Department of Energy
Washington, D.C. 20545

Dock: No. 50-537
HQ:S5.82:045

JUN 08 1982

Mr. Paul S. Check, Director

CRBR Program Office

Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Check:
RESPONSES TO REQUEST FOR ADDITIONAL INFORMATION - GEOLOGY AND SEISMOLOGY

Reference: Letter, P.S. Check to J. R. Longenecker, "CRBRP Request for
Additional Information," dated April 9, 1982

This letter formally responds to your request for additional information
contained in the referenced letter.

Enclosed are responses to Questions CS 230.1, 2, 4, and 5 and CS 231.1, 2,
and 3. These responses will also be incorporated into the PSAR
Admendment 69, scheduled for submittal in June.

Sincerely,

Jog R. LongeneCler

Acting Director, Office of the
Clinch River Breeder Reactor
Plant Project

Office of Nuclear Energy
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cc: Service List
Standard Distribution
Licensing Distribution
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Question 230.1

The ast earthquake |Isted In both Table 2.5-2 and Table 2.5-3 of the PSAR Is
dated November 30, 1973. Update both of these selsmicity !Ists to Include all
more recent pertinent events. Include In Table 2.5-3 all earthquakes of
maximum Mod!fled Mercalll Intensity greater than IV or magnitude greater than
3 which have been reported In all tectonic provinces any parts of which ere
within 200 miles of the site. Where avallable, for each earthquake provide
eplcenter coordinates, depth of focus, origin time, highest Intensity,
magn|tude, selsmic mament, source mechanism, source dimensions, source rise
time, rupture velocity, total dislocation, fractione' stress drop and any
strong mction recordings; references from which the _ec!fled Information was
obtalned should be Identifled. All magnitude designations such as ™ “r' M,
etc. should be ldentlfled. The epicenters of all earthquakes |Isted In bl &
2.5-3 should be plotted on & map such as Figure 2.5-8. Provide a larger scale
map showing earthquake eplcenters of all known events within 50 miies of the
sl te.

Response
INTRODUCTION

The response to thls question Is In the form of a computer generated |Isting
of pertinent data for earthquakes of maximum Modlfled Mercalll Intenslty
greater than |V and/or magnltude greater than 3.0 within the geographic area
29.0N - 42.0°N latitude and 69.0°W - 94.0°W longltude. This area Includes
al| tectonlc provinces any part of which Is within 200 miles of the CRBRP
slte. We have alsc prepared a computer generated |Isting of al | reported
earthquakes within 50 miles of the CRBRP site. The locations of the
earthquakes In these |istings have been plotted In a serles of four flgures.
Aval lable Information concerning focal mechanisms for pertinent earthquakes
has also been Included. Other requested Information has been provided where
data Is avallable.

During the |!terature search conducted In response to this question, It came
to our attention that an extensive |Isting of central United States
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ear thquakes has recently been complled by Dr. 0. W. Nuttl!l (PSAR Sec. 2.5 Ref.
164) af St. Louls Unlversi*y. Some difference In the number of very early
avents or '+ ~“tensity (generaliy less than V MM) and In the number ofmore
recent events ¢ +mall magnitude (generally less then 3.5) detected by St.
Louls Unlversity .re belleved to exist between the |Isting presented hereln
and that complled by Dr. Nuttil. However, these differences are not
cons!dered to be major and would not !mpact selsmic design of the CRBRP.
Consequently, they have not been included In this response.

Historlcal Earthquake Llstings

See rev!sed PSAR Section 2.5.2.5, Tables 2.5-2 end 3, and Fligure 2.5-18 for
the requested Information,

FOCAL MECHANISMS FOR PERTINENT EVENTS

November 30, 1973, Maryyllie, Tennessee

The magnitude 4.6 m_November 30, 1973 earthquake near Maryville, Tennessee Is
one of the few soufRoasforn Unlted States earthquakes for which focal
mechanlsm solutions are avallable. Bolllnger et al., (1976) (PSAR Sec. 2.5
Ref. 166) obtalned two solutions, one showing normal faulting on northeast or
nor thwest striking nodal planes, the other defining reverse faulting with
nodal planes striking northwest. Bolllinger et al., (1976) favored the reverse
faul ting solution on a qorthwest striking fault plane based on additional data
(af tershock eplcenters, vertical distribution of aftershock hypocenters and
reglonal In-situ stress measurements). Herrmann (1979) (PSAR Sec. 2.5 Ref.
167) obtalned a strike-s|lp mechanism with nodal planes striking el ther

nor th=nor theast or west-nor thwest, wlth steep dlps.

July 27, 1980, Sharpsburg, Kentucky

Mauk et al (1982) (PSAR Sec. 2.5 Ref. 168) reported the following favored
mechan!sm for the magnltude 5.1 m, Ju&y 27, 1980 Sharpsburg, Kentucky o
earthquake: fault plane striking Na2"E, dipping 507E with a slip vector 184
east of strike. This Implles right-lateral strike-sl Ip displacement with 2
smal | component of thrust. The other (unfavored) nodal plane strikes N135%
and dips 85° to the southwest.

QCS230.1-2
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Intens!ty estimates p:uv!de the basls for the epicentral locations of
earthquakes prlor to avout 1960. Before 1800, much of the reglon was so
sparsely populated that the eplcentral locations were Identifled with the
scattered towns, possibly tens of mlles from the actual eplcenters. Since
then, the greater populetion density, better communications, and more
se!smograph stations have made It possible to locate areas of greatest
Intensity within & few miles. Within the past few years strong motion

se ! smographs have been Installed at several nuclear power piants being
constructed In the general reglon,

Surface Intensities at the site have not been directly observed. The
Intens!tles which occurred at the site have been estimated based or the
eplcentral Intenslity and distance from the CRBRP site (Ref. 111).

The site area has experlenced numerous |Ight to moderate ea-thquakes. The
maximum slte Intensity assoclated with these earthquakes Is VI=VI| MM, The
site Investigation has not produced any physical evidunce which can be
assoclated with any earthquakes.

2.5.2.4 Englneering Properties of Materlals Underlying the Site

The englneering properties of materials underlying the site are discussed In
section 2.5.4.2.

2.5.2.5 Earthquake History

Two historlcal earthquako |Istings ere complled. One |Isting, Table 2.5=2
Inclydes historical earthquakes ogcurring within the reglon between 29.0°N -
42.0N latiiude and 69.0% - 94.0° longltude. This ilst contains events with
eplcentral Intensities exceeding IV MM and/or assigned magn!tudes greater than
3.0. The |lst also contalns Information on some significant early historical
events for which nelther magnltude nor Irtensity data sre avallable.

A second |Isting, Teble 2.. -~ contalns al| earthquakes reported to have
occurred within a 50 mlle radlus of the CRBRP site, regardless of Intensity or

magn!tude estimates.

2.5-23
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Figure 2.5-18 Includes the data contalied In the two historical earthquake
I1stings, Tables 2.5-2 and 3.

Figure 2.5-18, sheet 1 of 4 shows all earthquakes with maximum Intens!ties
exceeding IV MM and/or ugnlfudzs equg! to or greater gun 3.0, reported
within the geographic reglon 30°-41.5"N latitude; 73.5 -93°W longltude. The
open clrcles Indicate all events with Intensities exceeding IV MM, The X's
represent those events (Magnltude greater than or equal to 3.0) which were

el ther unfelt or had reported Intensities of IV MM or less. The X's also
Include several signlficant early historical events with ur~ spoited magnl tudes
and Intenslties.

Figure 2.5-18, sheet 2 of 4 also shows all ear thquakes with maximum Intenslty
exceeding IV MM and/or nagnlfugos oqa:l to or greater than 3.0, reported
within the geographlic regin 307-41.5"N latltude; 73.5°%-93% long! tude. The
square symbols Indicate all events wi*h magn ! tudes equal to or greater than
3.0. The X's represent those events (1>IV MM) with unreported magn! tude or
magn!tude less than 3.0, The X's also Include several signiflcant early
historlcal events wlth unreported magn!tudes and Intensities.

2.5-23a
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Flgure 2.5-18, sheet 3 of 4 Includes all historlical earthquakes within 50
miles of the site. MaxImum Modifled Mercalll Intensity Is shown k¢ open
clrcles. Unfelt events and events wlth unreported Intensity ere shown by the
X's.

Figure 2.5-18, sheet 4 of 4 also Includes all historical earthquakes wlthin 50
miles of the site. Magnitude |s shown by the square symbols. Events with
unrepor ted magn! tude are shown by the X's.
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Gutenberg, B.
1956

Bath, Markus
1966

Nuttil, O. W.
1973

Richter, C. F.
1958

BolllInger, G. A.
1976

Herrmann, R. B.
1979
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1982

(and Richter, C. F.) Magn!tude and energy of
earthquakes: Annall dl GeofIsica, Vol. 9, No. 1,
pp. 1-15.

Eer thquake energy and magn!tude, In Physics and
ChemIstry of the Earth, Vol. 7: Oxford and New York,
Pergamon Press, pp. 115-165.

Sel smic wave attenuation and magnitude relations for
eastern North America: Journ. Geophys. Res., Vol.
78, No. 5, pp. 876-885.

(and Freeman, W. H.) Elementary Selsmology:
San Franclisco, Callfornla, p. 768.

(Langer, C. J. and Harding, S. T.) The eastern
Tennessee ear thquake sequence of October through
December, 1973, Bull. Seism. Soc. Am., Vol. 66, No.
2, pp. 525-547.

Surface wave focal mechenisms for eastern North
Amer | can earthquakes w!th tectonic Implications,
Journ. Geophys. Res., Vol. 84, pp. 3543-3552.

(Christensen, D. and Henry S.) The Sharpsburg,
Kentucky, earthquake July 27, 1980: maln shock
parameters and |soselsmal maps, Bull. Selsm. Soc.
An., Vol. 72, No. 1, pp. 221-236.
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' 1968 3 3 11140 S6,.70 90,10 a, 1onoon,0 325,2 281,17 3 SOUTHEASTERN MISSUUR]L (MAG, 4,5 ») .
Y 1963 T R 17i52 37,66 ¢u.So a,1 5.0 J4B.5 2845 @ SE, RISSOHURT («INT,) (MAG, l.i NH)
’ 1968 ® 2 IBLSH 7,00 HB HU 3.6 1.2 251,22 266,17 3 JL,=XY, BURDER (MG. 3,6 MH)
) |Vo3‘Tﬂ‘?'_17|1v"‘Io = | D lltﬂo 1300,0 196,55 72,5 5 GALAX,v,A, (2 SnULRS) -
’
' S ESTIRATE
i




2.5-2
Table %A(cont.)

