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D.C. 20506, or cail arsa code 202-T24-
0367

Stzrurx J. McCliany,
Advisory Commitiee
Management Officer.
(PR Doc. 78-13377 Pled 5-[6-78 .45 am)

(7536-01)
MUMAN'TIES PANEL

Mogrung
Mar 2, 1978

Pursuznt to the provisions of the
Federal Advisory Commitiee Act (Pub.
L. $2-453, s amenced), notice is
hereby given that a meeting of the
Humanities Panel will be held at 308
15th Street NW., Washington, D.C.
20506, in room 207, from 9 am. to 5:30
p.o. on June 8-9, 1378,

The purpose of the mecting s to
peview Elcmentary and Secondary
Education Prozram apolications sub-
mitted to the National Cndowment for
the Humanities for projects beginning
after October |, 1973

Because the proposed mecting will
eonsider financial information and dis-
close information of a personal nature
the disciosure of which would consti-
tute a clearly unwarranted invasion of
personal privacy, pursuant to authori-
ty granted mc by the Chairman's Del-
egatior of Authority to Close Advisory
Commitiee hLiretings, dated January
15, 1978, I have determined that the

would fall within exemptions
(4)and (6) of S US.C. 5525(¢) and that
It is essential to close the mecting to
protect the {rce exchange of internal
views and to avoid interference with
operation of the Comunittee.

It s suggested that those desiring
more specific information contact the
Advisory Commitice Management Of-
ficer, Mr. Stenhen J. McCleary, 808
156th S.reet NW,_, Wastungten. D.C.
30506, or call area code 202-724-036..

Storirew J. McCLeany,
Advisory Comm lice
Management Of/ficer.
(PR Doc. 78-13278 Flled 5-16-78. 8 45 am)

(7536-01)
WUMANITIES PANEL

Moenag
May 10, 1978.

Pursuant to the provisions of the
Pederal Advisory Comnuitre Act (1'ub.
L 92-463, as amended) notice s
heredy given that a mecting of the
Humanitics Panel will be held at 808
15th Stireet NW., Washington, DC.
20506, in rvom 1130, from 9% am. to
$:30 pan. on June 15 and lo, 1978

The purpase of the mecting is to
review Youthgrants (in the Humanities
applications submiited Lo the Natiwonal

=
Iy

Encdowment f{or the I[fumanitics for
?;:':ecu beginning after Octlober |,

Decause the nroposed meeting will
conuder financial infonnation ~nd dis-
close informaticn of a persunal nature
the disclosure of which would consti-
tute 3 clrariy unwarranied invasion of
persenal nrivacy. rursuant to authort-
ty granted me by the Chairman's Del-
egation of Authority to Close Advisory
Commitice MNeelings, dated January
18, 1978, i have determined that the
mercting would fall within exemptions
(4) and (6) of § U.S.C. £52%¢(¢) and Lthat
it s essential to ciose the meetinss to
protect the free exchange of internal
Views and to avoid intcrference with
operation of the Commitree.

It s sugzested that those desiring
more specilc iniormation contact the
Advisory committee M2nagement Of.
ficer, Mr. Stepnen J. McCieary, 806
15th Screet, NW., Washington, D.C.
20506, or call area code 202-724-0367.

Strrmex J. McCLEARY,
Advyisory Commitiee
Management Officer.
(FR Doc. 7T8-13378 Plled 5-16-78; 845 am)

[7590-01]

NUCLEAR REGULATORY
COMMISSION

ADVISO2Y COMMITTEE ON REACTOR
SAFEGUARDS

Moot ny

In accordance with the purposes of
sections 29 and 182b. of the Atomic

Enerry Act (42 US.C. 20233 22321,
the Advisory Commuitiee on :isactor
Safeguards will held a —+..=2 on
June 1-3, 1978, in Room I.: (TITH

Sircet NW., Washington. D.C
The agenda {or the subject meeting
will be as follows:

THURSDAY, JUNE 1, 1978

8:30 am.-9 am.’ Ezecutive session
(open). The Committee will hear and
Jiscuss the report of the ACRS Chair-
man regarding miscellaneous matters
relating to ACRS activitics inciuding
the appointment of new Committee
members.,

This session will be open to the
public except for those portions which
must be closed to proterct information
the reiease of ahich would represent
an unwarianted invasion of personal
privacy.

The Committee will hear and diseuss
the report of Lthe ACRS Subcomnuitice
and consultants wlio may be present
regarcding the reguest for operation at
increased power of the Maine Yankee
Atomic Power Station.

Portions of this session will be closed
If necessary to diseus proprietary in-
formation appiicable Lo this matter
And provisions for physical protection
of this unit,
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Sam-Ilam: Maine Yo="rr Alomic

Power Station (open). Th  ~,mmittee
will hear and ciscuss pres :1lions by

representaiives of the NILC s aff and
the appiicant reiated Lo thie request to
operale Lhis unit at increascd puwer.
Portions of this session will be closed
if necessary to discuss proprietary in-
formation applicable o this matter
and provisions for physical protection
of this unit.

11 am-12:15 p.m. Ezecutlive sessicn
{open). The Committee w:iil hear and
discuss reports of Subcommitiees and
Working Groups on a nuraber of ge-
neric maltters related (o reactor safety
including anticipated transien’s »ith-
out scram and proposed revisions to
NRC regulatory guices. The Subcom-
mittee on the Vermont Yankce MNucle-
ar Power Station will also report on
operating experience at this fac.uty.

1:15 p.m.-2:15 p.m.. Report on Inler-
governmenticl Rerview of Nuclegr
Waste Manayement (cpen). The Com-
mitlee will hear and disoucs a report
by representatives of the NRC regarad.
ing NRC participation in the program
for reviews of nuclear wasie manage-
ment and disposal.

215 p.m.-2:30 p.m.: Ezcculive session
(open). The Commuttee will hear and
discuss the report of the ACDS Sub-
committee and consultants who may
be present regarding the request lor
operaticn of the Indian Point Nuclear

Station, Unit 3, at full
power. Portions of this session will be
closed if necessary to discuss propri-
etary information applicable to this
matter and provisions for physical pro-
tection of this unit.

2:30 p.m.~4:30 pm. Iadicn Point Nu-
clear Generation Stetion, Unil 23
(open). The Committee wili h.ear pre-
sentations by and hold dscussions
with representatives of the NRC =talf
and ‘he applicant regarding the re-
Quest for opcration of tius vnii at full
power. Portions of this session will be
closed if necessary to discuss progri-
elary information appiicaile to this
matter and provisions for phvsical pro-
tection of this unit.

$350pm -850 pm. Ezec .. e session
(open). The Commiltee dizcuss
proposed ACRS pos.tion 1 com-
ments regarding generic - s reiat-
ed to nuclear powerplar: oty in-
cluding the use of Class 9 1c-cents for

evaiuation of alternate reacior sites
and Lhe source term used in reactor
safely analysis.

The Committice will also discuss its
propoicd reports Lo the NRC on the
Maine Yankce Nuclear Plant and the
Indian Point Nuclear Generaling Sta-
tion, Unit 3.

Frioay, June 2, 1978

830 am-1:30 pm. Mecting with
NRC sta/f (open). The Committee will
hear presentations from and hold dis-
cussions withh members of Lhe NRC
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21384
staff regarding recent licensing actions

and operating experience Including
the seismic reevaluation of several nu-
clear powerplants and review of a pro-
posed safe shuldown system for the
Oconee Nuclear Plant.

Representatives of the NRC staff
and its contractors will also report to
the ACRS on gcneric matters related
to nuclear powerplant safety inciuding
the bases for combination of selsmic
and other dynamic loads, the proposed
use of Class 9 accidents for evaluation
of alternate powerplant sites, and com-
parison of risks from nuclear power-
piants with other socictal risks.

The future schedule for ACRS activ-
fties and topics proposcd for considera-
tion by the Committee will also be dis-
cussed.

230 pm -6 pm.. Erecutive session
(open). The Committee will discuss
proposed ACRS comments regarding
the establishment of a quasi-‘udicial,
statutory board to Ilnvestigate reactor
sccidents. The Committee will also dis-
cuss proposed comments regarding ge-
neric matters disrussed during this
meeting and misceilancous Committee
sctivities including reorzanization of
ACRS Subcommittees and Working
Groups and a proposed periodic report
of ACRS activities.

The Committee will also discuss pro-
posed reports to the NRC on the
Maine Yankee Nuclear Plant and the
Indian Point Nuciear Generating Sta-
tion, Unit 3.

SATURDAY, JUNE 3, 1678

8:30 am.-12 noon’ Ezecutive session
(open). The Committce will aiscuss its
proposed reports to VRC regarding the
Indian Point Nuclear Generating Sia-
tion, Unit 3, and the Maine Yankee
Atomic Power Statton

‘The Committee will complete discus
sion of generic matters and miscel..
necus ACRS activities considere .
during this meeting.

Proccdures for the ccnduct of and
participation in ACILS meetings were
outiines in the FepeEraL REGISTER on
October 31, 1977, pase 56972, In ac-
cordance with these prccedures, oral
or written statement may be presented
by members of the public, recordings
well be permitted only during those
portions of the meeting when a tran-
scripl is beir.g kept, and questions may
Le askcd only by members of the Com-
mittee, its consuitants, and staff. Per-
sons dcsiring to make oral staterments
should notify the ACINS Fxecutive Di-
pector as far in advance as practicable
80 that appropriate arrangements can
be made to allow the nccessary time
during the meeting for such state-
ments.

I have determined In accordance
with section 10(d) of Pub. L. 92-463
that is is necessary to close portions of
the mecting as noted above to protect
proprictary information (5 US.C.

582b(cX4)), to preserve the confiden-
tiality of Information reinted to safe-
guarding of special nuclear material
and the physical protection of nuclear
facilitirs (5 U.S.C. 553bte) (1) and (4)),
and to protect information the reicase
of which would represent an unwar-
ranted invasion of personal privacy (8
U.S.C. 552b(cx8)). Scparation of factu-
al information from information con-
sidercd exempt from disclosure during
closed portions of the meeting Is not
considercd practical.

Background {nformation concerning
ftems to be consicered during this
mecting can be found (n documents on
file and avalilabic for public inspection
fin the Nuclear Regulatory Coinniis-
sion’'s Public Document Room, 1717
Street NW., Washington, L.C. 2C:
and in the following public docume:..
roomsi

Lotant Pornr NucLzAR GENERATING
StatioNn, Un1T 3

* Tlains Public Library, 100 Mar-
Avenue, White Plains, N.Y.

Tyt
.

w

MAINE YANKEE ATOMIC GENERATING
STATION

Wiscasset Public Library, High Street,
Wiscasset, Maine 04578.

Further Information regarding
topics to be discussed, whether the
meeting has been canceled or resche-
cduled, the Chairman's ruiing on re-
quests for the opportunity to present
oral stat .1ents and the tune aliotted
theref~r can be obtained by a prezzid
telechone call to the ACRRS Executive
Director, Mr. Raymond F. Fraley, tele-
phone 202-634-1371, between 8:15 am.
and 5 p.m. e.d.t.

Dated: May 15, 1978.

Jorn C. Hovie,
Adwvisory Commiltee
Managemen! OJjicer.
27 Tes 78-13560 Flled 5-16-78; 9:48 am)

[7590-. .1

ACYISORY COMAUTTEE ON REACTOR
SAFEGUARDS

Proposed Meetings

In order to provide advance {nforma-
tion regarding preposed meetings of
the ACRS Subcomniittess and Work-
ing Groups and of the full Committee,
the following preiiminary schecdule is
teing puvlished. This prellminary
schedule reflects the current situation,
takiag inio accocunt add:l.onal mect-
ings which have been schediled and
meetings which have been postponed
or vanculed since the iut list of pro-
posed meclings publisted In the Rz-
DERAL RECISTER on April 28, 1978.
Those mectings which are definitely
scheduled have had. or will have. an
individual notice publsiied in the Fed-

il Recistem approximately 15 days
(or more) prior to the meciing. Those
Subcommittee and Working Group
meetings for which it Is anticipaled
that there will be a portion or all of
the mecting open to the public are in-
dicated by an asterisk (*). It is expect-
ed that the sessions of the full Com-
mittee mecting desiznated by an aster-
sk (*) will be open in whole or in part
to the public. ACRS full Committce
meetings begin at 830 am. and Subd-
commitiee und Working Grouz meet-

ings usually begin at 8:30 z . The
exact time when f{tems list n the
agenda will be discussed d.. & ful
Committee meetings and Wi .. Subd-

committee and Working Gro'.o meet-
ings will start will be pubi.. 2d ap-
proximately 15 days prior ‘o cach
meeting. Information as to sncther a
meeting has been finnly scheduled.
canceled, or rescheduied, or whether
changes have been made in the azenca
for the June 1-3, 1§78, ACRS [uld
Committee meeting can be obtained
by a prepaid telczrone call to the
Office of the Execut. e Director of the
Committee, telep: 202-634/1374.
Attn.: Mary . V ‘rholt, between
815am ar . >pm .5
SUBCOMMITIYE AND v ORKRING GROTP
MEETINGS

*Davis DBesse Nuciear Power Slation,
Units 2 and 3, May 18, 1978, Washing-
ton. D.C. Rescheduied to June 30,
1078. Notices of this meeoting were

ublithed In the FYypERAL REGISTER on
May 3 and 11, 1578.

*Vermont Ycnkee Nuclear Pzurer
Stction, hiay 19, 1978, Vernon, Vi. The
Subcommittee will review the operat-
ing history and fuel performance for
this station. Notice of this mcating
was published in the FEDERAL RECISTER
on May 4, 1978.

*Fruid/liydraulic Dynaemic Effects.
May 23, 1978, Des 2.iines, Il The
Subsommitice il dizcurs items relat.
ed to tine Alark I, II, and III contin-
ment sy:i:ms. Notice of tliis mceting
was pubiisned in the [FEUERAL RECISTER
on May 8, 1978,

*Diadlo Canyon Nuclear Power Stc-
tion, May 24-25, 1978 (rescheduled
from May 17, 1378), Washincton, D.C.
Reschedulea to June 14-15, 1978,

*3iaine Yankee Nuclcar Plant, May
25, 1972 (rescuedaicd from May 2,
1978), Washirgton, D.C. The Subcom-
mittee wili review the request of the
Maine Yankee Atomic Fower Cerp., to
operate thus plant beyond the FSAKR
designated power of 2,560 1MAW(t) up 2
a power level of 2,620 ML), Notic--
of ti:s mezuing were publishicd in L e
FeperaL Resist—n on April 17, May 2.
and May 11, 1573

*Anticipatedt
Seram (ATW.

Traasients Without
*fav 26, 1978, Wash-
ington, D.C. T corking Group il
discnss varions .o pertaining to an-
Ucipated tradsic s durang reactor vp-
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Issue Date:
SEP 29 978

_'3-\ " ? Meeting Dates:
i h 2 June 1-2, 1978
! MINUTES CF THE

218TH ACRS 'TETING
m 1_2' ;978
WASHINGTON, DC

The 218th meeting of the Advisory Con. ‘*tee on Reactor Safeguards, held
at 1717 H St. N.W., Washington, DC, was . ~.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 Committee Act (FACA) and the
Government in the Sunshine Act (GISA), Public Laws 92-463 and 94-409,
respectively. He noted that no reguests have been made from members of the
public to present oral statements. He also noted that copies of the
transcript of some of the public portions 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£: - Ace Federal Reporters, Inc., 444 North Capitol St. N.W.,
Washington, DC ..00l1.]

I. Chairman's Report (Open to Public)

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

A. Reviewers

The Chairman named Mes:irs. Berder 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 Cammittee's nominations for new
members to be appointed by the Commission has been submitted to
the Camnissioners. As of the beginning of this meeting, all the
Commissioners had not voted yet.

1



MINUTES OF THE 218TH ACRS MEETING JUNE 1-2, 1978
D. ACRS Fellowship Program

The Chairman roted 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 assignments of fellows, and present its recommenda-
tions to the full Coittee 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 Level) (Open to
Public)

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

A. Suxcommittee Report

Mr. Kerr, Subcommittee Chairm:~ reviewed the chronology of
the licensing actions regarding t Maine Yankee Atomic Power
Station, and noted that the origina. :afety evaluation was carried
out at a power level of 2560 MWt, bu: tnat the ACRS report associ-
ated with the operating license was written on the basis of 2440
MWt. 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 .valua-
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 di’fer-
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 be
operated at the new higher power level, and that current safetv
criteria and rules will be satisfied. He noted that the NRC
Staff's current evaluation uses meteorological data gathere:x
during 1977, and with those data and the new criteria used, t:-
NRC Staff obtained results which require that the technic:.
specification leakage be reduced from 0.15% per day, which
used in the old evaluation, to 0.1% per day. T~ Licensee  :
accepted the proposed leak rate in the new Technical Speci: .=
tions. However, the NRC Staff questions whether the 1977 metecro=
logical data is in fact representative. Therefore, the NRC Staff

2
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MINUTES OF THE 218TH ACRS MEETING JUNE 1-2, 1978

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 from 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.]

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 1s currently expending
upwards of $1 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 Cperating Parameters

T. Bergeron. YAEC, described the site and its location,
the area demography, 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 accicents for radiological dose assessment,
identified the design basis accidents that were reevaluated
for the 2630 MWt stretch power submittal, compared the analysis
of steam generator tube rupture for the final safety analysis
report vs. the stretch power submittal, 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 submittal, 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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D.

submittal, discussed the doses from the fuel handling incident,
compared the loss of cooclant accident doses calculated for the
FSAR vs. the stretch power submittal, and discussed the doses
fram a loss of coolant accident, the revised LOCA analysis, and
the revised doses from a LOCA (see Appendix VII).

4. Safety Comparisons

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

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 Reports, and has found the performance
of the plant to date to be satisfactory. He noted that there has
been no operator-generated 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 hydroxide spray systems are now gravity feed systems, but
if a hydrazine system is adopted, a positive pump injection system
will be reqiired. The difference between the use of hydrazine and
hydroxide as a means of controlling iodine is the limitation on
long-term retention.

Caucus .

The Comnittee 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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IIX. Meeting with NRC Staft on the Use of Class-9 Accidents for

B.

c.

Alternate Site cvaiuation (Open to Fublic;

[Note: Thomas G. McCreless was the lesignated Fede:a' Emplon:ze
for this portion of the meeting.])

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

Introduction

D. Bunch, NRC Staff, briefly reviewed the recent work tou
identify better ways to compare alternate nuclear power plart
sites. He noted that in a letter dated Mecember 10, 1975, ka2
Comnittee suggested that the NRC Staff explore the use of che
recactor 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 ¢f the letter.

Reactor Safety Study (KSS) Consequence Model

R. Blond, NRC Sta.f, discussed the applicability of the RSS
Consequence Model, CRAC-code, for evaluation of the enviroament
impact of potential reactor accidents. Be discusse® the limita-
tions of the CRAC-code, described the code, discusse. he parame-
ters by which environmental impact is descrit«- . oresented the
schematic outline of the¢ CRAC-code, discusse: ctne =1-= Ja:ca
requirements necessary for analysis by the CRAC-code anc --e azzeas
in which the CRAC-code is effective, and outlined thc -eseacch
program for improvement of this methud (see Appenaix X).

Mr. Isbin asked whether the witer pathway in some cases, that
is through a flowing aquifer, does not produce consequercas at
least as serious as an air release of radioactive mater:ial.
Members of the NRC Staff offered their opinion that tre conse~
quences fram the air release are more serious, but members of the
Committee disagreed with this characterization.

Use of RSS Consequence Model in Site Reviws

D. Bunch discussec the envirormental 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 : "-ors influencing
consequences of accidental releases, exampi. 92f methods of
camparing alternative sites, estimates, at varic.. orobabilities,
of early fatalities fyr cne reactor, comparisons of relative

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

In answer to a questicn of why rore-melt is not considered by
the NRC Staff in its safety analyses, H. Denton said that the
safety analyses and reviews followed the standard review plans.
The NRC Staff is not presently addressing this gquestion in the
nf:ty review, but does consider total risk in the environmental
'" w.‘

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 Cammissioners.

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

[Note: Ragnwald Muller was the Designated Federal Exployee 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 statement to th: white House by September 15, 1978.
I-""‘ally, the following departron+s and agencies were involved:
De ... o. State, Dept. of the I'-:.rior, Dept. of Transportation,
De; of Erergy, Office of Managem:~: and Budget, Council on Envi: =
menv . Quality, Environmental Prc::-tion Agency, Office of Sc: e
and Technology Policy, Domestic Fo..cv Staff, and National Secur.:y
Council. NRC was purposely omittec .-om this task force on the - :318
that a regulatory agency shculd not - involved in the developre:: of
a national policy for the disposa. . waste. NRC disagreec ~ith
this concept, contacted the Dept . Znergy, and has sinc: -een
included in the task force on a nor.oting basis. Three adc.:.onal
organizations, NASA, Arms Control anc Disarmament Agency (ACT' . and
the National Governors Conference requested inclusion in ¢  -ask
force; NASA and ACDA were added, but it was believed that vt~ ‘res~
ence of the National Governors Conference would be inappropriace for
the setting of national policy.

§. 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,
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e a public announcemert explaining the problems and proposals, and

® a legislative package.
Six active working groups have been established to address what were

considered to be major issues, ana agencies have been assigned to
take the lead in these areas:

e Alternative Strategies -- Office of Science and Technology
Policy

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

e Transportation — DOT,

e Defense Waste — DOE,

o Spent Fuel Charges — OMB, and

o International Aspects —— Dept. of State.

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

o Low Level Waste,
@ Mill Tailings,
¢ Decommissioning and Decontamination.

NRC personnel are involved in all taree of these subgroups, as well
as with high level waste which 1s being considered by the Alternative
Strategies Working Group.

Meetings are planned with interest groups, and di-cussions are
planned to inform the public, including scheduled meeti (s in Boston,
Denver, and San Francisco. NRC is taking the lead .» developing
relationships with State governments. The nonvotina status of the
NRC and the Task Group, has presented no problems as yet, since no
wvotes have been taken. NRC is participating as fully in the Task
Force as any other group.

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

.
.,
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It was the consensus of the Committee that the impressions
it had received at the 217th ACRS meeting, at which time it was
con:luded that the participation of the NRC in the Task Force was
inadequate, was erroneous.

V. Meeting with the NRC Staff on Recent Licensing Actions, Recent
to-.ng Experience, Generic Matters Related to Light-water
turs, and Future Agenca (Open to Public)

[Note: Richard P. Savio was the Designated Federal Employee for
this portion of the meeting.])

A. Oconee: Safe Shutdown Heat Removal System

M. Fairtile, NRC Staff, said that he had xept proprietary
information to a minimum in his presentation, and had limited
it to a single slide. [Note: The meeting was closed to the
public for the presentation and discussion of this slide. ' This
one page of the handout will not be provided with the Appendixes
made available to the Public Document Rocm or to copies provided
outside of ACRS.]) He discussed a Licencee-proposed safe shutdown
system conceived as a backup core heat removal system, independent
of other heat removal systems, for the three units at Oconee. The
system functions by maintaining adequate reactor coolant system
coolant volume and steam generator secondary side cooling volume.
The system will have a dedicated diesel generator multi-volume
tank, ¢ - - d=c power distribution system and the needed d-c power
supply, all housed in & building separate from the rest of the
plant. The existing reactor protection system, including 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 2 conceptual stage, and
the status of the NRC Staff review is as follows:

® The proposal was presented by Duke Power Co. to the NRC Staff
on January 18, 1977.

® 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 transmitted
to the Licensee on May 18, 1978.

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

.
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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 accomplished approximately 30
months after approval of the concept.

@ 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. (For 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. Pairtile indicated to the Committee that at this time the
design is merely conceptual, and that the details of the design
are not available. However, he assured the Committee that the NRC
Staff would not permit a piping arrangement with respect to the
spent fuel pool, from wnhich 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 LOCA conditions.

B. Skagit: Reevaluation of Related Geological Faults

C. Stepp, NRC Staff, informed the Committee that this presen—
tation would deal with the NRC Staff's interpretation of the
Shuksan Thrust Fault, the earlier interpretation of wn:ch is now
being c..allenged. He said that in the earlier interprc:ation. the
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Thrust 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. The 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 conclus.ons. 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. Whetten's
analysis and interpretation of the existence of the fnuksan Thrust
Fault is in fact merely academic. Whether his interpretation 1is
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 being carried out to satisfy certain

legalisms.

In answer to a gquestion, 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 earthguaxe of
Richter magnitude 7.5 with an epicenter approximate.~ 20 km Zrom
the site, which translates to an intensity of MM VIT ° IX. 118
design also embraces earthquakes of lesser intensity .°a macrn . cude,
so that if some new small faults were found active, .t 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-
tim' m wu XII.).

Watts Bar, Sequoyah, and Bellefonte: Review of Seismic Design

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

W. Gammill 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 recommended
approaches (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 matter of judgement.

Mr. Siess requested that the NRC Staff provide him with a
1list of additional plants, if any, for which :- was requiring
similar seismic design reevaluations.

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
Pinal Safety Analysis Report for Indian Point, Unit 3. The NRC
Staff concluded in that report that there was no evidence t~:t the
Ramapo Fault is capable within the meaning -~ 10 CFR 100. =:.aver,
the NRC Staff recognized that some micrco. .cthquakes have  “een
associated, at least geographically, with -2e Ramapo Fz..: 1in
the historic record, and it was suggested tnat the quest:cn was
still open. Subseguently, a consultant to the Licensee, Dr.
Radcliff, in his mapping of the Ramapo Fault determinec that the
Indian Point Unit 3 is located very close to the -:..t. That
mapping precipitated a very extensive additional i . stigation,
including the establishment of a microearthquaxe -onitoring
network consisting of 11 stations, closely centerea around the
plant. The second part of that study was a geologic structural
investigation of the fault itself, to determine all of the ele-
ments of the fault zone to establish which of the faults had the
most recent movement. The elements of these faults were dated.
Movement on the faults was dated by taking mineral assemblages
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 cata, that this

1
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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
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 / oeal
Board, and it was concluded that the fault is not capable wiu "
the meaning of 10 CFR 100, and the extension of that conclusion 1.
that ‘here is no basis for continuing the monitoring network.

J. Kelleher, NRC Staff, discussed the paper published -
Science, Vol. 200, April 28, 1978, by Y. P. Aggarwal and L. -.
Sykes. (For the Aggarwal and Sykes report, and additional ccm-
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.)

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 *hat at Crystal River, Unit 3,
two burnable poison rod assemblies failed. He described the
core ~onfiguration, identified the s - en locations where control
rod guide tubes are placed, and 1. «d 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 toison rods are used at the beginning of a
fuel cycle, and then >-= replaced with orifice rods. These
orifice rods are insert : to control flow through the control rod
guide tubes. He then .::icribed the design of the orifice tubes.
when notified of the croblems 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
burnaole poisor. assemblies with orifice rods. On May 22, the NRC
Staff was notified that Davis-Besse was encountering handling
problems in the removal of the burnable pcison 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  -spection at Davis-Besse by June 15. In the interim, Babcock
and wilcox has recommended to operators of their plants that two

12
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pump operation be minimized, and that the »lants be monitored
closely for loose parts. This matter is beinc reviewed by the NRC
Staff. (For background material on the B&Ww orifice rod assembly
failures, see Appendix XX; for details of the NRC Staff presenta-
tion, see Appendix XXI.)

Connecticut Yankee: Behavior of Boron Carbide Burnable Poison
Plates in the Storage Rack of the Spent 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 assembli2s 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
amount of swelling is directly related to the radiation exposure
in th~ spent fuel pool. The Licensee plans to fix the problem by
drilling 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.)

Basis for the Combination ~f Seismic and Other Dynamic Loads

R. Mattson, NRC . :i:, .d that he would attempt to give the
Comittee a status re-ort <r. zne NRC Staff's endeavor to write a
white Paper on where, now, - 2 why loads are c mbined 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 .oad
cort inations are an important element. He suggested tho: -ae
Can . .tee permit him to treat these zactivities as they bear ci: -ne
loa? combination guestion, rather t- -~ restructuring the NRC Staff
to answer the general question or .cad 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 fram an interpretation of General Design Criterion 2. GDC .
requires that lcads be cambined appropriately. A second reason toc
combining loads -av be to provide conservatism to cover fail.::
caused by unde:: ted flaws during the design earthquake, or Li:
In combining lcacs, responses are also being combined. One way 0

13
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combine loads is the absolute or linear summation of peaks.
Another means is the use of the square roct sum of the square
method, which method is currently being arguea 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 equipment in the primary
system leads directly to a LOCA, whereas the failure of electrical
equipment because of an undetected flaw does not lead to a LOCA.
HBe said that it is not a question of agreement with the method,
that what he is explaining is merely the rationale for what 1is
being done. Most of the arguments for combining the loads., ard
determining where the combinations will take place, are matt=-; of
engineering judgment. He noted that GE has proposed, and tn~ =C
Staff is proceeding with a review, a method for demonstratir~ e
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 summation of the peaks was required for combin=-
ing the SSE and LOCA loads. Mr. Bender questioned br'.i 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.

Skagit: Destruction of the Meteorological Tower

R. Woodruff, NRC Staff, informed the Committee 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
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I. Puture Agenda

The Committee agreed upon a tentative future schedule for the

review of cases (see Appendix II).

The Committee and the NRC Staff agreed, because of the

originally proposed heavy load for the 215th 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. Subcommittee Reports

1.

Regulatory Activities

Mr. Siess, Subccrmittee Chairman, said that the Subcommit-
tee has reviewed prooosed Regulatory Guide 1.133 (Rev. 1),
Loose Parts Detection Proaram for the Primary Systems of
Light-Water-Cooled Reactors, and recommends that this Guide
be referred to the Power and Electrical Systems Subcommittee
(formerly the Electrical Systems, Control, and Instrumentation
Subcommittee) for further review. They further recommended
that upon such review, the Guide be referred back to the
Committee for its comments. The Committee concurred.

Mr. Siess also noted that the Subcommittee recommended
that the Committee concur in the regulatory position of Regu-
latory Guide 1.136 (Rev. 1), Material for Concrete Containments.
The Cammittee so concurred.

ATWS

Mr. Kerr, Subcommittee Chairman, reported on the Subcom-
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 dlscussed. He
noted that additional meetings have been ucheduled 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 (nstitute. In addition, the
NRC Staff has been requested to 3ke a presentation at the
220th ACRS meeting; and plans rave been made to schedule
presentations by representatives or vendors and perhaos others
at the 221st ACRS meeting.

15
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3.

Mr. Kerr recalled that in NUREG-0460, the NRC Staf:

concludes that an appropriate val_Pe to assume for the frequenc
of an ATWS event is about 2x10 ° per year. This is based c~
the NRC Staff's conclusion that *he unreliability of shutdow:
systems is about 3x10 °, and that there are about 6 antic:i-
pated transients of concegn per year. The NRC Staff ha:
established a goal of 10 per vear for ATWS events tha-
contribute *%c core-melt. Based on this goal, and the N
Staff's assu “tion about ATWS frequency, they have conclu: -:
that a mitigating system or systems is needed in order -2
resolve the problem. In order to achieve the goal, assum: g
about 10 tr ients a year, requires a frequency of approxi-
mately 10 per year, if one depended upon the shutcc.n
system alone for safety. Mr. Kerr noted, however, that the ..°C
Staff’s conclusion,that the frequency of an ATWS would be .-
the range of 10 per year, is based upon only one aa-:
point, and that number is not consistent with the one da:
point. This data point was based upon the Kahl reactor
Germany. While the Staff reaches these conclusions usi:
probability calculations, it does not propose that the fix ..
judged by probability considerations. It propcses, rather,
that the ATWS become a design basis accident. Mr. : - rr conclu-
ded that this form of designation will require a . .¢ makinc
hearing and proceeding, and that the NRC Staff is ::--mmendinc
that this hearinc be held, ar Jat an approvea evaluation
model, which des-  es scenarios -at would accompany the ATWS
events, be conside- !. Mr. Ker: «fered the opinion that this
problem is becoming 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.)

Ver:nont Yankee

Mr. Isbin, Subcommittee Chairman, recalled for the Commit-
tee that the Vermont Yankee Nuclear Power Station utilized
a Mark I contairmment, anc 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 subcommittee. During the interim period,
the commitment by Vermont Yankee remains that no structural
part has a factor of safety of less than 2, and by the time the
long term program is completed, in 1981, the factor of safc.;
'111 u ‘I
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Mz. Isbin said that the Comittee had been provided an
historical account of the position of the Committee regarding
the desirability of having the containments of the BWwRs of
this vintage inerted. An Atomic Safety and Licensing Appeal
Board Hearing resulted in the ruling requiring that the Ver-
gont Yankee containment not be inerted. The claimed advantage
of a non-inerted containment has been that it would provide an
increased ability to enter the containment 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 intoc the containment, even with the reactor
operating at a ratnher high power level (75%) were made. Scme
ten entries made since 1975 were summarized, and the beneficial
effect of having a deinerted containment was a' 0 summarized.
(Mr. Isbin could not say with certainty whether the Drescen
2/3 and Quad Cities 1/2 have qualified for deinerting, La- =2
on the latest interpretation of Regulatory Guide 1.7.) =
recommended that the Committee should schedule a report Irom
the NRC Staff on this matter.

Mr. Isbin noted that the Licensee does r~t consider a
loose-parts monitoring system as an aid in sa: °y. He sug-
gested that the Committee request the NRC Stai: o0 provide a
report on the status of their review of the GE Tooical Report,
NEDO-10780-5, Develooment of Vibration Monitoring Systems 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. The 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 ncted that there have been no
gesidual problems with snubbers. Mr. Isbin noted that the
generic items of the BWR rec:-culation pump potential Ior
overspeed is still under rev: v Dy the NRC Staff. Ge- ral
Electric submitted a report i +ay, 1978, which claims <
decoupler is not needed. Mr. Isoin recommended that a ¢ °
from the NRC Staff be scheduled regarding their eveluatic: o
this GE report.

