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D.C. 2050G. or call area code 202-724- Endowracnt for the IIumanitics for 9 c.n-f f a.trt.: #aav 1 ce re Atc-tie
0367. projects beginning aftes October 1 Poteer Stction topenL Th Q-t=ittee

'978.37msn J. McCLEAaL stil hear and discuss pres astions by
Decause the oroposed meettng w!!! representatives of the N!!C staff andSd " 0"" contadcr financui infortnation rnd das- the 3Delacant related to the request toNatagement O//tc*r.

close information of a personal nature operate this unit at snerensed puwer.(FR Doc.7513377 Fued 546-78; 8.45 am3 the disclosure of which would constJ. Portions of this session will be closed
tute a clearly unwarranted invasion of if neer.uary to d4seuss proprietary in.
personal privacy. r,ursuant to author 1- formation apphcable to this matterP53HO ty granted me by the Ct airman s Del- and provts:ons for physical protection

gg pan egation of Authority to C:ose Advisory of this unit.
Commattee Meetings. C1ted January !! a.n-12:15 p.m.: E:ecutive sessten

Moedae 15,1978. I have determined that the (crent The Committee w:n hear and
mectir.g would fall withm exemptions discuss reports of Subcommittees andY g gy-
(4) c.nd (6) of 5 U.S.C. 55:b(cl and that Working Groups on a number of ge-Pursuant to the provisions of the it is essential to close the meetm:s to

neric rnatters related to reactor safetyFederal Advisory Committee Act (Pub. protect the free exchange of internal
includin: anticipated transients with-1. 92-453 as amended), notice is news and to avoid interference with

Dereby given that a meeting cf the cperation of the Committee * out scram and proposed revisions to
NRC regulatory guides. The Subcom.Ilumanities Panel will be held at 806 It is sug: tested that those desiring
tr.ittee on the Vermont Yankee f*uc!e.15th Street NW., Washingten. D.C. more specif.c in:ormation contact the

20506. In room 807. from 9 a m. to 5:30 Advisory committee Management Of- ar Power Station will also report on
operating exper:ence at this fac;12ty.p.m. on June 8-9. 1978. fleer. Mr. Stephen ,J. McC;eary, 806
73 q.M Report a Ner.The purpose of the meeting is to 15th Street. NW Nashington. D.C.
vernmentcl Retteto cf Ntdecr

go.cate Nar.c ement (crent The Com-review Elcmentary and Sacendary 20506, or call area code 202-724-036 4. g
Education Pro: ram apo!! cations sub- S;Irr=N J. McCLr.AaY. mittee w1U hear and discuss a repcrtmitted to the National Endowment for Advisors Committee by representatives of the NRC re;ard-the Humanities for projects beginning Mancrement O//icer. Ing NRC partic:pation in the prograraafter October 1.1978.
Because the proposed meeting will Int Doc. Ta-t3373 Piled 5-16-78: 8-45 a.m1 for reviews of nuclear wa.ste manage-

ment and disposal.consider financial infor=ation and d:s* 2:15 p.n-2 JO p.m.:E ccuffre session
close inferra.at:en of a persensi nature [7590-01] (opent The Committee win hear andthe (iisclosure of which would consti- discuss the report of the ACES Sub-
tute a clearly unwarranted insaston of NUCLEAR REGULATORY committee and censultants who may
personal privacy, pursuant to autheri- COMMISSION be present regardme the recu*st for
ty granted me by the Chafrman's Del-

operaticn of the Indian Po:nt Nuclear
egattoo of Authority to C'ese Advisory ADVit02f COM4ffTit ON REACTOR Generating Station. Unit 3. at fun
Committee Meetings, dated January SAftGUARDS power. Portions of this session wul be
15. 1978 I have determined that the m c., closed if necessary to discuss pr pri-
meeting would fall within exemptions etary information app'.icatie to this
(4) and (6) of 5 U.S.C. 552b(c) and that In accordance with the purposes of matter and provtstons for physical pro-
it is essential to close the meetin: to sections 29 and 182b. cf the Atornic tection of this unit.protect the free exchange of internal Energy Act (42 U.S.C. 2031 0:3 b.). ::JO p.n ,f 30 p.rtt Indica Point Nu-
views and to avoid interference with the Advisory Committee en riescior clear Gener:fion Stet:o i. U .:: J
operation of the Commsttee. Safeguards will held a r .w; .g on

(cpent The Committee wdl f. ear pre-It is sug:ested that those desiring June 1-3.1978. in Room 12. .717 II sentations by and hold d:senasions
more specific information contact the St.[.cet NW., Washington. D.L. with representatives of the NRC sta!!
Advisory Cc=mittee Management Of- w1U'he scenda for the subject meeting and the applicant regardin: the re-
ficer. Mr. Stephen J. McC;*ary, 806 be as follows:

quest for oxration of this enit at fu'.1
15th S6reet NW Wasluncten. D.C. THURSDAY. JUNr 1.1978 power. Portions of this session win be
30506. or call ares code :02-7:4 -03 6.'. closed if necessary to discuss proprt-8:30 c.m.-9 a.m. Executive session etary information applicOle to thisSTMIN J. McCLEAg. (opent The Committee wiU hear and matter and provisions for physical pro-Adrisory Co nrtittcc d;.scuss the report of the ACRS Chair * tection of this unst.Afancrement OffNer. mari regardire misec11aneous matters

4 JO p.rt-S;JO pm.: E eer - e sertion[FR Doc. 7313273 Ftted 5-lG-78. 8 45 amt relatinc to ACRS activities including (openA The Committee = * d:seussthe appointment of new Committee
proposed ACRS pos.taor. c:t com-"

(7536-01} Th sescion wtB be open to the mnts ardm: cem q*" # #
v rem-

' ** "# D **## *
wuANmn mtt public except for those portions which

must be closed to protect information ' " " * "8' d U^''' " " #
meenag the releme of thtch would represent naluation of anmate Ncr sites

MAY 10.1978.
an unwarranted invaacn of personal and the source term used an reactor
privney. safety analysis.

Pursuant to the provisions of the The Committee will hear and disenss The Committee will also discuss its
Federal Advisery Conmnior Art (1*ub. the report of the ACn3 Sutwomnuttee propoicd rep rts to the NRC on the
I. 92-463 a.s amended 8 nottee is and consultants who may be present tame Yankee Nuclear Plant and the
hereby stven that a meettne: of the res.treine the recuest for operation at Indian Pomt Nuclear Generating Sta-
Humanities Panet st!! be held at 806 increased power cf the Maine Yankee Lion. Unit 3.
15th Street NW wehinr. ton. D C. At omie l*ower st ation.
205o6. In room !!30, from 9 a.m. to Ibrtnins of this sesson will be closed Famy. ht 2.1978

5:30 p.m. on June 15 and its.1978. If nerenary to disru.;s proprietary in- #130 a.m.-J JO p.m.* Afecting td fA
The purpose of the mertin.t is to formation apphrable to this matter NRC staff topenL The Committee will

ret [cw YouthgrantE in the !!nminnitir5 and prtivisions for physleal protection hear presentations from and hold dis-
Spptteationt sub1mitrd to thc National ol thts unit. gussions willa members of the NRC

- " ~ ~ ' '
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staff regarding recent licensing nettons 652b(cX4)), to preserve the confiden- EnAt. REctsTEn approximately 15 days
and operating expertence including Lla!!ty of information related to safe- (or mores prior to the meeting. Those -

the seismic reevaluation of severn! nu- guarding of special nticicar mater!&l Subcommittee and Working Group
clear powerplanta and review of a pro. and the physical protection of nucicar mcetings for which it is naticipated
posed safe shutdown system for the f actittles (5 U.S.C. 553b(c) (ll and t4)), that there will be a portion or all of

Oconee Nuclear Plant. and to protcet information the release the meeting open to tile pubile are in-
Representatives of the NRC staff of which would represent nn unwar- dicated by an asterisk (*). It is expcet-

and its contractors will also report to ranted invasion of personst privacy (5 ed that the sessions of the full Com-
the ACRS on generic matters related U.S.C. 55 b(cx6)). Separation of f actu- mittee meeting destinated by an aster-
to nuclear powerplant safety including al information from infonnation con- 1sk (*) will be open in shole or in part
the bases for combination of seismic sidered exempt from disclosure during to the public. ACRS full Committee
and other dynamic loads, the prot'osed closed portions of the meeting is not meetings begin at 8:30 a.m. and Sub-
tase of Class 9 accidents for evaluation constdered practical. committee and Working Grou: m ee t-

of alternate powerplant sites. and com. Dackground information concerning ings usually begin at 8:30 a m. The
parison of risks from nuclear power- ltems to be considered during this exact time when items list n tne

plants with other societal risks. mccting can be found in documents on acends will be discussed d . ^z full
The future schedule for ACRS activ- file and availab!c for public inspecticn Committee meethics and w.'; d a D-

ltles and topies proposed for con:tders- La the Nuclear Regulatory Ccmnm- committee and Working Group meet-
tion by the Committee will also be dis- ston's Public Document Room.1717 ' . ings will start will be pubi.e.:ed ap-
cussed. Street NW Washington,13.C. OCi;; proximately 15 days prior to cach

2tJO p.m.-6 p.m.* Executtee session and in the following pubile docume:.. meetmg. Information as to shether 2
(open). The Committee will discuss rooram meeting has been finnly scheduled.

proposed ACRS comments regarding canceled, or re:chedu;ed, or whether
.r:IAN PorNT NUCt. EAR GENERATING changes have been made in the agenda
,

the establishment of a quast.fudicial.
STArtoN. UNIT 3 for the June 1-3. 1978. ACRG fdlstatutory board to investigate reactor

accidents. The Committee will also dis. V.% ^ Plains Public Library,100 Mar. Committee meeting can be ottained
cuu proposed comment.s regarding ge- Avenue. White Plains. N.Y. by a prepaid telc;:none call to the
neric matters discussed during this :, n: Office of the Execuu.e Director of the
Enecting and miscellaneous Committee Committee, telephe.a 202-634/1374.

activities including reorganization of LINE YANxzz ArouIc GENERATING Attn.t Mary E. V , ?rholt, betscen

ACRS Subcommittees and Working STATtoM 8:15 a.m. an ; i p.m.. 4.t
# ed perio& report Wiscasset Public Library. High Street. SUncoxwr rEE AND .ioMINo GRo7Fff[C S a t vit s
The Committee ' ill also discuss pro- !scasset. Maine H578. MEcTmsw

posed reports to the NRC on the Further information regarding .Dettf.s Desse Nuclear Potccr Statio t,

Maine Yankee Nuclear Plant and the topics to be discur.:ed, whether the Units 2 and 3. May 18.1978. Washing-
Indian Point Nuclear Generating Sta. meeting has been canceled or res:he* ton. D.C. Rescheduled to June 30.
tion. Unit 3. duled, the Chairman's ruling on re- 1078. Notices of this meeting were

quests for the opportunity to present published in the PrtERAr. Rt.ctsTER cn
SATURDAY. JUNE 3.19"8 oral stat acnts and the time allotted May 3 and 11.1978.

#;30 a.m.-12 noont E:ccutfre session therefer can be obtp.ined by a prep:!d on non! Ycnkee Nuclear Pe tter
(open). 77te Committee trtlZ discuss its telephone call to the ACRS Executive Stelion. May 10.1978. Vernon. Vt, The
proposed reports to NRC regarding the Director. Mr. Raymond F. Fraley, tele- Subcommittee will review the cperat.
Indian Point Nuclear Generating Sta. phone 202-634-1371, between 8:15 a.za. ing history and fuel performance for
ffon. Unit J. and the afaine Yankee and 5 p.m. e.d.t. this station. Notice of this meeting

Atomic Potcer stction- Dated: May 15,1978. was published in the PEDERAI. REctsTra
The Committee sill complete discu* JonN C. HoTLE. on May 4.1978.

sion of generic matters and miscei.A Adt tsory Committer 'T uid/ligdra stic Dyna nic Effects,

neous ACRS activities considerc4 Sfanagement O//icer. May 23,1078 Des hines. Ill. The
during this meeting. Sutcom tittee Ttil dketes ite ns relnt.

Procedures for the cenduct of and s-1}m Th!
8; as am) ed to the Mark I. II, and III conta;n.A

participation in ACRS meetings were ment syst:m:. Notice of t!.is meeting

out'ines in the FEDERAt. REctsTER on [759 % ] was pubaisned in the FmERAI. REcssTEn
October 31,1977, paTe 50972. In ac- on May 8.1978.

cordance with these prceedures oral AoViSO1Y COMMfTTIE C'4 RfACTOR *Diablo Cantet Nue! car Potter Stc-
or sTitten statement may be presented 5AFEGUARDS tfon. May 24-25. 1978 (rescheduled
by members of the pubile, recordings from May 17, 1378). Washim.cn. D.C.

"well be permitted only during those Rescheduled to June 14-15.1978,

portions of the meeting when a tran. In order to provide advance informa- *3/atne Yankee Nuclear Plant. May

scri;4 is being kept, and questions may tion regarding prepo.cd meetings of 25, 1379 (reschedicd from my 2.
be asked only by members of the Com. the ACRS Subcomntittees and Work. 1978). Washirgton. D.C. The Subco n.
mittee, its consultants, and staff. Per. ing Groups and of the full Committee, mattee will revtew the request of the
sons desiring to make oral statements the followie.g preliminary scriedele is Milne Yankee Atomte Fon er Ccro.. to
should notify the ACPS Txecutne Di. t:cing pubhshed. This pre!!minary operate this p! ant beyond the FSAh
rector as far in advance as practicable schedule reficcts the current situation. designated power of 2.560 MW(t) up to
so that appropriate arranecments can taking into acccunt add t;onal meet- a power icw l of 2.C0 MV.*(t). Nntem
be made to allow the necessary time ings which hwe been s;heduled and of this me:tm; were pub;i: led m L."?
during the meeting for such state- meetings which have been postponed FEDERAL REGIST"t on Apft1 17. May 2.
Enents. or canceled since the L.:.t Itst of pro- and May 11.137G.
I have determined in accordance posed meetin::s pubitshed in the Rz- 'A n ties parert f>u:1sien ts Wit' tout

with section 10(d) of Pub. I. 92-463 DERAL RectsTER on April 28. 1978. Scram (ATtVt.1 * f w 26,1978. Wash-
that is is necessary to close portions of Those meetings which are definitely ington. D.C. Tt Vorking Grotip *Atil
the meeting as noted above to protect scheduled have had, or will have. an disruu various . :cs partainitie to an-
propractary information (5 U.S.C. Individual notice publahed in the FED- tacapated transni.6 dur.ng re.u. tor up-

PEDit.At REG 15ftR. VOt 43. NO. 96 -WIDNt3 DAY MAY 17,1978
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G I M$ 2187H ACRS MEETIIG
JUNE 1-2, 1978
NASHINGIQi, DC

The 218th meeting of the Advisory CCttee on Reactor Safeguards, held
at 1717 H St. N.W., Washington, DC, was c.<ened at 8:30 a.m., Thursday,
June 1, 1978.

The Chairman noted the existence of the published agenda for this meeting,
and listed the items to be discussed. He noted that the meeting was being
held in conformance with the Federal Advisory Cecmittee Act (FACA) and the
Government in the Sunshine Act (GISA), Public Laws 92-463 and 94-409,
respectively. He noted that no recuests have been trade frcra cer.bers of the
public to present oral statements. He also noted that copies of the
transcript of some of the public partions of the meeting would be available
in the NRC's Public Document Room at 1717 H St. N.W., Washington, DC,
within approximately 24 hours.

,

[ Note: Copies of the transcript taken at this meeting are also available
for purchase f r m Ace Federal Reporters, Inc., 444 North Capitol St. N.W.,
Washington, DC .6001.]

I. Chairman's Recort (Open to Public)

[ Note: Raymond F. Fraley was the Designated Federal E=ployee for
this portion of the meeting.]

A. Reviewers

The Chairman named Mesars. Bender and Isbin as reviewers for
the 218th ACRS meeting.

B. Illness of Member

The Chairman noted that Mr. Ebersole is currently ill, and
will not be available to participate in ACRS activities for an
indefinite time.

.

C. New Members

The Chairman noted that the Ccranittee's nominations for new
members to be appointed by the Ccxcnission has been sutraitted to
the Cecrnissioners. As of the beginning of this meeting, all the
Ccrrunissioners had not voted yet.

1
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D. ACRS Fellowship Program

The Chairman rated that funds have been appropriated for the
ACRS Fellowship Program. A recruitment announcement has been pre-
pared and released (see Appendix III) . The Ad hoc Working Group
that has been developing the scope of the Fellowship Program,
will consider assigr.ments of fellows, and present its recommenda-
tions to the full Cet- tittee for its concurrence.

E. Service Award

The Chairman awarded a 25-year length-of-service pin and
citation to R.F. Fraley, Executive Director.

II. Maine Yankee Nuclear Power Station (Increase of Power Invel) (Open to
Public)

[ Note: Elpidio G. Igne was the Designated Federal Employee for this
portion of the meeting.]

A. Su'rommittee Pecort

Mr. Kerr, Subcommittee Chairmr - reviewed the chronology of
the licensing actions regarding t' v.aine Yankee Atomic Power
Station, and noted that the original. safety evaluation was carried
out at a power level of 2560 MNt, but enat the ACRS report associ-
ated with the operating license was written on the basis of 2440
Mit. He noted that Maine Yankee has requested an increase of
power to 2630 MWt, and that this increased power level was based
primarily on a measured reactor core flow which turned out to be
approximately 10% greater than the design basis flow on which the
original safety evaluation had been carried out. He noted that
both the Licensee and the NRC Staff have performed safety cvalua-
tions for the 2630 MWt level, and that these evaluations were made

under current rules and criteria rather than those which were in
effect when the original SER was written. Because of the differ-
ent bases involved in the original versus the current evaluations,
it is difficult to compare the safety margins calculated. However,
both the Licensee and the NRC Staff conclude that the plant can te
operated at the new higher power level, and that current safety
criteria and rules will be satisfied. He noted that the NRC
Staff's current evaluation uses meteorological data gatherec
during 1977, and with those data and the new criteria used, t:.-:
NRC Staff obtained results which require that the technicu
specification leakage be reduced from 0.15% per day, which --

-

used in the old evaluation, to 0.1% per day. TM Licensee 15
accepted the proposed leak rate in the new Technical Speci:... -
tions. However, the NRC Staff questions whether the 1977 metecto-
logical data is in fact representative. Therefore, the NRC Staff

2
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is requiring that additional meteorological data be collected over
the next year, and that the dose calculations be redone. ACRS
consultants disagreed with this conclusion, and believe that the
meteorological model being used by the NRC Staff is extremely
conservative, and that any change of data resulting fra the new
collection would be insignificant. (For project status report,
see Appendix IV; for consultants' report, see Appendix V.)

(Note: W. Johnson, Yankee Atomic Electric Co. (YAEC) coordinated
presentations for the Licensee; C. Nelson, for the NRC Staff.]

B. Licensee's Presentations

1. Introduction

W. Johnson, YAEC, stated that his company is developing an
in-house capability for performing safety analyses in their
plants. The Company views its responsibility for safe opera-
tion as a serious obligation, and is currently expending
upwards of Sl million on the current safety-related plant
analysis.

He noted that the Maine Yankee Plant is currently begin- ".
ning its 349th day of continuous full-power operation.

2. Site Description and Coerating Parameters

T. Bergeron, YAEC, described the site and its location,
the area denography, the cooling system layout, the core con-
figuration, the licensing and operating history, operating
parameters, and the postulated accidents considered in the
current safety analysis (see Appendix VI).

3. Analyses and Performance

J. Di Stefano, YAEC, discussed the basis for reevaluation
of the design basis accidents for radiological dose assessment,
identified the design basis accidents that were reevaluated
for the 2630 MWt stretch power sutraittal, ccxnpared the analysis
of steam generator tube rupture for the final safety analysis
report vs. the stretch power subnittal, discussed the off-site
doses from a steam generator tube rupture, compared the main
steam line failure outside containment evaluation for the final
safety analysis report vs. stretch power subnittal, discussed
the off-site doses from steam line break, compared the fuel
handling incident analysis for the FSAR vs. the stretch power

3
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submittal, discussed the doses from the fuel handling incident,
coupared the loss of coolant accident doses calculated for the
FSAR vs. the stretch power subnittal, and discussed the doses
from a loss of coolant accident, the revised IDCA analysis, ard
the revised doses from a IOCA (sce Appendix VII).

.

4. Safety Comparisons

T. Bergeron discussed the safety analysis, deviations frcra
the final safety analysis report, steady state DNBR comparisons,
fuel performance, dose measurements, and a comparison of the
calculated operating parameters with the design values of the
major equipnent in the plant (see Appendix VIII). He noted
that the Maine Yankee Plant has never tripped fran exceeding
peaking factor limits.

C. Status of NRC Staff Review

C. Nelson, NRC Staff, discussed the NRC Staff Safety Review,
and noted that the NRC Staff has concluded that it is acceptable
for the Maine Yankee Atomic Power Station to operate at power
levels up to 2630 MWt. He noted certain changes which will
be made to the Technical Specfications, and also noted that an

-- additional meteorological review will be made of the plant when
additional data is obtained. He said that the NRC Staff has
reviewed the Licensee Event Rep rts, and has found the performance
of the plant to date to be satisfactory. He noted that there has
been no operator-<3enerated scrams since 1975.

.

In answer to a question, R. Shome, YAEC, said that the plant
is operated in conformance with Branch Technical Position 18
regarding the locking out of certain ECCS valves.

In answer to a question, P. S. Littlefield, YAEC, said that
the Licensee is evaluating hydrazine sprays as an alternative
to sodium hydroxide sprays for use inside containment. The
current hydi: oxide spray systems are now gravity feed systems, but
if a hydrazine system is adopted, a positive pump injection system
will be regaired. The difference between the use of hydrazine and
hydroxide aa a means of controlling iodine is the limitation on
long-term retention.

D. Caucus
,

The Committee indicated unanimously that it believed it could
write a favorable report on the matter of increasing operating
power up to 2630 MWt for the Maine Yankee Nuclear Power Station.

4
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"

III. Meeting with NRC Staff on the Use of Class 9 Accidents for -

/
,

Alternate Site Evaluation (open to yablic) . '
,

t

[ Note: 'Ihomas G. McCreless was the l'esignated Federo.1 2plcrfw
for this portion of the meeting.] . - i

/.

(For background information regarding this discussion', see Appen-
dix IX.)

-
.

A. Introduction

D. Bunch, NRC Staff, briefly reviewed the recent work to '
identify better ways to compare alternate nuclear power plant
sites. He noted that in a letter dated Twcember 10, 1975, % e
Cmmittee suggested that the NRC Staff explcre the use ofi the
reactor safety consequence model in an attempt to devise better
figures of merit for the site evaluation process. The NRC Staff's
objective was to describe at this meeting the results of the
efforts which were initiated after receipt cf the letter.

B. Reactor Safety Study (LSS) Consecuence Model -

,

J *

R. Blond, NRC Staff, discussed the applicability off the RSS.

Consequence Model, CRAC-code, for evaluation of the envirs.tnent
impact of potential reactor accidents. He discusst.$ the limita-
tions of the CRAC-code, described the code, discussed he parame

- ters by which environmental impact is descrit<-c. ochented the
schematic outline of thi CRAC-code, discussec cne si.e' data
requirements necessary for analysis by the'CRAC-code and -.e arras!
in which the CRAC-code is effective, ard outlined thc: Jesearen' /

program for improvement of this method (see Appencixf X) . *

- |
Mr. Isbin asked whether the m ter pathway in some cases, that

is through a flowing aquiitt, does not produce consequenc2s at
least as serious as an air re2aase of radioactive material.
Members of the NRC Staff offered their opinion that the conse-
quences frcxn the air release are more serious, but members of the.

, Comittee disagreed with this characteri?.ation.

C. Use of RSS Consecuence Model in Site Revhws

D. Bunch discussed the environmental reviews required under
the National Environmental Protection Act (NEPA). He discussed
current NRC practices with respect to NEPA reviews, the safety
aspects of alternative site reviews, the major ir ors influencing
consequences of accidental releases, exampic : of methods of
cmparing alternative, sites, estimates, at varica probabilities,
of early fatalities'f r one reactor, comparisons of relative9

5
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Class-; consequences at five alternate sites, an economic compari-
son of residual accident risks, and possible applications of the
CRAC-code (see Appendix XI).

In answer to a question of why core-melt is not considered by
the NRC Staff in it.s safety analyses, H. Denton said that the
safety analyses and reviews followed the standard review plans.
The NRC Staff is not presently addressing this question in the
safety review, but does consider total risk in the environmental
revicw.

In answer to a question, D. Bunch said that the presentation
given here to the Committee was essentially the same as that given
recently to the Ccrnmissioners.

IV. Meeting with the NRC Staff on the Interagency Nuclear Task Force
(Open to Public)

(Note: Ragnwald Muller was the Designated Federal Employee for this.
portion of the meeting.]

S. Meyers, NRC Staff, discussed tne history and organization of '

the Interagency Nuclear Management Task Force, noting that this
.

effort was initiated by the President, and has been directed to
provide a policy statcment to tha White House by September 15, 1978.
I :'W1y, the following depart: ents and agencies were involved:
DL S , of State, Dept. of the I.v arior, Dept. of Transportation,
Det. of ETergy, Office of Manage.mer.: and Budget, Council on Envirr.-
menu Quality, Environmental Pro:stion Agency, Office of Scie.ce
and Technology Policy, Domestic Fohcv Staff, and National Security
Council. NRC was purposely omittec frxt this task force on the .231s
that a regulatory agency shculd not m involved in the developmer.: of
a national policy for the disposa; a waste. NRC disagreec with
this concept, contacted the Dept c. Energy, and has since ceen
included in the task force on a ner.ioting basis. Three add.rional
organizations, NASA, Arms Control and Disarmament Agency (ACU ; . and
the National Governors Conference requested inclusion in t:. Task
force; NASA and ACDA were added, but it was believed that th: .:res-
ence of the National Governors Conference would be inappropriate for
the setting of national policy.

S, Meyers stated that as of this date, three meetings have been
held, April 5, 20, and June 1. Three goals have been enunciated:

e development of a Presidential policy, similar to that on spent
fuel,

6
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e a public announcement explaining the problems and proposals, and

e a legislative package.

Six active working groups have been established to address what were
considered to be major issues, ano agencies have been assigned to
take the lead in these areas:

e Alternative Strategies - Office of Science and Technology
Policy

e Federal Involvement, including standards and licensing, owner-
ship, management, etc. - EPA,

e Transportation - DOT,

e Defense Waste - DOE,
.

e Spent Fuel Charges - OMB, and

e International Aspects - Dept. of State.
~

-

The Standards and Licensing Group noted above was further broken
down into the following subgroups:

o Iow Ievel Waste,

e Mill Tailings,

e Decommissioning and Decontamination.

NRC personnel are involved in all tnree of these s'.bgreups, as well
as with high level waste which is being considered by the Alternative
Strategies Working Group.

Meetings are planned with interest groups, and dixussions are
planned to inform the public, including scheduled meeti.*.ts in Boston,
Denver, and San Francisco. NRC is taking the lead .n developirq
relationships with State governments. The nonvotino status of the
NRC and the Task Group, has presented no problems as yet, since no
votes have been taken. NRC is participating as fully in the Task
Force as any other group.

Mr. Moeller suggested that the Ccmnittee be provided with the
reports of the Task Group.

7
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It was the consensus of the Ccrnmittee that the igressions
it had received at the 217th ACRS meeting, at which time it was
cory 1uded tnat the participation of the NRC in the Task Force was
inadequate, was erroneous.

V. Meeting with the NRC Staf f on Recent Licensing Actions, Recent
Oce:a .tng Excerlence, Generic Matters Related to Lignt-Water
Reactors, and Future Agenda (Open to Public)

(Note: Richard P. Savio was the Designated Federal E=ployee for
this portion of the meeting.]

A. Oconee: Safe Shutdown Heat Renoval System

M. Fairtile, NRC Staff, said that he had kept proprietary
information to a minimum in his presentation, and had 'limi.ted
it to a single slide. [ Note: The meeting was closed to the
public for the presentation and discussion of this slide. ' Tliis
one page of the handout will not be provided with the Appendixes
made available to the Public Doctment Rocn or to copies provided
outside of ACRS.] He discussed a Licenree-procosed safe shutdown

- system conceived as a backup core heat renoval system, independent
of other heat removal systems, for the three units at Oconee. The
systern functions by maintaining adequate reactor coolant system
coolant "olume and steam generator secondary side cooling volume.
The system will have a dedicated diesel generator multi-volume
tank, a < - d-c power distribution system and the needed d-c power
supply, all housed in n building separate from the rest of the
plant. The existing reactor protection systera, includire the trip
function control systems and related instrumentation, all remain
unaffected by, and independent of, the proposed safe shutdown
system. The proposed system is still in a conceptual stage, and
the status of the NRC Staff review is as follcws:

e 'Ihe proposal was presented by Duke Power Co. to the NRC Staff
on January 18, 1977.

e The system was formally submitted to the NRC Staff on
February 1,1978, and requested that this submittal be
withheld from public disclosure on proprietary grounds.

e Detailed requests for additional information was tra:umitted
to the Licensee on May 18, 1978.

e The NRC Staff anticipates that it will complete the review
in late June 1978.

8
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e Upon completion of the review of the concept, the Licensee
will proceed to a final design of the system, construction,
and testing, which will be acem,plished approximately 30
months after approval of the concept.

e The NRC Staff anticipates that, assuming no problems and NRC
Staff final approval, the system can be put into use approx-
imately December, 1981.

The NRC Staff believes that this system is a desirable augmenta-
tion of existing plant systems with regard to security, fire
protection, and turbine building flooding, and that the Licensee
should be encouraged to complete the system. (5'or details of the
system, and background information, see Appendix XII.)

In answer to a question, M. Fairtile said that the Licensee
plans to install a separate, independent, augmented safe shutdown
system for each of the three units at Oconee.

In answer to a question, M. Fairtile said that the Office of
Standards Development would be consulted with regard to the con-

,

sistency of this proposed system with respect to current Regula-
tory Guides and standards.

In answer to a question regarding some design details,
M. Fairtile indicated to the Committee that at this time the
design is trerely conceptual, and that the details of the design
are not available. However, he assured the Ccrrnittee that the NRC
Staff would not permit a piping arrangement with respect to the
spent fuel pool, from which the makeup water supply for the
proposed safe shutdown system will be .obtained, that could permit
the drawdown of the spent fuel pool below the level of the tops of
the stored spent fuel assemblies.

M. Fairtile said that this system is being proposed to pro---

vide an alternate means of maintaining a safe shutdown for all
three units without taking any damage control measures for
accidents or failures within the plant. However, this system is
not designed to handle IDCA conditions.

B. Skagit: Reevaluation of Related Geological Faults

C. Stepp, NRC Staff, informed the Ccmittee that this presen-
tation would deal with the NRC Staff's interpretation of the
Shuksan Ihrust Fault, the earlier interpretation of w:.ich is now
being c a llenged. He said that in the earlier interpec:ation, the

9
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'Ihrust was considered to have been cut off from its roots which
are on the eastern side of the Cascade Mountains, and therefore
are no longer involved in the current tectonism. He said that
further investigations have clearly shown that this fault is not
capable within the meaning of 10 CFR 100. 'Ihe NRC Staff believes
that it presents no hazard to the plant site from earthquake or
fault movement activity. He discussed the surface rocks and
subsurface geology of the area to support his conclusMns. The
NRC Staff concluded that the Devils Mountain Fault is the major
tectonic item in this area, and that it is controlling for the
Skagit site. He also offered the opinion that J. hhetten's
analysis and interpretation of the existence of the fnuksan Thrust
Fault is in fact merely academic, hhether his interpretation is
correct or not does not affect the conclusion that the Shuksan
Thrust does not provide an earthquake potential. The current
additional NRC Staff study is beirg carried out to satisfy certain
legalisms.

In answer to a question, C. Stepp stated that the Skagit
plants are designed to meet Regulatory Guide 1.60, and are de-
signed to accept a safe shutdown earthquake with ground accelera-

.tion of 0.35g. That acceleration embraces an earthquake of
Richter magnitude 7.5 with an epicenter approximately 20 ica : rom
the site, which translates to an intensity of MM VIE :c IX. us
design also embraces earthquakes of lesser intensity ro macnuude,
so that if some new small faults were found active, it woulc not
necessarily imply that a design to a higher ground acceleration
would be required. He was of the opinion that the dimensions of
the Devils Mountain Fault are such that it is unlikely that faults
will be found in that region that would require a change in the
current Skagit design. (For geological maps used in this presenta-
tion, see Appendix XII.) .

C. Watts Bar, Secuoyah, and Bellefonte: Review of Seismic Design

(For background material leading up to the evaluation of Sequoyah,
Watts Bar, and Bellefonte, see Appendix XIII.)

W. Gamill discussed the NRC Staff's reevaluation of the
seismic adequacy of the designs at Sequoyah, Watts Bar, and
Bellefonte, including the objectives of the Reevaluation Working
Group, its plan of action, the possible approaches to the seismic
issue, methods to reevaluate the intensity of the SSE, reevalua-
tion of the response spectra associated with the SSE, reevaluation
of the design margins for the SSE, reevaluation of the OBE,
probabilistic evaluation of the seismic risks, and recocmended
acproaches (see Appendix XIV). He noted that this reevaluation

'10
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was initiated because of the general increase in seismic design
requirements that have been adopted since the safety analyses were
made for these three plants.

After much questioning, W. Gammill offered the opinion that
the extrapolation of a historical earthquake record to larger than
historical earthquakes is a ratter of judgement.

Mr. Siess requested that the NRC Staff prcvide him with a
list of additional plants, if any, for which it was requiring
similar seismic design reevaluations.

D. Indian Point: Seismic Reevaluation

C. Stepp, in his introduction to this discussion, placed the
Ramapo Fault question into its historic perspective. He said that
the question concerning the earthquake activity or capability of
the Ramapo Fault was raised as early as 1974 by the State of New
York. The NRC Staff responded at that time by writing a supple-
ment to the SER for Indian Point, which is Appendix C to the
Final Safety Analysis Report for Indian Point, Unit 3. Tc.e NRC
Staff concluded in that report that there was no evidence that the
Ramapo Fault is capable within the meaning c- 10 CFR 100. =r-ever,
the NRC Staff recognized that some micrL:thquakes hava Seen
associated, at least geographically, with .ne Ramapo Fan- in
the historic record, and it was suggested enat the questi::n was
still open. Subsequently, a consultant to the Licensee, Dr.
Radcliff, in his mapping of the Ramapo Fault determined that the
Indian Ibint Unit 3 is located very close to the mit. That
mapping precipitated a very extensive additional 1..'stigation,
including the establishment of a microearthquake monitoring
network consisting of 11 stations, closely centereo around the
plant. 'Ihe second part of that study was a geolocic structural
investigation of the fault itself, to determine all of the ele-
ments of the fault zone to estaclish which of the faults had the
most recent movement. 'Ihe elements of these faults were dated.
Movement on the faults was dated by taking mineral asserrblages
from the fault zones, and dating these assemblages. The NRC Staff
concluded on the basis of this examination that none of the faults
have moved in the last seventy million years. This seventy
million year period corresponds approximately to a known general-
ized thermal event for the eastern United States, which brought
hot mineralized waters to the near surface. These waters penetra-
ted fault zones, and the minerals that formed in the fault zones,
because of the event, formed a basis for dating the final movement.
No evidence has been found, based on geological data, that this

11
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fault is active. Nevertheless, there is a higher level of earth-
quake activity in the vicinity of the Hudson Highlands than in the

i nearby adjoining Appalachian Mountain region. The explanation for
this activity is currently unknown. This whole question was
litigated at length by the Atomic Safety and Licensing Ippeal
Board, and it was concluded that the fault is not capable wibh
the meaning of 10 CFR 100, and the extension of that conclusion 12
that there is no basis for continuing the monitoring network.

J. Kelleher, NRC Staff, discussed the paper published t-

Science, Vol. 200, April 28,1978, by Y. p. Aggarwal and L. .i.
Sykes. (For the Aggarwal and Sykes report, ard additional ecm-
ments on the seismicity of Southeastern New York and Northern
New Jersey, see Appendix XVII; for ACRS consultant's comments on
the Aggarwal and Sykes paper, see Appendix XVIII; for NRC Staff
data on the Ramapo Fault, See Appendix XIX.)

E. Davis-Besse: Orifice Rod Assembly performance

S. H. Weiss, NRC Staff, discussed the general problems
encountered in Babcock and Wilcox reactors with respect to burn-

able poison rod assemblies and orifice rod assemblies. In March, .

. _ . . _
1978, the NRC Staff was notified that at Crystal River, Unit 3,
two burnable poison rod assemblies failed. He described the
core configuration, identified the s :en locations where control
rod guide tubes are placed, and i. .td that in some of these
locations, burnable poison rods were substituted for control
rods. He described the control rod design and the burnable poison
rod design, noting that there was a different coupling mechanism
used for the burnable poison rods, because these rods are not
movable. The burnable roison rods are used at the beginning of a
fuel cycle, and then .ne replaced with orifice rods. These
orifice rods are insert" to control flow through the control rod

guide tubes. He then weribed the design of the otifice tubes.
When notified of the problems with the burnable poison rods
encountered at Crystal River, Davis-Besse proposed that they
inspect their burnable poison rods, which at this time were
approximately one-third consumed, and offered to replace worn
burnable poison assemblies with orifice reds. On May 22, the NRC
Staff was notified that Davis-Besse was encountering handling
problems in the retroval of the burnable poison rod and orifice rod
assemblies, and they found wear on upper end fittings of fuel
assemblies that held either the burnable poison rod or orifice rod
assemblies. Babcock and Wilcox anticipates that it will complete
the bspection at Davis-Besse by June 15. In the interim, Babcock
and Wilcox has recomended to operators of their plants that two

12
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pung operation be minimized, and that the clants be monitored
closely for loose parts. 'Ihis matter is being reviewed by the NRC
Staff. (For background material on the B&W orifice rod assembly
failures, see Appendix XX, for details of the NRC Staff presenta-
tion, see Appendix XXI.)

F. Connecticut Yankee: Behavior of Boron Carbide Burnable Poison
Plates in the Storage Rack of the Soent Fuel Pool

W. Russell, NRC Staff, stated that the current problem
is caused by a buildup of gas pressure in the double wall can
in which spent fuel elements are stored in the spent fuel pool.
In this double wall, boron carbide plates are inserted. Gas pres-
sure caused the canning to swell, reduced the clearances for the
stored fuel, and three fuel assemblies became stuck. Measurements
were taken in the fuel pool, and swelling was found occurring in
assemblies which had been discharged earlier. It appears that the
anount of swelling is directly related to the radiation exposure
in the spent fuel pool. The Licensee plans to fix the problem by
drillirg vent holes in the can walls. (For details of the config-

uration of the spent fuel pool racks, and the design of the can-
ning, see Appendix XXII.) .

G. Basis for the Combination af Seismic and Other Dynamic Loads

.

R. Mattson, NRC m ff. ad that he would attempt to give the
Comittee a status re ort er. tne NRC Staff's endeavor to write a
White Paper on where, now, S.c why loads are c%ined for safety
analyses. He suggested that crogress on this White Paper would be
slow because of the shortage of manpower resources. He said. .ow-
ever, that the NRC Staff has many ongoing activities in whicn toad
corrhinations are an important element. He suggested tha- .ne
Cat.;ttee permit him to treat these activities as they bear on .ne
load combination question, rather t 7 restructuring the NRC Staff
to answer the general question on .oad combination. He noted
that he was not prepared to provide any real answers at this time.
Rather, he identified the pertinent items in the General Technical
Activities Program, licensing activities, topical report reviews,
and similar areas of endeavor to show where there are interactions
with this question. He discussed the matter of load combinations
from the historical point of view, stating that they were devel-
oped fran an interpretation of General Design Criterion 2. GDC 2
requires that Iceds be cmbined appropriately. A second reason tor
combining loads ay be to provide conservatism to cover failu:2
caused by undeti.ted flaws during the design earthquake, or In a.
In canbining loaos, responses are also being combined. One way to

13
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combine loads is the absolute or linear sumation of peaks.
Another means is the use of the square roo sum of the square
method, which method is currently beirg argued by General Electric.

Mr. Bender questioned the logic of the approaches described,
noting that loads were being combined for certain systems, but
not for others. He noted, for example, that failures were not
considered for seismically qualified electrical structures.

R. Mattson replied that the basic reason underlying that
logic is that the failure of mechanical equipnent in the primary
system leads directly to a I4CA, whereas the failure of electrical
equipaent because of an undetected flaw does not lead to a IDCA.
He said that it is not a question of agreement with the method,
that what he is explaining is merely the rationale for what is
being done. Most of the arguments for orbining the loads, and
determining where the combinations will take place, are matters of
engineering judgment. He noted that GE has proposed, and the :.;C
Staff is proceeding with a review, a method for demonstratirn ne
time phase relationship of the dynamic loads occurring within .ne
pressure suppression pool. Their review will be occurring over a
one or two year period consistent with the Shoreham, LaSalle, and
WPPSS reviews. He said that in the case of Diablo Canyon, the NRC
Staff is applying the interim approach, which the staff believes
to be defensible on the basis of safety. In this seismic reevalua-
tion, the absolute sumation of the peaks was required for combin-
ing the SSE and IOCA loads. Mr. Bender questioned br'lt the logic
and the methcds which were being described.

In answer to a question regarding the level of attention
oeing given to the criteria for failure, J. Knight, NRC Staff,
said that if the question deals with the physical realities when
postulating failures, no attention is being given to the criteria
for failure. This leads to extremely conservative positions.

H. Skagit: Destruction of the Meteorolooical 'Ibwer

R. Woodruff, NRC Staff, informed the Ccamittee that on the
evening of May 29, the meteorological tower at Skagit collapsed.
The Applicant believes that this was an act of sabotage, and was
directly caused by the loosening of four turnbuckles in the guy
wire. At this time, there has been no construction at the site,
there are no security measures being taken at the site, other than
a caretaker who resides at the site. The FBI has been notified,

as has the City of Seattle and the State of Washington.*

14

.

-p-. . . _ .. . . . . - - - . - . . . . .



~ j* *
_ ._

.

-
e

1.:

MINUITS OF '[HE 218'IH ACRS MEETING JIME 1-2, 1978

I. Future Agenda

The Committee agreed upon a tentative future schedule for the
review of cases (Gee Appendix II).

.

The Committee and the NRC Staff agreed, because of the
originally proposed heavy load for the 219th ACRS meeting, and
because such slippage would not affect the schedule of the licens-
ing procedures, to defer consideration of Davis-Besse, Units 2 and
3, until the 220th ACRS meeting in August.

VI. Executive Sessions (Open to Public)

[ Note: James M. Jacobs was the Designated Federal Employee for this
portion of the meeting.]

A. S @ = ittee Reports

1. Regulatory Activities

Mr. Siess, Subect ntttee Chairman, said that the Subcomit-
tee has reviewed prooosed Regulatory Guide 1.133 (Rev. 1) ,
Loose Parts Detection Program for the Primary Systems of

,

Light-Water-Cooled Reactors, and recommends that this Guide
be referred to the Power and Electrical Systens SiLWittee
(formerly the Electrical Systems, Control, and Instrumentation
L h ittee) for further review. 'Ihey further recommended
that upon such review, the Guide be referred back to the
Committee for its ccatments. The Cmmittee concurred.

Mr. Siess also noted that the S@=ittee recommended
that the Ccramittee concur in the regulatory position of Regu-
latory Guide 1.136 (Rev.1), Material for Concrete Containments.
The Ccx::mittee so concurred.

2. A' INS

Mr. Kerr, S'1Wittee Chairman, reported on the Subem-
mittee meeting held on May 26, 1978, at which discussion of
the NRC Staff report, NUREG-0460, Anticipated Transients
Without Scram for Light-Water Reactors, was discussed. He
noted that additional meetings have been r,cheduled for July 13
and August 1, to continue discussions on this subject with
vendors, plant operators, and prooably the Atomic Industrial
Forum and Edison Power Research institute. In addition, the

NRC Staff has been requested to . xe a presentation at the
220th ACRS meeting; and plans reave been made to schedule
presentations by representatives of vendors and perhaos others
at the 221st ACRS meeting.
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Mr. Kerr recalled that in NUREG-0460, the NRC Staff-

concludesthatanappropriatevagletoassumeforthefrequency
of an AINS event is about 2x10 per year. This is based en
the NRC Staff's conclusion that the unreliability of shutdos--
systems is about 3x10 *, and that there are about 6 antici-
pated transients of concecn per year. The NRC Staff has
established a goal of 10 " per year for ATWS events that-

contribute to core-me3t. Based on this goal, and the NP
Staff's asse ntion about AINS frequency, they have conc 1c *:
that a mitigating system or systems is needed in order to
resolve the problem. In order to achieve the goal, asst: ming

mately 10-yients a year, requires a frequency of approxi-
about 10 tr

*

per year, if one depended upon the shutcc in
system alone for safety. Mr. Kerr noted, however, that the MC
Staff's conclusion that the frequency of an AIKS would be ; :

-4the range of 10 per year, is based upon only one ca a
point, and that ntr ber is not consistent with the one da:
point. This data point was based upon the Kahl reactor .
Germany. While the Staff reaches these conclusions usin-
probability calculations, it does not propose that the fix v.
judged by probability considerations. It proposas, rather.
that the AIES become a design basis accident. Mr. Orr conclu- -

ded that this form of designation will require a - .e makinc
hearing and proceeding, and that the NRC Staff is ac mmendinc
that this hearinc' be held, ac ;iat an approvea evaluation
model, which dese es scenarios at would acccr: zany the Aih3
events, be conside- 1. Mr. Ker: efered the opinion that this
problem is beccraing more difficul_. It involves something of a
logical inconsistency in that one demonstrates that a problem
exists by using probabilistic considerations, but does not use
these same considerations to conclude that a fix has been
reached. This does not cause difficulty if it can be demon-
strated that a fix is indeed a fix. (For additional details,
see Appendix XXIII.)

3. Vermont Yankee

Mr. Isbin, Subccanittee Chairman, recalled for the Ccanmit-

tee that the Vernent Yankee Nuclear Power Station utilized
a Mark I containment, and that the ' operation of this contain-
ment was considered in the ACRS letter of March 12, 1976.
Progress in the long term containment program is being moni-
tored by another ACRS subccanittee. During the interim period,
the ccanit:nent by Vernent Yankee remains that no structural
part has a factor of safety of less than 2, and by the time the
long term program is ccxnpleted, in 1981, the factor of safe .y
will be 4.
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Mr. Isbin said that the Comittee had been provided an
historical account of the position of the Cacittee regarding
the desirability of having the containments of the BiGs of
this vintage inerted. An Atcnic Safety and Licensing Appeal
Board Hearing resulted in the ruling requirits that the Ver-
mont Yankee contairrnent not be inerted. The claimed advantage
of a non-inerted contairrnent has been that it would provide an
increased ability to enter the contairrnent for the location,
evaluation, and isolation of system leaks. For the first
time, the ACRS has received a report of the experiences where
such entrances into the containment, even with tne reactor
operating at a rather high power level (75%) were rade. So.e
ten entries rade since 1975 were su=arized, and the teneficial
effect of having a deinerted containment was a'co su=arized.
(Mr. Isbin could not say with certainty whether the cresden
2/3 and Quad Cities 1/2 have qualified for deinertire, basec
on the latest interpretation of Regulatory Guide 1.7.) 4

reccramended that the Ccr.nittee should schedule a report f::m
the NRC Staff on this ratter.

Mr. Isbin noted that the Licensee does ret consider a
loose-parts monitoring system as an aid in sa:1:y. He sug-

gested that the Ccr:nittee request the NRC Staff to provide a
,

report on the status of their review of the GE T0pical Report,
NEDO-10780-5, Develo:rnent of Vibration Monitcrine Systers for

Light-Water Nuclear Reactors.

