ2ICD 900Y waves
- FRAN% SURFACE WAVES

10 KN,
T
108824 DYNE-CH,

- 120 BARS.

32 53 KK,




TABLE 230.8-2

A Summary of the Rupture Charsctenstics Inferred
From the Broadband Analysis of the ~viw Brunswick Earthqueke of
January 9. 1982 (U.5.G.5.)

Parameter Value

Depth 902 13km

Sinke* 195

Dwp (3

Rake L

Rupture directiont 0" ¢+ X clock we from
wpdip direction

Rupture lengh §52108m

Rupiure wdth 382 10km

Percen! unilateral rupture «0°

Momen! 47+¢ 1.1 x 107 dyoe cm

Radiaied energ) 10 = 10°° dyne =m

Apparent siresi 10 bars

Dynamic siress drop 65 4 35 bans

Siatic stress drop 4] 2 20 ban

OT 1253517 NEIS location 46 98474, 66 656°W. m, 57
eHowever, see Figure 5a for bounds oo the lault planes
fAssuming 8 rupture velocity of 075§

The iange of focal mechanisms that it (be observed amph-
tude data are represenied by plotung the two 2atreme solutions of type
1 and type 11 solutions listed 18 Table i (a) For type L, the sinke, dip,
and rake for the sohd lines are 195", 65°, and 7C° For the dasherd Lines,
they are 20%°, 65°, and 0° Triangles are takeoff angles of P and pF
from GDSN stations used in the brosdband anciysis The squares ire
P taheoff angles All akeoff angles are plotied on & lower hemusphere
P oyecuon

Cwov 1 AL TELESESMT ANaLYsS OF NEw Baunswicx EAR THOUAKE
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TABLE 220.8-4

SYQATNG WIATION RECCADS FROM THE

Niw BIUNSWICA AFTERIWMICKS c*

MARCM 31, 1982 ANC MLy &, 19%2
CABSRACTED FROM WEICHERY ET AL. 1382)

SITE LIOCATICN CIMPLNENT CO2RECTED PEAX
ACCEL ACC-®2ET  VELD
A VAVEY (Cuzs)

ACLYES LAaKE

MITCHELL LAKE RCAD 149.00
$71.00

2,1.39

31 MARCH LOGGIE LI0s 292.00
332.09

$44.0

31 MARCH 198 YNJIAN BRCOK 417,00

144,00

06 MY 1362 LOGGIE




TABLE 230.8-5

Site and SMA instrumentation Information

Site Nawme Location Installation Foundat lon/Subsnil Sensitivity WNat. Freq. Direction
(Lat N, Long W) (1982) and wm /G Hz
Kinemetrics
Serial No.

Holmes Lake 03 Feb. 20:00 mansive concrete
4915 fiveplace hearth on
Smalluvium

Mitchell Road Feb. 16: bedrock
9%

June 18:

gedg youwig e33edgg qlavy
‘oo §7d'0auny ‘'Rt d'hoaecg UWIGTIIMNITER

2
§
y
g
$

Loggie Lodge Feb. 20: major granite boulder
4936 on 5 m alluvium

4 )

1§ -2 130dey 134

cae N d'NI0K pur

June 16: aite closed

Indian Brook Feb. 20: granite boulder
49137 on gravel

June 15: site closed

Bear Lakes Feb. 18: concrete pad on
1064 gravel

june 173: aite closed

indian Brook 11 June 15: hedrock
4937
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NORTH WALL

TRENCH FLOOR

NOTE: 1in equals approximaiely 2t
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PUBLIC SERVICE COMPANY OF NEW HAMPSHIRE
SEABROOK STATION - UNITS 1 & 2
FINAL SAFETY ANALYSIS REPORT

GENERALIZED SKETCH
NORTH WALL OF TRENCH
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THREE-DIMENSIONAL VIEW OF
NEW BRUNSWICK FAULT PLANE
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Question 23C.10

Considerable geological and seismological research has been
carried out in New England during the past few years by state
geological surveys, universities. consulting firms and the USGS.
Many of the publications reporting the results of this research
have been published after docketing of the FSAR. Many of these
publications are referenced in the NRC, 1981, NUREG/CR-2131, New
England Seismotectonic Study, FY 1979. Others appear in various
earth science publications. Update the FSAR to include an
assessment of the most recent earth sciences research as to their
significance to the geologic and seismic safety of the site.

Response 230.10

The applicant and its consultsats have reviewed the summaries of
"The New England Seismotectonic Study activities during FY 1979"
(NUREG/CR-0939), by P.J. Barosh and others. Similar reports for
the Fiscal Year 1980 (NUREG/CR-2131) and the Fiscal Year 1981
(NUREG/CR-3253) have also been reviewed. This study program was
a oix year effort, to be concluded at the end of Fiscal Year
1982. The report for FY 1982, not yet available, is nticipated
as a tinal report for the six year program, and as such shovld be
more synthetic than analytic in its content. This present review
has been selective of those research summaries that in topic or
arcal coverage could have some impact on the geologic and seismic
safety of the Seabrook site.