Vermont Yankee is in its fifth fuel cycle, and ther=-
fore has conducted five in:tial startups. The NRC Sta-
reported its monitoring of ~ie startups to the Subcommittes.
Mr. Isbin noted that for marn’ vears ACRS has been requestirc
the NRC Staff to prepare cr:-eria relating to fuel reloads.
Be suggested that the Commi:.ce request that the NRC Staff

17
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brief the Committee on this matter. With respect to Vermont
Yankee, no unusual problems or concerns were icdentified. A
control rod has been removed fram the reactor for testing and
examination, and the Committee 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
commitment 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 charnel 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, wnich has reduced flow vibration of the
low-power radiation monitors (LPRMS). 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) ha'» an average life
time of about two years, and that the Licensee replaces the
LPRMs at a rate ~f about 13 out of 20 per fuel cycle.

Mr. Isbin no*ted that the Vermont Yankee has doubled the
capacity for cpent fuel storage, and additional expansion
will be completed before 1980, providing approximatelv 2000
cavities, representing an expansion of about 4 times. ‘he
salety aspects have been extensively reported by means an
NRC Safety Evaluation Report, and in the ASL3 proceeding: e
Subcommittee received an appeal from Diana P. Sedebotn. :n
behalf of a coalition that had bee. an interveror to the ~..>
hearing. The coalition is concerned about the ultimate a.
posal of the spent fuel. Mr. Isbin said that some additiona.
remarks were made in conjunction wich the Mark-I containment.
He requested that the ACRS Staff review the statements and
determine whether follow-up through the Committee is warranted.

Mr. Isbin noted that some recommendations were made by the
Licensee at the Subcommittee meoting for increased participa-
tion in licensing reviews (see '.pendix XXIV).

18
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C.

4. Radiolngical Effects and Site Evaluation

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

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

0 inadequate for distances beyond 25 miles,
0 inadequate for sea coast sites, and
0 inadequate for river valley sites.
Mr. Isbin suggested that the Cammittee should consider,
and attempt to develop a collegial opinion, at the 219th ACRS

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 comparative site analysis, for
consideration by the Committee at the 219th ACRS meeting.

Report on Meeting of the International Commission on Radiological
Protection, Stockholm, May 22-7, 1978

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

Reorganization of ACRS Generic Subcommittees

The Committee approved the proposal to reorganize the ACRS
Subcommittees and Working Groups into ACRS Standing and Ad hoc
Supcommittees as proposed by Mr. Siess (see Appendix XXVI) The
Committee 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 Subcommittees and
make adjustments as appropriate.

19



MINUTES OF THE 218TH ARS MELTING JUNE 1-2, 1978

F.

Amendment to ACRS Bylaws

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

Reevaluation of ACRS Generic Matters Applicable to Light-Water
rs

The Committee agreed to a review, as proposed by Mr. Bender,
of those generic items listed as resolved and resolution pending
to determine if chances are aporopriate (see Appendix XXVII'., It
was also agreed that the Generic Items Subcommittee will review
the implementation that has been made of resolved generic items.
Unresolved generic issues will .< assigned to the appropriate
generic subcommittee to work t. ward resolution of the matter.

Subcommittee Activities

1. Indian Point — Seismic

The Committee recuested that the ACRS Staff should try to
arrange for presenti-ions by Drs. Aggarwal and Sykes to
explain their papers . :zarding the seismicity of the Ramapo
Fault. A joint mee~.ng of the Seismic and Indian Point 3
Subcommittees is schezuled for June 16, 1978.

2. General Electric Test Reactor — Seismic

A joint meeting ~f the General Electric Test Reactor and
the Seismic Subcommiz-ees is scheduled for July 21 and 22,
1978 in San Jose, Cal.. ornia. Seismic matters relating to the

GETR will be consider<:. (For background, see Appendix XXVIII.)

3. Future Schedule

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

4. Reactor Operations

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

.
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G.

I.

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.

Review of Department of Enerqgy 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 Chairman Anders had mace
arrangements with ERCA (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 Cammittee by June 30, 1978. This will provide
an opportunity to review the operating experience at the Hanford-N
reactor since the lsst ACRS review.]

ACRS Reports and letters

1. Maine Yankee Atomic Power Station

The Conmittee advised the Cammission that it believes that
there is reascnable assurance that the Maine Yankee Atomic
Power Station can be operated at power levels up to 2630 Mwt
without undue risk to the health and safety of the public (see
Appenc ix XXX).

2. Letter to Representative Udall

The Committee approved a letter to Rep. M. K. Udall, 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
XXII).

The 218th ACRS meeting was adjourned at 4:01 p.m., Friday, June 2, 1978.
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% : UNITED STATES
W @' 3 NUCLEAR REGULATORY COMMISSION
A T ADVISORY COMN: I TEE ON REACTOR SAFEGLARDS

4’}5 WASHINGTON, D. C. 20556
¢°
LT A
AFDPENDIX 11T
Dear

The attached 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 assictance in bringing this program to
the attention of your doctoral candidates and post doctorals who
may be interestcd. As you will note, most of the fellows will
be working in kashiraton under guidance of the ACRS Members and
senior Technical Staff. Those feilows located 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, vork on the review of specific nuclear power
plant license applications will be lTimited for the most part to
analysis of the analytical methcdology and technology applied to
the evaiuition of nuclear fac'lity safety.

If you need further informati-n on the program, please call Mr.
Marvin C. Gaske at tie ACRS Washington office, tel. 202-634-1371.

- o
R. F. Fraley 6

Executive Director
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2 APPENDIX IV
caine Yankee, Project Status Report

PROJECT STATUS REPORT
MAINE YANKEE
DOCXTT NO. 50-309

FACILITY CESCRIDTION

1. Llecaticn: Lincoln County, Maine

2. Nearest population center: lliscasset, Me which is about 3.9 miles
south of the plant. :

3. Type of Reactor: PWR - Combustion Engineering.
4. Licensed powver level: 2440 M37(t).

S. Date Initial Criticality: Cctober 23, 1972.

6. Date of Cormercial Operation: [ecerber 28, 1572,

—-

7. Q@ondenser ccoling water source: 3ack River (Atlaatic).
8. Ccndenser cacling methed: cice thregh. :

9. Licensee: !Maine Yankee Atcmic Power Company.

10. A/E § Constructor: Stone § Vebster.

OPERATING STATUS

Plant continues at essentially 100 % power. Continucus pover rin has now passs:
about 225 days with czpacity factor of 100%. Currently, the reactor core
contains cycle 3 relcad. :

PURPOSE OF SUBCOMITTEE MEETING

The purpose of the subcommittee meeting is to review the Licensee request
to operate beyond the FSAR power of 2560 MiY(t) to 2630 }Mi(t). The current
power level of Maine Ynakee is 2440 !W(t).
Note: . 2560 is 2.74% above the current power level,

. 2630 is 7.4 § above the current power level.
EVALUATION

The NRC in its review to increase paver (2630) has considered the follaving
items:
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PROJECT STATUS REPORT - MAINE YANKEE -2 -
EVALUATICN ( CONTINULD)

1. 2nalysis of accidents and transicnts.

2. Physics tests.

3. Fuel design

4. Ability of the plant structures to accormodate the increase.
S. Modifications of the Technical Specificarticns. .
6. Recent operating history of the plant.

1

The Staff Evaluation indicates that the results are accentable.

RADIOLOCICAL CONSENUTNCES

. - )
S (o

The Staff review of the radiological consequences of an accident is not
complete. The Staff indicated that the review and documentation should
be corpleted cn or befors Februazy 3, 1978.

The problem in the radiological comsequences analysis arises with the valus
of the calculated doses at the exclusion boundary exceeding 10CFR Part 100.
The Licensee, based cn new x/q values cbtained during the last nine months,
and using a single compartment model, calculates the dose at the bowmdary
to be within the limits of 10CFR 100. The Staff using a differsat x/q
value, due to different methedology from that of the Licensee and zdjusting
the FSAR dose calculaticn exceeds 10CFR 100 limic,

The Staff and the Licensee are now refining the analysis by using a tio
cempartrent model analysis which requires additconal information from the
Licensee conceming sprzy characteristics e.g., particle size, distributien,
etc. With this information and an agreed wa x/q value, a new dose value
at the boundary will be calculated.

The cutcome of the refined analysis may have the folloving consequences.

1. The dose at the site boundary at the present power level of 2440 may
exceed the 10CFR 100 limit, hence cperation at this level and at the 2560 or
2630 MV cannot be authorized unless modifications are made, either adminis-
trative or physical. At this time, this case has a distinct possibility of
occurring.

« 2. The Licensee may seek a relaxation in the containment leak rate defined
in the Technical Specification. Leak tests of the containment by the Licensee
indicate that the Tech. Spec. value can be reduced by 50%; with this re-
laxation in the leak rate, the applicont perceives that the dese limits may

be within 10CFR 100. ~

3. Another possibility to reduce to boundary dosage would be to increase
the exclusion area.

ACRS (TNLRIC ISSITS
The SCi did not Include a discussion of the ACRS generic issues. This matter
was discussed with the Staff and they will be prepared to discuss the issucs

if asked by the Sucommittee.
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APPENDIX V
Maine Yankee: ACRS Consultant's Report
Mr. E1 Igne

Staf{f Engineer

Advisory Committee on Reactor Safeguards
United States Nuclear Regulatory Commission
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 subcommittee
meeting.
" -~ /
’ F 1
] A/o\/ V
’ ' Melvin W. First, SC.D.
Professor of Environmental Health
Engineering
MVWF :me



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 i"terval of approximately 10 years.
The results of the new safety analysis show it in-plant safety consideratious
and the outside environmental consequences o. a DBA will be changed so little
at the higher power level as to be negligibl., 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 implications associated
with a change to an increased power level have made it extreme'y difficult to
judge the significance of the proposed changes by reference tc the older cal-
culations. As a consequence, it seems to me that the new saf¢ ty analysis must
stand on its own as a definitive study without reference to tte older sne. If
this is,indeed, the situation, it suggests that this new petition should be
reviewed with all of the thoroughness accorded the safety analrsis of a ne. 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,

/7-&



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 *han 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 thi~ 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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APPENCIX VI
Maine Yankee: Site Description and
Operating Parameters

MAINE YANKEE PRESENTATION

S17E AND PLANT DESCRIPTION

Licensing AND OPeRATING HISTORY
RELATIONSHIP OF VARIOUS CORE PoweER LEVELS
TECHNICAL PRESENTATION

IncipenTs CONSIDERED

RADIOLOGICAL ANALYSIS

SAFETY ANALYSIS

Mopiriep TIV/LP
FueL PERFORMANCE

EFFects on MAJOR EQUIPMENT



MAINE YANKEE
S17e DESCRIPTION

" LocATION
o Yiscasser, Lincoun County, MAINE

o 740 Acres, BAILEY PoINT,RIDGE OF BEDROCK
o Mintmum excrusion rapius 2000 FT.
o LPZ B MILES
PoPULATION :
o Toun oF Wiscasset 4 miLes ~2000
o Lewiston 26 miLes~45,030
e Bath 7 miLes~12,0C0
e LPZ 63 peorLe/mi2 yr. 2000

-7/






CITIES: POPULATION

Over 2500
0-50 Miles

Based on 1940 U.S.

Census

Fairfield
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Fig. 2.1-6G
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H‘I_\\ ME VAY'VYEE

1 NE YANKEE
" LICENSIMG AnD OPERATING

HISTORY

. . . ¥
ConsTRUCTICHN PERMIT OcToser 19€8
FSAR . AucusT 1970
ACRS LETTER . January 1972
StaFF SER " FesRuARY 1972
OperaTinG Licznse (75% of A
2440 1T . SepTeMBER 1372
ComperciaL QPERATION Deceraer 1972

OperATING LICENSE (2449 i747)  DECEMBER 13873

-

CycLe 1 (10,367 MiD/IT) * Dec. 1972 - Juvy 1974

CycLe 1A (4500 FD/HT) Oct, 1974 - Hay 1875

Core 2 (17,100 D/ JJune 1975 - tay 1877

CycLe 3 (5700 FWD/ID) June 1977 - Present
.\\ v



‘Cycle 1

Cycle 1A

Core 2

Cycle 3

e

Powver

(ML) Durnup

183012 | 10,367

24402

4,500
2440 17,100
24403 -
24404 9,700
25602 -.

\

P

MAINE YANKEL

Opcraring Illistory

11'
—(_”l“)

538
530
535
537
542
542

550

oI, 75% of 2440 MWt 9/72, OL 2440 MWt

tlever ,achicve 2440 MWL due té 1) bay

Special test

puring Cyclo 3 refueling RIS mods to

5/15/78 operated at 2560.MWt, 2250 psia and

Pressure
- _Apsia)

2000
1800

1800

2100
2250
'2100
2250

10/7%

temp., 2) LUGR limit, 3) B(ES Act.

allow 2630 MWC.

5500F

\

Dates

12/72-4/73 |
4/73-1/74

10/74-5/175

6/75-5/71
9/76

9/77-prcscnt

5/78 -+

‘65 Cycle

. Fuel .

-
unpressurized
low density

© 72 pressurized

remaining Cycle

pre-pressurized
high density

pre-pressurized
high density  °
1A



oe -l

MAINE YANKEE
ReLATIONSHIP OF VArRIOUS Core PoweR LEVELS

CorE
Powe Te PRESSURE LOW UCLEAR
MES of)  TTRSEARE (ko Puckeae
FSAR 25601 Slib 2250 320 _ DesieN
MAINE Y
Bcaation 24140 535-545  1800-2100 360 Repucen?
STRETCH Power 2630 554 2250 360 REDUCED”

1, THERMAL HYDRAULICS 2440 MWT, ACCIDENTS AND TRANSIENTS 2560 Mir
2. IMPOSING SPECIAL RESTRICTIONS ON PLANT OPERATIONSPDIL AND

. MONITORING OF CORE POWER DISTRIBUTION

3, 554OF anD 2250 equivALENT To 546 anp 2100



TECHHICAL PRESENTATION

INCIDENTS CONSIDERED
RADIOLOGICAL ANALYSIS
SAFETY ANALYSIS

MoprFiep TiY/LP

FueL PerFORMANCE

EFFecTs on MaJor EQuUIPMENT



Incidents Considered

Category 1l:

CEA Withdrawal

Boron Dilution

CEA Drop

Malpositioning of Part Length CEA's
Loss of Coolant Flow

Excess Load

Loss of Load

Loss of ‘eedwater

Stean Line Rupture (SLR)

Category 2:

Stean Generator Tube Rupture

CEA Ejection

Loss of Coolant

Radiological Consequenccs of SLR OQutside Containment

Radiological Consequences of Feedwater Line Ereaks
Ouiside Couialuaent

. Category 3:

Containment Pressure Analysis
Fuel Handling

Waste Cas System Failure
Spent Fuel Cask Drop
Radioactive Liquid Waste System Leak or Failure

A- 22
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’ _ APPENDIX VII
Maine Yankee: Radiolegical Analysis and
Performance

BASIS FOR RE-EVALUATION OF THE DESIGN BASIS ACCIDENTS
FOR RADIOLOGICAL DOSE ASSESSMENT

I - INCREASE IN STRETCH POWER OPERATING CAPACITY FROM
2560 MAT TO 2630 MWT

MAINE YANKEE FSAR ACCIDENTS EVALUATED AT 2611 MWT
STRETCH POWER SUBMITTAL ACCIDENTS EVALUATED AT 2683 MWT
(NET - 37% POWER INCREASE)

[T - CURRENT CRITERIA FOR EVALUATING DBA'S AS PRESENTED IN
THE STANDARD REVIEW PLANS FOR THE APPLICABLE ACCIDENT.

. [IT - MOST CURRENT METEOROLOGICAL DATA AVAILABLE AT THE
TIME OF THE STRETCH POWER SUBMITTAL
(DATA ACCUMULATED FOR THE 1975-1976 OPERATING
PERIOD)

-2 3



DBA’S THAT WERE RE-EVALUATED FOR THE
2630 MWT STRETCH POWER SUBMITTAL

STEAM GENERATOR TUBE RUPTURE

LOSS OF COOLANT ACCIDENT - DOSE ASSESSMENT
A. LEAKAGE FROM ENGINEERED SAFETY FEATURES QUTSIDE
CONTAINMENT
B. POST LOCA HYDROGEN PURGE
c. CONTAINMENT LEAKAGE CONTRIBUTION

MAIN STEAM LINE FAILURE OUTSIDE CONTAINMENT

FUEL HANDLING INCIDENT



STEAM GENERATOR TUBE RUPTURE
FSAR VS. STRETCH POWER SUBMITTAL

MAJOR PARAMETER CHANGES:

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

2. EVALUATION OF THE RADIOLOGICAL COMSEQUENCES BASED ON
PRE-EXISTING AND COINCIDENT PRIMARY COOLANT IODINE SPIKING.

5. RADIOLOGICAL DOSE CONSEQUENCES BASED ON LATEST ATMOSPHERIC
DISPERSION FACTORS AT THE TIME OF SUBMITTAL.



\$ CONSERVATIVE CASE

9-’ REALISTIC CASE

" CONSERVATIVE CASE WITH

COINCIDENT TODINE SPIKE

CONSERVATIVE CASE WITH
PRE-EXISTING TODINE SPIKE

6.4 +0=26.4x19°

TABLE 4.11-2

OFFSTTE DOSES FROM
STCAM GENERATOR TUBE RUPTURE

(0-2 HR)

SiTe Bounpary Dose (Rem)

THYROID WHoLE Bopy

*6.4 + 0 6.0 - 1
1.2 - 4 3.1-3
1.1 + 2 1.1+0
1.1 +% 7.0 -1

(0-30 pay)

LPZ Dose (Rem)

THYROID WHoLE Bopy
3.0 -1 3.0 -2
6.1 - § 1.5 -4
5.4 + 0 5.0 -2
9.0 -1 3.0 -2



MAIN STEAM LINE FAILURE OUTSIDE CONTAINMENT
FSAR VS. STRETCH POWER SUBMITTAL

MAJOR PARAMETER CHANGES:

1. INCREASED PRIfMARY AND SECOWDARY ACTIVITY LEVELS BASED ON
HIGHER OPERATINE LEVEL,

2, EVALUATION OF THE RADIOLCGICAL CONSEQUENCES BASED QN
PRE-EXISTING AND COINCIDENT PRIMARY COOLANT IODINE SPIKING.

3. RADIOLOGICAL DOSE CONSEQUENCES BASED ON LATEST ATMCSPHERIC
DISPERSION FACTORS AT THE TINE OF SuBMITTAL.

-7



CONSERVATIVE CASE

REALISTIC CASE

TABLE 4.i"-3
OFFSITE DOSES FROM S1EAM LINE BREAK

sy
ol

4.3

4.4

6.5

-2 H

i IDAﬁHOR E_DQEM)

l'l
b

1

1

2.1-3
o8 - 7

2.7 -3

3.3 -3

(0-30
Ihéﬁofgge (REM)

2.4 -2
9.7 - 8

3.2 -2

2.6 -2

Y)

biioLe Bopy
1.0 - 4

1.2 - 8

1.3 - §

1.6 - 4



FUEL HANDLING INCIDENT

FSAR Vs, STRETCH POWER SUBMITTAL

MAJOR PARAMETER CHANGES:

1. INCREASED FUEL ASSEMBLY IKVENTORY BASED ON HIGHER OPERATING
LEVEL.

2, RADIOLOGICAL DOSE CONSEQUENCES BASED OM LATEST ATMOSPHERIC
DISPERSION FACTORS AT THE TIME OF SUBMITTAL.



DOSE_POINT

*1.60 - 94 = 1.60 x 1074

IABLE 4,17-2

COSES FROM FUEL HANDLING INCIDENT

REALISTIC
CASE, REM

[HYROID

1.6 - 04

3.6 - 06

WHOLE BODY
1.4 - 03

51 -

CONSERVATIVE
CASE, Rem
THYROID WHOLE BODY _

2.6 +1 3. + 0

1.3+ 0 1.7 - 1



LOSS OF COJLANT ACCIDENT
FSAR VS, STRETCH POWER SUBMITTAL

MAJOR PARAMETER CHANGES:

1.

[NCREASED CORE HALOGEN AND NOBLE GAS [NVENTORIES BASED O
HIGHER POWER OPERATING LEVEL.

FACTOR OF TWO REDUCTION IN THE ELEMENTAL [ODINE REMOVAL RATE
CONSTANT (he ur-1)USED FOR THE SODIUM HYDROXIDE SPRAY SYSTEM.

ve USED IN FSAR ANALYSIS = 28.5 Rl
ve USED IN STRETCH POWER SUBMITTAL = 10,0 wR™1

CREDIT FOR A PARTICULATE IODINE KEMOVAL RATE COASTANT UF
\p = 0,708 HR-1 FOR THE STRETCH POWER SUBMITIAL. KO
CREDIT FOR PARTICULATE IODINE REMOVAL BY THE SPRAY SYSTEM
WAS TAKEN IN THE FSAR,

RADIOLOGICAL DOSE CONSEQUENCES BASED ON LATEST ATMOSPHERIC
DISPERSION FACTORS AT THE TIME OF SUBMITTAL.

POST LOCA HYDROGEN PURGE DOSE CONTRIBUTION WAS CALCULATED
BASED ON THE INCREASED POWER OPERATING LEVEL.

p0ST LOCA ENGINEERED SAFEGUARD FEATURES LEAKAGE DOSE
CONTRIBUTION,

H-3/



LOW_POPULATION ZONE
SITE BOUWDARY DOSE ( RE!
E(%-%‘ROURS?O E (Rem) DOSE_(ReM)

(0-30 DAYS)
NA . 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

Egﬁiigéﬁgﬁngcaéﬁow EH 138 9.5 15.9 0.62

DOSES FROM ESF COMPOMENT LEAKAGE
THYROID DOSE (mem) WHOLE BODY DOSE (REM)
107+0 1-5'“

EéE&Ua&QN AREA BOUNDARY

%8N-P98Ubﬁ$§9N ZONE 193 2.4 =5

DOSE _CONMTRIBUTION FROM POST LOCA HYDROGEN PURGE

LOCATION

WH Y DOSE (

LPZ (9-30 DAYS) 1.4 0.4
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@
MAINE_ YANKE

ACCIDENT ATMOSPHERIC DILUTION FACTORS (X/9)
EXCLUSION RADIUS (610 METERS)

DATA_PERIOD

VALUES USED FOR FSAR
SUBMTTTAL

APRIL 1975 -
MARCH 1976

JAHUARY 1977-

CJuLY 1977

JARUARY 1977-
SEPTEMBLR 1977

JAHUARY 1977-
DECEMDER 1977

DILUTION MODEL

PASQUILL “F" STABILITY
CLASS 1 m/sec INVARIANT WIHD

SECTOR INDEPENDENT (5%)

SECTOR DEPENDENT (SE - 2.2%)
(SSE- 3.2%)

SECTOR DEPENDENT (SE - 2.42)
(SSE- 3.4%7)

SECTOR DEPENDENT (N - 2.1%)
(SSE-3.47)

0-1 HOUR,X/0
sscm3§

6.48 x 107 .

8.07 x 107"

6.24 x 107"

6.22 x 1074

5,93 x 1074

al. .,

6.43 x 10-4

5.63 x 1074

5.12 x 1074

5.05 x 1074

5,05 x 1074

//



REVISED LOCA ANALYSIS

PARAMETER CHANGES:

1,

REVISED PRIMARY CONTAINMENT SPRAY MODEL,

A. SPRAYED VOLUME - 47,347 OF TOTAL FREE VOLUME
ELEMENTAL [ODINE SPRAY REMOVAL CONSTANT (3 g) = 10 Wr™1
ELementaL lopine DF = 100

B. UNSPRAYED VOLUME WITH GOOD COMMUNICATION
VoLuMe = 32,27% OF TOTAL FREE VOLUME
MIXING RATE BETWEEN SPRAYED AND UNSPRAYED = 10 HR-l

C. UNSPRAYED VOLUME WITH POOR COMMUNICATION
Vorume = 20.397% OF TOTAL FREE VOLUME
MIXING RATE BETWEEN SPRAYED AND UNSPRAYED = 2 Ha‘l

PRIMARY CONTAINMENT LEAK RATE = 0.10% pav™t

RADINLOGICAL DOSE CONSENUENCES BASED ON 1977 METECROLOGICAL DATA
(12 MONTHS)

REVISED HYDROGEW PURGE DOSE COWTRIBUTION BASED oM ADDITIZNAL ZINC
AiD WRC ZI.IC CORROSION RATES.



DOSES FROM LOSS OF COOLANT ACCIDENT - REVISED

TWO HOUR SITE BOUHDAPY DOSE 30 DAY LPZ (REM)
IHyROID Whote Bopy  THRyolD “WHoLe Bopy

CONTAINMENT LEAKAGE 176

ESF COMPONENT
LEAKAGE 1.7

POST LOCA HYDROGEN
PURGE
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Maine Yankee:

TECHHICAL PRESENTATION

INCIDENTS CONSIDERED
RADIOLOGICAL ANALYSIS

SAFETY ANALYSIS

Mopiriep TH/LP
FueL PERFORMANCE

‘ErrecTs on MAJOR EQuiPMENT

- HF-3G

APPERCIX VIII

Safety Comparisons



DEVIATIC!S FROM FSAR

Core THERMAL PowWER

RCS Frow

Core INLET TEMPERATURE
TURBINE RUNBACK

TM/LP Trip

METHODS

[ ¥



MAINE YANKEE
STEADY-STATE DNBR COMPARISONS

CorE Tc PRESSURE FLow {UCLEAR
POWER (OF) _(ps1A) _ P
-
FSAR 2560 H46 2250 324 DESIGN
MAINE YANKEE 3 _ 1
OPERATION 2440 555 - 546 1800 - 2100 460 REDUCED
STRETC
ﬁ Powe® i 2630 554 2250 360 Repucepl
N
”

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

2 DesioN PoweR DISTRIBUTION
5540F anp 2250 EQUIVALENT To S46OF anp 2100

MDHBR



£ -f

FUEL PERFORMANCE

¢ CLAD COLLAPSE
RF - 20,000 Hours, DiscHArGe 12,000 HOURS
EFGH -734,000 nours, Discuarce 206,400 HOURS
@ REACTOR COOLANT SYSTEM ACTIVITY

Core 2 -A,¥2,86x1071 ac/m
$7'2,19x10-2 u€ /ML

Core 3 -£,¥2.87x10" U'f/r«L -3.43x10" 1}‘( /ML
f‘l 15x10-3 4 /mL -2, 24x10 /qc /ML
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PVAR = A Qpyp + BTc + C
PVAR = 2016.1 Qpyg + 17.9 Tc = 10102
At 2630 MiT:
MopiF1ep SysTem: PyAR = 1980 PSIG
P - Pyar = 250, PSID
Previous System: Pypp = 2162, PSIG
P - Pyar = 48. PSID

-

P = oPERATING PRESSURE 221C PsiG

/7- 51



)’U.

MODIFIED TM[LP

™P
P = A(A *¥Q,) + BT, + C  [Mooirien)

AR ~

Pra = A R#Q + BT. +C

¥ Q IS EQUIWALENT To QR,

N l Q7

MoDiFiED SYSTEM ConNTAINS AN ADDiTenAL
FoneTiIaNn  THAT RELATES DNB To 0.

/7-S



EFeecTts on Magor EaquipmMeNnT

RCS :

Max 11U EXSECTED DEsicy VALUE
TemperaTURE  B0GOF 650CF (pressurizer 7000F)
PRESSURE 2300 psiA 2500 psia .

TemperATURE  530CF 5500F
PRESSURE 870 psIA 1000 psia

SuFETY Reraten Fouiprent

PERFORMANCE CHARACTERISTICS USED TO DEMONSTRATE THAT
APPROPRIATE CRITERIA IS MET FOR THE VARIOUS POSTULATED
ACCIDENTS AND TRANSIENTS,
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APPEIDIX IX
Background Material for Discussion on
Use of Class-9 Accidents for Alternate

Site Selection

SYNOPSIS OF THE
NUCLEAR REGULATORY COMMISSICN MEETING
BRIEFING ON SECY=-73-137
MAY 17, 1978

The Nuclear Regulatory Comnission met on May 17, 1973, for a briefing
Dy the NRC Staff on assessment of relative differences in Class 9
accident risks in evaluation of alternatives to sites with high pogu-

laticn densities.

Mr. Denton reviewed briefly the substance of the existing guidelines
to aid in the review of alternative sites frem the standpoint of the
su:touAéing population, indicating that if the population densi-v
projected at the time of the initial plant cperation excesds 550
F3I3Cns par s3goare mile avsrogsl cver any railal distance cuz to 30
miles, or the projected population density over the lifa tize of the
plant exceeds 1,000 persons per sguare mile, special attention should
be given by the NRC Staff to the consideration of alternative sites

with lower population densities.

1f the population density at a proposed site exceeds the guideline
value specified above, the NRC Staff will institute the special review
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 population density values between the

preposed site and the alternate site. Several guestions were raised

777



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.ows:

Commissicner Gilinsky asked why the NRC Staff is cealing only
with Class 9 accidents in the evaluation of alternatives %o

sites with high population density.

Mr. Denton responded that the NPT Staff nhas been routinely
dealing with Class 3 through Class 8 (Design Basis Accident)
accidents. Class 9 represents all accidents beyond Class &,
including thcse accident; that. lead %o core melt.

Mr. Bunch added that in the National Snvircnmental Policy Act
(NEPA) reviews, 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 detailed gquantitative

assessments.

In response to another question from Commissioner 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

- 7F
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NRC Mtg Briefing on Secy-78-137 3= May 17, 1978

Class 9 accidents the risks associated with these are very low
and the exposure appears to be in the same rance as the occupa-
tional exposure per year basis.

Commissioner Gilinsky asked the reasons for not quantifying the
Class 9 risxs for a particular site after it has gone tiarougn

the NEPA site selction process.

The NRC Staff responded that they have been following the guids-
lines provided in 10 CFR Part 10U for site evaluations. 1u CFR
Part 100 provides guicdelines and specific methods to calculats

risks for accidents oetween Class 3 and Class 8. There y2r2 no

enanial paskmimias arailakhle sa 2
SFeC13. TeCinigues 272L.82.3 T &

— - - s~
gLerarne 4 - .

te]

with Class 9 accidents until the development of WASH-1400. How-
ever, since WASH-1400 is still tein3 looked at oy t:r.xe Lewis
Committee, 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 Perryman.
The NRC Staff believes that the technigues available now are
good and adequate for assessm nts of relative differences in
Class 9 accident risks in the evaluation of alternatives to

sites with high population densities.

In response to a question from Chairman Hendrie regarding the

uncertainties associated with this CRAC code model, Mr. Bunch

H-Y



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 limivations. In spite of these
deficiencies, he believes that this Code has unigue ’cagability
of being able to organize informaticn on site characteristics
and accident releases, and then generate estimates of the
consequences of accidents that reflec: an integraticn of °:h'ese

widely varying but interrelated factors.

Mr. Levine commented that there are large errors and uncertain-—
ties asscciated with the techniques indicated in ASd-1400. In
addirion, *ne RSS consequence model was developed “o estimate
aggregate societal risks for a multitule of sites and not %o
estimacte size speciiic features. 1nis ncdel may provice reason-
avle results within a radius of 10 or 15 miles, because the
Gaussian metecrological model is accurate within that range.
However, the far-ou* doses are manrem-degendent, and it is

no* clear how good this model would be in calculating the far-out
doses because of lack of sufficient downwind data. He believes
that the effects of downwind should be included in this model.

Indicatine that this Code was developed to estimate aggregate
societal  isks for multitude of sites; Chairman Hendrie asked
whether it will Le appropriate to apply this for site specific

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

associated with the resul“s of such calculations?

f7-$70




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

The NRC Staff responded that the error associated with such
calculations would be within a factcr of 2, and they believe

that a relative factor of 2 is ingignificant.

In response to a question from Commissioner Gilinsky regarding

- - : i Al - - 1 3 - bl alk - =
TIe SSS38 o Sartach Sistances, Mo, Blan2 ncted kit zore than

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

the site.

Cermissicner Gilinsky asked why they do nct consider Class

accidents in all cases?

rir. Denton responded that after developing a competent *col *o
evaluate Class 9 accident risks, hopefully within a year, they
may be able to consider Class 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.

ANy



| . NRC Mtg Briefing on Secy-7€-137 -6~ May 17, 1978

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

and clarification:

1.

The role of uncertainties on the results of the calculations.

~ @ aporooriateness of using this Code in sire specific
calculations and the contribution of such calculations to

the evaluation of a specific site.

The calculations of this consequencz model don't seem to
correlate with the intuicion that sites with low population
dengitias are bDetter than those with high sczulation densi-

ties.

Is it really appropriate to confine Class 9 accidents %o
sites with a population density above 30C persons per sguare
mile?; do we know it for certain that there are no other
notable situations where consideration snould be given to
Class 9 accidents so as to preclude an incomplete and mis-

leading evaluation of that particular site?
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HIGHLIGHTS |
ACRS SUBCOMMITTEE MEETING Gi'
SITING EVALUATION
MAY 3, 1978
KASHINGTON, D.C.

The ACRS Siting Evaluation Suicormittee held a meeting on May 3, 1973,
at 1717 H Street, N.W., Washington, D.C. The purpose of this meeting
was to discuss the CRAC code model and its avolicacion in Class 9
accident risk assessments in the evaluation of alternativas to sites
with high population densities. CiAC is a consegquence rodel developed
for the Reactor Safety Study (WASH-1400) for the calculations of reactor

accident conseguences.

Dz, Moeller (Subcommittee Chairman), Dr. Kecz, Or. Sisss, Dz. Okrzens,
Mr. Sender, and the ACRS consultants Dr. Giffor?, Dr. Parxsr, a=3

Or. Foster were present.
The Subcommittee discussed the following aspects of the CRAC -ode:

1. tails of the Code.

2. Seme of the experiences that have been gained in the
apylication 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 s.te specific features.

5. The extent to which the evaluation of 1w probabil-

ity Class 9 accidents should be used in site

evaluat.ons. /7- ( 3
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The Subcommittee recognized the following:

1. The Code provides a means to identify the "important"

radicnuclides released in an accident.

2. The Code indicates thar the acure faralities 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 furtner indicates *na*t precipitation can be a
very impcortant facter, tscause it can act as a carrier

- for the r

dicactiviey or i= can brirz the radicachivity

down to the ground.

OBSERVATION
The Subcommittee identified that the following issues need more

definitive data and clarification:
1. The Code needs further refinements and improvements.

2. Since the source term is the predominant contributor
to the accuracy of the results of the Code, the NRC
Staff need to look more into the source term and more
into the influence of various in-containment phenomena
on the source term prior to its release to the environ—

757
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3.