Mr. Isbin reported that during the 1977 inspection no
cracking was observed in the feedwater nozzles and control
rod drives. 'Ite NRC Staff does not plan an inspection at the
next fuel outage in September or October,1978, but does plan
an inspection in 1979. He noted that there have been no
residual problers with snubbers. Mr. Isbin noted tnat the
generic items of the Bim recirculation pump potential for
overspeed is still under rev: _ - cy the NRC Staff. Gem.ral
Electric sutnitted a report in May, 1978, which clairs t--- a

decoupler is not needed. Mr. Isoin reccc:nended that a r. t

from the NRC Staff be scheduled regarding their evaluatica of
this GE report.

Vermnt Yankee is in its fifth fuel cycle, and there-
fore has conducted five initial startups. The NRC Sta:
reported its monitoring of t .e startups to the Subecenittee.
Mr. Isbin noted that for rany years ACES has been requestir,:
the NRC Staff to prepare criteria relating to fuel reloads.
Be suggested that the h twe request that the NRC Staff

17
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brief the Comittee on this matter. With respect to Vermont
*

Yankee, no unusual problems or concerns were identified. A
control rod has been recoved from the reactor for testing and
examination, and the Comittee should request a report on the
results of this examination.

Mr. Isbin noted that the Licensee has not yet provided a
recirculation pump trip for additional protection in the
unlikely event of an ATWS. While the Licensee has made a
comitment to install such a system if it is proven necessary,
they remain unconvinced that such an installation is needed.

Mr. Isbin recalled that the original 7x7 GE fuel had a
number of problems which were overcome by the improved 7x7
design, and later by the 8x8 design. Currently there is no
indication of any fuel leaks. Fuel channel performance has not
been a problem, but there were earlier problems of bypass
flow-induced vibration of the poison curtains, which are no
longer used. Bypass flow has now been provided by small holes
in the lower tie plate, which has reduced flow vibration of the
low-power radiation monitors (LPFds) . He noted that there is a
continuing program of inspection of fuel channels; and the -

ultimate lifetime has not yet been established.

With respect to in-core instrumentation, Mr. Isbin noted
that the traversing in-core probes (TIPS) ham an average life
time of about two years, and that the Licensee replaces the
LPRMs at a rate of about 13 out of 20 per fuel cycle.

Mr. Isbin noted that the Vermont Yankee has doubled the
capacity for cpent fuel storage, and additional expansion
will be completed before 1980, providing approximately 2000
cavities, representing an expansion of about 4 times. Se
safety aspects have been extensively reported by means an
NRC Safety Evaluation Recort, and in the ASL3 proceedings .te
Subcomittee received an appeal frce Diana P. Sedebotnc9 :n
behalf of a coalition that had been an intervenor to the .a.::.3
hearing. The coalition is concerned about the ultimate ca -
posal of the spent fuel. Mr. Isbin said that some additions;
remarks were made in conjunction with the Mark-I containment.
He requested that the ACRS Staff review the statements and
determine whether follow.-up through the Ccxt:cittee is warranted.

Mr. Isbin noted that some recommendations were made by the
Licensee at the Subcomittee meeting for increased participa-
tion in licensing reviews (see cependix XXIV).

18
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~4. Radiological Effects and Site Evaluation

Mr. Moeller, Subcomittee Chairman, noted his concern over
the tone of the reported NRC Staff's briefing of the Ccanission
relating to the CRAC-code, and said for that reason, he had
requested that the NRC Staff brief the Ccunittee on the CRAC-
code (see item III preceeding).

[ Note: After the NRC Staff presentation to the Ccanittee, Mr.
Moeller noted that his concerns have been satisfied.] He also
noted the inadequacies of the CDAC-code:

o inadequate for distances beyond 25 miles,

o inadequate for sea coast sites, and

o inadequate for river valley sites.

Mr. Isbin suggested that the Ccmnittee should consider,
and attampt to develop a collegial opinion, at the 219th ACRSe

meeting, regarding the use of Class-9 accidents in safety and
~environmental evaluations.

,

Mr. Moeller agreed to redraft a proposed letter, regarding
the use of Class-9 accidents for corrparative site analysis, for
consideration by the Ccxmnittee at the 219th ACRS meeting.

B. Report on Meeting of the International Commission on Radiolocical
Protection, Stockholm, May 22-7, 1978

Mr. Moeller briefly discussed his report on the meeting of
the International Ccxnnisssion on Radiological Protection, held in
Stockholm, Sweden, May 22-7,1978 (see Appendix XXV) .

C. Reorgt.nization of ACRS Generic Subcomittees

The Committee approved the proposal to reorganize the ACRS
Subcorrnittees and Working Groups into ACRS Standing and Ad hoc
Soccommittees as proposed by Mr. Siess (see Appendix XXVI) The
Ccanittee agreed that the subcommittee chairmen assignments, for
the Standing and Ad hoc Subcommittees as appropriate, be reviewed
annually to consider rotation of these assignments. It was fur-
ther agreed that the ACRS Executive Director and the Chairman may
review the actual assignments on the Generic Subccanittees and
make adjustments as appropriate.
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D. Ism-d ent to ACRS Bylaws

The Cmmittee agreed to consider, at the 219th ACRS meetirg,
a proposed change to the ACRS Bylaws providing that the presence
of at least two ACRS Members would meet quorum requirements to
begin ACRS suhmanittee meetings.

E. Reevaluation of ACRS Generic Matters Acolicable to Light-Water
Reactors

The Cmmittee agreed to a review, as proposed by Mr. Bender,
of those generic iters listed as resolved and resolution pending
to determine if changes are appropriate (see Appendix XXVII). It
was also agreed that the Generic Iters Subcommittee will review
the implementation that has been rade of resolved generic itecs.
Unresolved generic issues will a assigned to the appropriate
generic si1Wittee to work tvward resolution of the matter.

F. 91Wittee Activities

1. Indian Point - Seismic ,

.

The Cm mittee recuested that the ACRS Staff should try to
arrange for presenta-ions by Drs. Aggarwal and Sykes to
explain their papers .cgarding the seismicity of the Ra:rapo
Fault. A joint meet.ng of the Seismic and Indian Point 3
Subcomittees is sene:aled for June 16, 1978.

2. General Electric 'Itst Reactor - Seismic

A joint meeting of the General Electric Test Reactor and
the Seismic Subcommit:ees is scheduled for July 21 and 22,
1978 in San Jose, Cal d arnia. Seismic matters relating to the
GETR will be considere:. (For background, see Appendix XXVIII.)

3. Future Schedule

A schedule of future ACRS snhittee meetings and tours
was distributed (see Appendix XXIX).

4. Reactor Operations

The Comittee agreed that the Reactor Operations Subecm-
mittee should consider, at its June 8, 1978 meeting, the NRC
system for review of IIRS as well as the Nuclear Power Reactor
Data System (NPRDS) .

20
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G. Source Terms Used in Accident Analyses

The Committee agreed to continue, during the 219th ACRS
meeting, its consideration of a letter to NRC regarding the source
terms to be used in accident analyses.

8. Review of Department of Energy Facilities -

Mr. Moeller suggested that the ACRS should give more active
consideration to its periodic review of Hanford and Savannah Rive.-
facilities. It was noted that former NRC Chairran Anders had mace
arrangements with ERDA (DOE) for the ACRS review of their facili-
ties. [ Note: An update of the SAR for the Hanford-N reactor will
be provided to the Cmmittee by June 30, 1978. This will provide
an opportunity to review the operating experience at the Hanford-N
reactor since the IEEt ACRS review.]

I. ACRS Reports and Ietters $

1. Maine Yankee Atomic Ibwer Station

The Carnittee advised the Car:nission that it believes that
there is reasonable assurance that the Maine Yankee Atomic
Power Station can be operated at power levels up to 2630 MNt
without undue risk to the health and safety of the public (see

- Appendix XXX) .

2. Ietter to Representative Udall

The Cmmittee approved a letter to Rep. M. K. Iklall, U.S.
House of Representatives, regarding the proposal for establish-
ing an independent quasi-judicial board to review accidents at
nuclear facilities (see Appendix XXXI).

3. Regulatory Guides

The Committee prepared a memorandum to the Executive
Director for Operations informing him that the Committee
concurred in the regulatory position of Regulatory Guide 1.136
(Rev. 1), Material for Concrete Containments (see Appendix
XXXII).

The 218th ACRS meeting was adjourned at 4:01 p.m., Friday, June 2,1978.

21

.

. . _ . _ _ . _ . . . . . . - . . . _ . . _. _



__
_ _ _ _ _

APPENDIXES
TO

MINUTES OF THE 218TH ACRS MEETING
JUNE l-2,1978

-

l
7 9 0110 0 3D3



f -

%

.

9

)

.

k
w



2181H ACRS Meeting Meeting Dates:
June 1-2, 1978

APPENDIX I

ATTENDEES

ADVISORY COMMITTEE CN REACTOR SAFEGUARDS

Stephen Lawroski, Chairman
Max W. Carbon, Vice-Chairman
Myer Bender
Harold Etherington
Herbert S. Isbin
William Kerr
J. Carson Mark
Dade W. Moeller
Milton S. Plesset
Chester P. Siess

ACRS STAFF

Raymond F. Fraley, Executive Director
Marvin C. Gaske, Assistant Executive Director
Herman Alderman
Andrew L. Bates
Paul A. Boehnert
Sam Duraiswamy
Elpidio G. Igne
James M. Jacobs
!brton W. Libarkin
Richard K. Major
Thomas G. McCreless
John C. McKinley
Robert E. McKinney
Ragnwald Muller
Gary R. Quittschreiber
Jean A. Robinette
Ricnard P. Savio
Hugh E. Voress
Robert L. Wright

.

8-/



. .
,

NRC ATTENDEES

218TH ACRS MEETING - 6/1/78

Nuclear Reactor Reaulation Div. of Operatino Reactors

L. Olshan E. G. Adensam
G. Cwalina S. H. Wiess
D. Kers B. Grimes
J. Roe R. W. Reid ,

F. J. Williams, Jr.

J. A. Martin
C.R. Van Niel ORB 4

R. H. Vollmer C. Nelson

RESEARCH HMB

R. D. Salva J. E. Fairobent
R. Blond E. H. Markee.

'

Div. of Systems Evaluation DFC

W. Nischan S. lieyers
D. Bunch
H. Denton

.

O

e

- - c



.

APPLICANT ATTENDEES
,

218TH ACRS MEETING - 6/1/78

%

Yankee Atomic Electric

Joseph Laznow
Peter S. Littlefield
Stephen P. Schultz
Donald B. Pounder .

John H. Garrity
Paul A. Bergeron
James Brinkler ,

John Hanour
George M. Solan
Wendell Johnson
Robert Shome
John D. Stefano

-

a

f)-/-b
-



PUBLIC ATTENDEES

218TH ACRS MEETING
JUNE 1-3, 1978

Thursday, June 1,1978 A.M.

R. B. Borsum - B&W - Derwood, MD
Andrea Fleischer - Capital Broadcast News - Washington, DC
David Gitlitz - Business Publisher, Inc. - Silver Spring, MD
Harry H. Hersey - UCS - Alexandria, VA
Steven H. Hueberle - Senate, Environmental and Public Work Committee
B. A. Maguire - Ramco - Vienna, VA
T. E. Potter - Pickard,Lowe, Garrick, Inc. - Washington, DC
Michael Rankin - Capital Broadcast News - Washington, DC '

R. E. Schaffstall - GE - Reston, VA
Gary Thomas - Bangor Daily News - Washington, DC
Keith Woodard - PLG - Bethesda, MD

P. B. Haga - Offshore Power Systems

.

t

a

/h?- / ci-

:- =, .



NRC ATTENDEES

218TH ACRS MEETING - 6/2/78

Div. of Project Management DSE

J. Kelleher J. C. Stepp
D. B. Vassallo D. R. Muller
F. J. Williams T. Bennett
R. P. Denise W. P. Gammill
J. F. Stolz L. Retler
H. Rood
H. Silver Div. of Operatino Reactors

R. M. Reid
Div. of Systems Safety H. J. George *

E. Brooks M. B. Fairtile
J. Knight A. Schwencer
D. Jeng S. Weiss
M. Houston J. Knight
S. Chan B. C. Buckley
I. Sihweil T. V. Wambach
J. Rajan

Standards Development
G. Robbins Office of Standards DeveT5pment

E. Imbro
P. Sobel

Inspection & Enforcement
R. W. Woodruff

ORB-l
W. T. Russell

_

LPM

I. A. Peltier
.

O

.

.

y, -
,: 7.



.

\ -
.

PUBLIC ATTENDEES'

218TH ACRS MEETING
JUNE 1-3, 1978

'

Friday, June 2, 1978 A.M.

C. B. Brinkman - CE - Bethesda, MD
K. S. Kanady - Duke Power - Charlotte, NC
Joyce P. Davis - Con Edison - New York, NY
Victor C. Gonnella ' Con Edison - New York, NY
Gustaaf V. Giese-Koch - TVA - Knoxville, TN
W. Walter LaRoche - TVA - Knoxville, TN
J. E. McEwen, Jr. - KMC, Inc. - Washington, DC ,

Jim McIlvaine - Bechtel - Frederick, MD
T. C. McMeekin - Duke Power - Charlotte, NC
C. R. Morgan - TVA - Knoxville, TN
James E. Mecca - Puget Sound Power & Light - Kirkland, WA
Robert Maum - Carborundum Co. - Lewiston, NY
Tom Statton - Woodward Clyde Consultants - Upper Montclair, NJ
R. E. Schaffsta11 - GE - Reston, VA
Ralph H. Talmage - Bechtel - Petaluma, CA
Don Tocher - Woodward-Clyde. Consultants - Berkeley, CA
James L. Woods - Power Authority ' New York, NY
George Wilverding - Power Authority-State of NY - Flanders, NY
Mark R. Wisenburg - TVA - Chattanooga, TN

,

.

/9 4 L-

. :-.

.



6 .. .

. _

h

-

D
u
V
o
3
Q.
X.
-
eum

.

\
~

O

.



MPPENDIX II

ACRS FUTURE AGENDA

5/30/78

ACRS MEETING TYPE OF REVIEW REACTOR SER ISSUE
PROJECT REVIEW VENDOR DATE

JULY .

NEW ENGLAND 1 & 2 CP W 6/1/78
DIABLO CANYON 1& 2 OL W 6/1/78

6/1/78S8G SP -

INDIAN POINT 3 FULL POWER W

AUGUST

DAVIS BESSE 2 & 3 CP B&W 6/1/78
ERIE 1 & 2 CP B&W 7/3/78
RESAR-414 STD NSS W 7/3/78

7/3/78GETR RETURN TO POWER -

SEPTEMBER

8/1/78NORTH COAST ESR -

8/1/78FFTF SP -

OCTOBER

ZIMMER OL GE 9/1/78
SEQUOYAH OL W 9/1/78

NOVEMBER

SHOREHAM OL GE 10/2/78
BOPPSAR/BSAR-205 PDA B&W 10/2/78

.
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UNITED STATES

[ p, NUCLEAR REGULATORY COMMISSION
j ADVisonY COMMf7 TEE ON nEACTOn sAFEGUAnDs3 9

* g WASMNGT ON, D. C. 20555

.....

AI PIINDIX III

'

.

.

Dear
'

The atta~ched brochure describes a new fellowship program recently
authorized by Congress to assist the Advisory Committee on Reactor
Safeguards in carrying out its functions.

We would appreciate your assistance in bringing this program to
the attention c,f your doctoral candidates and post doctorals.who
may be interested. As you will note, most of the fellows will
be working in t.'ashirgton under guidance of the ACRS Members and
Senior Technical Staff. Those fellows h cated at colleges and
universities, which can provide the necessary facilities, will
require extensive guidance and direction in order to provide a
useful contribution to the activities of the Committee.

In this connecticn, 9:ork on the review of specific nuclear power
plant license applications will be limited for the most part to
analysis of the analytical methodology and technology applied to
the evaluTtion of nuclear facility safety.

If you nee.d further,information on the program, please call Mr.
Marvin C. Gaske at tre ACRS Washington office, tel. 202-634-1371.

./

R. F. Fraley;
Executive Director,
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APPENDIX IV
'

I.aine Yankee, Project Status Report

PROJECT STAIIS REPORT

BRINE YATE.E

DOCCr NO. 50-309

FACILITI EESCPIPTICN
.

1. Lccation: Lincoln Ccunty, >!aine
.

2. Nearest pcpulation center: ?!iscasset, 5'e which is abcut 3.9 miles
south of de p1=t.

3. Type of Reactor: ??!R - Ccsustion Engineering.

4. Licensed peter level: 2440 5*,1(t) .

5. Date Initial Criticality: Cctcher 23,19~2.

6. Date of Ccerercial Operation: rocerher 28, 1972.

7. Ctadenser cooling water scurce: 3ack River (Atitntic).
I8. Ccndenser eccling reded cace thrcuf..

9. Licensee: Sisine Yankee Atecic Pcwer Cc:pc:rf.
.

10. A/E 5 Constructor: Stene 5 ilebster.
'

OPERATING STAns

Plant continues at essentially 100 % pcwer. Centinucus pcwer n:n has new passei
about 225 days with ccpacity factor of 100%. Currently, the reactor core
contains cycle 3 relcad.

-PURPOSE OF SUSCC4IIu1:E BEETING
..

De purpose of the subccratittee =ceting is to review the Licensee request
to operate beycad the FSAR pcwer of 2560 M1(t) to 2630 5".1(t). The current
paver level of btaine Ynakee is 2440 !5f(t).

Note: 2560 is 2.74% above the curmnt pcwer level..

2630 is 7.4 % above the current paeer level..

EVALUATION
.

De NRC in its myiew to incmase pa<er (2630) has censidered the follating
items:

.

.
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PFDJECT STATIJS REPORT - MAINE YANKEE -2-

EVALUATION ( C:NTINUED)

1. Analysis of;tecidents ad trmsients.
.

2. Physics tests.
3. Fuel desigt
4. Ability of the pimt structures to acccanodate the incmasc.
5. Modifications of Sc Technical Scecificatiers. -

6. Pecent cperating histor/ of the plant.
.

He Staff Evaluation indicates that the results are acceptable.

RADIOLCCICI. CC'.'S ELT E S
.

The Staff review of the radiological censeqences of an accident is not
cc=plete. Tne Staff indicated that the review md dcct=entatien should
be cc:pleted en or before Febrt:rf 3,1978.

The problem in de radiological cc.seqmnces malysis arises with the value
of the calculated deses at the exclusien botndarf exceeding 10CFR Fan 100.
The Licensee, based en new x/q values cbtained during the last rJne ncn-hs,
md using a single c=mament =cdel, calculates de dese at de beu.darf
to be widin de limits of 10CE 100. The Staff using a different x/q
value, dm to different mthedology f en dat cf de Licensee and adjusting
the FSAR dcse calculaticn exceecs 14CFR 100 W t.

'

T e Staff md de Licensee are new efi .i g de malysis by using a t.;c
cercartant medel analysis which mquires additenal infor- atien frer. the
Licensee conceming sprrf characteristics e.g. , particle si:e , distributica,"

etc. With this information ad m agreed t: pen x/q value, a new dose value
at the boundarf will be calculated.,

The cutcom of the refined analysis may have the folicwing consequences.
1. The dose at the site bet:tdary at the present pcwer level of 240 =av

cxceed the 10CFR 100 li=it, hence coeratien at this lewl and at the 2560 or
2630 Mi cannot be authorized tnless =cdificaricns am made, either adminis-
trative or physical. At this time, this case has a distinct possibility of
occurnng.

2. The Licensee may seek a relaxation in the centainmnt leak rate defined.

in the Technical Scecification. Leak tests of the containmnt by the Licensee
indicate that the Tech. Spec. value can be :cduced by 505; with this re-
laxation in the leak rate, the applicent perceives that the dcse limits =sy
be within 10CFR 100.

3. Another pcssibility to reduce to botndary dosage would be to increase
the exclusion area.

.

ACRS CST.RIC ISSUFS
lite M diu not include a discussion of the ACPS generic isstrs. This matter
was discussed with the Staff and they.will be prepared to discuss the isstes
if asked by the Sthcomaittee. ,

''
-
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APPEt; DIX V
Maine Yankee: ACRS Consultant's Report

Mr. El Igne
Staff Engineer
Advisory Committee on Reactor Safeguards
United States Nuclear Regulatory Comission
Washington, D.C. 20555

Attached are my summary comments for the May 25, 1978 subcommittee hearing
on the application of Maine Yankee for permission to increase power level to
2630 MW(t) . If there are questions or_ omissions concerning my comments, please
call.

Thank you for your kind assistance to me before and at the subcomittee
meeting.

. y- -m.
Melv n W. First, S .D.
Professor of Environmental Health

Engineering

MWF:me

.
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Comments of M.W. First, Consultant,

on

The ?roceedings of the ACRS Subcommittee Meeting on the Request of Maine
Yankee Atomic Power Station to increase Power Level to 2630 MWt.

Dr. William Kerr, Chairman.

25 May 1978

In preparation for a request to increase power level, personnel of
Maine Yankee conducted a new safety analysis that differed from their pre-
operational safety analysis not only because of the higher power level used,
but also with respect to methodology to the degree that NRC's guidelines for
conducting such studies has altered in the interval of approximately 10 years.
The results of the new safety analysis show .at in-plant safety considerations
and the outside environmental consequences of a DBA will be changed so little
at the higher power level as to be negligible, and this conclusion has been
confirmed by the appropriate NRC staff members. This unexpected finding (at
least to me), is partly the result of the somewhat different analytical methods
now advocated by NRC and partly because of operating changes; more specifically,
increased coolant temperature, pressure and flow rate.

The newer methods that were used to compute the safety impJications associated
with a change to an increased power level have made it extremely difficult to
judge the significance of the proposed changes by reference te the older cal-
culations. As a consequence, it seems to me that the new safe ty analysis must
stand on its own as a definitive study without reference to th e older one. If
this is,indeed, the situation, it suggests that this new petition should be
reviewed with all of the thoroughness accorded the safety anal,rsis of a nes plant.
But, if this is not the situation, we must have heard much more about Maine
Yankee safety than we ever needed to know. The reason I am including this
item in my comments is that it is unclear to me what the basic issues are in
this proceedings, nor was I able to clarify this matter to my satisfaction by
my questions. Perhaps this stems from my lack of familiarity with established
ACRS procedures. Nevertheless, one wonders about the wisdom of asking for the
presentation of 15 man-years of wide-ranging technical effort (claimed by
Maine Yankee as their preparation time) in a time allotment of two hours.

On the merits of the application, I have a firm impression from the
presentations and the documents made available to the subcommittee that (1)
Maine Yankee made a careful and thorough review of the safety implications of
the requested power increase; (2) that their study results sustain their conclusion
that safety will not be adversely affected by the increase; and, (3) that
NRC agrees with the major conclusions arrived at by Maine Yankee. Consequently,
in the technical areas of special concern to me (occupational and environmental
safety), I have no negative comments to communicate to the full committee nor,

.



* .

-2-

insofar as I understand the technical issues concerned with reactor physics, do
I have any reservations.

It is my understanding that the sufficiency of the meteorological site
data are still in question by NRC. It was brought out at the hearing that more
refined meteorological data may cause a 10% change in the calculated value of
X/Q whereas the best dispersion estimates are no more reliable than a factor
of two. As this agrees with my understanding of the matter, I do not under-
stand why NRC wishes to hold back final approval on the basis as it seems to
be irrelevant inasmuch as the dispersion study made with the most recent
meteorological data shows a satisfactory result. Perhaps these kinds of
analytical results would be more meaningful if each value cited could be accom-
panied by an appropriate confidence interval.

Resolution of the habitability of the control room under LOCA conditions
wasn't entirely clear to me. I understood that air in-leakage had been
greatly reduced and that this would bring the operators' thyroid dose down to
acceptable levels, but I wasn't able to determine if NRC was satisfied with this
modification.

)
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APPEl1 DIX VI
Maine Yankee: Site Description and

Operating Parameters*

,

*

,,

MAINE YANKEE PRESENTATION

e SITE AND PLANT DESCRIPTION -'

e LICENSING AND OPERATING HISTORY ,

e RELATIONSHIP OF VARIOUS CORE P0wER LEVELS

e TECHNICAL PRESENTATION

e. INCIDENTS CONSIDERED

e RADIOLOGICAL ANALYSIS

e SAFETY ANALYSIS
'

e [10DIFIED TM/LP

e FUEL PERFORMANCE

e EFFECTS ON MAJOR EQUIPMENT
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MAINE YANKEE

SITE DESCRIPTION

LOCATION

o NISCASSET, LINCOLN COUNTY, MAINE
.

o 740 ACRES BAILEY POINT, RIDGE OF BEDROCK
_,4

o MINIMUM EXCLUSION RADIUS 2000 FT.

o LPZ 6 MILES

POPULATION

o TOWN OF WISCASSET 4 MILES ~2000

o LEWISToN 26 Mites ~45,000

o BATH 7 MILES-- 12,000

o LPZ 63 PEOPLE /MI2 ya. 2000
-

.
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CITIES: POPULAT I ON.
...
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MAINE YA::KEE,
.

'

LICENSING A:D OPERATING.

HISTORY
.

'

-

.
.

.
, .

- .

x >
-

.
- .

~ CONSTRUCTI0tt PERMIT
OCTOBER 1968

-

'

o
August 1970

o 'FSAR
-

i

JANUARY 1972
o ACRS LETTEa .

.

FEBRUARY 1972
.

.

STAFF SER .o

OPERATIt:a LICENSE (75% OF

'

o

SEPTEMBER 1972
.

2440 MWT)
-

DECEMBER 1972
C0r.y.ERCIAL Q? ERAT 10rtc ~

DECEIGER 1973o .0PERATII G LICEIISE (2440 i"JT),

- -.

o' CYCLE 1 (10,367 MWD /MT) DEC. 1972 - JULY 1974 ~
-

'

'o CYCLE 1A (4500 MWD /MT)
OCT. 1974 ' HAY 1975

'o CORE 2 (17,100 MWD /MT) . JUNE 1975 - MAY 1977
.

JUNE 1977 - PRESE?tT
CYCLE 3 (0700 MWD /iIT) ..o

_
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NAINE YANKEE. .N ,. . .

-
r , .

.

# *
'

Opcraring IIistory -'
-

.
,

.,- . .

~-- .
. ,

Power T Prencorc -,

(Mut) Durnuj3 ("P) (p::i.a) Daten . F ue l. --
. ,

.
' - _.

12/72-4/73 , unp ren::urized
o Cycle 1 1830,1<2 10,367 530 2000 -' -

'

530 1000 4/73-7/74 low dennity..

Cycle.1A 24402 4,500 535 1000 10/74-5/75 - '72 prennurized*

- remainin.: Cycleo
-

,
..

- ,

o Coro 2' 2440 17,100 537 2100 G/75-5/77 pre-prennurized. ,

'

,

high density
3 542 2250 9/76,'

2440 ,g--
- ,

542 2100 6/77-prencnt pre-pron::urized*

Cycle S 24404 _9,700' .

.high dennityo- ,
,

25605 550 2250 5/70 .G5 Cycle 1A
'

)
- . , -

*.
-

w ' '

1 OL 75% of 2440 MWt 9/72, OL. 2440 MNt 10/7T , -,
. .. . ,

2. tiever.achievo 2440 MWt due t6 1) bay t. cmp., 2) LilGR limit, 3) IldS Act. - /
.

.
-

.

.

. .
. .

'

. .

3 Special test .,,.
- , ' -

. . . ..

During Cyclo. 3 refueling RPQ modn to allod 2630 !@lt. ,|' ',.
.

.

4 ,

i. I-

0 -

5 5/15/70 operated at 2560.MNt, 2250 psia and 550 F -

- '

1
.

- .
. .. .

.

.
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.
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FMINE YANKEE

RELATIONSHIP OF VARIOUS CORE P0wER LEVELS
l'

'/ CORE
- PowEg Tc PRESSURE FL0w VUCLEAR

.@dIl (OF) (PSIAL (KGPM) ? EAKING

FSAR 25601 546 2250 324 . DESIGN

MAINE YANKEE
OPERATION 24fl0 535-546 1800-2100 360 REDUCED 2

STRETCH P0wER 2630 554 2250 360 REDUCED'
.

1. TliERMAL HYDRAULICS 2l140 MWT, ACCIDENTS AND TRANSIENTS 2560 MWT

2. IMPOSING SPECIAL RESTRICTIONS ON PLANT OPERATIONS;PDIL AND
' 1 - - MONITORING OF CORE P0wER DISTRIBUTION

3. 55fl F AND 2250 EQUIVALENT TO Sil6 AND 2100
) -

C

.



-

.

,

. TECHiilCAL PRESENTATION

e INCIDENTS CONSIDERED

e RADIOLOGICAL ANALYSIS

e SAFETY ANALYSIS )

* MODIFIED TM/LP
-

e FUEL PERFORMANCE

e EFFECTS ON MAJOR EQUIPMENT
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- Incidents Considered

Category 1:
.

CEA Withdrawal
Boron Dilution
CEA Drop
Malpositioning of Part Length CEA's
Loss of Coolant Flow
Excess Load
Loss of Load
Loss of 7eeduater
Steam Line Rupture (SLR)

Category 2:

Steam Generator Tube Rupture
CEA Ejection
Loss of Coolant
Radiological Consequences of SLR Outside Containment
Radiological Consequences of Feedwater Line Ereaks

Outside Coutalucent
.

Category 3:

Containcent Pressure Analysis
Fuel Handling
Raste Cas Syste= Failure
Spent Fuel Cask Drop
Radioactive Liquid Uaste System Leak or Failure .

.
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Maine Yankee: i g c 1 Analysis and
Performance

BASIS FOR RE-EVALUATION OF THE DESIGN BASIS ACCIDEilTS

FOR RADIOLOGICAL DOSE ASSESSMENT

I - IflCREASE IN STRETCH POWER OPERATING CAPACITY FROM

2560 MWT TO 2630 MWT

MAINE YANKEE FSAR ACCIDENTS EVALUATED AT 2611 MWT

STRETCH POWER SUBMITTAL ACCIDEilTS EVALUATED AT 2683 MWT

(NET - 3% POWER IflCREASE)

II - CURREf1T CRITERIA FOR EVALUATING DBA'S AS PRESENTED IN

THE STAfiDARD REVIEW PLANS FOR THE APPLICABLE ACCIDEilT.

III - MOST CURRENT METEOROLOGICAL DATA AVAILABLE AT THE

TIME OF THE STRETCH POWER SUBMITTAL

(DATA ACCUMULATED FOR THE 1975-1976 OPERATING

PERIOD)

.



o

DBA'S THAT WERE RE-EVALUATED FOR THE

2630 MWT STRETCH POWER SUBMITTAL

1. STEAM GENERATOR TUBE RUPTURE

2. LOSS OF C00LAtlT ACCIDEllT - DOSE ASSESSMEilT

A. LEAKAGE FROM EllGINEERED SAFETY FEATURES OUTSIDE

CONTAINMENT

s. POST LOCA HYDROGEN PURGE

c. CONTAINMENT LEAKAGE CONTRIBUTION

3. MAIN STEAM LINE FAILURE OUTSIDE C0ilTAI!!MEllT

4. FUEL HANDLIllG IflCIDENT

'

.

9

e
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STEAf1 GEllERATOR TUBE RUPTURE

FSAR VS. STRETCH POWER SUBMITTAL

MAJOR PARAMETER CHANGES:

1. INCREASE Ifl PRIMARY AND SECONDARY ACTIVITY LEVELS BASED
ON HIGHER POWER OPERATING LEVEL.

2. EVALUATION OF THE RADIOLOGICAL C0tlSEQUENCES BASED ON

PRE-EXISTING AND ColflCIDENT PRIf1ARY COOLANT IODINE SPIKIflG.

3. RADIOLOGICAL DOSE CONSEQUENCES BASED ON LATEST ATt!0 SPHERIC
DISPERSION FACTORS AT THE TIME OF SUBnITTAL.

.
-

1
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TABLE 11.11-2

0FFSITE DOSES FROM

STEAf1 GENERATOR TUBE RUPTURE

(0-2 tiR) (0-30 DAY)

SITE BOUf1DARY DOSE (REM) LPZ D5SE (REM) .

THYROID lll1 0_ L E B O D Y Illy _RQlll W11QLE BODY _,

k CONSERVATIVE CASE
i

'
*6.11 + 0 6.0 - 1 3.0 - 1 3.0 -2

hREALISTICCASE 1. 2 - Il 3.1 - 3 6.1 - 6 1.5 - 11
~

CONSERVATIVE CASE WITH

COINCIDENT 10 DINE SPIKE 1.1 + 2 1.1 + 0 5. Il + 0 5.0 -2

CONSERVATIVE CASE WITH

PRE-EXISTING I0 DINE SPIKE 1.1 + 1 7.0 - 1 9.0 - 1 3.0 -2

*6.11 + 0 = 6. li x 10

=

.
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MAIN STEAM LINE FAILURE OUTSIDE CONTAINMENT

FSAR VS. STRETCH POWER SUBMITTAL

MAJOR PARAMETER CHANGES:

1. INCREASED PRIMARY AND SECONDARY ACTIVITY LEVELS BASED Oil

HIGHER 0"ERATING LE'/EL.
\

2. EVALUATION OF THE RADIOLOGICAL CONSEQUENCES BASED ON ,

PRE-EXISTlilG AND C0IllCIDENT PRIf%RY C00LAiiT 10DIi4E SPIKING.

3. RADIOLOGICAL DOSE CONSEQUENCES BASED ON LATEST ATMOSPHERIC

DISPERSI0i1' FACTORS AT THE TIME OF SUBMITTAL.

t
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IABLE 4.1!!-3

O_FFSITE DOSES FR0f1 SlEAM LitlE BREAK

SIhE BdullDA1}Y) S- (YEM) I tb0hl! SLOLE_Il0DY) _ 0 REM)
IllYR0H1 1{0 10D

CONSERVATIVE CASE 11.8 - 1* 2.1 - 3 2 . 11 - 2 1.0 - 4

REALISTIC CASE 4.4 - 6 5.4 - 7 9.7 - 8 1.2 - 8

CONSERVATIVE CAS: WITil 6.5 - 1 2.7 - 3 3.2 - 2 1.3 - 4g C0lflCIDEf1T 10DIf1I SPIKE

N _ PRE-EXISTitlG 10Dil4E SPIKEC0llSERVATIVE CASE WITil 5.3 - 1 3.3 - 3 2.6 - 2 1.6 - 4

*ll.8 - 1 = 4.8 x 10-1
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FUEL HAllDLING INCIDEllT

FSAR Vs. STRETCH POWER SUBMITTAL

MAJOR PARAMETER CHANGES:

1. INCREASED FUEL ASSEMBLY llWENTORY BASED Oil HIGHER OPERATING

LEVEL.

2. RADIOLOGICAL DOSE C0f1 SEQUENCES BASED Oil LATEST ATMOSPHERIC

DISPERSION FACTORS AT THE TIME OF SUBMITTAL.

.

e

{{- d ?-
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TABLE 4.17-2

I'0SES FROM FUEL llANDLING INCIDENT

REALISTIC CONSERVATIVE

CASE, REM CASE, REM

DOSE POINT THYROID WHOLE BODY TilYROID 'dlLOLE_ILQHL

S{TjggRY 1.6 - 04 1.4 - 03 2.6 + 1 3.4 + 0

b LOW POPULATI0il ZONE

bhhf0
&_ACCIDENTh10F 3.6 - 06 3.1 - 05 1.3 + 0 1.7 - 1

*1.60 - 04 = 1.60 x 10-4

..
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LOSS OF C03LANT ACCIDENT

FSAR VS. STRETCH POWER SUBMITTAL

MAJOR PARAMETER CHAilGES:

1. INCREASED CORE HALOGEN AND NOBLE GAS INVENTORIES BASED ON

HIGHER POWER OPERATlilG LEVEL.

2. FACTOR OF TWO REDUCTION IN THE ELEMENTAL 10 DINE REMOVAL RATE
CONSTANT (AC HR-1)USED FOR THE SODIUM HYDROXIDE SPRAY SYSTEM.

-1
Ac USED IN FSAR ANALYSIS = 28.5 HR

-1
Ac USED IN STRETCH POWER SUBMITTAL = 10.0 HR

3. CREDIT FOR A PARTICULATE 10DIl-lE REMOVAL RATE CONSTANT OF

P = 0.708 HR-1 FOR THE STRETCH POWER SUBMITl AL.NO
A

CREDIT FOR PARTICULATE 10DliiE REMOVAL BY THE SPRAY SYSTEM

WAS TAKEN IN THE FSAR.

4. RADIOLOGICAL DOSE CONSEQUENCES BASED ON LATEST ATMOSPHERIC

DISPERSION FACTORS AT THE TIME OF SUBMITTAL.

5. POST LOCA HYDROGEN PURGE DOSE C0HTRIBUTI0il WAS CALCULATED

BASED ON THE INCREASED POWER OPERATING LEVEL.

6. POST LOCA ENGINEERED SAFEGUARD FEATURES LEAKAGE DOSE

CONTRIBUTION. -

h3
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DOSES FROM LOSS-OF-C00LAf1T ACCIDENT
.

SITE]0gilqb}RS 0h0
"

TYPE OF ANALYSES. THYROID WHOLE BODY THYROID WHOLE BODY

CONSERVATIVE CASE 164 9.4 12.4 0.60

REALISTIC CASE 0.86 0.03 0.05 0.001

0.62
hRkYh0hkf.

. .

/

'

DOSES FROM ESF COMP 0NEllT LEAKAGE

THYROID DOSE (REM) WHOLE BODY DOSE (REM 1

gUgNAREABOUilDARY 1.7 + 0 1.5 - 4

LOW POPU'_ATION ZONE 1.9 - 3 2.4 - 5
(0 - 30 JAYS)

.

. .

DOSE CONTRIBUTI0i1 FROM POST LOCA HYDR 0GEtt PURGE

LOCATION THYROID DOSE (REM) WHOLE BODY DOSE (REM)

LPZ (0-30 DAYS) 1.4 0.4

/V- 3 &



MAINE YAllKE

ACCIDENT ATMOSPHERIC DILUTION FACTORS (X/0)

EXCLUSION RADIUS (610 METERS)

0-1 HOUR X/0 1-3Il00RX/0
-

DAIA PERIOD DILUTION MODEL ___(EEC/M )3 / 3___dEf M )
VALUES USED FOR FSAR PASQUILL "F" STABILITY 6.I18 x 10-4 6.fl3 x 10 'I
SUDfilTTAL CLASS 1 M/SEC IfWARIANT WIND

APRIL 1975 - SECTOR If1 DEPENDENT (5%) 8.07 x 10-4 5.63 x 10 'i
MARCil 1976

I JAflUARY 1977- SECTOR DEPENDENT (SE - 2,2%) 6.24 x 10-4
@ _ JULY 1977 (SSE- 3.2%) 5.12 x'10 'I

JANUARY 1977- SECTOR DEPENDENT (SE - 2.4%) 6.22 x 10 'I
SEPTEMBER 1977 (SSE- 3.11%) 5.05 x 10 'l

JANUARY 1977- SECTOR DEPENDENT (N - 2.1%) 5.93 x 10 'I
DECEMBER 1977 (SSE-3.4%) 5.05 x 10 'i

%
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REVISED LOCA AtlALYSIS

PARAMETER CHANGES:

1. REVISED PRIMARY CONTAINMENT SPRAY MODEL.

A. SPRAYED VOLUME - 47.34% OF TOTAL FREE VOLUME

ELEMENTAL IGDINE SPRAY REMOVAL C0f4STANT (xE) = 10 HR

ELEMENTAL [0DIrlE DF =- 100

B. UNSPRAYED VOLUME WITH GOOD COMMUNICATION

VOLUME = 32.27% OF TOTAL FREE VOLUME

MIXING RATE BETWEEN SPRAYED AND UNSPRAYED = 10 HR'

C. UNSPRAYED VOLUME WITH POOR COMMUNICATION >

VOLUME = 20.39% OF TOTAL FREE VOLUME

MIXING RATE BETWEEN SPRAYED AND UNSPRAYED = 2 HR'

2. PRIMARY CONTAINMENT LEAK RATE = 0.107. DAY

3. RADIOLOGICAL DOSE CONSEQUENCES BASED O!! 1977 METEOROLOGICAL DATA

(12 MONTHS)

4.
REVISED HYDROGEN PURGE DOSE C0ilTRIBUTION BASED Ofl ADDITIONAL ZINC
A,iD 11RC ZI,1C CORROSION RATES.

.
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DOSES FROM LOSS OF C00LAilT ACCIDEllT - REVISED

TWO HOUR SITE BOUNDARY DOSE 30 DAY LPZ (REM)

THYROID WHOLE BODY THRYOID WHOLE 80DY

CONTAINMENT LEAKAGE 176 -- --

ESF COMP 0NEflT

LEAKAGE 1.7 -- --

POST LOCA HYDROGEfl

PURGE N/A 2.7 1.4

.

h
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APPENDIX VIII
Faine Yankee: Safety Cceparisons

.

. .

-
.

,

TECHilICAL PRESENTATI0:1
.

e INCIDEtiTS C011SIDERED

e RADIOLOGICAL At1ALYSIS

o SAFETY ANALYSIS

e MODIFIED TM/LP

e ' FUEL PERFORMAtCE

e EFFECTS ON MAJOR Ecu!PMatiT

.

d

c *

\

.

'
.

e

g, e
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DEVIATI0ilS FROM FSAR
.

o CORE THERMAL POWER

o RCS FLOW

o CORE INLET TEMPERATURE 'I', ,

o TURBINE RUMBACK .

o TM/LP TRIP

o METHODS

, .
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MAINE YANKEE

STEA9Y-STATE UNBR COMPARIS0NS
.

FLOW lUCLEARCORE TC
PR(ESSURE (KGPM1 'EAKING MDilBR

POWER (OF) PSIA)
MwT

FSAR 2560 546 2250 324 DESIGN 2.032

fiAINE YANKEE
OPERATION 2440 535 - 546 1800 - 21003 360 REDUCED 1 2.522

,

2,32

kSTRETCH
'

POWER 2630 554 2250 360 REDUCED 1 2.39o
2,01"s

(A _
cn

1 IMPOSING SPECIAL RESTRICTIONS ON PLANT OPERATIONS: PDIL AND MONITORING CORE

POWER DISTRIBUTION ,

2 DESIGN POWER DISTRIBUTION

3 554FAND2250EQUIVALENTTO5460FAND2iOO

/i

/

.



FUEL PERFORMANCE

e CLAll COLLAPSE ,

RF - 20,000 H0uRS, 1)lSCHARGE 12,000 HOURS

EFGli -73fi,000 HOURS, DISCHARGE 26,1100 H0uRS

o REACTOR C0'0LANT SYSTEM ACTIVITY , ,

CORE 2 -AY2.86x10-l><c/ML
'

,
I?'2.19x10-2j4c/nt -

CORE 3 -#,P2.87x10-1A C/ML -3.43X10-1)'(/MLi

pl.15x10-3)te/nt -2.214x10-3 c /MLp

h -

p

p

| /

/
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PVAR = A QDNB + BTc + C

P = 2016.1 ODNB + 17.9 Tc = 10102
VAR

.

AT 2630 MWT:

MODIFIED SYSTEM: PVAR = 1980 PSIG

P - PVAR = 2.50. PS.ID

PREVIOUS SYSTEM: PVAR = 2162. PSIG

P-PVAR = L18. PSID ,

P = OPERATING PRESSURE 2210 PSIG

s.

*'s . .
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MODtFIED TM/L P -
-

TEtP

Rgg = A LA W-Ogd + B Tc + C. (ftootf tED )1

TRtP '

Pugg = A Pq s 4 + BTc + C.
,

P4Q is EQot\1 ALE 9T To QRq i

.

i.o - _ _. - ._ _ _.

I

P 9Eg i. o --- _ t

' I
I

i I
' I

- 1.o t. o

Q Q

M optFLED SY STEM c.o MT A tN S AM Aco rnm At
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EFFECTS Ort MAJOR Ecurpeer:T

RC1 .

MAXIMUM Expected DESIGr VALUE

TEMPERATURE 6060F 6500F (PRESSURIZER 7000F)

PRESSURE 2300 PSIA 2500 PSIA

SEC0!!DARY

TEMPERATURE 5300F 5500F

PRESSURE 870 PSIA 1000 PSIA

SAFETY RELATED EOu!P.Et:T

PERFORMANCE CHARACTERISTICS USED TO DEMONSTRATE THAT

APPROPRIATE CRITERIA IS MET FOR THE VARIOUS POSTULATED

ACCIDE!!TS Af D TRANSIEilTS.
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APPEliDIX IX'
*

Background Material for Discussion on
Use of Class-9 Accidents,for Alternate

1 Site Selection
SYNOPSIS OF THE

NUCLEAR REGULAIORY C M ISSICN F2ETING
BRIEFING CN SECY-73-137

PAY 17, 1978

The Nuclear Regulatory Ccanission met on May 17, 1973, for a briefing

by the NRC Staff on asses..ent of relative differences in Class 9

accident risks in evaluation of alternatives to sites with high popu-

lation densities.

Mr. Denton reviewed briefly the substance of the existing guidelines

to aid in the review of alternative sites frc= the standpoint of the

surrounding population, indicating that if the populatica density

projected at the time of the initial plant cperation exceed: 500

parsens per equare mile avstr.;ef. cver any radial distance c c to 30

miles, or the projected population density over the life time of the

plant exceeds 1,000 persons per square mile, special attentica should

be given by the NRC Staff to the consideration of alternativt sites

with lower population densities.

If the population density at a proposed site exceeds the guideline

value specified above, the NRC Staff will institute the special revies

process for the evaluation of that site with a detailed look at the

consequences of Class 9 accidents. However, when a proposed site is

in a relatively isolated area,' the NRC Staff does not give particular

weight to small differences ih pcp'ulation density values between the

prcposed site and the alternate site. Several questions were raised

~

.

.
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I
NRC Mtg Briefing on Secy-78-137 -2- May 17, 1978

during the course of the meeting. Some of the pre-eminent questions

discussed are as fol'.cws:
.

Co issicner Gilinsky asked why the NPC Staff is dealing only

with Class 9 accidents in the evaluation of alternatives to

sites with high population density.

Mr. Denton responded that the NPC. Staff has been routinely

dealing with Class 3 through Class B (Design Basis Accident)

accidents. Class 9 represents all accidents beyond Class 8,
.

including these accidents that lead to core celt.
'

t

l
' Mr. Bunch added that in the National Environmental Policy Act

(NEPA) revie45, they do discuss all classes of accidents (low

probability as well as high probability accidents) in general

terms. They discuss the Class 9 accidents in qualitative terms,

and make reference to WASH-1400 for more 'etailed quantitatived

assessments.

In response to another question from Conmissioner Gilinsky re-

garding the comparison between the overall risks of Class 9

accidents and the other lower Class accidents, Mr. Bunch noted

that the results of the analysis in WASH-1400 indicate that the

man-rem associated with Class,9 accidents will vary between 50

and a few hundred; considering the probability of occurrence of
,

. IV W



I NRC Mtg Briefing on Secy-78-137 May 17, 1978-a-

Class 9 accidents the risks associated with these are very low

and the exposure appears to be in the sarca range as the occupa-

tional exposure per year basis.

Comissioner Gilinsky asked the reasons f0r not quantifying the

Class 9 risks for a particular site after it has gone througn

the NEPA site seletion process.

The NRC Staff responded that they have been following the guide-

lines provided in 10 CFA Part 100 for site evaluations. 10 CFR

Part 100 provides guidelines and specific methods to calculate

risks for accidents between Class 3 and Class 8. There pere no

special techniques rt:ilabla to de: ermine tna risks asse iznd

with Class 9 accidents until the development of WASH-1400. How-

ever, since WASH-1400 is still being looked at by the Lewis

Co=nittee, the NRC Staff has not performed any detailed site

specific calculations to determine the risks associated with

Class 9 accidents except in certain special case like Perryrran.

The NRC Staff believes that the techniques available now are

good and adequate for assessmnts of relative differences in

Class 9 accident risks in the evaluation of alternatives to

sites with high population densities.