Each annual report contains from 25 to 30 summaries describing
work in progress and, sometimes, preliminary findings.
Selectivity is in order since in the author's words: “Each year
the study consists of a wide variety of scattered investigations,
each of which ie systematically providing needed information on a
particular region or area of higher seismicity (NUREG/CR-0939).
In the introduction to each annual report, Barosh summarizes the
key findings of the year. Our assecsment of these reports
confirms our preliminary response (March, 1982) to the above
Question that none of the more recent publications bear
significantly or adversely on the safety of the Seabrook site.

Among Barosh's important findings and repeated themes:

; 1 A very uneven distribution of earthquakes exists throughout
New England, with concentrations in a few areas only.

The population and seismograph distributions do not appear
to have greatly biased the results (i.e. the earthquake
distribution).
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There is a poor correlation of seismic activity with
Paleozoic structures but a closer relationship of
earthquakes with Mesozoic features, particularly those
related to Cretaceous Centinental Margins, can be found

High angle extensional faults are known Or predictable in
mogt active areas

Active areas are generally located in low.inds, with
altitudes below 300 M. The exceptions are the White
Mountains in New England, and the Adirondack Mountains in
New York.

seismically active lowland areas are nresently subsiding.
Passamaquoddy Bay and some part of the gsouthern Maine coast
are good examples of gsubsidence, while the Rdirondack area
and central New Brunswick, also active, are regions of
crustal uplift. Seiemicity is thus associated with vertical
crustal movements.

The epicentral patterns parallel the general trend of
geologic structures, thus implying that old faults are
currently reactivated.

These summary statements have no direct implication on the
geismic safety of the Seabrook gite, since they do not guestion
the adequacy of the 1755 Cape Ann earthquake as the Safe Shutdowrn
Earthquake. Althouga Barosh explicitly rejects the correlation
of seismicity with Mafic Plutons, and specifically considers the
Cape Ann area one of many examples where earthquakes occur in
embayments because Cretaceous continental margins are sagging,
his hypothetical tectonic model does not imply at this time any
need to modify the present $.8.8.

Besides the investigations carried out under the New England
seismotectonic Study Program, abundant research on seismological
topics and tectonic models related to New England has been
undertaken since the preparation of F.S5.A.R. sections 2.5.1 and
2.5.2. A selective list of relevant references that wvere
reviewed is attached.

For the purpose of assessing their significance to the seismic
safety of the site, these contributions can be sorted in two
groups: first, seismotectonics and COCORP studies; second,
studies of specific earthguakes and seismic parameters.

) seismotectonics and COCORP studies

The recent availability of data from expanded local
seismographic networks, both in Eastern United States and
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Canada, has made possible the study of earthguake
distribution, both spatial and tempcral, earthquake
mechanism, inferred etress regime, correlation of gseismicity
with known geological structures and preliminary definition
of seiemic zones. Sykes (1978), Yang and Aggarwal (1981).
Barosh (1982), Pulli (1983) have reviewed older and recent
jnformation and, on that basis, formulated their own
conclusions on the causes of current 2arthquakes. Although
there is a general agreement between these authors on most
of their observations and some of their interpretations,
they nevertheless show differences in the emphasis given to
the significance of these interpretations.

1f the concept of reactivation is common toO Sykes (1978).
Yang and Aggarwal (1981), and Barosh (1983), in the
generation of earthquakes, differences exist with respect to
which structures are reactivated. For Sykes, the
pre-existing zonee of weakness that are reactivated are
identified in “"the Appalachians as pre-existing faults that
trend nearly parallel to present-day continental margins aes
well as along features transverse 1o the margineg."
continental extencsions of old transform faults are
considered potential locales of higher seismicity. 1In the
case of large historic shocks 1in Massachusetts coincident
with a northwest trending lineament, Sykes still wonders if
it is possible that they could be associated with northeast
striking Triassic structures. on this point of earthguake
association with structures, Yang and Aggarwal are more
restrictive and do not support a gseismic trend in New
England transverte 1o the Appalachians. They also propose
that esrthquakes on the eastern margin of the Appalachians
occur along existing faults, in response to stresses
generated by the thermally induced horizontal gravity
variations in the oceanic lithosphere offshore. They see
two distinct seismogenic provinces in the northeast: the
Adirondack - Western Quebec Province and the Appalachian
Province. Uniformity of horizontal compressive StIessS
orientation within each of these provinces is one of their
major conclusions. This position is in agreement with
Zoback and Zoback (1980, 1%81).

