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The ACRS Subcommittee on Extreme External Phenomena held an open
meeting on November 15-16, 1979 at the Best Western Airport Park
Motel, los Angeles, CA. The purpose of this meeting was to con<
tinue the Subcommittee review of matters related to the NRC spon=
sored research on extreme external phenomena. The Seismic Safety
Margins Research Program (SSMRP) was of particular interest.

Notice of this meeting was published in the Federal Register on
October 31, 1979. A copy of this notice is included as Attachment
A. A list of attendees is included as Attachment B. The schedule
for the meeting is included as Attachment C. Selected portions of
the handouts are included as Attachment D. A complete set of hand-
outs have been included in the ACRS files. No written statements of
requests to give oral statements were received from members of the
public.

The meeting was attended by Dr. D. Okrent, Subcommittee chairman,

Dr. M. Carbon, Dr. J. C. Mark, and Mr. W. Mathis, Subcommittee mem=
bers; Dr. R. Savio and Dr. T. G. McCreless, ACRS Staff. The ACRS
consultants present were. Dr. G. Thompson, Dr. S. Philbrick, Dr. S.
Saunders, Dr. Z. Zudans, Dr. M. White, Dr. T. Pickel, Dr. M. Trifunac,
and Dr. J. Maxwell.

Dr. R. Savio was the Designated Federal Employee. The meeting was
opened at 8:30 am on November 15 with a short sxecutive session.
The open portion of the meeting on this day extended to 5:30 pm.
A closed session was held between 5:30 pm and 6:30 pm to discuss
matters pertaining to the FY 1981 budget. The subcommittee was
reconvened at 8:30 am on November 16 and was adjournmed at 6:00 on
that day. The discussions of November 16 were held entirely in
open session.

800721083y



E
NTRODUCTION = L. SHAO, NRC-RES :
r. Shao aummarized the 80OP€ of the preaentations which would be

given by the Lawrence Livermore Laboratory and NRC peraonnel over

the next two days: In addition, he indicated that discnaaions

were gchedule with Dr. NewmaTk and Dr. cornell of the gSMRP genior
Review croup. Mr- Richardson gave 8 prief review of the atatos

of the gSMRP program and the progress that had peen made gince the
NRC last met with the ACRS subcommittee: Mr. Richardson indicated
that @ computational techniqoe for the S§SMRP risk eﬁaluation had

been selected and that @ gsystems analysis program had been developed.
The load combinations work project had been jnitiated and the jnitial
aubcontractor work on the event rrees for the Zion plant had been
completed. He als© acted tha' a panel of fragility experts had

been formed and that they had 8% applicd gtatistics Steering Group
§ormed. work on the best estimate/evalnation model (BEE&) had also
been gtarted.

Mr. Richardson indicated that the goals for the ghort-ter® (next
gix months) Were to perform gome best estimate analyses and to
jdentify and qoantify the nncettainties which would be aaaociated
with the gSMRP process: It was the ptoject'a jntention to eQaloate
the atate-of—the-art on soil atroctnre interaction responée models,
and to establish guitable gtru rural and mechanical response models
for the SSMRP evalnation. The projects also jntends to establish
the statistical methods and to determine the adeqnacv of the exist~
ing fragility data. Mr- Richardson aoted that the ptoject‘s 1
gources for dealing with any inadeqoacy (if it exists) in the
fragility data pases 8re limited. Some small expetimental programs
may be initiated. The projects howe§er. will depend, t° the 1argest

extent, O the use of existing data.

The internediate goals (6-9 months) 8r€ to establish gystem models,
to perform aenaiti@ity gtudies, and to establish reaearch prior;—
ties based upon these studies. 1t alsc jntended tO develop a
program plan for the gSMRP Phase€ 11 work and to proﬁide intermediate
tecommendations on the adeqoacy of the metinods preaently in use weré
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raised as to the adeqhicy of this ipproach. 1t vas ohggested that

it would be better to establish bounds on the uncertainties t° the
different inpﬁts into the system model prior to establishing of
systems model. Opinions were expressed that if the process was
carried out in this fashion a better systems model and a higher
degree of confidence as to the ndequacy of the rreatment of the

phenomena could be established.