In response to a question ~ fred Chairman Hendrie regarding the
.

uncertainties associated with this CRAC code model, Mr. Bunch
t

.
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.

( NRC Mtg Briefing on Secy-78-137 -4- May 17, 1978

*noted that there are some uncertainties associated with this

Code, and it still has some limitations. In spite of these

deficiencies, he believes that this Code has unique capability
,

of being able to organi::e inforratica en site charactaristics

and accident releases, and then generate esticates of the

consequences of accidents that reflect an integration of these
,

widely varying but interrelated factors.

Mr. Levine con:nented that there are large errors and uncertain-

ties associated with the techniques indicated in PnSa-1400. In

addition, the RSS consequence model was developed to est; irate

aggregate societal risks for a multitude of sites and not to,

esticate site specific features. Inis acdel say provide reason-

a' ale results within a radius of 10 or 15 miles, because the

Gaussian meteorological model is accurate within that range.

However, the far-cut doses are ranrem-dependent, and it is

not clear how good this model would be in calculating the far-cut

doses because of lack of sufficient downwind data. He believes

that the effects of downwind should be included in this model.

Indicating that this Code was developed to esticate aggregate

societal .isks for multitnde of sites, Chairman Hendrie asked

whetheritwillbeappropriatetoapplythisforsiteshecific

calculations, and if so, hat would be the magnitude of errors

associated with the results of such calculations?,

~

.
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NRC Mtg Briefing on Secy-78-137 -5- May 17, 1978

The NRC Staff responded that the error associated with such

eM c"lations would be within a facter of 2, and they believe

that a relative facter of 2 is insignificant.

In response to a question from Comnissioner Gilinsky regarding

the d:: s in cart:in dist:nce:,21 . Blend noted thr.t 20re than

-

90% of the man-rem would be between 30 and 200 miles radius of

the site.

Cc=issicner Gilinsky asked why they do not consider Class 9

accidents in all cases?

( Mr. Denton responded that after developing a comoetent teol to

evaluate Class 9 accident risks, hopefully within a year, they

=ay be able to consider glass 9 accidents consistently in every

Case.

Mr. Bunch noted that he believes that there is no need to

include Class 9 accient risks in each and every case. If the

population density of a proposed site is within the guideline

values, then there is no need to consider Class 9 accident

risks in its evaluation; considering Class 9 accidents in such

cases would not provide any additional information, and further-

more, it would not be economically beneficial.

\
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I
NRC Mtg Briefing on Secy-78-137 -6- May 17, 1978

Then Mr. Sege noted that the following issues need more definitive data

and clarification:

.

1. The role of unca-'''-'ies en the results of the calculaticas.

2. " e appropriateness of using this Code in site spacific.

calculations and the contribution of such calculations to

the evaluation of a specific site.

3. The calculations of this consequence r.udel don't seam to

correlate with the intuition that sites with low population

densities are be*' " " '- *'- se with hi-h 3:pulatica densi-
-

,

ties.

4. Is it really appropriate to confine Class 9 accidents to

sites with a population density above 500 persons per square

mile?; do we know it for certain that there are no other

notable situations where consideration should be given to

Class 9 accidents so as to preclude an incomplete and mis-

leading evaluation of thac particular site?

.
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ACPS SUBCOEiITIEE MEETING QF -,

'

SITING EVALUATION
$ I M\Y 3, 1978

; IGSHING' ION, D.C.,
-

c
I

'
'

..

The ACRS Siting Evaluation St$ro: nittee held a meeting on :Tay13,1973,

at 1717 H Street, N.W., Washington, D.C. The purpose of this meeting

was to discuss the CPAC code .Todel and its application in Class 9

accident risk assessments in the evaluation of alternatives to sites

with high pcpulation bensities. CMC is a consequence model developed

for the Reactor Safety Study (UASH-1400) for the calculations of reactor

accident consequences.

Dr. M0eller (fubc0=ittee Chair un), Dr. Kerr, Dr. Sisss, Dr. Ckrent,
I Mr. Sender, and the AC3S consultants Dr. Giff0:5, Dr. Pars =r, a..S

'Dr. Foster were present. -

,

4

The Subcomittee discussed the following aspects of the CRAC rode:

1. Details of the Code.

2. Senn of the experiences that have been gained in the

application of this Code.
,

3. Some of its weaknesses and strengths in its current

state.

4. The appropriateness of the use of such a Code to

estimate and evaluate site specific features.g'
r

,

5. The extent to which th'e evaluation of, Lw probabil-

ity Class 9 accidents should be used in site
,

evaluations.
-[3
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The Sn_Mm'ittee recognized the following:

1. The Code provides a means to identify the "i:portant"

radionuclides released in an accident.

2. The Code indicate that the acute fatalities would

occur predominantly within the 15 and 25 miles radius

of the site. The latent cancer fatalities would occur

within the 25 to 200 miles radius of the site.
.

3. The Code further indicates Gat precipitation can be a

very i.pcrtant facter, tacause it can act as a carrier
i for the radioactivity cr i". can bring the radioactivity

down to the grourd.

OBSERVATICd

The Subcomittee identified that the following issues need more

definitive data and clarification:

1. The Code needs further refinements and LTproveraents.
.

2. Since the source term is t.he predominant contributor

to the accuracy of the results of the Code, the NRC

Staff need to look more into the source term and note

into tne influence of,various in-containment phenomena-

on the source ' term prior to its release to the environ-

ment.
'

,

.

.



.

I Siting Evaluation Highlights -3- 5/3/78

3.. The Code seems to have certain limitations. According

to the meteorological consultants, the Code is principally

useful in a dry desert regicn where mteorology is fairly

well know. They cautioned againsc application of this

Ccde, particularly in Seaccast or Lake Sites due to the

difficulties in obtaining sufficient meteorological data

in those regions.

4. This Code was developed to estiute aggregate sccietal

risks for a cultitude of sites and not to est2cta site '

specific features. Several questions remair to be

( anraered. Is it appropriate to use this Code for site

specific calculations? What would be the accuracy of

results when this is applied in site specific calcula-

tions?

5. What would be the cha ges on the results of this Code

if population evacuation parameter was considered?

6. When considered alone, how important is risk assessment

in evaluating the advantages and disadvantages of

alternate sites?
.
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7. Can this Code be used in identifying means *a reduce

risks, in addition to its use in the evaluation of

risks? .

8. Will the application of this Code shorten the licensing

p ccess?

9. Why is this Code used only in the environmental review,

but not in the safety evaluation assesment?

The Subcomittee believes that, with further refinements and irgrovements,

this Code would be an useful tool in the evaluation of sites for nuclear

( pcwer plants.

.
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COMMISSIONER ACTION

For: The Ccemissioners

From: Edson G. Case, Acting Director, Office of Nuclear
Reactor Regulation 'hhV ., M

"Thru: Jg Lee Y. Gc::ick, Executive Direct:r f:P 0;erati0ns
i

Subject: ASSESSMENTS CF RELATIVE DIFFERENCES IN CLASS 9 ACCICENT RISXE IN
EVALUATIONS C.: ALTERNATIVES TC SITES WITH HIGH PGPULATION CE.'.S T.: .

Purcose: The Staff's criteria call for special censideration of alternati . +
sites when a proposed site has a rel atively high popul ation cars--
The Staff has c ncluded that, in scch instances, assessnects Of

, the relative differences in Class 9 accicent risks should ce in-
cluded as cae element of the site ::mpariscns. This paper previ:s.
the basis for the staff's conclusion, and seeks Ccamission c:n-

CurreDCe.

Back;r:und: Guidelicas 'J3ad in the O sview cf If tas witr talativel: ' Ir 2
Surrcuncinc Pocula:1cns

.
.

As noted in the Statement of Considerations to 10 CFR Part 100
it has been the past practice and curren: policy of the C:mcis-
sion to keep stationary cc'*er and test reactors away frca
densely populated areas (27 FR 3SC9, Acril 12,1962). Cr.e basi:
objective of the criteria in Part 100 is to assure that the cur.u-

;c3 C:MIE23 iative exposure dose to large nenbers of people as a consequaace
of any nuclear accident should be icw in ccmpariscn with wF.a:

. might be considered reasonable for total pcoulation dose.
L*170 US # As noted in 10 CFR Part 1C0, the site location and the engineerec

.

features included as safeguards against the haaardous consecr.enci:.

of an accident, should cne occur, should insare a low risk cf
public exposure. In impl enenting the provisions of Paet 100,-

we have maintained a conservative a:proach in evaluating plant
safety and in estaolishing a balance be: ween compensating engi-
neered safety: features and populatien density.

"
NOTE : AM LOSU#E' A'0'"

.
.

--
. .

-h, CSE (a9-27323)*
e

* * * * -
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Frcm time to time central station nuclear pcwer reactors have
been proposed which would be Iccated in relatively populcus
areas. One such case was the preposed Newbold Island site.. In-

1973, as a result of staff review of Newbold Island, we concludec
that there existed an alternative site (adjacent to Salem Units
1 and 2) which was a more desiracle alternative fr:m an enviren-
mental stancpoint and that the ''princioal factor leading to
this conclusion is the fact that the pcpula:icn density at the
Newbald site is significantly larger than at the Salem lccatien"
(Enclosure A). The proposed facility was subsequently relccatec,

to that alternative site (and is new named Hope Creek).

As a result of the Newbold Island review, guidance was develcped
to aid in the review cf altarnative sitas frca the standpoint cf
the surrounding pcpulation (Enclosures 3 and C).

The substance of these guidelines is that, if the population
density projected at the tice of initial plant operation exceses
500 perscns per scuare mile averaged ever any radial distance cc:
to 30 miles, or the projected population density over the
lifetime of the facility exceeds 1,C00 persons per scuare
mile, special attention should be given by the staff to
the consideration of ai ernative sites with icwer occulation
densi ties. - ' ' '

These guidelines do not represent values that determine site
suitability. Rather they are a scr: of threshcid or trigcer
to indicate the need for additional consideraticn cf pcpulaticn
density in the environmental reviews of alternative sites.

.

. Specific guidelines have not been developed that provide the
bases for cceparing a site whose peculatien exceeds the guideline
values to an alternate site with a icwer population density.
Both sites may be acceptable provided a suitably designed plan
is located at each site. Consequently, the balancing between
the two sites is necessarily judgmental. For example, it
is clear that the consequences of any given release of radio-
activity to the environment (rcutine or accidental) would
be proportional to the size and distribution of the surrounding
population. Mcwever, the relative weight to be given to differenci:
in population densities between alternative sites requires a :

judgment on the relative weight to be given to risks asscciated w' - '

|

|
.
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routine and accidental releases;

Generally, no significant weight has been given to
differences in population densities becween alternative
sites where both are well belcw the guideline values of
Enclosure C. In such instances, the staff has taken
that position, based on the experience gained from previcus
reviews of LWRs at similar sites.

However, for sites where th'e surrounding peculation is
relatively large, mere detailed assessments are called
for. A variety of analytical models are available tc aid
in evaluations of site-t:-site differences fr:m the stand-
point of consecuences of releases of radicectivity (and
which account for more facters than pcpulation density).
One of these is the Reacter Safety Stucy C:nsecuence Mccel
(CRAC). 'dhile the CRAC medel has been pri-cipally empicyed
in assessments of Class 9 accicents, it has been used :
assess the consequences of lesser accident- as well.

Whether any or all of these mcdels shculd be used to
supplement the site c:m;arisons based en ; pulation density
depend in part on the perceived benefits of siting in
relatively 1:w ;;pulati:r density areas.

Anaivsis of tre Role of Ciass 3 Accidents 'n Invircrnental
Reviews

At the cutset of this paper, it was noted that one stated
policy objective in keecing reactors frem censely pcpulattd
areas is to minimize total occulation dose in the event of any

accident (large or small). The Statement of Considerations
to Part 100 also notes that events more severe than these cccmeni.
postulated as representing a reasonable u::er limit in consecuen:i:
are conceivable, althcugh highly icprobable. The policy of kee '--

reactors away frca densely populated areas is one step taken
to assure that the risks associated with such accidents are
extremely icw.

Fo11cwing the enactment of the National Environmental Policy
Act (HEPA), the Ccmmission issued guidance en the treatrent
of accidents in envircrmental reports of light wa*.ar reac ces
in the form of a precosed annex to 10 CFR Part 50, Appendix 0.
In that guidance (3e FR 2255 ,* 0ecember 1,1971) it is actad trat
consequences of accidents beycnd the design basis (called Class .:
accidents) could be 3evere, but that the crocacility of their
occurrence is so small :nat thei,r environmental risk is extremel.,
i cw.

.

M
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The annex stated that the consequences of Class 9 accidents cecc
not be analyzed and, accordingly, until recently the Commissicn's
NE?A environmental reviews have not included calculations
of the consecuer.ces of Class 9 accidents. Rather, staff
environmental impact stataments have discussed these
accidents only in a cualitative sense by restating the
conclusions in the preposed annex and by briefly referencing
the existence of a more quantative analysis in The
Reacter Safety Strdy. While it is cet enti 21y ciesr,
the theory of the proposed annex appears to have been
that NE?A requirs: no discussicn of events with minimal
ri sk.

While the proposed annex was never formally adcpted by the
Ccmmission (for the pas: 6 years it has technically retained
its status as a procosed Ccomission rule), the matter of
Class 9 accidents has been discussed extensively in
Commission adjudicat:ry decisiens. These decisiens
[such as Shoreham, ALAB-156. 7 AEC 831, 83a-835 (1973)
and Zion, ALAB-225, 8 AEC 381, 407-408 (1974)] are cenerally
construed as holdinc that HE?A dces not recuire that the
con::quenc33 Of Class 9 ac:i:ents be c:n:icerec J.:less it
is established that there is a " reasonable pecbability"
of the accident cccurring to warrant consideration of cen-
sequences.

These adjudicatory decisions have rested primarily en the
absence of significant probability cf Class 9 accidents,
whereas the rule relies on the absence of significant risk
(which takes into acccunt both probability and consequences).
The staff's proposal in this instance is not based en a uniquely
high probability of accident but rather on unique circumstances
which increase the potential consequences and thus the over-
all risk.

The Commission's practice of not specifically analyzing the
consequences asscciated with a Class 9 accident has received
judicial sanction. (See, e.c., Carolina Envirormental Study
Grouo v. U.S. , 510 F. 2d 79o (0.C. Ci r.197 5), Ecolocv Action
v. A.E.C., 192 F. 2d 998, 1002 (D.C. Cir. 1974)J It i s un-
clear whether the basis for these judicial decisiens is icw
risk or Icw probabil-ity.'

. .

!
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In sum, it is the present state of law that there need not
be any consideration of the consecuences of Class 9 accidents,

.in environmental reviews of nuclear license acolications.
However, this does not preclude the staff frem going beyond
the strict requirements of the law when it will assist in
performing its NE?A review.

RecentIly the consecuences of certain tyces of Class 9
accidents have been considered by the staff in connection
with their reviews of two recent prcceedings. In both
instances, the justification for doing so was that there
.Cre n0v21 ::p ::: Of the pr0j :t :uch that tha con:e;u:nca:
(and hence risks) asscciated with potential accidents a:peared
to be outsi N of the parameters considered in the preposed annex.
[cf. Citizens for Safe Pcwer v. Nuclear Reculat:rv Cermissien,
52? F.2c 129,1Z99 (D.C. Cir.1975)j. .in ene of :ncss preceecings
applicants have taken strong exception to the staff efforts,
arguing that the adjudicatory decisions and pr: posed annex
preclude consideraticn of Class 9 accident consecuences absent
some showing that such accidents are credible events.

.

The staff believes that the high peculation density within
the vicinity of the plant may ce considered anotrer type of
special circumstance warranting a more detailed evaluaticr of
the ccc.se;;ences of Class 9 a :idents, especia'ly in naw Of
the policy objectives of Par 100.

.

Discussicn: The staff's' bases for recccmending that an alternative to the
Newbold Island site be considered were general in nature (see
Enclosure A). Specific calculations of accident risks were
not performed, either on a site-soecific basis or on the
basis of relative or comparative differences between Newbolc
Island and alternative sites. Accordingly, the sucport for the
staff's views took the form of cualitative and judgmental
arguments.

At about the same period in time, Baltimore Gas and Electric (50ii
submitted for review a proposed application for a reactor at a
site in Harford County, Maryland (the Perryman site). This site
was, as in the case of Newoold Island, located in a relatively

.

/
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populous area. As a resul t of the initial staff reviews 3G&E was
advised that the si:e of the surrcunding populaticn at Perr; man.,

needed to recaive special consideration. The popul ation density
values at Per yman were greater than the guideline values issuec
after the New~ sid Island decision ( see Enclosures 3 anc C).

In late 1976, the staff was infornally advised by the Saltimore
Gas and Electric that they still intanced to tender an applicati:-
for a reactor at Perryman.

In anticipatica that a site would be procosed that excee ied the
above-mentioned population censity guidelines ( tne Perry 3an site'
NRR staff began exploring varicus metheds to evaluate canparative
dif ferences between sites. Cne of these methods involved the use
of the RSS consecuence medel .' Using the RSS censequence accei,
the staff performed analyses of the differences between Perryma-
and other alternative sites fran the stancpoint of accident risks.
Population and other data frca :ne several identified alternate
sites in the Perryman application were used for this purpose.

' The resul ts of this effort are santari:ed in Enclosure D which
also discu:ses the current limi:aticns in use of the analyses.
The RSS consecuence model was develooed to estimate accrecate
societal risks and not to estimate s'ite s:ecific featsfes!
Its applicacility to a specific site has not been fully assessec
and scme specific concerns have ceen raised as to its acclicabi? " .
for such purposes.** For this reason, it shoulo be enchasized t 1:
the resul ts should be viewed cautiously and no si
be drawn frem small calculated. differences (e.g. ,gnificance shcu'. :factors of two :-
so) 'cetween si tes.

The possiole uses of the RSS methods to help decision-making in areas such as
*

this was discussed in the memorandum frcm Lee V. Gossick to Ccmmissioner Xenne:of March 2,1977. .

**
The Commission's Risk Assessment Review Group (the " Lewis Ccmmittee*) has
been established for the purpose of reviewing peer-group ccmments en the
final RSS report and the developments in risk assessment methodolcgy that
have occurred since the report was pubi t shed ( see SECY-77-350).

.
'
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In spite of these limitations, we believe that this type of
analysis is useful in the sense of correctly interrelating
the important factors. We do believe that the resul ts can
be used to assist in the evaluation of relative differences
between sites. However, the Ccmmission snould be aware chat
some litigants may argue that such an analysis in these ~

special cases is incensistent wica several Ccr. mission
adjudicatory decisions. We believe that the Cccmission
should consider the appropriateness of issuing scme clarifying
statement that consequences of Class 9 accidents can be cen-
sidered in special cases.

We had intended to include Enclosure 0 as part of the overall
report on the staff's al ternative site review cortivn of the
Perryman application (which was issued en ecemcer 1,1977),
and to perform simil ar assessnents in any future applicatien
where the proposed site has a population density greater
than that in the guidelines of Enclosures 3 and C. Thi s
action'was precluded by the need ts resolve scme reserva: ices
by the Office of Nuclear Regulatory Research (Encicsure 0,
if published, would require scme accifications to acccmmedate
the RES concerns). Their memorancum cn thi s sucj ec is
provided as Enclosure E and a discussion of tne memorandum
is pecvided as Encicsure ~.

The Office of Nuclear Regulatcry Research is organizing
a meeting in early 1978 of experts on such consecuence
modeling in order to develop a greater concensus on
the degree of aaplicability of the RSS consequence
model to evaluations of specific sites. We would al so
note that generic siting studies are part of the development
plan for our reassessment of siting policy ( see SECY-7o-286A) .
These activities should ul timately provide improved
bases for comparing al ternative sites. On an interim
basis, we recommend that assessments similar to those
sumnarized in Enclosure 0 be performed in any future
application where the preposed site has a population
density greater than that in the guidelines of Enclosures
B and C.

.
'

.
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Recommendation: 1) Pending ccmpletion of the Ccmmission's review of its reacter
siting policy, that the Staff perform quantitative assessr en :
of the relative differences in Class 9 accident consecuences
and risks in the review of al ternative sites where :se crecc 5 -
site exceeds the general peculaticn guidelines of Reculatcry
Guide 1.7. The resul ts of such assessments of the relative
differences between sites, frcm tnis standpoint, would be
included in any reports on such reviews.

2) That the Cc= mission consider the accrecriateness of issuing
scce clarifying statament to the effect that tne orecosea
Annex to 10 CFR Part 30 Accendix 0 acclies to land-based
LWRs of the type licensed during the last decade er so and
that more detailed consideration of Class 9 accidents may be
warranted for other types of sites or cesigns. (Mc:a, as
stated on page 5, that the staff ha's perfcmed limitad
analyses of Class 9 risks in t:e Clinch River and Ficating
Nuclear Power Plant reviews; botn involve cenceptual cecar: s:
frca a typical LWR.) A statement clarifying the anrex shcul:
also include the Ccmmission's current views on the possible
value of such assessmen:s in the evaluation of al ternatives
to sitas wi th hich pcpui ation densi ties.

G
Coorcination: CELD has provided the legal analysis for this paper. RES

has reviewed the infomation and concurs. S0 concurs. OGC
and OPE ccmments responded to at Enclosure G. Their ccmment
letters are included as En 'asures H and I

/

Edson G. Case |, ncting DirectorW - -

Office of Nuclear Reactor Regul ation

Enclosures: -

See attached

NOTE: Commission cce.ents shculd be provided directly to the Office of the
Secretary by close of business Fridav, March 17, 1978.

Ccmission staff office cements, if any, should be submitted to the Ccmmissicce s
NLT March 14,197S, with an information cooy to the Office of the Secretary. e:-
paper is of such a nature that it requires additional time for analytical review 1-
temen t, the Ccmissicners and the Secretariat should be apprised of when cearen:3
may be expected.

,
-

DISTRIBUTION
Ccmi ssioners -

Ccmissicn Staff Offices
Exec Cir for Operations -

Regional Offices ,

Secretariat (
r --
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APPENDIX C*

EVALUATION AND COMPARISCN OF RELATIVE RISKS ASSOCIATED WITH
LARGE ACCIOENTAL RELEASES A! ALTERNATE diTE5

INTRCCUCTION

Under the provisions of the Atcaic Energy Act of 19E4, as amended, the U.S.
Nuclear Regulatory Ccmmission regulates nuclear pcwer reactors to minimi:e
their potential danger to life and prcperty. The NRC permits the constructi:-
and operation of a power reactor caly when it determines that the facility ca-
be c nstructed and cpera ted at the preposed location without undue risk to :ni
health and safety of tne public.

Events vehich may be anticipated to cc:ur one er more times during the lifeti s
of.a facility are requirec to be c:n: rolled such that no significant rac c-
activity is released to the environment. Incidents and accidents can be
prevented through the proper design, constructicn, and operaticn of the fac"'-
to assure that this goal is achieved. No design or mcde of cpera:icn, howeve.-
is entirely risk free. Despite the efforts to crevent significant accidenta:
releases frca cccurring, the possibility exists, however unlikely, that si;nt-
ficant accicental releases may occur. NRC recuires, therefore, that each a;:'
cation for a constructicn permit or operating license be acccmpanied by a
detailed assessment of such postulated accidents. *

,

The "RC staff has categcri ed postulated accidants into fcur major gr:ups as
follows:

1. Anticipated accidents with a mcderate pr:bability of ec:urrence, which
lead to no significant radioactive releases.

2. Accidents with a icw probability of occurrence, which lead to small
radioactive releases.

3. Design basis accidents with a very low probability of occurrence, which
lead to large radicactive releases. These accidents are postulated to
evaluate the acceptability of the reactor site and to establish per-
formance standards for the reactor's engineered safety features.

4. Accidents with an extremely Icw probability of cccurrence, which involve
failures beyond those considered in the design of the piant's engineered
safety features. These are typically represented by scme ccmbinatien cf
failures which leads to core melting and containment vessel failure. The:i
events are accounted for in the regulatcry process by assuring that thef-
probability of occurren.ce is acceptably Icw. As a result, consequences :'
events in this group are not specifically analy:ed in cost applicaticas.

.
.
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The Commission has a long-standing policy of encouraging the location of reactors
in relatively isolated areas, a policy clearly stemming frcm a cansiderati:n of

Jotential consecuences of accicental releases. As a result of this pciicy
.s imecrtant to review alternative sites with regard to their population1.

di fferences .

DISCUSSICM

There apcear to be substantial differences in the numcer and distribution of
people surrcunding the acclicant's al ternative sites. There are aisc differences
in other factors which affect the consequences of acciden:al releases (e.g.,meteoroicgy). Each of these di fferences was reviewed for the ?erryman site
and for the cpplicant's selected alternatives. Some differences were judged
significant and these findings were included as part of the cverall assessment
of the alternative sites ci::u:::d in the main tcdy of this repor:.

However, acs: cf the c mpariscns of differences and similarities among thealternative sites were qualitative in nature. In an attam: :: quantifv the
ccmparisons, the staff evaluated the alternative sites using the consecuence
model developed for the 'Reac:cr Safety Study" (WASH llCO).' This model has
the unique capability of being able to organize informa:icn :n site character-
istic: and accident releases and : hen generate estimates of the censequences
of accidents that reflect an integration of these widely varying but inter-*related factors. While the accel c:ntains many simolifying assemetiens and
limitanicas he staff celieves ~: hat its use can provide sd:iti:nal ;; en:ia'.'.y
va' 'bia insign:s a One present alternative site evaluatica,

n.a cer. acuar. e tcdel m:ed in 'JAsh-1400 (CRAC) consicerec :hree general types of
effects resui:inc from large accicental releases. These are (1) acute injuries,
such as illness or death, i,2) longer term effects, such as increased risks of laten:
cancers, genetic disorders or thyroid necules, and (3) sconcmic ces:s, such as
tests of land dacontamination or relocation of people frca contamina:ec areas.**

Whether any of these effects will be significant depends en the size of the acci-
dental release and on such factors as speed of evacuation of potentially exposed
individuais and meteorological conditions existing at the time of the release.
Thus there is no sin 9 el effect that represents the potential consequences of an

9

[or fhe purposa of this evaluation, only releases to the atmosphere were

**

Section 5.S of WASH-1400, " Risks. frem Accidental Releases ," provides a summarydiscussion of these factors.

'
.
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., accidental re' lease. One of the key features of the CRAC model is that it ccm-
'
.

bines various related and unrelated situations so as to estimate the crobabili v,

of'a given consecuence. The results generally take the form summari ed in '

Section 5.5 of WASH-1aCO.

The results in Section S.S of WASH-lac 0 are not site scecific, they are basec
on an amalgam cr ccmcosite of demogra;:nic and meteor:lcgical conditiens a: 53
sites.' While this process may have been useful for t6e purposes of the "Reac r
Safety Study," it makes any evaluaci:n of site-to-site variations difficult.
While the CRAC c:de can be used to generate site-scecific consequence assess-
ments, its utility for site scecific calculatiens have not been fully assessec.
There have been s; ecific c:ncerns expressed regarding its apoiication to si e
specific assessments, princically arising fr = scme of the simclified asstm:-
tions in the consequence medel. There is an cngoing review of the final resce;
of the Reactor Safety Study and coments by involved and interested parties
on the study. Mcwever, as noted above, the C?AC c:de d:es pe -'it integra ted
c;3essmants, which if used judiciously, can provice improvec insign: as'to
the significance of variations in site characteristics amongs alterna tive

,

sites.

For purposes of ccmparing the candidate sites , a 4100 .''W reac:Or was assumed
(WASH-l?CO assumac a 3200 MWt reactar). No variations in design or sita
characteristics were presumed to affect the probability of an accidental
release. Since the principal ocjective was to examine the relative charac eris-
tics of the alternative sites, the acciden: catescries used in nASb-lac 0
(Table 5-1) were nc: changed. The key assumotions taken from WASH-iaC0 in
this regard were the PWR release categories and thei- -eli-Se ;robability.
ir example, it was assumed f:r purpcses of this review taa a release
.suivalent in magnitude to a ?W:.-3 in W SH-14C0 wac 50 -imes more likely
than a release equivalent :: a ER-2. In :nis way c:mpariscns among the
alternative sites could be drawn withcut regard to the specific value of the
probability of a major accident.

.

Since site specific meteorological information was available for Calvert Cliffs
and Perryman, this data was used in the analysis for both sites. The data frcm
these sites were censidered tc be reascnably representative of the other
candidate sites for the purpcses of this study. The data for these two sites
were modified to reflect estimated differences in directicnal wind frequene
and then applied to the other sites. Site specific estimates of population
districWca and habitable land (land use) were also included as input to the
calculations. Scme factors that are likely to be site specific were assumed
to be onstant; for example, a constant set of evacuation speeds was used at
all sl u:s (e.g.1.2 mph).

RESULTS

The results of performing site specific assessments using WASH-lac 0 consecuences
medel are sumari:ed in Table'C.l . As expected the calculations indicate site-
to-site variations in the impacts of a major accidental release. For examcle,
the ecencaic cests associated with evacuation were ccm:utec to be abcut 10
times higher at perryman tnan at Cilvert Cliffs. The Yalculated mean acute
Stalities at Fairhaven were abcut three times' those at Perryman. The

fferences in both cases can be directly attributed 00 ene numcer and Iccaticn
of people residing in the vicinity of each site. *

C-3
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TABLE C.I-
.

RATIO O.c v.e. ail VAL" 5 CF rr'".cc9Uc.' ice.t n",' 'i..e 'L~i c's.".ni c 3 '1.
-

~. 3
a-- - --

- - - a~ .m- -

70 THOSE .U THE PERRYMAN 5!?E

Ratio of alternate sites to Perryman

:nseCuence* Perryman Sain' ridce Car: enter ?t Calver: Cliffs . air.ac+o e

Acute Fatalities 1.0 0.76 0.74 0.45 2.78.

Acute Injuries ' l .0 1.5 1.45 0.75 2.33.

Latent Effects frem ~

.

Early and Chronic
Ex;;osu re 1.0 1.12 1.11 0.55 1.10

.

Evacuation Cost 1.0 0.30 0.31 0.10 0.50

Total Cost w/.

decantaminatien 1.0 0.78 0.79 0.38 0.98

Total Man-rea 1.0 1.12 1.12 0.60 0.S6

.

.

"h ' lequences d0 not include the health effeCOs to the !Tansient ?CCulatiCn
C ...g in f'. Cili!ies stCh 2s Offices , institutiCns , e:C. , l002:30 elativel;'
. lose to the relCC0r but no; raid;ad CO nuclear StatiCns CCerat'CF., nCr do Iney
nelude costs asscciatad with contamination of these facilities as a result of
large accidental release.

.
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TABLE C.2

ACUTE FATALITIES FOR VARIOUS PROSABILITIES .:CR ONE

REACTOR AT ALTER! LATE SITES'

s
s

Chance per No. of early fatalities
Reactor year Perryman Bainbridge Carcencer Pt. Calvert Cliffs Fai-na.

one in 2000 <1 <1 <1 <1 <i

one in 1,000,000 <i 30 10 <1 4C

one in 10,000,000 2100 980 1250 600 .1800

one in 100,000,000 5700 3200 2900 2800 38,CCC

one in 1,000,000,000 11,000. 7600 21 ,000 23,C00 >lCO,CC:

.

9

O

O
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utner ino1ces sncw tne same trena, namely cnat La tvert Lilt s general ty ranxec.

lowest in c:m:uted consequences, Fairhaven ranked the highest, with Perryman.

somewhere in between. The total range was generally less than a factor of 5.
The distribution of values frem the mean was also examined. These results shcaec
similar trends. .

.a an attemo: to cain scme additicnal cerscactive en the risks (as ocposed ::
expected c:r.sequencas) asscciated with large accidental releases, the distri-
bution of a particular risk, namely the acute fatality, for each candidate site
is summari:ed in Table 0.2 (using for this purpose the numerical ;recability
estimatas of WASH-lac 0 for va-icus ?WR release categories). Other risks cal-
culated by the CRAC Code can be developed as in Table C.2.

Finally, rough estimates were made of risks associated with large accidental
releases frcm a pcwer reactor at tne 5 alternate sites, expressed as dollar
costs per reactor year. The results are shown in Table C.3. For the purpose
of there estimates, the varicus health effects (excluding acute fatalities)
were assumed to have a cost measured by 51C00 cer man-rem, after tne fasnicn cf
Appendix I to 10 CFR Part 50. The " cost" of acute fatalities was taken as
51,000,000. The results are therefore a measure of site differences in popu-
lation distribution and to a lesser extent meteorological characteristics-.
The SlCC0/ man-rem value is used in ?ar: 50, Acpendix I. as the ces-/ benefit
index to determine if radwaste treatment augmentation is c:st effective. It
represents a conservative estimate of dollar costs asscciatec with sematic heal r
effects frca icw-level radiatica arising frcm nereal plant cperation (prcbabi'i y t

of occurrence = 1.). For this evaluation, tne ccst of a man-rem should be
appreciably lower. For examole the 5EIR Recor: cites a range of 512 to 5120 per
man-rem for genetically related healta effects. I- is unlikely that the
' carate costs of sematic effec s wcuid be sucstantially abcve this range,
:nough as noted abcve, a value of 51CC0/ man-rem has been used for pur:cses

of 10 CFR 50 As;endix I. Mcwever, intangibles invcived in menetizing :aaith
effects warrant the use of a higher value fer -his analysis.

.

Quantitatively, the estimated annual public " risks," which mighc result frem
these very lcw prcbability events, ranged frem 5250,C00 at Calvert Cliffs to
5700,0C0 at the more densely populated sites. Perryman was scmewnat less than
twice that of Calvert Cliffs. These results do not reflect all differences in
site characteristics which could have a significant effect on the tctal risk.
For example, the possibility of high evacuation speeds at Calvert Cliffs was
noted but has not been considered in the estimates of acute ex:csure at that
site in ccmcarison to the others. Also, the costs for property damage, with
and without decontamination, were based on assumptions that land-use character-
istics were similar for the 5 sites. By rough estimate, the average cost of
land surrcunding Ferryman and Calvert Cliffs is $2C00 per acre, even thcugh the
land at each site is put to different uses (i.e. , Perryman with the nearby
military ccmplex and Calvert Cliffs with extensive agriculture). A more detaile:
estimate could well indicate that the costs of interdicting large portions of
the Aberdeen Proving Grcund and Edgewccd Arsenal near Ferryman for a perice of
years (including the possible loss of employment of the 12,CCO werkers) wcule
be significan-ly higner than the cost of interdicting tne preccminantly agricul-
tural lancs surrcuncing Calvert Cliffs.,

.

C-6
.

-go-

,
'

-



e -p.n s . ... .. : n i s . . n . e .. . s t . . q u.. m.i l l . . .I ni...n.. I ti s i s .. s .. . s .

ef-

Anmeal occurrence Rate i Cost per Case 1 Annual Illsk '
3

(~-

C.ag e.pnmr e P CC (P D Ill p Ct. D~ D fil .

-4 -3 IAcute fatalities 7 x 10 3 x 10 5 x 10 5 x to 2 x 10 $1,000,000 700 300 500 500 2,000

flan-rem 565 336 635 615 int $100n/ man-rem 565,000 336,000 635,000 635,000 401,000

l'roperty damage 5 x 10 all cases as dete wind by 35,000 10,000 25,000. 25,000 30,000
calculation

* Total $600,000 316,000 660,000 660,000 519,000
:- .

1. Ihls value has I,cen aihltrarily selected. A value of $200,000 per fatality was reported In' Risk flanagement Golde", EDUA 16-45/11 (June 1917).
it.inever, other estimites have been developed which as e somewhat blyhcr. This,value, as well as othrr values in this table, should be regarded ,

as illustsative only. A wide range in esti:nated societal costs of fatalities has leen reported. The value used in this table may t,e on the
Iru side, slme it does nnt include the costs that might lie assn (lated with a medical tocalment and care of Individisals following a majorcaposm e in s adiatine:. However, the sesults from this table isould Indicate that the total cionctized annual risk is not sensitive to the dollar
v.ilue assumed for acute fatalities.

2. ihe $1000 per man rem is an athitrary value, selected as illdstrative of the socicial costs associated with the longer-tema health cifects that
.

might result from an accidental release. 1he specific value is that rrported in 10 ClR 50 Appendix I, although it is secognized that the
considerations that led to the Appendix I value are not directly (omparable to this ennple. As discussed in the text, this esthpate may 1.e on.

the high sidb.
*

3. The towputed sesults do not icilect site to site variations in spred or case of evacuation of the surrounJing population. As discussed in the
i tent there is, a o cason to t elleve that Calvert Clif fs may be simu uhat heller than Pea ryman in this respect. If true (a detailed evaluation

w..uld he e c.pstre.1 to confilm or deny this speculation), the dif fe entes i.elucen Perryman and Calvert Clif fs would he greater (for all three
talegories of sensequences) than paesented.

4. Honellied annual risks associated with low probability, pntentially severe conscepren<cs events could be estimated in a variety of ways. One
alternative wnuld be to estimate costs associated with each of the several types of health effects in Table C.I. the staff 15 of the opinion

- 11.41 soth an approach would not result in estimates signif f rantly above the values estimated here, anJ could t.e significantly lower. A dif ferent
g a;.pinath unuld he to adjust these estimates to reflect perceived societal tolerance to (or al. 'rnatively, perceived aversion to) very impret,able,

pntentially severe conseluence events. Finally, adjustments could le made in the nionalized risks to reflect differce.. event probabilities for
the various release cat ;gories in llA5tl-1400. lionetheless, the values cited are regarded as reasonable and are illustrative of trie site-to-s?te
variations. *
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. . ' . ,'ConClosions
'

The simplifying assumotions and limitations of the present analyses serve to
- ohasize that results cbtained from this use of the CRAC code must be viewee

.h cauticn; their princical value in this alternative site review is to
indicate trends and to assist in an evaluation or the relative magnitude of
site-to-site differences. It shculd be emphasized tnat the calculations
using the CRAC ccde would not generally be conductec in the review of alterna-
tive sites . As discussed in the main bcdy of this recort, the Perryman site
has a surrounding peculaticn wnich is, or will be, considerably in excess of .

the benchmarks of ECO and 1C00 peccle per square mile. Given this circumstance,

a special, more detailed assessmen; was in order.

In applying these results, it is als im:cr: ant to keap in mind that the

comparisen of health effects from low probability accidents uses site location
as the only variable. Health effects frca alternative sources of electrical
generation at the varicus sites were not considered."

Nonetheless, the staff has determined that there are consistant differences
among the sites fr:m the s andpoin cf accident risks, but that in all cases
the risks are icw. Taking all fac::rs into acc unt, the CRAC analysis
supports the conclusion that Calver Cliffs is superior to Perryman frem
the standpoint of accidental releases.

- .
.

This topi: is sddressed in a generic sense in NL' REG-C232.*
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RSSConsequnecYI5SSI)!RACCode

THE C0!!SEQUEiiCE (10 DEL CRAC PROVIDES A

REAS0t!ABLE EVALUATION OF THE IliPACT OF

POTENTIAL REACTOR ACCIDEf-!TS ON THE ENVIR0i!MEilT
.

e CALCULATES HEALTH Ai!D PROPERTY RISKS

e REQUIRES SUBSTANTIAL SITE DATA

e LIfilTATIONS SET BY RAND 0i1 NATURE

OF SITE METEGROLOGY

e PROVIDES SIGHIFICAilT INSIGHT IMT0

POTENTIAL EliVIR0llMENTAL EFFECTS

e REQUIRES FURTHER RESEARCH TO IllPROVE

LICEilSING APPLICABILITY

N

.
-

/l Y *
.



CRAC EVALUATES TWO TYPES OF

EINIRONMENTAL IMPACTS

__

0

e HEALTH EFFECTS (POPULATI0iD

IMMEDIATE DEATHS

IMMEDIATE IliJURIES

LATEtlT CANCER DEATHS

GENETIC EFFECTS

e PROPERTY DAilAGE (LAilD VALUE)

ItiTERDICTION

DEC0f! tai 11NATIO!i COSTS

CR0P LOSS

OBSERVATI0ft: CLASS 9 ACCIDEi!TS ARE REQUIRED FOR THE

PLANT TO SUBSTAtlTIALLY IMPACT THE SITE

-
.

.
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l,
CONSEQUE!!CE MODEL ICRAC) IS A PROBABILISTIC

TOOL WHICH INTEGRATES PLANT / SITE
.

y
CHARACTERISTICS TO PROVIDE

q.
C0i1PLEMENTARY COMULATIVE DISTRIBUTION FUf!CTIONS' -

'l - (CCDF) FOR HEALTH & PROPERTY COB'SEQUE!!CES
ij

P

CONVOLUTION OF
j
2

1.
REACTOR CORE INVENTORY

f
2. RELEASE CATEGORIES

i (9-PWR, 5-BWR)

\.

3. WEATHER CONDITIONS
(91 START TIMES)

u

4. POPULATION DISTRIBUTION (15 SecToaS)

i

.
-

/f'7 I,-.

w. .
. . . . ...._ '- --__

.
- . : ::... n., .. .. . . . .:~..- ~: .., -
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ENVIRONilENTAL IMPACT OF PLANT ON SITE IS

DETERMINED BY FOUR CHARACTERISTICS
,

'

G POWER LEVEL (MAGNITUDE)

[ RELEASE

9 ACCIDENT DESCRIPTION (MECHAMISil)
,

9 METEOROLOGY / TOP 0 GRAPHY > DISPERSAL

9 POPULATION / LAND VALUE > EXPOSURE

-
.

. - . __
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__

REACTOR
WEATHER

POWER LEVEL
DATA -

'
. .̂

s
:

__

w

DESCRIPTIOil
0F RADI0 ACTIVE ATMOSPHERIC-

RELEAS4 DISPERSI0fl

,

\ HEALTH
V *

EFFECTS
-

-

,

Q~ CLOUD
_ i

DEPLETI0il + 00SIMETRY > POPULATION

t I
,

'r j
PROPERTY

; ..
~ 1

'
, - D4HACE i

3RCU::D '

'

C0:iTAMit;ATION !
EVACUATION

| _

SCHEMATIC OUTLINE OF CONSEQUEllCE MODEL '

.
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SITE DATA REQUIREMENTS FOR CRAC ANALYSES

'

1. HOURLY METEOROLOGICAL DATA FOR OilE YEAR

A. THERMAL STABILITY

B. WIND SPEED

C. PRECIPITATION OCCURRENCE

2. SEASONAL DATA

A. WIND ROSE

B, f1IXING DEPTH

3. POPULATION DATA

A. 16 SECTORS

B, 34 DISCRETE IllTERVALS TO 500 MILES

4. LAND USAGE DATA

A. FRACTION OF HABITABLE LAND

B. FRACTIO.'1 0F DAIRY FARMS

C. FRACTI0'l 0F NON-DAIRY FARMS

.

'
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LIMITATIONS OF CONSEQUENCE fiODEL

SITE SPECIFIC C0i1CERi!S .,

DIRECTION CHANGES CAN BE ItPORTANTs

LOCAL TERRAIN ' ,

iiULTI STATION fiETEORCLOGICAL DAfA
'

-

<i

WIND SPEED-STABILITY-PRECIPITATION WINJ

ROSE SHOULD BE INCORPORATED

'

.
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!
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LIlllTATI0flS (CONTINUED)

ERROR SPREADS 01 RESULTS DIFFICULT TO ESTABLISH

.

A, i0 DEL li1PROVEiiEi!T POSSIBLE Ill FOLLOWIllG AREAS

PLUf;E RISE

RELEASE DURATI0fl

BUILDI!iG WAKE

f1IXIt!G DEPTH

ATriOSPHERIC STABILI'Y CLASSES

PARTICLE SIZE

DEPLETION

PRECIPITATION

B. EiETEOR0 LOGICAL DATA UllCERTAIfiTIES .

C, POPULATI0ii LOCATI0il & VARIATI0ilS

D, EVACUATI0lifiODEL

E. HEALTH EFFECTS i10 DEL

.
-
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CRAC CALCULATIONS PROVIDE SEVERAL

VALUABLE INSIGHTS

Ili TERi1S OF CLASS 9 EFFECTS FOR 3200 f1WTH
PLANT

A. LATENT CA!!CER DEATHS (iWl-REiD

DOMIPATE HEALTH EFFECTS

B. lATEilT cat;CER DEATHS ARE

D0illiiATED BY CHRO|lIC LOW-LEVEL

EXPOSURES OCCURRIiiG BETWEEil

25 Ai!D 200 MILES FR0!i POWER-PLAilT

C. IMMEDIATE DEATHS ARE GEiiERALLY

LI'lITED TO AREA WITHIfi 20 illLES

OF POWER-PLANT

D. COSTS ARE D0iiINATED BY

II;TERDICTI0i! AND DECO |iTAi,.. '!!

COSTS WITHIll ABOUT 30 illLES OF

THE POWER-PLA>lT

~

.
.

t

"
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IllSIGHTS

(C0flTINUED)

Tile IMPACT OF A REACTOR ACCIDENT IS fl0T OilE PROBABILITY OR EFFECT
BUT, IS A C0 iip 0 SITE OF patly PROBABILITIES AND EFFECTS,

Ill C0!lSiDERING ALTERilATE SITES,

Tile BURDE|10F AtlY DECISI0il SHOULD NOT BE (J.ID 0|1 Tile MODEL,
BUT, S110VLD BE PUT Oil TiiE AtlALYST,

USING THE I!! SITES gal? LED TilROUGH THE tiODEL AS A TOOL,

.
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CRAC AtlD SiTIflG

RESEARCH PROGRAM
,

1. ADDRESS REC 0filiE!!DATI0ils FOR POTE|lTIAL .

IMPROVE;iEilTS I?! MODEL

2. EVALUATE SEi!SITIVITY OF flew MODELS

REGULATORY PROGRAM

AilALYZE PAST CRITICAL DECISIO!lS USIllG THIS TOOL

TO GAIII FURTHER IllSITE IllTO RESULTS.

C0f1BINED EFFORT

PERFORi1 PARA |iETRIC STUDIES TO DETERfil!!E RELATIVE

I|lTERACTI0flS BETWEEll KEY COMP 0flENTS OF PPCBLEfi.

SHOULD USE CRAC A!!ALYSIS TO FORiiULATE AilD ESTABLISH

A fiORE EFFECTIVE SITING CRITERIA.

-
.
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USE OF RSS CONSEQUENCE MODEL IN SITE REVIEWS

AGENDA TOPICS

INTRODUCTION

,

BRIEF REVIEW 0F RSS CONSEQUENCE MODEL
,

)

?? th

( *l . NEPA REVIEW 0F ALTERNATIVE SITES pq
5'"

L %
W
8

POSSIBLE APPLICATIONS OF RSS CONSEQUENCE MODEL ,k
'E N
98
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CONCLUSIONS h
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CURRENT STAFF PRACTICES IN HEPA REVIEWS

.

ASSESSMENTS OF ALTERNATIVE SITES INCLUDE A BALANCING OF SIGNIFICANT
"

ENVIRONMENTAL, ECONOMIC AND OTHER ASPECTS, INCLUDING POPULATION

DISTRIBUTION.

.

E][] IN Tile ALTERNATIVE SITE REVIEW N0 SIGNIFICANT WEIGHT IS GIVEN TO"
-

POPULATION DENSITY IF ALL SITES ARE IN RELATIVELY ISOLATED ARE?i.
N
D

IF THE APPLICANT'S SELECTED SITE IS IN AN AREA 0F filGil POPULATION
DENSITY (OR INVOLVES OTilER MAJOR ENVIRONMENTAL IMPACTS) A SPECIAL
REVIEW IS PERFORMED TO DETERMINE IF TiiE PROPOSED SITE OFFERS, ON

BALANCE, SIGNIFICANT OFFSETTING ADVANTAGES.

A DETERMINATION IS MADE TilAT TiiERE DOES NOT (OR DOES) EX1ST AN
*

OBVIOUSLY SUPERIOR SITE.



_ . . . - - . .