The Code seems to have cer'zin limitations. According

to the meteorological consultants, the Code is principally
vseful in a dry desert region where reteorolegy is fairly
well know. They cautioned against application of this
Cece, particularly in Seaccast or Lake Sites cuz o the
difficulties in obtaining sufficient meteorological data

in those regicns.

nis Code was developed to estimate aggregate sccietal
risks for a multitude of sites and not 50 est_mata site
srecific features. Sevaral questicns remair to hHe

: - —— : - ' -l . ~ [ =1 -
answered. 1Is it apprepriase to use this Code for site

w

specific calculations? What would be the accuracy of
results when this is applied in site specific calcula-

tions?

What would be the cha'ges on the results of this Code

if population evacuation parameter was considered?

When considered alone, how important is risk assessment
in evaluating the advantages and disadvantages of

alternate sites?

/7— 3TE
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7. Can this Code be used in identifying means to reduce
risks, in addition to its use in the evaluaticn of

risks?

8. Will the application of this Code shorten the licensing

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

bBut not in the safety evaluation assesment?

The Subcommittee believes that, with further refinements and improvements,
this Cocde would Se an useful tool in the evaluation of sites for nuclear

. ‘I’ power plants.



SECY-78-137

CONMINVIISSIONER ACTICON

The Commissioners

tdson G. Case, Acting Oirector, Office of Nuclear

Reacter Regulation \

Tl ey o / ‘an ‘l CArecesal vari®diun Nl pambnm Fow Mramatinme~
S aes e ‘-'\ - - e s Wity Wil m e e m w s ow e e - - mew e
{

Subject: ASSESSMENTS CF RELATIVE OIFFERENCES iN CLASS § ACCIOEMT RISKS 1IN
EVALUATIONS CF ALTERMATIVES TS SIT:ZS WITH HIGH POPULATION CTuSiTL2

Purgosa: The Staff's criteria call for special consideration of alsarrati.:
sites when a nreposed sit2 nas a reiatively high populatisn czrs-
The Staff nas concliuded that, in such instancas, assassnants &7

o the relative differences in Class ¢ accicent risks shouiz Se in-
cluded as cne 2lement of the site scmpariscns. Tnis pacer Zravil:
the basis far the staff's conciusion, and seeks Commission C2n=-
‘ currence.
Batksrsund: Suddalires Usad 1n 2 Zsview of S742s wisth glatfvelr Liarse
—— e — e -’

Surrounging “0ouilations

As noted in the Statament ¢
it has been the past cracti

s
ad 2y i he C
sion to keep staticnary power and tast reactors awdy from
densely populated ar2as (27 FR 3508, April 12, 1662). Cne basic
i objective of the critaria in Part 100 is %0 2ssure that tre Iumu-
200 ClAsiar rative exposure dose to large numbers of reople as 2 corsaquancs
of any nuclear accident should de | in compariscn with wrhat
2l

+ C
Y

e might be considered rezsonadie for pcoulation dose.

Rl . As noted in 10 CFR Part 1CQ, the site location and the enjinecers
: features included as safeguards 2against the nazardous ConsécuLeri::

of an ascident, should one occur, shouid insure a Tow risk of

public exposure. I[n implzmenting the pravisions of Pa-t 1CC,

we nave maintained a conservative 2ggr2ach ia evaluating plant

safety and in est20lisning a Salance between compensating 2ngi-

nreered safaty features and populaticn dansity.

-
-

\ NOTE ENcLosuREs A, B and C . MENTIENED HERE ARE NoT INCLUPED.
_ 0TE : , 0., /
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From time to time central station nuclear power reactors have
been proposed which would be locatad in relatively pooulcus
areas. One such case was the proposad ‘lewbold Island site.. In
1973, as a result of staff review of Newbold Island, we conclucze
that there existed an altarnative site (adjacent to Salzm Units

1 and 2) which was 2 more desirapla altzrnative frem an enviran-
mental standpoint and that tne “ocrincival factor leading %o
this conclusion is the fact that the populazien density at the
Newbold sits is significantly larser than as the Salem lccass
(Enclosure A). The proposed facility was subsaquen 1y rel
to that alternative site (and is now named Hope Creek).

'
-

-
e
=

As a result of the Newbold Island revisw,

[ad
2
to aid in the review of altarnative sitas ¢
the surrounding populaticn (Snclosures 2 zan

uidance was deve
rem the standpoi
~

The substance of these cuidelines is that, if the pepulation
density projectad at the time of initial plant operzticn excesas
§0C persans per scuars aile averagsad cver any radi distancs ¢
to 30 miles, or the projected population dansity over +ha
lifetime of the facility exceeds 1,C00 nersons per scuare

mile, special attention should de given by the ssaff

the consideration of aiternative sites with lower pepulation
densities. . .

-
I}
i

These guidelines do not represent values that detarmine site
suitability. Rather they are 2 sert of threshcld or trigger
to indicate the need for additional consideraticn of scpuiatict
density in the environmental revisws of altarnative sites.

Specific guidelines have not been developed that nrovice the
bases for comparing 2 site whose populaticn exceseds the gquidelirs
values to an alternate site with a lcwer pcpulation density.

Both sites may be acceptabie provided a suitabiv designed plant
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 radic-
activity to the envircnment (routine or accidental) would

be proportional to the size and distributicn of the surrounding

population. However, the relative weight to be given to differercs:

in population densities detween alternative sites recuires a

Judgment on the relative weight to be given to risks associated = =-

/-5 C
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routine and accidental releases.

Generally, no significant weight has been given %3
differences in poou13t1on densities between alternative
sites where both are well below the guideline values of
Enclosure C. In such instances, the staff has taken

that position, based on the experienc2 gained frem pravicus
reviews of L4Rs at simlar sites.

However, for sitas where the surrounding soculation is
relatively largs, mcre detailed assessments are cailed
for. A variety of analytical models are availadle ¢ aid
in evaluations of site-te-sita .Wf‘o'ﬂnc=< from the stand-
point of consequences of reieases ¢ radigectivily and
which account rvr more factcrs than pcpuliazicn cdensi .
One of these is the Rweactor Safaty Stuay '*"sec;enc zel
(CRAC). While .ne CRAC mocel nas been pri-cipally emnleyad
in assessments of Class 2 accigents, it ha; Ceen ysa22 T2
assess the consaquences ¢f lesser accident: as well.

-y - n

=
-
-
%4

-
.

Whether 2ny or all of these mcdels should be used 2
supplement the site cImcarisons “’se” ¢a sopulatien density
depend in part on the perceived benefits ¢f siting in
relatively 1ow poputatisn density areas.

Analysis of tre i0ie of J'ass 3 Accidents in Savirormental
Reviews

At the outset of this paper, it was noted that one statad

policy objective in keegﬂ~c reactors from densely populiact:zd
areas is to minimize tatal OCCUla on dese in .ue event of any
accident (large or sra1s). The Statement of Ccnsideraticns

to Part 100 also nctes that events more severe than these cormern’.
postulated as representing a reasonable upcer limit in c:"s=c~="e:
are conceivable, althcugh highly imprcbable. The policy of kaect
reactors away from densely populatad areas is one step taken

to assure that the risks associatad with such accidents are
extremely low.

Follewing the enactment of the Maticnal Envirormental Policy
Act (MEPA), the Commissicn issued guidance on the treatrent
of acc1cents in envirormental reports of light water rescters
in the form of a precosed arre§ to 10 CFR Part 50, Apce"c .
In that gquidance (38 FR 2285 , Decemper 1, 1871) it
consequences of accidents teyond the design 2asis |
accidents) could be 3evere, Sut that the oropadilit
occurrence is so small that their environmental ris
low.,

is extreme’,

7-<7
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The annex stated that the consequences of Class ¢ accidents re
not be analyzed and, accordingly, until recently the Commissic
NEPA envi-onmen<a! reviews have nct included calculations

of the consegquerces of Class 9 accidents. Rather, staff
environmental impact stataments have discussed these

accidents only in @ gquaiitative sense oy restating the
conclusions in the progosed annex and by briefly referencin
the existence of a more quantative analiysis in The

Oasﬁ‘ﬂﬂ (:Geby Cbudu. 'f\-q1q sh 'le na&- gubo --\1 ﬁ-,’-
- v omy e ihias - 3

the theory of the proposed annex appears &3 Aave been
that NEPA requires no discussicn of events with minimal
risk.

3
n'

While the proposaed annex was never formally adcotad by the
Commission (for the past § years it has technica??y retained
its status as a procosed Ccmmission rule), the matter of
Class S accidents has been discussed extansively in
Cormission adjudicatsry decisicns. Thesa decisicns

[such as Shorenam, ALAB-156, 7 AEC 837, 834-335 (1873)

and Zion, ALA3-225, 8 AEC 381, 407-408 (1974)] are generally
construad as holding tha* MI2A dces not require that the
consacuencas af Class & 3c22anss Be consiceres uniass 1%

is established that there is a "rmasonadla probapility”

of the accident cccurring to warrant consideration of cen-

sequences.

These adjudicatory decisions have rested primarily cn the
absence of significant probability cf Class § accidents,
whereas the rule relies on the absenc2 of significant risk
(which takes inta account both probebility and consequences).
The staff's proposal in this instance is not bassd ¢n a unique
high probability of accident but rather on unique circumstances
which increase the potential consequences and thus the over-
all risk.

The Commissicn's practice of not specifically analyzing the
consequences associated with a Class @ accident has received
judicial sanction. [See, e.q., Carolina Envirormental Studv
Group v. U.S., S10 F. 2d 7% (D.C. Cir. 1975), Ecoioav Action
v. A.£.C., 492 F. 24 998, 1002 (0.C. Cir, 1874)] It is un-
clear wnether the basis for these judicial decisicns is low
risk or low probability.

/7'(, 0
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In sum, it is the present state of law *hat there need not
b2 any consideration of the consequences of Class 9 accidents

-in environmental reviews of nuclear license applications.

Discussicn:

However, this does not preclude the staff frem coing Seyend
the strict requirements of %he law when it will assist in
perfoerming its NEPA review.

Recently the cconsacuences of czrtain tyses of Class 9
accidents have been consideseq Ry the staff in connection
with their reviews of twe recent proceedings. In bSoth
instances, the justification for doing s0 was that there

timma mAaral csmasibhe Al bka mwndiass mial ERme e el cAmeamian
Mwi e vt et e e vw - e ey e e weN - - i e - -

(and hence risks) asscciatad with potential accidents acge
to be outsi'e of the parameters considered in the preposed
[cf. Citizens for Safe Power v. Muclear 2esula=arv Commisst
52+ F 40 128, 1299 {delbe LIl 1275,4. in cne o( tncse grocascing:

1

arguing that the a“*"‘*c=t:ry de:1s~ors aﬂd ~—*~c<ad annex

preciude consideraticn of Class § accident consecuencas absens

some shewing that such accidents 2re credible events,

The staff beliaves that the high poculation density wishin

the vicinity of the plant may de considerad ancrtner tyrs of

special circumstance waf-zhtif; 3 more ”=”*Tad avaluaticn cf

the ccnseguences of Class 3 acsidants, especially in vigw of

the policy objectives of Part 1CC.

The staff's bases for reccmmending that an alternative o the

Newbold Island site be considered were general in naturs (see
o

Enclosure A). Specific caiculations of accident risks wer

not performed, 2ither on 3 sita-specific basis or cn the

basis of relative or comparative differences between Newbalg
Island and alternative sites. Accordingly, the sucport for the
staff's views took the form of ¢ gualigat1ve and judgmental
argumants.

At about the same pericd in time, Baltimore Gas and Electric (2Ci:
submitted for review a proposed applzcat1on for a reactor at 2
site in Harford County, Miryland (the Perryman site). This site
was, as in the case of Mewoold Island, located in a relatively

A
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populous area. As a result of the initial staff reviews 3GEE was
advised that the size of the surrcunding populaticn at Perr man
needed to rec:sive special consideraticn. The popul ation densizty
values at Peryman were greatar zhan the guideline values issuez
after the New.dld Island decisicn (see Znclosures 3 and C)

In lTate 1576, the staff was informally advised by the 3altimors
Gas and Electric that they still intended = tender an applicasicz-

for a reactor at Perryman.

In anticipaticn that a site would be procosed that

excae led tha
above-mentioned pooulation censity guidelines (<he Par

ralan sits
canparativs
¢ B

NRR staff began explaring varicus methods %o aval:
differences between sites. (Cne of these metheds
of the RSS ccnsecuenca mocel.~ Using the RSS censaqu
the staff performed znalyses of the differences Setue
and other altarnative sites frem the stancpoint of accident
Population and other data frem the saveral identifisd altarn

sites in the Perryman application were used for this purpose.

~
~
o
ar
ats
avol:
zcue
-
=Y
E

n?
=

The results of this affort are susmarizad in Enclcsurs J which
also discussas the current limizaticns in use of the anaiyses.

' The RSS conseguence model was developed %3 es-imatas aggreqats
societal ~i3ks and rot o es<imitz sis=e ssseific feasurss,
Its appiicanility to a specific site nas not Seen fully assessac
and some specific concerns have peen raised as t3 irts agolicadii~ s
for such purpeses.*™ For this reason, it shcula be emghasizad :-:
the results should be viewed cautiously and no significance shcu’ -
be drawn frem small calculatad qifferences (e.g., factors of two =

s0) between sites.

* The possiole Uses of the R3S methods to help decision-making in areas such as
this was discussed in the memorandum from Lze V. Gossick to Cemmissicner Xenre:
of March 2, 1977,

** The Commission's Risk Assessment Review Group (the "Lewis Ccmmittse”) has
been established for the purpose of reviewing peer-group ccmments on the
final RSS report and the developments in risk assessment methodolcgy that
have occurred since the report was pudblished (see SeCY-77-350).

—
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In spite of these limitaticns, we believe that tnis tyre of
analysis is useful in the sanse of correctly intarrelating
the important factors. We do helieve that the results can
be used to assist in the evaluation of relative differences
between sitas. However, the Cocmmissicn snould be aware that
some 1itigants may argue that such an analysis in these
special cases 1s inconsistent witn severa)l Commission
adjudicatory decisions. w2 Delieve that the Commissicon
should consider the appropriateness of issuing scme clarifying
statement that consequencass of Class S accidents can be con-
sidered in special cases.

We had interded to include Znclosure 0 as nart of the overall
report on the staff's alternative site revizw cortiun of the
Perryman application (which was issued cn Zecesmper |
and to perform similar assassments in any future aoc
where the proposed site has a population density great
than that in the guidelines of Znclosures 3 and C. '
action was precluded Dy the neeg tu resclve scme reservaticrs
by the Office of Nuciear Regulatory Research (Zncicsure 3,

if published, would require scme modifications acssmmedate
the RES ¢oncerns). Their @ en {s
provided as Enclosure £ a

-
i

»
]

- &~

-~
mem

¢
...... grancuya cn this sucjecs is
nd & discussion of the memorandum
vided 2as zn¢! <

S e s

-
o Wi - -

The Office of Nuclear Regulatcry Research is organizing

a meeting in early 1978 of experts cn such consequence
modeling in order to develop a greater ccncansus cn

the deqree of applicability of the RSS conseguenca

model to evaluations of specific sites. ‘e would aiso

note that generic siting studies are part of the develgpment
plan for our reassessment of siting policy (see SECY-76-286A).
These activities should ultimately provide improved

bases for comparing altarnative sites. On an intarim

basis, we recommend that assessments similar to those
sutmarized in Enclosure D be performed in any future
application where the prcposed site has a poculation

density greater than that in the guidelines of Enclosures

B and C.
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Recommendation:

Enclosures:
See attached

1) Pending ccmoletion of the Ccmmission's review of its reacssr-
siting policy, that the Staff perform quantitative assassmen=<:
of the relative differences in Class 9 accident consaquercsas
and risks in the review of alternative sitas wher2 the orescss-
site exceeds the general oscoulaticn guidelines of Requiatsry
Guide 2.7. The results of such assessments of *he reiisivs
differences between sitas, from znis standpoint, would be
included in any reports on such roviews.

2) That the Cemmission consider *he
some clarifying statarent 29 the

aporooriataness of issuinc
affe

Annex to 10 CFR Part 30 Aprendix D ap
t
0

Ct that thne orsposen
plies to land-dasad

he last decade or 30 2n¢
lass 9 accidents may >=

designs. (Meos2, as

-
-

LWRs of the type licensed during
that more detailed consicerasion
warrantad for other types of si<es o ic%2,

staced on page 3, that the staff has performed 1imi=zd

analyses of Class § risks in te Clinch River and Flcating
Nuclear Power Plant revisws: bo*: involva concestus! casars.-s:
frem a typical LWR.) A statzment clarifying the anrex sheu®:
also inciude the Ccmmissicn's current views on the cossiols
value of such assassments in the evaluation of altarnatives

- < e g =4 e -~ neel - Ay e -
to sitas with high pcpulation densizties.

CELD has provided the legal analysis for this paper. R<E3
has reviewed the information and concurs. SO concurs. CeC
and OPE comments responded to at Snclosure G. Their ccmment
letters are included as Znclosures H and I

A

gdson G. Caséﬂ ACting Director
Office of Nuclear Reactor Reculation

NOTE: Commission comments sheuld be provided directly to the Office of the
Secretary by close of business Friday, March 17, 1578,

Cocmmissicn staff office comments, if anv, should be submittad ta the
NLT March 14, 1978, with an information copy to the Crfice of the See
paper is of such a nature that it requires additional time for analyt
Somment, the Commissicners and the Secretariat should e apprised of when canrrenc::

may de expected.

etairy.
c3l revizw

Commissicore-
r oy
1

-
<
-
-
-
=
-
-
-

DISTRISLUTION

Commissicners i oy
Commissicn Staff Qrffices
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Regional Qffices

Secretariat /7’ L f
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APPENDIX C

EVALUATICN AMD CCMPARISCM CF RELATIVE RISKS ASSOCIAT=D WITH
LARCe ~LCiut.linl RELZASeS A ALTS=lAS 5licd

INTRCCUCTIC!

PP .
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Under the pravisions ¢f the Atomic Energy Act ¢f 13%4, as amendad, the U.S
Nuclear Regulatary Commission regulatas nuclzar sower r2actors £2 minimiza
their potential danger %23 life and “r*pef* The NRC permits the canstruces
and operztion of 2 power reactor cniy when it ceterminas that the fTaciiizy
be constructad and cper 2d at the preoposed locaticon witheout undue risk 3
health and safety ¢¥ “-e public.

Events which may be anticipatad tc cccur cne ¢r more times during the 1if
of a faciiity are requireg to be controllieg such that no signifizint ragis
activity is released to the environment. Incidents and acc 1de s c3n Se
preven; d through the propar desicn, construction, and cperaticn of the T2
to assura that this goal is achieved. No dasign or meda oF cceraliion, hew
is entirely risk free. Despite the efforts to pravent significant accidar
releases frecm cccurring, the pcss1b111 ex ists, however unlikely, that si
Ticant accidantal relezsas may occur. NRC recuires, tue'efcre, that each
cation for a constructicn permit or cpera""; license Se accompanised Sy 2
datailed assassment.of such postuiated accidants.

The NRC staff has catagcorizad postulatad accidanis inta four majcr groups

follows: '

1. Anticipatad accidants with a mcderats prabability ef ocsurrsncs, which
lead to no significant radicactive relsases.

2. Accidents with a lcw probebility of occurrence, which lead to sm
radicactive releases.

< N Desxgw basis accidents with a very low procbability of eccurrenca, which
lead to large radicactive releases. These accidents arz pestuiated ¢9

evaluata the ace eptability of the reactor site and to establish per-

formance standards for the reactor's engineerad safaty features.

4. Accidents with an extremely lcw probability of cccurrence, which

e LN

TnVOA e
failures beyond thosa considered in the design of the piant's engineera:
safety features. These are typically represented b/ scme ccmbinati
failuras which leads to core melting and containment vessel failure.
events are accountad for in the regulatsory process Dy assuring that
probability of occurrence is a:cep»abIJ Tow. As a Pesu1.. consaquan
events in this group are aot specifically analyzed in most a;plicati

on ¢7
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B
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The Commission has a ling-standing policy of ancoura2ging the locaticn of reacs
relatively isolated areas, a colicy cleaariy stenming Frcm a consideraczian A+
Jotential consaguencas of accicencal releases. A3 a2 resylt of *his seiicy
- 5 imcortant 2 raview alternative sitas with regard ¢3 their zopulaticn
differencas.

rs

e

pIScussice

There apoear t3 e subssanrtial diffarencas in the number ind distribution ¢f
pecpie surrounding tne 2zclicant's 3dllarnative sitas. There are 3150 di®farencsas
in other fictors which 3ffzc= th@ conseguencas of accicantal ralaizses (2.3.,
meteorcicgy). Zach of these lifferences was reviewed for =ha Serryman site

and for the zpplicant's szlec=ad alternatives. Scme Giffarences were Judged
significant and thesa findings were included as part oF =ha overzll assassmant
of the alternative sitag nizzue=as ‘nthe maia Scdy of this repors.

However, mcst of the compariscns of differences and similarities among the
alternative si%ss wers qualitative in nature. In an atliamst 3 guanstify the
comparisons, the staff evaluatad she alternacive sits 4sing the consaguence
medel developed for the "Reactar Satety Study” (WASH 12C0).* This medal has

the unicue capabiiity of being 2512 %3 organize infermaticn 3n site charzctar.
istics and acaident releases anc then generat2 estimatas of the consequancas

0f accidents thast reflact an intagration of these widely varying sut intar-
telatad “aczors. Whila the mccel canszins many simplifysing 2ssymotions and
limitations the staff beliaves That its use can orovids ss-isianad sctentigiiy
va' ~bia iasignts to the present 2ilarnative site evaluzticon

‘; Ceniaquinia medal used {n WASHE-1430 (oRAC) consicarec tnrse general tynes of
effects resulting from large accidensa] relsases. Thesa ar2 (1) acuts injuriss,
such as illness or ceath, [2) longer term effacts, such as increased risks of latan:
cancers, genetic disorders or tayroic nccules, and (3) 2conomic ea tS, such as
Costs cf land decentamination or relgcation of people from contaminataed areas. >
Whether any of these effects will bSe significant depends on +he size of the acci-
dental release and on such factors as speed of evacuation of potentially expesed

individuais and metaorological conditions existing at the time of the release.
Thus there is no single effect that regresents the potential consequences of an

-
For the purposa of this evaluation, only releases to the atmosphere were
consicdered.

L o d
Section 5.5 o¢ WASH-1400, "Risks from Accidental Releases,” provicdes a summary
discussion of these factors.



accidental release.

bines various relata
of ‘a given consaquen
Section 5.5 of WASH-

One of the key features of the CRAC model is that it com-

i

and unrelated situaticns sg as %o estimate the srobadilisy
‘ne results generally take the form summarizad in

d -
ce.
14c0.

The results in Section 5.5 of WASH-1400 are not site specific, they are Sasa¢
on an amalgam or ccmposite of demegraphic and metaorelogical conditions at 33
sites.* While this process may have heen usefyl for tfle ourcoses of the "Qeac==-
Safety Study," it makes 2ny avaluz=isn of sita-to-sita variacions difficyls.

While the CRAC cade can Se used o2 generita sits-specivic consequenca issaess-

ments, its utility for sita scecific calculaticns nave not een fylly asssssea.

There have Sesn spzcifiz concarns sxorassed re@ga&rding 173 apoiication 23 siza
specitTic assassments, princizally arising from scme 27 *he simplifizd assumc-
tions in the consaquence medel. There is an engeing review of tha final rsscr=
f the Reactor Safety Study and comments Oy invelved and interestad parsies

on the study. Hewever, as notad above, tha CP2C cacds Foes permis intagrated

assessmants, which if used judiciousiy, can provice improvec 1nsignt as ¢

the significance of variations in site characteristics amongst altarnestive

sites.

For purposes of cemparing the candidata sitas, a 4100 Mit reactor was assumed
(WASH-1200 assumea 2 3200 Mut reacsor) No variations in Zesicn or sits

charactaristics were presumed %o affect the protadiiity of an accidental
release. Since the principal obizctive was 2 examine the relativa characzzriz-

tics of the alszrnative sitas, +he aczidens catageries used 1 wnona-1400

(Table 3-1) wers no: changed. The key assumotions taken “rom WASH-1400 in

this recard were the PUR releass catageriss 2nd thair rzlisivz =rstasilisy

ar example, it was assumed for purscses of this rsviaw -nac 2 ralzise
Juivalent in magnitude 2 2 PHR-3 in WASE-1400 was 35 <<=as =gra Ticely

vidn & relsase sgquivalant o 2 ~ui-2 In Tn's way coimpariscns among the

alternative sitas could be drawn without regard to the Specitic vaiue of the

probability of a major accident.

Since site spacific meteorolegical information was available far Calvert Clifss

and Perryman, this data was used in *he énalysis for beth sita2s. The data fro=

these sites were considerzsd %2 be reascnatly representztive of %he other

candidate sites for the purocses of this study. The data for thesa two sitss

were medifiad to reflect estimated differsnces in directicnal ~sind frequenc
and then applisd to the other sites. Sitc specific estimates of populaticn
districu®i~a and habitable land (land use) were also included s inout %2 *the
caiculations. Scme factors that are likely to be site specific were assumed
to be ~onstant; for examplie, a constant set of evacuation speeds was used &t
all s1ies (e.g. 1.2 mph).

RESULTS

mcde! are summarized in Tadle C.1. As expected the caiculations indicass
to-site variations in the impacts of 2 major accidental relaasa. For exam
the eccncmic costs associazad with svacuation were comgutas o be about 10
times nhigher at Perryman tnan at Cilvert Cliffs. The calculated mean acute
“talitiss at Fairnaven were accu: taree times thosa at Ferryman. The

fferences in beth cases can te dirsesly attributed =3 tne numcer and lccasicn
of people residing in the vicinity of each sita ’

L

c-3 A~

The resylts cf performing sits specific assessments using WASH-1<00 consequencas

D w»m



. : TABLE C.1
‘ RATIQ QOF MEAN VALUES OF CONSEQUSNCSS A

" 10 1AUSE Al

Ratio of altsrnate sites t3 Perrvman

1
nsequencs® Perryman 2ainbridce Carsentar 2% Calvert Cli®fs

. Acute Fatalities 1.0 Q.76 Q.74 0.45

3.

. Acute Injuries 1.0 1.5 1.45 0.75

L

Latent £ffe
Early and C

CApOsSUre

cts from
hronic

-
-

()
-
.

—
~
—
-
—
[
w
L8 2]

Evacuation Cost 1.0 0.30 0.34

o
-4
O

]

Total Cost w/
decontaminaticn 1.0 0.78 0.79 0.38

Total Man-rem 1.0 _ 1.12 bald 0.€0

g 3agquencas do not includa the heaith effecss ta the :transisnt populatic
‘.. in faciiicies such 25 officas, instituticons, etg., 1022%2: relacive!:
i0S@ $O the reactor Dyt no: reiated 0 nucisar staticns Qogeratian, nor do oo
nclude costs asscciatad with contamination of these facilities as a resuit o
. large accidental release.



TABLE C.2
ACUTE FATALITIES FCR VARIQUS PRCSABILITIES FCR ONE

REACTOR AT ALTIRNATE SITES

llllll

e
Chance per No. of earlyv fatalitias
Reactor ysir Perryman Bainhrid Carsenter Pt, C(Calvert Cl1iffs Fairnma
one in 2000 <] <l <l <] <i
one in 1,000,00¢ <i 30 i0 <i E
one in 10,000,000 2100 980 1250 600 18C<
one in 1060,C00,0C §700 3200 2900 2800 38,2CC
one in 1,000,0CC,CCQ 11,000 76C0 21,000 23,C0C »100,2¢2
L
‘.l’ C-5
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vtner 1nG1€2S SnCw the same treng, namety tnat Laivert LI1TTS generally rankeg
lowest in computad ccnsequences, Fairhaven ranked the highest, with Perryman
somewhere in between. The total range was generally less than 3 factor of 5.

The distributicn of values frem the mean was also examined. These results shcusz

.ﬂ'm' lar trends. .

- an attempl to z3in scme additicmal perscective cn the risks {as ocposed t2
expectad corsaquencas) asscciated with large ac.identa! reieasas, :the distri-
bution of a particular risk, namely the icute fatality, for 2ach candidate si1%2
is summarized in Table C.2 (uS1ng 'or this purpose the numerical oroocabili
@stimatas of WASH-1100 for var~i W] r2l2ase catagories). Other risks cail-
culated by the CRAC Code can be deve?oped as in Table C.2.
Finally, rough estimates were made of risks asscciatad with large accidental
releases frem & pCwer reacstor at the T altarnmats sitas, expresssd as doellar
costs per reactor year. The rasylts are shown in Taple C.3. For the purpesa
of there astimatss, the variocus health effacts (excluding acute fazalities)
were assumeq To nava a cost measured hv 31000 cer man-rem, aTtiar tne fasnicn ¢f
Appendix ! %3 10 CFR Part 50. The “cost" of acuts fatalitiss was taken as
$1,000,000. The results are therefore 2 measuyre 2f site diffarencas in popu-
1atnon di s'*t'u:t:n and t2 2 lesser extant metesrolcgical characteristics.
The S1GCC/man-rem valuye is used in 2art 30, Acpendix [ as the cost/tenafit
index to detarmine if radwasta treatment augmentation is cost eoffactive. It
reprasents a conservative estimata c' ”o]Tar ¢osts asscciates with scmatic nea’:n
effects frem low-lavel radiation ari sirg from ncrral glant cperation (preobadilic;
of occurrence = 1.). For this evaiuatizn, the ccst of 2 man-rem should Le
appreciably icwer. For exampie the 3EIR Repert cizes & range oF §12 to 31205 car
man-rem Tor gen ;::::.‘/ retatsd ”ea.:w gffecss. It is unlikely that tha
darate costs OF scmatic effacts weuld be sucstantiaily above this range,

‘ shough as notad adgve, 3 value ¢f 510C0O/man-rem has been ussd for curcoses
of 10 ¢FR S0 Appenciz . Howavar, intangiSies inveived in meonatizing n23ith
effects warrant the usa o7 a higher valye for this analysis
Quantitatively, the estimated arnual public "risks,' which might result frem
these very low proscability events, ranged from $350,C00 at Calvert Cliffs %o
$700,CCC at the more densely populatsd sites. ’err/ncn was scmewnat less than
twice that of :a’vof' Cliffs. Trese results do not reflect a1l differencas in
site characteristics wnich could have a significant effect on the.total risk.
For e<=mp1e. the possibility of high evacuztion speeds at Calvert Cliffs was
noted dut has not ceen considered in the estimates of acute excosure at that
site in comparison to the cthers. Also, tne costs for procerty damage, with
and without decontamination, were based on assumpticns 'ra* la'd—use character-

istics were similar for the 5 sites. 8y rougn estimate, the average cost o
land surrcundi ing Perryman and Calvert Clif fs is $3CCQ ger acre, even though the
land at eack sita is put to different uses (i.e., Perryman with the nearty
military complex and Calvert Cliffs with extansive agriculture). A more det2iisz:
estimate could well indicate that the costs ¢f ‘atardicting large gortions of

the Aberceen Proving Ground and Edgewccd Arsenal near Perryman for a parice of
years (including the possible loss of emplayment of the 12,000 werkers) woulc

be significantly higner than the cost of intsrdicting the praccminantly agricul-
turai lancs surrsuncing Calvert Clirffs.

] C-6 .
| /7-70



. ot b e Ao te L . o Hovma b, Rooal ol by Lt ‘
r

Anwal Occurrence Rate § Cost per Case § Awews) wisk?d ’

Comsapuence r g o n m 4 ( r n e
Acute Fatalitfes rx10t 3x0Y sk sx0' 200 $1.000,000 700 300 500 500 2,000
Man-rem 565 16 615 615 s $1000/man-remd 565,006 336,000 635,000 635,000 487,000
Property damage S x lu" al) cases as determind by 35,000 10,000 25,000 25,000 30,000
caleulation =T el AN

Total $600,000 346,000 660,000 660,000 519,000

1. Ihls value has been arhitrariiy selected. A value of $200,000 pev fatallty was reported fn Risk Management Gulde™, ERDA 26-45/11 (June 1927).

neever, other estimates have been deve loped

whilch ave somewhat higher.  This value, as well as other values In this table, should be reqarded

as Hlustrative only. A wide vange In estimated socletal costs of fatalities has been reported.  The value used In this table may te on Lhe
low slde, shuce 1L does not Include the costs that mlght be assoctated with a medical treatment and care of {ndividuals followlng a major

erpusme to vadlatlon. lowever, the results
value assomed for acute fatalitles.

2. Ihe 1000 per man-rem |s an arbitravy value,

from this table would fndicate that the total wonetized annua) risk s not sensitive to the dollar

selected as Il histratfve of the soclelal costs assoclated with the lunger-term health et fects that

mlght result fyom an accldental velease.  The spectfic value §s that reported In 10 CIR SO Appendix 1, although 1t Is recognized that the
comsiderations (hat led to the Appendix | value are not divectly comparable to this exinple. As discussed In the text, Lhis estimate may le on

the high stde.

3. The computed results do not veflect site to site vartatlons In speed or ease of evacuatlon of the surrounding populatlon. As discussed In Lhe
text theve s a veason to belleve that Calvert ClHIffs may he somevhat hetter than Pevryman fn Uhls respect. If true (a detalled evaluailon
would he vequired to conflvm or deny this speculation), the differences belueen Perryman and Calvert CVHIffs would be greater {for all three

tateqortes of consequences) than presented.