[ S -

]
-
]
.
’
MISTOWICALS 327- 74 .
B .
CUNKNS INTENSITY Mag, DEPI¥ ANEA DIST All= 0
L YEAN TN A R AT, Loug, M.M, R,F, (#1) (M) SW) (MI) MUTH REF, HEMANKS " »
L 1964 1 In 25510 $6,R0 89,50 [ 4,5 11,0 291,66 24,0 4 _St, MISSUURL (*INT.) (MAG, 4,5 m8) "°
190d 2 TR GaTYT §4,80 As,50 5 a,a 9,0 98,2 220,20 3 ALABAMA/GEURGIA BUNDER (MAG, a,a uB) .
1964 8 12 2ui120 35,20 83,40 S 4,4 24,0 400,0 194,51 163,0 |_MACUN, GEURGIA (MAG, 4,8 mB) 2
’1055“]‘26_15105"—§d.60 Hl,00 5 il.,4 125,53 3 NEAR CULUMBIA, 3,C, (*COURDSY)
1964 4 23 19821 351,50 98,80 S 1,7 620,2 2a3,4 3 _WESTERN LOUISIANA (MAG, S,1 M8)
iogi"i‘:&‘oiili‘—}f;Lo LR I 5 31,7 616,5 2aa, v 3 weSTERN LOUISTANA (MAG, 3,7 M)
1964 4 27 181351 31,50 98,80 S 3,4 620,2 243,4 3 _MESTERN LOUISIANA (MAG, 3.4 H8)
(R EUREETIr N YT e Y I 93,60 S 4,4 602,9 2a3,9 3 WESIERN LOUISIANA (MAG, @,3 MB)
1954 S 12 ndiay 46,20 76,50 H 4,5 521,8 52,8 3__SOUTHEASTERN PA, (MAG, 4,5 )
’iQud'"S’!!’6(:)6"]6.56“66}60 5 a.s ~ 316,0 279,38 4 SE, MISSUURL («INT,) (MAG, 4,5 MH)
1964 S5 23 49101 $K,%0 89,90 ) 4,3 310,5 279,4 4 __SE, MISSOURL (sINT,) (MAG, 4,3 my)
1964 0 2 20T 81,30 94,00 4 4,2 657,5 2429 3 TX-LA BOROLR (NAG, 4,2 wA)
1964 & 16 05186 §1,40 93,40 5 623,88 242,9 3 MEMPHILL, Tx,
VIRETI U7 12708 at 20 13,70 5 683,35 54,3 3 ARMUNK,N,Y, :
1755 2 tf 211640 36,40 89,70 6 4,6 295,8 270,58 4 _SE, MISSUUR] («INT,) (MAG, &, MB)
1905 3w i%109 ST A8 01,17 5.3 98,4 291,17 3 HISS0uR] (MAG,5,5 wB)
1765 A 13 23148 37,20 89,30 5,0 287,86 289,8 38w, ILLINOIS (FELT) (MAG, 5,0 He)
195 R ja 67:i¢°"17.16'_i6;20 7 5,0 2R0,3 268,8 3 s0v HWESTERN ILLINOIS (MAG, 5,0 MB)
1965 ® 15 00107 $7,40 A9,50 S S, 302,2 291,17 3 SOUTHWESTERN ILLINULS (MAG, S,.1 MB)
1965 B 1522119 37,40 89,47 S 300,7 291,8 3 SOUTHWESTERN ILLINOIS b
1965 9 A 235437  S4a.m0 k1,20 Y 194,% 111,9 6 CHESTER, S,C, (4 EVENTS, 9/8 « 9/12) ]
1965797 7 09143 Ya 80 R| 20 5 1964,5 111,9 & CHESIEN, 8, C, °
1965 9 10 02132 3a,m0 81,20 b 194,5 111,9 6 CHESTER, S, C, &
19659 127 1%425  Sa,80 81,20 . 196,57 111,9 6 CHLSIEW,S, C, 14
1965 10 20 20305 $7,80 91,00 ¢ 5,2 388,9 291,84 3 EASTERN MISSUOUR MB) r
1985 T 24 12145 at, Yo 70,10 Y ALK Y » HANJUCKLT, MASS,
1965 11 N nygea 37,10 91,00 5 4,5 376,9 284,8 A _S8t, MISSOURI (*INT,) (MAG, 4,5 mH) -
ARSI T 22008 T Ak Y0 T 40 D) 604,9 $5,¢ 5 NARRAGANSETT Bav, R,1,
1955 12 19 16119 45,90 89,90 ! 5,3 308,8 271,17 Q_NE, ARKANSAS (#INT,) (MAG, S,3 m8)
19667 2711 22482 45,90 90,00 4 4,5 Jle,a 271,08 §ARKANSAS (MAG, 4,3 ~8)
1966 ¢ 18 17420 37,10 91,00 ] 4,7 376,9 284,08 4 _St, MISSOURI ;0ln¥.z (MAG, 4,7 wB)
V968 23RO 10 31,30 91,00 5 §,8 $18,2 285,84 4 Sk, MISSUUR] («INT,) (MAG, 3,8 uB)
1966 5 §1 01119 $7,60 78,00 5 3,1 28000,0 37¢,5 49,6 3_CENTRAL VIRGINIA (MAG, 3.1 M)
19672 dToRa0 el a0 T Ao 5 TRl 196,2 S7,5 3 NARKAGANSETT dav, Holy (MAG, 2,4 n)
1967 4 n 00141 $9,60 82,50 5 a,? 4000,0 276,2 21,3 3 _CENTRAL OMIO (MAG, 4,2 mB)
19676 A TurTa 3 60 00,90 5 8 W0 4023 2aa,7 3 EiiiiVi{IiT‘ig:“inAc. 5.6 MB)
1967 b 29 02157 85,60 90,90 4 [ an2,y 2u8,/ 3 __GREENVILLE, M3, (MAG, 3.4 MB)
VIS T 0 NS VL, 50 90,40 b {.9 - 351,47 290,2 3 SOUTHEASTERN M]SSOUR} (MAG, 3,9 mB)
1967 10 23 0dr0a  $3.40 80,70 S 3,8 270,9 128,4 !__!EQBLI?19!_1!&A.Q!.!.!..l!!&._!;!_!ll
1967701 22 10010 @l 00 78,70 5 676,717 S5, 3 WESTICHESTER CO, N,v,
l’fﬂ__?‘h?ﬁ'?!3?..!?.59__9?9?9 3,8 3!9.&.21!:!____}__5!--El!@Q!!l_jﬂéﬁ‘_!-!_Ell_jlltll___
1968 3 R 00e1d8 §7,00 w50 4 1.9 229,0 69,3 3 VIRGINIA (MAG, §,9 W)
1968 9 22 inr4a) Sa, 00  H1,50 3,7 09,1 1271,8 3 SOUTIH_CAROLINA (MAG, 3.7 mB)
19A 1T T osiia al,00 72,00 5 156,84 58,5 3 SOUTHERN CUMN, (*CUDRDS)
1968 11 9 111ue  §9,00 BA,50 7 2lu,1 304,9 3 _SUUTHERN ILLINUILS (HAG, 5,3 m8)
190002700 0an1d $9, 70 Ta,en S 59%,0 60,5 3 NEm JERSFY (MAG, 2,5 M)
1968 12 11 10300 8,00 KY,50 b lﬁ!;é_!4?.!.___!__r¢5¥,tvul?!llttL.!!._L:KDQNQQ!_____,_____ __________
iQnO"f"I‘nlésé“gu;nd“‘ve;ao 6 489,1 265,72 3 CENTRAL ARKANSAY (MAG, 4,2 Wi)




2.5-T
Table %}Jcont.)

€ WA N Qi

-
HISTOWICALS  S14e 422
Cunmng, INTENSTITY MAG, DEPTI AW} A Vi3l alje

TR EAR I A Wk LAT,  Loeh, w.n, R,F, (CI8] "1 sQ) (1n1) MUIH REF, RE ARKS

1909 7 13 16151 Sn,10 - B3, 70 S 3,5 20000,0 an,p 69,0 3 EASTERN TENNESSEE (MAG, 5.5 M)

1969 11 19 2oano  ST,40 KEl,v0 6 4,3 Toocov,0 214,86 59,9 3 wEST YIRGINIA (MAG, a,3 MB)

1969 12 11 184S 37,80 77,80 5 3500,0 407,9 69,1 3 VIRGINIA, RICHMUND AREA
TR0 131V uhe20 35,10 83,00 5 3500,0 95,0 124,7 3 WESTERN N, C,

JOI0 8 24 2lrab 3h,50 A9,T0 3,% 3,0 299,5 2719,7 3 St, MISSUUR] (MAG, 3,5 M) (FELT)
TTTIAI0T 9 @ 20141 te,10 Bi.40 5 20,0 2000,0 1h71,4 84,2 3 NURTHNESTERN N, C

1970 11 16 20510 35,90 HY,90 - 3,6 11,8 78000,0 308,8 271,7 3 ARKAN3AS (MAG, 3,5 MB)

19r0 12 7d varid e, 70 89,50 4 4.8 1,5 €90,4 2n2,06 3 NEwW MADRID, MO, (MAG, 4,8 ™RH)

1971 % 14 10128 85,10 87,90 5,9 ‘.0 278,090 227,14 3 CARHULLTUN, AL, (MAG, 3,9 M) (FELT)

FOTT S 10 0750 38,30 Rieb S 3,0 15,0 VO R 128, TV GRANGEOUNG, S,C, (MAG, 3.4 mB)

1971 7 12 21193 36,00 A4,00 S 2000,0 22,7 70,3 3 EASTERN TENNESSEE (+COORDS)
TRV 0hiS 34,59 B2, TS5 b zéoo"v—n. B’T‘n. 3.5 ¥ wiSTERN SOUTH CARDLINA

1970 S 11 19106 38,10 77,40 S 11,0 1900,0 ®)4,4 66,8 3 SPUTSYLVANIA, VA,
TR0 T IZash 35,80 90,40 5 12,0 550800,0 337,0 289,3 T NURTHEASTERN ARKANSAS

1971 10 9 flgen 35,90 B3,50 5 3.0 11,0 49,4 89,0 3 EASTERN TENNESSEE (MAG, 3.8 ™B)
TR Y 3 2% d7T 36,46 W0, BD a, i i0,% 353,717 217, Ew MADRTD, mU, (HAG, a,1 mB)

1972 2 3 18111 35,50 #0,40 5 4,5 3,0 26000,0 2R0,1 12%,0 3 CENTRAL SOUTH CARULINA (MAG, 4,5 M8)
T2V ea aede 3b,20 EG R0 5 3,7 5,0 b5B00,0 292, 5.7 3 NEw MADRID.MO, (MAG, 3,7 #B)

1972 6 18 23146 37,00 AR9,08 [} q,% 8,1 27¢,1 287,8 3 CAPE GIRARDFAU, MO, (MAG, 4,5 ME}

V372 R a Tores 3T,0u 80,00 3 5,0 $00,0 19,7 127.4 3 SOUTH CARULINA (MAG, 5,0 M) (*COURD,)
N 4972 9 5 11100 47,60 77,70 k) 3,3 2300,0 3A8,5 70,3 3 RICHMUND, VA, (MAG, 3,3 W)
s T A 222 Al 60 89,40 3 : % 1,0 zsoooali"". @lB.l 3374: V LEE CU,s TLLINDIS (WAG, 3,7 WB)
S g9r2 12 T 22101 40,10 76,20 5 2.0 460,0 531,8 5a,8 3 LANCASTER AND BERKS CUS,y PA,
AV T 1T 1ea5h §F.a0 671,30 1.2 ° 192,5 30s8,7 ¥ KENTUCKY (MAG, 3,2 M)
g 1773 1 8 03112 33,80 90,60 3,5 6,2 380,9 249,5 3 MISSISSIPPI (MAG, 3,5 M)

I 0557 37,90 90,50 1l 3,¢ iZ,0 “365,4 zo‘a.'}—!""ﬂ!luu NISSOURT (MAG, 3,2 )

1978 2 3 12115 62,00 71,00 S B32,5 55,9 3 l!l.--t. M”'i NUT REPT BY SEIS, SINS,
TV T2 2R NI 9,12 s AT S 5.8 6.4 IS4a0,0 554, 58, NEW RSEY (MAG, 3,8 M)

1978 S 25 D112 43,R0 90,60 S 3.5 4,2 460,9 249,5 3 mgsxsnna (MAG, 3,5 M)
RIS I 2 21507 35,91 %G, “ 1.4 5,2 N8 271,9 I ARKAN e 3,8 HHLG)

1973 10 9 14015 38,51 H9,59 a 3,8 1,0 295,55 2719,9 3 NEw MADRID, No| luc' 5,8 MBLG)
AT IU R0 ITASA 35,75 RAL,TO 5 1.4 20,% 2400,0 23,5 114,¢2 h nNO NT CU, IN, (MAG, 5,8 MALG)

1978 11 40 02148 35,80 B3, f 4,6 1.8 Sa300,0 24,5 104,6 3 MARYVILLE,TENN, (MAG, a.6 M3)
TR 12 20 G4idAST Je,16 BU,58 1.4 6,2 291,067°275,2 T REw WADRID, W0, (WAG, 5,8 MOLEG

1974 % 7 19113 36,20 89,39 5 4.3 1,0 280,6 275,84 3 TENNESSEE (MAG, 4,3 MBLG)
YT YIS TAISE 30,05 9,13 4 1.5 I.0 SIT,2 258, 1 ¥ ARAKAN e 3o L '

1974 2 1S 16149 33,96 93,0} 5 q,0 1,0 6600,0 S07,5 257,35 3 ARKANSAS (MAG,8,0 MHLG)
TI9TETT 22U TS 35,82 90,3 P4 3,7 315, ° nEN o3 )

1974 3 4 0RI24 3S,6R 90,55 3,0 j. 330,8 269,53 3 ARKANSAS (MAG, 5,0 MBLG)
i 9IET Y T 22T 36 20 BY,50 U5 7.5 .0 266,77 215, 878 REw HADRTD, WU, (#INT,)

1910 3 12 66130 SH.66 89,19 L P4 5. 305,5 268,06 3 TENNESSEE (mAG, 3,2 MBLG)
TN TR 2T OING I 3RS Un, 13 3 5.6 5,0 loS.!‘]ol.!—"!‘IHlTun'uo."‘(‘.hn .l)"'huc. .5 HB)

1978 a4 5§ 17905 38,59 BA,C9 s 4,7 6,8 2a3000,0 276,88 313,06 3 SOUTHERN TLLINOIS (MAG,a,7 MBLG)
” VYT S T Rar 38,59 90,91 5 2.0 U.b 404,55 299, HN WD, (nInNT,
" 1974 S 13 001%2  s6, 71 AR9,89 5 4,1 1.0 284,5 283,0 3 NEs MADHID, MO, (MAG, 8,1 WULG)
o 197a S A Te12Y VT YR RO ) i.n 5.0 2084,0 242,56 63.7 T VINGINTIA (WAG, §,6 mHLG)