SAFF.TY ASPECTS OF ALTERNATIVE SITE REVIEWS

BACKGROUND:

* ACCIDENT RISKS, OR ANY OTHER ENVIRONMENTAL IMPACT, CAN BE INTERNALIZED OR EXTERNALIZED. TilEY ARE

INTERNALIZED TO THE EXTENT TilAT Tile DESIGN INCLUDES FEATURES TO PREVENT OR MITIGATE Tile EVENT (Tile

SOCIETAL COSTS APPEAR AS INCREASED COSTS OF ELECTRICITY). THEY ARE EXTERNALIZED TO Tile EXTENT TilAT

EQUIPMENT MAY NOT WORK AS PLANNED OR MAY tr: ?MPLETELY PREVENT A RELEASE (Tile SOCIETAL COSTS APPEAR

AS A CilANCE TilAT Tile SURR001 DING POPULATION Ms. 1E SUBJECTED TO AN EMERGENCY CONDITION).

CURRENT NRC PRACTICE REQUIRES DESIGN FEATURES TO M.'TIGATE RISKS OF ALL RELATIVELY LIKELY EVENTS.

ONLY CLAS s EVENTS NOT EXPLICITLY CONSIDERED IN dei 'GN.

SINCE Tile SOCIETAL COSTS OF MORE LIKELY EVENTS ARE ANTERNALIZED (ACCIDENT RISKS ARE REQUIRED TO BE

ACCEPTABLY LOW), ANY RESIDUAL SAFETY RISKS (EXTERNALIZED COSTS OF ACCIDENTS) ARE DOMINATED BY CLASS

g 9 EVENTS. Tile REACTOR SAFETY STUDY CONFIRMED Tills CCNCLUSION.

SITE VARIATIONS INFLUENCE Tile MAGNITUDE OF ANY RESIDUAL RISKS. TilERE MAY BE VARIATIONS IN THE PROB-

ABILITY OF ACCIDENTS (DIFFERING SEISMICITY ETC.), OR VARIATIONS IN Tile CONSEQUENCES OF AN ACCIDENT

(SIZE OF POPULATION, ETC.).

CONCLUSION

SIGNIFICANCE OF SITE VARIATIONS DEPENDS LARGELY ON ?MPA;T OF THESE DIFFERENCES ON Tile MAGNITUb; Of " ASS

9 RISKS. TO DETERMINE THAT A LOWER POPULATION DENSITY SITE OFFERS SIGNIFICANT ADVANTAGES FROM OVERALL

ENVIRONMENTAL AND SAFETY POINTS OF VIEW INFERS A SIGNIFICANT DIFFERENCE IN CLASS 9 RISKS.
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.

.

MAJOR FACTORS INFLUENCING CONSEQUENCES OF ACCIDENTAL RELEASES

*
MAGNITUDE OF RELEASE (INFLUENCES DISTANCE AT WilICil PEOPLE ARE AFFECTED).

*
LOCAL AND REGIONAL HETEOROLOGY

DISPERSION CilARACTERISTICS

PREVAILING WINDS

PRECIPITATION PATTERNS AND FREQUENCY

*
TOP 0GRAPilY AND llYDROLOGY

'

UNUSUAL FEATURES AFFECTING DISPERSION OR DEPOSITION

'

UNUSUAL FEATURES EllPilASIZING A SPECI AL PATilWAY

I *
POPULATION DISTRIGUTION

DENSITY, SPATIAL DISTRIBUTION, SPECIAL FEATURES (610SPITALS,, RESORTS)

*
FEASIBILITY OF EMERGENCY PROTECTIVE MEASURES

LOCATION OF PLANT IN REGARD TO TRANSPORTATION ROUTES

Fi..*SIBILITY OF EVACUABILITY, SiiELTERING

* LN4D USAGE

AGRICULTURAL

URD#1
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EXAMPLES OF METHODS OF COMPARING ALTERNATIVE SITES

RULES OF THUMB

POPULATION VS. DISTANCE

WIND-DIRECTION WEIGitTED POPULATION

RELATIVE HAZARD INDICES

TID-14844, ACRS' SITE POPULATI0t.' INDEX

,

I IAEA COST EFFECTIVENESS MODEL

- NRR PERRYMAN ANALYSES BASED ON RSS MODEL

%
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COMPARISON OF RELATIVE CLASS 9 CONSEQUENCES AT FIVE ALTERNATE SITES
,

CONSEQUENCE OF ALTERNATE SITr;/ CONSEQUENCES AT PERRYMAN

CONSEQUENCE PERRYMAN BAINBRIDGE CARPI'4TER PT. CALVERT CLIFFS FAIRilAVEN

ACUTE FATALITIES 1.0 0.76 0.74 0.45 2.78

ACUTE INJURIES 1.0 1.5 1.45 0.75 2.33

LATEhi EFFECTS FROM
EARLY AND CllR0NIC
EXPOSURE 1.0 1.12 1.11 0.55 1.10

EVACUATION COST 1.0 0.30 0.34 0.10 0.80

TOTAL COST W/
DECONTAMINATION 1.0 0.78 0.79 0.38 0.98

i

's4) ~ TOTAL MAN-REM 1.0 1.12 1.12 0.60 0.86
\



_
_

MONETIZED COMPARIS0N OF RESIDUAL ACCIDENT RISKS *

($/ REACTOR YEAR)

0-30 Hile Acute Evacuation / TOTAL
Population _ Fatalities Man-Rem Decontamination

'

Perryman 2.9 x 10 $700 $565,000 $35,000 $600,000

5
Calvert Cliffs 2.7 x 10 300 336,000 10,000 346,000

6,

Carpenter Pt. 1.1 x 10 500 635,000 25,000 660,000
'

g 6
Bainbridge 1.2 x 10 500 635,000 25,000 660,000N

h- Fairhaven 3.5 x 10 2000 487,000 30,000 519,000

* Based on 106 $/ fatality, $1,000/ man-rem, economic costs as calculated from CRAC; no special weighting
of any scenarios according to probability or consequences; costs do not include loss of generating
capacity or loss of major nearby industrial facilities, if any.
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POSSIBLE APPLICATION OF RSS CONSEQUENCE MODEL

ESTIMATION OF AGGREGATE RISKS

NEPA REVII.'.JS OF ALTERNATIVE SITES,

EMERGEl, PLANNING

M
b~

SITING CRITERIA

SITE-SPECIFIC ASSESSMENTS



. . . .. .
_ .

CONCLUSIONS

TilERE ARE SIGNIFICANT LIMITATIONS IN Tile RSS MODEL. HOWEVER, IF CARE IS TAKEN

IN SELECTION OF INPUT MODELS/ PARAMETERS AND IN INTERPRETATION OF RESULTS, IT

CAN BE A USEFUL TOOL IN ASSESSING SITES.
,

USE OF THE RSS MODEL DOES NOT APPEAR WARRANTED IN CASE REVIEWS, EXCEPT IN

UNUSUAL SITUATIONS.'

EFFORTS UNDERWAY AND PLANNED WILL EXPLORE THE EXTENT TO WHICil USE OF RSS

CONSEQUENCF. MODEL WILL AID IN Tile DEVELOPMENT OF IMPROVED SITING CRITERIA

AND BASES FOR EMERGENCY PLANNING. IT DOES APPEAR TilAT THE MODEL CAN

BE USED TO EVALUATE AND/0R DEVELOP " FIGURES OF MERIT" FOR SUCil ASSESSMENTS.

.
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APPENDIX XII
Oconee: Proposed Safe Shutdown System

(
ADVISOPY Cor.1MITTEE ON REACTOR SAFEGUARDS

iNtit:LF.An nEGULATOnY COMMISSlgh 7* #

TD! /* 5.Q'/ _"", ;q)-W ASit1NGTON, D. C. 20555 ~ '

G J t
~ '

May 22, 1978
-

o
/, , o ...

'Y'T i,~ . ,y . *, y. }
* *

. 4 N | ') | '.' | { .
ACRS

*

ACRS Technical Staff

f,3.I c,g d. /
PROPRIETARY ASPECTS OF DUKE /0CONEE SAFE SHUTDOWN SYSTEM -

.-

In addition to the nomal proprietary aspects of the Duke /0conee
Safe Shutdown System, the system description attached hereto gives
infomation sensitive to plant security and should be treated
accordingly. Proprietary data is, of course, withheld from public
disclosure.

Ragn 'a d uller
Senior Staff Engineer

(

Attachments:

(1) R.K. Major April 6,1978 Memo "0conee Nuclear Station -
Safe Shutdown System (SSS)"

(2) Duke Power Letter dated February 1,1978 with
Proprietary Attachment -- Control No, 780390049

-
,

)

.



..

- ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
NUCIAAn REGULATORY COMMISSloN

W AKittNG10N D. C. 705%

APRIL 6, 1978

ACRS
-

ACRS Technical Staff

OCONEE NUCLEAR STATION - SAFE SHUIDCT.d SYSTEM (SSS)
.

The Oconee Station was designed during the mid-60's. Since that time
staff requirements have cnanged, especially in the areas of fire orotection,
physical security, and f1 coding of the turbine building. Oconee is cut-
rently being reviewed in each of these areas. In each case the review is
concerned with the capability to safely shutdown the plant if the Oconee
turbine building were lost or if the systems necessary to shut the plant
down were conpromised. The proposed installation of the SSS would pro-
vide an independent shutdown capability for the Oconee Station and would
resolve an area of concern comnon to the three separate reviews currently
being perforned.

*
.

Envisioned is a separate building containing an independent safe shutdown
system. The system would be able to bring all or any combination of

( che three Oconee units to a shutd w n condition in response to specific
accident or sabotage scenarios. The system is not designed as a sub-
stitute for the current emargency core cooling systems nor does it provide
additional redundancy for ECCS equipment. Duke Power makes it clear that
the Oconee Nuclear Station is considered a unique situation and may require
such a system where other plants do not.

The Oconee Turbine Building contains safety-related systems that provide
either poaer to or cooling water for Class I shutdown systcrus. Under
10 CFR 73.55 sabotage proteccion would be required for the turbina building.
Duke Power feels that adequate protection could not be economically or
feasibly provided and if provided it could result in difficulty in perform-
ing normal operations. Flooding of the turbine building from external
causes ,or a break in a condenser circulatina water system waterbox could
disable safety related equipment as well as the normal feedwater system
and possibly prevent an orderly cooldown. At one time a turbine building
drain system was proposed, but the need for such a system can be eliminated
by the proposed safe shutdown system. The SSS can also be used as a
redundant shutdown system in the event of a fire and eliminate the need
to remove and reroute safety system cables.

-
,

,

W., .

.
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The SSS provides an alternate and independent means to achieve and
maintain a hot shutdwn condition for all three units. The system is
independent of the current shutdown capability, except for the existing
remote shutdown panels which would be replaced. The SSS will be able to
maintain hot shutdown in all units for a period of 3.5 days without any

-

damage control measures. The system components and the associated
structure are designed to Class I seismic requirements.

The system concept is to provide safe shutdown capability by maintaining
.

adequate primary and secondary system inventory. ~ The Oconee
reactor coolant system can provide adequate natural circulation floa for
' decay heat removal in the event of a loss of normal station power. The
secondary side steam relief valves will provide an atmaspheric heat dump.
Sufficient instrumentation will be provided to allow an orderly progression
of each unit to hot shutdown conditions. Heating, ventilation, air con-
ditioning, lighting, and comunications services will be provided for
the safe shutdoun facility. An independent diesel electric and batterypoaer cystem will be provided for the SSS.

Three major subsystems comprise the Safe Shutdoan Facility, namely the
Emergency Makeup System, the High Head Auxiliary Service Water System,
and the Safe Shutdown Facility Power System. The Emergency Makeup System
provides borated makeup water to the reactor coolant system from the

(. spent fuel storage pool.

The liigh llead Auxiliary Service Water System (HHASW) provides feedwater
in the event both the normal and auxiliary feedwater systems are un-available. The suction for the UHASW pump will be taken from the com-
ponent cooling water system.

The Safe Shutdown Facility includes several . and one DC power systems.
These systems supply the power necessary h the hot shutdown of the
reactor as well as for continuous operation of the security system, in
the event of a loss of power from all other poser systems. It includes
a diesel-electric generator unit, switchboards, a load center, a mator
control center, panelboards, battery chargers, an inverter, relays,
control devices, and interconnecting cable.

The initial reaction of the staff has been favorable. Duke Power wants
approval of the concept before detailed design work is started. It is
estimated that design and installation of the SSS would take about 30
months. Duke Power will provide interim protective masures until theSSS is completed.

-Richard 'K. Major
Assistant Engineer

i
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APPEI4 DIX XIV.
.

SGC;uoyah, ',Jatts Bar, and Bellefonte:
Background flaterial. Leading to. Seismice "%,y UNITED STATE

a
p

f,i NUCLEAR REGULATORY Design Reevaluation%
# 'i ) (i ADVISORY COMMITTEE ON REAC

;$$v;7# jg WASHINGTON D. C.
K ,* p May 25,1978
..... .

.

ACRS Me:cbers

NRC STAFF EVALUATION OF THE SEISMIC DESIGN BASIS ECR
*

SFCCOYAH, WATTS BAR, AND BELLEEt1EE NUCLEAR PIRES- SUELTECT:
f

i i design for

The NBC Staff has requested that TVA reevaluate the se sm cith respect to
the Sequoyah, Watts Bar, and Bellefonte nuclear plants wd Review Plan) cri-
the current (10 CFR 100, A~,.:endix A and the StandarThe controlling earthquake for all three-

VIII). Theteria for seismic design.
plants is the Giles County, Virginia Earthquake of 1897 (MMintensity-

NBC Staff currently accepts the use of the Trifunac-Bradyl tion

acceleration relationship (which associates a mean peak acce erah Regulatory
cf 0.25g with an. Intensity VIII eart. quake) and the use of t eThe SSE and OBE values, foundation condi-
Guide 1.60 response spectrum.tiens, and CP dater. for these plants are as follows:

Foundation .

SSE OBE Condition A/E CP Date

TVA 5- 27 -7 0
.18g .099 Bedrock 1-22-73TVASequoyah (W)

Watts Bar q) .189 09g Soil 12-24-74_ TVA

Bellefante (ScW)
.18g .09g Bedrock

.

e

Similar information for the other nuclear plants located in Tennesse
ard northern 7.leam is as follows:

,

Foundatien

SSE OBE Condition A/E CP Date

TVA OL issued

Browns Ferry (CE) 20g .10g Soil 5-9-77TVA

Hartsville (GC)
.20g .10g Bedrock 1-16-78TVA

Phipps Bend (GE) .25g .099 Bedrock 9-1-78'IVA

Yellow Creek (CE)
.30g .10g Soil
.25g .08g Bedrock

in this part of the
A map showing the location of the nuclear power plants1978, December 27,

eastern United States and three letters, dated January 13,1977, and February 6,1978 are attached for your informatien.
'

,

his review and is
A NRC Task ? cree (H. Rood, Chair:rdn) has been assigned to t
expected to issue a report in the near future.

gV R. Savio
.

L
-

O Staff , Engine (r

g
Attachments: As stated M - /p tf

,
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y .g g NUCt. EAR REGUt.ATORY COMMissIO?l >
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WASHINGTON. D. C. 20555 5
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January 13,1978t5 -

%V ,8 MCCf!Yrn ,

Sees * ADYl3047 tulate TEE ON
uAcrom,54rEcun.: s a.s. n.c

Docket No. 50-327/328
.

50-390/391 JAN 231978 - ,

50-4M/439 AM 99
-

1
FACILITY: dequoyah,WattsBar,BellefonEet$1C:MI l'hE6 ,88

.t /
APPLICANT: Tennessee Valley Authority ,.

7'
SUBJECT: MEETING WITH TVA ON SEISMIC OESIGN BASIS FOR SEQUOYAH, '

nm ia onn, AND BELLEFC;;TE ?

Representatives of TVA met with members of the staff en December 21, 1977
to discuss verification of the seismic design bases for the subject

Trensportation proble:ns caused a delay of several hours inplants.
the start of the meeting which in turn preclufed the attendances of some
staff members, attendees were as indicated on the attached list.

Our concerns about, the saismic design bases for ,,'.hese 91 ants were discussed
along with possible approaches to resolving them. Thes2 concerns are

-

documented in the letter of December 27, *)977, attached"for referenct
,

TVA suggested a " generic" app:: :.c?Cdiscussir.g regional
.

purposes.
seismology wnich could be applicable to ali.thi'ee' plants, but we pointed

~

cut difficultics in using only this approsh and'iridicated the need
to focus on eacn plant and site. TVTs incicated they would ccr. sider a
multi-faceted response, including one suggesied by us. They. stated
they would request a meeting to discuss the. outline of their prmosed ,

We urged early action on this matter to preclude anyresponse.
unnecessary licensing delay. ,,,

fL-

.a.,, .. .
-

i
- , . ~

A -+ ' W
RITENTION PERIOD i lta ley ver, Project Manager _.

Light er Reactors Branch 4
--

-

sO Permanent
7 L. 1 Divis[ of Project Management

conths t---

O Temporary for "- ----

Enclost res: l -- - --

Asstate@nostroy
-

_

ACRS OECICO?Y- CKIGURY"B"-
DO NOTREMOVEFROM ACRS OFRCE

.

.

.'
\, . g.

_

* 4 ,
* *- ~

-

f

-/R G .xr
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NUCLEAR REGULATOR .' COMMISSION-

d,, kh) .. h
WASMNGToN O c. 20555
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I
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,

***** December- 27, 1977.

Docket Nos. 50-327/328
*

50-390/391
'

50-438/439

Tennessee Valley Authority'

ATIM: tt.r. Godwin Williams, Jr.
Manager of Power

840 Power Building ,

Chattanooga, Tennessee 37201

Gentlemen:

SUBJECT: SEISMIC DESIGi BASIS FOR THE SECOOYAH, WATr5 BAR, NID
BRU.ERMrE (7JCLEAR PLANIS

This letter is to inform you of a question that has arisen concerning
the seismic design bases for the Sequoyah, ilatts Dar, and Ballefonte
glants for which construction permits were issued on Hay 27, J 970,
.anuary 24, 1973, ard December 24, 1974, respectively. All three plants

-11e within a tectonic province where the largest historical eartnquake
was the 1897 Giles County, Virginia carthquake, an Intensity VIII
event. Past and present staff requircraants snecify that the safe shutdown
earthquake (SSE) for plant design be determir.ed assuming that the
Intensity VIII event could reoccur near the plant sites. Correla.icna
which were based on distant earthquakes and are now considered inappro-
priate for converting intensity to ground acceleration for carthquakes -

assumed to occur near a site, were used in establishing an
acceleratio of 0.18g as the SSE design basis for each of the three
sites. The specific response spectra anchored to the accelera-
tion were selected on the basis of the practice current at.
the time of reviews for construction permits.

In 1973 Appendix A to 10 CFR Part 100, and in 1975 the staff StanJard
Review Plan were put into effect. Appendix n lays out the basic approach
for determining the SSE while the Standard Revicw Plan indicates
specific itegulatory Guides, procedures, and techniques that may 1.e used
for this purpose. Certain aspects of the initial analysis perfor.ced
for the Saquoyah, Watts Ear, and cellefonte plants are not af fected.,

We still regard the Giles County Earthquake as being the controlling
event for these sites and we still consider that to be an Intensity VIII
event. What has changed, however, are the procedures used to convert
this intensity to design spectra, we not accept an intensity-acceleration

.

( } ,
-

-

. .

-
.

.

.

-/ $7
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- _ _.. ___ _ __ _ _. ,
m;,,

.
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Aennessee Valley Authority -2-
t |

--

relationship based upon a more complete pata set (Trifunac and Brady, l'H5)
which associated a mean peak acceleration of 0.259 with Intensity VIIt.
We also p;csently determine response spectra as indicated in Regulatory
Guide 1.CQ catitltd " Design Response Spectra for Seismic Design of Wuct a
Power Plc.0 ,* In C;. oral, current practice results in the selection ot
more concervative resp:nse spectta than did our past practice.

Our current approach, as.specified in the Standard Review Plan, would
require a plant being built in the same regicn as Watts Gar, Sequoyah,
and Bellefente to be d.asigned to withstand a more conservative cesign
basis earthquake than either plant is currently designed fot. Becauce
of the actual procedures utilized for three plants, a detailed analysis

w -a' ~ ~* '-*eof plant resp nce to a larger earthquake "- " a
construction permit stage of review may show that the plants, as designed,
are adequate with respect to the intent of Appendix A and other regulations.
'Ihis is possible since the procedures generally used, ruch as the Trifunac
and Brady intensity-accelcration correlation and the Regulatory Guide
.l.60 proccdures for determining response spectra, are general and do
not take into account specific si?.e conditions, earthquake reagnitude,
er distance to the earthquake source.

We will need additional information from you to confirm the adequacy
.f the seismic design of the Segacyan, Watts Dar, and Bellefonte

plants, and to assess whether the application of current staff pt::tice
with regard to selection of seis.nic response spectra is required for
the public health and safety. Cne a T: roach that might be sufficient .is to
use existing streng riccion recorcs to datermine we response spect s
predicted for an earthquake of the appropriate magnitude and distance
for the site conditions, and then show these spectra to be within the .

design spectra. In any event, we will need a'dditional analyses from
you to conclude that the present plant designs are acceptable, or to
determine modifications that may be required.

Please t.ctify us of your schedule for accomplishing this wit.hin 60
days of receipt of this letter. We would pleased to meet with you
to provide further clarification of this matter.

Sincerely,'

c

.r ' Q.
,

'

\~f /

m/> .,-

,

Jet S. Boy , Director
Division of Project flandgGliidit
Office of Nuclear Reactor Begulation

!

ecs:
'

} See page 3 -

. .

.

f
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TENNESSEE VALLEY AUTHORITY'' ''
-

.

~

CHATTANConA TENNESSEE 37 dol ~~.

830 Power Building
~

.,
-

.

'

.-|ff.3 6 13I3 - ..,,w,
,

k*f .. , .*-
' ' * . , ,

'

*
.. _

hb.Mr. Roger S. Boyd, Director .,

Divisics of Project Manage =ea. 9 e 4 C ,'
' ' . ., .j'Office of Nuclear Reactor Regalation '

,

,' D: ' ', E,*/U.S. Nucicar Reguistory Co - hsion - . -
'

Psshington, DC 20535

Dear Mr. Boyd:

In the Matter of the Application of the ) Docket Nos. 50-327
Iennessee 7. alley Authority ) 50-32S

- 50-390
50-391
50-438
50-439

.

In your letter to Godwin Williams,'Jr., dated Dece=ber 27, 1977,
'#-you requested a schedule for the sub=ittal of add'-d ~ 4 -

,' tion confirming the adequacy of the seismic design for the
Sequoyah, Watts Bar, and Bellefence Nuclear Plants. This

infor=ation will be developed and submitted to the NRC in two
phases as follows:

1. Phase I

A report will be developed based on seismic infor=ation pre-
-viously submitted on the Phipps Send Nuclear Plant docket.

This infor=ation will be updated and supple =ented by addi-
tional new infor=ation and data. The Phase I report will

' be submitted on or about May 1, '1978.

2. Phase II -

A report will be developed based on site specific earthquake
ground motions. The Phase II report will be subsitted to
NRC on or about July 3, 1978.

Very truly yours,

f}>s

J. E. G111 eland
Assistant Manager of Power

'
,

I ,6 '7 soc oool. Scol
i

h04., c.:.a c .uay cmc.o'w

/ - / d. ?
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APPEliDIX XV
Sequoyah, Watts Bar, and Bellefonte:
Goals for Reevaluation cf Seismic Design

OBJECTIVES OF WORK!NG GROUP:

1. ASSURE TIMELY DECISION ON SEISMIC ADEQUACY OF
SEQUOYAH, WATTS BAR, BELLEFONTE s

2. ASSURE EFFICIENT USE OF STAFF RESOURCES IN REACHING

DECISION

-
.

I

e

p

,

.

8'

e

e



WORKING GROUP PLAN OF ACTION:

1. DEFINE PROBLEM

'

2. LIST POSSIBLE APPROACHES

3. EVALUATE EACH APPROACH

4. RECOMMEND. COURSE OF ACTION

'

..

o

,

.
-

,

6



POSSIBLE APPROACHES TO TVA SEISMIC ISSUE:

A. REEVALUATE INTENSITY OF SSE
- ,

B. REEVALUATE RESPONSE SPECTRUM ASSOCIATED WITH SSE

C. $EVALUATEDESIGNMARGINSFORSSE

D. REEVALUATE 0BE

E. EVALUATE SEIS.MIC RISK PROBABILISTICALLY
-

I.

-

e

d"

o

h

/V-/ 3 %



A. REEVALUATE INTENSITY OF THE SSE:

1. ASSOCIATE GILES COUNTY EARTHOUAKE WITH
- TECTONIC STRUCTURE s

2. SUBDIVIDE VALLEY AND RIDGE TECTONIC PROVINCE

3. REEVALUATE GILES COUNTY EARTHOUAKE INTENSITY

4. SHOWTHkTPLANTSITEAFFECTSINTENSITY
-

..

,

.

Y

#

e

/?-/3 3



B.

REEVALUATE RESPONSE SPECTRA ASSOCIATED WITH THE SSE:
1.

DETERMINE RESPONSE SPECTRA FROM STRONG MOTION
RECORDS OF APPROPRIATE MAGNITUDE AND DISTANCE

2.
DETERMINE RESPONSE SPECTRA FROM STRONG MOTION
RECORDS OF APPROPRIATE INTENSITY

3.
REVISE. INTENSITY-ACCELERATION CORRELATION

4.
REVISE SPECTRAL SHAPE

,

R
REVISE INTENSITY-ACCELERATTCORRELATION AND
SPECTRAL SHAPE .

l-
6.

DEVELOPSPECTRABASEDONPARAMETERSOTHENTHAN
INTENSITY AND ACCELERATION

7.
USE SRP-RECOMMENDED APPROACH

.

M

o

e

%

g-/ Sf



C. REEVALUATE DESIGN MARGINS FOR SSE

1. REEVALUATE ORIGINAL ANALYSIS

'

2. REANALYZE PLANT STRUCTURES AND FLOOR

RESPONSE SPECTRA

3. REANALYZE PLANT COMPONENTS, SYSTEMS,

PIP.ING AND RESTRAINTS -

'
..

/

I.

e

ge s'

e

$

#
e

%
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~
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D. REEVALUATE OBE

E. EVALUATE SEISMIC RISK PROBABILISTICALLY
,

1. DETERMINE PROBABILITY OF EXCEEDING

DESIGN ACCELERATION

2. DEVELOP UNIFORM RISK SPECTRA
..

3. COMPARE SSE PROBABILITY WITH OTHER

PLANTS
'

4. DETERMINE PROBABILITY OF EXCEEDING (_
PART 100 DOSES

.

e

sugem.-

8

9

e



RECOMMENDED APPROACHES:

1. DETERMINE SITE-SPECIFIC SSE RESPONSE SPECTRA FROM

STRONG MOTION RECORDS OF APPROPRIATE MAGNITUDE AND
DISTANCE

2. DETERMINE SITE-SPECIFIC SSE RESPONSE SPECTRA FROM

STRONG MOTION RECORDS OF APPROPRIATE INTENSITY

1. REEVALUATk ORIGINAL SEISMIC STRUCTURAL AND FLOOR
RESPONSE SPECTRA ANALYSIS, TAKING INTO ACCOUNT MORE

REALISTIC METHODS AND MATERIAL PROPERTIES, AS WELL

AS SITE-SPECIFIC SSE RESPONSE SPECTRA (,
-

4. REEVALUATE THE OBE TO SEE WHETHER IT MEETS THE

RECURRENCE INTERVAL CRITERIA 0F APPENDIX A TO PART
100

5. COMPARE THE PROBABILIT/ OF SSE BEING EXCEEDED AT

THE SUJJECT PLANT WITH THAT AT OTHER TVA PLANTS
THAT MedT THE SRP CRITERIA

.

$*

* *

*
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STRONG MOTION RECORDS FROM
FOUR EARTHQUAKES
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APPENDIX XVItInC t ett Sequoyah, Watts Bar, and Bellefonte:fex al FD3
Coc!:et File Reevaluation of Seismic Design
L'.;:: 54 File
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I. INTRODUCTION

A. Description of the Problem

The Tennessee Valley Authority (TVA or the applicant) has applied

to the Nuclear Regulatory Comission (NRC or the Commission) for

licenses to operate nuclear power plants at three facilities in

the southern Appalachian highlands. These are (1) Sequoyah Nuclear

Plant Units 1 and 2, located in Hamilton County, Tennessee; l.2) Watts

Bar Nuclear Plant Units 1 and 2, located in Rhea County, Tennessee;

and (3) Bellefonte Nuclear Plant Units 1 and 2, located in Jackson

County, Alabama. The operating license (0L) applications for these

plants tre currently being reviewed by the NRC staff. As a result

of our review, we have concluded that these three facilities are

being designed to seismic criteria which deviate from the criteria

recommended by NUREG-75/087, " Standard Review Plan for the Review

of Safety Analysis Reports for Nuclear Plants" (the SRP).

The seismic criteria used in the design of these three plants were

reviewed and found acceptable by the NRC (then the Atomic Energy

Commission) during the reviews which preceded issuance of construction

permits (cps) for the plants. However, since the time the cps were

issued for Sequoyah (May 1970) and Watts Bar (January 1973), the

Comission's regulations have been modified (Appendix A to 10 CFR

Part 100 was adopted in November 1973). Subsequent to that time

and following issuance of cps for Bellefonte (December 19/4)- the

/)-/W
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SRP was issued (September 1975). The applicable sections of the

SRP reference Regulatory Guide 1.60, " Design Response Spectra for

Seismic Design of Nuclear Power Plants" (Revision 1, December 1973),

and Regulatory Guide 1.61, " Damping Values for Seismic Design of

Nuclear Power Plants" (October 1973).

Current NRC licensing procedures allow the approval of plants which

are designed to criteria other than those reconmended by the SRP.

However, such deviations must be justified. If in any review,

the staff finds that, as a result of such deviations, aspects of

the design or the design criteria for the plant are unacceptable,

post-CP facility modifications may be proposed by the applicant

or be required pursuant to 10 CFR 50.109(a), which states:

"The Commission may, in accordance with the procedures

specified in this chapter, require the oackfitting of
-

a facility if it finds that such action will provide

substantial, additional protection which is required

for the public health and safety or the common defense

and security. As used in this section, 'backfitting'

of a production or utilization facility means 1.he

addition, elimination or modification of structures,

'
,
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systems or components of the facility after the con-

struction permit has been issued."

All plants currently undergoing OL review by the staff were granted
.

construction permits prior to issuance of the SRP. Hence, the

necessity to review and evaluate criteria other than those

recomended by the SRP is not unique to the three plants in question.

One reason the issue has arisen for these plants is the recent review

by the NRC staff of the TVA application for construction pemits for

the Phipps Bend Nuclear Plant Units 1 and 2. This plant is located

in the vicinity (Hawkins County, Tennessee - see Figure 1) of the

three TVA plants in question, and is designed to meet the seismic

criteria recommended by the SRP. A comparison of the chronology and

the seismic design criteria for all four plants is given in Table 1.

A comparison of the SSE response spectra Sr a common damping value

is given in Figure 2. As may be seen from Table 1 and Figure 2, the

three older plants deviate from the SRP criteria by varying degrees,

depending upon their vintage. The plant of greatest concern is

Sequoyah, because it deviates from the SRP to the greatest extent,

and because its construction will be complete at the earliest date.

B. Working Group Assignment

At the present time the appl 1 cant has not adequately justified the
,

seismic criteria used in the design of the thme plants. In order

to assure that (1) staff decisions on the three plants will be made

/)- )50
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TABLE 1

COMPARI50N OF CHRON0 LOGY AND SEISMIC DESIGN CRITERIA

Name of Plant Sequoyah Watts Bar Bellefonte Phipps Bend-

Docket Number 50-327/328 50-390/391.. 50-438/439 50-553/554

Date CP Application Docket 6d 10/15/68 5/14/71 ~ '

6/21/73 11/7/75<

Date of CP Issuance 5/27/70 , 1/23/73 12/24/74 1/16/78
9

Date OL Application Docketed
. 1/31/74 10/4/76 ' Tendered 2/78 1981

Projected Fuel Load Date 1/79 ' 6/79 2/80 5/83 ,

Intensity of SSE (MM) VIII VIII VIII VIII
'

[,

g Zero-Period Acceleration 0.189 - 0.189 - 0.189 0.259
N-

-

1) Type of Response Spectrum Housner Spectrum Modified Reg Guide 1.60 Reg Guide 1.60
i anchored at 0.14g Newmark spec- spectrum spectrum

but increased to trum anchored anchored at anchored at
0.18a at high at 0.189 0.189 0.25 g
frequencies

Damping Factors for SSE (%)

Steel Containment Vessel 1 1 4 4

Other Welded Steel Structures 1 2 4 4

Bolted Steel Structures 2 5 7 7

Reinforced Concrete Structures 5 5 7 7

Vital Piping Systems 0.5 0.5 2-3 2-3
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in a timely manner consistent with the construction completion

schedules, and (2) staff .asources will be used efficiently, a

Working Group has been fomed. The group consists of five members

of the NRC staff who were assigned the task of developing a method

of resolving the TVA seismic issue (see Appendix A to this report).

The Working Group charter requires that the group evaluate the

problem, consider various methods of resolution, and recommend a

path of resolution that assures safety while taking into account

differences in the time and effort that would be required by appli-

cant and staff, and the extent to which seismic reanalysis of the

plant would be required. This report describes the results of the

Working Group's efforts.

'
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II. POSSIBLE APPROACHES TO TVA SEISMIC ISSUE

The first task undertaken by the Working Group was to compile a complete

list of the possible approaches that the applicant might undertake to

evaluate the seismic design criteria used for Sequoyah, Watts Bar, and

Bellefonte. The list is given below. Although many of the approaches

listed were believed to be impractical or unacceptable at the time the

list was compiled, they were nevertheless included for completeness.

A. Reevaluate the Intensity of the SSE

Ouring the CP reviews of Sequoyah, Watts Bar, and Bellefonte, and

during the more recent CP reviews of Phipps Bend and the Clinch

River Breeder Reactor *, the staff reached several conclusions

regarding the factors which define the intensity of the Safe Shut-

down Earthquake (SSE). These conclusions are (1) the above plants

are located in the Southern Valley and Ridge tectonic province,

(2) the largest historical earthquake in that province was the

1897 Giles County, Virginia earthquake, (3) the epicentral intensity

of the Giles County earthquake was VIII on the Modified Mercalli

scale, and (4) the Giles County earthquake has not been reasonably

correlated with any known tectonic structure. These conclusions

result in the SSE for any plant in the Southern Valley and Ridge

tectonic province being defined by an intensity VIII earthquake

that is postulated to occur near the plant. If it could be shown

* located in Rcane County, Tennessee - see Figure 1

-/[
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that these conclusions should be changed, then the SSE might be

revised. Some of the ways that this might be accomplished are:

1. Provide sufficient documentation to pemit association of

the Giles County earthquake of 1897 with tectonic structure

unique to the epicentral area of the earthquake.

2. Provide sufficient documentation to permit subdivision of

the Southern Valley and Ridge tectonic province into smaller

tectonic provinces. One way this might be accomplished would

be to use historic seismicity and/or instrumentally recorded

earthquake activity to demonstrate that earthquake activity

in the site vicinity is significantly less than that near the

Giles County earthquake epicenter.

3. Provide sufficient documentation to show that the Giles County

earthquake had an epicentral intensity other than VIII.

4. Provide sufficient documentation to show that if the Giles

County earthquake of 1897 occurred adjacent to the site it

would have produced intensities at the site different than

those which were experienced in the epicentral area of the

earthquake.

B. Reevaluate the Response Soectrum Associated with the SSE

It Approach A results in 'a revision of the SSE intensity downward

to VII or less, the use of the SRP seismic design criteria will

[b
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probably result in response spectra that are lower than the design

spectra for the three plants. If the intensity is so revised,

this must be verified. If Approach A does not result in a down-

ward revision of the SSE intensity, it may be desirable to reevaluate

the response spectra for the three plants, based on the infonnation

now available. Ways of generating appropriate spectra include:

1. Determine the response spectra (or suite'of time histories)

based on existing strong-motion records for earthquakes of

appropriate magnitude and distance for the existing site

conditions. If necessary, the data base may be supplemented

by appropriate scaling of records.

2. Detennine the response spectra based on an earthquake of

appropriate intensity for the existing site conditions. Use

strong-motion records for earthquakes of intensity VIII.

3. Use an intensity-acceleration correlation other than that

recomended by the SRP (Trifunac-Brady) to anchor the Regulatory

Guide 1.60 spectra recomended by the SRP.

4. Use spectra other than those recommended by Regulatory Guide

1.60 (e.g., generalized rock-site spectra) anchored at the

0.259 value predicted using the Trifunac-Brady correlation.

'

5. Use an intensity-acceleration correlation other than Trifunac-

Brady and spectra other than those recommenJed by Regulatory

Guide 1.60.

/S'
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6. Develop spectra based entirely, or in part, on parameters

other than intensity and acceleration.

7 Use the SRP-recomended approach; Regulatory Guide 1.60 spectra

anchored at a peak acceleration value predicted using the Trifunac-

Brady relationship (0.259 for an intensity VIII event).

C. Reevaluate Design Margins for the SSE

If Approach A results in an SSE of intensity VIII or greater, and

Approach B results in spectra that exceed the design spectrum to

a significant degree, a reevaluation of certain key design margins

may be required. This may be undertaken in one of two ways. It

may be possible to demonstrate adequate margins for safety related

structures, systems, and components by a reevaluation of the

original seismic analysis, taking into account a few additional
-

effects, such as the use of Regulatory Guide 1.61 damping factors,

the use of actual interial properties, etc. Alternatively, it

may be necessary to undertake a complete reanalysis of safety

related structures, systems, and components using the most appro-

priate spectra or suite cf time histories developed during Approach

8, above. The reanalysis could be perfonned using SRP-recommended

methods and criteria, or using other methods and criteria. For

example, inelastic methods, experimentally detent ned damping

factors, or traveling wave effects could be accounted for.

-/S
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D. Reevaluate the OBE

After reevaluation of the SSE, the revised SSE may have a zero-

period acceleration more than twice that of the OBE used in the

design. In this case, two options are possible. The applicant

may show that the design OBE is acceptable based on current staff

criteria for operating basis earthquakes. Alternatively, the appli-

cant could revise the OBE to be at least one-half the SSE, and

reanalyze and, if necessary, modify the plant accordingly.

E. Evaluate the Seismic Risk Probabilistically

As an alternative to the detenninistic approaches listed above,

the applicant could use probabilistic techniques to assess the

risk associated with the plant. Some of the probabilistic options

are:

1. Utilizing accepted probability techniques (e.g. , McGuire,

1976), detennine the recurrence relation for different levels

of peak acceleration. Compare the existing design spectra

with Regulatory Guide 1.60 spectra scaled to these acceleration

levels to estimate the probability of exceeding the design

spectra. The effects of various sour e zones on the probabilities

should be considered.

2. Utilizing accepted probability techniques, detennine the

recurrence relation for individual spectral components of the

response spectra. Compare these unifonn risk spectra to existing

/
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design spectra to estimate the probability of exceeding the

design response spectra (ref. Diablo Canyon studies). The

effects of various source zones on the probabilities should

be considered.

3. Utilizing accepted probabilistic techniques, compute the ,

relative differences in proMbilities of exceedance between

the existing design .pectra and those used at Phipps Bend

and other recently reviewed plants which meet the SRP.

4. Utilizing accepted probabilistic techniques, where possible,

determine the probability that the dose guidelines of 10 CFR

Part 100 will be exceeded as a result of an earthquake. Compare

this probability with the criteria defined in Section 2.2.3

of the SRP for accidents involving hazardous materials or

activities.

'
,
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III. EVALUATION OF POSSIBLE APPROACHES

The various possible approaches listed in Section II, above, were evaluated

by the Working Group from the standpoints of the time and effort required

to pursue each and the likelihood that undertaking of the approach

could contribute to resolution of the issue.

A discussion of the Working Group's evaluation of each approach is given

below.

A. Reevaluate the Intensity of the SSE

1. Associate Giles County Earthquake with Tectonic Structure

This approach involves the development of data to show that

the Giles County earthquake of 1897 is associated with tectonic

structure that does not extend to the vicinity of the plant

site. According to the NRC Seismic and Geologic Siting Criteria

(Appendix A to 10 CFR Part 100), historical earthquakes which

can reasonably be associated with tectonic structure should be

assmed to occur no closer to the site than the nearest approach

of that structure. Thus, if the applicant were able to identify

the structure responsible for the 1897 Giles County earthquake

and to map the extent of that structure, the effects of attenuation

between the assmed location of the earthquake on the structure

and the site would likely result in some reduction in the

expected intensity at the site. The Working Group believes

that this approach has an extremely limited chance of success.

Without some explanation of the causal mechanism of earthquakes

f-/N|
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in the easte:n United States or convincing seismological or

geobgic evidence of fault activity, it is extremely difficult

to conclude that specific historical earthquakes were associated

with specific geologic structure. The staff has been reluctant

in the past to accept such correlations. Advances in the state

of seismic and geologic knowledge in the eastern United States

which would pennit such conclusions are unlikely, in the short

tenn, except in a few isolated areas.

For the applicant to pursue this approach, the effort required

would be comparable to that currently ongoing in the New Madrid,

Missouri, and Charleston, South Carolina, areas. These studies

entail geological, geophysical, and seismological explorations.

Several years of work and several million dollars would doubt-

lessly be needed to support such an effort.

2. Subdivide Valley and Ridge Tectonic Province

This approach involves the development of infonnation to justify

subdivision of the Southern Valley and Ridge tectonic province

into smaller provinces, so that the Giles County earthquake

would be located in a different province from the plant sites.

According to the siting criteria of Appendix A to Part 100,

historical earthquakes associated with tectonic provinces other

than the one in which, the site is located should be assumed to

occur at the nearest approach to the site of those tectonic

provinces. Thus, if the applicant were able to provide a

g '/(,2_
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convincing case for subdividing the Southern Valley and Ridge

tectonic province so as to isolate the Giles County earthquake

in a different tectonic province, then some reduction in the

site intensity would be appropriate. This would result, again,

from the effects of distance on attenuation. This approach

also has a very limited chance of success in the short tenn.

Tectonic province is defined in the siting criteria as a region

of relative consistency of geologic structural featuret..

Guidance on how this definition is to be implemented is lacking;

however, staff practice has been to base conclusions on relatively

large-scale provinces such as those identified by Eardley

(1951) or Hadley and Devine (1974) which were based strictly

c.7 geologic structure. The staff has occasionally accepted

lower acceleration levels in certain areas based on seismicity.

The effort required to justify subdivision of the Southern

Valley and Ridge into smaller tectonic provinces is viewed as

major. The NRC staff is currently sponsoring research directed

at better defining earthquake sources and their relation to

geologic structure in the eat 'ern United States.

These studies involve earthquake monitoring as well as geologic

and geophysical investigations. These efforts are mainly con-

centrated in the northeast and central United States and will

jf- /l 3
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involve several years of work. An effort of this scale in

the Southern Valley and Ridge province would be required to

justify the subdivision.

3. Reevaluate the Giles County Earthouake Intensity

This approach involves providing evidence to show that the

Giles County earthquake had an epicentral intensity other than

VIII.

If the epicentral intensity of the 1897 Giles County earth-

quake could be demonstrated to have been less than intensity

VIII, the siting cr' .eria of Appendix A to Part 100 would

require only that the lesser intensity level be assumed to

occur at the site in establ1< sing tt.e safe shutdown earthquake.

Detailed reanalysis of historical accounts of the earthquake

could be used as a basis for such an assessment.

Approaches of this type have been useful in the past. For

example, the 1791 East Haddam, Connecticut earthquake was

downgraded after such studies (see the Connecticut Yankee,

Montague, and Pilgrim 2 applications). However, in this case

the chances of achieving such results appear to be low. The

reason for this assessment is that a proposal to reduce the

epicentral intensity of the 1897 Giles County earthquake was

reviewed only about two years ago by a panel of experts from

the USGS and universities. Though several members rated the

t
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event as a low or " weak" VIII, the panel decided that the

reanalysis of the historical accounts of the earthquake did

not warrant a change in the assigned epicentral intensity of

VIII.

The cost of this approach is not great in either manpower,

equipment, or time. However, in this case it cannot be

recomended because of the limited prospects for significant

resul ts.

4. Show that Plant Site Affects Intensity

This approach involves the development of evidence to demon-

strate that if the Giles County earthquake occurred adjacent

to the site, intensities at the site would have been different

from those reported for the Giles County event. The siting

criteria of Appendix A to Part 100 indicate that in assessing

the vibratory ground motion, one should consider the comparative

characteristics of the material underlying the epicentral area

dnd the site in transmitting ground motion. Abundant historical

data suggest that intensity is consistently greater on soil

than on rock; however, accelerograph measurements indicate

that ground motion from an earthquake is usually greater on

rock than on soil, in the frequency range significant to nuclear

power plants. Furthe,rmore, this observation is strongly depen-

dent on soil thickness; thin soil frequently produces very

'
-
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large amplification at certain frequencies. Thus, though the

maximum intensity in the Giles County earthquake was experienced

on soil, it is not clear whether or how this observation should

be factored into the assignment of ground motion for use in

design of the three plants in question. Observations of reduced

intensity would only be relevant if they could be demonstrated

to occur at frequencies of interest in nuclear power plant

design. In the Phipps Bend application, the applicant provided

argtsnents that intensity should be reduced on rock, and suggested

that as a result, lower design ground motions were appropriate

for the Phipps Bend site. These arguments were not accepted

by the NRC staff. Because of the generic nature of this issue

and the major impact it could have on licensing policy, an

extensive study with peer review by other agencies and con-

sultants is believed to be appropriate to a resolution of this

problem. The study would take a considerable amount of time.

Therefore, we do not view this approach as viable for resolution

of this issue in the short tenn.

B. Reevaluate the Response Spectra Associated with the SSE

1. Detennine Response Spectra from Strong Motion Records of
Appropriate Magnitude and Distance

This approach involves determining the magnitude of the 1897

Giles County earthqua):e from its intensity observations and

using the magnitude to identify strong motion records obtained

---
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on similar foundation conditions to those at the plant site.

-t These strong motion records would be used to compute response

spectra with which to check the adequacy of the response spectra

used in designing the plant. This approach appears to merit
*

additional work.

One of the critical steps involved here is a detemination of

the magnitude of the earthquake. Nuttli and Zollweg (1974)

and Street and Turcotte (1977) described empirical metMds of

assigning magnitude based on the area in which certain intensity

levels were experienced. Nuttli (1973) and Bollinger (1977)

used methods based on the decay of intensity with distance

to assign magnitude. Such approaches can and have been applied

to assign a magnitude to the Giles County earthquake of 1897

by Bollinger (Private Communication). Using the range of magni-

tudes identified by Bollinger (about 5.3 to 6.3) as a guide,

strong motion records for distances less than about 20 to 25

kilometers and foundation conditions like those at the site (in

this case rock for most structures) can be selected. A suite

of such records (15 to 20 records) could be used to develop

mean and mean-plus-one-standard-deviation spectra. Confidence

limits for these spectra should be calculated. To test the

sensitivity of these results, similar calculations should be
,

made for other magnitude ranges (4.3 to 5.3 and 6.3 to 7.3)

gil7
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and site conditions. Comparison with the spectra used in

designing the plant can the, be made to identify significant

differences. Scaling of records should be avoided if possible.

However, if an adequate data base is not available for the

prescribed conditions, scaling of records outside this range

of conditions may be necessary. Since such procedures require

extrapolation, the sensitivity of the scaling to distance and

magnitude should be evaluated. Use of a distance of 15 kilometers

for scaling can probably be justified on the basis of the distri-

bution of possible earthquake epicenters in the region surrounding

the site. The applicant is currently pursuing this approach,

though their current emphasis seems to require scaling of the

records. The analysis required to support this approach is

relatively minor and probably can be completed in a timely

manner. The applicant is attempting to supplement the data

base by obtaining overseas strong motion records, the acquisition

of which could cause some delays.