Long term goéls are to estimate the conser§atisms (or lack of
conservatisms) in the seismic safety requirements, to develop

improved seismic methodology as appropriate, and to define quanti-
tatively the seismic contribbtion to the overall risks issociéted
with the operétion of nuclear reactors. Recommendétions for
changes to the standard review plén into regﬁlétory gﬁides would

be developed as a result of this progrém. Mr. Richardson indicited
that it may be difficﬁlt to qbéntify the seismic risk in Phase I
because of the uncertainties which are expected to be associited
with the eQélQétion process. The Subcommittee noted that this
program had been ongoing since July 1978 and that the project's
best estiméte as to the seismic contribhtion to the overall risks

should be made éﬁéilé‘ie as soon 85 possible.

which the project expected to encounter unusual difficulties.

These were in the treatment of the seismic hazitd, soil strﬁctﬁre
interaction, strhctﬁrél dampening, fragility, and design/constrﬁction
errors. 1Ine Subcommittee noted that e@élﬁition of potentiil system
degradation would, in all likelihood, present the area of greitest

§iffic61ty in the evaluation process. It was idditionﬁlly noted
by the Subcommittee that the study lhould_.ddress the role of the
reactor operator and the interaction of safety grade with non-safety

grade equipment.

Mr. Richardson noted that there were areas within the process in

SEISMIC SAFETY MARGINS RESEARCH PROGRAM OVERVIEW = P. pD. SMITH,LLL

»

Mr. Smith .umma:xzed the scope of the SSMRP program. He noted

that the work was divided into three phases. In Phase 1, the
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the Lawrence Livermore studies as & plant model. The studies
linking earthquake hazard model /studies were reviewed in this

phase of the work. The major sources of uncertainty which were
identified were the uncertainty in the knowledge of the local
structure near the site, the incompleteness of the available data,
and possible systematic differences which might exist when informa-
tion obtained from studies of the western earthquakes is applied to
eirthqﬁékes in the Eastern U. S. The speciél treatuent of the inp%t

would cause uncertainties in the treatment of soil structure inceraction.

A survey of expert opinions will be used to help evaluate the
uncertainties in the process. The members on this panel are listed
on page 1 of Attachment D.

A correlation describing the earthquake hazard at the site has been
developed and a description of the method used is given on page 2
of Attachment D. It is noted that the model intermixes data ob-
tained from a few earthquakes from the tectonic region containing
the Zion site, and correlations obtained from intermixing measure=
ment made in the Western and Eastern United States.

In attempt to address these problems as well as the overall relation-
ship between the earthquake source parameters and ground motion, the
project will attempt to model the basic earthquake mechanics. The
most ambitious of these models will account for dynamic and static
stress drop, the length and width of the rupture, the ruptbre
velocity, the depth of focus, and the structures surrounding the
break. Site -orrection factors are obtained through SHAKE type
analysis, from data obtained from measurements at similar sites,
from computer models, and from data obtained in the underground
nuclear tests. LLL is currently reviewing the results of their
expert opinion survey. A sampling of the results is gi§en on page
3 of Attachment D.
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7 = SYSTEMS ANALYSIS COHPUTATIONAL PROCEDURE = G. WELLS, LLL
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EMS ANALYSIS OUTPUT MODEL AND SENSITIVITY

sSMRP_PROJECT 7= SYST
égALYSIS - L. GEORGE, LLL
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gSMRP = PROJECT 6 = COMPONENT AND STRUCTURAL FRAGILITIES -

R. G. DONG, LLL

Mr. Dong surmarized the 8c2pe of the work dealing with component
and structural fragilities. A work plin is summarized on page 17
of Attachment D. The work is directed towards githering fragility
data and analyzing it in a systematic fashion. Expert opinion
will be utilized to proQide what is expected to be a highly
judgmental evaluation. A panel of experts has been assembled and
the members of this panel are listed on pdge 18 of Attachment D.
Some preliminary work has been done on the application of the Zion

plant. A summary of some of this work is given on pigel 19-25

of Attachment D. An increased data base of fragility related in-
formation is being developeca. The NRC's data githering system,
literature searches, military and foreign data banks, and informa-
tion obtained from pirticipants 1o the expert opinion pool have

been utilized.
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Earthquake damage surveillance reports are also being .nglyzed.