19786 & 4 19117 SB,60 KA, 17 o 9.3 1AR,5 53,6 T ORENTUCKY (MAG, 3,2 MBLG)
TTTITE RS 02106 34,82 RY YA 5 5.6 [ ) 154,71 Y05,3 Y SOUTHERN ILLinﬁli (#AG, 3,6 MBLG)

* ESTTIWATE
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25-2

. Table ¥, (cont.) .
.
> —— e —— S —_.
LX) 23t .
-!
HISTUKILAL S &24- 4T0 .
e et -
CONRDS, INTENSITY PMAG, DEPIH AREA DIST  AZl= "o
TTUUYEAN AU DA AR LAl LUNG, W M, R,b, (n1) (n] Su) (»[) mulh REF, - REmANHKS "
1976 & 7 j4ras 41,57 14,94 [ 2,9 1,2 o5, 4 51,9 3 NEm YONK (MAG, 2,9 ») 2
1974w 2 0h1S ) W48 H 4,9 1,0 14o000,0 170,0 141,9 3 GIURGIA (MAG, 4,9 MOLG)
19764 8 1) 0Bs0 35,02 91,17 5 3,0 €40 Joa 0 282,17 §_ FREMUNT, MO, (MAG, 3,8 mBLG)
TTTTh9l4 e 22 16184 38,28 A9,)) S 2.5 7,0 358,2 300,58 S MARISSA, ILLINUIS (maG, 2,5 W)
1974 9 28 21126 41,24 B3, %0 2 3,0 i,0 574,868 8,2 3 UMIO (MAG, 3,0 mELG)
TTT19%4 10 20 10004 39,10 bi1,5Y 5 3.4 b,b 2ov,5 53,8 3 WEST VIKGINIA (MAG, 3,4 MOLEG)
1974 11 22 ouils 32,90 15 & 4,7 11,2  50000,0 317,56 129,4 § SUUTH CARULINA (MAG, 4,7 *~d)
TTTTA904 12 10 00g02 31,35 67,47 S 3,0 6,2 Jou,5 210,4 3 ALAI:ANAS::AG.Q.O nBLL)
1974 12 12 23104 34,67 9),8A 5 5,8 5,0 Q31,1 260,9 3 NUKIHEASTERN ARRANSAS (4G, 3,8 MBLG)
190G 12 25 01121 $5.18 90,0l 3,0 bal 315,85 209,78 ARKANSAS (MAG, 5,0 ML)
1979 1 10 0vesL__ 8,20 91,03 3,2 399,77 299,5 8 MISSUUR] (MAG, 3,2 MBLG)
TS T 1Y 1 4ide 86,52 89,58 5 3,3 3. 291, @280,1 3 NEm MADRID, MU, (MAG, 3,3 MHLG)
1975 2 16 14122 19,05 @2,42 a 3,8 .1 243,484 25,6 3 OMIU  (MAG, 3.5 ™HLG)
1915 3 1 05¢50 33,55 87,99 u ) ¥ 11,2 21,0 232,8 3 ALABAMA  (MAG, 3,2 MELG) =
1975 8§ 7 0Ta45 47,52 BO,u4B 2 5,0 3,1 237,9 64,3 3 VIRGINIA (MAG, 3,0 m)
TTTTIOIS T G eb horer 12,97 Bo,28 q 3,0 3.1 77,0 310,9 129,83 SOUIN CAROLINA (MAG, 3,0 MBLG)
197% 6 15 16140  So,%4 89,068 [} 4,3 1.2 298,71 2680,¢2 3 NEW MADRID, MO, (MAG, 4,3 MBLG)
*OTTTTTI9IS 6 24 056127 33,72 87,64 4 4,5 6,2 246, 3,8 I ALADAMA (MAG, 4,5 no)
1975 7 b 02148 $b,19 89,49 &-5 2,9 3,0 280 275,17 S NEW MADRID, MO, (MAG, 2.9 MBLG, *INI,)
9IS T @00 Ta 36,56 89,80 deb 2.9 3,0 305,5 260,35 S NEW MADRID, MU, (MAG, 2,9 MBLG, #INT,) 1
’ 1975 8 24 18144 37,23 90,89 4-5 2,7 3,0 70,0 206,35 S _FASTERN MISSOUR] (MAG, 2.7 WBLG, *INI,) p
271915 8 24 2100 $7,23 90,88 aeS 2,8 3,0 372,2 28b,3 S EASTERN MISSOURL (mAG, 2,8 MBLG, #INT,) o
: 1975 b6 25 01ll Y605 89,84 3,0 b.b Jo5,4 27137 S NEW MADRID, MU, (MAG, 3,0 mBLG, aINI,) 3
TR0 19715 8728 22123 33,82 66,80 [ 4,4 i 10000,0 190,4 222,0 3 NORTHERN ALAUAMA (MAG, 4,8 mBLG) .
S O1975 11 T 1T 83,55 87,56 2 3,5 3.1 233,99 22171,1 3 ALABAMA (mAG, 3,5 mELG) »
IS I T N T 31,19 Bu.ba b 3.2 5.3 210642 6Uy8 3 S,n, VIRGINIA (MAG, $,2 ABLG)
Yo 1975 1) 25 10117 34 87 82,96 q 3,2 3,1 106,7 130,9 3 NURIHwWESTEMN SC (MAG, 3,2 MBLG) r
= 1915122721161 Y054 89,57 5 2,8 N 73 | 292,6 ¢80,4 3 NEw MADRID., MO, (MAG, 2,8 MBLG)
~) 1976 1 16 13148 '5.92 92,12 S 3,2 8,7 432,9 212,5 3 NOHTHEKN ARKANSAS (nAG, 3.2 MBLG)
T 119 0niel do,88 8d,82 [ 4,0 3,0 15,2 24,4 3 ORENTUCKY (MAG,4,0 wd)
1976 1 30 13159 59,68 78,17 4e5 2,8 9,0 428 .4 50,% 5 wWEST VA, (MAG, 2,8 MBLG)(=INT,)
TTTA%ie 2 2 ibiia di,90 82,07 3,4 6,0 42,4 1156 " 8, ONTARTD (MAG, 3,0 MBLG)(=INT,)
. 1976 2 4 14154 35,00 Bu,0S 6 3,0 3,0 b4,y 198,17 S TENNESSEE (MAG, 35,0 mBLG) 1 sl PN
T8 3 T 030 iS58 71,21 6 3,5 809,7 57,1 3 RHUDE ISLAND (MAG,S$,5 wBLG)
19765 1) le10) 40,9 74,37 & 2,8 245 bad, T 54,1 3 NOKIHEASTERN NEW JERSEY (MAG, 2,8 PiLG) = =
1976 3 1@ 1B1i2 Wi,06 89,97 5 3,0 B871,2 58,4 S SOUTHERN NEW ENGLAND (MAG, 3,0 MOLG)
1976 8 24 18141 45,59 90,48 b 4,9 9,0 108000,0 342.,% 268,58 3 ARKANSAS (MAG,4,9 mH)
196 T 2419000 !Kfil Q0,48 - 4, 9.3 542,4 2b8,5 5 NURTHEASTERN AREANSAS (MAG, 4,1 m8)
1976 4 8 01359 49,35 Bo,38 S 3,0 12 4 270,1 333,0 4 CENTRAL INDIANA (MAG, 3,0 MELG) i
TT1970 4 1Y 10139 w084 74,05 [ L Y ) 1.2 19,0 655,53 55,4 5 NUMIF_ASTENN NEw JERSEY (MAG, 3,1 MBLG)
(9764 15 01ive_ §7,40 87,30 5 5,3 9.0 192,5 508,77 3 RENTUCKY (MAG, 3,5 mBLG) =S
TTTTH00e ST 9 20084 Al 54 Ti9l S 2,7 B16,6 5!.: S SU, NEm ENGLAND (MAG, 2,7 MBLG)
1976 5 22 0114l 36,04 B9,H4 S $,2 6,0 30,4 275, 3 NEw MADRID, MO, (MAG, 3,2 MBLG)
w1906 6 19 00154 §1,36 1,82 s 5,0 [ 185,8 55,6 37 SOUTHERN wtST VINGINIA (MAG, 3,0 MBLG) .
" 1976 9 14 14155 So,60 80,81 6 3,3 3.1 680U, 0 205,00 75,1 3 TOAST N, C, (MAG, 35,3 mBLG) O
w1916 9 25 BAiel 35,01 90,45 5 3.6 3,0 140,7 268,5 3 ARKANSAS (MAG, !.o HBLG)
» 1976 10 22 Jbaul 32,20 68,73 S 3,0 3,0 356,2 2255 S__MISSISSIPPL (MAG, 3,0 MBLG)(*InTy)
e Muos_uzle“’ﬁ:w o:e 399,8 an:f'_-o nxsswul’du. 4,2 mo)

- s ®euw
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2.5-2
Table Q,Jcont.)

G230

HISTUNITALS ar71- 518

CINIRDS, lnl(u;nv MAG, LI L ANEA DIsY All=-

TTTUYEAR RO RE LAY, LUNG, W M, R, F, -1 (M1 8@) (i) WUTH RLF, NKEMARKS :
1976 312 13 v2eds  §7,.R0 ©0,24a 5 §,5 5,0 3a9,7 293,9 3 EASTENN MISSOURL (MAG,3,5 WHLG)
(VY6 12 37 NSy 32,25 87 ,4ds S 3.7 3.1 2T, 4 1%6,0 nuTrEA RN GEURGIA (MAG, 3,7 MBLG)
1977 1 5 16157 87,55 89,79 5 3,4 3.1 520,10 292,86 3 LAPE GIRARDEAU, ™OU, (MAG,3,8 MBLG)

TN T A %029 48,07 80,20 s 5,0 3. Jo7,7128,1 3 SOUTH CAROLINA [MAG, 3,0 mBLG)

1917 2 27 15106 871,90 TH A 5 2,4 3,1 346,88 64,7 S _VIRGINIA (MAG, 2,8 MBLG)

TR OV MG el lAT V2 AR B0, 20 5 | 14 3 6,2 $leo, 0 129,9 3 BOUTH CARDLINA (MAG, 1,5 W)
1977 S 8 20100 31,94 ©nM, @2 5 L) 3.1 355,7 221,17 3 MISSISSIPPI (MAG, 3,8 MBLG)

T A31YT o 1Y Thido an,71 84,58 [) L O3 3,1 eld, b0 333,2 §s58,¢ § OWlU (maG, 5,2 MBLE)

1977 1 27 t1iny 35,82 M4 ,62 5 3,5 a,3 52,5 183,17 3 TENNESSEE (MAG, $,5 MBLG)
TTTTRASTY B 24 2%i20 33,397 BU,L,69 P 3al 5,2 zrrfl_l?l.l !"mavrcxn"atm"mc.' 3.1 %BLG)
1977 11 4 05121 §3,85 89,28 - 5,4 3.1 312,0 2aa,3 3 MISSISSIPPI (MAG, 3,8 MBLG)
19TT 1T 25 22118 34,52792,96 [ 3.1 3,1 W31 2% T8 Y ARKANSAY (WAG, 3,1 wLe)

1977 12 1S 14310 32,92 80,22 5 5,0 5.6 315,7 129,17 3 SOUTH CARDLINA (MAG, 5.0 M8LG

TTITI27P0 12idad et ,Ba 10,70 5 3.1 B4l 56,8 5 SUUTHERN NEw ENGLAN ) 'fn_c. S.1 HBLG)
1978 1 A 0S184 32,76 BA,24 3,0 3.1 308,959 226,6 8 AL=MS BORDER (MAG, 3,0 MBLG)

— I 130 36 15 B0 TS F 5,0 2IT.3 72,6 1V GALAX, va, (FhG, 3,8 WBLG)

1978 4@ 3 Uht2e 36,062 90,00 3,1 3.1 317,0 280,0 8 MISSOURL (MAG, 35,1 MBLG)

TTTTIOIR @ 2a Vaada 39,70 1A, 24 3,1 9,0 uzi.lz"sr.l_i"nli?ﬁiﬁ'lns. .1 wBLe)
1978 & | 20107 3B,@2 BB,4b q 3,5 12,8 284,5 309,1 8  JLLINOLS (MAG, 3

ot nie ¢ : e s i, 5. Sie’s 5558 13 font’ La wun
1978 7 16 Gliau  $9,93 7e,3a S 0 N 9.4 . ENNSYLVANIA (MAG MELG

=% 1B 0 TeifZ a0,a5 11,13 3.5 V6,8 184,85 82, B F COLIT o Ee ERs TRt Y STHEBLE)

2 =~ 1978 A 30 1ApS1  3H,08 BY,42 3,5 2,5 281,9 274,1 S NIw MADRIDy, MO, (MAG, 3,5 MBLG)

9 19189 20 oarla 3K,.57 90,256 ) 5.0 1,2 3$73,5 Yoi.,5 § MiS30uR HAG, 3,0 wBLG)
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1979 1 30 11381 40,32 7r4.2% 5 3.5 3.1 2000,0 629,2 S7,9 B8 NEW JERSEY (MAG, 3,5 MBLG)
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TABLE 2.5-2 NOTES

in both Tables 2.5-2 and 3, the data are In chronologlcai order. Pertinent
abbreviations are as follows:

Year, month (mo), day (da): Date of occurrence

Hour (hr): Local time of occurrence, rounded to the nearest minute In elther
Central or Eastern Standard Time.