2. Detemine Response Spectra from Strong Motion Records of Earth-
quakes of Appropriate Intensity

This procedure involves detemination of a set of response

spectra directly from intensity. It is unclear whether this

approach meets the regulation which requires the detemination

of acceleration level with, subsequent scaling of response spectra
,

j9-/L. T



- 22 -

corresponding to that level. Instead, this approach involves

determination of response spectra directly from time histories

corresponding to the appropriate intensity and site conditions.

The approach is rather straightforward, following methodology

described by Trifunac and Anderson (1978) or Werner and Tsao

(1977) and requires no more effort than that involved in

Approach B.1, above.

Problems with the approach are that it disregards the distance

factor; i.e., earthquekes which produce intensity VII at 60

miles are lumped together with those producing intensity VII

in the epicentral area - even though the spectra at the different

distances would be expected to be quite different. Werner and

Tsao (1977) found that for intensities V, VI and VII the use

of the Trifunac and Brady (1975) mean peak acceleration and

Regulatory Guide 1.60 spectra resulted in response spectra that

fell somewhere between the mean and mean-plus-one-standard

deviation of the recorded spectra. Although the scarcity of

data precluded them from making a comparison at intensity VIII,

the trend observed at the lower intensities suggests that the

use of Trifunac and Brady (1975) and Regulatory Guide 1.60

spectra is not overly conservative when compared to actual

spectra. It is reconmended, therefore, that in addition to
'

Approach B.1, Approach B.2 should also be attempted. Any

differences in the results of the two approaches should be

explained.

b
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3. Revise Intensity-Acceleration Correlation

Appendix A to 10 CFR Part 100 does not specify a particular

intensity-acceleration relationship to use in deriving accel-

eration from earthquake intensity. Thus, the siting criteria

would pennit the use of a relationship other than that recom-

mended by the SRP and currently in use. This approach appears

to have a limited chance of success, in the short tenn. The

staff adopted the Trifunac-Brady relationship in lE75 after

considering all the relationships in the published literature

available at the time. The Trifunac-Brady relationship was

based on the most comolete data set available. Since that

time, additional studies with more complete data samples and

mnre correct statistical analysis procedures have been pub-

lished. The most notable of these is the Computer Sciences

Corporation (CSC) study (Murphy and O'Brien,1978) sponsored

by the NRC. While the CSC study has advantages over the

Trifunac-Brady study, adoitional clarification of some of its

findings needs to be developed before it can be adopted as a

licensing policy. Chief among these problems are the distance

dependence of the relationship, the effect of recording site

conditions, and the geographic dependence which were identified

by CSC.

The staff has supported'the Trifunac-Brady relationship in

recent licensing actions, in particular in the case of the

g-/70
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Phipps Bend and Clinch River sites. This position has been

taken in the face of arguments by the applicant and others

that the CSC relationship is preferred. It is the working

group's view that adoption of a relationship other than that

of Trifunac and Brady should be based not only on completeness

and statistical correctness but also on how well response

spectra scaled using the new relationship represent the ground

motion from earthquakes. The recent study by Werner and Tsao

(1977) snow that Regulatory Guide 1.60 spectra anchored at

peak accelerations predicted by Trifunac and Brady fall between

the mean and mean-plus-one-signa spectra for measured data

at intensity V, VI and VII. The Working Group believes that

adoption of a relationship other than that of Trifunac and

Brady (1975)should require a cajor generic study of the entire

ground motion problem with external peer review. This effort

is not likely to produce results in as timely a manner as some

of the other approaches described here.

4. Revise Spectral Shape

This approach involves using spectra developed from strong

otion recorded on rock sites for design of structures on rock,

and spectra from strong motion on similar soil for design of

structures on soil; e.g., spectra similar to those developed

by Seed, Ugas and Lysmer (1976). In all cases these generalized

-/7!
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spectra would be scaled to the acceleration level specified

by standard review plan procedures (0.25g for intensity VIII).

This approach is straightforward and relatively quick but may

oversimplify the problem. Werner and Tsao (1977) showed that

for rock sites at intensities VI and VII, the Seed, Ugas and

Lysmer (1976) spectra anchored at 0.11 and 0.179 (the mean

acceleration on rock for these intensities) fall somewhere

between the mean and mean-plus-one-sigma spectra. Although

these values are somewhat higher than the Trifunac-Brady values,

an inspection of their comparative plots indicates that the

use of the Seed, Ugas and Lysmer (1976) spectra will not be

significantly different.

5. Revise Intensity-Acceleration Correlation and Spectral Shape

This approach combines the ideas discussed in 3 and 4 above.

Advantages and problems with the approach were discussed there.

6. Develop Spectra Based on Parameters Other than Intensity and
Acceleration

Spectra can be developed based on the relationships between

intensity and other parameters such as particle velocity, dis-

placement, magnitude, and distance. Studies by several

authors (e.g. , Nuttli,1973) suggest that intensity correlates

better with particle velocity than with particle acceleration.
,
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It is unclear whether such an approach is permitted in the

siting criter a which require that an acceleration level bei

identified. This approach is not expected to produce results

in a timely manner nor are the results expected to be much

di fferent. While the concept appears valid, the methodology

to pursue this approach is not developed. It is expected

that the resuits would be controversial.

7. Use SRP-Recomended Approach

This meets the staff practice and is acceptable; it would

probably result in a detailed reanalysis and possibly in

backfitting of the plant, as is discussed in detail under

Section III.C.2 and III.C.3 of this report.

C. Reevaluate Design Margins for the SSE

If Approach A results in an SSE of intensity VIII or greater, and

Approach B results in spectra that exceed the design spectra to a

significant degree, a reevaluation of certain design margins may

be required. The margins of interest include the margin to allowable

stress or strain for safety related structures, systems, and

components.

1. Reevaluate the Original Analysis

It may be possible to show that the plants in question are

acceptable, as design 6d, by reevaluating the original seismic

/9- /7 3
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analysis to take into account certain more realistic methods

and material properties than were originally used. This

approach would also take into account the modified seismic

input spectra developed during Approach B, above. The Working

Group believes that this approach could be completed in a

few months, and reconmends that it be undertaken.

The margins to allosable stress or strain for each safety

related structure should be reevaluated. In addition, the

floor response spectra for floors carrying safety related

components should be reevaluated and compared with the design

floor response spectra. The following items could be taken

into account in the reevaluation of the original seismic

structural analysis and floor response spectra determination.

a. Use Regulatory Guide 1.61 Damping Values

The damping values used in the original analysis of the

three plants of interest are given in Table 1. As may

be seen from this table, the values recommended by Regu-

latory Guide 1.61 (and used in the Bellefonte and Phipps

Bend plants) are larger than those used for the Sequoyah

and Watts Bar plants. The SRP and current staff practice

support the values of the Guide, and the reevaluation of

Sequoyah and Watts Bar using these values is reconmended.

4
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As may be seen from Table 1, the most critical structures

for Sequoyah are of reinforced concrete. The other

structures appear to be less critical, but should also

be reevaluated.

b. Use Actual Material Properties

The original analysis of the three TVA plants used con-

crete and concrete reinforcement strength recommended

by the ACI code. Data may be available which would allow

a more realistic dete:mination of the actual strength

of the concrete and rebar used in these plants. We

recomend that the applicant develop the data on actual

strength and take this into account in reevaluating the

margins of structures. We believe that an increase of

10 to 15% in margin could result from this reevaluation.

c. Consider OBE-Limited Structures

If in the original analysis a structure's design was

governed by the OBE, a change in the SSE may not reduce

the minimum structural margin. This possibility could

be investigated and, where applicable, taken into account

in a relatively short time, on the order of a month,

d. Combine Responses to 3D Input Using SRSS

In the design of'Sequ'oyah, the stress in each member of

safety related structures was determined by adding the

[ 17[
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'

peak value of the stresses due to seismic excitation in

the vertical and the major horizontal direction. The

SRP reconinends the combination using the square root of

the sun of the squares (SRSS) of the stresses due to

excitation in three orthogonal directions (one vertical

and two horizontal). For horizontal members, the method

used in the Sequoyah design may be conservative by a

factor of 1.0 to 1.4. We reccmend that the SRSS com-

bination of three components be undertaken for critical

members.

2. Reanalyze Plant Structures and Floor Response Spectra

If Approach C.1, above, does not result in the demonstration

that the plants in question are acceptable as designed, a

seismic structural reanalysis and possible backfitting of

one or more of the plants may be necessary. Such a reanalysis

would be a major undertaking, and would require at least a

year to complete. As input to the reanalysis, the SSE response

spectra or suite of time histories developed during Approach

8, above, would be used. Several alternative approaches

exist for the reanalysis. These include:

a. Reanalyze Plant Using SRP Methods and Criteria

This approach meet,s current practice and is acceptable.

It would probably require plant modifications, at least

for Sequoyah.

"|
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b. Reanalyze Plant Using Other Methods and Criteria

Various other methods and criteria have been proposed

for evaluation of seismic design. Some of these are dis-

cussed below.

(1) Use Inelastic Analysis Techniques

Inelastic design is permitted by Section VI(a)(1)

of 10 CFR 100, Appendix A, which states that:

"It is permissible to design for strain

limits in excess of yield in some of these

safety-related structures, systems and com-

ponents during the Safe Shutdown Earthquake

and under the postulated concurrent con-

ditions, provided that the necessary safety

functions are maintained."

One simplified method that has been proposed to account

for the inelastic behavior of structures is to modify

the design response spectra while using the elastic

method for analysis. The result is usually a set of

response spectra having lower peak acceleration and

higher displacement than the initial spectra.

'
,
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One difficulty with this approach is that the method

is inapplicable unless the strain in all structural

members is small; less than about 130% of strain at

yield, in our opinion. It is difficult to demonstrate

that this limit will not be exceeded, since such a

demonstration requires a detailed knowledge of the

ductility of structures and structural members when

stressed beyond the yield point. Further, unless

the structures are designed to be stressed beyond

the yield point, the benefits of inelastic analysis

may be small.

An additional problem is the difficulty in analyzing

the redistribution of stress that results when a

member yields. This redistribution may lead to

increased stress and consequent yielding in other

members, etc.

Another difficulty with this approach is the necessity

for demonstrating that structural members will actually

yield at the assumed yield stress level. They may,

in fact, not yield until much higher stress levels

are reac.1ed, due to uncertainty in both material'

properties and the analytical models used. Assuming

ig-), r
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that yielding occurs at too low a stress level results

in non-conservative floor response spectra being

applied to plant components and equipment. One way

to cope with this difficulty is by performing a second

set of calculations, assuming that yielding does

"9t occur, to obtain seismic input motion to components

and equipment.

Another difficulty with this approach is the possibility

that the damping values recommended by Regulatsry

Guide 1.61 may already account, to some r. cent, for

inelastic effects.

In one previous review (Diablo Canyon), the staff

agreed to accept the simple reduction of ground response

spectra to account for inelastic effects, provided

that some of the above difficulties were resolved.

The Diablo Canyon applicant decided not to use this

approach, electing instead to perfom plastic analyses

of individual members it and when it was found that

yield was exceedad.

The Working Group believes that the above-discussed

approach to inelastic analysis, if properly justified,
,

as well as bre complex plastic analyses, are quite

expensive and could take a year or more. For this

reason, they are not recomended at this time.

G- /7 7
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(2) Use Experimentally Deterc.ined Damping Values

It has been proposed that thi applicant might perform

oscillation tests on the as-built structures at the
s

plants in question, in order to detenaine the appro-

priate damping factors for use in seismic analysis.
'

,

Such tests have been perforied on the T0XAI-21100 MWe

BWR in Japan (Private Coninunication, J. Knight). We

see several difficulties with this approach. Fi rs t,

such testing and analysis is expensive and time'

consuming. Second, since damping increases with

stress, to obtain a damping value appropriate for

the SSE, the structure would have to be excited to

a degree comparable to that produced by the SSE to

obtain useful results. This appears to be impractical.

Third, it has not been established to the Working

Group's satisfaction that the structural response

detennined from such experiments can be analytically
,

resolved to give unique damping values that are 'N
Napplicable to seismic analysis. This problem results

s

from the complexity of the analytical model and the

fact that, in order to get significant response, the

oscillator must be placed at the top of the structure,

whereas the, actual seismic excitation would be propa-

gated upward through the foundation of the structure,

rather than downward from the top.

/Y-|1D
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(3) Account for the Traveling Wave Effect

It has been proposed that since the seismic wave

length at high frequencies is less than the dimension

of the plant structures, that the amplitude of the

translational seismic input to the structures at

such frequencies is, in effect, reduced. The reduced

translational input due to the traveling wave effect

is partially compensated by an increased rotational

input that also results.

The SRP-recomended and previous methods of seismic

analysis assume that the seismic input is unifonn

across the base of the structure, which eliminates

consideration of both the above translational and

rotational effects.

In one previous case (Diablo Canyon), the staff has

accepted the translational reduction that results

from accounting for this effect. The attendant

increase in torsion was approximated by simplified

assumptions about structural eccentricity. This

approach has been, and remains, controversial. Some

experts in the field maintain that a detailed, three-

dimensional,- finite element soil-structure-interaction

analysis should be used rather than the simplified model.

-/
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As a result of the above considerations, the benefits

of pursuing this approach are questionable.

3. Reanalyze Plant Components, Systems, Pipina and Restraints

In addition to the reanalysis of structures and floor response

spectra discussed in Approach C.2, above, it may be necessary

to determine the margin to code-allowable stresses for com-

ponents, etc. This would be the case if the new floor response

spectra exceed the design response spectra. Where no margin

to code-allowable stresses exists, the lack of margin must be

justified, if po:sible, by showing that the component's

functional capability will not be impaired. Alternatively,

corrective modifications to the plant should be defined.

The Working Group has compiled a set of criteria for reanalysis

of components, systems, piping and restraints, should such

reanalysis be required. The criteria are given below.

If it is found to be required, the reanalysis of the mechanical

components, piping systems and equipment will be based on input

loadings defined by response spectra. These spectra will

include the amplification of ground motion by the structure

supporting the equipment; i.e., the revised floor response

spectra determined in C.2, above. This approach would require

at least a year to complete and would probably result in plant

modifications, at least for Sequoyah.

g- iVK
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a. Reanalysis of Piping Systems

In the original design of the piping system, loads due to

(1) themal expansion and (2) dead load nomal operational

stresses due to system pressurization, were analyzed per

ANSI Code fcr power piping and the ASME Boiler and Pressure

Vessel Code requirements in effect at that time. The loading

combinations to be considered and the allowable stress

limits for the purpose of the reanalysis should meet the

current requirements of Section III of the ASME Code and

be consistent with the current regulatory staff positions.

All piping will be classified into two categories, rigid

or flexible. Rigid piping is that which has a period of

less than 0.03 second. All piping with periods greater

than 0.03 second is classified as flexible. A dynamic

analysis will be performed of all flexible piping systems

having piping that is six inches and greater in diameter.

A dynamic analysis will also be perfomed of the more

critical smaller lines. The mathematical models for these

analyses will be the same as those used in the original

design. An approximate dynamic analysis will be performed

on the balance of the critical systems. The maximum

acceleration for rigid piping or equipment will be con-

sidered to be the same as the structure (or ground for

piping or equipment located on the ground) at the point

of the piping support. ,
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A dynamic seismic analysis will be perfomed on applicable

flexible piping systems by the response spectrum method.

The piping system will be mathematically modeled to repre-

sent the dynamic and elastic characteristics of the pipe

system. The flexibility calculations will include the

effects of torsional, bending, shear, and axial defomations.

The frequencies and mode shapes for all significant modes

of vibration of the piping system will be detemined from

the flexibility and mass matrices of the mathematical model.

Standard structural analysis methods will be used to deter-

mine the contribution of each mode to the total displace-

ments, inertial forces, moments, and stresses. For piping

systems which span more than one floor, the most severe

floor response spectra, to which any portion of the pipe

is subjected, will be used to represent the input motion.

The movements of the piping supports and restraints will

be based on the maximum of the floor movements adjacent to

the support location. The stresses induced in the piping

due to restraint movements will be considered as expansion

stresses and will be assumed to act concurrently with the

themal stresses. Seismic Category I piping systems will
_

be evaluated for excitation in each of two orthogonal

horizontal directions and will be individually combined
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with the excitation in the vertical direction. The stresses,

moments, etc., at any point in the piping system will be

taken to be the largest value resulting from either of

these combinations.

The analysis of piping systems (less than 6-inch diameter

piping), which are not considered critical for safe shut-

down of the plant following a seismic event, may be done

by simplified dynamic analysis methods. This analysis

should include the pipe deadweight as well as horizontal

and vertical seismic loadings.

The seismic-induced effects of non-Category I piping systems

on Category I piping will be accounted for by including

in the analysis of the Category I piping a length of the

non-Category I system equal to at least the first seismic

restraint or anchor beyond the point of change in classification.

The modal responses from earthquake responses should be ccm-

bined in accordance with Regulatory Guide 1.92, " Combining

Modal Responses and Spatial Components in Seismic Response

Analysis."

b. Reanalysis of Mechanical Equipment

Design Class I mechanical equipment will be reanalyzed by

the response spectrum modal superposition method. In those

instances where the components, such as tanks, heat exchangers,

'
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valves, and pumps, are shown to be rigid (all natural fre-

quencies greater than 20 Hz), the equipment will be checked

for the maximum acceleration of the supporting structure.

For Code Class II and III punps and valves which were

designed to the Codes and standards that were in effect

when the items were purchased, it must be demonstrated

that the stress limits were sufficiently low to provide

assurance that no gross defonnation would occur in active

components. For pumps which are part of the nuclear steam

supply system, the reanalysis will include forces resulting

from seismic accelerations in the horizontal and vertical

directions.

These forces will be applied simultaneously at the center

of gravity of the pump. The pump support design should

be checked to ensure that the natural frequencies (usually

in excess of 30 Hz in the original design) do not result

in any amplification of the seismic floor accelerations

in the pump-support structures.

Fumps which were designed to standards other than the ASME

Code requirements will have to be seismically qualified

for the service conditions. This qualification may be dcne

by analysis, tei :'g, or a comparative review of the pumpti

design. The s"pport design of Code Class II and III pumps

19:trc
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will be evaluated to determine capability to withstand

the effects of the OBE and SSE. Supports of the active

safety related punps will be shown not to deflect and

impair the operability of the pump.

The Code Class II and III valves which are part of the

nuclear steam supply system were generally designed to

the pressure and temperature requirements of the American

Standard Association (ASA). The testing requirements of

these valves should be reviewed to ensure that they include

hydrostatic shell and seat leakage tests. The Code Class II

and III valves which fall within the scope of supply of the

balance of plant were designed, manufactured, and tested

in accordance with the ASME Code for Pumps and Valves for

Nuclear Power. These designs should be reviewed to ensure

that the valve operators and yokes have a natural frequency

greater than 20 Hz and that these will maintain operability

when subjected to a 69 load across the yoke support.

Primary system eaufpment (steam generators, reactor coolant

pumps, pressurizer, reactor vessel, vessel internals, fuel

assembly, and contral rod drive mechanisms) will be re-

analyzed with revised input loeds from +Se dynamic loop

piping analysis.. '
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The design basis analysis for the steam generator was by a

lumped mass / beam model of the structure and by a response

spectrum modal analysis technique. This model included

the piping and support stiffnesses. It was used to evaluate

the shell, tube bundles, and other pressure boundary com-

ponents. The nozzles and support feet will have to be

reanalyzed by the static strev analysis or similar methods

with revised loads from the dynamic loop analysis.

The reactor coolant pump will have to be reanalyzed using a

modal analysis method based on revised response spectra to

qualify the internal component, flange bolts, and other

pressure boundary components. Nozzles and support feet

will be reevaluated by perfonning static stress analysis

based on revised input loads from the dynamic loop piping

analysis.

The shell and heater rods of the pressurizer will be re-

analyzed using a lumped mass, modal analysis technique and

based on revised response spectra. The most highly stressed

components of the reactor vessel are inlet and outlet nozzles.

The nozzles will be reanalyzed by the static stress analysis

techniques with revised loadings from the dynamic loop

analysis. -
'
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The dynamic response of the reactor internals will be based

on a mathematical model which includes the containment

building with the reactor vessel supports, the reactor

vessel, and the reactor internals. For the vertical earth-
quake analysis, a single-degree-of-freedom system model

may be used for the internals. The mathematical model

for the horizontal earthquake analysis will consist of

beams, concentrated masses, and linear springs.

The reevaluation will be made for the simultaneous occurren;e

of horizontal and vertical seismic innut motions. The

total seismic response will be obtained by adding the

responses for vertical excitation absolutely to the separate

results for the N-S and E-W directions. The larger of

the two values so detemined at each point in the model

will be considered as the earthquake response. The response

spectrum method of analysis will be used. For the nomal-

plus-SSE and the nomal-plus-SSE-plus-LOCA loading conditions,

acceptance criteria abould assure adequate core coo?:ng

and core shutdown. The core geometry should not deform

beyond acceptable limits. The maximum allowable deflections

should not impair the structural and mechanical integrity

as well as the function,al capability of the internals.

The effects of the SSE on the fuel assembly will be evaluated

by perfoming a non-linear time history analysis. This

A-d7
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analysie will use a time-history input to a reactor vessel

and internals model and evaluate the core plate motions

and integrity of the fuel. The control rod drive mechanisms

will be evaluated by means of a dynamic time-history analysis.

This analysis will be performed by applyfra revised floor

acceleration time-histories to a linear elastic model at

the operating peak acceleration and at reactor vessel

support elevations.

c. Reanalysis of Electrical Equipment

The reanalysis of Design Class I instrumentation and electrical

equipment will be based on the same earthquake design bases as

those for the structures and other mechanical equipment. The

amplification of ground accelerations due to the response

of the structures at the location of the equipment will be

considered in the reevaluation. Revised acceleration

response spectra for horizontal free field ground motion,

resulting from postulated earthquakes at the plant site

should be examined closely for amplification of the grourd

motion in the range of frequencies above 20 Hz.

Equipment with resr:m nt frequencies above 20 Hz will ba

considered rigid. The acceleration in every part of the

equipment car., therefor ~e, be assumed to be the same as

k |f 0
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that of its supports. For both rigid and flexible equip-

ment (frequencies above and below 20 Hz), it must be demon-

strated by either tests or analysis that accelerations

obtained from the response spectra for its location in the

building will not damage the device to the extent that it

will fail to initiate and maintain its safety function,

nor prevent other devices from pet foming their safety

functions. In addition, (1) the Design Class I and IE

electrical equipment must be able to perfom its required

functions of providing electrical power, control instru-

mentation, and protection for the engineered safety features;

and (2) the reactor protection systems must be able to shut

down the unit and maintain it in a safe shutdown condition.

The effects of seismic accelerations will be detemined

by either physical tests or analysis for all Design Class I

and major equipment. Most physical tests were conducted

by single axis, sine beat methods. These should be supple-

mented with multi-axis, multi-frequency testing to derron-

strate compliance with IEEE-344-1975 requirements.

d. Definition of the Systems to be Reanalyzed

Several options exist with respect to the r,ystems nd com-

ponents to be reevaluated. In two recent OL reviews, the

North Anna Power Station Unit 1 (Docket No. 50-338) and

f-/7/
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(4) Service water system,

(5) Containment spray system equipment,

(6) Auxiliary .'eedwater system, including pumps, water

supplies, piping, valves,

(7) Pressurizer and main steam safety valves,

(8) Circuits and/or equipment required to trip the main

feedwater ptznps,

(9) Main feedwater isolation valves,

(10) Main steam line stop valves,

(11) Main steam line stop valve bypass valver,

(12) Steam generator blowdown isolation valves,

(13) Batteries (Class IE),

(14) Control room ventilation,

(15) Control room equipment must not be damaged to an

extent where any equipment will be spuriously actuated

or any of the above tested equipment cannot be operated,

(16) Emergency lighting,

(17) Post-accident monitoring system.

The systems and equipment listed above are required to miti-

gate the short-term effects following a rupture of a main

steam line. In the event it is necessary to maintain hot

standby following this event, additional systems, including

reactor containment /entilation ccoling units and systems

required for obtaining reactor coolent samples will

/f-//3
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have to be analyzed. For achieving cooldown, the steam

generator power-operated relief valves (which can be operated

manually), controls for defeating automatic safety injection

actuation during a cooldown and depressurization and the

residual heat removal system, including pumps, heat exchangers,

and systems valves and piping necessary to cool and maintain

the reactor coolant system in a cold shuttown condition

will have to be reevaluated.

If it were necessary to evaluate systems required to cope

with a loss-of-coolant accident, the following systems

would need reevaluation.

(1) Containment Spray System

(2) Containment Purge System

(3) Containment Isoiation System

(4) ECCS Systems - Safety Injection, RHR Systems

(5) ECCS Pump Room Energency Filter Systems

(6) ECCS Pump Room Coolers

(7) Containment Fan Coolers

(8) Auxiliary Building Nonnal HVAC System Isolation

Dampers

(9) Emergency Lighting

(10) Post-Accident MoniLoring Systems

As a final alternative, it might be required that all

safety related systems be reevaluated.

A-ity'
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D. Reevaluate the OBE

Appendix A to Part 100 states that the operating basis earthquake

(0BE) is the earthquake which could reasonably be expected to affect

the plant site during the operating life of the plant. It also

indicates that the maximtrn vibratory ground acceleration of the

OBE should be at least one-half the maximum vibratory ground accel-

eration of the SSE.

Further, Appendix A states that if an applicant believes that the

particular seismology and geology of a site indicate that some of

the criteria of Appendix A need not be satisfied, the specific

criteria should be identified and supporting data should be presented

to clearly justify such departures.

The current NRC licensing practice requires that the applicant pro-

vide information about earthauake recurrence intervals which demon-

strate that the OBE is an earthquake which could easonably he

expected to affect the plant site during the operating life of the

plant. The staff has recently found acceptable and issued licenses

for a ntsnber of plants for which the OBE acceleration is less than

one-half the SSE acceleration. These include the Byron-Braidwood,

Clinton, Koshkonong, Marble Hill, and Phipps Bend plants. The

Working Group believes that the OBE for the three TVA plants should

be reevaluated to determine whether the design OBE meets the criterion

-/f6-
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of being an earthquake which could reasonably be expected to affect

the plant site during the operating life of the plant. If the

design OBE meets this criterion, an acceleration level less than

half the SSE would be acceptable and consistent with current licensing
practice.

E. Evaluate the Seismic Risk Probabilistically

To supplement the above-described detenninistic approaches, the

seismic risk can be, at least in part, evaluated using probabilistic

methods. Several such approaches are evaluated below.

1. DetenMae the Probability of Exceeding the Design Acceleration

This approach involves identification of earthquake source zones

in the site region. Within each source zone the earthquakes

of some selected size .p. central intensity) are assumed to

have an equal probability of occurring. Based on this assunption,

recurrence relathns (earthquake probability per year versus

intensity) are calculated for each source zone; and considering

effects of attenuation the probability of Exceeding some accel-

eration level at the site can be calculated. Such procedures

have been developed by McGuire (1976) and Cornell (1968). Com-

parison of the plant design response spectra with Regu'latory

Guide 1.60 spectra scaled by means of the Trifunac and Brady
'

relationship to the 5cceleration levels of computed probabilistic

intensities provides an estimate of the probability of exceeding

" |,
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the design spectra. Critical elements in this approach are the

configuration of the source zones, upper bound on intensity

for use in the analysis, and the selection of an attenuation

relationship. These problems are resolvable as technical
,

decisions. The sensitivity of the conclusions to these parameters

and other assunptions should be tested. It should be pointed

out, however, that if the overall procedure is to provide a

resolution to the problem, a higher level decision must be made

on the acceptable level of risk. Such a decision would need

to factor in the ideas described in E.4, below.

This approach is rather straightforward and can be performed

quickly at little cost. The main problem with the approach
e is that it oniy resolves the issue to the point of assessing

the earthquake risk. In a complete assessment the probability

that the earthquake will result in unacceptable consequences

also needs to be considered; such an approach is described

in E.4.

2. Develop Uniform Risk Spectra

The initial elements of this procedure are like those described

in E.1, above. Earthquake source zones are identified and

the probability of earthquake occurrence anywhere within the
,

'

zone is developed. These probability calculations are combined'

i
with a regression analysis relating response spectral amplitude'

I at some frequency to magnitt.de or epicentral intensity, distance,
,

and generalized site conditions. The probability that some

A- i 97
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spectral component will be exceeded is calculated by summing

or integrating the probabilities over all source zones. The

results are response spectra for which the response at each

frequency has some fixed probability per year of being exceeded;

the resulting spectra are called unifom risk spectra. Pro-

cedures to calculate the uniform risk spectra have been described

by Anderson and Trifunac (1978) and in the San Joaquin Early

Site Review (Project No. 499). Again, studies should be per-

fomed to test the sensitivity of the results to various assmptions.

This approach is not difficult or particularly expensive.

The objections to this approach are the same as those identified

for E.1. Specifically, additional calculations are needed to

detemine the probability of unacceptable consequences resulting

from occurrence of the earthquake.

3. Compare SSE Probability with Other Plants

The procedures described in E.1 or E.2 can be used to campare

the probability of exceeding the SSE at the subject plant to

chose at other TVA plants which meet the Standard Review Plan

criteria (Phipps Bend, Yellow Creek, and Hartsville).

This approach appears to be a valid way to estimate the s gni-i

ficance of differences in the ground motion assumed in the
,

design. The procedures are relatively straightforward and
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the calculations can be made quickly. The relative risk cal-

culations described tend to be more stable and less sensitive
,

to the assumpticas. This approach also avoids problems

identified in connection with items E.1 and E.2 in that it

minimizes the dependence on the additional assessment of

the probability that the earthquake will result in unacceptable

consequences. The detemination that the seismic design of

the subject plant is acceptable depends on the acceptability

of the plants to which it is compared; i.e., adequat.e safety

margins are assumed to be present in the comparison plants.

The Working Group recomends that the applicant be requested

to undertake this approach for Sequoyah. This would involve

a comparison of the probability of occurrence of the SSE at

Sequoyah with that at other TVA plants which meet the SR).

This information may be of use to the staff in detemining

whether a reanalysis and possible backfitting of Sequoyah

is necessary to provide substantial, additional protection

required for public health and safety, pursuant to 10 CFR

50.109(a).
.

4. Detemine the Probability of Exceeding Part 100 Doses

In this approach the probability that an earthquake will result

in the dose criteria ~ of Part 100 being exceeded is detemined.

As with Approaches E.1, E.2, and E.3, above, this approach

involves detemining the likelihood of occurrence of earthquakes

| f
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that have a variety of acceleration levels, from smaller,

relatively likely earthquakes to larger, less probable ones.

The range would include the OBE on the low end and would extend

beyond the SSE on the high end. Then, for each level of earth-

quake, the effects of the earthcuake on safety related components

would be evaluated and a probability estimated that, given

the earthquake, the damage to the plant would be.so severe

that the dose guidelines of 10 CFR Part 100 would be exceeded.

By combining the probabilitics of earthquake occurrence,

structural damage, and radiological release, one could detennine

the probability that an earthqcake would result in the Part

100 dose guidelines being exceeded. Such an approach is philo-

sophically satisfying to many because it results in a quantitative

estimate of a parameter of basic interest, the radiological

risk to the public due to earthquakes.

In the past, estimates have been made of the seismic risk for

nuclear plants. The Reactor Safety Study (WASH-1400) for

example, estimated that the probability of a core melt acci-

dent being caused by an earthquake is 5 x 10-7 per reactor

year for nuclear plants on soil of average properties and
-86 x 10 for nuclear plants en firm sites. The uncertainty

in these values was estimated to be plus or minus an order
,

of magnitude. The study concluded that "at this level of

probability, earthquake-induced accidents should not contribute

significantly to reactor accident risks."
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Unfortunately, the time and effort involved in taking this

approach for the TVA plants is very large, and the uncertainty

of the results would also be very large. The large uncertainty

results, at least in part, from the difficulty in determining

the response of structures, systems, and components to loads

that are significantly in excess of the design loads. For

these reasons, this approach is not recomended.

.
'
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IV. CONCLUSIONS AND RECOMMENDATIONS

The objective of the Working Group's effort was to recommend to NRC

management a course of action that will allow a timely staff finding

on whether or not the present seismic designs of the three plants in

question are acceptable. If not, a detailed reanalysis and possible
t

backfitting of the three plants could be required. After evaluating

the possible approaches that might be undertaken by the applicant,

we have concluded that several of the approaches can be completed in

a timely manner, and will probably provide sufficient infonnation to

allow the staff to make a decision regarding the acceptability of

Sequoyah, the plar.t of most concern. However, the Working Group does

not wish to foreclose the possibility of pursuit of any approach, if

the applicant believes that the results would contribute to a decision

regarding the safety of the plants. The reewmendations contained

herein are intended to assure that the applicant undertake the approaches

that we believe to be necessary for the staff to reach a decision.

We conclude that the approaches listed below can be completed in a few

months, and will result in information that will contribute to a decision

on the acceptability of Sequoyah as designed and constructed.

1. Approach B.1: Determine site-specific SSE response spectra from

strong motion records of appropriate magnitude and distance.

.
-
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2. Approach B.2: Detennine site-specific SSE response spectra from

strong motion records of appropriate intensity.

3. Approach C.1: Reevaluate the original seismic structural and floor

response spectra analysis, taking into account more realistic methods

and material properties, as well as site-specific SSE response
,

spectra.

4. Approach D: Reevaluate the OBE to see whether it mee.s the recurrence

interval crite:ia of Appendix A to Part 100.

5. Approach E.3: Compare the probability of the SSE being exceeded

at the subject plant with that at other TVA plants that meet the

SRP criteria.

It is possible that Sequoyah can be shown to be acceptable by completing

some, but not all of the above-listed approaches. For example, Approach

B.1 (site-specific response spectra based on records of appropriate

magnitude and distance), in combination with Approach C.l.a (Regulatory

Guide 1.61 damping factors), might be sufficient to establish the seismic

acceptability of Sequoyah. However, it is desirable to reach a decision

on the acceptability of Sequoyah as soon as possible, since a detailed

seismic reanalysis would probably result in a delay in fuel loading

until the analysis had been completed and any necessary plant modifi-

cations had been made. The Work.ing Group believes, therefore, that it

/)- 2. 0 3
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would be prudent for the applicant to undertake all the above approaches

simultaneously, rather than sequentially. This will reduce the likelihood

that a decision on the issue will be delayed, thus minimizing the delay

in fuel loading that might result if a detailed reanalysis is found to

be necessary.

Therefore, we reconmend that the applicant be requested to undertake

all of the above-listed approaches imediately, and to submit the results

of each approach as soon as they become available. If a decision can

be reached before all the approaches are completed, the remaining effort

could be curtailed. If, on the other hand, the results of all of the

above approaches are required to reach a decision, their simultaneous,

immediate pursuit will pennit a decision to be made at the earsiest

possible time. The Working Group believes that all the above approaches

nn be completed by September of 1978. Approach B.1 is currently under

way, with the results scheduled for submittal by July 1,1978.

We recomend that following submittal of the above infonnation, the staff

be directed to evaluate it and reach a finding shortly thereafter regarding

the acceptability of Sequoyah as designed and constructed. If it is not

found to be acceptable, and a detailed reanalysis is required, such an

effort could involve the most appropriate spectra or suite of time his-

tories developed in Approach B (reevaluate the response spectra), Approach

C.2 (reanalyze plant structures and' floor response spectra), and Approach

M-
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C.3 (reanalyze plant components, systems, piping and restraints). We

recommend that detailed reanalysis not be undertaken until a decision has

been made regarding the acceptability of Sequoyah as designed and

constructed.

To scope the potential results from Approach B.1 in combination with '

the major part of C.1, we have plotted readily available measured response

spectra from four earthquakes and compared them with the design response

spectra for concrete structures for Sequoyah and Phipps Bend. The Phipps

Bend plant, as discussed earlier, is in the Southern Valley and Ridge

tectonic province and was designed to meet the recommendations of the

SRP. The comparisons shown account for the use of Regulatory Guide 1.61

damping factors with Sequoyah. Figure 3 shows the perpendicular horizontal

components of ground motion recorded during four earthquakes that fall

within the range of investigation discussed above in Section III.B.l.

Figures 4 through 7 show the spectra for each of four earthquakes, com-

pared with the design response spectra for concrete structures. In all

of these figures, 7% damping is used with the measured spectra and the

Phipps Bend design spectrun; 5% damping is used with Sequoyah. This pro-

cedure thereby accounts for the change to 7% damping for concrete structures

at Sequoyah recomended in Approach C.1.a. As may be seen, the design

spectrum for Sequoyah falls below the spectra for the Parkfield earth-

quake, is comparable to the spectra for the Helena earthquake, and is

above the spectra for the Lytle Creek and San Francisco earthquakes.

These figures are preliminary in nature. However, we believe that

&-
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comparisons of this kind, if extended to include comparisons with other

rock-site records from a sufficient ntaber of earthquakes of appropriate

magnitude and distance, and extended to include the' effects of other

factors discussed in Section III.C.1, can provide a basis for a timely
,

decision on the acceptability of Sequoyah. A similar approach may be

taken to reach a decision for Watts Bar and Bellefonte, but on a more

extended schedule.

In stamary, the Working Group recomends that the applicant be requested

to imediately undertake the above-described program to provide the

staff with sufficient information to decide whether or not a detailed

reanalysis of Sequoyah is required. We believe that the necessary infor-

mation can be developed in a few months, and that a staff decision on

the issue can be reached shortly thereafter.

.
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FIGURE 3

STRONG MOTION RECORDS FROM FOUR EARTHQUAKES

All records adjusted to 7% damping
Two horizontal records from each earthquake
All records are from rock sites
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FIGURE 4

PARKFIELD RECORDS VS. SEQUOYAH AND PHIPPS BEND DESIGN SPECTRA

Recorded at Temblor 6/27/66
Distance: 10 to 35 km*
Site Intensity: VI
Range of published body wave and local magnitude: 5.3 - 5.9
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FIGURE 5

HEl.ENA RECORDS VS. SEQUOYAH AND PHIPPS BEND DESIGN SPECTRA

Recorded at Federal Building 10/31/35
Distance: 7 km
Site Intensity: VII
Range of published body wave and local magnitudes: 5.5 - 6.0
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FIGURE 6

LYTLE CREEK RECORDS VS. SEQUOYAH AND PHIPPS BEND DESIGN SPECTRA

Recorded at Allen Ranch 9/12/70
Distance: 19 km
Site Intensity: V-VI
Range of published body wave and local magnitudes: 5.4 - 5.7
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FIGURE 7

SAN FRANCISCO RECORDS VS. SEQUOYAH AND PHIPPS BEND DESIGN SPECTRA

Recorded at Golden Gate Park 3/22/57
Distance: 13 km
Site Intensity: VI

Range of published body wave and local magnitudes: 5.3
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APPENDIX A

MEMORANDUM FOR: J. Bennett, Division of Site Safety and Environmental
Analysis

S. Chan, Division of Systems Safety
J. Rajan, Division of Systems Safety
L. Reiter, Division of Site Safety and Environmental
, Analysis

H. Rood, Division of Project Management

FROM: Edson G. Case, Acting Director, Office of Nuclear
Reactor Regulation

SUBJECT: WORKING GROUP ASSIGNMENT

You have been assigned to fom a Working Group to develop a method for
resolving the TVA seismic issue in order to assure that (1) Staff
resources will be used efficiently, and (2) Staff decisions on the three
facilities involved will be made in a timely manner consistent with
construction comoletion schedules.

You are to fom a dedicated team that will work essentially full-time
on this task until its completion. At its initial meeting set for
9:00 a.m. cn April 3,1978, the Group will select one of its members
to act as the Chairman.

The Charter for the Working Group is attached.

. phY
o/.~

Edson G. Case, Acting Director
Office of Nuclear Reactor Regu'ation

Enclosure:
Charter

cc w/ enclosure:
R. Boyd J. Knight
H. Denton K. Kniel
R. I'.attson C. Stepp -

D. Vassallo R. Bosnak ,
W. Gaanill I. Sihweil

-

.
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CHARTER FOR

WORKING GROUP ON TVA SEISMIC ISSDE .

DEFINITION OF PROBLEM: Three TVA plants, SEQUOYAH, WATT 5 BAR, and

BELLEFONTE, are being designed and constructed to seismic criteria '

that predate the Standard Review Plan. Using the current SRP criteria,

and the intensity value for the Giles County earthquake recently

assigned by the USGS, the design basis ground motion would be defined

by Regulatory Guide 1.60 response spectra scaled to 0.25 . The seismic9

design basis motion actually being used varies among the three sites

but all spectra are scaled to 0.18g. The SRP criteria use the Trifunac

and Brady correlation of intensity vs acceleration. This correlation

i:: =cre recent and based on rare data than previous correlations.

Also, SEQUOYAH and WATTS BAR have been designed using spectra that

are less conservative than the Regulatory Guide 1.60 spectra. In

order to reach an affimative licensing decision, it must be shown

that all safety related structures, systems, and components in these

plants can withstand the effects of the SSE without loss of capability

to perfom their safety functions. The essential point is that it

must be shown that each plant confoms to the Commission's regu'lations

or that there are sound technical bases for deviations. Because of

their vintage, it is not necessary that the plants conform to the

Standard Review Plan. It is NRR policy (see NRR Office Letter #9)

that deviations from the Standard R'eview Plan are pemitted provided

they are identified and justified to the staff's satisfaction.

f~&|b
,
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OBJECTIVE: The objective of the Working Group is to evaluate the
~

problem, consider various methods of resolution, and recommend a path

of resolution that assures safety taking into account differences in

the time and effort that would be rey > red by applicant and staff, and

the extent to which seismic reanalysis of the plant would be required.

The methods of resolution for the three facilities may differ in detail

because of differences in the extent of deviation from Standard Review

Plan requiunents as, a result of different staff approval dates for

the designs.

SCHEDULE: The following tasks will be conducted on the schedule

indicated.

TASK 1 - Problem definition and identification of possible approaches

to solving the problem. The problem will be defined by the

group, starting with the general and proceeding to the specific

aspacts, in as much detail as necessary. The group will

generate a list of possible approaches to solve the problem.

The group should take into account the significant effort:

expended by DSE Geosciences Branch to date toward resolution

of the problem. The attachment to this charter provides a

synopsis of those efforts. This task should take about' a

week. NRR management will be briefed on the results of this

task upon its completion. ,

.
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TASK 2 - Evaluation of each approach. A scope of evaluation will be
,

determined for each alternative approach, and the group will

organize itself so as to evaluate each alternative approach.

The evaluation will include a comparison of the time and

effort required to pursue the approach, the development of an

outline of the activities involved, and an estimate of the

relative likelihood that the approach would be successful.

This task should take about a week. NRR management will be

briefed on the results of this task upon its completion.

TASK 3 - The various alterna.tives will be compared and a determination

made as to whether any are sufficiently promising to warrant

action. This task will take about two weeks, including the

writing of a summary report to NRR management describing the

alternatives considered and the group recommendation.

TASK 4 - TVA will be called in and the results of the Working Group

efforts will be discussed. TVA will be told of the NRR

decision on the recommendations of the Working Group and

encouraged to pursue that course or, if warranted, to explore

alternative approaches on their own.

.
-
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APPENDIX XVII
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but are sensittve to the in: ens:ty-d:s:ance and VI!!. eseectoeiy. Seme et ha emerthe data :o !:rger et;-i:Udes. We estt-
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Abstract. A cumulative frequency curve constructed for nine

trthquakes over an eight year period of magnitude less than

or equal to m 2.4 has been proposed as the basis for .

b
determining the activity of the Ramapo fault and for assess-

ing the seismic safety of the Indian Point nuclear power

plants. To support the propcsed cumulative frequency curve,

all earthquakes of Modified Mercalli intensity greater than
.

or equal to MM V within 75 to 100 kilometers of the Ramapo

must be assumed to have occurred on the Ramapo fault. The -

tacit assumption to a Ramapo origin for almost all of these

larger earthquakes is unrealiscic nd definitely conflicts

with the available historic reports of those events.
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INTRCCCCTICN

.n a recent report to Science entitled " Earthquakes, Faults',
and Nuclear Power Plants in Southern New York and Northern
New Jersey", Aggarval and Sykes (1) develcped a position
that the Ra=apo fault, a strand cf which passes near the
site of the Indian Point nuclear pcwer plants, is an active
fault. Frem this positien, they reached the conclusien that -

the probability is estimated to be about 5 to 11 percent
.

that the site will, in the next 40 years, experience an
intensity equal to or in excess cf the design (safe shutdewn}
earthquake (i.e., a Mcdified Mercall- intensity of VTI) .

This conclusion was reached frc= an analysis of the historic
reccrd of earthquakes in the general area cver the pas 250
yea'rs, and upcn reccrdings of =icreearthquakes by 1ccal
networks ever a 4 year t 8 year span. Clearly, the best

test of a predicter developed statistically is te examine
how well the predicter perfor=s in predicuing what actually
appened in the =ost recent past. The conclusien of Aggarwal

and Sykes is derived f rcm their Figure 4, which shews the
cu=ulative nu=her cf earthquakes cf =agnitude =b *# 9#****#
per year as a function of =agnitude. The figure purports to

utilice data sets valid for shceks 1ccated within 10 k= cf a
120 km long seg=ent of the Ra=apo fault.

In this paper, we shcw that the conclusier.s derived frc=

Tigure 4 of Aggarwal and Sykes lead to the prediction that
32 earthquakes of Mcdified Mercalli inte.nsity V or greater
should have occurred within the last 250 years. The historic

record reveals that for a much larger area, na=ely 30,000
square kile=eters, only 23 such events have occurred within

.
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Se last 250 years. Further, no such event has occurred

.ithin-the limited area centered along the Ramapo fault. -

Aggarval and Sykes devoted a considerable portion of their
paper to establishing that a number of the larger historic
earthquakes reported to have occurred over a wide area of
southern New York and northern New Jersey actually originated
on the Ramapo fault; their later development of earthquake
recurrence statistics is based upon that premise. As will

be shown in this paper, the tacit assumption of a Ramapo ,

origin for acce of the 1:reer earthqua.._s definitely conflictsk

with the available historic reports of those events.

The methods employed by Aggarwal and Sykes, although generally
accepted as a teol useful in characteri:ing the seismicity
of a given region, are not ordinarily employed to extrapolate
from a set of data on instrumentally recorded microearthquakes

'

of very limited duration upward to damaging earthquakes with
recurrence intervals measured in centuries or even millenia.
ae procedures they have followed underscore the generally

well-recogni:cd problems inheren- in extrapolating to a time
period which is many times longer than the duration of the

-
available instru= ental data base and in neglecting the

-

physical limitatiens on earthquake size that exist for every
earthquake producing structure. .

HISTORIC SEISMICITY
'

Critical review of the data prepared by Aggarwal anc Sykes
for the Ramapo fault indicates a somewhat less than compelling
data base supporting the reported seismic activity rate
along the Ramapo. Indeed, the very conclusion that the

Ramapo fault is " active" is in itself somewhat unique.
Elsewhere in the world, active faults are typically well~

defined by their seismicity and geologic data is used to
define more precisely the surface traces of active faults,
and often to determine re:urrence rates of fault mcvement

- Q2 b
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.st 250 years. Further, no such event has occurred

<ithin the limited area centered along the Ramapo fault. .

tggarwal and Sykes devoted a considerable portion of their

paper to establishing that a number of the larger historic

tarthquakes repcrted to have occurred over a wide area of

southern New York and northern New Jersey actually originated
,

an the Ra=apo fault; their later development of earthquake
'

recurrence statistics is based upon that premise. As will

se shown in this paper, the tacit assumption of a Ramapo

3rigin for some of the larger earthquak.s d: finitely conflicts

eith the available historic reports of those events.

the methcds e= ployed by Aggarwal and Sykes, although generally

recepted as a teci useful in characterizing the seismicity

sf a given region, are not ordinarily employed to extrapolate

Erom a set of data on instrumentally recorded microearthquakes

of very limited duration upward to damaging earthquakes with

rec ence incervals measured in centuries or even millenia.