The events to be studied are the Jipén, Jﬁqe 1978 earthquake, .
the San Fernindo, Febrbary 9, 1971 earthqﬁake, the Santa'Barbg;a,
August 21, 1978 earthqhake, the Alaska, March 27, 1964 earthquake,
and the Manégué, Nicaragua 1972 eartbquéke. .Examples of the type i

of information being reviewed 8T€ given on pages 26-27 of Attach- i

ment D.

About 10 percent of the SSMRF effort will be devoted tO this
activity. The resources of the SSMRP sorl will be such as to
gseverely limit any experimental work. It was noted by the Subcom=
mittee that the LLL work should at the minimum able to evaluate
the body of information that is available and tO provide limits on
jts usefulness and guidance tO where the data base might be improved

-

by future work.

PRESENTATlCN BY THE SENIOR REVIEW GROUP = W. NEWMARK AND D. CORNELL
Br. Newmark and Dr. Cornell addressed the Subcommittee and gave
their views on various aspects of the SSMRP. Dr.(Newmark stated
that it was important that SSMRP address the adequacy of the degree
of redundancy used in critical systems and the effectiveness 0} the
lpplication of the redundancy to the particular challenge. He also
noted that in the SSMRP we would have to deal with gncertainties
which could be understood by utilizing calculation techniques and
others which could only be dea.t with by measurement and empirical
methods. Dr. Newmark felt that many of the empirical techniques
should be examined and replaced, whan possible, by more ritionél
techniqbes. In cases where fragility cannot be well qbéntified,

Dr. Newmark recommended qnilification to sufficiently high levels
to assure eqhipment integrity. Dr. Newmark urged a cystemitic
gearch for weakness in the design procedﬁre. He also urged more
attention to the design margins teqﬁired by geismic considerations
relative to the normal operiting loads and endorsed the consideti-
tion of an citthqhike beyond the design basis and operitor response
as the Jipineqe have done. He also Qrged the use of as much in

situ ;elting and qualification and large scale testing as is prac~
ticel.
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Dr; Cornell jndicated that he pelieved tha. the SSMRP was making
very sat;sfactory progress. pr. Cornell belxeves that the obxlxty
of the project to utilize expert opinion is pecoming of 1ncreasxng
jmportance and that the project is utilizing the correct approach.
He indicated that pressures for the redirection of the Phase 1 werk
should be kept to & minimum.

SUBJECTIVE 1NpPUTS _FOR THE SSMRP = R. MEbSIhG LLL

Mr. Mensing summarized LLL's effort tO make a oystematxc gelection
use of expert opinion. The approach taken 1is cummarxzed or. pages
28-30 of Attachment p. The process appeared to place 8 good deal of

emphasis On consensus and peer review.

SSMRP PROJECT 7 = SYSTEMS ARALYSTS EVENT TREES/FAULT TREE ANALYSIS
G.E. CUMMINGS, LLL _
Mr. Cummings dxscussed the event /fault tre€ development for the Zion

analysis. Initiating events were selected and event and fault trees
Jeveloped. The event and fault trees will be inpuc to the computa-
tronal procedures in SEISM. Event trees gelected are oummarxzed on
pages 31-32 of Attachment p. These event trees 1nc1ude pressure
vessel rupture and s range of LOCA, and ATWS transients. On the basis
of the prelxmxnary analysi the systems are Judged to contrxbute the
most to the overall risk from the Zion plant gubjected to @ sexsmxc
event were auxiliary feedwater, emergency AC power system, oervxce

water systems, £CCS, resxdual heat removal system, contaxnment spray
injection system, containment fan cooling system, and the component
cooling water system. The basxslopec1f failures leading tO the
conclusxons summarxzed o1 pages 33 anu 34 of Attachment D. Mr.
Cumm1ngs 1nd1cated that dependencxes between fault treeolevent trees
are accounted for uhen 1dent1f1ed and Judged to be important. Bound-
ing studies (such as, ossumxng that redundant components failed
lxmultoneously) would be performed in the fut.re.
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SSMRP s0IL STRUCTURE INTERACTION = J. JOHNSON, LLL