£ : Latltude snd long!tude of
eplcenter In decimal degrees (north |atitude; west longltude).

Maximum reported Mod!fled Mercalll (M.M.) or
Ross|=Forrel (R.F.) Intenslty.

Magnltude (Mag.) (MB, MS, MBLG, ML, M):

Five dlstinctlons concerning magnitude are made In the | Istings. Body wave
magn! tudes def Ined by Gutenberg and Richter (1956) (Ref. 162) are ldentifled
as such In the remarks by the symbol MB. Surface wave magn| tudes as adopted
by the International Assoclation of Selsmology and Physics of the Earth's
Interlor (IASPE|; Bath, 1966, p. 153) (Ref. 164) are Identifled by the symbol
MBLG. Local magn!tudes calculated using formulae def Ined by Richter (1958)
(Ref. 165) are ldentifled by the symbol ML. Reported values for magn!tude
which were not defined by type In the source referenct -°"e ldentifled by the
symbol .,

Depth:
Hypocentral depth In miles.
Ares:

Felt area In square mlles.

Amend. 69
May 1982
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Distance from site (DIST):

Calculated distance from eplcenter to site In miles.

Axlmuth (AXIMUTH) :

Aximuth In degrees measured east of north fram site to eplcenter.
Remarks:

Brief description of geographical location, type of magn|tude, and other
pertinent Information. An asterisk (%) Indlcates Information which Is
uncertaln or taken fram & source other than that Identifled as & pr imary
reference.

2.5-75b
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Moneymaker, B. C., 1955, Earthquakes In Tennessee and nearby portions of
~c!ghboring states 1851 to 1900: Tennessee Academy of Sclence Journal,
Ve 30, no. 30
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ENRTHOUAKES TN CHRUNDLUGTCAL ORDER FROM SITE AT .
S/10/82 CRBRP MG2200 ©
N, LAT, > 35,89, W, LONG, = 84,38 "
o
STLECTED ©Y AAOIAL CPTTERTA WHERE
= MAX, RADIUS « So,0 I,
WISTORITALY = 38
(SEE no7es End OF 7A8LE 2.5-2)
CODRDY, INTENSTTYY WaG, OEPTE AREA OISt All-
YEAR M) DA HR LAT, LONG, M. ¥  R.F, (") (M1 303) (MI) MUTH REF REMARKS
TTTIIIYIY 1602000 36,00 84,00 a 22,7 10,3 l‘ . TN, (ADD, REF, 17V (eTinE)
1844 11 28 07100 36,00 A4,00 6 22,7 70,8 I __MNOXVILLE, TENNESSLE
1875 11" 1202100 Jo,00 84,00 | 22,7 10,3 16 t, IN, (ADD, REF, 2}
1877 5 25 00100 $6,00 86,00 3 22,7 10,3 16 E, TN, (ADD, REF, 2} (el]m
TTABITYIT U6 02i3A 35,50 66,00 S !l'ii'.l'_'ic_.’i_l_l"'. [ .I—"I_'ufliun NORTH CARULINA AND EASTERN TEN™
1884 B 25 19145 36,00 84,00 e 22,7 70,3 1e E, TN, (ADD, REF, 2)
MY Y38 16150 3A,20 AY,TO i ZT60,5 4l 7 so, ERN TENNESSEE
1913 @ 17 23130 35,30 Aa,20 b 3500,0 42,0 185,80 1__E, TENN,_(TIME 1130)CINT, S=b = REF,2)
TTT0IY S 201000 35,50 84,40 L) 21,0 182,0 18 E."iu. (ADD, REF,
1913 8 3 1114S  S6,00 AE,00 q 22,7 70,3 16 E, IN, (ADD, REF, 2)
1918 1T 2y 2812 .60 Ba, el, 1 198,22 I EAST hnucss&t FELY ONLY LOCALLY 1
1917 3 4 21107 36,00 A4,00 3 22,7 10,3 16 E, TN, (ADD, REF, 2) 3

T 1UIETTTT LA 10445 YA,00 84,00 k) e, 7 10,3 2 KNOAVILLE, TEWN, TACOORDS)

C 3 1918 6 21 20100 36,10 64,10 5 5000,0 21,4 a7,} 1 LENUIR CITY, TENN, N &
PTTYA20712 24 02136 36,00 B5,00 5 15,4 282, I EAST TENNESSEE FELT LOCALLY ;
T 1921 12 |5 08120 35,80 A4,50 5 $000,0 15,7 243,0 2 EASTERN TENN, (4COUGRDS) 3

1930 B30 041 2R 35,90 Bd,a0 5 To2 305,92 NEAR RNOXVILLE, TENN,
© 1930 10 16 16150 36,00 84,00 S 22,7 70,3 3 EAST TENNE3SEE g

TTTTIO938 T 53N 05110 35,60 83,60 [] a8,2 114,83 16 €, TN, (ADD, REF, 12,2)

1941 3 @ 01115 36,00 83,90 3 20,0 7e,1 16 E, TN, (ADD, REF, 17,12)

10T BB 01i56  Vh.00 Bd,00 3 25,7 70,5 16 Es TN, (ADDs REF, 2)

1948 2 9 19104 36,00 84,50 S=b 10,0 319,2 2 NEAR LAFOLLETTE,TENN («COURDS)

TGS T RTTA 219 15 80 Bd, 00 q 22.5 i;o.l, :o :. T'n. ::oo. n:. golz)

1953 11 10 09145 36,00 84,00 q 22,1 10, ~ Ng (ADD, RE

— 1953 12 5 0814536 .00 84 508 22,7 70,5 i k. Ths (ADD, REFs 12;2)

1954 1 14 00300 36,00 84,00 a 22,7 70,3 16 L, TN, (ADD, REM, 2) (e11%F)

TTTTRO8G Y 22 obgd0 T35, 30 T da,ud 5 u.ﬁll.o—‘!‘ﬂniui’."nnu'.T‘u"‘l.u.

195 1 12 01125 35,80 @4,00 a 22,8 105,.1 16 E, IN, (ADD, REF, 2,))
1955 1TIS Taada 36,00 AE,00 4 2,7 10,8 " is ¢, TN, (ADD, REF, §)
195 9 7 0Agss 35,50 A4,00 ) 8300,0 34,5 141,93 3 EASTERN TENN,

T80 9 7 0Mia9 T 15,80  d4d,00 5 3d,5141,8 3 EASIERN TENN,

1957 6 23 01134 36,50 B4,S50 5 42,7 351,2 2 EAST CENTRAL TENNESSEE Lo

TS5 1L 7 12008 36,00 Ba,0d a 22.f_i:.1—h [ :Ta.‘_zaoo. n:, :i"

1959 b 12 20100 3$5,40 Aa,30 q 34,2 172, 16 &, IN, (ADD, RE '

—1950 4 15 B5ilo 3% 86 Ba, 30— T360,0 22,3 106, 1 ¥ CASTENN TENN; (SCOUNDS)

1964 7 28 00100 36,00 #4430 3 8,9 31,3 16k, TN, (ADD, REF, 3,2) (eT1ME)

TTTTA9AE NS 1Y 11e 36 36,00 BA,00 3 22,7 70,8 e E, N, (aDn, REF, §,2)

1966 8 24 01100 55,80 B4, 00 a4 22,3 1ub,) 16 E, TN, (ADD, REF, (17,3)
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Question CS230.2

On Page 2.5-25 the PSAR states "This province has been designated as the
Southern Appalachlan Tectonic Province by the NRC In thelr evaluation of the
Sequoyah Nuclear Plant.™ The NRC staff's position as stated In both the
Sequoyah and We*ts Bar SER's |s that these sites are In the Southern Val ley
and Rldge Tectonic Province. Change the tectonic province statement by el ther
correcting the name of the tectonic province or by not attributing the
designation to the NRC,

Response

The response to thlis question has been Incorporated Into revised PSAR Sectlions
2.5.1 and 2.5.2.

QCS230.2-1
Amerd. 69



........

Page - 1 |82-0320) #69

The Kentucky River fault zone (see Figures 2.5-2 and 2.5-2A) trends east-west
from eastern Kentucky westward across the Cincinnati arch. This fault zone
dles out on the western flank of the Cincinnatl arch. The fault zone has a
total length of about 150 mil and a width of about 25 miles. The closest
fault to the CRBRP site within this zone Is approximately 90 miles to the
nor th. -

Faults In the Kentucky River fault zone are mostly steep, en echelon normal
faults, and bound small grabens. These faults also show some st [ke=s!ip
movements. The maximum displacement along the River fault zone Is
approximately 600 feet (Reference 145). Underlylng basement rocks are

faul ted, with movement having begun early In the Paleczolc (Reference 81,
Section 2.5). Latest movements along this are post-Pennsy |vanian (310 MYBP)
(Reference 165).

The Rough Creek fault zone beglins west of the Cincinnatl and extends across
western Kentucky Into southern lllInols. This fault has an east-west trend
simllar to that of the Kentucky River fault zone. Near Shawneetown, |llinols,
the Rough Creek fault zone curves southwestward around Hicks dome and merges
with the New Madrid faul ted zone (Reference 145). This fault zone has a
length of about 120 miles and a width of approximately 25 miles. The nearest
polnt of this fault zone to the s.te Is about 120 miles to the northwest.

The Rough Creek fault zone Includes horsts, grabens, and en echelon normal
faults. These faults also show some strike-siip movement (Reference 81,
Section 2.5) The Rough Creek fault zone has dlsplacements up to 3000 feet
(Reference 147). East of Shawneetown, 1111nols, movement along this fault
zone was probably preOCretaceo:s (References 155 and 166). However, wesi of
Shawneetown the portion of the Rough Creek fault that curves southwestward has
been postulated as belng active since Pllocene (5 to 2 MYBP) and maybe Into
the Recent (Reference 147).

Both of these fault zones are outside the Southern Val ley and Ridge Tectonic
Province and are 90 to 120 miles from the CRBRP slte. Nel ther of the faults
affects the gecloglic or selsmic design at the CRBRP sl te.

2.5.1.1.3 Physlographic, Lithologlc, Stratigraphic and Structural Settings

Areas of simllar |l1thology, stratigrophy, structure and geamorphlic history are
assoclated with physlographic provinces. The physiographic provinces within
200 miles of the CRBRP site Include the Interlor Low Plateaus, Appalachlian
Plateaus, Valley and R'dge, Blue Rlidge, and Pledmont, as shown on Figure
2.5-1. The |ithologic and stratigraphic relationships are shown on the
Reglonal Geologlic Map, Figure 2.5-3, which may be regarded as 2 bedrock map.

2.5.1.1.3.1 Valley and Ridge Physlographic Province

The CRBRP Site Is located In the southeast sectlion of the Valley and Ridge
Physlographic Province. This section of the Province Is about

2.5-3a
Amend. 69
May 1982
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Scatter ed eartnquakes occur In the Valley and Ridce and thelr "normal "™ focal
depth Is 50,000 to 65,000 feet, well within the busement rocks. On

February 8, 1964, an earthquake wos reported by the U.S. Coast and Geodetic
Survey southwest of the site with Its epicenter In the Valley and Ridge at a
focal depth of 15 kilcmeters - 49,000 feet (Ref. 101). As shown In section
2.5.1.1.2, the tectonlc structures In the Valley and Ridge terminate at & sole
fault which occurs at a depth of about 9000 feet. Obviously, earthquakes
which occur at depths of 40,000 feet below these shallow structures are In no
way related tc the structures. When plotted In relation to each other,
earthquake eplicenters and the ancient, Inactive faults exposed at the surtace
within the Valley and Ridge Province are In no way related.

Since eplcentral locations can not reasonably be correla*ed wlth tectonic
structures, earthquakes are identifled with the tectonic province In which the
site Is located. Thlis province has been designated as the Southern Valley and
Ridge Tectonic Province by the NRC In thelr evaluation of the Sequoyah Nuclear
Plant. The Province Is bounded on the east by the western margin of the
Pledmont Province; on the west by the western |Imits of the Cumber | and
Piateau; on the south by the overlap of the Gulf Coastal Plain Province; and
on the north by re-entrant In the Valley and Riage Province near Roanoke,
Virginia (Ref. 101).