1_ ' erecedures they have fellcwed underscore the generally

sell-reccgnized problems inherent in extrapolating to a time

period which is many times longer than the duration of the
.

available instrumental data base and in neglecting the

physical limitations on earthquake size that exist for every

earthquake producing structure.

HISTORIC SEISMICITY

Oritical review of the data prepared by Aggarwal and Sykes

for 'the Ramapo fault indicates a somewhat less than compelling
data base supporting the reported seismic activity rate

along the Ramapo. Indeed, the very conclusion that the

Ramapo f ault is " active" is in itself somewhat unique.

Elsewhere in the world, active faults are typically well

defined by their seismicity and geologic data is used to

define more precisely the surface traces of active faults,
,

and often to determine recurrence rates of fault movement
,
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through geologic time. No such data is presented or suggested

" i the Ramapo fault.
.

.ithin the region surrounding the Ramapo f ault, seismic .

history is reasonably complete for large intensity events

for a tira period of between 200 and 250 years. For this

period of record, historic seismicity within the region does

not define any specific fault stru=tures; see Figure 1. At

best, the historic seis=icity can be relegated to broad *

seismic source arecs which enccmpass subregions of hi; hest
,

earthquake density with reasonable uniformity.

Aggarwal and Sykes have showr. only i ralect:d pertien of the

seismicity in the region about the Ramapo fault based on a

location precision criterion (in part). It is not indicated

whether all epicenters have been screened by their criterion

er only those adjacent to the Ramapo. Regardless of screening,

there are abundant epicenters which clearly are not associated

with the Ramapo. fault; =any or all of these earthquakes have

been used te derive the regional b-va,lue of 0.73. There is

indication of the area considered to be the region.
/

For purposec of establishing our regional data base, we have

selected a 150 k= by 200 km region of somewhat uniform
_

earthquake density; the selected region (encompassing all of

Figure 1) has hac more than 100 reported earthquakes. Since

no regional data were presented by Aggarwal and Sykes we

cannot compare regional data assumptions directly.

However, the data shown on Figure 1 are essentially those

data used by Aggarwal and Sykes. These earthquake locations

from various data sources (2,3,4,5) are presented in Table 1

excluding obvious aftershock sequences and earthquakes
swarms. Aggarwal and Sykes suggest a " remarkably similar"
distribution exists between historical events for the period

1534 to 1953 and the events detected by the current networks
.
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frc= 1970 to 1977. When the historical record and the

urrent seis=ic activity in southeastern New York are ec= pared
'

(3), however, they do not display a remarkable si=ilarity
,

for earthquake activity alcng the Ramapo fault. In fact,

the seis=ic record for se'utheastern'New York shcws a bread *

distribution of epicenters rather than a concentration along

the Ra=apc fault.
.

Seis=ic source areas within the regien have been selected to

confer = to geclegic structural trends and to contain areas

of unifer= earthquake density. As u=ing the cenclusien

reached by Aggarwal and Sykes is correct (that earthquakes

are related to northease trending faults exposed at the

surface) we have selected seis=ic scurce areas which trend
'

ncrtheast, including the proposed source area abcut the

Ramapo fault. "'he primary purpose in selecting these scurce
areas is for cc=parisen of the seis=icity in varicus pcrticas

of the region. Scurce areas are shewn en Figure 1, and

include the ?'-'pc fault source araa, the Highlands source

area adjacent to and' west of the Ra=apo, af.d the icwer
Hudson scurce area which enec=pcssas the rLehar fanse cluscar

of historic events adjacent to and east of the Ramapo area.
.

For the Ramapo fault, we have accepted essentially the same
Ramapc scurce area as that suggested by Aggarwal and Sykes,
but have shifted the area secewhat eastward to ec= ply with

known fault geccetry. A tabulatien of earthquakes by source

area is presented in Table 1 ,and 2.

Lccations of the' larger historic events are indicated en
Figure 1. Evaluation of this data indicates that no historical
earthquakes of intensity greater than MM IV have cccurred
within the Racapo seis=ic source area 'cr alcng the Ramapo
fault).

.
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.We have examined the merit of relocating the larger historic
events along the Ramapo fault as was suggested by Aggarwal

1 Sykes. In general, we found no basis in historic reports
to justify relocation of events to the Ramapo fault.

We specifically examined in detail the suggested relocation
of the 1884 earthquake to some point along the Ramapo fault.
The highest reported intensities for the 1884 event were
along the southwestern end of Long Island (2,3,6) . Rockwood, '

a noted authority on earchquakes in late IS00's, stated

that he had devoted much time to the study of the material
,

gathered in regard to this earthquaP2 He found the highese
intensities to be located at Jamaica and Amityville in the

,

western part of Long Island.

In their discussion of the 1884 earthquake, Aggarwal and
Sykes acknowledge the Brooklyn epicenter location reported
in Earthquake History of the United States (2) and the Smith
catalog (3), but note that Rockwood (6) is. cited in each as
the original source of data. Further discussing Rockwced's

art they state that "He placed the center c4 the :ene of
.aximum shaking in northeastern ''eu Jersay". This is nce

the case. Rockwood clearly identifies the area of maximum
shaking as "The area of Intensity IV is nearly elliptical, ,

its icnger axis extending from Hartford, Conn., to West
Chester, Pa., and having its center near New York, being
about 200 miles long by 70 miles wide". Rockwood further .

states that "The only places where the reported intensity
reached V were Jamaica and Amityville in the western part of
Long Island". Rocxwood states later in his report that "An
examination of the map at once indicates that the cause of
this earthquake is to be sought in the vicinity of New York
City".

.
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hockwood continues in his report to describe examples of the

intensity V s..aking. The cit:se reported by Aggarwal and

Sykes is actually a comment on the intensity IV isoseismal
,

rating utilized by Rockwood is the scale of I to VI where IV

= Strong and V= Severe.
.

In addition to the reports of mainshock date, the New York

Times (7) cites the occurrence of aftershocks which were felt -

along the southwestern end of Long Island as well. The Paterson

Daily (8) Press reporcs foreshocks and aftershocks purportcCly

felt in Paterson, New Jersey, but foreshock reports came only

after the nainshock. Rockwood stat < "there were sundry

reports of light succeeding shocks at various hours on the

lith, but none were confirmed by two observers, and all were

apparently due to the excited imagination of the public".

Based on evaluation of Rockwood's reports, the suggestion

F 't the epicenter of the 1384 event was along the 2amapo

.it is clearly not justified by the existing data. -

SPATT-L DIST?~BUTION CF EARTHCUAKIS AND GECLCGIC AND TECTCNIC

STRUCTURES _

.

The geologic significance of the suite of Precambrian rock

comprising the New York-New Jersey Highlands has been summarized
by Aggarwal and Sykes. The prominence of this ene geologically

and geomorphically as well as its tectonic history of recurrent

deformations.through geologic time, suggests that a more

than coincidental importance may be attributed to the spatial

relation of the seismicity within the Highlands. The faulting

system within the Highlands exposed at the surface includes

faults within the Highlands source area and eastward up to

and including the Ramapo fault. Considering the distribution

of epicenters within the Highlands faulting system (see

.
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2:e 1), it is concluded that earthquake activity can be

spatially related to surface traces of faults in the Highlands

system. The linear trend of faulting frem southwest of the .
~ Schooley's Mountain area (point X cn Figure 1) through Lake

Hopatcong (location A) to the Wappingers Falls area (point
X') and beyond, may represent the =ost significant and

,,

continuous faulting system in the region.
'

The Highlands linear is quite prc=inent over much of its
length as obserred en varicus forms of high altitude phetegraphy
and satellite imagery. Northeast of Wappingers Falls area,

the marked linear continues, but is no longer within the .

Precambrian rocks. Studies are presently underway to define

the nature of the linear as expressed by geology. A pertien

of the linear has been previously terned the Beacen-Ccpake
'

ancmaly ( 9 ) , where the linear extends into Paleccoic rocks of
New York and is =arked by apparently isolated kncbs of

'crcpping Frecambrian rock. The geclegic i pertance ofe

. linear has not been established.tc date.

Clearly, the bulk of histcric epicenters located within the

Highlands are readily asscciated with the Highlands faulting .

system. Also, the three localities nentiened abcVe (points X
and X' and Location A) are sites of earthquakes swarms

within the New York-New Jersey regicn shcwn on Figure
1. The Schcoley's Mountain area (point X) had more than 125
small events reported in , December of 1977(4); both Lake
Ho?atcong (lecation A) and Wappingers Falls (point X') have
had well recorded earthquake sequences during the last

decade.

Simple correlation of the number of events for the peried
since 1970 within the. seismic source areas as outlined en
Figure 1 shews 13 main events along the Highlands linear and

.
,
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vents alen,g the Ramapo; for the complete period of historical
record, there have been 21 events ala..g the Highlands linear
and 15 events along the Ramapo. The larger intensity historical

events and hundreds of swarm events have also occurred along'
the Highlands linear; this includes a magnitude m = 3.3 event

3
at Wappingers Falls, and cider events of up to intensity

.

MM VI and perhaps MM VII. The magnitude of the largest

instrumentally recorded event that has occurred'along the -

Ramapo source area is m 2.5; the largest historically reported3
intensity is MM 97

Based on the distribution of epicenters, the actual number
,of events association with the Ramapo source area, and the

location of the larger. historic events along the Highlands
linear, it is clear that the Ramapo fault is not the geclogic
structure controlling the seismicity of the region. In

particular, there is no justification for considering all of

the seismic activity in the regien to be concentrated on the

.po fault, as Aggarwal and Sykes have implicitly done by
applying regicnci data to their recurrence curva for the

fault. .

.

RECURRENCE INTERVALS FOR EARTHOUAKES

A common methed of evaluating the seismicity of any given
area is by determining the cumulative frequency of various

size earthquakes within the area. Earthquake sire may be

expressed by either an intensity rating or a magnitude

scale. Cumulative frequency curves are constructed by
~plotting the cumulative number of events greater than or

equal to a particular size per unit time. For such curves,

it is customary to determine the time spans for which various
size earthquakes would be completely reported and to normalize
these data to the number of events per year. For example,

based on the population distribution specifically within the
'

Ramapo source area, and the generally large felt area for

.
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'ensity lim V events in the northeastern United States, it
z. reasenable to assume that most, if not all, events of ,r

intensity MM V (and greater) should have been felt since
s==e time prior to the Revolutionary War, or approximately
the last 230 years.

Assumptiens of the period of ec=plete or near ce=plete ,

record for various size events within the -regien are shewn
'

en Figure 2. Thus, for MM)v, despite the cluster of events
,

in =cre recent years, the popu'.atien density centrolling

felt reports within the Ra=apo source area suggests that MM V
events should not have gene canctic 1 fer a =uch larger

pr-icd of ti=e than suggested by the intensity distributien.
As suggested by Aggarwal and Sykes, detection of events
larger than =agnitude (=b) 2.0 has been ec=plete, er nearly
ec=plete, since ateut 1970, or for approxi=ately 3 years.

No satisf actory magnitude-intensity relationship exists.

ce it is necessary te utilize both intensity and =agnitude

..ca to develop cu=ulative frequency curves ever the entire

range of available data, we have used Aggarwal's relationship
(10) for ease of ec= paring results: ,

=3=-0.20 + 0.75
Cumulative frequency curves are typically ner=alized with

regard to area as well as ti=e in order that seismicity for

differant areas or different structures =ay be meaningfully

ec= pared. The unit area =ost ce==cnly used in evaluation of
seismicity is 1000 square kile=eters. Thus, the standard

recurrence curve for an area such as the Ra=apo scurce area

wculd relate the cumulative number of events per year per

1000 square kilcreters to various size events.

Although this approach was net taken by Aggarwal and Sykes,

we have normalized all data within the region to determine a

recurrence per 1000 square kile=eters area. Ecth the data

presented for the Ramapo source area (by Aggarwal and Sykes),
_

G{ $3 '- -
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and the historical seismicity data for the region are normalized
1000 square kilometers and are plotted on Figure 3.

.

As shown on Figure 3, there is as much as an order of
.

magnitude difference between the cumulative frequency curve
based on the regional historical seismicity and the Ramapo .

,

source area data. Data points for the curve for the Ramapo
.

source area are limited because no historical events larger

than intensity MM IV have occurred. One of the difficulties -

in constructing a reasonable recurrence curve for the Ramapo
fault is the limited data bacc. Only a fzt small earthquakes

(a < 2.5) have occurred within the .acurce area since 1974b
when a number of sensitive seismic stations were established
in the area. Aggarwal and Sykas have used the cumulative

level of activity implied by these events to predict a level

of activity for larger earthquakes by extrapolation at the

regional b-slope of 0.73 to the higher magnitude events. The

estimate of the cumulative level of activity is subject to

ge sampling errors because of a small sample si:e.

Entrapolation on this basis typically leads to ext:2=ely

unreliable return periods for higher magnitude earthquakes.

We can find no basis for Aggarwal and Sykes extrapolation of
.

the Ramapo microcarthquaka data to larger size events based

on.a regional b-valuo 0.73. Since the figure presented by

Aggarwal and Syke makes no effort to normalize the two

different data sets by area, their curve has meaning only if

the two data sets are drawn from the identical area. Moreover,

with no events greater thar det IV occurring along the

Ramapo in reported history, and with approximately 230 years

or more of significant population of the area along the

fault, we find little reliability in extrapolating recurrence

intervals for intensity out VII and MM VIII earthquakes.

In addition we can find no justification for the plotting of -

large intensity regional earthquakes along the curve that

.

summum8

* *
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ports to represent the cumulative frequency of events

avr the Ramapo fault as was done in Figure 4 of Aggarwal and

Sykes. This assumes that essentially all earthquakes which

have occurred within the. region shown on Figure 1 actually -

occur along the Ramapo fault. This is clearly an incorrect

assumption.
*

For example, the recurrence curve presented by Aggarwal and
Sykes predicts that approximately 32 earthquakes of intensity .

MM> V should have occurred along the Ramapo fault in the

last 230 years. For the entire regica shown n Figure 1,

there have been only'23 events of intensity MM> V during the

period of record, 1698 to present; and ..one of these have
been located along the Ramapo fault. To satisfy their

recurrence curve, however, all of these events and an additional

9 events would have to be located along the fault.
*

In areas of high seismicity with several geologically active
" ultu, such as the San Andreas fault system, earthquake

) .ta sets have been subdivided into small subsets of the
system to evalca:e activity of the indi.idual segments (10).
Such analyses revealed that while the recurrence rates for

.

various segments are similar, the levels of activity for
these segments vary by more than an order of magnitude. This
demonstrates that event for a fault system with a relatively

high level of activity, no single subset is necessarily
representative of the whole system. Further, it is shown

that only the fault system as a whole can be used to identify
the maximum earthquake asso.ciated with the system.

The variation in both a-values and b-values and data subcets
is perhaps more clearly demonstrated by Wyss and Lee (12).
For individual segments along approximately 50 km of the San
Andreas fault near Hollister, California, the return period

for a magnitude 3 event varies by almost an order of magnitude.
Fur th er, t h u y a v , a+ *o n caw bd seen a fo y +he s a ~ e 4a u f f -

.

)Q-33(.
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segment with discrete samples in time. The b-values for the

same fault are shown to vary from 0.8 to 1.4 for six-months

data samples during a one-year total sample (12) .

Based on these and other data, we believe that the approach
taken by Aggarwal and Sykes for defining the seismicity .

along the Ramapo fa ilt is invalid. The a-value for the ,/

fault cannot be well defined by 9 to 11 events. collected over
'

a period of about four years. It should be noted that less
than half the data used to determine the a-value can
actually be associated with the Ramapo fault when the spatial
relations between the hypocenters cmd the fault plane are
considered. We conclude the a-value selected for the
data subset by Aggarwal and Sykes has no validity with
respect to either the true a-value for the Ramapo fault

s'ource area or the a-value of the Highlands linear faulting
-" stem as a whole. -

. further identify the difficulties inherent in the approach

of Aggarwal and Sykes, we have utili:ed the 1970 through
1977 period of record to construct cu=ulative frequency -

curves for various seismic source areas;.see Figure 4. It

should be clearly noted, however, that the number of events

for each source area (individually) is statistically insufficient

to determine slope and intercepts for the recurrence curves

with any real reliability. Data used by Aggarwal and Sykes

for the Ramapo have been normalized and presented on the

cumulative frequency curve on Figure 4 together with small

magnitude data for the same time period for the Highlands

linear source area. Both data sets include a four year

sample for magnitudes less than m 2.0, and an eight yearb
sample for magnitudes greater than m 2.0. The Highlandsb
data plot essentially along the same curve developec for the

'

Ramapo data. We conclude that there 'is nothing unique about
the seismicity of the Ramapo.

-
.

n- 237
.
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examine the i=plications of the Aggarval and Sykes recurrence-*w

curve, we have calculated the prcbability of not observing a

single event of a particular intensity during a reasonuble
detectionperiodassumingthactheactivityratesofAggarwak
and Sykes are correct. In calculating these probabilities,

we have =ade the usual assumption that earthquake occurrences ,

follow a Poisson distributien. Thus, the probability of not
"

observing a single event of intensity greater than or equal to
I in t years is given by:

p=P (0 events with intensity > I 1.7 t years)
g

=e (1 1 0, ,-1t (1)-A

0!

.

where A is the average rate of occurrence (i.e., mean nunbar

events per year greater than I).

The values of 7; f : differant intensitias and the :sscciated
detection periods are shown in Table 3. For the stated

assumptions, the chance of not observing an earthquake
-

greater than or equal to intensity VI in 230 years is 1 in
4,000. The chance of not observing a single earthquake

1

greater than intensity V is 1 in 10'2 .

The short return periods indicated by Aggarwal and Sykes
(Figure 4) do not seem credible in view of their incompatibility
with the histcrical seismicitg data.
Another way of irterpreting this result is that if in f act
earthquakes of intensity greeter than or equal to Plt V occur
on the average 7.8 years, as suggested, one should have seen
31most with certainty several events of intensity ftt> V
specifically along the Ramapo fault in the last 100 years.
Since not one earthquake of intensity V or greater has been

,

:ated on the fault (or within the source area) it is
unreasonable to assume these earthquakes occur with a return

fev-ioc| 0 f '7. $ ,

h&f
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It is concluded that the short return periods predicted by
, eat.,

therefore, are not statisticallythe Aggarwal and Sykes curve,
valid. Based on the microcarthquake data presented in .

thatFigure 4, we conclude that there is nothing to suggest
the Ramapo fault (or the Ramapo sour'ce area) differs from
the adjacent Eighlands , linear with regard to activity levels .

of earthquakes. Indeed, as only low intensity events (:ct< r7)
it is clear thathave ever been reported along the na=apo,

the Ramapo f ault is not the geologic structure controlling
the seismicity in the region or the combined Highlands-
Ramapo source area.

There remains a marked discrepancy between the shorter
return periods of recent instrumental data (low magnitude)
and the inconsistently longer return periods of regional
historic data (larger intensity) . An inconsistency between

microcarthquakes and larger magnitude data is not expected
less the micreearthquakes result from different causacive mechanisms.

A portion of :he discrepancy is clearly the resu.1t of the
error in the data plot of Aggarwal and Sykes. They state

,-
that the record of events for m > 2.0 has been ecmpleteb

For this data, however, they have used only thesince 1970.
1974 to 1977 tine period in normalizing the data with respect

This oversight results in an error of a factorto time.
of two, which is to say that all plotted events between
m 2.0 and m 2.5 appear to be twice as frequent as they -

b b
indeed are, based on the actual data. .

other possible contributions to this discrepancy may include
,

an incorrect relationship between magnitude and intensity.
The cumulative frequency data are based on instrumental
magnitudes determined by Lamont Doherty from the local
telemetered seismic network. The,macroseismic recurrence
curves are derived from felt report intensity evaluations.
he two data sets are related through an empirical magnitude-

intensity relationship. Again, for porposes of this discussion,
we have assumed the same relationship as outlined by.Aggarwal

Theand Sykes for convenience in making data comparisons. .t3
,

u ortin this relationship, however, are yet unpublished.
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.snother possible explanation could be that magnitudes determined
over the past few years for instrumentally recorded microearth-
quakes are incorrect. If the magnitude determinations are

too high as has been previously suggested (13), this could
.

partially explain the discrepancy dependent upon the degree
of error made in the magnitude assignments. Street and

*

others (14) have pointed out that errors in m..estimacions
Q

of 0.5 magnitude units can occur when using Lg periods that
are not close to 7,no second (which is frequently the case
with microearthquake recordings).

.

*
O
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sed on the data shown in Figures 1, 3, and 4, we conclude

at the Ramapo fault is not unique in terms of its seismicity.
e bulk of the historic seismicity within the region,
waver, does appear to be included within the three identified

ource areas. The only differences between the Ramapo fault
*

the factata and the rest of the Highlands fault system o

hat for both short-term (4 to S years) and the historical .

ecord, the larger events do not app 6ar to be associated
ith the Ramapo. Indaad, in apprcxi=stsly 250 yacrs f

ecord, no earthquake of intensity greater than MM IV has
ver occurred along the Ramapo. Fuather, based on statistical

nalysis of the return periods proposed by Aggarwal and
ykes, and the review of the data presented by others (11,12) ,

e' conclude that return periods of larger events canno: be ,-

ccurately determined by a four-year sample of nine events
f less than m 2.5. This appears to be the case even in

b
of active seismicity and must certainly apply tc areas3

f low to : darate seismicity.

In summary, based on the historical seismicity, the spatial
.

istribution of events and the apparent lack of large intensity
vents, we conclude that the Ramapo f ault is not the geologic
tructure controlling the seismicity of the region or
he Highlands faulting system. Further, we believe that the

onclusions reached by Aggarwal and Sykes regarding return
eriods of large intensity events along the Ramapo or for .

he region are unjustified and incorrect. Return periods for

larger intensity earthquakes based on the actual historic
record indicate that the frequency of occurrence predicted
by Aggarwal and Sykes are more than an order of magnitude
too s'hort. We suggest that the data can be more correctly
analyzed by assuming a more realistic source area, and that ,

resulting recurrence intervals for large events then correspond
with the observed historical record.

.
.
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ole 1. List of all epicenters within the limits of Figure 1
For swarmsexcluding aftershock sequences or swarms.

the largest earthquake is taken as representative of the
Source areas are those outlined on Figure 1 and describedswarm. *

in Table 2. Earthquakes located within the source areas
are identified by the follcwing designators: LH, Lcwer '

Hudson Source Area; HL, Highlands Source Area; R, Ramapo
Earthquakes are listed in the order of decreasingSource Area.

size with all =bLg magnitudes converted to intensity according
0.2 * 0.75:, ( 10 ) .to the Aggarwal relationship, ebLg =

Table 2. Summary of characteristics of the region of study
and the three subregional source areas.

Table 3. Probabilities of not observing earthquakes of various
intensities based on the recurrence' rates frem Aggarwal and

'

Two estimates of complete record ofSykes andchis paper.
intensity levels, one based on an assumed population distribution

1 another taken frcm the record intervals indicated on Figure
are used with the recurrence races to determine four sets2,

These data sets are presented in the form .

of probabilities.

yof chance estimates which are simply the inverse of the pro-
babilities.

.
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Source'

Date Lat Lonc MMI Area Date Lat Lono MMI
-

12-18-1737 40.L 74.0 VII R 08-22-1975 41.14 73.95 III-IV

08-10-1884 40.6 74.0 VII HL 07-02-1977 40.70 74.935 III-IV
06-01-1927 40.3 74.0 VI-VII HL 12-09-1977 41.56 73.88 III-IV

11-30-1783 41.0 74.5 VI HL 12-23-1977 40.77 74.76 III-IV

09-01-1895 40.7 74.8 VI LH 05-18-1804 40.75 74.0 III

03-23-1957 40.63 74.83 VI LH 01-25-1841 40.75 74.0 III

12-10-1874 40*9 73.8 7-VI LH 03-05-1861 40.7 74.2 III
~

08-23-1938 40.13 74.53 V-VI 04-21-1881 40.95 73.10 III

09-09-1848 40.4 74.0 V R 01-04-1685 41.3 73.9 III
'

02-05-1878 40.3 73.8 7 R 01-31-1885 41.3 73.8 III

10-04-1878 41.5 74.0 V 10-24-1925 41.4 73.3 III

03-09-1893 40.6 74.0 V LH 06-26-1933 41.0 73.8 II*

05-12-1926 40.9 73.9 V LH 09-03-1937 40.83 74.25 III

01-25-1933 40.2 74.7 V LH 07-29-1938 41.0 73.7 III

01-04-1947 41.03 73.58 V LH 08-23-1938 41.2 73.7 III

09-03-1951 41,25 74.25 V LF 12-06-1938 40.8 74.3 III

10-08-1952 41.7 74.0 V LH 07-28-1941 41.13 73.75 III

03-27-1953 41.1 '73.5 V R 04-01-1947 41.01 74.30 III

09-14-1961 40.75 75.75 V R 03-10-1977 41.18 74.15 III

12-27-1961 40.50 74.75 V HL 10-14-1977 41.56 73.95 III

11-17-1964 41.2 73.7 Y HL 10-24-1975 '41.60 73. SS III

07-11-1872 40.9 73.8 IV-V R 04-08-1974 41.22 73.99 III

09-10-1877 40.1 74.8 IV-V HL 06-15-1975 41.5a 73.94 III

96-07-1974 41.57 73.94 IV-V LH 11-22-1976 41.00 73.86 III

:-13-1976 40.84 74.05 IV-V LH 05-16-1938 40.8 74.3 IT-III

06-08-1916 41.0 73.3 r7-V EL 12-06-1951 41.7 73.9 II-III

1698 41.38 73.47 rv R 09-22-1976 41.29 73.95 II-III

1702 41.4 73.5 IV HL 12-05-1976 40.77 74.76 II-III

1711 41.4 73.5 IV LH 12-11-1976 40.72 74.01 II-III
~

08-06-1729 41.5 73.5 IV R 11-27-1977 41.02 74.22 II-III

02-05-1908 41.4 73.2 IV HL 01-10-1973 41.39 73.98 II-III

07-19-1937 40.72 73.71 IV HL II-10-1975 41.06 74.32 II-III

10-24-1942 40.97 75.25 IV HL 10-27-1977 41.07 74.59 II-III

03-29-1950 41.05 73.60 IV LH 12-25-1878 40.8 73.8 II

08-17-1953 41.0 74.0 r7 05-01-1910 40.7 73.5 II

03-31-1954 40.25 74.00 IV HL 05-22-1926 41.7 73.9 II

12-20-1962 40.99 74.33 TV LH 10-12-1937 41.2 73.8 II

05-11-1976 40.49 73.87 TV LH 10-21-1938 41.17 73.67 II

01-21-1977 39.98 74.33 IV LH 09-13-1939 40.8 74.0 II

08-02-1938 41.08 73.70 III-IV R 05-21-1966 41.14 74.03 II

02-15-1972 41.29 73.61 III-IV HL 10-06-1969 40.96 74.64 II

03-11-1976 40.95 74.35 III-IV HL 06-10-1977 40.70 74.89 I-IT

08-20-1976 41.12 73.76 III-IV R 11-30-1964 41.21 73.95 I-II

09-02-1977 41.31 73.92 III-IV LH 03-06-1976 41.17 73.81 I-II

04-29-1975 41.59 73.88 III-IV R 10-28-1976 40.89 74.49 I-II

07-19-1975 41.43 73.79 III-IV .

, .-
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Source Aren

*,
Dimension, km Tota rea, !! umber of Earthquake Donal

Sours.e Area Length Width km' Earthquakes Events /1000 km2
.

.

Region 200 150 30,000 91 3.0
illghlands Linear 150 25 3,750 21 5.6

Lower iludson 135 40 5,400 38 7.O

Ragnapo 125 18 2,250 15 6.7,

Sum of three 11,400 74 6.5
- - - - -

source areas
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Probability of tiot Chance of Hot ,. '
Assumed Period of Mean Rate of Occt ice Observing a Single Observing a Singl

Intensity Complete Record in Years, t Per Year,A Event of Intensity > I Event of Intensity-a
.

Recurrence rates from Aggarwal and Sykes and complete record
estimates based on assumed population distribution

'
.

VIII 250 2.92x 10 4.01 x 10"I 1 in 2
.,

-2
VII 250 1.03 x 10 ' 7.59 x 10 g g, g3 ,

VI 230 3.64 x 10 2.32 x 10 . 1 in 4300 12
V 230 1.20 x 10 1.50 x 10~ 1 in 6.66 x 10

Recurrence rates from Aggarwal and Sykes and coinplete record
estimates based on data presented in this report

-3 -1
VIII 250 2.92 x 10,3 4.01 x 10 1 in 2

-2
VII 250 1.03 x 10, 7.59 x 10,4 1 in 13

VI 200 3.64 x 1G, 6.90 x 10 1 in 1450*

-0 7 ..
V 130 1.20 x 10 5.65 x 10 1 in 1.77 x 10'

Recurrence rates from this paper and complete record esti .a te s
,-

based on assumed population distribution *

VIII 250 9.33 x 10~ 9.77 x 10~ 1 in in 1.0

VI ~ 230 1.24 x 10~
9.18 x 10~ 1 in 1.1VII 250 3.41 x 10

1 in 1.3
V 230 4.54 x 10~

7.51 x 10~
1 in 2.03.52 x 10

.

Recurrence rates and complete record estimates based on data
presented in this regmrt

-5 ~I
VIII 250 9.33 x 10 9.77 x 10 1 in 1.0

~4 ~l *

VII 250 3.41 x 10 9.18 x 10 1 in 1.1
~3

VI 200 1.24 x 10 7.80 x 10~ 1 in 1.3 .

~3V 130 4.54 x 10 5.54 x 10~ 1 in 1.8
.
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'gure 1. Epicenters of earthquakes (1698 through 1977)
rimarily in southeastern New York and northern New Jersey.c

Portions of Pennsylvania and Connecticut are also included
in the limits of the figure. Geographic coordinates of the

'

corners of the figure are: 41.96*N, 73.77*W; 40.93*N, 72.62*W;
40.79*N, 75.59*W; and 39.77'N, 74.42*W. Three subregional

.

source areas, discussed in the text, are identified on the

figure. X, A, and X', mark the 1ccations of the Schooley's *

Mountain, Lake Ecpatcong, and Wappingers Falls earthquake
swarm sites respectivel . Mets the nu=bar of epicencer1
locations in the figure are less than the number of epicenters
listed in Table 1 because of the co ccation of several
epicenters; epicenter symbols are based on the largest event
reported for a location. Faults and linears shown are taken
frem the brittle structures rap of New York , the geologic
map of New Jersey, and unpublished notes of the New Jersey
State Geological Survey (15) .

ure 2. Number of earuhquakes per decade fer each MM '

intensicy categcry listad in 2:ble 1. Iashed vertical lines

indicate the authors' estimate of ccmplete record for the
.

intensity categories based on frequency of reported occurrence.
Figure 3. Cumulative number (N) of earthquakes of =agnitude

2m r greater per year per 1000 km as a function of magnitude.b
Circles,(), are data points based on all data presented in
Table 1, taking into account the estimates of co,mplete
record presented on Figure 2; X's are data points

presented by Aggarwal and Sykes ( 1 ) normalized with respect
to area for comparison. The r'egional recurrence curve is
based on values determined for the four Modified Mercalli
intensity intervals: IV, V, VI, and VII; a somewhat steeper

slope can be obtained using only the intensity intervals;
V, VI, and VII.
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Figure 4. Cumulative number of earthquakes of magnitude mb
or greater per year per 1000 km as a function of =agnitude,

'

derived from Table 1, for the subregional source areas.

Subset of Highlands and Ramapo source areas data for the time

period 1370 to 1977, evaluated in the same manner, are also
.

presented. The regional recurrence curve, presented in Figure

3 is repeated for reference.
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May 19,19'78

Mr. H. Etherington b
Advisory Committee on Reactor Safeguards
nuclear Regulatory Cenmissicn
Washington, D. C. 20555

Comtent on: Earthquakes, Faults and Nuclear Power
Plants in southern New York and northern New Jersey,by W. P. AEGarwal and Lynn R. Sykes, Science,
26 April, 1978.

On first reading this is a lucid and compelling
analysis of the Ramapo fault system, establishing it asseisnically active and suggesting hirh seismic risks for
a nuclear plant built near the fault. On analysis, how-
ever, it seems to me the arguments advanced larGely fall
apart. The probabilities arrived at are derived from
statistical analysis and the validity of such an analysis
is directly proportional to both the amount of data avail-
abic and to the unquestioned applicability of the data to
the problem being analyzed. The Aggarw'al-Sykes analysisis weak in both respects, as will be discussed below.

Since the early 60's at least, the Lamont Geological
Observatory has maintained a seismic network in northern
New Jersey and southern New York State. Apparently, signi-
ficant additions to the network were made in the Ramapo
area about 1974, and the data demonstrating seismic
activi,th'aha and Enose Iron other sources apnear to indicate

:
Mmon 71onc t'ac Ramano fault zone date from then. The
a tendency for seismic energy to be released along old,
northeasterly trending zones of faulting, of which the ,

Ramapo fault is one. Aggarwal and Sykes ' Fig.1 shows j

widespread seismic activity throuChout New England and '

adjacent parts of Quebec during the 1970-1977 period.
Zones of seisnic activity appear to have northerly or ,

northwesterly strikes, particularly a broad belt extend-
ing north-northwesterly from the Mohawk valley for about500 kilometers. Other centers of activity are present
in wertern New York State, perhaps with a Generally e

northwesterly trend, and in northern New Jersey and
southern New York with a more northerly trend. A wide

9 -

g-ts 4 '



Mr. H. Etherington Page 2

scatter of earthquakes is also present from Connecticut
to Massachusetts and northward into Quebec.

Focal mechanism uolutions for nine recent small earth-
quakes in northern New Jersey and southern New York, fcur
of which are associated with the Ramapo fault zone, indi-
cate high angle reverse faulting, with an apparent small
component of strike-slip movement, suggesting regional
compression, acting in a northerly direction. According
to Accarwal and Sykes the earthquakes are shallow, many
within 1 or 2 kilcmeters of the surface. Meny are con-
centrated along exposed r~1es of ancient brittle crystal .
line rocks. It is tempting to suggest tnat the region is
undergoing a shearing motion, with a counterclockwise
rotation sense. The local coincidence of seismic activity
with ancient fault systems is related to an accidental
orientation favoring relief of north-south co=pressive
stress.

The Aggarwal-Sykes frequency analysis involves a
few small earthquakes detected in the general vicinity of
the Ramapo fau]t in the 1974-1977 period, plus six earth-
quakes of int.ensity VI and VII, felt in the greater New
York City area over the past 250 years. One of the latter
was located in northern New Jersey near Asbury Park, well
away from the Ramapo fault zone. Despite s
the contrary, Aggarwal and Sykes have assum,ome evidence toed that the
other five occurred on the Ramapo fault. They then note
that an emperical relationship determined for the southern
New York - northern New Jersey area seems to rationalize
the small seismic events on the Ramapo fault with the
larger historical events on a frequency-magnitude plot.
It is the interpretation of this plot which led Aggarwal
and Sykes to their prediction of a rather high probability
for an intensity VII or larger earthquake on the Ramapo
fault near the Indian Point site within the 40-year life
of the plant.

The acceptance of the above conclusion depends entire-
ly on the judgment that the Ramapo fault is the dominant
fault for seismic strain release in the southern New York -
northern New Jersey area. This conclusion seems unaccept-
able because of the improbability that all or most of the
lar6er seismic events cited should be attributed to activity

.
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Mr. H. Etherington Page 3

along the Ramapo fault. Fig. 1 in the " Comments on the
Seismicity in southern New York - northern New Jersey,"
issued by TASNY's Seismic Consultants shows quite clearly
that seismic activity has been broadly distributed over
known faults in the New Jersey Highle.nds and in the
New York City-Dutchess County area, as well as in the
Ramapo fault zone. In fact, intensity V and larger
ePvthquakes seem to characterize the Highlands and New
Yerk-Dutchess County faults, while avoiding the Ramapo
zone ! It, therefore, seems much more probable that the
five intensity VI and VII earthquakes used in the Aggarwal ,
and Sykes analysis should be assigned to fault zones
other than the one associated with the Ramapo fault.

In their Table 1, Aggarwal and Sykes indicate three
nethods for calculating the probability of equalling or
exceeding intensities VII and VIII at Indian Point. Of
these the third, probabalistic calculation by McGuire
based on historical events throughout the region, would
seem to be the best that cen be done with the historic
data for analyzing the seismic threat to the Indian Point
site. That analysis gives exceedingly low probabilities
of VII or VIII events affecting a particular spot within
the New England seismic zone.

o

As a general comment, I would like to suggest that
a predictive analysis for frequency versus magnitude of
earthquakes probably is onBy useful at a regional scale.
The large amount of data Eathered for the San Andress
fault system, for example, E ves a reasonable basis fori

rough predictions of probability of occurrence of events
of certain intsnsity along the entire San Andreas system.
However, it is easy to see that these same probabilities
do not apply to the various parts of the system, and
in fact could give very misleading results. Compare,
for example the northernmost part, which appears to be
essentially locked, with parts near Los Angeles which
are deforming by creep at the present time. It seems to
ce that the determination of the probability of occurrence
of an event of a certain intensity along the northeastern
end of the Ramapo fault must be essentially meaningless
unless that conclusion applies equally to a large region
surrounding this particular site. .

.

John C. Maxwell
Consultan t

c .c . ';r. E. Icna , Staff Engineer
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APPENDIX XIX
Seismicity of Southeastern tiew York

l I and Northern New Jersey

Ipicenter locations Faults g, ;
#@ FRHs1 km --- Dashed where at proxi- 7 d y .F ' '

, ,.
F; L.1 H s 2 k m mate or inferred e .50 - '
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Fig. 2. Fault map (4,3,29) of southeastern New York and northern New Jersey showing epict"i-
ters (circles) of instrumentally located earthquakes from 1%2 through 1977. Indicated uncc/-
tainties (ERH) in epicentral locations represent approximately two standard deviations. Focal
mechanism solutions are upper-hemisphere plots; the dark area represents the compressional
quadrant. For event 14 there are two possible fo' cal mechanism solutions; the data, however,
are more consistent with solution b than a. The Ramapo fault and two of its major branches
'4-A') are shown by the heavy lines: x's denote locations for other events discussed in the
sxt. The solid triangle shows the location of the Indian Point nuclear power reactors.
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May 26, 1978
APPENDIX XX

Davis-Besse: Background Material on
Orifice Rod Assembly Failures

H. Etherington, Chairman
B&W Water Reactors Subcomittee

B&W ORIFICE 100 ASSEMBLY (ORA) FAILURSS
The

On Friday, May 19, Davis-Besse 1 reported failures of several ORAs. latching mchanism on the ORAs is similar to that on the Burnable Poison(The
Rod Assemblies (BPRAs) which caused problems at Crystal River 3.The ORAs weigh only
Comittee was briefed on this at the April meting)
about 1/3 as much as the EPRAs and, whereas the BPRA's were believed to
" chatter" at 4 pump operation (and were therefore restricted to reduced
operation), the ORA's being lighter and held up by flow are believed to(Davis-

encounter " chatter" problems at 2 pump (reduced flow) operation.Besse 1 had considerable time on 2 pumps which is thought to be a reason(The CR-3 ORA's were inspected
the ORA failures occurred there first).
and were not badly worn)

The Staff called for a meeting with B&W and affected B&W 177FA licenseesB&W explained what inspections had been mde and(Completeon Wednesday, May 24.
what additional information would be gathered by June 15th.

inspection of all ORAs at Davis Besse 1, Metallurgical exam of B-4(new) end fitting, work in hot cell on B-3 end fitting, pressure pulseflow
effec *s analysis, inspection of Oconee-3 ORAs af ter June 6 shutdown,i

testr at Alliance Research Center, TMI-2 inspection when BPRA reta ners
B&W felt the proolem probably was not generic but was flow

related and requested approval to continue operating on the basis thatinstalled)
failure of an ORA would not be a safety problem and that, especiallyf an
with increased attention to the Loose Parts Monitors, failure oDavis Besse planned remval of some

ORA would not escape undetected. ORA's because, even with the resultant increased by-pass flow, DNBR was
not expected to be a problem.

has asked
At this point the Staff has not taken any limiting action, but
B&W to sutmit an analysis of why dislodging of an ORA would not be aThis will be discussed at the NRC Staff session Friday
safety problem.

-
'

morning.

/}'2G/
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'Ite cure to the problem is probably a gnstion of ::aterial selection
for the lands of the holddown latch assembly (see attached slide). A
harder, stronger material would prevent the wear which permits the ORA's
to becom dislodged.

('Ite B&W Mark C fuel to be used in Bellefente and newer plants, has
a positive locking mechanism which would not have this proble=)

An update on the CR-3 problem is attached.

t.:,

Ragm. cf ler
Senior S f Ergineer

Attachments:

(1) Slides used by B&W
(2) FPC Letter dated May 16

.
'
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/ MATERIAL PROPERTY COMPARISON

H0BD0hH LATCH ASSEMBLIES

YlELD STREl!GTH HARDRESS
i CORE MATERIAL PSI BHN RB

'CR-Ill BAR 36,000 149

63,000 217
-

.

NiO-I BAR 37,000 156
'

63,000 217
| ..

'

'Occ!:EE-II BAR 33,500 +145 77.1

69,000 197-

-

.

'

DAY 15 BESSE-I ChST 40,700 '153 80

48,000 +170 85'

!

Sl2]D BAR 63,000 207

| 75,000 217

.

GEnEnte RELOADS CAST ~38,000 ~78

~47,000 ~78-80
'

*

.

*

.

I

_ _ . .. .. _.
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POSSIBLE liEAR CONTRIBUTORS

1. REDUCED FLOWJ I.E. 2 AND 3 PUMP OPERATIOtl
.

.

2. NARK-Bl4 END FITTINs
.

A. CAST HOLDDOWN l.XTCH

n. REDUCED PRESSURE DROP

.

'

3. OTHEn
'

-

A. PUMP PRESSURE PULSATIONS -

.

B. MINOR MAf;UFACTURI!fG VARIABLES

.

.

.
.

.

.

f.) h G j -
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PHtuiHNARY PUi1P OPERATING HISTORY -

MAY z3, 1978-

,

REACTOR CYCLE NUMBER OF OPERATING DAYS
1 PUMP - 2 PUMPS 3 PUMPS 4 PUMPS

DAVIS-BESSE-1 1 1 35 41 194
'

.TMI-1 1

2 6 4.5 2 277
*

.

3 1.5 . 1.5 2 305
'

4 >l >l 27-
.

TMI-II 1 16 28 2
-, -

ANO-I
~

1 l-

b '

2 >l 3 1
'

'
- 3 >l 1.5 20 -

:

p OCONEE-I 19 5.5 9
*

-

N OCONEE-II 27 12 13
*

OCONEE-III 5 3 18
*

- -

.

CR-III 1 y,g 24 ;

RANCHO SEco 1 6 8 6 603 - I,

2 >l - >l - 14

* OPERATING Sinca Hx-B4 Exn Fi m no *

) ,
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OPERATING PLANT COMPARIS0N
-

NSS 3 4 5 6 7 8 9 11 14

PLANT DUKE I DUKE 2 TMI-1 TMI-2 CR-3 ANO-1 DUKE-3 SMUD DB-1

PUMP TYPE W BINGHAM W BINGHAM B-J B-J BINGHAM BINGHAM B-J

RATED POWER (MWT) 2568 2568 2535 2772 2452 2568 2568 2772 2772

SYSTEi FLOWg 109 111 109 110 112 109 110 114 113.4
^ ~

kk0F352000
GPM) -

LgSED(MIN)- 106.5 106.5 106.5 105 105 106.5 106.5 105 105
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THERMAL-HYDRAULIC DESIGN
'

'

177 FA PLANTS
-

iAXIMUM
CORE 3YPASS F

(% OF SYSTEM F_0W
,

_0W)

TOTAL GUIDE TUBE

INITIALBASE-ALFA'SkONTAINCIA's, BP A's, OR ORA's6.0 1.7

,

TYP!CALPRACTICE-g6go44 ORA's
(h'.8) ($'.0) ,'

ALL BPRA's/0RA's REMOVED 10.4 6.4
~

,

~
.

.

o

NOTE: REMOVAL OF ONE ORA INCREASES CORE BYPASS BY ~ 0.04%
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FIGURE 1
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Pwr, .o. . . . .e. .
.

May 16, 1978
File: 3-0-3 a-3

Mr. Robert W. Reid, Chief
Operating Reactors Branch #4
Division of Operating Reactors
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Subject: Crystal River Unit No. 3
Docket No. 50-302
Operating License No. DPR-72
Florida Pcwer Corporation

Dear Sir:

Attached are responses.to Items 1. through 9. of Part I, Enclosure 1
to your letter of May 2,1978.

This information is being submitted in accordance with the schedule of
activities outlined in our letter to you of May 15, 1978.

Plersa advise if further discussion on the attached is desired.

Sincerely,

Q.B.D A /for
W. P. Stewart
Director, Power Production

luv

.
'

~

General Office 3201 Thirty-toertn street soutn . P o eox 14o42. st. Peterreurg Florica 33733 . 813-866 5151
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1. - Q : Describe cleanup operations for removing debris from the primary
coolant system. This should include a description of any grappling,

flushing, filtration, and vacuum cleaning techniques to be used.

You should also describe which method (s) will be used for each component
(e.g. fuel assemblies, reactor internals, steam generators, pipira,

valves, etc.).

A: Debris removal from the RCS has/ vill be accomplished by a variety
of means. A summary, by component, follows:

Fuel Assemblies: BPRA pins were re=oved from the guide tubes by
mechanical grabbers. Upper and lower end fittings were cleaned with
a combination of mechanical grabbers, picks and vacuums. Cleaning

was preceeded and followed by a detailed video inspection of all upper
and lower end fittings as well as a detailed side view inspection of
selected fuel assemblies.

Plenum: Video inspections were conducted and debris re=oved with a

mechanical . grabber. A free path check of all control ro~d guides is
planned. '

.
,

The Reactor Vesse: . . Vacuumed to remove all debris and video inspected.
This inspection included the inlet and outlet piping.

Core Support Assembly: Again video inspections were accompanied with
mechanical grabbers, picks and vacuuming. Some debris was simply
knocked out through the bottom and will be vacuumed up later.

B-0TSG: Debris was manually re=oved from the OTSG upper tubesheet and
lower head. A visual inspection of the J leg piping showed no debris.
All tubes found wit'h debris will be cleaned with a stiff rod and cable.
A 100% free path test of all tubes will be followed by addy current
inspections. '

A-0TSG: A visual inspection of the upper head revealed no foreign
material. Following a free path inspection of 100% of the tubes the

'

lower head and J leg piping will be visually inspected. Any foreign

material will be removed.

)~
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2.'Q: Describe the cleanup inspection procedures and techniques which will
be used. This description should include any methods used to identify
the absence of residual debris and the capabilitics of the inspection
techniques to identify the debris.

A: Cleanup inspection procedures and techniques consist of CR#3 instructions
based on approved plant operations and maintenance procedures. They
basically give detailed instructions for the removal / disassembly of
components within the pressure boundary and debris collection. Inspections

for debris have been primarily video using assorted underwater tele-
vision equipment. Documentation of inspection and cicanup operations
is by video tape and independent observation by at least two observers.

*

All debris observed using video equipment will be renoved. Manual

grabbers have removed pieces o f debris from 12 feet long down to less
than one inch. Vacuuming has removed debris from several inches in

length down to debris that appears as specs on the video: screen.

3. Q: Describe the damage inspection procedures and techniques used. Identify
which components will be inspected for damage, and what criteria will
be used to determine the acceptability of any components found damaged.

A: Damage inspection procedures consist of a combination of station
approved operntion and maintenance ' procedures and procedures developed
by Babcock & Wilcox Company. Components to be inspected include the
Reactor Vessel, Core Support Assembly, Plenu=, Fuel Assemblies, Control
Rod Drive Mechanis=s, and Once Through Steam Generators.