The consistency of strese orientations as deduced from fault
plane solution of local earthquakes is not fully accepted by
Pulli and Toksoz (1981) and Pulii (1983), for the
appalachian Province. They recognize the existence of a
trend, i.e. consistency between many of the solutions, but
admit clear differences. They wisely point out that the
current data were obtained from relatively small to moderate
earthquakes, with shallow foci, and that in such cases the
compressive stress distribution is more likely to be
influenced by local features. Granam and Chiburis (1980)
had reached a similar conclusion.
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The general agreement among all researchers that seismicity
patterns based on recent instrumental data are remarkably
gsimilar to those obtained from the historical record is in
gsupport of FSAR section 2.5.2.1. This observed spatial
stationarity is a fundamental element in the gelection
process of the ¢.S.E. Current divergence of opinions on the
temporal stationarity eof earithgquake rates of cccurrence 1is
indicative of both the relatively short observation time and
the need for better data.

Data generated by the current COCORP program (Brown et al,
1983, Ando et al, 1983, Oliver et al, 1983) confirm that the
intraplate crust, and this applies to New England, is more
structurally and lithologically complex than was thought.
There is evidence of large-scale thructing with considerable
horizontal transport of off-shelf metasediments OVer coeval,
undeformed lower Paleozoic rocks. Vertical complexity 1s
also supported by the presence of metasedimentary rocks
under zones of igneous rocks, even at great depths,
emphasizina the importance of the Wwilson cycle. The COCORP
northeast traverse in New York, Vermont and New Hampshire
reveale the existence of numerous east- and west-dipping
reflectors, of arched reflections possibly representing
folds, and of Moho- reflections. The eastern boundary of
the Green Mountains seems 1O be defined by a major
east-dipping crustal thrust zone or fold line that reaches
to depths of at le_st 9 Km. Although more profiles,
extended to the east and parallel to these already acquired
are needed to map the entire substructure of New England,
the first COCORP data for the northeast indicate that as ihe
hypocentral accuracy increases, the association of current
seismicity to specific fault and geologic structures may
become a reality. 1In this sense, these recent findings can
be seen as significant to the site safety, since the
causative structures will gradually be identified.

studies o Specific Earthquakes & ceismic Parameters.

Responses 230.7 and 230.8 have incorporated or referred to
gstudies of the New Hampshire and New Brunswick earthgquakes
of January 1982. Other less important earthquakes have been
analyzed individually (see reference 1ist) for the purpose
of obtaining fault plane solutiocns, intensity attenuation
data, and possible correlation to geologic features. Three
sets of fault plane solutions are found in Graham and
chiburis (1580), Yang and Aggarwal (1981). and Pulli and
Toksoz (1981). With respect to events from New England and
closer to the Seabrook gsite, there is a gsufficient number of
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gimilar solutions tc support the predominance of thrust
faulting mechanism. However. the orientation of P axes
varies toco much to yield a prevalent unequivocal azimuth.

The association of recent hypocenters with individual faults
has not been attempted in New England as in New Jersey and
New York (Ramapo Fault). Ebel {1982, 19813), gtudying the
aftershocks of the 1979 Bath, Maine earthquake, has
suggested a possible correlation of tne seismic activity
with the Cape Elizabeth fault. Although his data set is
limited, a correlation is possible. 1In a similar way, Pullil
et 21 (1983) have noticed that the probable fault plane of
the Gaza, New Hampshire event (N20°E) is wparallel to the
loccal structural grain of the area and the trend of
instrumentally located earthquakes." 1In the seismological
and Geological Studies, Miramichi Area.  New Brunswick and
Central New Hampshire" (Weston Geuphysical, 1987), the sanme
earthquake had been asgsociated with a northeast trending
geismic lineament which also includes tre 1940 earthquakes.
The lineament is parrallel to or coincident with remote
gsensing lineations (N1OE-N20E) which correlate in the field
with mapped faults and joints.

These studies of recent earthquakes have no impact on the
gelection and adequacy of the S.S.E. for Sseabrook. They do
however add more reliable information towards the
elaboration and selection of those tectonic models which
will explain the region's larger earthgquakes.

The study of source-parameter relatione for mid-plate
earthquakes Dby Nuttli (1983) constitutes a signifizant step
in earth science research with potential applications to
geismic hazard and determination of S.S.E.. in that it
reduces the dimensions of fault structur?s previously
associated with given magnitudes. Clearly these new
relations will become more important as observeu geismicity
is associated with jdentified structures and the earthgnake
potential of these structures is integrated in the selection
of the 5.5.E.

With respect to the prediction of geismic ground motion
estimates for the New England regicun, two significant
contributions were made by Klimkiewicz (1982) and
Klimkiewicz et al (1982). In the first study, the
uncertainty of calculated rates of occurrence is traced down
to vari»sus sources, e.9g. choice of particular mp-Ig OF

m,-M; correlations, definition of complete intervals,
selection of cell-widths, etc. In the second study
thousands of intensity cata points, from earthquakes with




-l

well defined magnitudes, including some from the New
Hampshire and New Brunswick 1982 earthguakes, are combined
to derive, using the multiple regression technique, an
intensity attenuation model which defines median estimates
of I, (and associated standard deviation) as a function of
magnitude and distance. These studies have contributed to
the definition of seismicC hazard and associated uncertainty.

In summary, neither the seismological and geological data or
research of the last three years have produced results which
would change the gselection of the S.S.E. for Seabrook.
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