4. Monellzed amual risks assoclated with low probabillity, potentially severe consequences events could be estiwated In a varlely of ways. One
alternative would he to estimate costs assoclated with cach of the several types of health effects In Table C.). The staff is of the opinfon
- that such an approach would not result fn estimates stgniffcantly above the values estimated heve, and could be stgulficantly lower. A different
approach would be to adjust these estimates to reflect percelved socletal tolevance lo (or al. rnatlvely, percelved aversion to) very foprotable,
potentially severe consequence events. Finally, adjustueats could be mate In the monetfzed risks to reflect differen. event probabiditles for

the varfous release cat- gories in UASIH-1400.
variations,

Honetheless, the values clted are regarded as reasonable and are |)lustrative of the site-to-s'te



CON LUSICNS i

Tbe s1mp11f/1ng assumptions and limitations of the present ana1/ses serve %0

.’*ﬁhasu- that resulss cbtained from this use of the CIAC code must be viawea

‘ % -

h caution; their arincigal value in this alternative site review is 3
indicate trends and to assist in an evaluation or the relative magnitude of
site-to-sits differences. [ should be emphasized that the cilculations
using the CRAC code would not generaily be concuctag in the review of alterna-
tive sites. - As discussed in the main tedy of this report, the Perryman sits2
has a surrouncing scoulaticn ~n1cn is, or will e, consi cerabiy in axr2ss 3¢
the henchmarks of SCO 2nd 12CC secple per square nw!e. Given this circumstancs,
a special, more detailzd issassment was in order.

In app‘/.“ these results, it is alsc important to keep in mind that the
comparisen of health effects from low pr~oab111./ accicents yses site locatieon
as the only variable. Health effects from alternative sources of elecirical
genaratisn 24 the various sites were not considersed.”

-l - - -

Nonethelass, ‘he staff has detarmined that there are consistant diffarences
among the sites from the -:aﬂduOT" of accident risks, but that in all cases
the risks are low. Taking all facsars into account, the CRAC analysis
supports the conclusion that Calvert Cliffs {s superior to Perryman from

the standpoint of accidental releases.

3 » - - » -
2o te 'R 2 Ad % in
* $£an s 22drasssd in 3 csneric sense in

l!l‘s NVM'- - - svohe Il & S$9iG: e SBiies i TeitTew Ywwe:
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APPENDIX X
RSS Consequnece Model, CRAC Code

THE CONSECUEHCE MODEL CRAC PROVIDES A
REASONABLE EVALUATION OF THE INPACT OF
POTENTIAL REACTOR ACCIDERTS ON THE ENVIROUHMER

@ CALCULATES HEALTH ArD PROPERTY RISKS
@ RCZQUIRES SUBSTANTIAL SITC DATA
@ LIMITATIONS SET BY RARDOM NATURE
OF SITE METZCROLOGY
@ PROVIDES SIGHIFICANT INSIGHT IKTO
POTERTIAL ENVIROHMENTAL EFFECTS
@® REQUIRES FURTHER RESEARCH TO [PROVL
LICENSING APPLICABILITY

.



CRAC EVALUATES TWO TYPES OF
ENVIRONMENTAL IFPACTS

®  KEALTH CEFFECTS (POPULATION)

[MEDIATE DEATHS
[ITEDIATE THJURIES
LATENT CANCER DEATHS

GENETIC EFFECTS

@  PROPERTY DAIIAGE (LAKD VALUE)
[NTERDICTION
DECOHTAMINATION COSTS

CROP LOSS

OBSERVATIOIl: CLASS 9 ACCIDENTS ARE RESUIRED FOR THE
PLANT TO SUBSTANTIALLY IMPACT THE SITE

F-77
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CONSEQUE'ICE MODEL CRAC) IS A PROBABILISTIC
TOOL WHICH iNTEGRATES PLANT/SITE
CHARACTERISTICS T PROVIDE
COMPLENENTARY COMULATIVE DISTRIBUTION FUNCTIONS

(CCDF) FOR HEALTH g PROPERTY CONSENUE!ICES

CONVOLUTION OF
1. REACTOR CORE [HIVEHTORY

2. RELEASE CATEGORIES (3-PWR, S5-BWR)

3. MWEATHER COIDITIONS (91 sTART TIMES)

4. POPULATIOWN DISTRIBUTION (15 secTors)

(1] @
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ENVIRONNMENTAL IFMPACT OF PLAWT ON SITE IS
DETERMINED BY FOUR CHARACTERISTICS

®  POWER LEVEL (MAGNITUDE)

RELEASE
®  ACCIDENT DESCRIPTION (MECHANISIT)
®  METEOROLOGY/TOPOGRAPHY -———>  DISPERSAL

®  POPULATION/LAND VALUE —————  EXPOSURE



OWER LEVEL DATA
: »
' SESCRIPTION
OF RADIDACTIVE | ATMOSPHERIC
DCL'AS; DISPERS ION

-

l HEALTH
r’ EFFECTS

CLOUD
* DEPLETION ~»  DOSIMETRY ——  POPULATION
! £ i
~ SROUND L__J . :
l CONTAMINATION

EVACUATION l
L

SCHEMATIC OUTLINE OF CONSEQUENCE MODEL
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SITE DATA REQUIREMENTS FOR CRAC ANALYSES

HOURLY METEOROLOGICAL DATA FOR ONE YEAR
A. THERMAL STABILITY

B, WIND SPEED

C. PRECIPITATIO!N OCCURRENCE

SEASONAL DATA

A. WD ROSE

B. MIXING DEPTH

POPULATION DATA

A. 16 SECTORS

B. 34 DISCRETE INTERVALS TO 500 MILES
LAND USAGE DATA

A. FRACTION OF HABITABLE LAND
B. FRACTICH OF DAIRY FARIS
C. FRACTIO' OF NON-DAIRY FARMS

/7—’7 'Y
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LIMITATIONS OF CONSEQUENCE !1ODEL

SITE SPECIFIC CONCERI!S

DIRECTION CHANGES CAN BE 1! PORTALT

LOCAL TERRAL
(ULTI-STATIO!N METZORCLOGICAL DATA

WIND SPEED-STABILITY-PRECIPITATION WIi
ROSE SHOULD BE IHCORPORATED

/7- &0



LINITATIONS (continuep)

ERROR SPREADS O RESULTS DIFFICULT TO ESTARLISH

A. TODEL INPROVEMENT POSSIBLE I FOLLOWIHG AREAS

PLUNE RISE

RELEASE DURATION

BUILDING WAKE

MIXING JEPTH

ATMOSPHERIC STABILITY CLASSES
PARTICLE SIZE

DEPLETION

PRECIPITATION

B, TETEOROLOGICAL DATA UNCERTAINTIES
C. PUPULATION LOCATION & VARIATIOIS
D, EVACUATIOR MODEL

E. HEALTH EFFECTS MODEL

e ———— e —— - ——



CRAC CALCULATIONS PROVIDE SEVERAL
VALUABLE INSIGHTS

Iii TERAS OF CLASS © EFFECTS FOR 3200 MWTH
PLANT
A. LATENT CANCER DEATHS (HAM-RE)
DONINATE HEALTH EFFECTS

B. LATEKT CANCER DEATHS ARE
DOITIRATED BY CHRONIC LOY-LEVEL
EXPOSURES GCCURRIiG BETWEE:

25 ARD 20C I1ILES FROM PCWER-PLAIT

C. INMHEDIATE DEATHS ARE GENERALLY
LIVITED TC AREA WITHIN 20 [1ILES
OF POWER-PLANT

D. COSTS ARE DO:INATED BY
[KTERDICTION AND DECOITTA:. i
COSTS WITHIN ABOUT 3G !1ILES OF
THE POWER-PLANT



INSIGHTS

(comT]
THE IMPACT OF A REACTOR ACCIDEN
BUT, IS A COMPOSITE OF MANY PRO

IN CONSIDERI"E ALTERNATE SITES,
THE BURDEN OF AflY DECISION SHOU

NUED)

T IS OT ONE PROBABILITY 08 gRpect
BABILITIES AND EFFECTS,

LD NOT BE LAID oN TUE MODEL,

BUT, SHOULD BE PUT of THE ANALYST,

USING THE INSITES GAINED THROUS

H THE MODCL AS A TooL,

TR TN T W

rr-..-.- . —
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CRAC AND SITING

) M

1. ADDRESS RECOMMEMNDATIONS FOR POTENTIAL
[MPROVENENTS [ MODEL

2, EVALUATE SENSITIVITY OF MEW MODELS

ANALYZE PAST CRITICAL DECISICNS USING THIS ToOL
TO GAIN FURTHER INSITE INTO RESULTS.

COMBINED EFFORT
PERFORIT PARAVETRIC STUDIES TO DETERMINE RELATIVE
¢ [NTERACTIONS BETWEEN KEY COMPONENTS OF PPCBLEMN,

SHOULD USE CRAC AMALYSIS 70 FORAULATE A:D ESTADLISH
A MORE EFFECTIVE SITING CRITERIA.

. » poe™P . . . o - y ' vt -
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USE OF RSS CONSEQUENCE MODEL IM SITE REVIEWS
AGENDA TOPICS

INTRODUCT ION

BRIEF REVIEW OF RSS CONSEQUENCE MODEL

NEPA REVIEW OF ALTERNATIVE SITES

POSSIBLE APPLICATIONS OF RSS CONSEQUENCE MODEL

CONCLUSTONS
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4 Y

CURRENT STAFF PRACTICES IN NEPA REVIEWS

ASSESSMENTS OF ALTERNATIVE SITES INCLUDE A BALANCING OF STIGNIFICANT
ENVIRONMENTAL, ECONOMIC AND OTHER ASPECTS, INCLUDING POPULATION
DISTRIBUTION,

IN THE ALTERNATIVE SIiTE REVIEW NO SIGNIFICANT WEIGHT IS GIVEN TO
POPULATION DENSITY IF ALL SITES ARE IN RELATIVELY ISOLATED ARE"S.

IF THE APPLICANT’S SELECTED SITE IS IN AN AREA OF HIGH POPULATION
DENSITY (OR INVOLVES OTHER MAJOR ENVIRONMENTAL IMPACTS) A SPECIAL
REVIEW IS PERFORMED TO DETERMINE IF THE PROPOSED SITE OFFERS. ON
BALANCE, SIGNIFICANT OFFSETTING ADVANTAGES.

A DETERMINATION IS MADE THAT THERE DOES NOT (OR DOES) EX1ST AN
OBVIOUSLY SUPERIOR SITE,



L4

SAFETY ASPECTS OF ALTERNATIVE SITE REVIEWS

BACKGROUND :

ACCIDENT RISKS, CR ANY OTHER ENVIRONMENTAL IMPACT, CAN BE INTERNALIZED OR EXTERNALIZED. THEY ARE
INTERNALIZED TO THE EXTENT THAT THE DESIGN INCLUDES FEATURES TO PREVENT OR MITIGATE THE EVENT (THE
SOCIETAL COSTS APPEAR AS INCREASED COSTS OF ELECTRICITY). THEY ARE EXTERNALIZED TO THE EXTENT THAT
EQUIPMENT MAY NOT WORK AS PLANNED OR MAY N WMPLETELY PREVENT A RELEASE (THE SOCIETAL COSTS APPEAR
AS A CHANCE THAT THE SURROU IDING POPULATION ma. ‘E SUBJECTED TO AN EMERGENCY CONDITION).

CURRENT NRC PRACTICE REQUIRES DESIGN FEATURES TO M.TIGATE RISKS OF ALL RELATIVELY LIKELY EVENTS.
OMLY CLAS: s EVENTS NOT EXPLICITLY CONSIDERED IN DE: GN.

SINCE THE SOCIETAL COSTS OF MORE LIKELY EVENTS ARE (NTERNALIZED (ACCIDENT RISKS ARE REQUIRED TO BE
ACCEPTABLY LOW), ANY RESIDUAL SAFETY RISKS (EXTERNALIZED COSTS OF ACCIDENTS) ARE DOMINATED BY CLASS
9 EVENTS. THE REACTOR SAFETY STUDY CONFIRMED THIS CCNCLUSION.

SITE VARIATIONS INFLUENCE THE MAGNITUDE OF ANY RESIDUAL RISKS. THERE MAY BE VARIATIONS IN THE PROB-
ABILITY OF ACCIDENTS (DIFFERING SEISMICITY ETC.), OR VARIATIONS IN THE CONSEQUENCES OF AN ACCIDENT
(SIZE OF POPULATION, ETC.).

CONCLUSION

SIGNIFICANCE OF SITE VARIATIONS DEPENDS LARGELY ON "MPACT OF THESE DIFFERENCES ON THE MAGNITUL. ©F 7' 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.



3.8

MAJOR FACTORS INFLUENCING CONSEQUENCES OF ACCIDENTAL RELEASES

MAGNITUDE OF RELEASE (INFLUENCES DISTANCE AT WHICH PEOPLE ARE AFFECTED).
LOCAL AND REGIONAL METEOROLOGY

DISPERSION CHARACTERISTICS

PREVAILING WINDS

PRECIPITATION PATTERNS AND FREQUENCY
TOPOGRAPHY AND HYDROLOGY

UNUSUAL FEATURES AFFECTING DISPERSION OR DEPOSITION

UNUSUAL FEATURES EMPHASIZING A SPECIAL PATHWAY
POPULATION DISTRIBUTION

DENSITY, SPATIAL DISTRIBUTION, SPECIAL FEATURES (HOSPITALS. RESORTS)
FEASIBILITY OF EMERGENCY PROTECTIVE MEASURES

LOCATION OF PLANT IN REGARD TO TRANSPORTATION ROUTES

FLASIBILITY OF EVACUABILITY, SHELTERING
LAND USAGE

AGRICULTURAL

URBAN
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EXAMPLES OF METHODS OF COMPARING ALTERNATIVE SITES

RULES OF THUMB

POPULATION VS. DISTANCE
WIND-DIRECTION WEIGHTED POPULATION

RELATIVE HAZARD INDICES

TID-14844, ACRS' SITE POPULATIOM INDEX

CONSEQUENCE/RISK COMPARISONS

IAEA COST EFFECTIVENESS MODEL
NRR PERRYMAN ANALYSES BASED ON RSS MODEL



000°001 < 000°€2 000° 12 009/ 000° L1
000°* 8¢ 0082 0062 002¢€ 00£5
0081 009 0sz1 086 0012
P 1> 0L 0¢ >
> 1> 1> > 1>
NIAVHI TV S44170 13IATWD “1d ¥3IN3duvs V. I4GNIVE NYWAYY3d

SITLIWIVY ATHYI 40 “ON

SILIS IIVNYILTV LV 301DV
INO 404 S3ITLINI8VAONd SNOINVA ¥04 SITLITVIVY 3L1NdV

000°000°000° L NI 3NO
000°000°001 NI 3NO
000°000°0L NI 3NO
000°000° L z.~ IND
0002 NI 3NO

¥Y3IA OOV
¥3d IINVHD

- ——— e — - - e b

750



/ 6-1

- - —— - —

+COMPARISON OF RELATIVE CLASS 9 CONSEQUENCES AT FIVE ALTERNATE SITES

CONSEQUENCE

ACUTE FATALITIES
ACUTE INJURIES
LATEN: ZFFECTS FROM
EARLY AND CHRONIC
EXPOSURE

EVACUATION COST

TOTAL COST W/
DECONTAMINATION

TOTAL MAN-REM

CONSEQUENCE OF ALTERNATE SIT"_, CONSEQUENCES AT PERRYMAN

PERRYMAN BAINBRIDGE CARPENTER PT.  CALVERT CLIFFS
1.0 0.76 0.74 0.45

1.0 1.5 1.45 0.75

1.0 1.12 1.1 0.55

1.0 0.30 0.34 0.10

1.0 0.78 0.79 0.38

1.0 1.12 1.12 0.60

FAIRHAVEN

2.78
2.33

0.80

0.98
0.86
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MONETIZED COMPARISON OF RESIDUAL ACCIDENT RISKS*
($/REACTOR YEAR)

0-30 Mile 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
’ 6
Bainbridge 1.2 x 10 500 £35,000 25,000 660,000
6
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 IS OF ALTERNATIVE SITES

EMERGEL, ~ PLANNING

SITING CRITERIA

SITE-SPECIFIC ASSESSMENTS
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CONCLUSIONS

THERE ARE SIGNIFICANT LIMITATIONS IN THE 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 WIL! EXPLORE THE EXTENT TO WHICH USE OF RSS
CONSEQUENC! MODEL WILL AID IN THE DEVELOPMENT OF IMPROVED SITING CRITERIA
AND BASES FOx EMERGENCY PLANNING. IT DOES APPEAR THAT THE MODEL CAN

BE USED TO EVALUATE AND/OR DEVELOP "FIGURES OF MERIT™ FOR SUCH ASSESSMENTS.
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APPERDIX XII
Oconee: Prcposed Safe Shutdown System

ADVISORY CONMMITTEE ON REACTOR SAFEGUARDS

NUCLEAR REGULATORY COMMISSIQN- !
WASHINGTON, D. C. 20555 k s gy
-""‘ ’ JI- o ot ’f - -
. o - - - . o os
> ’
- ' - 4
May 22, 1978 . :
, P ' ’ . '
No-vl".. "-.'.-,9 B - ’
P . P
pf "ty iay ®
ACRS - /- o T e

ACRS Technical Staff

PROPRIETARY ASPECTS OF DUKE/OCONEE SAFE SHUTDOWN SYSTEM ~ ¢;j ! 3~ LWL%} /
' ’ ;

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

pLY =
Ragn 'alq\,.Muller
Senior Staff Engineer

Attachments:

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

(2) Duke Power Letter dated February 1, 1978 with
Proprietary Attachment -- Control No. 780390049
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ADVISORY CONMMITTEE ON REACTOR SAFCGUARDS

(
. NUCLFAR REGULATORY COMMISSION
WASIHINGTON, D, C. 20545

APRIL 6, 1978

ACRS
ACRS Technical Staff

OCONEE NUCLCAR STATION - SAFE SHUTDOWN SYSTEM (SSS)

The Oconee Station was designed during the mid-60's. Since that time

staff requirements nave cnanged, especially in the areas of fire orotection,
physical security, and flooding of the turbine building. Oconee is cur-
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 compromised. The proposed installation of the SSS would pro-
vide an independent shutdown capability for the Oconee Station and would
resolve an arca of concern common to the three separate reviews currently
being performed.

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

1o three Oconee units to a shutdown condition in response to specific
accident or sabotage scenarios. The system is not designed as a sub-
stitute for the current emergency 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 power to or cooliny water for Class I snutdown systens. Under

10 CFR 73.55 sabotage proteccion would be required for the turbine building.
Duke Power feels that adequate protecticn 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 sys‘em 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 nced 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.

a f-9e



'@

-3

The SSS provides an alternate and independent means to achieve and
maintain a hot shutdown condition for all three units. The system is
independent of the current shutdown capability, except for the existing
remote shutdown panels which would he 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 flow for
decay heat removal in the event of a loss of normal station pover. The
secondary side steam relief valves will provide an atmospheric heat duim.
Sufficient instrumentation will be provided to allow an orderly progression
of each unit to hot shutdown conditions. Heating, ventilation, air con-
ditioning, lighting, and comnunications services will be provided for

the safe shutdown facility. An independent diesel electric and battery
power system will be provided for the SSS.

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

spent fuel storage pool.

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

The Safe Shutdown Facility includes severa! . and one DC power systems.
These systems supply the power necessary fu:. 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 power systems. It includes
a diesel-electric generator unit, switchboards, a load center, a motor
control center, panclboards, 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 measures until the
8SS is completed.

-Richard K. Major
Assistant Engincer

7-97
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APPENDIX XIV
UNITED STATE cecuoyah, Watts Bar, and gellefonte:
NUCLEAR REGULATORY Backgrounc waterial Leading to Seismic
ADVISORY COMMITTEE ON REAC Design Reevaluation
WASHINGTON, D.C. o

May 25, 1978

SUBJECT: NRC STAFF EVALUATION OF THE SEISMIC DESIGN BASIS FOR
SPQUOYAH, WATTS BAR, AND BELLEFONTE NUCLEAR PLANTS

The NRC Staff has request.ed that TVA reevaluate e seismic design for
the Sequoyah, Watts Bar, and Sellefonte nuclear plants with respect tO
the current (10 CFR 100, Apoendix A and the Standard Review plan) cri-
teria for seismic design. The controlling eartnguake for all tnhree
plants is the Giles County, virginia garthquake of 1897 (MM VIII). The
NRC Staff currently accepts the use of the Trifunac-Bracy intensity~
acceleration relaticnsnip (which associates a mean peax acceleration

-f 0,25g with an Intensity VIII ear ~hquake) and the use of the Regulatory
Guide 1.60 response spectrum. The SSE and OBE values, jon condi-
tions, and CP dater for “hese plants are as follows:

Foundation
OBE Condition A/E C? Date

sequoyan (®) .09g Bedrock ™A  3-21-70
Watts Bar (v 1% .0%s 30il A 12373

Bellefonte (HGW) .09g Bedrock ™A 12=24=74

similar information for the other nuclear plants located in Tennessee
argi nortnern 2.labama ig as follows:

Foundation
SSE OBE Condition ANE CP Date
Browns Ferry (CE) .20g .10g Soil ™VA OL issued
gartsville (GC) .20g .10g Bedrock ™A 5=9=77
Phipps Bend (GE) .259 .09g Bedrock TVA 1-16~7¢
TVA 9-1-78

yellow Creek (CE) £.30g .10g Soil
1.25q .08qg Bedrock

ing the location of the nucliear power plants in this part of the
eastern United States and three letters, dated January 13, 1978, December 27,
1977, and February 6, 1978 are attached for your informaticn.

A NRC Task Force (H. Rood, Chairman) has been assigned to vhis review and is
expected to issue a report in the near future.

~ A
Al " T
rv,kcﬁuz A (d:'/&,
zf&\, R. Savio
staff Engine€r

7-72Y
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KENTUCKY

Columbia

t@ SOUTH
CAROLINA
B“m'“p_‘ham
MISSISSIPPI ()< GEORGIA :

Yenncssee Valley Authority
Jeckson ALABI o P gwns Ferry 1 (Decatur, Ala) wer € Utility e
LO\,"S‘ANA g7 ® Browns Ferry 2 (Decatur, Ala) 1067 GE Uity Jirs
e Biowns Ferry 3 (Dccatur, Ala) 1067 GE Utility n
- Sequoyah 1 (Dasy, Tenn ) 1148 w Uity 8/73
. Sequoyah 2 (Daisy, Tenn ) 1148 w Utibty SI1%
! 89 Walis Bar 1 (Sprng City, Tenn) un W Utility 6/79
g Veatts Bar 2 (Sping City, Tenn ) .ooun w Uity 3j80
: 90 Belictonte 1 (Sculishero, Ala) 1213 Baw Utibty €/e9
{ Beltetonte 2 (57 utistero, Ala) 213 BAw, Utihity e
-~ Marisvilte A1 (viazisatle, Tean ) 1233 GE Ulility 6/83
o BRO Haztswille A2 (et wilte, Tena ) 1223 GE Utiity 6/34
Haitsville B1 (Hartowille, Tean ) 123 GE Utiity 12783
Martsville B2 (Martswlle, Tenn ) 1233 GE Utility 1284
l * Phopps Bend 1 (undetermuned) 1233 GE ULty e
| Prupps Bend 2 (undetermined) 1213 CE Utility 485
Yehow Creek 1 (undetcrmined) 1225 CE Utiity 3/85
‘ Yatiow Coeo b 7 (rnadeb ominnd ) 1285 CE Uulay Jjek

Yonnessee Vallcy Autharity,

Commmunwe il Edisun Co . and ERDA
” Chas + oies Dace 2ot oo bun Plant (Oak

, "o w nen i
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= ;fﬂ”'.'“*c UNITED STATES i e L 3.2
LA 41 NUCLEAR REGULATORY COMMISSION /5 ¢
' §f‘3:!’.(/4 3 WASMINGTON, D. C. 20658
" - - ' .- e
% Ve J -
ny ‘f January 13, w-‘égmrn
fena® ADVISOR Y « ¥ "TEE ON

REACTOR SAFECUARLS J.5. NR&
Docket No. 50-327/328

50-390/391 ‘AN G7 . ,
50-4:3/43 JANSS W/8
év“q AN Y e ,",‘_’
FACILITY: sequoyah, Watcs Bar, Bellefontg 1 it =ISI=r-1919:0 )
? ’

APPLICANT: Tennessee Valley Autherity
SUBJECT: MEETING WITH TVA ON SEISMIC DESIGN BASIS FOR SEQUOYAH,

WATTS BAR, mne BELLCFONTC o
Representatives of TVA met with members of the staff cn Cecember 21, 1977
to discuss verification of the seismic design bases for the subject
plants. Trensportation problems causad a delay of several houis in
the start of the meeting which in turn sreclu’ed the attendances of some
staff members, attendees were as indicated on the attached list.

Our corcerns about the secismic design bases for *hese nlants were discussed
along with possible approaches to resolving them. Thes: concerns are

 documented in the letter of December 27,1277, attached for reference

‘ purposes. TVA suggested a “generic” appucach discussirg ragional
seismology wnich could be-appiicable to all thiee plants, Dut we pcinted
out difficultios in using only this anproach and indicated the need
to focus on each plant ana site. TVA incicated they would consider a
multi-faceted response, including cne suggested by us. They <tated
_ they would request a meeting to discuss the outline of their prooosed

response. We urged early action on this matter to preclude any

unnecessary licensing delay. -

Harley 3Viver, Project Manager s
() Permanent Light }:gfer Reactors Branch 4 -
o Divisl of Project Management
Temperary for months | ™™ ‘
Encl osui‘rté_'!s $ e — — - it

RETENTION PERIOD

As stated)pestroy v

OFFICE COPY - CATECORY “B”
’ %%Rt\sm REVOVE FROM ACRS OFFICE.

H-12 6 g



UNITEDSTATES
NUCLEAR REGULATOR ' COMMISSION

P 4

. LRad s
‘ e :ﬁl )// ! WASHINGTON ’D C. 20555
‘a\. ) ‘f i o
T2 A
. Dece[nber 27, 1977

Docket Nos. 50-327/328
50-390/391
30-438/439

Tenness2e Valley Authority
ATDI: e, Godwin Williams, Jr.
Manager of Power

850 Power Building
Chattancocga, Tennessee 37201

Gentlemen:

SUBJECT: SEISHIC DESIGN BASIS FOR THE SEQUOYAH, WATTS 3AR, NID
BELLEFONTE KWUCLEAR PLANTS

This letter is tc inform you of a gquestion that has arisen concerning
the seismic design bases for the Sequoyah, Watts Bar, and B2llefente
nlants for which construction permits were issued on Nay 27, 1370,
anuary 24, 1973, and December 24, 1974, respectively. All three olants
1ie within a tectonic province where the larg:st historical earthguake
was the 1897 Giles County, Virginia eacthquake, an Intensity VII
‘ event, Past and present staff requiremaints snecify that the sal
earthquake (SSE) for plant design be determired assuning that th
Intensity VIII event could reoccur near the plant sites. (ot reia.ions
which were based on distant earthguakes and ace now considered Lnappro-
priate for converting intensity to ground acceleration for earthquakes
assuned to occur near a site, were used in establishing an
accelerati~ of 0.18g as the SSE design basis for each of the three
sites. Tnc specific response spectra ancnorcd to the accelera-
tion were selected on the basis of the practice current at
the time of reviews for construction permits.

shutdown

D M »a

In 1973 Appendix A to 10 CFR Part 100, and in 1975 the stalf Stanlard
Review Plan were put into effect. Appendix a lays out the bLasic approach
for determining the SSC while the Standard Review Plan indicates

specific Regulatory Guides, procedures, and techniques that may L.e used
for this purpose. Certain aspects of the initial analysis perfor.aed

for the Sequoyah, Watts tar, and Bellefonte »lants are not affected.

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

o H-137



rennessee Valley Authority -2-

‘ - —
telationship based upon a mocre complete data set (Trifunac and Brady, l978)
which associated a mean peak acceleration of 0.25g with [atensity VIIL.
we also prosently determine response spectra as indicated in Reyulatocy
Guide 1,00 casitled "Design Response Spectra for Seismic Design Of wu Lo
Power P17 %3, Ia Crazral, current practice results in the selection i
more concorvative response spectia than did our past practice,

Our current approach, as.specified in the Standacd Review Plan, would
require a plant being built in the same regicn as Watts Bac, Sequoyah,

and Bellefcnte 0 be drsigned to withstand a more conservative cesign
basis earthquake than eithec plant is currently designed for. Because

of the actual procedures utilized for three plants, a detailed analysis

of plant response to a larcsar earthaquake than the 5SC salacted at the
construction permit stage of review inay show that the plants, as designed,
‘are adequate with respect to the intent of Appendix A and otner regulations.
This is possible since the procedures generally nused, ~uch as the Trifunac
and Brady intensity-accelcration correlaticn and the Regulatocy Guide
.1.60 proccdures for determining response spectra, are general and do

not take into account specific si‘e conditions, earthquake magnitude,

cr distance to the earthguake source.

Ye will need additional information from you to confirm the adequacy
£ the seisrnic design of the Sequoyan, Watts Bar, and Dellefonte

plants, and to assass whether the agplication of current staff praoctice
with regard to celection of seisaic response spectra is required for
the public hoalth and safety. Cne anproach that aiznt e sufficiant .13 to

use existing strong forion CeCULcs (0 Jdtarming Uid (usPonse speculs
predicted for an earthquake of the appropriate majnitude and distance
for the site conditions, and then show these spectra to Le within the
design spectra. In any event, we will need additional analyses [rom
you to conclude that the present plant designs are acceptable, cr to
determine modifications that may be required.

Please totify us of your schedule for accomplishing this within 60
days of receipt of this letter. Wwe would pleased to meet wi.th you
to provide further clarification of this matter,
Sincerely,
./a—"'—\ (\'.
\\2:'?
'/' N
er S. Boyd, Direct;:T\\\/

Division of Project ttanagémen ‘
Office of Nuclear Reactor Regulation

! See page 3 .
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- TENNESSEE VALLEY AUTHORITY

CHATTANCOGA. TENNESSEE 27401
830 Power Building

FE2 § 1973 b A,

R e
. 3 LA ‘eﬁ,'.'..'." '7' ..:‘
Mr. Roger S. Boyd, Director T A,
- ey, Ty V%0 Y
Divisicn of Project Managemeu. “A, i
0ffice of Nuclear Reactor Regulaticn o : j}
U.S. Nuclear Regulatory Commission Al oY
Vashingtoo, DC 20533 AL g

Dear Mr. Boyd:

Docket Nos. 50-327
£0-32%
50-39C
50-391
50-438
50-439

In the Matter of the Application of the
Tennessee V. lliey authorily

NSNS

In your letter to Godwin Williams, Jr., dated December 27, 1977,
you requusted a schedule for the submittal of additicna informa-
tion confirmizg the adequacy of the seismic design for the
Sequoyah, Watts Bar, and 3ellefonte Nuclear Plants. This
information will be developed and submitted to the NRC in Two
phases as follows:

) P Phase I
A report will be developed based om seismic information pre-
viously submitted on the Phipps Bend lNuclear Plant docket.
This information will be updated and supplemented by addi-

tional new information and data. The Phase I reporc will
be submitted on or ibout May 1, 1978.

2. Phase II
A report will be develcped based on site specific earthquake
ground moticns. The Phaze II report will be submitted to
NRC on or about July 3, 1978.
Very truly yours,

‘ jﬁf Gl

Gilleland
Assistant Manager of Power

720410001 - BOO ' 1 5
An Eaual Cosa rumity Emziover ‘/ o

7737
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2.

APPENDIX XV
§equoyah, Watts Bar, and Bellefonte:
Goals for Reevaluation of Seismic Design

OBJECTIVES OF WORK:NG GROUP:

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

ASSURE EFFICIENT USE OF STAFF RESOURCES IN REACHING
DECISION

H-r30



WORKING GROUP PLAN OF ACTION:
DEFINE PROBLEM
LIST POSSIBLE APPROACHES
EVALUATE EACH APPROACH

RECOMMEND COURSE OF ACTION



POSSIBLE APPROACHES TO TVA SEISMIC ISSUE:

REEVALUATE INTENSITY OF SSE
REEVALUATE RESPONSE SPECTRUM ASSOCIATED WITH SSE

@EVALUATE DESIGN MARGINS FOR SSE

REEVALUATE -0BE
EVALUATE SEISMIC RISK PROBABILISTICALLY

JF-/2 >~



>

REEVALUATE INTENSITY OF THE SSE:

1.

ASSOCIATE GILES COUNTY EARTHQUAKE WITH
TECTONIC STRUCTURE

SUBDIVIDE VALLEY AND RIDGE TECTONIC PROVINCE
REEVALUATE GILES COUNTY EARTHQUAKE TNTENSITY

SHOW THAT PLANT SITE AFFECTS INTENSITY

/7—/33



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

5 REVISE INTENSITY-ACCELERAT? CORRELATION AND
SPECTRAL SHAPE

6. DEVELOP SPECTRA BASED ON PARAMETERS OTHER THAN
INTENSITY AND ACCELERATION

7. USE SRP-RECOMMENDED APPROACH

v BRY

-
'



C. REEVALUATE DESIGN MARGINS FOR SSE

1.
2,

REEVALUATE ORIGINAL ANALYSIS

REANALYZE PLANT STRUCTURES AND FLOOR
RESPONSE SPECTRA

REANALYZE PLANT COMPONENTS, SYSTEMS,
PIPING AND RESTRAINTS

J743S"



REEVALUATE OBE
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

F-/36



RECOMMENDED APPROACHES:

DETERMINE SITE-SPECIFIC SSE RESPONSE SPECTRA FROM
STRONG MOTION RECORDS OF APPROPRIATE MAGNITUDE AND
DISTANCE

DETERMINE SITE-SPECIFIC SSE RESPONSE SPECTRA FROM
STRONG MOTION RECORDS OF APPROPRIATE INTENSITY

RCEVALUATE ORIGINAL SEISMIC STRUCTURAL AND FLOOR
RESPONSE SPECTRA ANALYSIS, TAKING INTO ACCOUNT MORE
REALISTIC METHuLS AND MATERIAL PROPERTIES, AS WELL
AS SITE-SPECIFIC SSE RESPONSE SPECTRA

REEVALUATE THE OBE TO SEE WHETHER IT MEETS THE
RECURRENCE INTERVAL CRITERIA OF APPENDIX A TO PART
100

COMPARE THE PROBABILITY OF SSE BEING EXCEEDED AT
THE SUSJECT PLANT WITH THAT AT OTHER TVA PLANTS
THAT FecT THE SRP CRITERIA

7-137
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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 Commission (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; 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 (OL) applications for these
plants 2re 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
Commission'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

A-178
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SRP was issued (September 1975). The applicable sections of the
SKP 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 recommended 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 packfitting 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 the

addition, elimination or modification of structures,

197



systems or components of the facility after the con-

struction permit has been issued.”