Criteria for acceptability is based on the application of each component
examined, detailed Engineering evaluation of any damage observed,
and inspection of like components in other Babcock - Wilcox NSSS.
Documentation of examinations is by video tape and independent obser-
vation by at least two observers.

4. Q: Provide the results of the cleanup and inspections discussed above.
Itemize the tctal debris recovered and any debris that is no t recovered.

A: Results of the cicanup are analy=ed and documented as each operation
*

is completed; including size estbnates of the debris recovered. Docu-

mentation is by video tape and procedural sign-o f f. Debris has been
removed from the fuel assemblics (upper & lower end fit tings and BPRA
guide tubes), reactor vessel, co re support assembly, plenu= and Once
Through Steam Cencrators . Both BPRA spid,crs and couplings were recovered,
one intact in the plenum, one in pieces in OTSC. Of the total

* See attached supplemental Information page. [-27h
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4. 'A: Co nt ' d .

of 403'8" of BPR rod in the two BPRA, total inventory to date is
397'8". Further searches for debris will be free path checks of
the reactor plenum, the OTSG A&B tubes, and final cleanup of the
Core Support Assembly. *

5. Q: Determine the potential effect(s) that residual poison and metallic
fragments will have on plant operations. As a minimum address the
following areas:

a. Flow blockage of fuel assemblies. This should include a con-
servative estimate of chann:1 blockage at the end fittings,
grids, and in between grids. You should address the potential
for DNB and local cladding hot spots which may cause cladding
perforations. The potential for propagation of fuel failures
and the means of monitoring and/or mitigating such conditions
should also be discussed.

b. The potential for blockage and/or binding of the control rod
drive systems due to residual coolant debris. Any procedures

planned to mitigate and/or monitor these conditions should
be provided.

Blockage of the guide tubes which would prevent control rodc.

insertion and safe shutdown operations.

[ d '. Mechanical damage to primary. internals due to impacting.
Blockage and/or binding of any orifices, valve seats, and vente.

valves in the primary coolant system,
f. Blockage and/or erosion of steam generator tubes.
g. The effects that the residual debris will hava on pumps and

any other components with moving parts.
h. Effects on coolant chemistry and crud levels.

.

A: B&W has evaluated the potential effects of residual poison and metallic
. fragments and has de: ermined that none of the effects will be detrimental
to safe operation. As discussed in question 4 the vast majority of the,

debris has been removed and any s' mall fragments remaining in the system

will soon be flushed to the bottom of the reactor vessel where their
effect will be minimal. This position is supported by the previous
operation of Arkansas Nuclear Unit One and Oconce Unit Two for several

* See attached supplemental Information page. -2]]



5. A: Cont'd.

' months with similar size debris in the syste: with no adverse effects.
Considerations was given to the following areas:
a. Flow blockage of fuel asse=blies -

The potential effects of residual poison and =etallic fragments on
DNB are =ini=al. See response to Question 1 & 2 for cleanup procedure.
Any debris lef t in the systes v121 eventually be carried to the core
inlet and become trapped in the lower end fitting or lower end spacer
grid. The effect of debris trapped in the lower end fitting has been
evaluated using the crossflow codes LYNX 1/ LYNX 2, The results de=on-
strate that blockage of 20% of the fuel asse=bly inlet flow area decreases
the DNBR by less than 0.1%. A blockage this large is extre=ely unlikely
since it would require several large pieces of debris to be lodged in
the same fuel asse=biy.

It is highly unlikely for debris to work its way into the active fuel
region of the core. The largest strip that can fit through a spacer
grid would be approxi=ately 0.140" wide. Favever, if one assu=es
that a blockage does occur at the spacer grid just below the point of
=ini=u: DN3R and that 75% of the flow area in two adjacent channels
is blocked, the resulting reduction in DN3R is apptcxf-' rely 5%. This

calculation does not consider that turbulence intensities are very high
behind the blockage. A study of pressure and flew in a fuel bundle
containing blockages conducted by Battelle Pacific Northes Labora to ries
=easured turbulence intensities five ti=es greater than nor:al for the
area just behind the blockage. This increase in turbulence should

offset the loss of flew due to the blockage.

The potential for propagation of fuel failures due to a blockage is
extre=ely remo te. The =eans that is used to postulate the first failure

(forcing the coolant fro: one channel) protects the adjacent channels
because = ore coolant is forced into these channels; thereby, increasing
the =argin and reducing the possibility of further failures.

The water chemistry is conitored daily and any fuel f ailure would be
detected by this routine inspection.

.

b. Control rod drive systed
B&W inspection of upper plent: cover shewed no debris . If coolant

deb ris were ever to reach the Control Red Drive hi'chanis=s (CRDM) int e rnals ,
it would necessarily have to exist in the area between *.he upper plenu:
cover and the reactor vessel nozzles. Since no evidence of debris . ;s

/Q - 3 7 Y



found on the plenum cover, the possibility for debris in the

mechanism is essentially precluded.

In addition, a Diamond Power Supply Company (DPSC) representative

was called to the Crystal River site to inspect the control rod drive

leadscrews and closure insert components. The results of this

inspection, conducted under the reactor vessel head are: there is

no aluminum oxide debris in the CRDM internals.
Further, it was pointed out by DPSC that -

1. Inspection of CRDM components after design life testing have shown
that a considerable amount of metallic debris could be present with

no detrimental affect on mechanism operation.
2. Inspection of drives which have been ratchet tripped have ~shown

that chips from the leadscrew can be present in the rotor asse=bly
area of the mechanism. Presence of these ch.ips has never prevented
a control rod from being tripped or driven into the core.

In sucmary, based on the above information B&W and DPSC concur that

further CRDM inspection is not justifiable and that the CRDM's may continue
in normal operation.

c. Possible blockage of control rod guide tubes -

B&W has made an ex' tensive ef fort to identify and retrieve all the

loose pieces from the pri=ary system. Detail description of the

efforts made is given in the responses to the question 1 thru 4.

In summary, debris f rom all the guide tubes _ of fuel assemblies 3C35
and 3C37 were re=oved and cleanliness of the guide tubes of these two
assemblies were verified by a special probe.

There is a possibility that the small pieces might get into guide

tubes and cause sone interaction with moving components . However, based
on ANO experience, the probability of this occurrence is very small.

d. Possible damage to primary internals -

A detailed inspection of the reactor internals has been carried out

and no structural damage detrimental to the function of the reactor

internals has been found. In fact the only damage attributable to the

loose debris is some minor dings near a large flow hole in the plenum
cylinder. This is believed to have been caused by impacting of the

LBP spider coupling before the assembly escaped. entirely from the

t

.



.

.

fuel asse=bly. The fact that no other structural da= age was found in '.--

%*?>-

the internals, although a significant a=ount of debris was found on /

the fuel asse=bly lower end fittings, the lover internals and the lover
head of d2e reactor vessel, suggests that the parts that are able to
pass through the syste= are too s=all to cause s tructural da= age.

In conclusion, based on the fact tha t (1) a detailed inspection of
the reactor internals was perforced and no detri= ental structural da= age
found, (2) all debris that is found will be re=oved and, (3) possible
re=aining debris vould be s=all, no detri= ental effects on the function
of the reactor internals either present or future are expected fro =
the L3P failures and resulting debris,

Effects on RCS valve seats or vent valvase.
-

All vent valves, including the seating surfaces, were visually
inspected with a TV ca= era. This inspection revealed no detri= ental

s tructural~ da= age. The only indication of any type was a =inor i= pact
= ark on one vent valve jack screw, beliewed to have occurred during
re= oval of the pienen asse=bly (?le=u assenbly was rc=oved fro = the
vessel withcut the aid of the indexing fixture to facilitate re= oval
of the L3P asse=bly lodged in die plenu region) .

Ih addition to the detail inspection, th'e vent valves were exercised
and found to operate freely.

In conclusion, based on die results of the visual inspection which
revealed no detti= ental da= age and the fact tha t the valves =oved
f reely when exercised provides sufficient evidence that the function
of the valves have not been i= paired.

The possible effects of residual debris on the Pressurizer Safety
valves was also considered. Our findings shev that any debris particles,
which could be drawn fre= the pressuriner into the safety valves by
the suction created when those valves lif t, vould pass through the
valves and into the discharge syste= without obstructing flov. While
carring of the valve seating surfaces could occur and result in leakage
af ter the valve closes, this in no way conpro=ises the safety function
of there valves. ,

'
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f. Effects of Steam Generators -
.

Video inspections of the OTSG B upper tubesheet have revealed.

damaged tube ends and tube to tubesheet welds. This damage however

is no t extensive enough to effect the safe operation of the steam

generator.

Erosion.of steam generator tubes is not anticipated since all

partially attached chips and internally lodged debris will be removed;

if the debris cannot be removed the tubes will be plugged. Calculations
'

of the effect of the damage shows insignificant changes to the generator

pressure drop and reactor coolant flow characteristics. In order to

confinn these conclusions the reactor coolant loop flow signal will be

monitored at 40, 75, and 100% power.

As any debris remaining in the system will be in the form of small

fragments of little mass, additional damage is not anticipated.

g. Possible effects on Reactor Coolant Pumps -
B&W has reviewed the videotapes of burnable poison rod pieces and

sprdng pieces assumed to have passed through the reactor coolant pumps.

None of the pieces shown in these tapes are believed to have had sufficient
mass or density to significantly damage the pump impeller on i= pact.
Operational data surrounding the incident is li=ited. The only data

available is verbal, and this data indicates that the pump vibration
-

levels following the incident were comparable to the normal pump vibration
levels prior to the incident. In addition, the fact that seal injection

was maintained makes it unlikely that any foreign material could have

entered the seal areas.

Based on the above, disassembly or inspection of the
reactor coolant pump is not warranted. B&W recommends continued

operation. Due to the lack of data surrounding the incident,

additional conservatism will be added by the following action:

"Startup and escalation data pertaining to the RCP seals and pump
vibration data should be obtained and compared with baseline data

for these pumps. This data should be forwarded to B&W for final

recommendation and confirmation of our assessment".

I



- .h. Effects on coolant chemistry and crud levels -
.

The effects on coolant chemistry and crud levels are expected*

to be minimal. The increased boron in solution will be insignificant
next to nor=al soluble boron levels used for plant control (1-2 ppm
if all the boron in both BPRA's were dissolved in the coolant) .

Suspended debris, including Aluminum Oxide, may have an initial
abrasive effect on any crud buildings, but this debris will be removed
by the makeup and purification filters subsequent to plant startup.

6.. Identify the cause of the BPRA failure addressing possible
manufacturing, design, or installation errors. Please include:

a. A description of the "as found" condition of all BPRA in
the reactor. Address any indications of improper seating
or wear.

b. Details of nondentructive insnections of the BPRAs, both
damaged and undamaged, and orifice rod assemblies. Address
any anomalies found with the holiddown latch assemolies.

A description of any destructivh examinations that havec.

been performed. Address any metallography that has been
completed in the areas of wear.

'

Response
.

'

The cause of the two BPRA separating from their fuel assemblies is
still under investigation.

.

Coupling spider assembly of BPRA B-47 was discovered in thea.
steam generator B. The assembly was badly beaten up and was
broken up in many pieces. These pieces were collected and sent
to B&W's Lynchburg Research Center (LRC) Hot Cell Facilities
for visual and dimensional inspection.

Coupling spider assembly of BPRA B-52 was found in the plenum.
cylinder wi;-h several full and partial length burne.ble poison
rods attached and one locking ball present.

Many full and part length individual burnable poison rod oieces
were found in the guide tubes or' upper end fittings of the fuel
assemblics from which they car:e out. A long length of the
burnable poison rod was also' found wedged into the upper end fitting
of an adjacent fuel assembly and a small segmen't was found lying across the
upper end fittings of a nearby fuel assembly.

b. Following defueling at Crys tal River 3' (CR-3) , all 66 remaining
BPRAs were subjected to a lock test, and all were found to be
locked in their respective fuel assemblies. During removal of
the 66 BPRAs, all ball-lock couplings were visually examined;
nothing unusual was seen. Nine (9)' of the BPRAs were visuallyexamined full-length and 3600 around. Nothing unusual was s" n.
All fuel assembly hc,lddown latch assemblies (68) con t.aining 2?2



BPRAs were visua'11y examined 3600 around on the inside. Two
wear areas were seen on each latch assembly, oriented at 180
.to each other.

Ihree-fuel assemblies had wear in the holddown latches whichapproximated that observed in the holddown latches of fuel
assemblies 3C35 and 3C37. While the results of the holddown
latch inspections are still being evaluated, preliminary results
indicate the wear in the latch assemblies at CR-3 is much higher
than 'the wear observed at Oconee or ANO.

Orifice Rod Assemblies (ORA) at Crystal River 3 were examined as
well as the corresponding holddown latches in each fuel assembly.No evidence of wear or any abnormal condition was seen.

Each of the forty ORAs were identified and checked for orientationwith respect to the fuel assemblies. The ball latching mechanisms
were examined for ball orientation and ' condition. The holddownlatches were examined for evidence of wear, and general visual
appearance. Each ORA was reinserted into its corresponding fuel
assembly and was verified to be locked in place.

None of the holddown latch assemblies had wear marks, or any
features except for two tiny spherical dimples correspondingto'the location of the latching balls.

Inspection of ORAs at Oconee, and holddown latches at Oconee
and ANO-1 provide additional verification of the observations
at CR-3. No evidence of wear or abnormal operation has been
seen for any of the ORAs and ORA holddown latches. These
results shou that ORAs have been used with no failures and nedegradation of any kind.

The results of the recent ORA latch mechanism examination firmly
supports the current plans of reusing present ORAs. This same
ORA design will also be used, as required, to replace BPRAs
which are removed. Administrative steps will be taken at '

Crystal River to assure that the ORAs locking balls are oriented
in a direction different than that in which the BPRA lockingballs were oriented.

c. Destructive Examination -

E&W has not performed any destructive examination on the recovered
coupling spider assemblies to date. However, radiographic
examination of the coupling spider assemblies was made. Nothing
unusual was found which could indicate functional loss of any
internal component during the operatio.n.

9. Describe the remedies planhed'to prevent future occurrence of
similar failures.

Resoonse
.

To avoid future occurrence of similar failure at Crystal River site,
BPRAs are replaced by ORAs as stated in response to question 6.b.

/d - 2 9 3
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Question 7. In your ptssentation on April 6, 1978, you indicated that the poison
rod assembly was lif ted out by action of the hydraulic forces within
the core. Provide your analysis of this phenomena. The complete
analysis should include any simplifying assumptions, conservatisms,
and test results used in your evaluation of this pheno =ena. Describe
what provisions are being considered to preclude this condition
and how these provisions will effect other plant operations.

Response The lift force on the BPRA was calculated in the following manner:
a quarter core LYNX 1 model was used to calculate the axial flow
and pressure distribution within each fuel assembly containing
a BPRA. The formloss coefficients used in this analysis were
developed from test data and have been used in all previous
Mark-B4 fuel assembly analyses. The lift force was calculated
by multiplying the unrecoverable pressure drop times the effective
area. The initial calculations predicted a best estimate net lift
force of zero to two pounds. A BPRA lift test has recently been
completed at Alliance Research Center and the calculational
model was adjusted slightly to benchmark the test results.
A reanalysis was then performed for the Crystal River 3 BPRA's
using the benchmarked model and, as a result, the net predicted
uplif t force has been revised to three to five pounds.

The lif t force on the BPRA is no longer a concern for this plant
since all BPRA are being removed from the core.

.

\

Question 8 Also during your April 6, 1978 presentation, you indicated that
the orifice rod assemblies were lifted by the action of the
hydraulic forces. Your basic assumption as to why these assemblias
did not experience f ailure was that they are considerably lighter
than the hydraulic forces and therefore are in, essentially,
continuous contact with their restraints. This condition was
assumed to eliminate, or minimize, the impact (fatique) damage that
resulted in f ailure of the poison rod assemblies. If this is
true, provide an analysis on the eff ects that low flow opera . ions
will have on the orifice rod assemblies.

Response The lift force on the ORA was calculated in the same manner as
that for the BPRA. The calculated lift force on the ORA is
approximately sixty pounds during four pump operation and 35 pounds
for three pump operation. The weight of the ORA in water is sixteen
pounds. Therefore, for three pump operation the minimum positive
lift on the ORA is nineteen pounds. This lift force is fifteen
pound higher than the net force on the f ailed BPRA (under four pump
operation) and ten p'ounds higher than the highest lif t force
experienced by any BPRA. This margin is sufficient to insure
that the ORA's will always be exposed to a positive uplift force
during four pump and three pump operation. Furthermore, three
pump operation is not the usual onerating mode and is used only
for limited periods of time, fed pump uperation has not been
considered because of its lic..eu use.

~
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Supplemental Information

At the present time, all observed debris has been removed from the CSA except
for 4 small pieces of Ill'l:A pin. These pieces are located in Ihe lower grid
support posts and are estimated to range in length from <1 to 3 inches. If

efforts to remove these pieces fail, justification for not removing them will
be provided.
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APPEilDIX XXI
Davis-Besse: Orifice Rod and Burnable
Poison Rod Asserrtly failures
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FIGURE 1

QUALITATIVE DESCRIPTION'0F LATCil TUBE WEAR
-

- __ _. .___. _ _..... . . - _ . . .

IATCH TUBE IllSIDE SURFACE -

g A _ _ _ . . - . - _ _ _ _ _ -..
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\TTPE I TYPE II TYPE III TYPE IV - - - - - LOCKII;G I \ J^'
\,

.'~~

[ ~ ~ , ' I
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LO(/ ON . .btiEAR AIL.A CilARACTERIZATIO:1 iC:1 t ud)g /
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_ _ . . _ . . _ ____
. _ - - . .-y.
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... __ - _ _ - . . .

SMALL UEAR AREA OH 14UER CilAl'FER 0:lLY.
. _ _ . . _

TYP3 I -

TYP2 II L'.~:1.R IIITO VERTICAL 1AND, BUT LESS TilAN IIALF Ti!E IIEICiiT.-

TYPE III - UZAR I!!TO VERTICAL 1A!;D, GREATER TIIAN IIALF TIIE !!ElGliT
TTPE IV L7AR I!!TO UPPER CllAlfFER.-

8004 Of0A
IX). 07 1 ATC11 PERCENTAGE OF TUBES SIIO'a*ING WEAR OF

FI.A!IT TUDES EXA!!IliED TYPE I TYPE I! TYPE III TYPE TV
_

C3-3 68 7 49 34 10

OCtrIZ-2 25 52 44 4 0

AEO-1
'

36 47 53 0 0
D-B-I 24 '

- 54 13 20 13
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PDSSIBLE WEAR CONTRIBUTORS -

1. REDUCED FLOWJ I.E. 2 AND 3 PUMP OPERATION
.

2. MARK-Bl4 END FITrina
.

A. CAST HOLDDOWN llTCH

B. REDUCED PRESSURE DROP

'
.

3. OTHER

A. PUMP PRESSURE PULSATIONS

B. IIINOR MANUFACTURING VARIABLES

.
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.
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MTERIAL PROPERTY COMPARISON

HOLDD0h71 LATCH ASSEMBLIES

YIELDSTREhiGTHHhRDitESS
1 CORE MTERIAL PSI BHN RB,

CR-III BAR 36,000 149

63,000 217
-

.

ANO-I BAa 37,000 156

63,000- 217
4 ..

-
,

,

'Oc0 NEE-Il BAR 33,500 +145 77.1

j 69,000 197

DAVIS BESSE-I CAST 40,700 ~153 80
_

48,000 ~170 85

i

SMUD BAR 63,000 207

75,000 217

GENER!c RELOADS CAST ~38,000 ~78

+47,000 ~78-80'

-

.

e

e

.

O

J% ._ ._ _ . . . . . .
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SirgMRY OF ORA LATCH TUBE INSPECIESS

LATCH TUBE Cl!ARACTERISTICS TUBES

_flANT BRN YIELD, KSI EXAMINED REMARKS

73.8 7 ORA FOR 2 OR 3 CYCLESOCONEE-1 -

OCONEE-1 170 34.8 1 ORA FOR 3 CYCLES

.

OCONEE-2 170 43.0 7 ORA FOR ONE CYCLE

b
rd -

ANO-1 217 63.8 8 ORA FOn CNE CYCLE'.
ANO-1 156 37.0 12 ORA FOR ONE CYCLE

9
P

CR-3 149-159 42-36 19 ORA FOR 270 EFPD

CR-3 170 43 2 ORA FOR 270 EFPD

CR-3 217 63'.8 19 ORA FOR 270 EFPD
,

,

03-1 153-168 9 ORA r0R 85 EFPD
.

Tgps ! - /s %
19 %g

3 /,1 84



2 PRELIMllF '' PUMP OPERATING HISTORY

[; MAY 23, 1978-

ra
O REACTOR CYCLE NUMBER OF OPERATING DAYS

1 PUMP 2 PUMPS 3 PUMPS 4 PUMPS

DAVIS-BESSE-1 1 1 35 41 194
'

TMI-1 1

2 6 4.5 2 277
,

3 1.5 1.5 2 305
'

4 >l >l 27-
.

Ilfi-1I ?. 16 28 2-

'

nn -1 1

y 2 >l 3 1
_

3 >l 1.5 2 .
-

i

OCONEE-! 19 5.5 9
''

.

I .

OCollEE-Il 27 12 13
*

OCONEE-Ill 5 3 18
* '

--

,

fi.] CR-III 1 y,g 24
'

c.
g RAncao SEco 1 6 8 '6 608 -

% 2 >l - >1 14
'

-

8
g ( * OPERATING 81HCE lix-B4 Erm FITTina )

'



PLANT STATUS SUMMARY

POWER NEXT

PLANT LEVEL STATUS REFUELING

OCOMEE 1 2568 100% SEPT-0CT

OCONEE 2 2568 100% OCT-NOV
'

, OCONEE 3 2568 100% JUNE

.TMI-1 2535 100% 1979

i TMI-2 2772 IN STARTUP TESTING 1979

b~ CR-3 21452 SHUTDOWN 1979
4 -

DAVIS BESSE 2772 SHUTDOWN 1979g
RANCHO SECO 2772 ~70% LATE I978

ANO-1 2568 100% 1979 -

~

.

%
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OCONEE I, CYCLE 4 CORE LOADING FUEL TRAIMFER

DIAGRAM CANAL ->
%

REY. 1 |
-

~

FA FD G5 G9 F7

.

FG G0 GH 1D06 1D48 1D08 G4 GE FI

QXX C17 C56 C48
P00010*

GP FY 1D26 6? 6C 1D51 60 6H 1D21 GL FS

OXX C18 OXX' C29 OXX C32 OXX | CS2 OXX

G2 FM 1B15 72 .5Q 1D46 SX 1D12 W' 71 1B03 FX FX,

0.XX C49 OXX A04 0XX C16 OXX / 3 OXX C42 OXX
,

G1 1D45 70 SY 1D27 SF 1D03 SJ 1D29 SW SU 1D20 FZ'

C19 OXX C05 OXX C23 OXX C27 OXX C07 OXX C57

F5 FJ 6Y 65 1D28 1D17 5C 1D59 65i 1D18 1D25 6Q 6L GN F8
C04 OXX A026 022 C01 OXX~ C21 OXX C30 OXX A06 OXX C24

G8 1D30 6A 1D11 SE SR 1D07 6T 1D35 61 6S 1D44 67 1D52 FC

CSS OXX C22 OXX C26 OXX. 'C61 OXX C25 OXX C46

G7 1D56- 1D09- SB 1D01 1D61 6X 1D05 5Z 1D58 1D02 6U 1D50 1D60 GQ
C41 OXX C14 OXX CO2 OXX C12 OXX C38 OXX C10 OIX C50

1D22 50 1D15 6M 66 .lD19 SH 1D32 ST 6G 1D14 69 , 1D42 GL9 C51 OXX C53 0>2 .C13 OXX C15 OXX C06 OXX C54

F9 FP 6R SK 1D16 1D36 55 1D57 62 1D37 1D23 64 6V GJ F3
C44 OXX A07 OXX C03 OXX C47 ,0XX C39 OXX A02- 0)2 C20

GF 1D43 5V 6F 1D53 63 1D04 65 1D24 68 SN 1D13 GG

C60 OXX C43 OXX C58 OXX C59 OXX C28 OXX C40

G3 GK 1B01 6E SD 1D10 6W 1D49 6B 5? 1B07 FN FW

OXX C36 OXX A08 OXX COS OXX A01 OXX C37 0>2

GC. FL ID54 62 6D 1D38 5L '6J 1D55 GM FU

OXX Cl.5 OXX C35 OXX C34 OXX C11 OXX

FF FV FQ 1D41 1D47 lI?31 FR GD FHe

C33 C31 C09 OXX

R00009
F6 GA G6 FE F4

_

. | -

'

Z
' 2 3 4 5 6 7 8 9 10 11 12 13 14

Fuel I.D. (lDXX - Batch 4; SX, 6X or 7X - Batch 5; FX or GX - Batch 6 ;
Orifice (0XX) or Control Rod ID (dXX - CRA; AXX - APSRA) lEXX -En.-
Source I.D. (R000XX - Secondary) g -g p 9

1:0TE: NJ00 prefixes Batches 5 and 6 F. A. I.D. 's 86--{{.{
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ADIS WRKIfG G100P MEEfItG
\ MAY 26, 1978

E HI M , D.C
APPENDIX XXIII

Highlights of ATWS Subcomittee fleeting,
May 26,1973

MEETItG HIGHLIGHTS --

The A1HS Working Group met on May 26, 1978, to continue discussion

with the NRC Staff on their position on AIh5 as stated in NUREG-0460:

" Anticipated Transients Without Scram for Light Water Reactors." ACRS

members present included Messrs. Bender, Etherington, Kerr, and Mark.

Consultants in attendance included Messrs. Bennett, Ditto, Epler, Lee,

Lipinski and Saunders. The Meeting discussion involved NRC response

to the attached list of 20 questions. Highlights of the meting

included:

1. In response to the question of how the A1HS fix would be
( -5

changed if the ATNS safety goal were varied from 10 to
-7 '

10 , NRC noted the following: (1) if the safety goal is
i

10 per reactor year, the Westinghouse fix would be identi-

cal to the one now proposed. CE and B&W would probably need

only 1-3 safety relief valves instead of 3-5 the relief valves

now proposed. GE would still tsiuire recirculation pump trip

and the fast auto-boron injection system. It has not knosn
-5

if the high pressure m keup system could met the 10 safety

goal in its present for 1. NRC noted that in general, mitigat-
-2

ing system reliability would be on the order of 10 If the.

-7
safety goal was 10 per reactor year, Westinghouse would

require 1-2 relief valves, CE and B&W would require 4-6 relief

j valves, and GE would require an additional high pressure mkeup

f)-39[
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NNS Highlights

\
Insystem, in addition to the :odifications noted a!:cve.

general, mitigating system reliability would have to be on the
-4

order of 10 Dr. Lipinski coccented that he believes NIC
.

-3

must de:onstrate a 10 reliability for the mitigating system,

even if it is specified Safety Grade.

NBC was asked to discuss the accuracy with which reasure_ents2.

of roderator tecperature coefficient at full power are ',uom,

and whether or not they have investigated the possibility of

making the roderator tecperature coefficients core negative.

NRC stated that the uncertainty inwlved in the ceasure ent
is on theof the nederator te:perature coefficient (MIC)

Dr. Kerr was not aware that the MTC couldorder of 10%.
i It was also noted that thebe determined to such accuracy.

difference between the 95% aM 99% MIC value ( oderator

temperature coefficient will be no less negative for either

5% or 1% of operation), results in a difference in peak

pressure of about 100 pouMs for W and CE reacters, about

NRC also noted that there is to400 psi for B&W reactors.

Staff require:ent to make the MTC nore negative, and cited

a verx$or topical that suggests a fuel burnup penalty my

result frcm attecpting to do so. There was extensive dis-

cussion regarding whether or not the uT.ertainty in the

reasurement of MIC would be greater than the MIC quantity

The Staff' feels that while the uncertaintybeing reasured.

in this para.eter is difficult to assess, it does effect
i ,

the peak pressure calculations and cust be ad$ressed.
.

Y*
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-3-ATHS Highlights

In response.to the question "to what extent does ATHS contribute3.

to the probability of a LOCA, assuming that Staff fixes are igle-

mented," NRC said they have not really looked at this question and
NRC is more concernedcan not quantify the answer at this time.

with the functioning of equipnent necessary for long term coolom

after the peak pressure has occurred.

The Staff discussed the alternatives to waiting until after rule-4.
NRC believes

making is completed before ATHS fixes are applied.

that the rulemaking procedure is preferable for the principal rea-

son that rulemaking would be binding on both the NRC and the vendors.

This would avoid the possibility of extensive litigation if a non-
NBC believes the time required for

rulemaking path was followed.

implementation of the ATWS fix would ultimately be shorter, if

litigation is avoided.

There was discussion of the Staff's statement "The Staff believes5.

that common node failures are likely to dominate reactor protection

system unreliability, and the Staff's estimates do not weigh heavily
Dr. Kerr felt the synthesis

the results of synthesis calculations".

calculations should be used for an estimate of RPS unreliability,

since there is an insufficient arount of data available to calculate
NRC countered that engineering judgementan unreliability figure.

is used in lieu of data, and they do not believe synthesis models

3o7- -
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' A1HS Highlights -4- May 26, 1978

are adequate for cocr:en code failure situations. Dr. Saunders

cited one mathematical rodel that he believed could be used for

the cocr:cn code failure situation. Dr. Hanauer replied that the

Staff did look at this codel, but cbes not believe it could be

relied upon to provide adegaate results.

6. In respcnse to a question regarding the differeace between the

US and the Federal Republic of Ger=any S'.G ATE mitigation systems,

NRC noted that the FRG relies upon a dual shutdw n system in con-

juncticn with reduction in the speed of the recirculation pcps.

The NRC also stated that the recently preposed GE 10-second-au*e

( boron injection system has the potential of reeting the imC Arc

acceptance criteria.

7. A Working Group question regaested a discussico of the apprcpriate-

ness of using Part 100 dose guidelines for ATE calcuations, in

light of the extremely conservative source ter= used in IKA cal-

culations. NRC respcoded that it is their belief that an A?4

event has a very low probability, therefore the use of Part 100

dose guidelines is appropriate for this event. Dr. Kerr was of

the opinion that the Part 100 dose term is nonmchanistic and tas

little relaticr. ship to physical reality. He found it difficult

to apply this nonmchanistic source term to a ..echanistic phenccena

std) as A1HS. The Staff ' replied that while they believed that the

i
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May 26, 1978

AIMS source term will be less than the non.echanistic Part 100
source term, such an accident has a very low probability, and
Part 100 dose guidelines are appropriate.

8.
There was a series of Working Group questions regarding the
uncertainties involved in the calculation of peak pressures
seen during an A M .

The following points were noted: (1)

tGC performed a set of calculations for the peak pressure
using the input from the three PWR vendors. Cocparing the

NRC results with the vendar calculated results gave a diff
erence

of between 50 and 200 psi.
'Ihe Staff believes that they can't

, quantify the uncertainties in the peak pressure calculations,(

but they believe that the calculations provide a so::ewhat con
-

servative prediction of the peak pressures expected during ATWS;
(2) tac will require the vendors to perform confirmtory t

ests

on their AM evaluation nodels; the Staff is also attempting
to collect inforration from tests being conducted overseason

such items as relief valves; (3) NRC analyzed the effect of

equignent failure on the peak pressure seen during ATWS.
The

results indicate that equip:ent failure only accounts for a

smll amount of uncertainty in the determination of peak pressure
.

9.
The AM Working Group has scheduled two additional reetings
on July 13 and Atx3ust 1,1978, to neet with Industry representa-

~

tives and obtain their input on the ATWS issue
i~ The Working.

/9- 3 of
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A'1HS Highlights

Comittee
Group also recomended that the NRC come before the fullh an
in August to give a presentation on their A'IW3 position, wit

ting.

Industry presentation to follow at the Septedaer 1978 mee

I
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ATWS Questions for Staff

1. Discuss changes that might occur in the fix or the nethoj of
apppoach if the AEG goal were varied over the range 10- to

10~ per RY.

2. Discuss appropriateness of using Part 100 dose guidelines for
AUG calculations in light of the extremely conservative source
term used for ICCA calculations.

3. Discuss the accuracy with which measurements of moderator tempera-
ture coefficients at full pwer are knwn. Has there been any
investigation of the possibility of making moderator temperature
coefficients more negative?

C, Hw cuch does ABG contribute to the probability of a IDCA, assuming
staff fixes are implem'ented.

5. What is the accuracy with which calculations of transient peak
pressures can be calculated? Are there significant unresolved
discrepancies between vendor and staff calculations?

6. Can the conservatism in the staff's proposed fixes be estimated
quantitatively?

7. Discuss alternatives to waiting until after rulemaking is completed
before ATUS fixes can be applied. Has the Staff given thought to
shorter term corrective measures that could be applied before rule-
making is concluded?

8. Although the Staff has accepted the probability of core melt as
calculated in the Reactor Safety Study as an appropriate goal,
the calculated consequences associated with this core relt prob-
ability were based on a specific containment. The consequences
for different containments might be markedly different. H w does
the Staff propose to account for this possible difference?

9. What fraction of the anticipated transients are expected to be
accompanied by lost of offsite p w er? Has this been considered
in arriving at the probability of an AEG event? Discuss further
Comment 1.4 in Appendix XIII of NUREG-0460 concerning the increased
probability of a LOCA with ECCS failure due to the increased number
of relief valves suggested as an AEG fix on two of the PWR types.

-
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Please provide additional ditceaico >f the statemnt en page 23,
*The staff belie.et, that co=cn ::rde failures are likely to 6:xti-10.

nate reactor protectic.n systect u.tr? liability, and the staff's
estirates do not weigh _ heavily the results of synthesis calculaticas."

Please provide afditimal, discussion of the statecent cn page 24,11.
"Comon ;; ode hilures are celieved to be the .ost likely cause
of rultiple f ailures of vods."

"h'hile the data doOn page 27 the folicvmg sutemnt a; pears:12. not exclude unreliaoilities of the rechanical portion of the scra
syste= in the crder of 10'# ,' tne data are also censis, tent with ''

ruch higher failure probabilities in the 10" to 10-3 range."
h?lat prevents this statecant frcci Ning rade abaut the fixed-up
system?

"In assessing thent appears:On page 28 the follcwing stat.13. additional require:ents tha'_ udght be nece sary in crder to reet
the staff safety c4ective for ANS events we have used a value

-

per deran3 for this probability, which includes sececf 3 x 10-3
allcwance for the i:provecent in fcture reactor prctectica systemPlease
cocpared with the systers used to' derive tne estirate."
provide scce additiv.al inferration cn how this value was act.ieved.

"The staff believesOn page 28 the folicving statecent appears:14. that its current estimate of unreliability is apprcpriate for .the
electrical portion of the scram syste=, but recognizes tnat t6c
lack of observed control rod er drive failures ray r.ake the esti-
rate less applicable to the rechanical pcrtien of the scram syster."
Is the difference that the staff cbserves tetween the electrical
Portica and the rechanical portica due to the fact that tne ataff
interprets cce failure as having occurred in the electrical systemIf this is the case,but no failures in the nece.3nical systec.?
hcw does this difference of one failure Me so larce a difNrence~

in the staff's evaluation of perferrance of tne two systems.

As a corollary to 5 above; if the shutdown system is tbought co censist
of the following: (1) trip sicnal, (2) electronic circuitry, and (3)15.

rechanical co penents, what is the contributica cf each to the overall
'

Is there a r.eed for reliability ijprotecent in anysystem reliabilit;? ',

of the three areas. noted? ,

Since ineccplete insertion of. control rods does ret cause significant16. shutdcwn reactivity Lsses, could they be atitted fra: the scram
system reliability assess:ent?

,
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AIWS Questions -3-

17. Wnat has the BN! ADS study taught us regarding the uncertainty in
the peak pressure calculation for PWRs? How do these uncertainties
compare with the uncertainties inherent in the vendor calculations
of peak pressures?

18. Are there actions that can be taken to remove uncertair, ties in the
pressure calculations, especially during preoperational testing of
a plant?

19. What time-response considerations are involved in the investigation
of the Ans transient if the recirculation pu:rp trip is included
in the SWR fix? Are the U.S. systems different from the FRG systems
in the tifae-response needed for secondary shutdown in addition to *

recirculation pump trip following ADE?

20. In the event of a turbine trip, would the provision for b passing/
of steam ficw to the condenser mitigate the demand on ADS Plant
Protection for BWRs?

.
'

(
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'' APPE!; DIX XXIV
.,

- necc: mended Improvetents for I;RC Flant
Operating Reviews

RECOMMEI1DED IFPROVEFEilTS

INCREASED PARTICIPATI0il IN LICEi1SI!1G ACTIVITIES

CURREf1T ACTIVITIES

e RETRAll DEVELOPMENT EFFORT

e FUEL BEHAVIOR MODELING

e SIMULATE IMPROVEMENTS

EQSSIBLE FUTURE ACTIVITIES

e REACTOR KINETICS MODEL DEVELOPMENT

e RELAP4 MODEL DEVELOPMENT

BENEFITS

e FASTER RESPONSE TO NRC c0NCERNS

e RESULTS MORE APPROPRIATE TO VY

e LOWER COSTS
'

.

e

'

BCS/l
5/19/78
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e NRC REQUIRED ACTIONS

PROVIDE EARLY ACCESS TO INFORMALLYe

DISCUSS REQUIREMENTS, POSSIBLE

SCHEDULES

PROVIDE NECESSARY PRIdRITY TO REVIEW VYe

SAFETY ANALYSES

PROVIDE FOR VY PARTICIPATION IN NRC-VENDORe

GENERIC MEETINGS

PROVIDE ACCESS WHEN APPROPRIATE TO VENDOR
e

PROPRIETARY INFORMATION

PROVIDE VY ACCESS TO GENERIC BWR ISSUES ASe

THEY EMERGE FROM WORK AT NRC-FUNDED LABORATORIES

.

.

ECS/2

5/19/78.
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APPENDIX XXV
'

Report on ICRF Meeting in Stockholm,
REPOR.May 22-7, 1978

INTERNATIONAL ~ COINISSIdN ON RADIOLOGICAL PROTECTION

Stockholm, Sweden - May 22-27, 1978

0. W. - Moeller

I. Introduction

This was tha 50th Anniversary Meeting of the International Com-
mission on ladiological Protection (ICRP) which was organized in
1928 by the Second International Congress of Radiology. Initially
called the international X-ray and Radium Protection Comittee,
the ICRP a:sumed its present name in 1950, in order to cover
more effectively the rapidly expanding field of radiation pro-
tection.

The main Commission consists of a Chairman plus twelve members,
each elected for a 4-year term. Supporting the Commission are
four Comittees with responsibilities as follows.

1. Committee 1 or Radiation Effects

This Committee has been assigned responsibility for assess-
ing the risk of stochastic (non-threshold) effects and the
induction rates of non-stochastic (threshold) effects of
ionizing radiation. Included in its deliberations are
the modifying influence of exposure parameters such as
dose rate, dose fractionation, RBE, the spatial distribu-
tion of dose and any synergistic effects of chemical and
physical factors.

2. Committee 2 on Secondary Limits

The basic function of Committee 2 is to develop values of
secondary limits based as the dose-equivalent limits recom-
rrended by the Commission. The Committee currently is de-
voting its entire attention to seconcary limits for inter-
nally deposited radionuclides.

3. Committee 3 on Protection in Medicine

This Committee has been established to enable the Commission
to meet its responsibilities to the International Congress of

.
-

4

h

-3/ G.
_ _



.. .
,

Report - D. W. Moeller -2-

Radiology and to the medical profession. Matters currently
being addressed include protection of the patient in radio-
diagnosis and radiotherapy and protection in nuclear medicine.
Comittee 3 is also developing secondary standards for ex-
ternal radiation.

4. Committee 4 on the Acolication of the Comission's Reccmenda-
tions

Comittee 4 provides advice on the Cornission's system of dose
limitation and on protection of the wnrker and the public. The
Comittee also serves as a major point. of contact for the ICRP
with international organizations concerned with radiation pro-
tection.

Joint meetings of the Comission and its Comittees are held every
two years and the Ccmission meets independently on an annual basis.
In addition, the four Comittees meet independently on alternate
years when they are not meeting with the Co=11ssion.

The nu .ber of members of the Ccamission and its Comittees totals
63 and they represent 18 different emntries. The U.S. has 19
members; the UK has 10; France, 7 Federal Republic of Germany,
6; Sweden, 6; Japan, 4; U.S.S.R. , 2; and one representative each
from Argentina, Austria, Canada, Czechoslovakia, Israel, Italy,
Netherlands, Norway, Poland, and South Africa.

II. Basic philosochy
.

1. Recommendations of the ICRP are based on the assumption that,
in the range of current occupational dose limits, there is a
linear relationship between the stochastic (non-threshold)
effects of radiation and the total dose. There are two sig-
nificant implications associated with this assumption:

If the risk is proportional to total dose, then thea.
dose rate and any fractionaticn thereof need not be
taken into account. There is no raticnale for limit-
ing the rate of dose accumulation within a given time
span.

'
,
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b. If the average dose is a measure of risk, then in-
equalities regarding the distribution of dose within
a given tissue need not be taken into consideration.

2. The ICRP believes that the use of a linear extrapolation
(based on the frequency of effects observed at higher doses)
may suffice to provide an upper limit of risk at lower
doses. It is acknowledged, however, that this approach may
be conservative by a factor of 2 to 5 (most common estimate)
to perhaps as much as 100 (upper quoted estimate). As a re-
sult, it is important to recognize that the assumption of
linearity may lead to an overestimation of radiation risks
which, in turn, could lead to the choice of alternatives
that are more hazardous (if the alternatives have been
evaluated on the basis of less conservative methods). For
this reason, the ICRP recommends that realistic, not conser-
vative, approaches be used for optimization in the selection
of a choice among several alternatives. Al though the Commis-
sion recognizes that conservatisms should be applied in set-
ting dose limits, it does not believe that conservatisms
should be used in evaluating the risk assessments that under-
lie the limits.

3. The main features of the ICRP recommendations for dose limi-
tation are as follows:

No practice shail be adopted unless its introduction pro-a.
duces a positive net benefit.

b. All exposures shall be kept as low as reasonably achieva-
ble (ALARA), economic and social factors being taken into
account.

The dose equivalent to individuals shall not exceed thec.
limits recommended for the appropriate circumstances.
However, the degree of justification needed for any
practice, and the point at which exposures can be said
to be ALARA, depend on the number of exposed individuals
and the dose distribution within the exposed group.

*
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d. Oose commitments associated with current operaticns
should be carefully censidered so that allowance can
be made for future expansions in nuclear activities
without undue exposures to any members of the public.

III. Basic Reccamendations

1. The latest recerr.endations of the ICRP cn radiological pro-
tection have two basic goals. These are to:

a. Prevent non-stochastic effects (where severity is a
function of dese). Examples of ncn-stechastic effects
are producticn of cataracts, erythema of the skin, and
acute death.

b. Limit stochastic effects to accep able levels (where
the probability of harm is a function cf dese). Ex-
amples of stochastic effects are chromosecal aberra-
tiens, mutations in spermatagenia, ovarian tumors,
and cancer production.

2. Dose Ecuivalent Limits have been set un the principle that
the risk should be equal whether the uhole bcdy is irradia-
ted unifor=ly er non-uniformly,

a. Thus the standard limits are based on the total risk to
all tissues (organs).

b. They are related to the committed dose equivalent resulting
from one year of practice.

c. They include for individuals the hereditary detriment in
the immediate offspring (1st two generations).

d. They are to be regarded as upper limits, not the acceptable
dose.

e. They are not to be regarded as the dividing line between
safe and unsafe conditions--that is, the ALARA principle
shoald be applied at all times.

.
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3. The units for expressing the dose from ionizing radiation
are:

a. The Gray

100 rad1 J/kg1 Gy ==

b. The Tievert

100 rem1 J/kg1 Sv = =

100 mrem1 mSv = 0.1 rem =

4. The goal of the ICRP for protecting workers in radiation en-
vironments is to keep their risks comparable to those in
" safe" industries. The Commission expresses this quantita-
tivk y as seeking a goal of risk of mortality of no more thanl
10- / year.

On this basis, the following whole body dose equivalenta.
limits have been recommended:

Non-stochastic -- 0.5 Sv/y (50 rem /y);
Stochastic -- 50 mSv/y (5 rem /y).

b. The listed dose equivalent rate limit of 50 mSv (5 rem)
osure is estimated

per year for whole body occupational exg/y.to have an associated risk of about 10- The ICRP as-
sumes, however, that with this limit the actual dose equiv-
alent rates received by workers will average about 5 mSv/y
(0.5 rem /y). This reduced dose equivalent rate is assumed
to carry an associated risk of mortality of about 10-4/y.

5. Based on biological studies with animals and humans, estimates
can be made of the risk of cancer and/or genetic effects for
given levels of dose to specific body organs. For exposures
to single body organs (such as sill occur due to internally
deposited radionuclides), the ICRP has recommended dose limita-
tions on the principle that the risk should be equal whether the
whole body, or only a portion thereof, is irradiated. Listed
in Table 1 are the assumed risks for irradiation of single body
organs or tissues on an individual basis and the resulting dose
equivalent limit to that body portion, assuming the risk should
not be greater than that associated with a dose equivalent rate
of 5 rem per year to the whore body.

-
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Table 1

Risk of Exposure of Single Pody Organs and
Associated Dose Equivalent Rate Li=its

Body Organ Effect Risk Weighting Dose Li=it
or Tissue Considered (per 100 rem) Factor * (ren/v)

-3Gonads Genetic ** 4 x 10 0.25 20

~3Breast Cancer 2.5 x 10 0.15 30

~3Red bone = arrow Leuke=ia 2 x 10 0.12 40

~3Lung Cancer 2 x 10 0.12 40

Thyroid Cancer 5 x 10 ' O.03 170***
~

~

Bone Surfaces cancer 5 x 10 0.03 170***
~3

Re=aining organs cance: 5 x 10 0.30 17

TOTAL 16.5 x 10'3 1.00

*The weighting factor represents the proportion of the stochastic risk
resulting fro = irradiation of the given tissue or organ co= pared to
the total risk when the whole body is irradiated unifornly.

** Serious hereditary ill health within the first two generations. The
total effect for all succeeding generations is esti=ated to be about
twice this a=ount.

***For these two cases, the non-stochastic li=it of 50 ren/y vill govern.
This carries with it the i= plication that for radionuclides, such as
plutoniu= and strontiu= (which cause irradiation of the bone surfaces),
it is the non-stochastic (non-cancer) effects that govern.

. .
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6. Dose Equivalent Rate Limits for specific groups within the
population include the following:

Individual members of the public--5 mSv/y for individualsa.
within the critical group. Following this approach, the
ICRP estimates that:

(1) the average lifetime dose equivalent rate to in-
dividual members of the public will not exceed
1 mSv/y;

(2) the average dose equivalent rate to the population
will not exceed 0.5 mSv/y.

b. Population groups--there is no specific limit. Their limit
is the summation of the minimum that is necessary. If the
ddses are necessary, then the sum of all contributors be-
comes the population dose limit. The 5 rer/30 years (old
National Academy of Sciences recommendation) has been dis-
carded.

Women of~ reproductive capacity--50 mSv/y at a uniform rate.c.
On this basis, it is unlikely thtt any embryo could receive
more than 5 mSv during the first two months of pregnancy.

Pregnant women--15 mSv/y (following the first
two months).

7. For emergency situations, the recommended limits (where you can
plan ahead or have control of the situation) are as follows:
(Note, however, that these dose limits are not for life saving
exercises, nor are they to be applied to women):

Single Event--100 mSv (10 rem);
Lifetime Limit--250 mSv (25 rem).

8. Medical Exposures--are subject to justification and optimization--
but there are no specific dose limits.

9. Natural background--no limit on normal radiation from this source;
however, technologically enhanced natural background may be subj-
ect to limits.