Mr. Johnson indicated that obJectxve of this part of the progrsm was
to develop trsnsfer functxon relstxng to the free field motion to
bssemat and in structure response utilizing the stste-of-the-srt

nalys1s methods The adequacy of the 11near and non-linear and
substructure and direc” me thod approaches would be assessed. The es-
tablishment of benchmark and linkup in test programs will be part of
this work. Sensitivity studies will be performed using the Zion

site model. The effect of soil confxgurstron and materxals proper-
txes the effect of structure 1nteract1ons and the effect of wave
passage and direction will be among the topics addressed. state-of-
the~-art description of specxal varxatxons of ground motion will be
used to assess the effect of vave psssage on structurel response.

SSMRP STRUCTURAL BUILDING RESPONSE = J. JOHNSOR, LLL
Mr. Johnson indicated that the state-of=- -the-art analysis technxques

for major structural response is being revzewed. The modeling of
structures and dynamic response methods will be evaluated and the
gources of uncertainty will be jdentified and an estimation made of
their effects on the end product. The work should lead to recommen=
dation of sppropr1atc techniques for modeling of structures to be used
in the Phase 1 work. gargent and Lundy and EBASCO Services have been
awarded contracts for performxng this work. The effects of dsmpenxng
and 1mpact between gtructures will be included in thxs evalustxon.

The Zion p;ant will be used as the model and the reactor contsxnment
shell (prestressed concrete), the reactor buxldlng 1nternll structure
(reinforced concrete), and the nulexsry-fuel-turbxne building complex

(reinforced concrete/steel frame) will be analyzed.

SSMRP MODELS FOR STRUCTURAL RESPONSE COMPUTATIONS AND SENSITIVITY
STUDIES - T, Y. 10, LLL

Mr. Lo summsr1zed the scope of this work and xndrcsted that the reactor
building, the crib house, and the suxrlxsry-fuel-turbxne building com~
plex at the Zion_plsnt would be used in thxs study. Modeling consxd-




., .. .—9—
EEP se Nov 15-16, 197

erations and gtructural gites would be evaluated in the gensitivity

analyaxa. Samwles of the models used for the varxous building/ -
atructurea are given on pages 35-37 of Attachmeni D. The beam-type/
lump-mass model will be used for the contaxnment atructure and the
finite element approach will be used to develop the dynamxc analysxs
models for the internal atructu*e of the containment and auxllxary- 2

- ————————

fuel=- -turbine building complex.

SSMRP = SUBSYSTEM RESPONSE = 3. JOHNSON, LLL .
Mr. Johnson 1nd1cated that the scoOpe of this worV was to develop

response 1nput parameters for the equxpment wit o the main atructures
which could be treated as bexng decoupled from che main atructures.
This work will 1nclude P revxew of the exxsttng methods and assess~
ment of their adequacy for use in the SSMRP analys1s ADAC and
NSC/QUQDREX have been avarded contracts for the review of the current
atate—of the-art The work is nearxng completxon and draft reports
have been rece1ved and are currently being reviewed by LLL. The
methodology will be applied to the Zion plant and fragilities will be
assigned to the subsystems which are consistent w1th the response to
which these aubsytems are subjected. The pxlot study will treat

the mazn feedwater pxpxng between the conta1nment and the steam
generator and will 1nclude a detaxled modeling of the pipe aupport
system and will treat non-lxnear behavxor of the gupport system.
Fragility parameters will be allowed to vary with expectatxon leuel