2.5.2.7 ldentification of Capable Faults

There Is no geologlc evidence of surface feulting within the Val ley and Ridge
or adjacent geologlc reglons that Is even remotely related to ear thquakes that
have occurred !n histor!ic time. This Is supported In Bonllla's review of

of Mexico (Ref, 113).

I+ 1s concluded that there are no Identifiable capable faults that could be
expected to produce surface displacement anywhere within the Southern Valley
and Rldge Tectonic Province, within 200 miies of the sl te.

2.5.2.8 Description of Capable Faults

There 1s no evidence for any capable faulting within 200 miles of the CRBRP
slte which may be of signiflicance In establishing the Safe Shutdown
Earthquake.

2.5.2.9 Maximum Earthquake

The largest historic earthquake which has occurred In the Southern Val ley and
Ridge Tectonlc Province was the May 31, 1897 earthquake In Clles County,
Virginla, with a reported eplcentral Inten-

2.%.-25
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Question CS230.4

The Glles County Virginla earthquake of 1897 Is the controlling earthquake for
the selsmic design of nuclear plants In the Southern Valley and Ridge tectonic
province. The Cllinch River Breeder Reactor Is located In this province.

Dr. G. A. Bollinger has been conducting research on the Giles County, Virginia
selsmic zone. He has recently written a report titied "The Giles County, VA
Selsmlie Zone - Conflguration and Hazard Assessment™ which was presented at a
conference (Earthquakes Englneering - Eastern Unlted States, September 14-16,
1981)

Based on the local selsmic activity, Dr. Bollinger Implles the existence of a
burled fault In the Glles County arez. He uses the largest extent of the
selsmic zone, taking Into account errors In hypocenter |ocation, In order to
calculate @ possible maximum earthquake of surface wave magnltude Ms = 7 for
this zone.

Provide a discussion on any effects this hypothesis has on the following with
respect to the Cl!nch River Breeder Reactor.

a) The potentlal of the 1897 earthquake belng assoclated with this
speclfic geologlc structure;

b) The potential of an earthquake up to Ms = 7.0 located In Giles County,
and any far fleld ground motion effect” (both peak valus and response
spectrum) at the site from an "s = 7.0 event located In Glles county.

¢) The potential of simlilar selsmogenic structures belng located near the
Clinch River site, and any effects at the site fram earthquakes on
these se!smogenic structures.

QCS230.4-1
Amend. 69
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Response

Part »

Both supporting and contradictory evidence exlsts for the hypothesis that the
1897 Glles County Virginla earthquake occurred In assoclation with the
selsmogenic zone proposed by Dr. G. A. Bolllnger.

The fol lowing factors lend credence to the hypothesis that the May 31, 1897
Glles County, Virginla earthquake was assoclated with the selsmic zone
proposed by Bolllinger (1981):

1) The proposed selsmogenic zone Is centered on Pearlisburg, Virginia, the
local Ity with highest reported Intensity effects from the 1897
earthquake. (Law Englineering Testing Company In conjunction with
Burns and Roe, Inc. 1975 (ref. QCS230.4-2); Bolllnger &nd Hooper, 1971
(ref. QCS230.4-3)).

2) The magn!tude of the 1897 event has been estimated as 5.8mb; 5.8 Ms
(Nutt!] et al., ref.QCS230.4-4; BolllInger 1981, ref. QCS230.4-1). The
estimate of the muximum pgsslblo fault plane for the proposed
sel smogenic zone Is B0 km™) Is consldorodzby Bol | Inger (1981 ref.
0CS230.4-1). The smaller estimate (80 km ) Is consldered by BollInger
(1981 ref. QCS230.4-1) as capable of producing a maxImum earthquake of
magn!tude 6.0 Ms, an event approximately equivalent to the 1897 shock.

Al though the location of maximum Intenslty effects and modern estimates of the
magn!tude of the 1897 event are compatible with an assumed assoclation wlth
the proposed selsmogenic zone, It Is to be noted that Pearisburj was the
largest popul»*iun center of the Glles County, Virginla area and, therefore,
the possibllity of some blas In the reporting of Intensity effects for the
1897 event exlIsts. In addition, not all Instrumentally located earthquakes In
the Glles County area show close spatial assoclation with the proposed
selsmogenic zone. The most notable of the apparently non-assoclated

ear thquake Is the second |arges® shock reported to have occurred In the Glles
County area: the magnltude 4.6 m_, November 20, 1969 Elgood, West Virginia
event. The eplcenter for the EIgBod, West Virginia shock was approximately 20
km northwest of the proposed selsmogenic zone.

An opinlon has been expressed In response to parts (b) and (c) of this
question regarding potential Impact of the specific geologlic structure
suggested by Bolllinger on the CRBRP slte.

QCS230.4-2
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Parts (b) and (c)

The responses to these two parts of the question are Included In Reference
QC5230.4-5 transmitted herewith as Attachment A. Summary responses are
presented below.

Summary of Response to Part (b) =

Two spproaches have been used to estimate ground motion at the site from an
Ms=7.0 earthquake on the Glles county, Virginia selsmogenic zone. The f!rst
approach, based on results by Nuttli (ref. QCS230.4-4), Indicctes a peak
scceleration of 0.010g and & site Intensity of V MM or less. The second
approach, which utllizes the specific Intensity attentuation data and source
characteristics for the Glldes County zone developed by Bolllinger (ref.
0CS230.4-1), Indlcates a site Intensity of VI MM and a corresponding peak
horlzontal acceleraton of 0.036g. The two approaches give results which are
In good agreement consldering that they are based upon two different physical
phenomena, |.e, the aitenuation of peak acceleration and Modifled Mercalll
Intensity, respectively.

As noted above, the Mod!fled Mercalli Intensity assoclated with the peak

hor Izontal ground acceleration considered possible at the site (0.036g) Is VI
MM. Present CRBRP design assumes a slte Intensity of VIII MM. Thus, the
proposed maxImum earthquake proposed by Bollinger for the Gliles county
selsmogenic zone does not Imply the need for & higher design Intensity.

QCS230.4-3
Amend. 69
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Regarding the subject of response spectra, which Is not addressed In Reference
(QCS230.4~5), response spectra as presented In Regu!atory Gulde 1.60 have been
used In the design of safety-related structures. Since the peak acceleration
ai the slte assoclated with the maximum hypothetical Giles County event
(0.036g) Is less than that assumed for the Safe shutdown Earthquake (0.25g),
and the CRBRP response spectra considers a broad frequency band, there Is no
impect to the CRBRP from the Gliles County event.

Summary of Response to Part (c) =

An examination of the distribution of historical selsmiclty In the CRBRP slte
area did not reveal any discernible spatial trend suggestive of a selsmogenic
zone similar to that proposed by Bolllnger (Ref. QC$230.4-1) for Glles County,
Virginta. In addition, Inferred basement structures apparent on publ Ished
magnetic and gravity anomaly maps of the area appear non-selsmogenic.

The single existing earthquake focal mechanism Investigation In the area Is
Inconclusive, due to sparcity of data. The computed solutions only Indicate
that a nor theast striking basement fault cannot be ruled out as the actual
fault plane of the November 30, 1973 Maryville ear thquake. Other equally
Ilkely solutions were obtalned fram the same data set.

Fram an exam'nation of avallable Information, It Is concluded that there Is no
evidence for the existence of a selsmogenic structure In the site area similar
to that proposed by Bolllnger (ref. QCS230.4-1) for Glles County, Virginia.

0CS230.4-4
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1.0 Introduction

This report reviews some recent findings concerning the
seismicity of the Giles County, Viriginia area, and assesses
the implications of these findings in regard to seismic design
for the Clinch River Breeder Reactor 2roject.

The report incorporates information obtained as the result
of an August 26, 1981 meeting with Dr. G. A. Bollinger, held
to discuss some recently published results of his work in the
Giles County, Virginia area. pPersons in attendance at this
meeting were M. C. Chapman and L. T. Long of Law Engineering
Testing Company, R. Cc. Macken of Burns and Roe, Inc., and J. M.
siegel of the Project Office.

Section 2.0 of the report reviews and discusses the technical
assumptions and methodology used by Dr. Bollinger to estimate the
maxinw;?nmqnitude earthquake for the prog.-ed Giles County,
Virginia seismogenic zone. In Section 3, ground motions at the
CRBRP site are estimated, assuming the sccurrence of the esti-
mated maximum earthquake on the seismogenic zone. In Section 4,
the earthguake potential of the'site area is assessed, in light
of the recent findings in Giles County.

subsegquent tc the preparation of this report, the Nuclear
Regulatory Commission regquested the Project Office to provide a
series of discussions relating to the potential impact of Dr.
Bollinger's work on the CRBRP (gquestion 230.4). The contents of

this report serve to respond to parts b and ¢ of that question.




2.0 Recent Findings Concerning the Giles County, Virginia

Seismogenic Zone.

This section contains a review of the methodology and
results presented by Bollinger (1981) in his recent study of
seismic hazard associated with the Giles County, Virginia
seismogenic zone. The technical content of the study and the
usefulness of the results will be discussed in the context of

engineering seismic hazard assessment for the CRBRP site.

2.1 Review

Recently, Bollinger and Wheeler (1980); Bollinger (1981)
reported the existence of a tabular zone of seismic activity
in the Giles County, Virginia area. This seismogenic zone
strikes N 16° E, has a near vertical dip, a horizontal length
of 40 km, vertical depth from 5 to 25 km and horizontal width
10 km. This tabular zone is defined by the hypocentral
locations of earthquakes in the area. The data consist of 8
recent microearthquakes detacted by a recently installed (1977)
seismic network and by 4 larger pre-1977 felt events, which
have recently been relocated.

The orientation and dimension of the Giles County seis-
mogenic zone was determined from the statistical accuracy
of the computed hypocentral locaticns. Specifically, the
computational procedure used to locate the earthquakes definas
an ellipsoid, within which the hypocenter is located at a

particular confidence level. In the case cof the 8 micro-




earthquakes, this confidence level is 68%. For the pre-1977

events, the confidence level is 90%. The dimensions of the

zone are estimated by rmoving the computed hypocenters inside
their error ellipsoids to achieve maximum and minimum spatial
dispersals. Figures 2-1 and 2-2, taken from Bollinger (1981),
show the epicentral locations of the earthquakes. The seis-
zone is represented by the northeasterly trend of epi-
ntered near Pearisburg, Virginia. Figures 2-3 and
vertical distribution of hypocenters parallel and
respectively, to the northeast trending
As in Figure 2-2, the lines from the earthquake locations
f the error ellipsoids.
tha he hypocen efine a single

ar




surface wave magnitude (Ms) 6.0. The larger estimate of
maximum rupture area, 800 kmz, would produce Ms = 7.0.
Bollinger (1981) adopts the value Ms = 7.0 as the largest

possible earthquake for the G.les County seismogenic zone.

2.2 Discussion

Bollinger (1981) presents a methodolegy for estimating
the seismic hazard of the Giles County seismogenic zone.
The study does not attempt to guantitatively estimate ground
motion nor does it assess the likelihood of occurrence of
the maximum magnitude event. Thus, it cannot be directly
used to establish engineering seismic design criteria. However,
the major result of the study is a useful estimate of the
maximum expectable magnitude earthquake for a specific area in
the eastern United States. In addition, hypothetical isoseismal
maps are developed which can be readily incorporated in the
engineering seismic hazard assessment procedure. These results
can be incorporated in future gquantitative seismic hazard
studies for specific sites in the region. Because of the
importance of this study, the technical assumptions and methods

used deserve attention.

.2.1 Evidence for the Seismogenic Zone

The seismogenic zone is defined by an alignment of

earthquakes, historic and otherwise. These earthquakes
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represent a range in magnitude of four units (0<M<4) and two
decades in time (1959-1980). Thus, the zone is defined not only
on the basis of an alignment of 8 microearthquakes, but also

by four events which were felt in the area.

During the August 26, 1981 meeting, Dr. Bollinger notcd
that additional evidence is actively being sought to further
dafine the nature of the seismogenic zone. In addition to
continued earthgquake monitoring, other lines of evidence might
include seismic reflection profiles, gravity and magnetic sur-

veys, detailed surface mapping and drilling.

Evidence for a Fault or Fault Zone

From the distribution of earthguake hypocenters which
define the tabular seismogenic zone, Bollinger (198l1) infers
the existence of a single fault plane in order to estimate
the magnitude of the maximum possible earthquake associated
with the zone. As noted by Bollinger during the August 26,
1981 meeting, this inference would be strengthened by the exis-
tence, orientation and slip on one or more faults defined from
geophysical data, especially seismic reflection profiles.

Bollinger and Wheeler (1981) report that focal mechanism
solutions for Giles County events to date have proved to be
inconclusive. Although the evidence for mode of faulting is
mixed, a predominantly dip-slip type of motion is favored for
the events in the seismogenic zone. Additional data of

this tyoe will help establish whether these events OCCur on



one or more faults, and will also establish the directions of
principal stress.