A1l 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
recommended by the SRP is not unique to the three plants in guestion.
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 “or 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.

Working Group Assignment

At the present time the applicant has not adequately justified the
seismic criteria used in the design of the t"-ee plants. In order

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

A-/50
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TABLE 1
COMPARISON OF CHRONOLOGY 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 Docketed 10/15/68 5/14/1 6/21/73 11/7/75
Date of CP Issuange 5/21/70 1/23/73 12/24/74 1/16/78
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 (M) VIII VITI VIII VIII
Zero-Period Acceleration 0.18q 0.18g 0.i8q 0.25¢q
Type of Response Spectrum Housner Spectrum Modified Reg Guide 1.60 Reg Guide 1.60
anchored at 0.14g Newmark spec- spectrum spectrum
but increased to trum anchored anchored at anchored at
0.18a at high at 0.18g 0.18a 0.25 g
frequencies

Damping Factors for SSE (%)

Steel Containment Vessel ] 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 0.9 0.5 2-3 2-3
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in a timely manner consistent with the construction completion
schedules, and (2) staff .2sources will be used efficiently, a
Working Group has been formed. 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.



IT. POSSIELE APPROACHES TO TVA SEISMIC ISSUE

The first task undertaken by the Working Group was (o 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 1ist is given below. Although many of the approaches
listed were believed to be impractical or unacceptable at the time the

Tist was compiiad, they were nevertheless included for completeness.

A. Reevaluate the Intensity of the SSE

During the CP reviews of Sequoyah, Watts Bar, and Bellefonte, and
during the more recent CP reviews of Phipps Bend ind 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, Virgiria 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 corclusions
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 permit 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.

. ¥ 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 Spectrum Associated with the SSE

It Approach A results in a rlesion of the SSE intensity downward

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

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. Determine the response spectra based on an earthquake of
appropriate intensity foi' the existing site conditions. Use

strong-motion reccrds for earthquakes of intensity VIII.

3. Use an intensity-acceleration correlation other than that
recommended by the SRP (Trifunac-Brady) to anchor the Regulatory

Guide 1.60 spectra recommended by the SRP.

4. Use spectra other than those recommended by Regulatory Guide
1.60 (e.q., generalized rock-site spectra) anchored at the

0.25g value predicted using the Trifunac-Brady correlation.

5. Use an 1ntensity-accélerafion correlation other thar Trifunac-
Brady and spectra other than those recommenled by Regulatory

Guide 1.60.
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6. Develop spectra based entirely, or in part, on parameters

other than intensity and acceleration.

7. Use the SRP-recommended approach; Regulatory Guide 1.60 spectra

anchored at a peak acceleration value predicted using the Trifunac-

Brady relationship (0.25g for an intensity VIII event).

Reevaluate Design Margins for the SSE

[f 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 actua’l waterial properties, etc. Alternatively, it

mey 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
B, above. The reanalysis could be performed using SRP-recommended
methods and criteria, or using other methods and criteria. For
example, inelastic methods, experimentally deterr ned damping

factors, or traveling wave effects could be accounted for,
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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.

Evaluate the Seismic Risk Probahilistically

As an alternative to the determministic approaches listed above,

the applicant could use probabilistic techniques to assess the

risk associated with the plant. Some of the probabilistic options

are:

Utilizing accepted probability techniques (e.q., McGuire,

1976), determine 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.

Utilizing accepted probability techniques, detemine the
recurrence relation %or individual spectral components of the

response spectra. Compare these uniform risk spectra to existing
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design spectra to estima‘e the probability of exceeding the
design response spectra (ref. Diablo Canyon studies). The
effects uf various source Zones on the probabilities should

be considered.

Utilizing accepted probabilistic techniques, compute the
relative differences in prohibilities of exceedance between
the existing design spectra and those used at Phipps Bend

and other recently reviewed plants which meet the SRP.

Utilizing accepted probabilistic techniques, where possible,
determine the prcbability 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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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 ‘he 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
assumed to occur no closer to the site than the nearest apprcach
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 assumed 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 earthaquakes

/4—'/ &/



- 15 -

in the eastern United States or convincing seismological or
geolagic evidence of fault activity, it is extremely difficult
to conciude 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 permit such conclusions are unlikely, in the short

term, 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.

Subdivide Valley and Ridge Tectonic Province

This approach involves the development of information to justify
subdivision of the Southern Valley and Ridge tectonic provirce
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 thosa tectonic

provinces. Thus, if the applicant were able to provide a
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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

alsc has a very limited chance of success in the short temm.

Tectonic province is defined in the siting criteria as a region
of relative consistency of geologic structural feature«.
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 EFardley

(1951) or Hadley and Devine (13974) which were based strictly

o 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 inte 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 ea: “ern Umi*ed States.

These studies involve earthquake monitoring as well as geologic
and geophysical investigations. These efforts are mainl, con-

centrated in the northeast and central United States and will
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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.

Reevaluate the Giles County Earthquake 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 .cria of Appendix A to Part 100 would
require only that the lesser intensity level be assumed to
occur at the site in establi<'iing the 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
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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

VIIT.

The cost of this approach is not great in either manpower,
equipment, or time. However, in this case it cannot be
recommended because of the limited prospects for significant

results.

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
and 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. Furthermore, this observation is stroncly 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 assigmment 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
arguments 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 term.

B. Reevaluate the Response Spectra Associated with the SSE

]'

Determine Response Spectra from Strong Motion Records of
Appropriate Hggnituae and Distance

This approach involves determining the magnitude of the 1897

Giles County earthquake from its intensity observations and

using the magnitude to identify strong motion records obtained

gt
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on similar foundation conditions to those at the plant site.
These strong motion records would be used to compute response
spectra with which to check the adeguacy 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 determination of
the magnitude of the earthquake. Nuttli and Zollweg (1974)

and Street and Turcotte (1977) described empirical metknds 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 iess 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)
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and site conditions. Comparison with the spectra used in
designing the plant can then 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 reguired 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.

Determine Response Spectra from Strong Motiun Records of Earth-
guaFes of Ippropr?ate !ntensity

This procedure involves determination of a =et of response

spectra directly from intensity. It is unclear whether this
approach meets the regulation which requires the detemmination

of acceleration level with subsequent scaling of response spectra
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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 Trifurac 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., earthquikes which produce intensity VII at 60
miles are Tumped 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 recommended, therefore, that in addition to
Approach B.1, Approach B.2 should also be attempted. Any

differences in the resuits of the two approaches should be
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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 permit 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 tem. The
staff adopted the Trifunac-Brady relationship in 1'75 after
considering all the relationships in the pubiished 1iterature
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-
Tished. The most notable of these is the Computer Sciences
Corporation (CSC) study (Murphy and 0'Brien, 1978) sponsored
by the NRC. While the CSC study has advantages over the
Trifunac-Brady study, adaitional clarification of some cv its
findings needs to be developed before it can be adopted as a
Ticensing 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 frifunac-Brady relationship in

recent licensing actions, in particular in the case of the
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Phipps Eend and Clinch River sites. This position has been
taken in the face of arguments by the applicant and others
that the CSC relaticnship 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-sigma 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 major 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.

Revise Spectral Shape

This approach involves using spectra developed from strong
m3tion 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
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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 0.17g (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.

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.

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 yelocity 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 be
identified. This approach is not expected to produce results
in a timely manner nor are the results expected to be much
different. While the concept appears valid, the methodology
to pursue this approach is not developed. It is e:nected

that the resuits would be controversial.

7 Use SRP-Recommended 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.

Reevaluate Design Margins for the SSE

[f 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 designed, by reevaluating the original seismic
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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 riodified seismic
input spectra developed during Approach B, abcve. The Working
Group beiieves that this approach could be completed in a

few months, and recommends that it be undertaken.

The margins to allowable 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 Requlatory 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 Requ-
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 recommended.
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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.

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
recommend 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.

Consider OBE-Limited Structures

[f 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.

Combine Nesponses to 3D Input Using SRSS

In the design of Sequoyah, the stress in each member of

safety related structures was detemmined by adding the
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peak value of the stresses due to seismic excitation in
the vertical and the major horizontal direction. The
SRP recommends the combination using the square root of
the sum f the squares (SRSS) of the stresses due to
excitation in three orthogonal directions (one vertical
and two korizontal). For horizontal members, the method
used in the Sequoyah design may be conservative by a
factor of 1.0 to 1.4. We recommend that the SRSS com-
bination of three components be undertaken for critical

members.

Reanaiyze 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

B, above, would be used. Several alternative approaches

exist for the reanalysis. These include:

a. Reanalyze Plant Using SRP Methods and Criteria

This approach meets current practice and is acceptable.

It would probably require plant modifications, at least

/7-77¢
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Reanzlyze 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
Timits 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 : 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 1imit 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 assuimed yield stress level. They may,

in fact, not yield until much higher stress levels

are reacred, due to uncertainty in both material

properties gnd the analytical models used. Assuming
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that yielding occurs at toco 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

~nt occur, to obtain seismic input motion to components

and equipment.

Another difficulty with this approach is the possibility
that the damping values recommended by Regulat.ry
Guide 1.61 may already account, to some ¢ 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 Jf the above difficulties were resolved.

The Diablo Canyon applicant decided not to use this
approach, electing instead to perform plastic analyses
of individual members if and when it was found that

yield was exceedad.

The Working Group believes that the above-discussed
approach to 1ne}ast1c analysis, if properly justified,
as well as ﬁore complex plastic analyses, are quite
expensive and could take a year or more. For this

reason, they are not recommended at this time.
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Use Experimentally Deter~ined Damping Values

It has been proposed that th¢ applicant might pevrform
oscillation tests on the as-built structures at the
plants in question, im order to determine the appro-
priate damping factors for use in seismic analysis.
Such tests have been perforied on the TOKAI-Z 1100 MWe
BWR in Japan (Private Communication, J. Knight). We
see several difficulties with this approach. First,
such testing and anaiysis 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
determined from such experiments can be analytically
resolved to give unique damping values that are
applicable to seismic analysis. This problem resu:ts
from the complexity of the analytical model and the
fact that, in order to get significant resgonse, the
oscillator must be placed at the top of the structure,
whercas the actual seismic excitation would be propa-
gated upward through the foundation of the structure,

rather than downward from the top.
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(3) Account for the rravelinggwave 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 2ffect, reduced. The reduced
translational input due to the traveling wave effect
is partially compensated by an increased rotational

input that also results.

The SRP-recommended and previous methods of seismic
analysis assume that the seismic input is uniform
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 scructural 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 benefi‘s

of pursuing this approach are questionable.

Reanalyze Plant Components, Systems, Piping and Restraints

In addition to the reanalysis of structures and fioor 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 n¢ margin

to code-allowable stresses exists, the lack of margin must be
justified, if possible, 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.

A- 17



- 3.

Reanalysis of Piping Systems

In the original design of the piping system, ioads due to
(1) thermal expansion and (2) dead load normal operational
stresses due to system pressurization, were analyzed per
ANSI Code for power piping and the ASME Boiler and Pressure
Vessel Code requirements in effect at that time. The Toading
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.
A1l piping will be classified into two categories, rigid
or flexible. Rigid piping is that which has a period of
less than 0.03 second. A1l piping with pericds 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 performed of the more
critical smaller 1ines. The mathematical models for trese
analyses will be the same as tliose used in the original
design. An approximate dynamic analysis will be performed
on the balance of the critical sys.ems. The maximum
azceleration for rigid piping or equipment will be con-
sidered to be th; same as the structure (or ground for
piping or equipment located on the ground) at the point

A-/t3
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A dyramic seismic analysis will be performed 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 deformations.
Tne frequencies and mode shapes for all significant modes

of vibration of the piping system will be determined 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
stre<ses and will be assumed to act concurrently with the
themmal stresses. Seismic Category I piping systems will
be evaluated fo; excitation in each of two orthogonal

horizontal directions and will be individuaily 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 (Tess 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 simpiified dvnamic 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 equa! to at least the first seismic

restraint or anchor beyond the point of change in classification.

The modal responses from earthquake recponses should be com-
bined in accordance with Regulatory Guide 1.92, "Combining
Modal Responses and Spatial Components in Seismic Response

Analysis."

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 zquipment will be checked
for the maximum acceleration of the supporting structure.
For Code Class II and III pumps and valves which were
designed to the Codes and standards that were in effect
when the items were purchased, it inust be demonstrated

that the stress limits were sufficiently low to provide
assurance that no gross deformation 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 suppor: design should

be checked to - sure 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-suoport structures.

Fumps which were designed to standards other than the ASME
Code requirements will have to be seismicaliy qualified

for the service conditions. This qualification may be dcne
by analysis, te'iing.,or a comparative review of the pump

desian. The sipport design of Code Class II and III pumps
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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 pumps 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 Il
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 thar 20 Hz and that these will maintain operability

when subjected to a 6g load across “he yoke support.

Primary system equipment (steam generators, -~eactor coolant
pumps, pressurizer, reactor vessel, vessel internals, fuel
assembly, and conii21 rod drive mechanisms) will be re-
analyzed with revised input loa”s from the dynamic Toop

piping analysis. .
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The design basis analysis for the steam generator was by a
Tumped 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 strec- 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 interna! component, flange bolts, and other
pressure boundary components. Nozzles and support feet
will be reevaluated by performing static stress analysis
based on revised input Tvads from the dynamic loop piping

aralysis.

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 reastor 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-degrec-of-freedom system model
may be used for the inte.-nals. 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 determined at each point in the model

will be considered as the earthyuake response. The response
spectrum method of analysis will be used. For the iiormal-
plus-SSE and the normal-plus-SSE-plus-LOCA loading conditions,
acceptarce criteria ahould assure adequate core coo”ing

and core shutdown. The core geometry should not deform
beyond acceptable 1imits. The maximum allowable de“lections
should not impair the structura’ and mechanical irtegrity

as well as the functional capability of the internals.

The effects of the SSE on the fuel assembly will be evaluated

by performing a non-linear time history analysis. This
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analysic will use a time-history input to a reactor vessel

and internals model and evaluate the core plate metions

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 applyiro revised floor
acceleration time-histories to a linear elastic model at

the operating peak acceleration and at reactor vessel

support elevations.

Reanalysis of Electrical Equipment

The reanalysis of Design Class I instrumentation and electrizal
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 clesely for ampiification of the grourd

motion in the range of frequencies above 20 Hz.

Equipment with res mint frequencies above 20 Hz will be
considered rig‘d. The acceleration in every part of the

equipment car, therefore, be assumed to be the same as
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that of its supports. Ffor both rigid and flexible equip-
ment (firequencies 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 pei forming their safety
functions. In addition, (1) the Design Class I and IE
electrical equipment must be able to perform 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 effacts of seismic accelerations will be determined

by either physical tests or analysis for all Design Class I
and major equipment. Most physical lests were conducted

by single axis, sine beat methods. These should be supple-
mented with multi-axis, multi-frequency testing to dem:n-

strate compliance with IEEE-344-1975 requirements.

Definition of the Systems to be Reanalyzed

Several options exist with respect to the ~ystems °nd com-
ponents to be reevaluated. In two recent OL reviews, the

North Anna Power Station Unit 1 (Docket No. 50-338) and
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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 pumps,

(9) Main feedwater isolation valves,

(10) Main steam line stop valves,

(11) Main steam line stop valve bypass valves,

(12) Steam generator blowdown isolation valves,

(13) Batteries (Ciass IE),

(14) Control room ventilaticn,

(15) Control room equipment must not be damaged to an
exten” 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 1isted 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 Jentilation cocoling units and systems

required for obtaining reactor coolent samples will
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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
tiie reactor coolant system in a cold shut.own condition

will have to be reevaluated.

if it were necessary to evaluate systems required to cope

with a loss-of-coolant accident, the foilowing 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 Emergency Filter Systems

(6) ECCS Pump Room Coolers

(7) Containment Fan Coolers

(8) Auxiliary Building Normal HVAC System Isolation
Dampers

(9) Emergency Lighting

(10) Post-Accident Moniioring Systems

As a final alternative, it might be required that all

safety related systems be reevaluated.
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Reevaluate the OBE

Appendix A to Part 100 states that ‘he operating basis earthquake
(0OBE) 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 maximum vibratory ground acceleration of the

OBE should be at least one-half the maximum vibratory around 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 be

expected to affect the nlant site during the operating life of the
plant. The staff has recently found acceptable and issued licenses
for a number 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
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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.

Evaluate the Seismic Risk Probabilistically

To supplement the above-described deterministic approaches, the
seismic risk can be, at least in part, evaluated using probabilistic

methods. Several such approaches are evaluated below.

| Deteri*ino 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 ....entral intensity) are assumed to

have an equal probability of occurring. Based on this assumption,
recurrence relatiions (earthquake probability per year versus
intensity) are calculated for each source zone; and considering
effects of attenuation the probability of exceeding some accel-
eration Tevel at the site can be calculated. Such procedures
have been developed by McG.ire (1976) and Cornell (1968). Com-
parison of the plant design response specira with Reguiatory
suide 1.60 spectra scaled by means of the Trifunac and Brady
relationship to the écce]ération 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 a~2lysic, and the selection of an attenuation
relationship. These problems are resolvable as technical
decisions. The sensitivity of the conclusions to these parameters
and other assumptiont should be tested. It should be pointea

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

is that it on.y 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.

Develop Uniform Risk Spectra

The initial elements of this procedure are like thuse 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
with a regression analysis relating response spectral amplitude
at some frequency to magnitide or epicentral intensity, distance,

and generalized site conditions. The probability that some
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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 uniform 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-
formed to test the sensitivity of the results to various assumptions.

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
determine the probability of unacceptable consequences resulting

from occurrence of the earthquake.

Compare SSE Probability with Other Plants

The procedures described in E.1 or E.2 can be used to compare
the probability of exceeding the SSE at the subject plant to
those at other TVA plants which meet the Standard Review Plan

criteria (Phipps Bend, Yellow Creek, and Hartsville).

This approach appears .0 be a valid way to estimate the s'gni-
ficance of differences in the ground motion assumed in the

decign. 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 determination that the seismic de.ign of

the subject plant is acceptable depends on the acceptability

of the plants to which it is compared; i.e., adequa.e safety

margins are assumed to be present in the comparison plants.

The Working Group recommends 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 determining
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).

Determine the Probability of Exceeding Par’ 100 Doses

In this approach the probability that an earthquake will result
in the dose criteria of Part 100 being exceeded is determined.
As with Approaches E.1, E.2, and E.3, above, this approach

involves determining the likelihood of occurrence of earthquakes
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that have a variety of acceleration levels, from smaller,
relatively 1ikely 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
weuld 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 probabilities of earthquake occurrence,
structural damage, and radiological release, one could determine
the probability that an earthquake 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

6 x 10'8 for nuclear plants cn firm sites. The uncertainty

in these values was e§timated 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 rot recommended.
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CONCLUSIONS AND RECOMMENDATIONS

The objective of the Working Group's effort was to recommend to NRC
man2gement 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 possihle
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 information to
allow the staff to make a decision regarding the acceptability of
Sequoyah, the plart of most concern. However, the Working Group does
not wish to fore.lose 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 recommendations 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 appronriate magnitude and distance.
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2. Approach B.2: Determine 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 rea2'istic methods
and material properties, as well as site-specific SSE response

spectra.

4. Approach D: Reevaluate the OBE to see whether it mec.s the recurrence

irterval 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 approaces. For example, Approach
B.1 (site-specific response spectra based on records of appropriate
magnitude and distance), in combination with Approach C.1.a (Regulatory
Guide 1.61 damping factors), might be sufficient to establish the .eismic
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 Working Group believes, therefore, that it
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would be prudent for the applicant tc undertake all the above approaches
simultaneously, rather than sequentially. This will reduce the likeiihood
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 recommend that the applicant be requested to undertake

all of the above-listed approaches immediately, 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 permit a decision to be mdde at the ear jest
possible time. The Working Group believes that all the above approaches
cin be completed by September of 1978. Approach B.1 is currently under
way, with the results scheduled for submittal by July 1, 1978.

We recommend that following submittal of the above information, 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 t» be acceptable, and a detai’ed reanalysis is required, such an
effort could involve the most appropriate spectra or suite of time his-
tories developed in Approach B (reevaluate the respoﬁse spectra), Approach

C.2 (reanalyze plant structures and flcor response spectra), and Approach
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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

coastructed.

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 motinn recorded during four earthquakes that fall
within the range of investigation discussed above in Section III.B.!.
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 spectrum; 5% damping is used with Sequoyah. This pro-
cedure thereby accounts for the change to 7% damping for concrete structures
at Sequoyah recommended 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 tne Helena earthquake, and is
above the spectra for the Lytlé Creek and San Francisco earthquakes.

These figures are prelimi.ary in nature. However, we believe that

- 508



o 80

comparisons of this kind, if extended to include comparisons with other
rock-site records from a sufficient number 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 summary, the Working Group recommends that the applicant be requested
to immediately 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
A1l 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
HELENA 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 Intensit¥: V-Vl
Range of publish

ed 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

velocity (in/sec)

Recorded at Golden Gate Park 3/22/57

Distance: 13 km

Site Intensity: VI

Range of published body wave and local magnitudes:
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D C. 20555

MAR 30 1578

APPENDIX A

MEMORANDUM FOR: J. Bemnett, 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, Qffice of hNuclear
Reactor Regulation

SUBJECT: WORKING GROUP ASSIGNMENT

You have been assigned to form 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 completion schedules.

You are to form 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. on April 3, 1978, the Group will select one of its members
to act as the Chairman.

The Charter for the Working Group is attached.

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. Mattson C. Stepp
D. Vassallo R. Bosnak
W. Gammill I. Sihweil
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CHARTER FOR
WORKING GROUP ON TVA SEISMIC ISSUE

DEFINITION OF PROBLEM: Threa TVA plants, SEQUOYAH, WATTS 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 0.25g. The seismic
design busis motion actually being used varies among the three sites
but all spectra are scaled to 0.18g. The SRP criteria use fhe Trifunac
and Brady correlation of intensity vs acceleration. This correlation
is more recent and based on more 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 affirmative 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 perform their safety functions. The essential point is that it
must be shown that each plant conforms to the Commission's regulations
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 Standdrd Review Plan are permitted provided

they are identified and justified to the staff's satisfaction.
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OBJECTIVE: The objective of the Working Group is to evaluate the
problem, consider various methods of resolution, and recomme;d a path
of resolution that assures safety taking into account differences in
the time and effort that would be req 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 requir ments 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 nd proceeding to the specific
aspects, in as much detail as necessary. The group will
genefate a list of possible approaches to solve the problem.
The group should take into account the significant efforte
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.

- Y



TASK 2 -

TASK 3 -

TASK 4 -

Evaluation of each approach. A scope of evaluation.wiII 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 likel1hood thet 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.

The various alternatives will be compared and a determination
made as to whether any are sufficiently promising to warrant
action. This task will take about two weeks, inciuding the

writing of a summary report to NRR management describing the

alternatives considered and the group recommendation.

TVA will be called in and the results of the Working Group
efforts will be discussed. TVA will be told of the NRR
de~ision on the recommendations of the Working Group and
encouraged tr pursue that course or, if warranted, to explore

alternative approaches on their own.
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APPENDIX XVII
Seismicity of Southeastern liew York

) and Northern New Jersey

L
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Earthquakes, Fauits, and Nuclear Pawer Plants in
Scuthern New York and Northern New Jersey
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quanmiative numbers against whch o
judge whether the sk is ucceptabie or
==, It is clear. however, thut not a great

v of the approximately "0 nucieur

.~er plants now n operaion in the
United States can be ullowed (0 operute
at a nsk of 5 10 |1 perceat wyhout the
prodability becoming high that shaking
wiil exceed that of the design earthquake
for at least one of them over a 4-year
penod.

The Indian Point setsmic heanngs be-
fore NRC brougnt out a number of prob-
iems aoout the applicaoiiity of the exusi-
mg ‘ederal reguiations (7) 'o sites in the
East. By (nese reguialions a Cupuoie
fauit 15 defined on the masis of aither ()
demonstrated fuuit movement vounger
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ty mstrumentally determned with rec-
ords of sufficient precision ‘0 demon-
strate a direct rejationsnip with the fault.
There is no avidencs {or suzce Treak.
age 'n any 2arthquake in the ceatrai or
sasiern United States. with the possioie
excepuon of questionaoie ground break-
age dunng he New Magnd. Missoun.
earthguakes of (311-i812. Yet we know
that 3 sumoer of large and damaging
shocks have occurred n these arsas. The
Ramaco fuit is typical of many easiern
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vears. Hence. it 15 very zxrﬁc.m o teth of
earth movements are as oid as (50 < [0*
vears or if they haopened in :he past
0.5 x 10* years. Thus. surf~ce "reakage
is not a good ndicator of 2:ther " capabri-
ity or seismic nsk for many eastern
sites.

The hearngs de.nonstrated that the
word “‘macroseismicity,”’ which is not
defined in the reguiations. is rareiy used
or defined by sersmoiogists. Varous sci-
entific witnesses differed 1o 1 large ex-
tent in their concgpt of magroseismicity
28). For much of the East. instrumental
data of sufficient precision !0 demon-
strate a refation to specific faulis are very
limited 1n ime. Hence. it is not surpns-
ing that no fault in the centrai or eastern
United States has as yet heen declared
legally capabie.

In the ubsence of capabie fauits, the
concept of “‘tectonic provinces ' is used
in denving the intensity of the demgn
earthquake from the histonc record of
shocks. The intensity at the site is calcu-

‘ad by moving Mistone shocks in the

€ province 10 the site and shocks in
—jicent provinces o the closest point
within those provinces (if the shocks
cannot reasonubly be corrciuted with a
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tectonic structure). Although this proce-
dure may appear conservilive in lerms
of design safety, it ix 50 only if reason-
aoly large (ectomic provinces are used.
At the Indian Point heanngs it was cleur
that the scienufic witnesses hud greatly
varying opinions about the size. desigha-
tuon, and concept of tectomce provinces
(28). These ambiguities can result i a
numoeer ot small provinces oeing invokeyd
10 keep cnucal histone shocks at a Jdis-
tance such that thewr intensiues it the
site are much lower than those near "he
epicenter. In the case of Indian Point.
this ieads 'O 1 design earthquuke of in-
tenaily Vil of vili yepenuing vn e uss-
1gnanon of tectonic provinges.

The rate of sersmic activity aiong the
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1$ clearty iess tnan that for major ruuits
in, say, Culiforma or Japan. Aithough
the federal siiing reguiations put ihe
question of the capamiiry of 2 fault as a
ves-no Jecision, ne p!’c"e‘N rate of
movement alung fauits 0oviousiv vanes
bv many orders of magmiuce We de-
iileve recogmuion musi "e uven 0 the
fact that some fauits are more ‘capacie
than others. Unul this s done, the public
may well 2quate the des«gmnon of :aca-
o1ty MR 3i2¢ and rate of o¢s
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that the rate of acrivity must 2€ jugged n
ccmpanson (o the design earthquake of
the piunt. The rate of acuvity aiong the
Ramapo fault is such that it prooaocly on-
y warrants concern [or criucul fuctiiues
such as nuclear power piants and hospi-
tals for which int2grity must be ensured
at a hugh ievei of confdence.
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Comments on Seismicity in Southern New York -

Northern 'ew Jersey
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Abstract. A cumulative frequency curve constructed for nine

wrthquakes over an eight year pericd of magnitude less than
or equal to my 2.4 has been proposed as the basis for
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 fregquency curve,
all earthquakes of Modified Mercalli intensity greater than
or equal to MM V within 75 to 100 kilometers of the Ramapc
must be assumed to have occurred on the Ramapc fault. The
tacit assumption to a Ramapo origin for almost all of these
larger earthguakes is unrealistic “nd definicely conflicts
with the available historic reports of those events.
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INTRCDUCTICN

-A & recent report to Science entitled “"Carthquakes, Faulss,
and Nuclear Power Plants in Southern lew York and » Northern
New Jersey", Aggarwal and Sykes (l)'develcpcd a pesition
that the Ramapge fauls, a strand c¢f which Fasses near the
site of the Indian Point nuclear power 2lants, is an active
fault. PFrom this pesiticn, they reached the conclusicn that
the propabilizy is estimated to be about 5 =0 11l percent
that the site will, in the next 40 years, exgeriance an
intensity equal to or in excess of :h design (safe shutiown)
earthquake (i.e., a Modified Mercalli ins ensity of VII).

This conclusion was reached fram an analysis of the historic
reccrd of earthguakes in the general area over :=he past 259
years, ané ugen :ecc:di:qs of microcearthguakes by local
networks cver a 4 year £z 8 year span. Clearly, the Lbest
test of a predicter devel:ged statistically is ¢z examine

how well the predictcr performs :in

2d : b v
Teclcling what a cuaLly

appened ia the most recent pastc. he conclusicn of Aggazwal

and Sykes is derived Ircm their Ticure 4, whizh shows =-e
cumulative number cf earthguakes cf reacar

< g
per year as a functiocn of magnitude. The figure purporss
utilize data sets valid for shocks located within 10 km of a
120 km long segment of the Ramapo faule.

In this pager, we show that the conclusions derived from
Figure 4 of Agzarwal and Sykes lead to =h prediction that
32 earthquakes of Mcdified Mercalli intersity V or greater
should have occcurred within the last 250 years. The histori
record reveals that for a much larger area, namely 30,000
square kilometers, only 23 such events have occurred within
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‘ Ye last 250 years. Further, no such event has occurred
«ithin the limited area centered alcong the Ramapo fault.

Aggarwal and Sykes devoted a considerable portion of their
paper to establishing that a number of the larger historic
earthquakes reported to have cocrurred over a wide area of
southern New York and northern New Jersey actually coriginated
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 Ramaco

in faw some of the lar~er earthguak_sg d:finitely conflicts

4 - -
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with the available historic reports of those events.
The methods emploved by Aggarwal and Sykes, althcugh generally
accepted as a tcol useful in characterizing the seismicity
of a given regicn, are not ordinarily employved to extrapolate
£rom a set of data on instrumentally recorded micrceartihquakes
cf very limited duratiocn upward to damaging earthquakes with
cacurrence intervals measured in centuries or even millenia.
‘ ae procedures they have followed underscore tihe generally
;alleracosnizai sroblams inherens in exsrazolating to 2 time
period which is many times longer than the duration of the
available irstrumental data base and in neglecting the
shysical limitaticns con earthquake size that exist for every

earthguake producing structure.

BISTORIC SEISMICITY

ritical review of the data prepared by Aggarwal ana Sykes

for the Ramapo fault indicates a scomewhat less than compelling
data base supporting the repcrted seismic activity rate
along the Ramapo. Indeed, the very conclusion that the
Ramapo fault is "active" is in itself somewhat unigque.
Elsewhere in the world, active faults are typically well
defined by their seismicity and geologic data i3 used to
define more precisely the surface traces of active faults,

and often to determine recurrence rates of fault movement

/]-22 6



‘ st 250 years. Further, nc such event has occurred
vithin the limited area centered along the Ramapc fault.

\ggarwal and Sykes dJdevoted a considerable portion of their
’aper toc establ: shing that a number of the larger historic
sarthquakes repcrted to have occurred over a wide area of
southern New York and northern New Jersey actually originated
sn the Ramapo fault; their later develorment of earthguake
recurrence statistics is based upon that premise. As will

e shown in this parer, the tacit assumption of a Ramapo
szigin for some of the larger earthgquak.s d:finitely ceonflicts
vith the available historic reports of those events.

The metheds emploved by Aggarwal and Sykes, althcugh generally
accepted as a tcol useful in characterizing tha seismicity

>f a given regicn, are not ordinarily employed to extrapclate
Erom a set of data on instrumentally recorded microearthguakes
of vervy limited duration upward to damaging earthguakes with

L -ence intervals measured in centuries or even millenia.
‘,::cedu:es they have follcwed underscore the generall:
vell-recognized problems inherent in extrapclating to a time
seriod which is many times longer than the duration of the
available instrumental data base and in neglecting the
oshysical limitaticns on earthquake size that exist for every

sarthquake producing structure.

AISTORIC SEISMICITY

sritical 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 corclusion that the

Ramapo fault is "active" is in itself somewhat unique.
Eisewhere in the world, active faults are typically well
defined by their seismicity and geolegic 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 geclogic time. No such data is presented or suggested
the Ramapc fault.

.ithin the regicn surrounding the Ramapo fault, seismic
history is reascnably complete for large intensity events
for a tir» pericd of between 200 and 250 years. For this
pericd of record, historic seismicity within the region dces
not define any specific fault structures; see Figure 1. At
best, the historic seismicity can be relegated to broad
seismic source arecs which encompass subragions ¢of i’ jhest
earthquake density with reasonable uniformity.

Aggarwal and Svkes have shom only 2 sn~lasta2d gozticn ¢2 the
seismicity in the region about the Ramapo fault based con a
location precision criterion (in part). It is not indicated
whether all epicenters have been screened by their criterion
er only thcse adjacent to the Ramapo. Regardless of screerning,
there are abundant epicenters which clearly are not associated
with the Ramapo fault; many or all cf these earthguakes have
been used tc derive the regicnal b-value of 0.73. Therze is

‘indi.cation of the area considered to be the region.

For puzcsoses of establishing our regicnal data t:s

)

selected a 150 km by 200 km regicn of somewhat uni
earthquake density; the selected region (encompassing all of
Figure 1) has haa more than 100 repocrted 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 Agcarwal 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

o
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from 1970 to 1977. Wwhen the historical record and the
urrent seismic activity in scutheastern New York are compared
(3), however, they do not display a remarkable similarit '
for earthquake activity along the Ramapo fault. In face,
the seismic record for scutheastern New York shows a bread t//// ¥
distribution of epicenters rather than a concentraticn aleng
the Ramapo fault.

Seismic source areas within the regicn have been selected <o
confora 5o geclegic structural trends and o contain areas
cf uniform earthguake density. As-ming the conclusic:
reached by Agcarwal and Sykes is correct (that earthjuakes
are related to northeast trending faults exposed at the
surface) we have selected seismic scurce areas which trend
northeast, includiry the proposed source acea abcut th
Ramapo fault. The primary purpcese in

areas is for ccmparison of the seisnmicity in various gorticns
of the regicn. Scurce areas ara shown on Figure 1, and
include the Razmapc fault source acsa, the HIgh
area adiacent ts and-west of the Ramapo, afd the Lower

- -
-

' .
[

Hudson source area whish eacompassas the catiar Zanse clu
of historic events adjacent to and east ©f the Ramapc area.
For the Ramape fault, we have accepted essentially the same
Ramapc scurce area as that suggested By Ag- arwal and Svkes,
but have shifted the area somewnat eastward tc comply with
known fault gecmetry. A tabulaticon of ea::hquakes by scurce

area is presented in Table 1 and 2.