,
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IV. Assessment of Internal''fxcosures

In what represents a major change, the ICRP has established a new
approach for limiting occupational doses from internally deposited
radionuclides.

1. The ALI

The basis for this approach is the designation of an Annual Limit
of Intake (ALI) which is the quantity of a given radionuclide which,
if ingested or inhaled in a single event, will result in an uptake
that will yield a cocmitted dose equivalent over the subsequent
50-year period equal to the annual dose limit.

fer a given radionuclide, there will be one range of values of the
ALI for ingestion and one for inhalation, depending on whether the
caterial is in soluble or insoluble form.

If a radionuclide causes exposure of the total bcdy, the applicable
dose limit for the ALI is 0.05 Sv (5 rem). If it causes exposure
predominantly to a single organ, the dose limit is as shewn in
Table 1.

2. Tne DAC

Using the ALI, it is possible to calculate Cerived Air Concen-
trations (DACs) for purposes of limiting airborne intakes of
raticactive caterials via this avenue of exposure. The CAC
for occupational exposure to any radienuclide is that cencen-
tration in air which, if breathed by Reference Man for 2000
hours of work per year, will result in the ALI for inhalation.

ALIDAC =

(2000 hr/y) (60 min /hr) (20,000 cm3/ min)

3where 20,000 cm / min equals the breathing rate of
Reference Man and the ALI for inhalation is expressed
in Becquerels /y wnere 1 Bo = 1 disintegration /sec.

The ICRP plans to cublish in about two years complete listings
of ALIs and DACs for atcut 200 isotopes of scme 50 elecents.
This report is expected to have a major impact on evaluation
procedures for radionuclides subject to ingestien and inhala-
tion.

- ,
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3. Comparison of New and 01'd Approaches

Formerly, limitations for the intake of radionuclides were
expressed in terms of Maximum Permissible Concentrations
(MPCs) for air or water. For radionuclides with short and
intermediate effective half lives, continuous intake at the
MPC for a period of one year (acsuming equilibrium conditions)
resulted in an annual dose equivalent rate at the maximum per-
missibla level (5 rem /y). This contrasts to the new ALI which
is calculated on the basis that the ALI will yield a committed
50 year dose equivalent equal to the one year dose limit.
Although calculated on a different basis, it is not anticipated
that DACs will be significantly different from the current
MPCs for many of the radionuclides. Where differences do
exist, they are frequently due ruore to improvements in the
basic supporting data on the biological behavior of specific
radionuclides within the human body, than to changes in the
dose limits or calculational approach. In the main, the dose
limits given in Table 1 are not that different from those
currently being applied.

4. Monitoring of Internal Exoosures

The quantity of a given radionuclide inside the body can be
estimated through whole body counting (for gamma emitters) or
through analyses of excreta and other biological specimens.
Specific examples of such specimens include urine, feces,
exhaled breath, nasal discharges, sputum, saliva, sweat,
blood and hair. Of these, first in importance is urine;
second is feces. The other materials are generally analyzed
only in special cases.

In a report, to be issued in about two years, the ICRP plans to
make recommendations for appropriate sampling and bioassay
techniques for a variety of radionuclides. These recommenda-
tions will include data on the range of biological variability
to anticipate in such assay procedures as well as guidance on
the times (subsequent to intake) for optimum collection of
sdmples.

V. Assessment of Environmental Releases

The ICRP has approved the publication of a report on principles and
methods for use in assessing environmental releases. The report is

,
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designed for applicatioS prior to operation of a facility and
outlines mathematical models that can be used to assess the pre-
dicted radiation doses to the neighboring population. floteworthy
items contained in the report, or expressed philosophically, in-
clude:

1. Because of large seasonal variations in radionuclide transfer
factors within the environment, values applicable to chronic
long-term releases may not be applicable on an acute short-term
basis. Even for routine releases, if the rate of discharge
varies substantially, it will sometimes be important to con-
sider the combined effects of transient high discharge rates,
and unfavorable environmental situations.

2. Basical'y, recommendations provided by the ICRP are designed
to assure that no individual within a population group receives
more than the applicable dose limit. To facilitate this ap-
preach in euluating releases from a given facility, selection
is made of a so-called " critical group" which, because of living
habits or unusual circumstances, receives a dose greater than
that of any other group. If the dose to this group is within
limits, the assumption is made that the doses to all other
groups will be acceptable.

Application of the ALARA criterion, however, requires that
consideration be given to the total number of people exposed as
well as the dose distribution among them. The ICRP urges that
those responsible for the evaluation of environmental releases
be aware of the fact that, in some cases, the total population
impact may be greater outside the critical group than within it.
Although the dose to individual members of the critical group
may be larger, the sum of the doses to the much larger number
of individuals within the non-critical groups may make them
more significant.

3. The establishment of a food-chain or inhalation pathway model
requires that:

a. The objective of the modeling effort be clearly defined.

b. The system to be modeled be outlined in detail.

.
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c. The transfer fa: tors within the system be identified
and quantified.

d. Calculations t? made to determine the response of the
system for specific inputs.

e. This response be analyzed to determine the c -itical
nuclides and pathways and the effects of parameter
uncertainties.

Two sitaations must be considered in modeling the pathways of
radionu:lides within the environment. Cne is that in which an
equilibrium exists between the rate of discharge and the steady-
state concentrations of radioactive materials within the environ-
ment. The second is where no such equilibrium has been estab-
lished. Although the former situatien is relatively easy to
model, the latter non-equilibrium situation is far more complex.
Care must be taken not to apply the simpler equilibrium medels
to non-equilibrium situations.

4. Projections of population doses frem routine environmental re-
leases may be impcrtant in site selection, particularly in these
cases where the individual or collective doses per unit release
are mucq smaller for one location then another. The technology
of radioactive waste management, hewever, is new such that cnly
in a few circumstances will planned releases have a decisive
influence on the choice of a site. Where a decisive influence
is exercised, it is acre likely te be because of public rela-
tions implications than because of the radiological imolications
of predicted doses to tembers of the public.

VI. Existino and Future Recorts

Presented in Tabic 2 is a list of the publicaticns of the ICRP.
Publications in preparaticn include:

1. Principles Concerning Energency and Accidental Exposures
(Medical Handling of Patients).

2. Limits for Intake cf Radienuclides by Werkers.
.

3. Assessr.ent of Coses frca Radicnuclide Releases into the En-
vironment.

4. Monitoring for Internal Centamination.

5. Biological Effects of Inhaled' Radionuclides.

.

.
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In addition, Committee-4 of the ICRP has initiated studies to
prepare reports on:

1. The Principles and Methods for t.pplication of the Optimiza-
tion Requirement to Dose Limitation (Application of the
ALARA Criterion).

2. Evaluation of Practices Which May Influence Exposure to
Natural Background.

3. Protection of the Public in the Event of Radiation Accidents.

.
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,7ABLE 2
PUBLICATIO:IS OF MIE I:ITEE!!ATIO:!AL

CrWMISSION OI! PADI0 LOGICAL PROTECTIO!!

PRINCIPLES OF ENVIRONMENTAL MONITORING R E-
LATED TO THE HANDLING OF RADIOACTIVE MATE-
RIALS. A report prepared by a Task Group of ICRP Comminee
4. ICRP Publication 7 Pergamon Press, Oxford (1966).

REPORT OF COMMITTEE 4 ON EVALUATION OF RADIA.
TION OOSES TO BODY TISSUES FROM INTERNAL
CONTAMINATION OUE TO OCCUPATIONAL EXPOSURE.
ICRP Pub!! cation 10, Pergamon Press Oxford (196d).

THE I.SSESSMENT OF INTERNAL CONTAMINATION
RESUt. TING FROM RECURRENT OR PROLONGED
UPTAKES. A repo-t of ICRP Committee 4. ICRP Publication
10A, Pergaman Press, Oxford (1971).

A REVIEW OF THE RADIOSENSITIVITY OF THE TISSUES
IN BONE. A rcport prepared by a Task Group for ICRP Com-
rnittees 1 and 2. ICRP Publication 11. Pergamon Press,
Oxford (1968).

GENERAL PRINCIPLES OF MONITORING FOR RADIATION
PROTECTION OF WORKERS. A report prepar:d by a Task
Group of ICRP Committee 4. ICRP Publication 12, Pergamon
Press, Oxlord (1969).

RADIATION PROTEChlON IN SCHOOLS FOR PUPILS
UP TO THE AGE OF 18 YEARS. A report by Committee
3 of ICRP. ICRP Pubtietion 13, Pergamon Press, Oxford
(1970).

RADIOSENSITIVITY AND SPATIAL DISTRIBUTION OF
DOSE. Reports prepared by two Task Groups of ICRF Com-
mittee 1. ICRP Publication 14, Pergamon Press, Oxford (1969).

PROTECTION AGAINST IONIZING RADIATION FROM
EXTERNAL SOURCES: A report of ICRP Committee 3. ICRP
Publications 15 end 21, Pergamon Press, Oxford (1976).

PROTECTION OF THE PATIENT IN X. RAY DIAGNOSIS.
A report prepared by a Task Group of ICRP Committee 3.
ICRP Publication 16, Pergamon Press, Oxicrd (1970!.

PROTECTION OF THE PATIENT IN RADIONUCLIDE
INVESTIGATIONS. A report prepared for ICRP cnd acepted
by the Commission in September 1969. ICRP Publication 17,
Pergamon Press, Oxford (1971).

THE RBE FOR HIGH-LET RADIATIONS WITH RESPECT
TO MUTAGENESIS. A report prepared by a Task Group of
ICRP Committeo 1. .lCRP Publicatioa 18, Per0amon Press.
Osford (1972). .
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THE METABOLISM OF COMPOUNDS OF PLUTONIUM
AND OTHER ACTINIDES. A repcrt prepared by a Task
Group of ICRP Committee 2. ICRP PubScation 19, Pcrqamon
Press, Oxford (1972).

ALKALINE EARTH METABOLISM IN ADULT MAN. A
report prepared by a Task Group of ICRP Committee 2. ICRP
Publication 20. Pergamon Press, Oxford (1973).

IMPLICATIONS OF COMMISSION RECOMMENDATIONS
THAT OOSES DE KEPT AS LOW AS READILY ACHIEV-
ABLE. A report of ICRP Committee 4. ICRP Publication 22
Per0amon Press, Oaford (1973).

REPORT OF THE TASK GROUP ON REFERENCE MAN.
A report prepared by a Task Group of Committee 2 of ICRP.
ICRP Publication 23, Pergamon Press. Oxford (19751.

RADIATION PROTECTION IN URANIUM AND OTHER
MINES. A report of ICRP Committee 4 ICRP Pub!! cat on
24 Pergamon Press, Oxford (1977). (Annals of the ICRP vol 1
no.11.

THE HANDLING, STORAGE, USE AND DISPOSAL OF
_

UNSEALED RAD:ONUCLIDES IN HOSPITALS AND) : MEDICAL RESEARCH ESTABLISHMENTS: A report of a
Task Group of ICRP Committees 3 and 4. ICRP Pubfication 25
Per0amon Press, Oxford (1977). (Annais of the ICRP Vol.1.
No. 2).

RECOMMENDATIONS OF THE INTERNATIONAL COM-
MISSION ON RADIOLOGICAL PROTECTION. (Adepted
January 17, 1977). ICRP Pub!ication 25. Pergamon Press,
Oxford (1977). (Annals of the ICRP vol.1. no. 31.

PROBLEMS INVOLVED IN DEVELOPING AN INDEX OF
HARM: A report prepared by a Task Greup of the intema@et
Commission on Radiolog; cal Protection. ICRP Pub |icatio127
Pergamon Press, Oxford (1977). (Annals of the ICRP Vcl.1
No. 4).
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AFPENDIX XXVI.

|
'

Reorganization of ACRS Generic
'

Subcomittees-

.

Revisions:tM.:RFF:bjw:3/30/78

!
-

.

! PRO 10 SED

ASSIGNENT OF STANDING SUECC:t4ITTEES
i

i

Standing Subcomittees will be responsible for design and perforrance

. of systems, components, and related raterials in designated areas; the

I technical content of related criteria, Regulatory Guides, and Staff

| Action Plans for resolution of generic Iratters and criteria for backfit;

f reactor safety research in designated areas and preparation of appro-

| priate portiens of the periodic ACPS reports on Unresolved Generic Items

and the RSR Program; follow-up with respect to the i.plementation of
I

r'esolved generic items with respect to already-licensed facilities.

The Stand;.ng Subcomittee Chairman may organir.e his Sub:c=ittee inta

s:raller werking groups to handle specific ratters wi, thin the broader
.

range of Subconnittee responsibility.
I

i

;

i Advanced Reactors: Standardized advanced reacter designs (e.g. , RIFBR,

i GCFBR,1000 FM H'IGR) proposed for non-water cooled reactors; advanced or

non-water cooled or :xxierated reactor design bases, criteria, regulatory

guides; preparation of Chapter 6 of Annual PSR Report to Congress.'

, MC, JCM, PGS , CPS , h'K , M 15

,

Core Performance
'

Core physics; power distribution nuasurenent and control; cffect of
.

'

.

positive nederation coefficient, fluence at pressure vessel wall, re-

activity effects (e.g., calculation ~ of rod drep and rod ejection accident.)

WK_, ilSI, JCM, 00, , MC
_
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Concrete and concrete Structures

I Concrete containm2nt and reactor pressure vessel design bases and criteria;

fuel storage pool design (e.g. , structural integrity) .

CPS,".3,PGS,DO,ff,JE

ECCS

Design of current ECCS; improved ECCS designs; thermal-hydraulic perform-

ance of pri.nry system during I4CA; ECCS research pregam; preparation of

Chapter 2 of Annual RSR Report to Congress.

HSI , MC , JE , HE , DO , MP
e

Enrichment Plants- .

,

Enrichment plan' desien criteria and design bases.

jot,MC,HSI,SL,PGS,%
.

Extreme External Phenomena

Criteria for extrem external phenorena, such as earthquakes, tornadoes,

tsunar. tis, seiches, hurricanes, floods, explosions, airplane crashes,

release of noxious chemicals; effects of IZ or other fires. Preparation

of Chapter 5 of Annual RSR Report to Congress.

E, %, JC4, CPS, %, D;01

Fluid Dynamics
.

BhR containment programs; RPV asy:rmtric loads; containment subcogartment

pressures and dynamic loads during IDCA blowdown, relief valve operation,
i

etc., water hammar.

E, JE, %, HSI, CPS, %
*

'
.
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Follow-un Activitics

Prepare response, as appropriate, It! periodic NRC Staff report on

status of ACRS reconnundations and requests.

UN, h%, MP, PGS, %, HE

Generic Items

Preparatica of periodic (semi-annu!.1) report on Generic Itecs; coordi-
W

nation and review of NPC task action plans, including referral to .

cognizant topical or project Subco=ittees, where appropriate; review

of implementation of resolved generic items, including referral to'

cognizant topical or project Subco=ittees where appropriate.

M,hK,DO,PGS, CPS,CD1 .

'Metal Cem znents *-

Design and performnce of metal cc:ponents including the reactor pressure

vessel, and other conponents such as valves, pumps, snubbers, rod drives
~

and piping; radiation damge and mterial properties, sterials performnce

and load limits; primry and secondary system corrosien and water chemistry

including steam generator tube degradation, effects of containment sprays

on the primary plant, etc.; preparation of Chapter 4 of Annual RSR Report,

to Congress.i

PGS, MB, !!E?, HSI, DO,

Plant Arrancements

Separation criteria; missile protection; post-accident environmental

qualification; high-energy l'ine restraints; systems interaction (mechanical) .

E, JC, SL, kS, MP, K , J C N
.

1/ Gencric items Subcommittcc will revicw items not assigned to other
Standing Subcomnittecs. ''

.
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Power and Electrical Svstems: Design and performance of normal and emargency

pcraer supplies; plant cc::puters; plant instrumntation and contro' system,
act. u .s t < c,

safety,systemsy % EEc1:w -'

~

EK,, %, JE, %, JC4, MP , D O

Procedures and Administration

Procedures and ACRS Bylaws; Fellowship program and assigr ents, new members.

SL, MB, MC, WK, DE1, CO, CPS

Radiolocical Effects and Site Evaluation

Population dose calculation - accident situations and normal cperation;

ALAFA criteria on- and off-site; enviror. .antal mnitoring; e.Tergency pro-

cedures; ultimate heat sir?. design; protection fcr affected pcpult.:icns

outside the LPZ; source term definition; preparation of Chapter 7 of Annual
.

RSR Report to Congress.

IH4, JE, IISI, SL, %, C% j DC

Reactor Fuel

New and modified fuel design and proof testing; thermal-hydraulic and;

mechanical fuel performance during normal and abnormal conditions; pellet-

cladding interaction;. fuel failure propagation; end-of-life fuel perform-

ance' preparation of Chapter 3 of Annual RSR Report to Congress; evaluation

of replacement fuel designs and qualification M D ..sp ,
<; *

PGS, !!C, IISI, SL, DO, JCM *

,

,

.
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Reactor coerations

Systematic evaluation program; organization of cperating group and of

plant revies and audit cc=ittees; stretch pescr increcscs, incident

evaluation and responses (e.g., primary system bleadcwn transients,.

overpressuring action of primary syste.:s, etc.) reload and PIOL revieas;

spent fuel storage capacity; backfitting policies and practices; inservice

inspection and testing; operational CA.

E, JE,13, DO, f[, D;G1

Reactor Safety Research

.

Scope and balance of RSR program, coordination of Annual PSR Report to

Congress.

E, 53I, HE, FG3, CF3, .'3, ~.;C, JC', ;G

Reculatory Activities: -Conduct and coordinate review"of Reg Guides as
.

appropriate; ad hoc reviea of Reg. Staff proposals for new approaches,

and referral as appropriate.

CPS , ts , HE, WK, MP , Di@l
, .

Reliability and Probabilistic Assessment

Reactor Safety Study; reliability assessment of systems and conponents,

(e.g., isolation of Icw pressure frem high pressure systems); containment

isolation provisions; containment isolation provisions (e.g., steam line

isolation valve seal systems); functional systems interaction (probability
'

of DC poact supply of conponcnt cooling watcr failure conpromising other

systems); preparation of Chapter 9 of Annual RSR Report to Congress.

E, !!SI, JC1, DO, !!C, MS
,

33-
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Safcouards and Security
.

Industrial security / access control; design features to preclude or

mitigate effects of sabotage; :Enterial accountability - SMI; anti-

diversion .masures; preparatica of Chapter 8 of Annual RSR Report to

Congrc :.

JO4, MS , PGS , HE, SL, CPS

Waste Manacer.ent

Plant deconter.ination decormnissioning criteria and procedures; rad-

waste reanage ent and long-tera disposal; in-plant radiaste system

design; effectiteness of centai: ent sprays er re oval cf rafic-
.

nuclides.

DRI, MC, h[, IG, MP, SL j,,) C M
.
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AD 110C SUBCOMMITTEES

Ad hoc Subcomittees will de set up as required to handle specific generic

type prob 1 cms which involve an interdisciplinary approach in areas assigned
,

to a number of Standing Subcomittees. They will normally be disbanded

when their specific assignment is completed. Ad hoc Subco.niittees will be

responsible for revie.e of criteria and guides and backfit criteria for the

matters they are estaclished to review.

Fire Protection

Criteria and guide; separation criteria; backfitting criteria for fire
.

protectica.
,

g,HE,JE, CPS
i

.

Irng-Rance ESR Pro: ram on Iccroved Conesets

CPS, IG , 05, F.51, :9

*Transoortation of Radioactive Materials -

Transportation through urban areas.
,

CPS,I8, HE, JC1, CM4

Single-Failure Criterion
.

Reevaluation of the single-failure criterion, e.g., DC power supply,

residual heat rcmoval systems, design sis loading combinations, etc.

g, CPS, JE, IIE

AEG

Generic reviews of ATWS " fixes",, e.g. , pending ABG report; backfitting

criteria for AEG " fixes".
'

Wh*, JE, llSI, DO, !!E, FB

t

. . . . .
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APPEliDIX XXVII
Proposal for ACRS Generic Items -.

'_ Evaluation effort.

f,

,

4 .. . s .

ORAFT/MB - 4/23/78.

.

Proposal for ACRS Generic Items Evaluation Effort

Background

Presently the ACRS has a list of 23 generic safety items which are
listed as unresolved. In addition, there is a grouping of 48 that are
stated to be resolved in ace:rd with the ACRS definition below:,

" Resolved as used in ths generi: istma rey:r: refers :: :ha
*

foitouing: In some cases, an iten has been resolved in an
ad=ints::::ive sensa secgnizin; :U :achni::: ev:Lu i:n

**

and satisf=:::ry it- tar entation are yet to be c: ptated.
' Anticipated trar.sian:s without s:r: t' represents an
e:: ple of this :::tp:ry. En :ther ins:ances, :ha raso.
lution has been 1::, plished in a n:r=:-) cr specific se'se,
recognizing th:: |hr:her stays :re desir:bie :s pr:::i ::
cr that di!! crc ~:: ::p::s of :he pr:b:a- re:uire fw:har
investiga:i n. := plas are tha pcssibili:y :( i.~: roved
methods :f :::::ing :acks in nt :M :ry sys t r :~ i e '
improved methods of men:ad a:rpe to insarvice inspec:i n
or reactor vessels." -

The above definition leaves open the question of aopropriate implementation
of the resolution actions.

There has been considerable public criticism of the manner in which.

the ACRS generic items list is treated by the NRC. Some critics suggest
'

that the list is used as a way of tabling important safety questions when
no prompt resolution action is planned. Others claim that the generic
list is a means of permitting licensing of nuclear power plants when open
safety issucs exist. The ACRS has never considered these criticsms to
be valid. Neverthcless, the NRC posture would be much improved if the
ACRS could establish the means by'which generic safety questions are
eliminated from the licensing qualifications in ACRS reports. It is worth
noting that several matters on the resolved generic items list are also
shown as unresolved items on subsequent lists. These include sabotage
protection, pump flywheel missiles, and ECCS capability. Other items
such as "instrumenta. tion to follow the course of an a;cident" and fire
protection are listed as resolved, but the implementation action is

.

V,,
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DRAFT /NB - 4/23/78

.

2

still unclear. Most were stated to be resolved because the NRC staff has
developed either a Regulatory Guide or regulatory Branen Technical
Position that provided a basis for regulation, but the manner in wnicn
the regulatory docu: ents are applied is someti:res coscure, as for
example, precper' tional testing and ATUS. The ACRS has thus contint.eds

to raise questions concerning the NRC staff position en many " resolved"
generic issues.

Approach to Eliminatin Generic Cualifications

.

In order to eliminate the ACRS qualifications concerning generic
safety matters, the NRC staff must either shcw that the issue dces not
warrant public cLncarn or that actions can be taken to change the physical
plant design in a manner that eliminates the safety concern. Al ternati vely ,
in some cases a technical specificaticn chan;e can se-ve as the equivale9t
of a plant design change. Some of the items on the ACRS list mignt be
clarified by more tnercugn discussions with tne 'GC staff and the applicants
concerning acticns that could and wculd be taken to resolve the issues.

In the att::hment, the 1::;ts are categ:ri:!d into seven ;r:;;s and it
is suggested that each category be assigned to an ACRS working gecup to

.

develop a resolution and implementation aoproach that would ultimately
serve to eliminate the it' ems listed. Where the ACRS could not reach
agreement with the staff, it would be appropriate to take the matters up-

with the Commissioners. In those instances where the ACRS does not
expect a short term solution, it could establish milestones for a longer
term action. In a few cases, such as comon mode failures, the issue is

so general that its appropriateness as a generic issue is subject to
question. Unless ACRS can select explicit matters for examination in
this area, th'e item should be eliminated from the list since no one could
define a path of action to meaningful resolution.

The attachment shows the proposed categorization to be used in
assigning the ACRS work grovos. Many of these parallel the groupings
suggested by C. P. Siess for the Safety Research Review and these
working groups might accept those generic matters as a part of"their
responsibilitics if these groups are established. Only matters that need
active attention are-incitIded on the list.

.
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Structural PD - Plant Design
. rS -

I - Instrumentation 0 - Operations
T-it - Thermal tijdraultcs P, - ProLabalistic

llaterials R - Resolved byI 11 -

ACRS Definition*

__tteefs _
RP - Os12hthn_ECndlF9ACRS GENERIC 111145

Cate9or_y g,3p y , .
ACR5 Desic) nation saenta-

No. Title Status S I T -Il PD ti 0 P tion * Corm ents

flis.ile threat undefined & dependsProtection Against Pump
F_lyut egl Ill11iles R x Ho on,j y p,ri_in.ngy_r,Jurggt;r{5tigs _I-7 i li e needed action should 12eProtection Agsinst Industrial

I - 81 Salen t age R _ 1_._ unclear _ clarifiedt2dCRS
Vibration n.onitoring o'eti.ods are

I-9 vibration skanitorinry R x x _yes not .jeljrie l_fuc.slLaress
Delection and-[ocation of test detectinn picthods are avail-

_ Yes et ).t_t+1. Adc!!91Cy_15_ unclearIA-2 Primary System leaks R
__

x
_ _ _

x

LCCf Capability oT~ Current License s.lants srect Apper. die K.
IA-5 arid Older Plants R x I!n,qhat. J5f(R$ $31{5figjf

tnvironmental lWIormance of C wered Ly Reg. Guide taut qualifi-
10-3 Critical Con.pe.ients umps . - R x x _yes y tj9n 112tui.Qf_f9mE0Denti 15 _

cabTeX etc.)~Pos F[ K still open

Iristruneiilatinn to Foll57UIe- Covered t y Reg. Guide 1.97, Rev. I

g 10-2 Course of an Accident R x x Yes bu t po_ Jjc ygstL !'41.r:109n hd_3tl
Ilr' PibY R iliin~Concerning fire protecticn approach is stille

10-4 Adequacy of Uranch icchnical us. fer_{gyjg.L f or_5gygrgl_ pj p}(g ,,,
I'<Wilion 9.5- 1, aiid 811*-9.5.1 an.1 Reg. Guide 1.120

sn y need so filitgllen
- Regulatory Guide 1.120 R x Yes

l'eioblem at? ties only to so.Te plant

W 11-1 Turtaine llissiles RP x anclger, gyrangpg.nt g lg l. ggt [j Lnagesgary?,

Does ACRS uant to insist on a[ffective Operation of Con- .

11-2 g a gg,,cnL5nro y3_j fL a_LOCA PP _ _ _ _ - ._x _ x.-. loclear_ st.ecific chmilcoladditive?
itthert:al shock question still open

Post-10CA Pressure Vessel
II'3 failure.byJhessnaL5h ct . 8!L X _1 il3- I Lso._a re.cn.cricents_andW

l'!.I tes t a. Shos need for instru-instruments to Detect severe) sicsits. tihot else is necdad?
11-4 Fuel failures RP A .___.x _ . _1 A _ fla _

*"Yes" indicates plant sr.odification, experimental work, instrumentation or surveillance and inspection activity
-

. Is needed but not in place. "No" indicates activity is in place or t.one is oceded. *tlaclean " sr. cans the
linplemcatation oced has not been established and should Lu uamined. .

.
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5 - Structural PD - Plant Design ;.

1 - Instrumentation 0 - Operations

' T-li - lhermal Hydraulics P. - Probabalistic '

H - Itaterials R - Resolved by.

ACRS Definition ,

'-
ACRS CEtlERIC IlfMS RP - Resolutien Pgading

Heeds
Category Iraple-

ACRS Designation menta-

tio. Title Status S I T-il PD H *O P tion * Cotaents j
Ef fectiveness of installed equ,lp-ltonitoring for Loose Parts

II-SA inside Primary Coolant RP x x tio sient needs appraisal .

Circuit

Some niethods are available but11onitoring for Excessive their suitability is undefined
II48 Vibration Inside the Reactor RP 1 _ ____ __x_ Llac.lcar.i

Pressure Vessel
inexplicit requirer.ents. Item

Comon stode failures of needs further definitionnnII-6 Safety Related Components RP
' _.x_ ,

.

! Il-6A Reactor Scram Systems RP x

"Unclea, Sirglefailurecriterianeed.Rp y11-60 _revieu for these items, is, , e

otl er action needel?'

Il-6C Direct Current Systems RP x x_
PSI tests should answer questions

Fuel Behavior Under Abnormal
( Il-7 Conditions _RP

x x tro frilates in tidi
Sit.ilar to I-7. Issue needsBUR Recirculation Pump Over- Unclear clorification,

W -11-8 speed During LOCA RP x x
Batis needs clarification. IsThe Advisability of Seismic

!!-9 Scram RP x x x JL h[gnege_p,rgcLjtq_ERltY10t?n
Position needs clarification. Ubich__

torlfAr !!).:nts need imDC9YMfDL_And ubfal_Emergency Core Cooling System jQ 11-10 Capability _for Fulgre Plants _ RP x x x
Applies to small ice condenser

llA-1 Ice Condenser Containments RP x tio containments such as FUP and to
non-Util plants

Auaits analysis of CE tests
. Unclear {li ilar_tn_Itu2_ll-31fIIA-2 PuR Pump Overspeed During LOCA RP x x

*"Yes" indicates plant modification, experimental work, instrumentation or surveillance aad inspection activity
-

is needed but not in place. "flo" indicates activity is in place or none is needed. "doclear'* ceans the
impicm:ntation need has not been established and should t.o cxamined.,

~ ' - ' - ~ ~ . - . - , - . , . . _ _ , , , , , , , ,

.
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M
S - Structural PD - Plant Design '

FInstrumentation 0 - OperatioqsI -

T-il - Ibermal Hyd.aulics P, - Probabalistic
.I H - Haterials R - Resolved by .

ACRS Definition*

ACRS GENERIC llEMS RP - Resolution Pending
iteeds

Category gypj .ACRS Designation
menta-

tio. Title Status 1 I T-il PD H 0 P tion * Co=aents
I:RC has policy position. Does -

IIA-3 Steam Generator Tube Leakage RP x x Unclear ACR'. agree?

AM S/ilRC Periodic 10-Year Reat. tor Operations Olvision is*

llA-4 Revleu of All fluclear Power RP x _fla_ _ Jnil.jal_iLQ Art {rin 8 th a t dri si c

Plants ACR', expect? *

~

Comouter Reactor Protection
IIt 1 System PP x x 1 lincle.u lias [t:0-2 resolyed_thig issue?

Systematic review 0FluelQualification of New fuel
IID-2 Georetries RP x No qeorietries is _ alw.ost coc.olete.

,

'Is more needed?
.

Awaits GE test results and subse-Behavi'or of BUR Mark lli
a x x Yes 3uent design resp _onseIIB-3 Conta innent s RP'

Stress, Corrosion Cracking in
IIB-4 Ongating BilRs RP x x j!pg]ggy Regiaires continuing surveillance

not nf ECCS Power r:RC staff logic concerning valve
LockingedValvesj 11C-1 Opera RP x x flo l ocl out_ i_1_nuest ioned . Ieeds

b further discussion

Desir;n luprovements need discussionDesign Features to Control
IIC-2 Sapp.gg3e RP x 1!ntiras h_ M5SMLut_Uterstee_desian

NN
.

.
Acceptable?

Eti is a put,lic safety issue?
IIC-3A Decontamination of Reactors RP x x Unclear 1:ill industry Rf.0 work rgsy.111_gp. ply

Uhat is expected as a basis for
x x Unclear resOu11ontIIC-38 Deconnaissioning of Reactors , PP

Should be resolved by. analysis.
IIC-4 Vessel Supoort Structures RP x __

No t|culd probability study heJ1 ?

*"Yes" indicates plant modification, expertinental work, instrumentation or surveillance and inspection activity
is nacded but not in place. "No* indicates activity is in place or none is needed. "Ucclear" means the
implemantation need has not been established and should be examir.cd.
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5 - Structural PD - Plant Design u.
'

! - Instrumentation 0 - Operations
T-li - litermal lifdraulics P, - Probabalistic

Materials R - Resolved by3 H --

Af.s'S Definition,

RP - Re Mly11cq PendingACRS GENERIC 11 EMS
!!ceds

Category 3,pye.
ACRS Designation menta-

Coments
flo . Title Status S I T-It PD H 0 P tion *

_llill approaches t,y 11555 vendorp
Yes cure the problera?

IIC-5 llater liarvner RP x x
thiat evidence exists that mainte -liaintenance and Inspection of

IIC-6 Plants RP x x Yes nince and insnection capability
ti' inadequate? !! hat improv nent.
is desired?
Are Ilark I owners grcup efforts

Behavior of BilR !! ark i Yes ajpnggy_IIC-7 Containrents RP x x , _

!!xa included in SRP and should *

Safety Related Interfaces flo D listed an_4_LeichtdIID-1 Cetizeen Reactor - BOP RP
'

x
!:ay t>e resolved t>y qualificationAssurance of Continuous Long- 5 survet}lat.ge proartm. Staff

11D-2 Term Cauability of flermetic rosition not fully defined.Seals During Post-Accident
Conditions RP _ _ _a_ ._.p s

_.is current staf f interpretatica f.

IIE-1 Soll Structure Interactions RP x _

_,p n s.ethodoloav in acceplAhl1_IfiQlutjm'

g

& -

-

K-
.

Q _. _
.

l
.. _ _ . . . ___

.
_ _ _ -

-

_.

. .
-

*"Yes" indicates plant nadification, experimental work, instrumentation or surveillance and inspection activity
is needed but not in place. "tlo" indicates activity is in place or none is needed. " Unclear" s;eans the
impicmcatation nced has not been established and should t,c examined.
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j *g UNITED STATES

ys t NUCLEAR REGULATORY COMMISSION

{ WASHINGTON, D. C. 20555

%,g . ,;., g June 1, 1978
.....

..

Docket flo. : 50-70
APPEfiDIX XXVIII

Request for ACRS Review of GETR Seismic
Issues

Dr. Stephen Lawroski
Chairman, Advisory Committee

on Reactor Safeguards
V. S. 'luclear Regulatory

Comission
Washington D.C. 20555

Dear Dr. Lawrorki:

At the February 10, 1978 ACRS meeting, the NRR staff briefed the
Committee on the seismic concerns associated with the General
Electric Test Reactor (GETR). At that meeting, copies of the
Show Cause Order, which required shutdown of GETR on October 27,
1977, were distributed. .

On February 13, 1978, the Commission designated an Atomic Safety and
Licensing Boara to consider the following issues concerning the GETR:

(1) What the proper seismic and geologic design bases for the GETR
facility should be;

(2) Whether the design of GETR structures, systems, and components
important to safety requires modification considering the seismic
design bases determined in issue (1) above, and, if so, whether
any modification (s) can be made so that GETR structures, systems,
and components important to safety can remain functional in light
of the design bases determined in issue (1) above; and

(3) Whether activities under Operating License No. TR-1 should
continue to be suspended pending resolution of the foregoing.

-
.



.

Dr. Stephen Lawroski -2-

Due to the safety significance associated with the seismic issues
involved in this show cause proceeding, we request that the ACRS
review the GETR with respect to these issues, and provide its
recomendations to the Comission.

The staff currently expects to issue its Safety Evaluation Report
on these issues by July 1, 1978.

Sincerely,

G2

' p.w '-

, .

/ Edson G. Case, Acting Director
" Office of Nuclear Reactor

Regulation

.
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;, h, UNITED STATES
.

E 'l)$[W[[ ,j
,.t p, NUCLEAR REGULATORY COMMISSION '

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
p(O
'

g, WASHmGToN. D. C. 2o555
.,

.....
June 2 ,1978

APPEfiDIX XXIX
Schedule of ACRS SubConraittee Meetings
and Tours

,

ACRS Members

SCIEDULE OF ACRS SUBCOMMITTEE MEETINGS AND TOURS

The following is a list of tours and Subcommittee meetings cur-
rently scheduled, subject to the approval of the Advisory Com-
mittec Ifanagement Officer. If you are listed and cannot attend
a meeting, or if you are not listed but would like to attend,
please advise the ACPS Of fice as soon as possible.

Most hotels currently being used by ACRS Merbers in the down-
town Washington and Bethesda areas require a guaranteed reser-
vation if arrival is scheduled after 6:00 p.m. Failure to use
a room under these conditions involves forfeiture of the cost.
P1 care advise the ACRS Office as soon as possible if you cannot
attend a meeting for which you are scheduled sa that reserva-
tions can be cancelled in time to avoid this.

\Y,M
~ '

-

-_ _ _

M. W. Libarkin
Assistant Executive Direc' tor
for Project Review

cc: ACPS Technical Staff
M. E. Vandcrholt
B. Dundr
R. F. Fraley
M. C. Caske

.

.
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JUNE

8 NPRDS (JCM) - WK, MB

14-15 Diablo Canyon (JCM) - CPS, MB, SL, HE

16 Seismic / Indiana Point 3 (RS) - CPS, JCM, HE

21-22 Diablo Canyon (JCM) - CPS, HE, JCM

28 Naval Reactors, Schenectady, NY (GRQ/AB) - WK, MB, HE

28-29 New England Power, 1&2, Providence, RI - (RW)- DM, CM

29 Electrical Systems, Control & Instru. (GRQ) - WK, MB, HE
30 Davis Besse, 2&3 (RM/RKM) - CS, HE, JE, DM

JULY

5 Reg Activities (GRQ/SD) - CS, HE, WK

6-7 219th ACRS Meeting

11 Radiol. Eff. & Scte Eval. (RM) - DWM, HSI, PGS
13 ATWS (TGM/PB) - WK, JCM, HSI

14 External Phenomena (RS) - CPS, DWM, JCM

18 Erie,1&2, Sandusky, Ohio (RM) - WK, JE, HE, CS

18 ECCS - Los Alamos, NM (AB) - HSI, MP

20 Electrical Syst., Control & Instru., Los Angeles, CA
(GRQ) - WK, MB, HE, MP

N GETg,kl4(S)SgJog,,a]i{ fps)-CPS,WK,JCM,MB(Tent.)
21-22

RESAR - GS, HSI, WK

24-25 Waste Mgmt. (1:00 pm) (RM) - DM, HI*, WK*, SL (* = 25th only)
27-28 HCDA, Los Alamos, NM (TGM/PB) - WK, MC, MP, PS (Tent.)

R FF T l~ O'd ' ' ' . 3 , D "' % w
,
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AUGUST
e.

1 ATWS (TGM) - WK, jct 1

2 Reg. Activities (GRQ/SD) - CS, MB, HE, WK

3-5 220th ACRS Meeting

10 FFTF (AB) - WK, MP, JCM, f18 (tent.)

11 Adv. Reactors (RS) - MC, JCM, CPS, PGS (tent.), MB (tent.)

14 ECCS - Idaho Falls, ID (AB) - HSI, MP, HE

15 Fluid Hyd/Dyn. Eff. Idaho Falls, ID (AB) - HSI, MP, HE

Iahoga1s,ID-(TGM)-MP,HE,PGS,JCM16 INEL Tou

17-18 Reactor Tue s (TGM/PB) - PGS, HE, JCM

29 Fluid Hyd/Dyn, Eff. - Los Angeles, CA (AB) - MP, HSI

SEPTEMBER

7-9 221st ACRS meeting

14-15 Adv. Reactors, Albuquerque, NM (RS) - MC, JCit, CPS, PGS

-
.
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UNITED STATES

3 0}..E.[,),- NUCLEAR REGULATORY COMMISSION
-| ADVISORY COMMITTEE ON REACTOR SAFEGUARDS

$?* [ WASHINGTON. D. C. 20555,y

***** June 7,1978

APPEf; DIX XXX
Honorable Joseph M. Hendrie Report on P.aine Yankee Power Station
Chairran
U. S. Nuclear Regulatory Ccmnission
Washington, DC 20555

REPORT G4 PAINE YANKEE A'ICMIC PCTER STATIQ1

Dear Dr. Hendrie:

During its 218th meeting, June 1-2, 1978, the Advisory Cc:anittee on Pe-
actor Safeguards cc:rpleted its review of the application by the Maine
Yankee Atcmic Power Co.~pany for authorization to operate the Maine Yan-
kee Atomic Power Station at poser levels up to 2630 !M(t). A subcom-
mittee meeting on this ratter was held in Washington, D. C. on May 25,
1978. The Comnittee had previously repr,rted favorably en operation of
the Maine Yankee Atomic Pcwer Station at power levels up to 2440 M(t)
in its report of January 13, 1972. During this review, the Comnittee
had the benefit of discussions with representatives of the Maine Yankee
Ato.~ tic Power Corpany, Yankee Atomic Electric Cocpany, Combustion Engi-
neering Incorporated, and the Nuclear Regulatcry Ccanission Staff. The
Cornittee also had the benefit of the docwents listed.

In the NBC Staff review of the request to increase power, analyses of
accidents and transients, physics tests, fuel performance and site me-
teorology were carried out. Modifications to the Technical Specifica-
tions were also con:;idered. In addition, the NRC Staff reviewed the
operating history of the plant. In evaluating the proposed poser in-
crease in each of these areas, the NRC Staff used current NRC criteria.
The NRC Staff has concluded that operation at the proposed power level
in acordance with the proposed Technical Specifications is acceptable.
The ACRS concurs.

The Advisory Ccenittee on Reactor Safeguards believes that there is rea-
sonable assurance that the Maine Yankee Atomic Poser Station can be oper-
ated at power levels up to 2630 M(t), without undue risk to the health
and safety of the public.

Sincerely,

#
,

S phen Lawroski i"
.

*

Chairman

-3
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Honorable Joseph M. Hendrie -2- June 7, TJ78~

REFERENCES

1. Latter from W. P. Johnson, Maine Yankee Atomic Power Company to
NRC, Office of Nuclear Reactor Regulation, concerning a proposed
license amendment, on power level increase to 2630 IU(t), dated
August 1, 1977.

2. Letter from W. P. Johnson, Maine Yankee Atomic Power Company
to the Office of Nuclear Reactor Regulation, modifying the power
level increase in two steps, dated December 9,1977.

3. Safety Evaluation by the Office of Nuclear Eeactor Regulation Con-
cerning Power Level Increase of Facility Operating License No.
DPR-36, Maine Yankee Atomic Power Company, Maine Yankee Atomic
Pwer Station, Docket No. 50-309, dated January 17, 1978.

4. Letter from D. W. Edwards,tuine Yankee Atomic Power Company, to
the Office of Nuclear Reactor Regulation, concerning additional
information regarding Maine Yankee power level increase, dated
March 1, 1978.

5. Letter from R. H. Groce, Maine Yankee Atomic Power Company, to the
Office of Nuclear Reactor Regulation concerning information for the
preparation of the SER, dated April 5,1978.

6. Letter from R. H. Groce, Maine Yankee Atomic Power Company, to the
Office of Nuclear Reactor Regulation, concerning additional informa-
tion on power level increase, dated April 10, 1978.

Supplement No.1 to the Safety Evaluation by the Office of Nuclear7.
Reactor Regulation, concerning Power Level Increase of Facility
Operating License No. DPR-36 Maine Yankee Atomic Power Company,
Maine Yankee Atomic Power Station, Docket No. 50-309, dated
April 11, 1978.

8. Letter from W. P. Johnson, Maine Yankee Atemic Power Company, to the
Office of Nuclear Reactor Regulation, concerning Technical Specifica-
tion changes for power level increase, dated April 28, 1978.

9. Memorandum from Edson Case, Chairman, Regulatory Requirements Re-
view Comnittee to L. V. Gossick, Executive Director for Operations,

12, 1978, concerning an interim approval of Draft Regula-dated May
tory Guide, " Atmospheric Dispersion Models for Potential Accident
Consequence Assessments dt Nuclear Power Plants," dated February 3,
1978, arid "Atmspheric Dispersion Model for' Accident Evaluations,"
dated April 18, 1978.

.
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APPENDIX XXXI

Letter to Representative M.K. Udall

'Ite Honorable Morris K. Udall, Chairman
Comittee on Interior and Insular Affairs
United States House of Representatives
Washington, D.C. 20515

Dear Congressman Udall:

The Advisory Committee on Reactor Safeguards (ACRS) has considered the
suggestion in your leteer of January 27, 1978 for establishment of an
independent, quasi-judicial board, patterned after the National Trans-
portation Safety Board (NTSB) , for accident analysis within the con-
text of the current nuclear regulatory process. The Cmmittee coasidered
also the questions which you raised concerning the role of the ACRS vis-
a-vis such a Board, should it be created.

# discussi5ns w[ tit representatives of the NTSB's Bureau of Accident Investi-
gation have indicated that, although the NTSB is responsible for investi-
gating accidents in surface, air, and marine transportation, the criteria,
procedures, and scope of the investigations vary depending on the specific
mode of transportation involved. Air transport events, hcNever, represent
the bulk of NTSB work and range from minor incidents to serious accidents.
It probably is the most well established area of NTSB's responsibility.
In response to your inquiry the ACRS compared the nuclear power program
requirements with air transportation investigation procedures.

While the NTSB reports on all aviation accidents, the bulk of the investi-
gations, which are concerned with minor accidents or incidents, are dele-
gated to the FAA, the involved regulatory agency. NTSB investigations
are reserved for major accidents, generally involving fatalities. Analo-
gous major accidents have not occurred in commercial nuclear power plant
operation. Indeed, the Nuclear Regulatory Commission (NRC) and the ACRS
devote a significant effort to reviewing operational experiences, proposed
changes in operating procedures, and plant design features intended to
forestall such accidents and continuing discussion of this process with
the NRC Staff is planned. For this reason, the ACRS believes that exist-
ing institutional arrangements are adequate for the range of incidents
thus far experienced in nuclear power plant operation. Should there be .
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The Honorable Morris K. Udall' -2- June 8, 1978

.

an accident comparable in magnitude and significance to these now investi-
gated by NTSB, it is within the candate of the ACRS to conduct a ccr:: pre-
hensive and independent 'investigaticn of it. * Therefore, our opinion is
that no need exists to establish an independent board to carry cut this
function. ,

Sincerely yours,

N
Stephen Lawroski
Chairman
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APPENDIX XXXII
Regulatory Guides

Mr. Lee V. Gossick
Executive Director for Operations
U. S. Nuclear Regulatory Ccxcnission
Washington, DC 20555

SUETECI: REXAJIRIORY GJIDES - ACRS ACI'ICN

Dear Mr. Gossick:

During its 218th meting, June 1 and 2,1978, the ACRS concurred in

the regulatory position of Regulatory Guide 1.136, Revision 1, " Material

for Concrete Contaircents."

Sincerely yours,

S en Lawroski
Chairm n

cc: E. G. Case, NRR
R. Minogue, OSD
G. Arlotto, OSD
S. J. Chilk, SECY

I
bec: ACRS Members

H. Voress'

J. Jacobs
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APPEliDIX XXXIII

% Additional Documents Provided for ACRS' Use

1. Letter, M.K. Udall to S. Lawroski, relating to suggestion for
establishment of an independent quasi-judicial board for review
of nuclear reactor accidents, dtd Jan. 27, 1978.

2. Letter, H. W. Lewis to Rep. M.K. Udall, regarding a suggestion for
establishment of an independent quasi-judicial board for the review
of nuclear reactor accidents, dtd Nov. 23, 1977.

3. Memorandum, R.H. Vollmer to R.F. Fraley, Com3arison of LOCA Radio-
logical Evaluation Models, llRC vs. RSK, dtd day 24, 1978.

4. Letter, H.W. Lewis to L.V. Gossick, regarding " WASH-1400 Methodology,"
dtd. May 10, 1978.

5. Collection of Position Papers provided by members of the Interagency
Nuclear Waste Management Task Force for its meeting, Apr. 20, 1978.

6. Paper, The Role of Risk Assessment in the Nuclear Reculatory Process,
S. Levine, presented at the Atomic Industrial Forum Workshop on
Reactor Licensing and Safety, Apr. 7,1978.

7. Memorandum and Attachment, R.F. Fraley to ACRS Members, proposed
ACRS Review of GETR, dtd June 1, 1978.

8. Minutes of Maine Yankee Subconmittee Meeting, May 30, 1978.

9. Minutes of Vermont Yankee Nuclear Generating Station, May 19, 1978.
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