It is important to note that not all historical earth-
quakes in the Giles County area have occurred within the
seismogenic zone. This may imply the exiztence of multiple
faults in the area. The moét notable ex?mple is the second
largest historical event, the 1969 £lgood, West Virginia shock,
which occurred some 20 km to the northwest of the zone (Bol-
linger and Wheeler, 1981). The largest historical shock, which
occurred on May 31, 1897 is assumed, but cannot be proven,
to have originated in the zone (Bollinger, 1981) . Evidence for
this is based upon reports that the highest intensities were
reached in Pearisburg, Virginia, which is centrally located on
the inferred seismogenic.zone. However, Pearisburg is also
the largest population center in the area, so the possibility
of population bias in reporting of intensity does exist.

The May 31, 1897 event is the largest historic earthgquake
which has occur=zed in the Souathern Valley and Ridge Tectonic Province,
with a reported epicentral intensity of VII-VIII MM (Langer and
Bollinger, 1971). A subsequent re-assessment of the intensity
was performed by Law Engineering Testing Company in conjunction
with Burns and Roe, Inc., which confirmed the VII-VIII intensity
value of the earthgquake (Law Engineering in conjunction with
Burns and Roe, Inc., 1375). However, in conformance with Nuclear
Regulatory Commission directicn, an intensity rating of VIII MM

was used in CRBRP design.
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correlation involves the entire mapped fault, it should be
recognized that the surface trace may be the result of many
ruptures occurring over geologic time. To obviate some of
these ambiguities, Wyss (1979) proposed that the source rupture
area be used in the correlation instead of mapped fault length
or surface rupture lengch. In establishing the maximum mag-
nitude event, Wyss (1980) advocates the following general
practice.

First, the extent of the active fault(s) are identified
by geologic and microseismic ﬁapping. Then, on the basis of
the segmentation of such fault(s), historic seismicity and
geomorphic features, one must decide whether an earthquake
could rupture the entire fault or only a portion of it. Then,

using the available information, the size of the maximum rup-

<

ture area is estimated and the maximum magnitude is deter-
mined from the physical relation between rupture area and
magnitude.

In estimating the maximum earthquake for the Giles County
zone, Bollinger (1981) has followed the above procedure and
has postulated, for a worst case situation, that the entire
mapped fault plane could rupture.

Regarding the third assumption, Nuttli (1981) has pointed
out that for a given surface wave (Ms) magnitude, large (M>6)
mid-plate and plate margin earthquakes may have very different
seismic moments. A corsequence of this is that events in mid-
plate regions such as the eastern United States may have larger

magnitudes than events in plate margin regions such as California,
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given the same rupture area. For example, Singh, et al. (1980)

presented theoretically derived relations which suggest that for

a given rupture area, the surface wave magnitude of a mid-
plate earthquake may exceed that of a plate marain ;arthquake
by about 0.5 units.

Because the available data used to establish empirical
relations between rupture area and magnitude come almost ex-
clusively from plate margin earthquakes, the validity of
such relationships in mid-plate areas is debatable.

Types of Fault Potentially Responsible for the 3eismogenic

Zone

Bollinger and Wheeler (1981) note that the Giles County

seismogen.c zone involves the upper half of the crust, beneath

the Valley and Ridge thrust sheets, and that data is not now

publicly available with which to identify clearly such deep
structures. However, Bollinger and Wheeler (198l) consider
the geclogic history and existing information for the Giles
County locale in an attempt to constrain the probable type,
age and motion of the seismogenic structure, as well as the
geographic area within which there may occur analogcus
structures with similar potential for seismic hazard.
Bollinger and Wheeler (1981) consider three types of
basement faults as potentially responsible for %he Giles
Couny zone. The existence of these faults in the Giles
County area is as yet hypothetical. However, or the three

potential types, the type considered most likely to be the



causal fault of the Giles County zone is a hypothetical base-

ment fault of early Paleozoic or Precambrian age, reactivated
by the modern stress field. Bollinger and Wheeler (1981)
propose that these faults occurred as a result of th; opening
of the Paleozoic lapetan ocean, which separated the Eurasian
and North American cratons. Such Precambrian and Paleozoic
age faults may have formed as a result of extensional stress
along the North American cratonic edge. Bollinger and Wheeler
(1981) suggest that the eastern bouadary of the cratonic edge
and thus, the eastern limit for the area in which Iapetan
normal faults are to be expected to occur is marked in general
by the gradient in the non-filtered Bouguer gravity anomaly
field. Citing examples from other passive plate margin areas,
they propose that the western limit of expected Iapetan

normal faults lies 100 to 200 km to the west of the gravity
gradient. In general, this gravity gradient follows the
eastern margin of the Blue Ridge physiographic province in
Virginia, and from North Carolina southwestward into Alabama,
follows the Brevard zone.

In regards to the CRBRP site, it is to be noted that the
entire Valley and Ridge geologic province of the Southern
Appalachians lies less than 200 km to the west of the gravity
gradient, and thus lies above the cratonic edge within which
Bollinger and Wheeler (1981) postulate the possible existence

of Iapetan normal faults.
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3.0 Site Ground Motion

The effect of the Giles County seismogenic zone on
seismic hazard at the CRBRP site was assessed by estimating
the expected ground mction at the cite due to an intensity

IX MM (Ms 7.0) earthquake occuarring on the zone.

3.1 Methodology

Two approaches were used to estimate ground motion. For
one approach, the receht work of Nuttli (1979) was used to
estimate directly the peak ground acceleration at the site,
without recourse to intensity data. The second approach
utilizes the isoseismal maps developed by Bollinger (1981)
which were specifically cdeveloped to include the source
characteristics of the pcstulated magnitude 7.0 (Ms) Giles
County earthquake, and regional attenuation properties of
the Appalachian highlands.

Nuttli (1979) has evaluated the existing United States
strong motion data and has derived curves showing the
attenuation of acceleration as a function of magnitude and
epicentral distance. Using theoretical results and
observations of central United States earthguakes, Nuttli
(1979; 1981) has specified regionally dependent scaling laws
which allow strong motion data obtained in the Western United
States to be reliably utilized in other regions. Figure 3-1
shows the latest results (Nuttli, 1981) for the central United
States. TI: should be noted that these curves incorporate minor

modifications nade subsequent to publication by Nuttli (1979).

-l1l=-



The curves are expressed in terms of "sustained horizontal
acceleration" and body wave magnitude (mb) rather than as
peak horizontal acceleration and surface wave magnitude (Ms).

Nuttli (1979) gives the following formula for coAversion
of Ms to mb:

mb = 0.61 Ms + 1.93
Thus, the proposed magnitude Ms = 7.0 Giles County event
wenld exhibit body wave magnitude mb of about 6.2. Nuttli
(1979) determined the ratio of sustained horizontal acceleration
to peak horizontal acceleration. His estimate of this ratio
is 0.700 + 0.152, derived from 367 strong motion records.

Using the above conversions, peak horizontal acceleration
for the site, located 360 km from the assumed epicenter, can
be determined directly from Figure 3-1. The value is 0.010 g.
In addition, Bollinger (1981) assumes that the Ms = 7.0
earthquake corresponds to mb = 6.4. Using this value and the
rrocedure cutl ined above, Figure 3.1 _-dicatas a peak
horizontal site acceleration of 0.014 g.

The above values can be converted to Modified Mercalli
intensity, using results developed by Nuttli (1979,. Because
of the large epicentral distance (360 km), we assume that high
frequency motions will be substantially attenuated. As pointed
out by Nuttli (1979), the correlation between intensity and
acceleration is frequency dependent. There is a tendency
for acceleration to decrease as wave freguency decreases
for a cgiven MM intensity. Thus, at large epicentral distances,
relatively small accelerations may correspond to relatively

high intensities. 1f we conservatively assume that peak

-12-




accelerations occur at frequencies less than 2 Hz, the results

of Nuttli (1979) indicate that 0.010 g peak horizontal
acceleration corresponds to intensity V MM or less.

The second approach to estimating the ground motion at
the site utilizes the hypothetical iscseismal maps developed
by Bollinger (198l1). These maps are reproduced as Figures
3-2 and 3-3. Figure 3-2 is representative of hypothetical
intensity data contoured at the 50% fractile, whereas the
isoseismals of Figure 3-3 are anticipated to envelope 70%
or more of the individual observations.

The distinction between these two maps is important.
In Figure 3-2 the site is located upon the intensity VI MM
isoseismal. This means that it lies very near to the mean

distance at which observations of VI MM will hypothetically

be reported. This does not mean, however, that higher inten-
sities cannot occur at this distance. This is illustrated by
Figure 3-3, wnich incorporates an added degree of conservatism,
by contouring the hypothetical data at the 70% fractile. 1In

a statistical sense, the two maps represent the effect of un-
certainty in the intensity-distance relationships. For our
second approach, we choose the "most likely" or 50% fractile
map (Figure 3-2) which indicates a site intensity of VI MM.
Because it represents the 50% fractile, this map is compatable

with mean-centered attenuation functions, such as Nuttli (1979).
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To convert intensity VI MM to site acceleration, we once
again assume that the peak acceleration will occur at fre-
quencies of 2 Hz or less, and invoke the results of Nuttli
(1979) . The resulting mean value for peak horizortzl acceler-
ation is 0.036 g.

In contrast to the procedures used above, the site design
acceleration was determined by utilizing a relationshi§ be-
tween site intensity (assuming site .intensity VIII MM) and
peak horizontal acceleration based on period-acceleration graphs
published by Neumann (1954). For comparison with the above
results, the Neumann (1954) relation for site intensity VI gives
a peak horizontal acceleration of 0.065 g. A similar value of
0.066 g may be reached by using the Trifunac and Brady (1975)

intensity-acceleration relationship.

3.2 Summa

We have used two approaches to estimate ground motion at
the site from a Ms 7.0 earthquake on the Giles County, Viréinia
seismogenic zone.

The first approach, based on results by Nuttli (1979),
indicates a peak acceleration of 0.010 g and a site intensity
of V MM or less. The second approach, which utilizes the
specific intensity attenuation data and source characteristics
for the Giles County zone developed by Bollinger (1981), indi-
cates a site intensity of VI MM and a corresponding peak

horizontal acceleraticn of 0.036 g.
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‘ The two approaches give results which are in good agree-

ment considering that they are based upon two different physi-

cal phenonena: i.e., the attenuation of peak acceleration

and Modified Mercalli intensity, respectively.
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4.0 Earthquake Potential of Site Area

This section details the historic seismicity of eastern
Tennessee in the vicinity of the site. 1In view of the recent
findings in Gilies County, Virginia (Bollinger, 1981; Bollinger
and Wheeler, 1981), the spatial distribution of earthquakes
was carefully examined to determine if any linear trends
suggestive of seismogenic zones similiar to that postulated
by Bollinger (1981) are discernable in the site area. 1In
addition, published information concerning basement structure
was reviewed, and inferred basement lineations were examined

for possible correlation with historic seismicity.

4.1 Historic Seismicity

Table 1 lists 67 earthquakes occurring in that portion
of Tennessee between longitude 83°and 850 W. This list
was compiled largely from Seismicity Map of Tennessef (Stover
et al., 1979). Original source references used by Stover
et a'. (1979) are noted ig Table 1 and are listed in this
report uncer “séismicity References”.

The epicentral locations of the 67 historic earthquakes
are shown on Figure 4-1. On Figure 4-1, the intensities and
dates of cccurrence refer to the largest event reported at a
particular location. Figure 4-1 indicates that 22 of the 67
earthguakes have been attributed tc the Knoxvilla area. Bollin-

ger et al. (1976) noted that this apparent concentration of

seismicity near Knoxville may result from population bias in
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the reports of pre-instrumental events. Only during the past
decade has instrumental location capability approached
adequacy in the region. Stover et al. (1979) have estimated
the locational uncertainty of each of the events shown in
Figure 4-1. For the majority cf these events, the uncertainty
is greater than 4+ 0.5 degrees.

Figure 4-2 plots 26 earthquakes which have an estimated
locational uncertainty of less than + 0.5 degrees. Of immediate
interest is the fact that 11 of these 26 earthquakes occurred
in the Maryville area. However, of these 1l events, 8 were

reported foreshocks or aftershocks of the intensity VI MM

November 30, 1973 Maryville earthquake (Bollinger et al., 1976).
Taking this into consideration, Figure 4-2 indicates that
epicenters of well located events in the area form no discern-
ible spatial pattern. However, it should be recognized that
the region has been adequately monitored for only the past

10 to 15 years. As a result, uneguivocal conclusions as to the
existence or non-existence of spatial trends in seismicity

cannot be made at this time.