Locations of the larger historic events are indicated on

Figure 1. Evaluation of this data indicates that no historical
earthgquakes cf intensity greater than MM IV have cccurred
within the Ramapo seismic source area [or aleng the Ramapo
fault).
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We have examined the merit of relocating the larger historic
events along the Ramape fault as was suggested by Aggarwal
‘ ! Sykes. In general, we found no basis in historic reports

€0 justify relocaticn of events o the Ramapoc fault.

We specifically examined in detail the suggested relocation
of the 1384 earthquake to some Point along the Ramapo faulk.
The highest reported intensities for the 1384 event were
aleng the scuthwestarn end of Long Island (2,3,6). Rockweed,
a noted authority en earchquakes in late 1200's, stated

that he had devetad much time to the study of the material
gathered in regard to thig earthquar2. He found =he highest
intensities to be located at Jamaica and Amityville in the
western part of Long Island.

In their discussion of =he 18384 earthquake, Aggarwal and
Sykes acknowledge the Broocklyn 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 scurce of data. Further discuséing Rockweed's

. -~ i by 2 S s Phio {= o
Ximum shaking in norcheassasn MNew Jecsay”. Tais iz nce

ort they state that "He claced the center of =he zane cf
L 4

the case. Rockweood clearly identifies the area of maximum
shaking as "The area of Intensity IV is nearly elliptical,
its lcnger 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”. Rockwoed further .
States that "The only pluces where the reported intensity
reached V were Jamaica and Amityville in the western part of
Loeng Island”. Rocxwood states later in his repert that "An
examination of the map at once indicates that the cause of
this earthgquake is to be scught in the vicinity of New York

City".
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hoeokwocd continues in his report to describe examples of the

intensity V s..aking. The c'uie reported by Aggarwal and

Sykes is actually a comment on the intensity IV isoseismal
rating utilized by Rockweed is the scale of I to VI where IV

= Strong and V= Severe.

In additicn to the reports of mainshock data, the lew York

Times (7) cites tha occurrence of aftershocks which were falt
along the southwestern end of Long Island as well. The Paterson
Daily (8) Press reports foresnocxs and alcersioOcCks purportecly
felt in Paterson, New Jersey, but foreshock reports came only
after the mainshock. Rockwood statc : "there were sundry

reports of light succeeding shocks at various hours on th

llth, but none were confirmed by two observers, and all were

apparently due to the excited imagination of the public”.

Based on evaluaticn of Rockwood's reports, the suggestion
=

vent was alzng the Ramapo

2 2
4 by the existing data.

b |
‘ lt is clearly not justifi

SPATYT -L DIST2TBUTION CF EARTHQUAXRES AND GECLOGIC AND TECTONIC

STRUCTURES

The geologic significance of the suite of Precambrian rock
comprising the New York-New Jersey liighlands has been summarized
by Aggarwal and Sykes. The prominence of this zone geoclogically
and geomorzhically as well as its tectonic history of recurrent
deformations through geoclogic 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 distributicn

of epicenters within the Highlands faulting system (see

- e | |
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‘ are 1), it is concluded that earthguake ac‘:.i'lity-can ce
spatially related to surface traces of faults in the Highlands
system. The linear trend of faulting from southwest of the
Schocley's Mountain area (point X on Figure 1) through Lake
Hopatcong (location A) to the Wappingars Falls area (point
X') and beyond, may represent the most significant and
continuous faultiag sysiem in the region.

The Highlands linear is quite prominent over much of it
h
and satellite imagery. Northeast of Wappingers Falls area,

length as cbserved on varicus forms of high altitude

]

tocraphy

the marked linear continues, but is 70 longer within the

Precambrian rocks. Studies are presently underway tc Z2a2iine
the nature of the linear as expressed by geclegy. A perticen
of the linear has been previously termed the Beac cn-Cc;axe

anomaly (3), where the linear extends into Paleczoic rocks of

LA

New York and is marked by apparentl: isclated kncbs o

"

& Lo " . , ; .
aes a2l TOCX. @ Z2C.05is ilpsTanc

(1]
(8]

-~ - — -
-
- ' e |

‘ . linear has not been established.tc date.

Clearly, the bulk of historic epicenters located within the
Highlands are readily asscciated with the Highlands faulting
system. Alsc, the three lccalities menticned akove (points X
and X' and Locaticn A) are sites of earthquakes swarms
within the New York-New Jersey regicn shown on Figure

1. The Schooley's Mountain area (goint X) had more than 125
small events reported in December of 1977(4); both Lake
Homatcong (location A) and Wappingers Falls (point X') have
had well recorded earthquake seguences during the last
decade.

Simple correlation of the number cf events for the pericd
since 1970 within the.seismic source areas 2s outlined ¢on
Figure 1 shows 13 main events along the Highlands linear and

o
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‘ vents alcng the Ramapo: for the complete period of historical

record, there have been 21 events al..g the Highlands linear

and 15 events along the Ramapo. The larger intensity historical

events and hundreds of swarm events have alsc occurred along -

the Highlands linear; this includes a magnitude m, = 3.3 event

at Wappingers Falls, and clder events of up o intensity

MM VI and perhaps MM VII. The magnitude of the largest

instrumentally recorded event that has cccurred aleng the

Ramapo source area is ™ 2.5; the largest historically reported

intensity is MM TV,

Based on the distribution of epicenters, the actual number

of eveuts association with the Ramapo scurce area, anéd 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 recicn. 1In

L)

particular, there is no justification for considering all o
- -l

- -
-

the seismic activity in the regicn &2 be concentrate
po Zfault, as Aggarwal and Sykes have implici%lv done oy
applying ragicnal data &2 their cecurrance curve fzr the

fault.

RECURRENCE INTERVALS FOR EARTHQUARES

A common method ¢f evaluating the seismicity of any given
area is by determining the cumulative frequency of various
size earthquakes within the area. Earthquake size may be
expressed by either an intensity rating or a magnitude

scale. Cumulative Ifrequency curves are constructed by
plotting the cumulative number of events greater than or
egual 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 MM V events in the northeastern United States, it

2. reascnable to assume that most, if nct all, events of ‘//

intensity M V (and greater) should have been fel” since

some time prior to the Revolutionary War, or approximately

the last 230 years.

Assumptions of the period cf complete or near ccomplete

record for variocus size events within the reg:l are shown

en Figure 2. Thus, for MM>V, despite the cluster o events

in more recent vears, the populaticn density controlling

felt reports within the Ramapo scurce area suggests that MM V
events should not have gone unnctic 1 for a =much lazger
pr-icd of time than suggested by the intensity distribution.

larger than magnitude (mb; 2.0 has been complete, cor nearly

complete, since abcut 1370, or for approximately 8 years.

As suggested by Aggarwal and Sykes, detection of events ////

No satisfactory macnitude-intensity relaticnship exists.
ce it is necessary tc utilize botlh iat ity ané magnitude
‘.-:a to develop cumulative freguency cusves over the entire
range of available data, we have used Aggarwal's relaticnship
(10) for ease of comparing results

ub--O.ZO + 0.752

Cumulative frequency curves are typically ncrmalized with
regard to area as well as time in order that seismicity for
differant areas or different structures may be meaningiully
compared. The unit area most commonly used in evaluaticon of
seismicity is 1000 sguare kilcmeters. Thus, the standard
recurrence curve Ior an area such as the Ramapo scurce area
would relate the cumulative number of events per year per

1000 sguare kilometers to various size events.

Although this approcach was nct taken by Aggarwal and Sykes,
we have ncrmalized all data within the region to determine a

recurrence per 1000 square kilometers area. Both the data

presented for the Ramapo scurce area (by nggavwa‘ and Sykes),

>
/- 337



11
‘nd 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 fregquency curve
based cn the regional historical seismicity and the Ramapo
source area data. Data peints for the curve for the Ramapo
source area are limited because no histcrical events larger
than intensitcy MM IV have occurred. One of the 4ifficulties
in constructing a reascnable recurrence curve for the Ramapo
fault is =he limited dats bass. Cnly a f3v small sarthiguakes
(m < 2.5) have cccurred within the =curce area since 1974
when a number of sensitive seismic stations were est .blished
in the area. Aggarwal and Sykass have used the cumulative
level of activity implied by these events to predict a level
nf activity for larger earthquakes by extrapolatica 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 cf a small sample size.

'«’

Extrapolaticon on this basis trpically le2ads to exto-amely
unreliable return pericds for higher magnitude earthquakes.
We can find no basis for Aggarwal and Sykes extrapolation of
the Ramapo micrcearthquake data to larger size events based
on a regional b-value 0.73. Since the figure preserted by
Aggarwal and Syke:s 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 MM IV occurring along the '
Ramapo in reported history, and with approximately 230 years
or more of significant pcpu.ation of the area along the
fault, we find litt.e reliability in extrapolating recurrence

intervals for intensity MM VII and MM VIII earthquakes.

In addition we can find no justification for the plotting of
large intensity regional earthquakes along the curve that

-3
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‘ ‘ports to represent the cumulative frequency of events
wor 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 axample, 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

iast 250 years. ~for the entire ragica shown sa Tigure 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 faul:s.

In areas ¢f high seismicity with several qedloqically active
“~ulty, such 2s =he San Andreas fault system, earthguake

' ta sets have been subdivided into small subsets of the
system to evaluate activizy of the individial segman:is (12).
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 earchquaxe associated with the system.

The variation in both a-values and b-valurs and data subcets
is perhaps more clearly demcnstrated by Wyss and Lee (12)

For individual segments alcong 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.

Further, this vaviation can be seen a/onj the same fault -
A- 236
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segment with discrete samples in time. The b-values for the
same fault are shown t2 vary from 0.8 %o 1.4 for six-menths
data samples during a cne-year total sample(l2).

Based on these and other data, we believe that the approach
taken by Aggarwal and Sykes for defining the seismicity

along the Ramapo fz21lt is invalid. The a-value for the vz’,
fault cannct be well defined by 9 to 1l events collectad over
a period of about four years. It shculd be noted =hat less
than half the data used to determine the a-value can
actually be asscciated with the Ramapo fault when the spatial
relations between t=he hypocenters &..d the fault plane are
considered. We conclude the a-value selacted for the

data subset by Aggarwal and Sykes has no validity with
respect to either the true a-value for the Ramapo faults
;Burc. area or the a-value of the Highlands linear faulting
erstem as 2 wheole.

‘.. further i1dentify the difficulties inherent in the apprcach
of Aggarwal and Sykes, we have utilized the 1970 =i
1977 periocd of record ¢to construct cumulative freguency
curves for variocus 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 fregquency 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 ™ 2.0, a:d an eight year
sample for magnitudes greater than ™y 2.0. The Highlands
data plot essentially along the same curve developeu for the
Ramapo data. We conclude that there is nothing unique about
the seismicity of the Ramapo.

‘ : "
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aw examine the implications of the Aggarwal and Sykes recurrence

curve, we have calculated the prcbability of not observing a

single evert of a particular intensity during a reasomable

detection pericd assuming thac the activity rates of Aggarwal

and Sykes are correct. In szalculating chese prebabilities,

we have made the usual assumpticn that eartiguaka occurraences

follow a Poisson distzibuticn. Thus, the probabilisy of not

observing a single event of intensity greater than or egqual %o

I in ¢ vears is cgiven Dy:

PI- P (0 events with intensity > I in t years)

e}t 1e)% o7'F )

0!

where )\ is the average rate of occurrence (i.e., mean numlar
. events per year greater than I).
The values of Fp Zor differan: intensitias and the 2sscclated
detection pericds are shown in Table 3. For the statad

-

assumptions, the chance ¢of not observing an earthquake
greater than or equal to inteasity VI in 230 years is 1l in //”//

4,000. The chance of not cbserving a single earthquake
12

greater than intensity V is 1 in 1077,

The short return periods indicated by Aggarwal and Sykes

(Figure 4) do not seem credible in view of their incompatibility
with the histcrical seismicity data.

Another way of irterpreting this result is that if in fact
earthquakes of intensity gre2ter than or equal to MM V occur
on the average 7.3 years, as suggested, one should have seen
’lmost with certainty saveral events of intensity 12 V
specifically along the Ramapo fault in the last 10Q years.
Since not one earthguake of intensity V or greater has been
satad on the fault (or within :he‘source area) it is
Qnrusonable to assume these earthguakes oOccur with a return

rcv-'o-/ of 7.8 :
-3
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@

_eax.. It is concluded that the short return periods predicted hy
the Aggarwal and Sykes curve, therefore, are not statistically
valid. Based on the microearthgquake data presented in

Figure 4, we conclide that there is nothing to suggest that

the Ramapo fault (or the Ramapo source area) differs from

the adiacent Highlands linear wish regard to activity lavels

of earthguakes. Indeed, as cnly low intensity events (MM<IV)

have ever been reported aleng the Ramapo, it is clear that

the Ramapo fault is not the geolegic structure controlling

the seismicity in the region or the combinec Highlands~-

Ramapo source area. ' ‘

There remains a marked discrepancy between the shorter

return periods of recent instrumental data (low magnitude)

and the inconsistently longer retuin periods cf regicral

historic data (larger iatensity). An inconsistency between
microearthguakes and larger magnitude data is not expected

‘lcu she micreoeartnguakes result from different causative mechanisms.

A portion oI zRhe dissrenancy is clearzly rhe result of the

error in the data plot of Aggarwal and Sykes. They state

that the record of events for mb: 2.0 has been ccmplete "’////
since 1970. For this data, however, they have used only the

1974 to 1977 time pericd in normalizing the data with respect

to time. This oversight results in an error of a factor

of two, which is to say that all plotted events between

My 2.0 and my 2.5 appear to be twice as frequent as they .

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 pased on instrumental
magnitudes determined by Lamont Dcherty ¢rom the local
telemetered seismic network. The'mac:oscismic recurrence
curves are derived from felt report intensity evaluations.
‘he two data sets are related through an empirical magnitude=-
intensity relationship. Again, for purposes of this discussion,
we have assumed the same relationship as outlined by .Aggarwal
and Sykes for convenience in making data compariscns. The ’
e, 237
published.

ta supporting this relationship, however, are yet un
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another possible explanation could be that magnitudes determined
over the past few years for instrumentally recorded microearth-
quakes are incorraect. If the magnitude determinations are

too hiqh_as has been previously suggested (l13), this could
partially explain the discrepancy dependent upon the Zegree

of error made in the magnitude assignments. Street and

cthers (l4) have pointed out that errors in ™ estimacions

of 0.5 magnitucde units can occur when using Lg periods that

are not clcse o “ne second (which is frequently the case

with microearthquake recordings).
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"‘SICNS

ased on the data shown in Figures 1, 3, and 4, we conclude
hat the Ramapo fault is not unique in terms of its seismicity.
he bulk of the historic seismicity within the regicn, '
owever, dces appear to be included within the three identified
ource areas. The only differences Letween the Ramapo fault
ata and the rest of the Highlands fault system . the fact
hat for both short-term (4 to § years) and the historical
ecord, “he larger events do not appear to be associated
jith the Ramapu. :ndeed, in agpreximataly 250 yeazs =2
record, no earthgquake of intensity greacer than MM IV has
ywer occurred aleng the Ramapo. Fuothel, based on statistical
nalysis of the return pericds proposed by Aggarwal and
jykes, and the review of the ¢ata presented by others (l11,12)
/e conclude that return periocds of larger events cannoc< be o
accurately decermined by a four-year sacple of nine events
»f less than m, 2.35. This appears to be the case even in

’ cf active seismicity and must certainly apply t< areas

of low tc moderate seismicity.

In summary, based on the historical seismicity, the spatial
distribution of events and the apparent lack of large intensity
events, we conclude that the Ramapo fault is not the geclogic
structure contrnalling the seismicity of the region or

the Highlands faulting system. Further, we believe that the
conclusions reached by Aggarwal and Sykes regarding return
periods of large intensity events along the Ramapo or for

the regicn are unjustified and incorrect. Return periods for
larger intensity earthquakes based on the actual historic
record indicate tchat the freguency of occurrence predicted

by Aggarwal and Sykes are more than an order of magnitude

too short. 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.

o
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Qlo 1. List of all epicenterswithin the limits of Figure 1
excluding aftershock seguences oOr swarms. For swarms

the largest earthquake is taken as representative of the

swarm. Source areas are those outlined on Figure 1 and described
in Table 2. Earthquakes loéited within the scurce areas

are identified by the follcocwing designatorc: LH, Lower

Hudson Scurce Area; HL, liighlands Source Arsea; R, Ramapo

Source Area. Ccarthgquakes are listed in the order of decreasing
size with all mqu magnitudes converted to intensity according

to the Aggarwal relationship, rqu -0,2+ 0,75z, (10°.

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 from Aggarwal and
Sykes and this paper. TwoO estimates of complete record of

‘tensity levelz, one based on an assumed population distribution
1 another taken from the record intervals indicated on Figure

v v

2, are used with the recurrence Iatas o deternina four set
of probabilities. These data sets are presented in the form
of chance estimates which are simply the inverse of the pro-
babilities.
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‘ Source
Date Lat long MMI Area Date Lat Lona MMI
12-18-1737 40.< 74.0 VI R 08-22-~1975 41.14 73.95 III-1IV
08-10-1884 40.86 74.0 VII HL 07-02-1377 40,7C 74,935 III-IV
06-01-1927 40.3 74.0 VI-VII HL 12-09-1977 41.56 73.88 III=-IV
11-30-1732 41.0 74.5 VI HL 12-23=1977 40.77 74.76 III-1IV
09-01-1895 40.7 74.8 VI LA 05-18~1804 40.7% 74.0 ITX
03-23-1957 40.63 74.83 VI Ld 0l1-25-1841 40.75 74.0 IIT
12-10-1374 4039 73. V-V - 4 03-08-1961 40.7 74.2 Iz

08-23-19138 40.13 74.53 v-VI 04-21-1881 40.35 73.10 Iz
09-09-1848 0.4 74.0 V 01-04-1885 41.3 73.9 I1T
02-05~1878 0.3 73.8 V 01-31-1888 41.3 72.8 Iz
10-04~18378 41.5 74.0 V 10-24-1925 41.4 73.3 III

v

v

v

E

N3=-09-1891 40.%8 74,0 06=26-1932 41,0 73.8 9 44
05-12-1926 40.9 73.9 09-03-1937 40.33 74.25 IIz
01-25-19313 40.2 74,7 07-29-1938 41.0 73.7 III
01-04~1247 41.03 73.58 V¥ 08-23-12138 41.2 3.7 IT1
09-03-1951 41.25 74,25 V 12-C08-1938 40.8 78, IT
10-08-1952 1.7 74.0 v 07-28-1941 41.13 73.7% Iz
03-27-1953 4.1 T3.% ¥ 04-01-1947 41.01 74.30 I1I
09-14-1261 40.78 75,75 V 03-10-1977 41.18 74.15 i1t
12-27-1961 40.50 74.75 V 10~14-1977 41.56 73.9% I1I
11-17-1964 41.2 3.7 % 10-24-1975 31,60 73.98 III
07-11-1572 40.9 73.8 1IV-V 04-08-1974 41.22 73.99 I1I
09-10-13877 40.1 74.8 IV=-V 06-15-1975 41.58 73.94 It
6=07-1374 41.57 73.94 1V=V 11-22-1976 4l.0 73.86 IIT
-13-1978 40.84 74.05 IV-v 05-16-1228 4C.3 74.3 IT-IIT
06-08-1313 41.0 73.8 IV=V 12-08-1951 1.7 73.9 IT-IIT
1698 41.38 73.37 v 09-22-1976 41.29 73.98 I-I1I
1702 41.4 73.5 1v 12-05-1976 40.77 74.76 IT-III
1711 41.4 73.5§ It 12-11-1976 40,72 74.01 II-III
08-06-1729 41.5 73.5 1Iv 11-27=-1977 41.02 74.22 II-III
02-05~1908 $1.4 73.2 1™V 01-10-1973 41.39 73.98 II-III
07-19-1937 40.72 73.71 Iv 11-10-197S 41.0€ 74,32 IT-III
10-24-1942 40.97 7S5.25 IV 10-27=1977 41,07 74.59 II-III
03-29~-1950 41.05 72.80 IV 12-25-1878 40.8 73.8 II
08~17-1953 41.0 74.0 v 05-01-1910 40.7 73.5 Iz
03-31-1954 4C.25 74,00 IV 05-22-1926 41.7 73.9 II
v
v

54
x

12-20-1962 40.99 74.33 10-12-1237 41,2 73.8 II
10-21-1938 41.17 713.87 It
09-13-1939 40.8 74.0 I3

05-11-1976 40.49 73.80
01-21-1977 39.98 74,33 1V

EEES RABAoE8 0l 88 onkiiiaE

08-02-1918 41.08 73,70 III-1IV R 05-21-1966 41.14 74,03 II
02-15-1972 41.29 73,61 III-IV HL 10-06=-1969 40.%6 74.864 II
03-11-1976 40.95 74.35 III-IV HL 06-10-1977 40,70 74.89 I-I7
08-20-1976 41.12 73.76 III-IV R 11-3C-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-11
04-29-1975 41.59 73,88 III-IV R 10-28-1976  40.89 74.49 I-1I

07-19-=1975 41.43 73.79 III-IV



Source Area

Region

Highlands Linear
Lower Hudson
Ramapo

Sum of three
source areas

P
N -
R

Sourca Area
Dimension, km

Length Width ™~
200 150
150 25
135 40
125 18

Tota rea, Number of Earthquake Dens)
kme Earthquakes  Events/1000 km2
30,000 91 1.0

3,750 21 5.6

5,400 i8 7.0

2,250 15 6.7

11,400 74 6.5



Mecan Rate of Oca ce

Probability of Not

Assumed Period of Observing a Single

Chance of Not

Observing a Singl

Intensity Complete Record in Years, t Per Year, A __ Event of Tntensity > I Event of Intensity-t
Recurrence rates from Aggarwal and Sykes and complete record
estimates based on assumed population distribution
vIII 250 2.92x 107, 1.01 x 107} 1 in 2
VIl 250 1.03 x 10_ 7.59 x 10~ 1 in 13
vI 230 3.64 x 10| 2.32 x 107! 1 in 4300 22
v 230 1.28 x 10 1.50 x 10717 1 in 6.66 x 16
Recurrence rates from Aggarwal and Sykes and complete reccrd
estimates based on data presented in this report
VIII 250 2.92 x 10:: 4.61 x 105 1 in 2
VII 2590 1.03 x 10-2 7.59 x l(l_‘ 1 in 13
VI 200 3.64 x ‘O-l 6.90 x lC_e 1 in 1450 1
v : 130 1.28 x 10 5.65 x 10 1 4in 1.77 x 10
Recurrence rates from this paper and complete record estil ates
based on assumed population distribution *
vIII 250 9.33 x 10:2 9.77 x 10:: 1 in in 1.0
VIl 250 3.4 x 10_ 9.18 x 10_, 1 in 1.1
vi 230 1.24 x 10_, 7.51 x 10_, 1in 1.3
v 230 4.54 x 10 3.52 x 10~ 1 in 2.8
Recurrence rates and complete record estimates based on data
presented in this report
vIII 250 9.33 x 10‘2 9,77 x 10': 1 in 1.0
vII 250 .41 x 107 9.18 x 10_ 1 in 1.1
vI 200 1.24 x 10 7.80 x 10 ) 1 in 1.3
v 130 4.54 x 107° 5.54 x 10” 1 in 1.8

V2 K vd

in
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.'qurc l. ZEpicenters of earthquakes (1698 through 1377)
ecimarily in scutheastern New York and northern New Jersey.
Portions of Pennsylvania and Connecticut are alsc 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 subregicnal
source areas, discussed in the text, are identified on the
figure. X, A, and X', mark the lccaticns cf the Schoocley's
Mountain, Lake Hepatcong, and Wappingers Falls earthguake
swarm sites resnectivelr Matas tNe numbar ol @picencer
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

of New York , the geologic

from the brittle structures ma

0
a9

map of New Jersey, and unpublished notes of the New Jersey

State Ceolegical Survey (1l5).

. ur2 Z. Number of earthquakes per decade for each Mv
intensity category listed iz Table 1. Csaszed vertical lines

indicate "he authcers' estimate of complete record for the
intensity categories based on frequency of repocrted occurrence.

Figure 3. Cumulative number (N) of earthquakes of magnitude
m, OTr greater per year per 1000 kmz as a function of magnitude.
Circles,@, are data points based on all data presented in
Table 1, taking .lato account the estimates of complete

record presented on Figure 2; X's are data points

presented by Aggarwal aad Sykes ( 1 ) normalized with respect
to area for comparison. The regicnal 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 cbtained using only the intensity intervals;

V, VI, and VII.

&
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Figure 4. Cumulative number of earthquakes of magnitude my

or greater per year per 1000 kmz as a function of magnitude,
derived from Table 1, for the subregional source areas. '
Subset of Highlands and Ramapo scurce areas data for the time
peried 1370 to 1977, evaluated in the same manner, are also
presented. The regicnal recurrence curve, presented in Figure

3 is repeated for reference.
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May 17, 1558

Mr. H. Etherington &-7—— D%?

Advisory Committee on Reactor Saferuards
Ruclear Rezulatory Ccmmissicn
dashington, D. C. 20555

Comrent on: Earthquakes, Faults and Nuclear Power
Plants in southern New York and northern New Jersey,
by ¥. P. Agparwal and Lyan R. Sykes, Science,

26 April, 1978.

On first reading this is a lucid and comnelling
eénalysis of the Ramapo fault systen, establichinr it as
seismically active and sugresting hirh seismic risks for
& nuclear plant built near the fault. On analysis, how-
ever, it seems to me the arguments advanced largely fall
apart. The prebabilities arrived at are derived from
statistical eanaivsis and the validity of such an analysis
is directly proportional to both the amount of data aveil-
able and to the unquestioned apnrlicability of the da*a to
the rroblen being analyzed. he Aggarwal-Sykes analysis
is weak in voth respects, as will be discussed below.

Since the early 60's at least, the Lanmont Geoloricnl
Observatory has maintained a seismic networx in northern
New Jersey and southern New York State. Apprarently, sicni-
ficant additions to the network were made in the Ramapo
area about 1974. and the data demonstrating seismic
faront Hatiodha 1808 0RS, SRAL 20ns dake  from, then,  The
8 tendency for seismic energy to be released along old,
northeasterly trending zones of faulting, of which the i
Ramaro fault is one. Acgarwal and Sykes' Fi-, 1 shows
widesrread seisnic activity throuihout New Englané and
adjacent perts of Quebec during the 1970-1.77 period.
Zones of seisnic activity apoear to have northerly or
northwesterly strikes, particularly a broad belt extend-
ing north-northwesterly from the Mohawk valley for about
500 kxilometers. Other centers of activity are precent [
in weetern New Ynrk State, perhaps with a generally
nerthiesterly trend, and in northern New Jersey and
southern New York with a more northerly trend. A wide

h-25 %



Mr. H., Etherington Page 2

scatter of earthquakes is also present from Connecticut
to Massachusetts and northward intc Quebec.

Focal mechanism :zolutions for nine recent smeil earth-
quakes in northern liew Jersey and southern New York, feocur
of which are associated with the Ramapo fault zone, indi-
cate high angle reverse faulting, with an apparent small
conponent of strike-slip movenent, su;cesting rerional
corpression, actini- in a northerly direction. According
to Airarwal and Sykes the earthquakes are shallow, many
within 1 or 2 kilczeters of the surface. Masny are con-
centrated along exposed i .es of ancient brittle crystal-
line rocks. It is tempting to suggest tnat the recion is
undergoing a shearing motion, with a counterclockwise
rotation sense. The locel coincidence of seismic activity
with ancient fault systems is related to an accidental
orientatisn favoring relief of north-south coxpressive
stress.

The Afrarwal-Sykes f{requency analysis involves a
few srall earthguakes detected in the general vicinity of
the Ramepo feult in the 1974-1977 period, plus six earth-
guakes of intenzity VI and VII, felt in the greater New
York City area over the rast 250 years. One of the latter
was located in northern New Jersey near Asbury Park, well
away from the Ramapo fault zone. Despite some evidence to
the cuntrary, As-garwal and Sykes have assumed that the
other five occurred »n the Ramapo fault. They then note
that an empericzl relationshir determined for the southern
New York - northern N2w Jersey arca seems to rationalize
the snall seisnmic events on the Ramapo fault with the
larger historical events on a frequency-magnitude rplot.
It is the interpretastion of this plot which led Azgarwal
and Syvkes 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 nlant.

The acceptance of the above conclusion depends entire-
1y on the judgment that the Ramapo fault is the dominant
fault for seisrie strain releas: in the southern New York -
northern New Jercey area. This conclusion seems unaccept-
able b:ecause of the improbability that all or most of the
larger seismic events cited should be attributed to activity

nN-257



ir. H. Etherington Page 3

along the Ramapo fault., Fig. 1 in the "Comments on the
Seisnmicity in southern New York - northern New Jersey,"
issued by TASNY's Seismic Consultants shows quite clearly
that seismic activity has becn broadly distributed over
known faults in the New Jersey Highlends and in the

liew York City-Dutchess County area, as well as in the
famaro fasult zone. In fact, intensity V and larger
errthquakes seem to characterize the Highlands and New
Y~rk-Dutchess County faults, while avoiding the Ramaro
zone ! It, therefore, seems much more probable that the
five intensity VI and VII earthquakes used in the Argarwal
and Sykes analysis should be assigned to fault zones
other than the one associated with the Ramapo fault.

In their Table 1, Agrarwal and Syres indicate three
nethods for calculating the probability of equalling or
exceeding intensities VII and VIII at Indian Point. Of
thece the third, protabalistic calculation by FcGuire
based on historical events throughout the pregion, would
seem to bte th» 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 evants affecting a particular spot within
the New England seismic zone.

‘

As a general comment, I would like to suggest that
a predictive analysis for frequency versus magnitude of
earthquakes probably is only useful at a regional scale.
The large anmount of data gathered for the San Andreas
fault system, for example, gives a reasonable basis for
rough predictions of probabdility of occurrence of events
of certain int-nsity alonz the entire San Andreas system.
dowever, it is easy to see that these same probabilities
do not apply to the various paerts 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 seens to
ne that the determination of the probability of occurrence
of an event of a certain intensity alonc the northeastern
end of the Ramapo fault must be essentially meaningless
unless that canclurion eprlies equally to a large region

surrouniins this particular site.

Jonn C. Maxwelli
Consultant

C.Ce !'Te B Icne, Staff Eagrineer
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. APPENDIX XIX
Seismicity of Southeastern New York

| | and Northern ilew Jersey
picenter locations Faults \U -
b4 _.‘.

® FRH<1 km — == Dashed where arproxi-
@ L IHZ2 km mate or inferred
OERH<S5 km + «+ Normal, hachures on
- downthrown side
Focal ~~ + Thrust or reverse, teeth

mechanisms on overthrust block

- + + oNd 40°30'
. ¢ 51015 km
r’\/\’\ I
75° 74430 74°
1 1 -

Fig. 2. Fault map 4, 3, 29) of southeastern New York and northern New Jersey showing epicen-
ters (circles) of instrumentaliy located earthquakes from 1962 through 1977 Indicated unce. -
tainties (ERH) in epicentral locations represent approximately two standard deviations. Focal
mechanism solutions are upper-hemisphere plots; the dark area represents the compresstonal
quadrant. For event 14 there are two posstble focal mechanism solutions; the data, however,
are more consistent with solution b than a. The Ramapo fault and two of its major branches
‘-A‘) are shown by the heavy lines;: x's denote locations for other events discussed in the
xt. The solid tnangle shows the location of the Indian Point nuclear power reactors.
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L ? \T . % Jan.1974-Nov. 1977

4 O 1947-1977
“ A 18771977
o 17371977

log N=1702
0.13 =0.73 my

R ERAL
LAl ill

1
1

N = cumulative frequency of earthquakes per year

ok 3
p— S~
r— -
r —

'o°z
- 3
E =
— ——

MM = VI vit Vil

'0‘3 l L l

| 2 3 4 9 [ 7

Magnitude (my)

Fig. 4. Cumulative number (N) of earthquakes
of magnitude rmy, or greater per year as a func-
tion of magnitude. Data sets are each for the
120-km-long segment of the Ramapo farlt and
for shocks located within 10 km of the fault.
The question mark denotes the minimum val-
ue, that is, the incomplete detectability of
events of that magnitude. The slope of the
curve. 0.73, was determined independently
for recent shocks in New York and adiacent
areas. The intensity-magnitude relationship is
from (19). The uncertainty, = 0.13,in the val-
ue of a (log N = a — bmy) represents the 95
percent confidence interval.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D. C. 20555

May 26, 1978
APPENDIX XX

Davis-besse: Background Material on

H. Etherington, Chairman Orifice Rod Assembly Failures
B&W Water Reactors Subcommittee

8&W ORIFICE ROD ASSEMBLY (ORA) FAILURES

On Friday, May 19, Davis-Besse 1 reported failures of several ORAs. The
latching mechanism on the ORAs is similar to that on the Burnable Poison
Rod Asserblies (BPRAS) which caused problems at Crystal River 3. (The
Committee was br jefed on this at the April meeting) The ORAs weigh only
about 1/3 as much as the BEPRAs and, vhereas the BPRA's were believed to
"chatter" at 4 pump operation (and were therefore restricted to reduced
operation), the ORA's being iighter and held up by flow are pelieved to
encounter "chatter" problems at 2 pump (reduced £low) operation. (Davis-
Besse 1 had considerable time on 2 pumps which is thought to be a reason
the ORA failures occurred there first). (The CR-3 ORA's were inspected
and were not badly worn)

The Staff called for a meeting with B&W and affected B&W 177FA licensees
on Wednesday, May 24. BeW explained what inspections had been made and
what additional information would be gathered by June 15ch. (Complete
inspection of all ORAs at Davis Besse 1, Metallurgical exam of B-4

(new) end fitting, work in hot cell on g-3 end fitting, pressure pulse
effects analysis, inspection of Oconee-3 ORAs after June 6 shutdown, flow
teste at Alliance Research Center, TMI-2 inspection when BPRA retainers
installed) B&W felt the proolem probably was not generic but was flow
related and requested approval to continue operating on the basis that
failure of an ORA would not be a safety problem and +hat, especially
with increased attention to the Loose Parts Monitors, failure of an

ORA would not escape undetected. Davis Besse planned removal of some
ORA's because, even with the resultant increased by-pass flow, DNBR was

not expected to be a problem.