4.2 Inferred Basement structures

The Giles County, Virginia seismogenic zone is attributed
to faults within the basement and is presumably not evident
in the surface geological structure (Bollinger and Wheeler,
1981;. Thus, published interpretations of magnetic and gravity
data covering eastern Tennessee were reviewed and compared

with the spatial cistribution of historic earthquakes.
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watkins (1964) reported the existence of a pronounced
northeast trending magnetic and gravity lineation paralleling
the western margin of the Valley and Ridge province in eastern
Tennessee. More recently, King and Zietz (1978) noted that
this lineament is part of a much larger feature which can be
traced on magnetic and Bouguer gravity maps from Alabama

to New York. Watkins (1964) interpreted this lineament as
marking a discontinuity beneath the sedimentary section, and
suggested that the feature is seismically active, noting that
several historic earthquakes have occurred within about iS
miles of the axis of the lineament (Figure 4-1). However,
King and zietz (1978) do not imply that the feature is
seismically active: on the contrary, they propose that it
marks a basement discontinuity separating a seismically
active crus+tal blcck on the southeast from a seismically in-
active crustal block on the northwest. This is substantiated
by Figure 4-2, which plots those earthquakes reliably located
in eastern Tennessee. It is important to recognize that the
Blce Ridge province of western North Carolina exhibits a
level of seismicity similar to that of eastern Tennessee.

In addition, further to the northeast in West Virginia, the
lineament passes throujh an essentially aseismic area. 1In
accordance with King aad Zietz (1978) we conclude that the
lineament is not a seismogenic structure, but may in fact
represent the western boundary of a seismically active region

lying to the southeast.
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The November 30, 1973 Maryville earthquake is one of the

few southeastern United States earthquakes for which focal mechan-
ism solutions are available. Unfortunately the data are sparce and
as a result, the focal mechanism is inconclusive. For the main
shock, Bollinger et al. (1976) obtained two equally likely solu-
tions, one sﬁbwing normal faulting on northeast or northwest
striking nodal planes, the other defining reverse faulting with
nodal planes striking northwest. Bollinger et al. (1976)

favored the reverse faulting solution on a northwest striking

fault plane based on other data (aftershock epicenters, vertical

distribution of aftershock hypccenters and regional in-situ

stress measurements). Herimann (1979) obtained a strike-
slip mechanism with nodal planes striking either north-
northeast or west-northwest, with steep dips.

Both investigators noted that their solutions were
poorly constraired. However, both studies indicate the poss-
irility of a northeast striking fault plane, which Bcllinger
and Wheeler (198l1) cite as supporting evidence for seismi-
cally active, northeast striking basement faults in the same
geologic-physiographic province as the Giles County, Virginia

zZone.
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4.3 Summary
An examination of the distribution of historical seismi~-

city in the site area does not reveal any discernible spatial
trend sugcestive of a seismogenic zone similar to that pro-
posed by Bollinger (1981) for Giles County, Virginia. 1In
addition, inferred basement structures apparent on published
magnetic and gravity anomaly maps of the area appear non-seis-
mogenic.

The single existing earthquake focal mechanism inves-
tigation in the area is inconclusive, due to sparcity of data.
The computed solutions only indicate that a northeast striking
basement fault cannot be ruled out as the actual fault plane
of the November 30, 1973 Maryville earthquake. Other egually
likely solutions were obtained from the same data set.

From an examination of available information, we conclude
that there is no evidence for the existence of a seismogenic
etructure in the site area similar tc +=hat propose? by Bellinge:
(1981) for Giles County, Virginia. However, the quality of the
available data is such that the existence of such a structure
cannot be definitely ruled out. In order to conclusively
assess the likelihood of such a structure in the site area, a

program of microseismic monitoring would be regquired.
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5.0 Summary and Conclusions

The study by Bollinger (1981) represents the first instance

in the eastern United States where a seismogenic zone and associ-

ated maximum earthquake has been defined cn the basis of observed
earthquake activity, except for a few reservoir induced seismicity
studies. The methods used by Bollinger (1981) to estimate the
maximum possible earthgquake are accepted as valid by the seismo-
logical community. Application of these methods is fundamental

to the practical problem of assessing seismic hazard in regions
where capable faults are observed. In the eastern United States,
this is a novel approach primarily because of the general low
level of seismicity and the absence of obvious capable faults at
the ground surface.

The estimate of the maximum earthquake for the Giles County
seismogenic zone incorporates the statistical uncertainty of the
observational data. This results in a range of magnitude: 6.0 <
vs ¢ 7.C. For « woirst case sicuation, Bollinger (1981' adopts
the upper limit of this range (Ms 7.0) as the maximum magnitude.
This corresponds to an epicentral intensity of IX MM, Ideally,

a probabilistic assessment of seismic hazard posed by the Giles
County zone would incorporate a mean value of the maximum magni-
tude, with associated statistical uncertainty, and an estimate of
the probability of occurrence. As pointed out by Dr. Bollinger
during the August 26, 1981 meeting, these elements would require

additional study.




Potential ground motion at the CRBRP site due to occurrence
of an Ms 7.0 event on the Giles County zone has been estimated
using recently developed results. The peak horizontal ground
ccceleration expected at the site is 0.036 g: This cofrelponds
to Modified Mercalli intensity VI. Present CRBRP design assumes
a site intensity of VIII MM. Thus, the proposed maximum earth-
quake for the Giles County seismogenic zone does not imply the
ne 'd for a higher design intensity.

It has been hypothetically proposed that faults'similar
ko those considered potentially responsible for the Ciles County
zone may exist elsewhere in the basement of the Scuthern Valley and
Ridge Tectonic Province. Proven existence of any seismogenic
structures potentially capable of generating site intensities

exceeding VIII MM could require upgrading the design intensity.

seismogenic structure would exhibit characteristics similar to
those of the Giles County seismogenic zone. Thus, this hypothe-
tical feature might be a seismically active, northeast trending
basement fault located in eastern Tennessee.

Our investigation of the distribution of historic epicencers
and inferred basement features in eastern Tennessee shows no
evidence for the existence of such a structure. Therefore, we

conclude that a site intensity of VIII MM, which is being used

|
|
We have addressed this problem by assuming that the critical

Zor the CRBRP design as directed by NRC, will not be impacted Ly

the Bollinger (1981) Giles County seismic hazard study.
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We feel that in areas influenced by the Giles County,
Virginia seismogenic zone, the derivation of the vibrato;y g.ound
motion design could be affected. To date, there is no evidence
indicating the existence of a similar structure elsewhere in the
Southern Valley and Ridge Tectonic Province. It concluded that
the siting evaluations arising from the existence of the Giles
County zone for proposed facilities in these areas will require
only that the intensity IX MM Giles County maximum event be

attenuated to the site in guestion.
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YEAR/MO. /DAY

TABLE 1 continued:

TIME (EST)

1969/7/13
1969/7/14
1969/7/14
1969 /7/24
1971/7/12
1971/10/9
1973/10/30
1973/10/30
1973/11/30
1973/11/30
1973/11/30
1973/12/13
1973/12/14
1973/12/21
1973/12/21
1975/5/2
197€/2/4
1977/1/27
1979/8/13
1979/9/12
1980/6/25

16:51:09.4
05:13:14.5
06:15
13:10
21:03
11:43:33.8
17:58:39.0
18:09
02:48:41.2
03:51
04:27

10:

03:

13:30
11:22:58.7
14:53:52.9
17:03:21.3
00:18
01:24
12:02

(Page 3 of 3)

LAT.

36.1

36.1

36.0

36.0

36.0

35.9

35.75
35.75
35.80
35.80
35.80
35.80
35.80
35.80
35.80
35.92
-=.00
35.42
35.21
35.59
35.78

LONG.

83.7

83.7

84.0

84.0

84.0

83.5

84.00
84.00
83.96
83.96
83.96
83.96
83.96
83.96
63.96
84.45
84.7S
84.42
84.35
83.90
84.05

To/M

v/4.1
II
III
I1I

v/3.7
V/Jo‘

Vi/4.6
II

III

I1I

III

IIX
111/2.6
vi/3.0
V/3.5
v/3.7
v/3.2
v/3.3



TABLE 1 continued:

(Page 2 of 3)

YEAR/HMO. /DAY TIME (FST) LAT. TONG. To/M
1918/6/21 20:00 36.1 84.1 Iv
1920/12/24 02:36 36.0 85.0 v
1921/12/15 08:20 35.8 84.6 v
1938/3/31 05:10 36 83.6 IV
1940/10/19 00:55 35.0 85.0 v
1941/3/4 01:15 36.0 83.9 111
1945/6/13 22:35 35.2 84.9 v
1946/4/7 00: 35.2 84.9 I1I
1947/6/6 07:55 36.0 84.0 I11
1948/2/9 19:04 36.4 84.1 v
1950/6/18 23:19 35.8 84.0 Iv
1953/11/10 09:45 36.0 84.0 v
1953/12/5 08:45 36.0 84.0 v
1954/1/14 36.0 84.0 v
1954/1/22 20: 35.3 84.4 v
1955/1/12 01:25 35.8 84.0 v
1955/1/25 14:34 36.0 84.0 v
1956/9/7 8:36:01 35.5 84.0 VI
1956/9/7 8:49:29 35.6 84.0 v
1957/6/23 01:34:18 36.5 84.5 v
1957/11/7 12:15 36.0 84.0 v
1959/6/12 20: 35.4 84.3 1
1960/4/15 05:10:10 35.8 83.9 v
1964/7/28 36.0 84.0
1964/10/13 il:3C 36.0 84.0 I11

1966/10/24 01:00 5.8 84.0 v
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TABLE 1

(Page 1 of 3)

HISTORIC EARTHQUAKES IN TENNESSEE BETWEEN 83°W AND 85°W LONGITUDE

YEAR/MO. /DAY

TIME (EST)

1777/11/16
1844/11/28
1861/
1875/11/12
1877/5/25
1877/11/16
1884/8/24
1889/9/28
1904/3/4
1913/3/28
1913/4/17
1913/5/2
1913/8/3
1914/1/23
1914/1/23
1917/1/26
1917/3/4
1917/3/25
1917/3/26
1917/3/27

02:
07:00

02:00

02:20
19:45

19:30
16:50
11:30
01:00
11:45
22:24
22:41
07:15
21:07
16:15
07:50
15:00

LAT.

36.0
36.0
36.3
36.0
36.0
36.0
36.0
35.1
35.7
36.2
3$.3
35.5
36.0
35.6
35.6
36.1
36.0
36.1
36.1
36.1

LONG.

84.0
84.0
83.5
£4.0
84.0
84.0
84.0
84.7
83.5
83.7
84.2
84.4
84.0
84.5
84.5
83.5
84.0
83.5
83.5
83.5

Io/M

Iv
VI
III
IIX
III
Iv
Iv
II

VII

III
Iv
Iv
III
III
III
III
III
Iv
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Question C5250.5

Reference 1 on page 2.5-21 and Reference 11 on page 2.5-23 ere not to the
right pubiications, Reference 129 Is not In the reference |Ist.

Response

The response to thls questionr has been Incorporated into revised PSAR Sectlons
2,5.2.1, 2.5.2.3 and References.

QCs230.5-1
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The Nuclear Island structures and the Emergency Cooling Tower will| be founded
on rock. The Category | Fuel OIl Storage Tanks will be supported on compacted
Class 'A' structural backf!l| overlying competent sl|ts*one. Consequently,
both rock and cverburden response to vibratory motions ere a consideration In
evaluating foundation bearing capabllIty.

2.5.2.2 Nearby Tectonlc Structures

A tectonic structure Is & large scale dislocation or distortion within the
earth's crust with Its extent measured In mlles. The tectonic structures In
the Valley and Ridge cons!st of numerous Paleazolc thrust faults and folds
(see Flgure 2.5-2.) These structures were formed during the Allegheny orogeny
at tte end of the Paleozolc Era (Ref. 81, 101). The CRERP slite is sl tuated
between the traces of two Inactive tectonic structures: the Copper Creek and
Whiteoak Mountaln thrust faults (see Figure 2.5-17). The Inactive tectonic
~4-.~surac within the Valley and Ridge do not affect the determination of the
Safe Shutdown Earthquake; however, the nearest two tectonlc structures to the
CRBRP slte are dlscussed In Section 2.5.3 and summarized below.

2.5.2.2.1 Copper Creek Fault

The Copper Creek Fault Is mapped approximately 100 miles In length and the
CRERP site |s located near Its mid-point. The shortest distance from the
CRBRP Plant Island to the fault trace Is about 3,000 feet south. In the site
vicinity the fault strikes north 52 degrees east and dips southeast (away fram
the site) at an angle of about 25 degrees measured at the ground surface.
Nearby borings Indlcate that the dip angle decreases wlth depth. In the site
area, the Copper Creek Fault has thrust the Rame Formation over younger rocks
of the Chlckamauga Group for a horlzontal distance estimated In m!les. The
stratigraphic displacement Is approximat:ly 7,200 feet (Ref. 54). About 65
mlles southwest of the s!te, the fault becomes a complex zone and merges with
the Whiteoak Mountaln Fault.