At this point the gtaff has not taken any limiting action, but has asked
B&W to submit an analysis of why dislodging of an ORA would not be a
safety problem. This will be discussed at the NRC staff session Friday
morning. - ‘

A-xe/
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The cure to the problem is probably a guestion of material 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 become dislodged.

(The B&W Mark C fuel to be used in Bellefonte and newer plants, has
a positive locking mechanism which would not have this problem)

An update on the CR-3 problem is attached.

Attachments:

(1) Slides used by B&W
(2) FPC Letter dated May 16

-~
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4‘;" MATERIAL PROPERTY COMPARISOM —--\\

HOLDDOWN LATCH ASSEMBLIES
YIELD STRENGTH HARDNESS

i

;_C_gz.g MATERIAL PSI BHN RB
CR-111 Bar 36,000 149
63,000 217
AN Bar 37,000 156
; 63,000 217
‘Occuze-11 BAR 33,500 145 77.1
63,000 197
’AVIS Besse-1 Cast 40,700 ~153 80
' 48,000 ~]170 85
SiiUD Bar 63,000 207
| 75,000 217
‘ 'Ge:eaaxc ReLosns ~ Cast ~38,003 ~78
| ~47,000 ~78-80




2,

3.

POSSIBLE KEAR CONTRIBUTORS

Repucep Fuow; 1.€. 2 AND 3 PUMP OPERATION

Hark-B4 Enxp FiTTING
A. Cast Horopown LATCH

B. Repucep PrResSURE Drop

Otuen
A. PuMp PrRESSURE PuLsiTions

B. HMinor ManUFACTURING VARIABLES
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PRELIVINARY PUMP OPERATING HISTORY

@ A5, 1978
REACTOR CYCLE NUMBER OF OPERATING DAYS
e 1 PUMP - 2 PUMPS 3 PUMPS 4 PUMPS
Davis-Besse-1 1 1 35 41 -194
MI-1 1
2 6 45 2 277
3 1.5 . 1.5 2 305
] - >] >]1 27
TMI-11 1 - 16 : 28 2
ANO-1 « 3 :
D 2 >1 3 1
i 3 >1 1.5 2
9]
¢ Oconze-1 X 19 5.5 9
°Q Oconee-11 o 27 12 13
Oconee-111 v 5 3 13
CR-111 1 Ty 24
Rancxo Seco 1 6 8 6 603 -
2 S S| | 14

® Orerating Since Fx-B4 Exo Fivying

- ————— . —— "



Fx

BPRA

UNLATCHING CONDTION
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THERMAL-HYDRAULIC DESIGH
177 FA PLANTS

AXTMUM
ORE EYPA“S ELOY
(% oF SYSTER ELOU)
TOTAL GUIDE TUBE
INITIAL BASE - ALL FA’S CONTAIN '
CRA’s, BPRA's, or ORA’s 6.0 1.7
TYPICAL PRACTICE - 36 1o 44 ORA’s , .
e JELERE N
ALL BPRA’s/0RA’s REMOVED ' 10.4 6.4

NOTE: REMOVAL OF OME ORA INCREASES CORE BYPASS BY ~ 0,04%
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‘ FIGCURE 1

QUALITATIVE DESCRIPTION OF LATCH TUBE WEAR

LATCH TUBE INSIDE SURFACE
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WEAR ADVA CHARAGTERIZATION 4
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C:".L.. AR AREA O LOWER CHAMFER ONLY.

T™YPE I -
TYPZ IT - UZAR INTO VERTICAL LAND, BUT LESS THAN MALF THE HELGHT
“fYPL TIT - UDAR INTO VCRTICAL LAND, GREATER THAN HALF THE HEIGHT.
TYTE IV - URAR 1NTO UPPER CHAMFER.
- 0 ey ¢
Bens BPRA
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Florida .
Power

LIMPORAT ON

May 16, 1978
File: 3-0-3-2-3

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 Power Corporation
Dear Sir:

Attached are responses to Items 1. through 9. of Part I, Enclosure !
. to your latter of May 2, 1078.

This information is being submitted in accordance with the schedule of
activities outlined in our letter to you of May 15, 1978.

Ple¢sa advise if further discussion on the attached is desired.

Sincerely,

Q.B. DBews /5or

W. P, Stewart
Director, Power Production

Tuv

#- ‘1?/

General Office 3201 Thiny-tourth Street South « ? O Box 14042, St Peter=burg. Flonda 33733 o 813—866-5151
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Describe cleamup 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, piping,

valves, etc.).

Debris removal from the RCS has/will be accomplished by a variety

of means. A summary, by component, follows:

Fuel Assemblies: BPRA pins were removed from the guide tubes by
mechanical grabbers. Upper and lower end fittings were cleaned with
a combination of mechanical grabbers, picks and vacuums. Clzaning
was preceeded and follewed by a detailed video inspection of all upper
and lower end fittings as well as a detailed side view inspecticn of
selected fuel assexnblies,

Plenum: Video inspections were conducted and debris removed with a
mechanical grabber. A free path check of all control rod 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 removed from the OTSG upper tubesheet and
lower head. A visual inspection of the J leg piping showed no debris.
All tubes found with debris will be cleaned with a stiff rod and cable.
A 100% free path test of all tubes will be followed by eddy current
inspections. .

A-OTSG: A visual inspection of the upper head revealed no foreign
material. Following a free path inspection of 100% of the tubes the

lover head and J leg piping will be visually inspected. Any foreign
material will be removed.
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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 capabilitlies of the inspection
techniques to identify the debris.

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 2ssorted underwater tele-
vision equipment. Documentation of inspection and cleanup operations

is by video tape and independent observation by at least two observers.

*
All debris observed using video equipment will be removed. Manual

grabbers have removed pieces of debris from 12 feet long down to less
than one inch. Vacuuming has removed debris from several inches in

length down te debris that appears as specs on the video screen.

Describe the damage inspection procedures and techniques used. Identify
vhich components will be insgected for damage, and what criteria will
be used to determine the acceptability of any components found damaged.

Damage inspection procedures consist of a combination of station
approved operation and maintenance procedures and procedures developed
by Babcock & Wilcox Company. Components to be inspected include the
Reactor Vessel, Core Support Assembly, Plenum, Fuel Assemblies, Control
Rod Drive Mechanisms, 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 ia other Babcock - Wilcox NSSS.
Documentation of examinations is by video tape and independent obser=-
vation by at least two observers.

Provide the results of the cleanup and inspectious Jdfscussed above.

Itemize the tctal debris recovered and any debris that is not recovered.

Results of the cleanup are analyzed and documented as each operation

is completed; including size estimates of the debris recovered. Docu-
mentation is by video tape and procedural sign-off. Debris has been
removed from the fuel assemblies (upper & lower enmd fittings and BPRA
guide tubes), reactor vessel, core support assembly, plenum and Once
Through Steam Cencrators. Both BPRA spiders and couplings were recovered,

one intact in the plenum, one in pieces in OTSG. Of the total

* See attached supplemental Tanformation page. ﬁ— 17 Q



4.

5.

"A:

Q:

Cont'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. *

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 chanu.l 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 o} 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 conditiouns should
be provided.

¢. Blockage of the guide tubes which would prevent control rod

insertion and safe shutdown operations.

~ d. Mechanical damage to primary. internals due to impacting.

e. Blockage and/or binding of any orifices, valve seats, and vent
valves in the primary coolant system.,

f. Blockage and/or erosion of steam generator tubes.

8. The effects that the residual debris will have on pumps and
any other components with moving parts.

h. Effects on coolant chemistry and crud levels.

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 small fragments remaining in the system
will soon be flushed to the bottom of the reactor vesc<el where their
effect will be minimal. This position 1is supported by the previous

operation of Arkansas Nuclear Unit One and Oconee Unit Two for several

* See attached supplemental Information page. ﬁ— s 7 7
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A: Cont'd.

months with similar size debris ia the system with no adverse effects.

Considerations was given to the following areas:
a. Flow blockage of fucl assemblies -

The potential effects of residual poison and metallic fragments on
DNB are minimal. See respons: to Question 1 & 2 for cleanup procedure.
Any debris left in the system wil'l eventually be carried to the core
inlet and become trapped in the lowor end fitting or lower end spacer
grid. The effect of debris trapped i1a the lower end fitting has been
evaluated using the crossflow codes LYNX1/LYNX2. The results deson-
strate that blockage of 20X of the fuel assembly inlet flow area decreasass
the DNBR by less than 0.1Z. A blockage this large is extremely unlikely
since it would require several large pieces of debris to be lodged in
the same fuel assenbiy.

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 approxizately 0.140" wide. Fuwever, Lf cne assumes

that a blockage does cccur at the spacer grid just below the point of
minizum DNBR and that 75% of the flow area in two adjaceat channels

is blocked, the resulting reducticn iz DNBR is aprvo: mately 5. This
c#lculation doe: not consider that turbulence inter.ities are very high
behind the blockage. A study of pressure and flow in a fuel bundle
containing blockages conducted by Battelle Pacific Northest Laboratories
measured turbulence intensities five times greater than normal for the
area just dehind the blockage. This increase in turbulence should

offset the loss of flcw due to the blockage.

The potential for propagation of fuel failures due to a blockage is
extremely remote. The means that is used to postulate the first failure
(forcing the coclant from one channel) protects the adjacent channels
because more coolant is forced into these channels} thereby, increasing

the margin and reducing the possibility of further failures.

The water chemistry is monitored daily and any fuel failure would be

detected by this routine inspection.

b. Control rod drive system

BSW inspection of upper plenum cover showed no debris. If coolant
debris were ever to reach the Control Rod Drive M-ochanisms (CRDM) internals,
it would necessarily have to exist in thaq area between the upper plenum

cover and the reactor vessel nozzles. Since no evidence of debris . .3

/- 2A7%



found on the plenum cover, the possibility for debris in the

mechanism is essentially precluded.

In addjtion, 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 CRUM 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 assembly
area of the mechanism. Presence of these chips has never prevented
a control rod from being tripped or driven into the core.

In summary, 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. Posctible blockage of control rod guide tubes -

B&W has made an extensive effort to identify and retrieve all thé
loose pieces from the primary system. Detail description of the
efforts made is given in the responses to the question 1 thru 4,

In summary, debris from all the guide tubes. of fuel assemblies 3C35
and 3C37 were removed 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 scme 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 intermals 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 spicer coupling before the assembly escaped entirely from the

/7-277



the internals, although a significant amount of debris was found on

the fuel assembly lower end fittings, the lower internals and the lower
head of the reactor vessel, suggests that the parts that are able to
pass through the system are too small to cause structural damage.

Ia conclusion, based on the fact that (1) a detailed inspection of
the reactor internals was performed and no detrimental structural damage
found, (2) all debris that is found will be removed and, (3) possible
remaining debris would be small, no detrimental effects on the function
of the reactor internals either present or future are expected from
the L3P failures and resulting debris.

e. Effects on RCS valve seats or vent valvas -

All vent valves, including the seating surfaces, were visually
inspected with a TV camera. This iaspection revealed no detrimental
Structural damage. The only indicaticn of any type was a ainor impact
mark on one vent valve jack screw, belie ed to have occurred during
removal of the plenwm assembly (Plemu=m éssembly was removed from the
vessel without the aid of the indexing fixcture to facilitate removal
of the L3P assembly lodged in the plenum ragion).

In ;ddition to the detail inspection, the vent valves were exercised
and found to operate freely.

In conclusion, based on the results of the visual inspection which
revealed no detsrimental damage and the fact that the valves moved
freely when exercised provides sufficient evidence that the function

of the valves have not been impaired.

The possible effects of residual debris on the Pressurizer Safety
val.es was also considered. Our £4 ings show that any debris particles,
which could be drawn from the pressurizer into the safety valves by
the suction created when those valves life, would pass through the
valves and into the discharge system without obstructing flow. While
marring of the valve seating surfaces could occur and result in leakage
after the valve closes, this in no way compromises the safety function

of thece valves.

49-2 §U
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f. Effects of Steam Gemerators -

Video inspections of the OTSG B upper tubesheet have revealed
damaged tube ends and tube to tubesheet welds. This damage however
is not 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 locged debris will be removed;
if the debris cannot be removed the tubes will be plugged. Calculations
of the effect of the damage shows insignificaht changes to the generator
pressure drop and reactor coolant flow characteristics. In order to
confirm these conclusions the reactor coolant loop flow signal will be
monitored at 40, 75, and 100Z 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
epring pieces assumed to have passed through the reactor coolaut pumps.
None of the pieces shown in these tapes are believed to have had sufficient
mass or density to significancly damage the pump impeller on impact.
Operational data surrounding the incident is limited.' 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'.

/7- 2 ¢/



6.

.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 sclution will be insignificant
next to normal 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
ebrasive effect on any crud buildings, but this debris will be removed
by the makeup and purification filters subsequent to plant startup.

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 indiceations of improper seating
or wear,

b. Details of nondestructive insnertione o0f the BPRAs, hoth
damaged and undamaged, and orifice rod assemblies. _Addrzss
any anomalies found with che nolddown Latcn assemolies.

c. A description of any destructivk examinations that have
been performed. Address any metallography that has been
completed in the areas of wear.

. Response

o
—

The cause of the two BPRA separating from their fuel assemblies is
still under investigation.

a.

Coupling spider assembly of BPRA B-47 was discovered in the
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 wich several full and partial length burnable poison
rods attached and one locking ball present.

fany full and part length individual burnable poison rod pieces
were found in the guide tubes or 'upper end fittings of the fuel
assemblies from which they care out. A long length of the ‘
burnable poison rod was also found wed%ed i?notme;mperend‘ﬁtt"w
of an adjacent fuel assembly and a small segment was found lying across the

upper end fittings of a nearby fuel assembly.

Following defueling at Crystal 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 asscmblies. During recmoval of

the 66 BPRAs, all ball-lock couplings were visually examined;
nothing unusual was seen. Nine (9) of the BPRAs wero visually
examined full-length and 3609 around. Nothing unusual was seen.
All fuel assembly hclddown latch assemblies (68) containing 92?1



BPRAs were visually examined 360° around on the inside. Two
wear arcas were seen on each latch assembly, oriented at 180°
.to each other.

. lhree fuel assemblies had wear in the holddown latches which

~ approximated that observed in the hclddown latches of fuel
assemblies 3C35 and 3C37. While the results of the holddowvn
latch inspections arc 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 orientation
with respect to the fuel assemblies. The ball latching mechanisms
were examined for ball orientation and condition. The holddown
latches were examined for evidence of wear, and general visual
appearance. Each ORA was reinserted into its correspondaing 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 corresponding
to the location of the latching balls.

Inspection of ORAs at Oconee, and holddown latches at Oconece
and ANO-1 provide additional verificaticn 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 show that ORAs have been used with no failures and nc
degradation 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 BPPA locking
balls were oriented. '

¢. Destructive Exomination

B&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 compenent during the operation.

9. Describe the remedies plannhed to prevent future occurrence of
similar failures.

QESDOHSE

To avoid future occurrence of similar faflure at Crystal River site,.
5PRAc are replaced by ORAs as stated in response to question 6.b.

M2 R



Question 7.

Response

Question 8

Resgonse

In your ptesentation on April 6, 1978, you indicated that the poison
rod assembly was lifted out by action of the hydraulic forces within
the core. Provide your analysis of this phenomena. The complete
analysis should include any simplifying assumptions, comservatisms,
and test results used in your evaluation of this phenomena. Describe
what provisions are being considered to preclude this condition

and how these provisions will effect other plant operations.

The lift force on the BPRA was calculated in the following manner:
a quarter core LYNXl 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 pressurec 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
uplift force has been revised to three to five pounds,

The lift force on the BPRA is no longer a concern for this plant
since all BPRA are being removed from the core.

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 assewbli:s
did not experience failure 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 failure of the poison rod assemblies. If this is

true, provide an analysis on the effects that low flow operz .ions
will have on the orifice rod assemblies.

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
approximarely 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 operaticn the minimum positive
1ift on the OPA is nineteen pounds. This lift force is fifteecn
pound higher than the net force on the failed BPRA (under four pump
operation) and ten pounds higher ther the highest lift 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, thrce

pump operation is not the usual onerating mode and is used only

for limited periods of time. [uc pump c¢peration has not been

considered because of its lin ..u use. ";? ;7//



Supplemental Information

At the present time, all observed debris has been removed from the CSA except
for 4 small pieces of BI'RA pin. These pieces are located in the lower grid
support posts and are estimated to range in length from 4 to 8 inches. If

efforts to remove these picces fail, justification for not removing them will
be provided.
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APPENDIX XxI
Dayis-Besse: Orifice Rod and Burnable
Poison Rod Assembly Failures
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’ FIGURE 1

QUALITATIVE DESCRIPTION OF LATCH TUBE WEAR

LATCH TUBE INSIDE SURFACE o Fiww 2
— A — e
" — e S - . - S . . —— T -
- . 453 ) o
}\ (’7’
\‘, it T8 v
-_@_- b .._/’/5__ ....... ..\’é/‘.., ST Ay
P o it B
- ‘ \ e
rree 1 TYPE I TYPE III TYPE Iv I - \ O\ Z
LOCKING ~1078
—— wo ol o f - BALL o ::... =
N : LOCATION 1; LT204 ¢
WEAR ARTA CHARACTRERIZATION x bhs TN
e AP, JU
TYFo 1 - &“J.LL WEAR AREA ON LOVER CHAMFER ONLY.
TYPD I1 - v2an IITO VERTICAL LAND, BUT LESS TIWAN HALF THE HEICHT
TYPE III - ©7AR INTO VERTICAL LAND, GREATER TIAN HALF TIE HEIGHT
TIOE IV - UZAR INTO UPPER CHAMFER.
FD. OF 1ATCH PERCENTAGE OF TUBES SHOWIN WG WEAR OF
PLANT TUCES EXANMINED TYPE 1 TYPE I! TYPE il TYPE 1V
ca-3 én 7 - 49 34 10
CCoTTE-2 25 $2 44 4 0
AXQ-1 3 &7 S3 0 0
D-5-1 24 <4 13 20 13
4 5 aN7T
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POSSIBLE WEAR CONTRIBUTORS -

1. Repucep FLow; 1.e. 2 AND 3 pump OPERATION

2. Mark-BY4 Enp Frrrine
A. Cast HoLpoown LaTcw |

B. Repucep Pressure Drop

3. Omier
A. PuMP PRESSURE PuLSATIONS

B. [MINOR MANUFACTURING VARIABLES
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CR-111

ANO-1
"Oconee-11
®

Davis Besse-l
- SHUD

Genexic ReLoADS
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MATERIAL PROPERTY COMPARISOM
HOLDDOWN LATCH ASSEMBLIES

MATERIAL

Bar

BaAr

Cast

BAR

Cast

YIELD STREKGTH
PSI

36,000
63,000

37,000
63,000~

33,500
69,000

40,700
48,000

63,000
75,000

~38‘ 000
~47,000

HARDNESS
BHN  Rp

149
217

156
217

~145
197
~170

207

77.1

80
85

~78-80
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SITZARY QF ORA LATCH TUBE INSPECTIOHS
LATCH TUBE CRARACTERISTICS TUBES
PLANT BHN YIELD, KSI EXAMINED _ PFMARKS
Oconee-1 - 73.8 7 ORA FOR 2 OR 3 CYCLES
Oconee-1 170 34.8 1 ORA fFOR 3 cCYCLES
OcoNEe-2 170 43.0 7 ORA FOR ONE CYCLE
,:j _ ANO-1 217 63.8 g ORA FOK ~WE CYCLE
O ANO-} 156 37.0 12 0% FOR ONE CYCLE
o
(R-3 149-159 42-36 19 ORA ror 270 EFPD
(R-3 170 u3 2 ORA ror 270 EFPD
rR-3 217 63.8 19 . ORA for 270 EFPD
Ua-1 153-168 9 A ror 85 EFPD
a - 1T

3 - AR
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Davis-Besse-1
TM1-1

Til-11
A0-1
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PRELIMINGg@Y PUMP OPERATING HISTORY

MAY 23, 1978

NUMBER OF OPERATING DAYS

e ———————————

¢

1 PUMP 2 PUMPS 3 PUMPS 4 PUMPS
1 35 41 194
6 4.5 2 277
1.5 1.5 2 305 °
- 1 1 27
- 16 28 2
>1 3 1
1 1.5 2
19 5.5 9
27 12 13
5 3 18
76 24
6 8 [ 608
”] - »] 14
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862-0

PLANT

0CONEE 1
OCONEE 2

~ OCONEE 3

TMI-1
TMI-2
CR-3
DAVIS BESSE

-RANCHO SECO

N0-1

PLANT_STATUS_SUMMARY

POXER
LEVEL

2568
2568
2568
2535
2772
2452
2772
2772
2568

STATUS

100%
1007
100%
100%

IN STARTUP TESTING
SHUTDOWN
SHUTDOWN

~70%
1007

NEXT
REFUELING

SEPT-0CT

0CT-NOV
JUNE
1979
1979
1979
1979

LATE 1978
1979
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APPENDIX XxI1

Ccnnecticut Yankee:
uel Pool Rack Canning
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ATWS WORKING GROUP MEETING
MAY 26, 1978
WASHINGTON, D.C AFPENDIX XXIII

Highlights of ATWS Subcommittee Meeting,
May 26, 1978

= MEETING HIGHLIGHTS -

The ATWS Working Group met on May 26, 1978, to continue discussion
with the NRC Staff on their position on ATWS 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 meeting
included:

1. In response to the question of how the ATWS fix would be

-5
changed if the ATWS safety goal were varied from 10 to
-7 .
10 , NRC noted the following: (1) if the safety goal is
-

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 vaives instead of 3-5 the relief valves
now proposed. GE would st_l. :.wjuire recirculation pump trip
and the fast auto-boron injection system. It has not known

if the high pressure makeup system could met the ].0-5 safety
goal in its present forn., NRC noted that in general, mitigat-
ing system reliability would be on the order of 10-2. I1f the
safety goal was 10-7 per reactor year, Westinghouse would
require 1-2 relief valves;, CE and BsW would require 4-6 relief

valves, and GE would require an additional high pressure makeup

[-IosS



ATWS Highlights -2- May 26, 1978

2.

system, in addition to the modifications noted above. In
general, mitigating system reliability would have to be on the
order of 10-‘. Dr. Lipinski commented that he believes NRC
must demonstrate a 10.3 reliability for the mitigating system,

even if it is specified Safety Grade.

NRC was asked to discuss the accuracy with which measurements
of moderator temperature coefficient at full power are Known,
and whether or not they have investigated the possibility of
making the moderator temperature coefficients more negative.
NRC stated that the uncertainty involved in the measurement
of the moderator temperature coefficient (MIC) is on the
order of 108. Dr. Kerr was not aware that the MIC could

be determined to such accuracy. It was also noted that the
difference between the 95% and 99% MIC value (moderator
temperature coefficient will be no less negative for either
5§ or 1% of operation), results in a difference in peak
pressure of about 100 pounds for W and CE reactors, about
400 psi for B&W reactors. NRC also noted that there is no
Staff requirement to make the MTC more negative, and cited

a vendor topical that suggests a fuel burnup penalty may
result from attempting to do so. There was extensive dis-
cussion regarding whether or not the uncertainty in the
measurement of MTC would be greater than the MIC guantity
being measured. The staff “eels that while the uncertainty
in this parameter is difficult to assess, it does effect

the peak pressure calculations and must be adiressed.

A-36 6
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ATWS Highlights -3 May 26, 1978

3.

4.

5.

In response to the question "to what extent does ATWS contribute
to the probability of a LOCA, assuming that Staff fixes are lple-
mented,” NRC said they have not really looked at this guestion and
can not quantify the answer at this time. NRC is more concerned
with the functioning of equipment necessary for long term coolo.wn

after the peak prossure has occurred.

The Staff discussed the alternatives to waiting until after rule-
making is completed before ATWS fixes are applied. NRC believes
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=
rulemaking path was followed. NRC believes the time required for
jmplementation of the ATWS fix would ultimately be shorter, if

litigation is avoided.

There vas discussion of the Staff's statement "The staff believes
that common mode failures are likely to dominate reactor protection
system unreliability, and the staff's estimates do not weigh heavily
the results of synthesis calculations". Dr. Kerr felt the synthesis
calculations should be used for an estimate of RPS unreliability,
since there is an insufficient amount of data available to calculate
an unreliability figure. NRC countered that engineering judgement

is used in lieu of data, and they do not believe synthesis models

A- 307



’ .

ATWS Highlights -4 May 26, 1978

6.

are adequate for common mode failure situations. Or. Saunders
cited one mathematical model that he believed could be used for
the common mode failure situation. Dr. Hanauer replied that the
Staff did look at this model, but does not believe it could be
relied upon to provide adequate results.

In response to a question regarding the differcice betwsen the

US and the Federal Republic of Germany BWR ATWS mitigation systems,
NRC noted that the FRG relies upon a dual shutdown system in con-
junction with reduction in the speed of the recirculation pumps.
The NRC also statec that the recently proposed GE 10-second-auto-
boron injection system has the potential of meeting the NRC ATWS

acceptaroe criteria.

A working Group guestion requested a discussion of the appropriate-
ness of using Part 100 dose guidelines for ATWS calcuations, in
light of the extremely conservative source term used in LOCA cal-
culations. NRC responded that it is their belief that an ATWS
event has a very low probability, therefore the use of Part 1W0
dose guidelines is appropriate for this event. Dr. Kerr was of

the opinion that the Part 100 dose term is nonmechanistic and has
little relaticnship to pbysical reality. He found it difficult

to apply this nonmechanistic source term to a mechanistic phenomena
s'ch as ATWS. The Staff replied that while they believed that the

/7-3Sok



ATWS Highlights -5~ May 26, 1978

Source term, such an accident has a very low Probability, and
Part 100 dose Quidelines are appropriate.

There was a serjes of Working Group questions regarding the
uncertainties involved in the calculation of Peak pressures
Seen during an ATHS. The following Points were noted: (1)
NRC performed a Set of calculations for the Peak pressure

using the input from the three PWR vendors, Comparing the

of between 50 ang 200 psi. The Staff believes that they can't

Quantify the uncertainties in the Peak pressure calculations,

Such items as reljef valves; (3) NRrC analyzed the effect of
equipment failure on the peak pressure Seen during ATWS. The
results indicate that equipment failure only accounts for a

small amount of uncertainty in the determination of Peak pressure.
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the NRC come pefore the full Committee

their ATWS position, with an
tember 1978 meeting.

Group also reconmended that

in August to give a ptesentation on

Industry presentatim to follow at the Sep




ATWS Questions for Staff

1.

Discuss changes that might occur in the fix or the mtho% of
q:psoach if the ATWS goal were varied over the range 107~ to
107/ per RY.

Discuss appropriateness of using Part 100 dose guidelines for
ATWS calculations in light of the extremely conservative source
term used for LOCA calculations.

Discuss the accuracy with which measurements of moderator tempera-
ture coefficients at full power are known. Has there been any
investigation of the possibility of making moderator tempcrature
coefficients more negative?

How much does ATWS contribute to the probability of a LOCA, assuming
staf . fixes are implemented.

what is the accuracy with which calculations of transient peak
pressures can be calculated? Are there significant unresolved
discrepancies between vendor and staff calculations?

Can the conservatism in the staff's proposed fixes be estimated
quantitatively?

Discuss alternatives to waiting until after rulemaking is completed
before ATWS fixes can be applied. Has the Staff given thought to
shorter term corrective measures that could be applied before rule-
mak ing is concluded?

Although the Staff has accepted the probability of core melt as
calculated .n the Reactor Safety Study as an appropriate goal,
the calculated consequences associated with this core melt prob-
ability were based on a specific containment. The consequences
for different containments might be markedly different. How does
the Staff propose to account for this possible difference?

what fraction of the anticipated transients are expected to be
accompanied by lost of offsite power? Has this been considered
in arriving at the probability of an ATWS event? Discuss further
Comment 1.4 in Appendix XIII of NURBEG-U46U0 concerning the increased
probability of a LOCA with ECCS failure due to the increased number
of relief valves suggested as an ATWS fix on two of the PWR types.

A- 3/




ATW, Questions -2-

10.

12.

13.

14.

15.

1.

Please provide adiitional di  cussiom Of the statement on page 23,

»rhe staff belic.2s rhat common apde failures are likely to domi~
nate reactor protecticn system wrsliacility, and the staff's
estimates do not weigh aeavily the results of synthesis calculations.”

Please provide additionel discussion of the statement On page 24,
*Common mode failures aie selieved to be the most likely cause
of multiple failures of vods.*

On page 27 the follow.ng s. tement appears: “while the data do
not exclude unieliapiliti of the mechanical portion of the scram
system in the ordes of 0"/, =he data s e aljo consigtent with
much higher failure probabilities in «he 10°* to 10°° range.”
what prevents this statesent from *:ing made about the fixed-up
system?

On page 28 the following staterenl appears: *In assessing the

additional requirements tha. might be necessary in order to meet

the staff ety ordective for ATWS events we have used a value

of 3 x 1077 per deman’ for this probability, which includes some

allowance for the improvement in £-ture reactor protection systems
ed with the systems used to 3arive the estimate.” Please

provide some additivnal information on Fw this value was achieved.

On page 28 the following statement appears: »the staff believes
that its current estimate of unreliability is appropriate for the
electrical portion of the scram system, but recognizes that the
lack of observed control rod or drive failures nay make the esti~-
mate less applicacle to the mechanical portion of the scram svsten.”
Is the difference that the staff cbserves bDetween the electrical
portion and the mechanical portion due to the fact that the staff
interprets coe failure as having occurred in the electrica’ systen
but no failures in the mec-anical systez? If this is the case,
how does this difference of one f.ilure —ake so large a difrerence
in the staff's evaluation of performance of tne two systems.

As a corollary to 5 above; if the shutdown system is tiought to consist
of the following: (1) trip signal, (2) electronic circuitry, and (3)
mechani._al components, what is the contribution of each to the overall
system reliabilit ? Is there a reed for reliability izprosement in any
of the three areas noted?

Since incomplete insertion of control rods does not cause significant

shutdown reactivity lusses, could they be omitted frua the scram
system reliability assessment?

- 312



17.

18.

19,

20.

Wnat has the BNL ATWS study taught us regarding the uncertainty in
the peak pressure calculation for PWRs? How do these uncertainties
compare with the uncertainties innerent in the vendor calculations
of peak pressures’

Are there actions that can be taken to remove uncertairties in the
pressure calculations, especially during preoperational testing of
a plant?

What time-response considerations are involved in the investigation
of the ATWS transient if the recirculation pump trip is included

in the BWR fix? Are the U.S. systems different from the FRG systems
in the tine-response needed for secondary shutdown in addition to
recirculation pump trip following ATWS?

In the event of a turbine trip, would the provision for bypassing
of steam flow to the ~ondenser mitigate the demand on ATWS Plant
Protection for BWRs?
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h . APPENDIX XXIV
recommended Improvements for LRC Flant
. Uperating Reviews

RECOMMERDED IMPROVEMEHTS
[ ) ) V

CURRENT ACTIVITIES
o RETRAN DeveLoPMENT EFFORT
o FueL BeHavior MoDELING
o SIMULATE IMPROVEMENTS

POSSIBLE FUTURE ACTIVITIES

o Reactor KineTics MopeL DEVELOPMENT
o RELAPY MopeL DevELOPMENT

BENEFITS

. o FAsTER ResponsE To NRC CONCERNS
® ResuLTS MORE APPROPRIATE TOo VY
o LOWER CosTS

BCS/1
5/19/78



® PROVIDE EARLY ACCESS To INFORMALLY

DISCUSS REQUIREMENTS, POSSIBLE
SCHEDULES

o PROVIDE NECESSARY PRIORITY TO REVIEW VY
SAFETY ANALYSES

o ProvIDE FOR VY PARTICIPATION IN NRC-vENDOR
GENERIC MEETINGS

o ProviDe ACCESS WHEN APPROPRIATE TO VENDOR
PROPRIETARY INFORMATION

e ProviDE VY Access To GENERIC BWR 1ssues as
THEY EMERGE FROM WORK AT NRC-rFunDED LABORATORIES

8LS/2

| 5/13/73
A-3/5
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APPENDIX XXV
Report on ICRF Meeting in Stockholm,

REPOR May 22-7, 1978

INTERNATIOHAL COMMISSION ON RADIOLOGICAL PROTECTION
Stockholm, Sweden - May 22-27, 1978
D. W. Moeller

IntroZuction

This was th2 50th Anniversary Meeting of the International Com-
mission on ladiological Protection (ICRP) which was organized in
1328 by the Second International Congress of Radiology. Initially
called the (nternational X-ray and Radium Protection Committee,
the ICRP assumed its present name in 1950, in order to cover
more effectively the ropidly 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 Commissicn are
four Committees with responsibilities as fnllows.

1. Committee 1 o _<adiation 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
fonizing radiation. Included in its deliberations are

the modifying infiuence 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 Seconcary Limits

The basic function of Committee 2 is to develop values of
secondary limits based as the do:e-equivalent limits recom-
mended 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

A-3/¢
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Report - 0. W. Moeller -2 -

II.

Radiology and to the medical profession. Matters currently
being addressed include protection of the patient in radic-
diagnosis and radiotherapy and protection in nuclear medicine.
Committee 3 is also developing secondary standards for ex-
ternal radiation.

4. Committee &4 on the Application of the Commission's Reccmmenda-
tions

——

Comnittee 4 provides advice on the Comission's system of dose

limitation and on protection of the worker and the public. The
Committee also serves as a major poin® of contact for the ICRP

with international organizations concerned with radiation pro-

tection.

Joint meetings of the Commission and its Committees are held every
two years and the Commission meets independently on an annual basis.
In addition, the four Committees meet independently on alternate
years when they are not meeting with the Commission.

The number of members of the Commission and its Committees totals
63 and they represent 18 different ccuntries. The U.S. has 19
members; the UK has 10; France, 7 federa! Republic of Cermany,
6: Sweden, :; Japan, 4; U.S.S.R., 2: and cne representative each
from Argentina, Austria, Canada, Czechoslovakia, Israel, Italy,
Netherlands, Norway, Poland, and South Africa.

Basic Philosophy

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:

a. If the risk is proportional to total dose, then the
gose rate and any fractionation thereof need not be
taken into account. There is no raticnale for limit-
ing the rate of dose accumulation within a given time
span.

4- 2/
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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.

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 ower

doses. It is acknowledged, however, that this approach may
be conservative by a factor of 2 to § (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
Tinearity 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. Although the Commis-
sion recognizes that conservatisms should be applied in set-
ting dose 1imits, it does not believe that conservatisms
should be used in evaluating the risk assessments that under-
lie the limits.

The main features of the ICRP recommendations for dose limi-
tation are as follows:

a. No practice shaii be adopted unless its introductiun pro-
duces a positive net benefit.

b. All exposures shall be kept as low as reésonab]y achieva-
ble (ALARA), economic and social factors being taken into
account. :

€. The dose equivalent to individuals shall not exceed the
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. Dose comitments associated with current operations
should be carefully considered so that allowance can
be made for future expansions in nuclear activities
without undue exposures to any members of the public.

II1. Basic Recomrendations

1. The latest recommendations of the ICRP on radiological pro-
tection have two basic goals. These are to:

a. Prevent non-stochastic effects (where severity is a
function of dose). Examples of non-stochastic effects
are production of cataracts, erythema of the skin, and
acute death.

b. Limit stochastic effects to acceptable levels (where
the probability of harm is a function of dose). Ex-
amples of stochastic effects are chromosomal aberra-
tions, mutations in spermatagonia, ovarian tumors,
and cancer production.

2. Dose Equivalent Limits have been set un the principle that
the risk should be equal whether the whole body is irradia-
‘ ted uniformly or 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.

€. They include for individuals the hereditary detriment in
the immediate offspring (1st two generations).

(BN

They are to be regarded as upper limits, not the acceptable
dose.

e. They are not to be regarded as the dividing line betweer
safe and unsafe conditions--that is, the ALARA principle
sho.id be applied at all times.
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The units for expressing the dose from fonizing radiation
are:

a. The Gray
16y = 1 J/kg = 100 rad
b. The Sievert
1Sv = 1J'kg = 100 rem
1mSv = 0.1rem = 100 mrem

The goal of the ICRP for protecting workers in radiation en-
vironmenzs is to keep their risks comparable to those in
vgafe" industries. The Commission expresses this quantita-
t1vsly as seeking a goal of risk of mortality of no more than
10~%/year.

a. On this basis, the following whole body dose equivalent
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)
per year for whole body occupational exRosure is estimated
to have an associated risk of about 107"/y. 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.

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 #i11 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 1imit 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-whole body.

/F-z220
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".' Table 1

Risk of Exposure of Single Pody Organs and
Associated Dose Equivalent Rate Limits

Body Organ Effect Risk Weighting Dose Limit
or Tissue Considered (per 100 rem) Factor* (rem/v)
Gonads Genetic#* 4 x 1073 0.25 20
Breast Cancer 2.5 x 107> 0.15 30

Red bone marrow Leukemia 2 x 1073 0.12 40

Lung Cancer 2x10° 0.12 40
Thyroid Cancer 5x 10 0.03 170%*%
Bone Surfaces  Cancer 5 x10°° 0.03 170%%%
Remaining Organs Cance: S x 10-3 c.30 17

TOTAL 16.5 x 10™> 1.00

‘ *The weighting factor represents the proportion of the stochastic risk
resulting from irradiation of the given tissue or organ compared to
the total risk when the whole body is irradiated uniformly.

®4Serious hereditary ill health within the first two gemerations. The
total effect for all succeeding generations is estimated to be about
twice this amount.

*%*For these two cases, the non-stochastic lizit of S0 rem/y will govern.
This carries with it the implication that for radionuclides, such as
plutonium and strontium (which cause irradiation of the bone surfaces),
it is the non-stochastic (non-cancer) effects that govern.

A-22/
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Dose Equivalent Rate Limits for specific groups within the
population include the following:

a. Individual members of the public--5 mSv/y for individuals
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
doses are necescary, then the sum of all contributors be-
comes the population dose iimit. The § remy30 years (old
National Academy of Sciences recommendation) has been dis-
carded.

c. Women of reproductive capacity--50 mSv/y at a uniform rate.
On this basis, it is unlikaly thét 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;.

For emergency situations, the recommended Timits (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).

Medical Exposures--are subject to justification and optimization--
but there are no specific dose limits.

Natural background--no 1imit on normal radiation from this source;
however, technologicaily enhanced natural background may be subj-
ect to limits.
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IV. Assessment of Internal Exposures

In what represents a major change, the ICRP has established a new
approach for limiting occupational doses from internally deposited

radionuclides.
1. The ALl

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 committed dose equivalent over the subsequent
S0-year period equal to the annual dose limit.

Fer 2 given radionuclide, there will be one range of values of the
ALl for ingestion and one for inhalation, cepending on whether the
material is in soluble or insoluble form.

If a radionuclide causes exposure of the total body, 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 shown in
Table 1.

' 2. Tne DAC

Using the ALI, it is possible to calculate Derived Air Concen-
trations (DACs) for purposes of limiting airborne intakes of
raticactive materials via this avenue of excosure. The DAC
for occupational exposure to any radicnuclide is that concen-
tration in air which, if breathed by Reference Man for 2000
hours of work per year, will result in the ALI for inhalation.

e AL _
(2000 hr/y) (60 min/hr) (20,000 cm®/min)

where 20,000 em3/min equals the breathing rate of
Reference Man and the ALI for inhalation is expressed
in Becquerels/y where 1 Bg = 1 disintegration/sec.

The ICRP plans to publish in about two years complete listings
of ALIs and DACs for about 200 isotopes of some 50 elements.
This report is expected to have a major impact on evaluation
p:o:edures for radionuclides subject to ingesticn and inhala-
tion.

A-323



Report - D. W. Moeller -9 -

3.

Comparison of New and 01d 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-
missibl2 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 radionucli“es. Where differences do
exist, they are frequently due .ore to improvements in the
basic supporting data on the biological behavior of specific
radionuclides within the human body, than to changes in the
dose Tinits or calculational approach. In the main, the dose
Timits given in Table 1 are not that different from those
currently being applied.

Monitoring of Internal Exposures

The quentity 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 biclogical variability
to anticipate in such assay procedures as well as quidance on
the times (subsequent to intake) for optimum collection of
samples.

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

g-237 |
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designed for applicati&n 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. Noteworthy
1§ems 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
'ong-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-
proach 'n evaluating 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 vill be acceptable.

' Application of the ALARA criterion, however, requires that
consideration be given to the total number of pecple exposed as
well as the dose distribution among them. The ICRP urges that
those respensible for the evaluation of environmental releases
be aware of the fact that, in socme 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
f 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.

° Bl
g-32$
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VI.

€. The transfer factors 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 ¢ itical
nuclides and pathways and the effects of parameter
uncartainties.

Two situations must be considered in modeling the pathways of
radionuzlides within the environment. One is that in which an
equilibrium exists between the rate of discharge and the steady-
state concentrations of radicactive materials within the environ-
ment. The second is where no such equilibrium has been estab-
Tished. Although the former situaticn is relatively easy to
model, the latter non-equilibrium situation is far more complex.
Care must be taken not to apply the simpler equilibrium models

to non-equilibrium situations.

Projections of population doses from routine environmental re-
leases may be important in site selection, particularly in those
cases where the individual or collective coses per unit release
are much smaller for one location thon another. The technolngy
of radioactive waste management, however, is now such that only
in @ few circumstances will planned releases have a decisive
influence on the choice of a site. Where a decisive influence
is exercised, it is more likely tc be because of putlic rela-
tions implications than because of the radiclogical imolications
of predicted dnses to members of the public.

Existing and Future Reports

Presented in Table 2 is a list of the publicaticns of the ICRP.
Publications in preparation include:

1.

Principles Concerning fmergencv and Accidental Exposures
(Medical Handling of Patients).

Limits for Intake ¢f Radicnuclides by ‘lerkers.

Assessrent of [oses from Radionuclide Releases into the En-
vironment.

Monitoring for Internal Contamination.

Biological Effects of Inhaled Radionuclides.

A-33.6
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In addition, Committee ¢ of the ICRP has initiated studies to
prepare reports on:

1. The Principles and Methods for Fpplication 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.

£-337




TABLE. 2
PUBLICATIONS OF THF INTERMATTONAL

CMRAISSION O!N RADIOLOGICAL PROTECTINM

PRINCIPLES OF ENVIRONMENTAL MONITCRING RE-
LATED TO THE HANDLING OF RADIOACTIVE MATE-
RIALS. A report prepared by 2 Task Group of ICRP Commintee
4. ICRP Publication 7, Pergamon Press, Oxford (12661,

REPORT OF COMMITTEE 4 ON EVALUATION OF RADIA-
TION OOSES TO BODY TISSUES FROM INTERNAL
CONTZMINATION DUE TO OCCUPATIONAL EXPOSURE.
ICRP Fublication 10, Pergamon Press, Oxford (1963).

THE ASSESSMENT OF INTERNAL CONTAMINATION
RESULTING FROM RECURRENT OR PROLONGED
UPTAKES. A repo-t of ICRP Committee 4. ICRP Publication
10A, Pergamon Press, Oxford (1971).

A REVIEW OF THE RADIOSENSITIVITY OF THE TISSUES
IN BONE. A report prepared by a Task Group for ICRP Com-
mittees 1 and 2. ICRP Publication 11, Pergamon Press,
Oxford (1968).

GENERAL PRINCIPLES OF MONITORING FOR RADIATION
PROTECTION OF WOAXERS. A report prepaicd by a Task
Group of ICRP Committee 4. ICRP Publication 12, Pergamon
Press, Oxford (1568).

RADIATION PROTECTION IN SCHOOLS FOR PUPILS
UP TO THE AGE OF 18 YEARS. A report by Committee
3 of ICRP. ICRP Publiz=tion 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 (1858).

PROTECTION AGAINST IONIZING RADIATION FROM
EXTERNAL SOURCES: A report of ICRP Committee 3. ICRP
Publications 15 and 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 (1870!.

PROTECTION OF THE PATIENT IN RADIONUCLIDE
INVESTIGATIONS. A report prepared for ICRP ond acopted
by the Commission in September 1363. ICRP Publication 17,
Pergamon Press, Oxford (1871,

THE RBE FOR HIGH-LET RADIATIONS WITH RESPECT
TO MUTAGENESIS. A report prepared by a Task Group of
ICRP Committea 1. ICRP Publication 18, Pergamon Press,
Oxford (1972).

H-388




'@

THE METABOLISM OF COMPOUNDS OF PLUTONIUM
AND OTHER ACTINIDES. A report prepared by a Task
Group of ICRP Committes 2. ICRP Publiication 18, Pergamon
Press, Oxford (1972).

ALKALINE EARTH METABOLISM IN ADULT MAN. A
report prepared by a Task Group of ICRP Committee 2. ICRP
Publication 22, Pergamon Press, Cxford (1973).

IMPLICATIONS OF COMMISSION RECOMMENDATIONS
THAT DOSES BE KEPT AS LOW AS READILY ACHIEV.
ABLE. A report of ICRP Committee 4. ICRP Publication 2,
Pergamon Press, Oxford (1973).

REPORT OF THE TASK GROUP ON REFERENCE MAN.
A report prepared by a Task Group of Commities 2 of ICRP.
ICRP Publication 23, Pergamon Press, Oxford (1975},

RADIATION PROTECTION IN URANIUM AND OTHER
MINES. A report of ICRP Committee 4. ICRP Publicaton
24, Pergamon Press, Oxford (1377). (Annals of the ICRP vol 1,
no. 1).

THE HANDLING, STORAGE, USE AND DISPOSAL OF
UNSEALED RADIONUCLIDES IN HOSPITALS AND
MEDICAL RESEARCH ESTABLISHMENTS: A report of a
Task Group of ICRP Commirees 3 and 4. ICRP Publication pi
Pergamon Press, Oxford {1877). (Annals of the ICR? Voi. 1.
No.

RECOMMENDATIONS OF THE INTERNATIONAL CO\M-
MISSION ON RADIOLOGICAL PROTECTION. (Adepted
January 17, 1977), ICRP Publication 25, Pergamon Press,
Oxford (1377). (Annals of the ICAP vol. 1, no. 3).

PROBLEMS INVOLVED IN DEVELOPING AN INDEX OF
HARM: A report prepared by a Task Group of the Intamanoral
Commission on Raciological Protection. ICRP Publication 27,
Pergamon Press, Oxtord (1377). (Annals of the ICR? Vol. 1
No. 4).
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AFPENDTX XXVI
Reorganization of ACRS Generic
Subcommi ttees
" Revisions:MWL:REF:bjw:3/30/78

PROVOSED
ASSIGMENT OF STANVING SUECCHMITTEES

Standing Subcomittees will be responsible for design and performance
of systems, components, and related materials in designated areas; the
technical content of related criteria, Regulatory Guides, and Staff
Action Plans for resolution of generic matters and criteria for backfit;
reactor safety research in designated areas and preparation of appro-
priate porticns of the periodic ACRS repcrts on Unresolved Generic Items
and the RSR.Prog:am; follow-up with respect to the implementation of

resolved generic items with respect to already-licensed facilities.
The Standing Sulcommittee Chairman may organize his Subsormittee into
smaller werking groups to hancle specific matters within the broader

range of Subcommittee responsibility.

Advanced Reactors: Standardized advanced reactcr designs (e.g., LMFBR,

GCFBR, 1000 MW HTGR) proposed for non-water cooled reactors; advarced or
non-water cooled or moderated reactor design bases, criteria, regulatory
guides; preparation of Chapter 6 of Annnal RSR Report to Congress.

)5, MC, Jai, PGS, CPS, WK , M I3

Core Performance

Core physics; power distribution measurement and control; effect of

positive moderation coefficient, fluence at pressure vessel wall, re-

activity cffects (e.g., calculation of rod drop and rod ejection accident.)

WK, HSI, JQ¥, 0O, ){ MC
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Concrete and Concrete Structures

Concrete containment and reactor pressure vessel design bases and criteria;
fuel storage pool design (e.g., structural integrity).

iﬁ_' :::3' PGS. w' ﬁ‘rlp JE

ECCS

Design of current ECCS; improved ECCS designs; thermal-hydraulic perform-
ance of primary system during LOCA; ECCS research program; preparation of
Chapter 2 of Anrual RSR Report to Congress.

ESI' }C' JE’ HE' CO, t?

Enrichment Plants
L1 S

Encichment plan” design criteria and design nases.

Jou, MC, HSI, SL, PGS, %%

Extreme fxternal Phencmena

Criteria for extreme external phenomena, such as earthquakes, tornadces,
tsunanis, seiches, hurricanes, floods, explosions, airplane crashes,
release of noxious chemicals; effects of LNG or other fires. Preparation
of Chapter 5 of Annual RSR Report to Congress.

o, }§, Jou, ces, 9@, D

Fluid Dynamics

BWR containment programs; REV asymmetric loads; containment subcompartment
pressures and dynamic loads during LOCA blowdown, relief valve operation,

etec., water hammer.

ue, Je, B¢, ust, ces, X

A- 33/



Follow-up Activities

Prepare response, as appropriate, re periodic NRC Staff report on
status of ACRS recommendaticns and requests.
oM, WK, 1P, PGS, {4, HE

Generic Items

Prepacaticn of geiiodic (semi-annual) report on Generic ltems; cocrdi-
nation and review-/of NRC task action plans, including referral to
cognizant topical or project Subcommittees, where appropriate; review
of implementation cf resolved generic items, including referral to

cognizant topical or project Subcommittees where appropriate.

¥8, WK, DO, PGS, CPS, DM

Metal Corzonents

Design and performance of metal congeonents including the reactor pressure
vessel, and other components such as valves, pumps, snubbers, rod drives
and piping; radiation damage and material properties, materials pzrformance
and load limits; primary and secondary system corrosicn and water chemistry
including steam generator tube degradation, effects of containment sprays
on the primary plant, etc.; preparation 6: Chﬁpte: 4 of Annual RSR Report
to Congress.

KGS, 1B, UE ST, DO, O

Plant Arrangements

Separation criteria; missile protection; post-accident environmental
qualification; high-energy line restraints; systems interaction (mechanical).

. 2 y '
8, Je, st, ¢§, wp, B, JCM

1/ Generic lioms Subcommittee will review items not assigned to othet

Standing Subcoimnittees. .
[ - 333~




Power and Electrical Svstems: Design and performance of normal and emergency

power supplies; plant computers; plant instrumentation and contro' system,
a(_to" A " y B ‘_ -
safety systemsj B P

vK, M4, JE, M, Jau, we, DO

Procedures and 2éministration

Procedures and ACRS Bylaws; Fellowship program and assignments, new members.
&l m, MC, WK, D"z'l, Do' CPS

Radiological Effects and Site Evaluation

2T AT

ALARA criteria on- and off-site; environmantal mcnitoring; emergancy pro-
cedures; ultimate heat sink design; protection for affected populz=izns

cutside the LPZ; source term definition; preparation of Chapter 7 of Annual

RSR Report to Congress.
o, JE, HSI, SL, }%, 0§, Do

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 teplaccmeﬁt fuel designs and qualification . Azv. T ...,

<
PGS, HE, HSI, SL, DO, JCM
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Reactor Onerations

Systematic evaluation program; organization of operating greup and of
plant review and audit committees; stretch power increases, incident
evaluation and responses (e.g., primary system blowdown transients,

overpressuring action of primary systems, etc.) reload and FTOL reviews;

spent fuel storage capacity; backfitting policies and practices; inservic

inspection and testing; operaticnal QA.

E’ JE' :B' m, ?s’ D:\.A'I

Reactor Safety Reszarch

Scope and balance of RSR program, coordination of Annual RSR Report to
Congress.

- - -~ o~ . -~ .-
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Regulatory Activities: -Conduct and coordinate review of Reg Guicdes as

appropriate; ad hoc review of Reg. Staff proposals for new approaches,
and referral as appropriate.

C_Is_, MB' HE' ‘\K‘ MP, DWM

-

Reliability and Probabilistic Assessment

Reactor Safety Study; reliability assessment of systems and comporents

(e.g., isolation of low-pressure from high-pressure systems); containment

isolation provisions; containment isclation provisions (e.g., steam line

isolation valve seal systems); functional systems interaction (probability

of DC power supply of compon&nt cooling water failure compromising other
systems) ; preparation of Chapter 9 of Annual RSR Report to Congress.

ﬁ‘ llsx' JC“, m' llc' MB
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Safequards and Security

Industrial security/access control; design features to preclude or
mitigate effects of sabotage; material accountability = SNif; anti-
diversion measures; preparaticn of Chapter 8 of Araual RSR Regport to

I o - -
SVig e~

g' "B' PGS, RE; SL. CPS

Waste Manaacement

Plant decontaminztion decommissioning criteria and procecdurss: rac-
waste management and long-term disposal; in-plant radwaste system
design; effsctiveness of containment sprays cr removal of ralio-

nuclides.

pot, ¥C, BE, WX, M@, SL ,Jem
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AD HOC SUBCOMAMITTITES

Ad hoc Subcommittees will Be set up as required to handle specific generic
type problems which involve an interdisciplinary approach in areas assigned
to a number of Standing Subcommittees. They will normally be disbanded
when their specific assignment is completed. Ad hoc Subcommittees will be
responsible for review of criteria and guides and backfit criteria for the
matters they are estaplished to review.

Fire Protection

Criteria and guide; separation criteria; backfitting criteria for fire
protectisn.

MB, HE, JE, C2S

Long-Ransa RSR Prosram on Inoroved Concscis

Transportation of Radicactive Materials

Transportation through urban areas.

c_m-' ['B' HE' JG‘, D’l"‘&{

Single-Failure Criterion

Reevaluation of the single-failure criterion, e.g., DC power supply,
residual reat removal systems, design = sis loading combinations, etc.

MB, CPS, JE, IE

ATWS
Generic revicws of ATWS "fixes", e.g., pending ATWS report; backfitting
criteria for ATWS "fixes".

WK, JE, HSI, DO, lIE, B
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APPENDIX XXVII
Proposal for ACRS Generic Items
¢ Evaluation effort

. ORAFT/MB - 4/23/78

Proposal for ACRS Generic [tems Evaluation Effart

kground

Presently the AC2S has a 'ist of 28 generic safaty itams which are
listed as unresclved. I[n addition, there is a grouping of 48 that are
stated to be resoived in accord with the ACRS definition below:

"Resolved as used in the jemeric items repor: refars 20 tha

following: In some cases, an item has been resolved in an
adminigtrative scnsa recogrizing that tecknizal evaluation
and satisfactory irplementation are yat to e complated.
‘Anticipated tramsiencs without soram’ represants o
exampla of this 2atagery. In cther inszances, the reso-
lution has bsen zccomplished in 2 marwoy or soeciic sevse,
recognizing that further steps zre Jdasirable s pracsical
or that difPzrens 23740ts of the problem reguire Furcher

thvestigazion. ZIzavplas are the possidilisy of tmoroved

methods oF lo223inz legks v iz orimary gugtem i ~F
tmproved methods of augmentaed scope to insarvice inspecsion

or reactor vessaels.”
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 & way of tabling important safety questions when
no prompt resolution action is planned. Others claim that the generic
1ist s a means of permitting licensing of nuclear nower plants when open
safety issues exist. The ACRS has never considered these criticsms to
be valid. Nevertheless, 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. [t is worth
noting that several matters on the resolved generic items list are also
shown as unrcsolved items on subsequent lists. These include sabotage
protection, pump flywheel missiles, and ECCS capability. Other items
such as "instrumentation to follow the course of an a_cident” and fire
protection are listed as resolved, but the implementation action is

-
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still unclear. Most were stated to be resolved because the NRC staff has
developed efther a Regulatery Guide or regqulatory 8ranch Technical
Position that provided a basis for requlation, but the manner in wnicn
the regulatory documents are 2pplied is scmetimes obscure, as for
example, precperaticnal testing and ATWS. The ACRS has thus continued

to raise questions concerning the MRC staff nosition on many "“resolved"
generic 1ssues.

Approach ta Eliminating Cenerig Cualifications

In order to eliminate the ACRS qualifications concerning generic
safety matters, the NkC staff must either show that the issue does not
warrant public cuncarn or that actions can be taken to change the ohysicai
plant design in a manner that eiiminates the safaty concern. Altarnatively,
in some cases a tachnical speci®fcation change can serve as the equivalent
of a plant design change. Some of the items on the ACRS list mignt be
clarified by more tnorcugn discussions with tne IR staff and the applicants
concerning actions that cculd and would be taken to resclve the issues.

In the atiachmant, the 1ssues are categsrized Into sever 3riuss and it
is suggested that each category be assigned to an ACRS working group to
develop a resolution and implementation aoproach that would ultimately
serve to eliminate the items listed. Where the ACRS could not reach
agreement with the staff, it would be appropriate to take the matters up
with the Commissioners. [n 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 common mode failures, the issue is
s0 general that its appropriateness as a generic issue is subject to
question., Unless ACRS can select explicit matters for examination in
this area, the item should be eliminated from the list since no one could
define a path of action to meaningful resolution.

The attachment shows the proposed cateqorization to be used in
assigning the ACRS work groups. Many of these parailel the groupings
suggested by C. P, Siess for the Safety Research Review and these
working groups might accest theseé generic matters as a part of their
responsibiiities if these groups are established. Only matters that nced
active attention are-included on the list.
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Docket No.: 50-70

APPENDIX XXVIII

Request for ACRS Review of GETR Seismic
Issues

Dr. Stephen Lawroski

Chai~man, Advisory Committee
on Reactor Safequards

U. S. Nuclear Pegulatory
Commission

Washington D.C. 20555

Dear Dr. !awroski:

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 tno
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.

4-37'3



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
recommendations to the Commission.

The staff currently expects to issue its Safety Evaluation Report
on these issues by July 1, 1978,

Sincerely,

, Edson G. Case, Acting Director

¥ Office of Nuclear Reactor
Regulation

A-2¢9
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UNITED STATES

Schedule of ACRS Subcommittee leetings

APPENDIX XXIX

and Tours

’
\"L =l E NUCLEAR REGULATORY COMMISSION
3 e E ADVISORY COMMITTLE ON REACTOR SAFEGUARDS
‘APU}/ s WASHINGTON, D. C. 20555
," A ‘5
feant
June 2, 1978
ACRS Members

SCHEDULE OF ACRS SUBCOMMITTEE MEETINGS AND TOULS

The following is a list of tours and Subcommitree meetings cur-
rently scheduled, subject to the approval of tlie Advisory Com-

mittee !Management Officer.

If you are listed and cannot attend

a meeting, or if you are not listed but would like to attend,
please advise the ACRS Office as soon as possible.

Most hotels currently being used by ACRS Meunbers 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.
Plcare advise the ACRS Office as soon as possible if you cannot
attend a mecting for which you are scheduled s> that reserva-
tions can be cancelled in time to avoid this.

cc:

N

M. W. Libarkin '
Assistant Executive Director
for Project Review

ACRS Technical Staff

M.
B.

Ml

E.

Vanderholt

Dundr
R. F. Fraley

C.

Caske

/A

-

VST




JUNE

14-15
16
21-22
28
28-29
29
30

JULY

6-7
11
13
14
18
18
20

21-22

24-25
27-28

/A

NPRDS (JCM) - WK, MB
Diablo Canyon (JCHM) - CPS, MB, SL, HE

Seismic/Indiana Point 3 (RS) - CPS, JCM, HE

Diablo Canyon (JCM) - CPS, HE, JCM

Naval Reactors, Schenectady, NY (GRQ/AB) - WK, MB, HE
New England Power, 142, Providence, RI - (RW)- DM, CM
Electrical Systems, Control & Instru. (GRQ) - WK, MB, HE
Davis Besse, 2&3 (RM/RKM) - CS, HE, JE, DM

Reg Activities (GRQ/SD) - CS, HE, WK

219th ACRS Meeting

Radiol. Eff. & Scte Eval. (RM) - DWM, HSI, PGS
ATWS (TGM/PB) - WK, JCM, HSI

External Phenomena (RS) - CPS, DWM, JCM

Erie, 1&2, Sandusky, Ohio (RM) - WK, JE, HE, CS
ECCS - Los Alamos, NM (AB) - HSI, MP

Control & Instru , Los Angeles, CA
(GRQ) - WK, MB, HE MP

if - CPS, WK, JCM, MB (Tent.)
}ﬁggé&%

Electrical Syst.,

EEB

E‘SAR

n Jo

§erie

HSI

Waste Mgmt. (1:00 pm) (RM) - DM, HI*, WK*, SL (* = 25th only)
HCDA, Los Alamos, NM (TGM/PB) - WK, MC, MP, PS (Tent.)

/T'F"I’fr;

|
i a

sk

’) £ ; ,,_‘K Din M, /1E
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AUGUST
1 ATWS (TGM) - WK, JCM

2 Reg. Activities (GRQ/SD) - CS, MB, HE, WK
3-5 220th ACRS Meeting
10 FFTF (AB) - WK, MP, JCM, MB (tent.)
n Adv. Reactors (RS) - MC, JCM, CPS, PGS (tent.), MB (tent.)
i4 ECCS - Idaho Falls, ID (AB) - HSI, MP, HE
15 Fluid Hyd/Dyn. Eff. Idaho Falls, ID (AB) - HSI, MP, HE
om0 el
A » HE,
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, JCM, CPS, PGS

)
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& 5, UNITED STATES
I NUCLEAR REGULATORY COMMISSION
‘ o g St & ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
2 RARY & WASHINGTON, D. C. 20585
'I‘A L M °\ o s &
»
e June 7, 1978
: APPENDIX XXX

Honorable Joseph M. Hendrie Report on Maine Yankee Power Station
Chairman

U. S. Nuclear Regulatory Commission
Washington, DC 20555

REPORT ON MAINE YANKEE ATOMIC PCWER STATION
Dear Dr. Hendrie:

During its 218th meeting, June 1-2, 1978, the Advisory Committee on Re-
actor Safeguards completed its review of the application by the Maine
Yankee Atomic Power Company for authorization to operate the Maine Yan-
kee Atomic Power Station at power levels up to 2630 !%W(t). A subcom-
mittee meeting on this matter was held in Washington, D. C. on May 25,
1978. The Committee had previously reprrted favorably on operation of
the Maine Yankee Atomic Power Station at power levels up to 2440 MW(t)
in its report of January 13, 1972. During this review, the Comnittee
had the benefit of discussions with representatives of the Maine Yankee
Atomic Power Corpany, Yankee Atomic Electric Company, Combusticn Engi-
neering Incorporated, and the Nuclear Rejulatcry Commission Staff. The
Carmittee also had the benefit of the documents listed.

In the NRC Staff review of the regquest 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 considered. In addition, the NRC Staff reviewed the
operating history of the plant. In evaluating the proposed power 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 a.cordance with the proposed Technical Specifications is acceptable.
The ACRS concurs.

The Advisory Committee on Reactor Safequards believes that there is rea-
sonable assurance that the Maine Yankee Atomic Power Station can be oper-
ated at power levels up to 2630 Mw(t), without undue risk to the healin
and safety of the public.
Sincerely,
Fatoilie
Lawroski
Chairman

A 3YF



Honorable Joseph M. Hendrie -2- June 7, 178

REFERENCES

l-

3.

Letter 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 M (t), dated
August 1, 1977.

Letter from W. P. Johnson, Maine Yankee Atonic Power Company
to the Office of Nuclear Reactor Regulation, modifying the power
level increase in two steps, dated December 9, 1977.

Safety Evaluation by the Office of Nuclear Feactor Regulation Con-
cerning Power Level Increase of Facility Operating License No.
DPR-36, Maine Yankee Atomic Power Company, liaine Yankee Atomic
pPower Station, Docket No. 50-309, dated Jamary 17, 1978.

Letter from D. W. Edwards, Maine Yankee Atomic Power Company, to
the Office of Nuclear Reactor Regulation, concerning additional
information regarding Maine Yankee power level increase, dated
March 1, 1978.

Letter from R. H. Groce, Maine Yankee Atomi: Power Company, to the
Office of Nuclear Reactor Regulation concerning information for the
preparation of the SER, dated April 5, 1978.

Letter from R. H. Groce, Maine Yankee Atomic Power Company, to the
Office of Nuclear Reactor Regulation, concerning additicnal informa-
tion on power level increase, dated April 10, 1978.

Supplement No. 1 to the Safety Evaluation by the Office of Nuclear
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.

Letter from Ww. P. Johnson, Maine Yanree Atcmic Power Company, to the
Office of Nuclear Reactor Regulation, concerning Technical Specifica-
tion changes for power level increase, dated April 28, 1978.

Memorandum from Edson Case, Chairman, Regulatory Requirements Re-
view Committee to L. V. Gossick, Executive Director for Operations,
dated May 12, 1978, concerning an interim approval of Draft Regula-
tory Guide, "Atmospheric Dispersion Models for Potential Accident
Consequence Assessments at Nuclear Power Plants," dated February 3,
1978, ard "Atmospheric Dispersion Model for Accident Evaluations,"
dated April 18, 1978.
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June 8, 1978

APPENDIX XXXI
Letter to Representative M.K. Udall

The Honorable Morris K. Udall, Chairman
Committee on Interior and Insular Affairs
United States House of Representatives
Washington, D... 20515

Dear Congressman Udall:

The Advisory Committee on Reactor Safeguards (ACRS) has considered the
suggestion in your let'er 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 Committee ccisidered
also the questions which you raised concerning the role of the ACRS vis-
a-vis such a Board, should it be created.

Discussions with representatives of the NTSB's Bureau of Accident Investi-
gation have indicated that, althocugh 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, hcwever, 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 adeguate for the range of incidents
thus far experienced in nuclear power plant operation. Should there be

/7- 30
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The Honorable Morris K. Udall -de- June 8, 1978

an accident comparable in magnitude and significance to these now investi-
gated by NTSB, it is within the mandate of the ACRS to concduct a compre-
hensive and independent investigaticn of it. Therefore, our opinion is
that no need exists to establish an independent board to carry out this

function.
Sincerely yours

Stsplom Jcsrtoiic

Stephen Lawroski
Chairman

A- 35/
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June 8, 1978

APPENDIX XXXII
Reculatory Guides

Mr. Lee V. Gossick

Executive Director for Operations
U. S. Nuclear Regulatory Commission
Washington, DC 20555

SUBJECT: REGULATORY GUIDES - ACRS ACTION
Dear Mr. Gossick:

During its 218th meeting, June 1 and 2, 1978, the ACRS concurred in

the regulatory position of Regulatory Guide 1.136, Revision 1, "Material

for Concrete Containments.”

Sincerely yours,

‘%‘Lmski
Chairman

cc: E. G. Case, NRR
R. Minogue, OSD
G. Arlotto, OSD
S. J. Chilk, SECY

bcc: ACRS Members
H. Voress
J. Jacobs

A 35 2
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APPENDIX XXXIII

Additional Documents Provided for ACRS' Use

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.

Letter, H. W. Lewis to Rep. M.K. Udall, regarding a suggestion for

establishment of an independent quasi-judicial board for the eview
of nuclear reactor accidents, dtd Nov. 23, 1977.

Memorandum, R.H. Vollmer to R.F. Fraley, Comparison of LOCA Radio-
logical Evaluation Models, NRC vs. RSK, dtd aiy 24, 1978,

Letter, H.W. Lewis to L.V. Gossick, recarding "WASH-1400 Methodology,"
dtd. May 10, 1978.

Collection of Position Papers provided by members of the Interagency
Nuclear Waste Management Task Force for its meeting, Apr. 20, 1978.

Paper, The Role of Risk Assessment in the Nuclear Regulatory Process,
S. Levine, presented at the Atomic Industrial Forum Workshop on
Reactor Licensing and Safety, Apr. 7, 1978.

Memorandum and Attachment, R.F. Fraley to ACRS Members, proposed
ACRS Review of GETR, dtd June 1, 1978.

Minutes of Maine Yankee Subcommittee Meeting, May 30, 1978.

Minutes of Vermont Yankee Nuclear Generating Station, May 19, 1978.
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