The trace of Copper Creek Fault was Identifled at several outcrop locations In
the vicinlty of the site and In boring 43. Additional data on the Copper
Creek Fault was obtained from two test wells, the Joy Test Well (Ref. 13) and
B29 (Ref. 89), both located on the Oak Ridge Reservation about four mlles east
of the slte.

The best exposure of the Copper Creek Fault near the slte Is at the |-40 road
cut about two miles southwast of the site. The hanging wall Is a dark gray
dolamlte of the Rame Formation, and the foot wall Is a gray |Imestone of the
Chlckamauga Group. Except for minor undulations, the beds on both sldes of
the fault are undistrubed. The Rame beds strike north 55 degrees east, dip 35
degrees southeast, and the Chickamauga beds strike north 53 degrees east and
dlp 29 degrees southeast. The apparent dip of the fault trace Is 20 degrees,
which Implles a 25 degree dip for the fault plane at this location.

2.5-21
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Intens!ty estimates provide the basis for the eplcentral locations ot
earthquakes prior to about 1960. Before 1800, much of the reglicn was so
sparsely populated that the eplcentral locations were Identified with the
sca*tered towns, possibly tens of mlles from the actual eplcenters. Since
then, the greater population density, better communications, and more
selsmograph statlons have made It possible to locate areas of grectest
Intersity within @ few milas., WIithin the past few years strong motlon
se!smographs have been !nstalled at several nuclear power plants being
constructed In the general reg'on,

Surface Intens!tlies at the slte have not been directly observed. The
Intens!tles which occurred at the slte have been estimated based on the
eplcentral Intensity and distance from the CRBRP site (Ref.f!1).

The s!te srea has experlenced numerous |Iight to moderate earthquakes. The
maxImum slte Intenslity assoclated with these earthquakes Is Vi=VIi| MM, The
slte Investigation has not produced any physical evidence which can be
assoclated with any earthquakes.

2.5.2.4 Englne. Ing Propertles of Materials Underlying the Site

The englneering properties of materials underlying the site are clscussed In
sectlon 2.5.4.2.

2.5.2.5 Farthquake History

Two hlstorlcal eartnquake |Istings are complied. One |Isting, Table 2. 5-2
Includes hlstorlcal earthquakes occurring within the reglon between 29.0 N -
42.0°N latitude and 69.0% - 94.0% longitude. This |ist contalns events with
eplcentral Intensities exceeding IV MM and/or assigned magn!tudes greater than
3.0. The |lst also contains Information on some signiflicant early historical
events for which nel ther magnltude nor Intensity data are avallable.

A second |1sting, Table 2.5-3 contzins al| earthquakes reported to have
occurred within a 50 mlile radlus of the CRBRP site, regardliess of Intensity or
magnltude estimates.

2:.9+23
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Question CS231.1

In addition to the work of Bollinger described In Question 230.4, update the
PSAR to Include a consideration of all pertinent geological and selsmologlcal
research and other work that has been done since 1974, which Is the |atest
geologlcal refeience clted. Considerabie research In geology and sel smol ogy
has been done since that time In the southeastern United States. Evaluate
these studlies as to thelr significance to the geologic and seismic sa‘ety of
the CRBR slte.

Response

Refer to the response to Question 230.1R (related to the Environmental Report)
recently provided to NRC which Includes the response to this question. The
PSAR w!l! be updated tc conform with the response to Question 230.1R.

0CS231.1-1
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Questlon CS5231.2

In Supplement 2, page 59, response to NRC Question 323 .33 (2.5.3.7), you state
that the stratigraphic and structural relationships In excavations for all
Category | structures will be mapped concurrent with excavation. You further
state that the AEC (NRC) will be kept fully Informed on the progress of the
excavation. It Is our position that you notify Geosclences Branch In
sufficlent time (at least 1 week) after excavating and mapping, and prior to
placing gunite, backflll, or concrete, so that a trip to the site can be
arrenged by a staff geologist If considered necessary. In addition to bedrock
features the map should show the relationship of overlying solls, particularly
the high terrace deposits, to structures In the rock. The geologic maps
should be Included In the FSAR.

Response

The response to this question has been Incorporated Into revised PSAR Section
2.5.‘.5'1.3.

QCs231.2-1
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level will be blasted using pre-split blasting procedures. Berms will be
provided at a predetermined vertical Interval. It Is expected that ripping
may only be feasible for the highly weathered section.

Conslderation will be given to removing the final 18 Inches of rock by

control led means, e.g., alr hammers, however, It Is probable that If the final
excavation |1ft Is |Imited to 7 feet and careful control Is exercised In
bi=sting, the foundation grade will not be unduly disturbed or cracked from
the blasting effect. This assumption will be checked In the fleld prior to
deciding on the method for removal of the finai layer of rock above foundation
grade.

In order to prevent damage to freshly placed “green™ concrete from blasting
operations, the peak particle velocity on the foundation rock and overburden
at the location cf fresh concrete will be |imited to the following:

Iime after concrete Placement Peak Particle Yeloclty
0-11 hours 0.10 In/sec.
11-24 hours 2.00 In/sec.

Unbol ted slde slopes In siltstone and the base of the excavation will be
protected from deterloration and weathering caused by frost, ponding of water
and construction activity by a layer of gunite prior to construction of the
mat foundation.

An extensive Inspection veriflication program will be established and
Impl emented durling construction, and w'l| consist essentially of the
following:

a. A qualified and experienced geologist will be on site Immediately
prior to the start of excavation and v!l| monitor progress of the
work unt!l| the base of the excavation has been prepared for the
Inltial mat pour. He wlil report directiy to the englineering and
des'gn organization and will be charged with the responsibllity In
the fleld of review!ng and commenting on the adequacy of the
construction orocedures proposed by the excavating contractor for
ripping, biasting and removal of rock, Inspecting exposed rock
strata Including side slopes and base of excavation and preparing a
detalled geological map of the area. In addition to bedrock
features, the map wll| Include the relationship between overburden
solis encountered In the excavation to structures In the rock. The
map will be Included In the FSAR.

b. A progress report will be submitted to the englneering and design
organization on a weekly basls Including photographs and detalled
mapping of any signiflicant geological features.

c. A consuiting geotechnical review group consist!ng of speclalists In
rock mechanics and geology will Inspect the excavation and report to
the englineering and design organization on thelir findings at regular
Intervals, not exceeding one month.

2.5-40a
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d.

If a geological discontinulty Is nored, the englineering and design
organization will be notifled Immediately and an Inspection will be
made by qualifled personnel Including members of the review board If
cons|dered necessary.

The site geologist will be assisted In his Inspections If required
by readily avallable alr track drills which may be utilized for
Investigation purposes Including geophysical logging of the holes
and analysls of the data, and use of back-hce or bulldozer with
ripping capabl!ity. Zones of potentially high permeabl|ity may be
checked by drilling fram accessible berms constructed around the
perimeter of the excavation.

The representivity of Boring 55, selected as the central boring In a
test grouting program on the west side of the Nuclear Isiand, will
be checked after excavation to conflrm the hamogenelty and
satisfactory bearing capabllity of the foundation strata. This will
be done by completing a series of alrtrack holes supplemented by
geophysical logging and additional core borings as required,
extending through the Unit A Limestone. It Is the consensus of
opinlon among the geotechnlcal consul tants engaged In this project
that the satisfactory bearing characteristics of the foundation
strata wil| be confirmed. All borings will be gravity grouted on
completion of the program.

Formal approval of the prepared base of the excavation will be
required by the review board prior to proceeding with the pouring of
the mat.

The NRC will be kept fully Informed of the progress of fhe
excavation. In addition, they will be notifled at least one week In
advance of placing gunite, backfll| or concrete on the exposed rock
surface to permit a trip to be made to the site by a staff geologlst
If considered necessary.

2.5-40b
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Question CS231.5

In response to NRC Questcn 230.2R during the environmental review, which
addressed poss!ble undetected cavities In Unit A |Imestona, you Indicated that
8 test grouting program and a bedrock verlfication program wili be conducted
and wil| conflrm the homogenelty of the Unit A |Imestone. Provide a
description of the test grouting program and the veriflication program,
including methods used and locations and depths of proposed borings.

Response

The ver!fication program planned for the west side of the Nuclear Island as
Identifled In the response to NRC Question 230.2R conslsts of a program of
core borings and rotary per ussion alr borings. A total of 34 borings are
planned to evaluate the potential for |Imestone solutloning In foundation
substrata within the bearing zone of Influence and Immediately underlying
Category | structures. The actual number of borings to be drilled will depend
on the Englineer's evaluation of condltions encountered as the program
proceeds. Borling locations are shown on Figure 231.3-1. All borings will be
drilled to a depth of 100 feet Into the Unit A |imestone. Estimated total
depths of proposed borings are outlined on Table CS231.3-1. Nine of the 34
borings will be rock core borings and the remaining 25 are to be ariiled with
compressed alr and geophysically logged.

No test grout!ng program Is planned In conjunction with the verification
program. The test grouting program referred to In response to NRC Question
230.2R was completed during the Initlal site Investigation work and resuits
are presented In Appendix 2C of the PSAR. The results demonstrated the
Integrity and adequate bearing capabllity of the Unit A |imestone In the area
tested, which was representative ¢’ |Imestone most prone to solutioning. The
Intent of the currently planned ver flication program Is to conflirm the
adequacy of the |Imestone over the full extent of Category | structures on the
west side of the Nuclear Island.

The verification program will Include the following features:

- The 9 rock core borings will be advanced using an NX core barrel and
procedures required by the latest revision of ASTM D2113.

- The core driller will malntaln a written iwg of conditlions encountered
such as water losses, soft zones, cavities, volds and total depth.

- The site gecloglst wil| prepare a written description of the rock core
and record the percent recovery and the Rock Quallty Designation
(RQD). Final graphic boring logs will be prepared similar to those
currently In the PSAR.

QCS231.3-1
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- Rotary percussion alr borings will be 4™ (minimum) In diameter.

- Upon completion of each core and percussion borng, a geophysical log
will be made smilar to that shown on Fgure CS231.3-2. The following
logs will be obtalned: gamma ray, neutron, acoustic velocity,
compensated dens!ty and caliper. These logs will be used to measure
the strength of the foundation material and to ldentify the existence
of cavities, clay seams, weathered zones and porous zones.

- Actual orlentation of boreho!es with depth will be determined using a
deviation tool.

In addition to graphic borings logs, detalled geclogic sections will be
developed showing such features as existing topography, volds, cavities, water
levels, rock class!flcation, stratigraphic boundaries and key geophysical
marker horlzons. Analysis of these gecioglc sections will be made to
determine the !!mits and soundness of the Unit A |Imestone and Upper Si|tstone
and groundwater condltions.

All data will be synthesized with exIsting PSAR data and fligures and
I ncorporated thereln.

QCS231.3-2
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TABLE CS231.3-1

BORING TYPES AND ESTIMATED DEPTHS
VERIFICATION PROGRAM FOR THE WESTERN PORTION OF THE
NUCLEAR ISLAND

ESTIMATED
APPROX. ELEV. OF TOP ESTIMATED DEPTH®#*
BORING* SURFACE OF UNIT "™A® TERMINAT ION OF BORING

BORING TYPE ELEVATION L IMESTONE ELEVATION (FEET)
150 c8 773 695 595 180
151 CAB 773 695 595 180
152 c8 773 695 595 180
153 CAB 773 695 595 180
154 8 773 695 595 180
155 CAB 773 695 595 180
156 c8 773 695 595 180
157 CAB 773 695 595 180
158 02 773 695 595 180
159 CAB 773 695 595 180
160 c8 773 695 595 180
161 CAB 773 695 595 180
162 c8 773 695 595 180
163 CAB 774 665 565 210
164 CAB 774 €65 565 210
165 CAB 774 665 565 210
166 CAB 774 665 565 210
167 CAB 774 665 565 210
168 CAB 774 665 565 210
169 CAB 774 665 565 210
17C CAB 780 630 530 250
LA c8 780 630 530 250
172 CAB 780 630 530 250
173 CAB 780 630 530 250
174 CAB 780 630 530 250
175 c8 780 630 530 250
176 CAB 780 630 530 250
177 CAB 776 710 610 165
178 CAB 776 710 610 165
179 CAB 776 710 610 165
180 CAB 776 710 610 165
181 CAB 776 710 610 165
182 CAB 776 710 610 165

183 CAB 776 710 610 165

TOTAL 6,715

* (B = Core Boring, CAB = Compressed Alr Boring (Rotary Percussion)
#* Includes 10 feet contingency

NOTES

1) Program may be modifled as actual subsurface conditions are reported.

2) Estimates Indlcated above are preliminary. Actual footage wll| depend on
elevation of siltstone/|Imestone contact recorded In borings.
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