SSMRP PROJECT 3 SUBSYSTEM RESPONSE = SAFETY RELATED PIPING SYSTEMS~—
T. Y. CBMANG LLL

Mr. Chuang 1nd1cated chat the Zion analysxs auxiliary teedwater, .8er-
vice water, resxdual heat removal safety 1n3ect1on, coolant compo=

nent water, contaxnment spray. main steam and main feedwater. and
teactor coolant pxpxng had been selected for a nalysxa. The sensi-

tivity of the results to model and fragility 1nput will be evaluated.
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For additional details, a complete transcript of the meeting is
available in the Nuclear Regulatory Commission public Document
Room, 1717 H Street, N. W., Washington, p. C. 20555, or from
Ace Federal Report, Inc., 44& North Capitol Street, N. W.,

Washington, D. C.
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nents and discussions. Writlen NUCLEAR REGULATORY / members of the NRC Stafl. For the

nents may be submiiled before or  COMMISSION pesson just stated 8 discussion would

each session.
ditiona) information cunceming
neeting may be obtained through
ommittee’s Executive Director, Mr
W. Connolly. whose mailing
ess is National Advisory
mittee on Oceans and Atmosphere.
Whitehaven Street NW. (Suite 438
Building No. 1), Washington. D.C.,
5 The teiephone pumber is (202)
8416
ted October 28.197%
W. Coanolly.
rutive Director.
o "SI0 Fliod 10-30-78 B4l ax)
;G CODE 3410-12-4

-ﬁ

TIONAL COMIISSION ON THE
TERNATIONAL YEAR OF THE
ILD, 1879

eting

gncy: Nationa! Commission on the
lernationa) Year of *he Child, 1878

smion: Notice of meeling

pwwAny: This notice announces the
rihcoming meeting of the Nationa!
pmmission on the Internationa! Year of

~hild 1676 The meeting is being

1o discuss substantive issues.

.ding to the development of
mmendations to be included in the
1 1o the President. This document is
nded 1o notify the general public of
opportunity o sttend:

ves: November 12-13, 1678,

ss: Wingspread Conference
rer. Racine, Wisconsin.

FURTHER IRFORMATION CONTACT:
mes B. Roberts, Executive Officer, 600
* Street, N.W., Suite 505. Washington.
C. 20471, (202) 376-2435. 5
Bince conference facilities are in great
demand. we must know the pumber of
a! public who plan to attend in
order to allocate adequate space for the
meeting Notice of persons from the
:mn public who plan to attend must
in writing and be received by the
Executive Officer of the National
Commission (at the above address) by
close of business November §, 1876.
$uck notice of intent to attend should
fnclude the address and telepbone
sumber of the person.
James B Roberts. .
Executive Officer. Natona! Commission on
he Internalional Year of the Child.
Dec. 79-33081 Plied 10-30-78 648 am)
® COOL sea-a0-u

Advisory Commitiee on Reactor
Safeguarcs, Subcommiliee on
Extreme External phenomena, Meeting

The ACRS Subcommitice on Extreme
Externa! Phenomena will hold a meeling
on November 15-10 1878 a! the Best
Westiern Airport Park Hotel. 600 Avenue
of Champions. Inglewood CA 1o discuss
the NRC-sponsored General Reactor
Bafety Research Progprams with the
emphas:s on the Seismic Safety Margins
Research Program. Notice of this
meeting was published October 18, 1878
(44 FR 60178)

In sccordance with the procedures
outlined in the Federa! Register on
October 1.157¢ (44 FR 50408). oral or
wniten statements may be presented by
members of the pubi.c. recordings wil
be permitted cnly during those portions
of the meeting when a transcript is being
kept. and questions may be asked only
by members of the Subcommittee, its
consultants. and Stali. Persons desiring
to make oral stetements should potify
the Designated Federal Employee as far
in sdvance as pracucable s0 that
approprisie arTengements can be made
fo allow the necessary time during the
meeting for such statements.

The agenda for subject meeting shall
be as foliows: Thursda) end Friday.
November 15 ond 16. 1978, 8:30 a.m.
unti] the conclusion of business each

da‘ﬁ
¢ Subcommitiee may mee! in
Executive Session. with any of its
consultants who may be present, 1o
explore and exchange their preliminery
opinions regarding matiers which should
be considered guning the meeting and to
formulate & report and
recommendations to the full Committee.

Al the conclusion of the Executive
Session. the Subcommittee will hear
presentations by and hold discussions
with representatives of the NRC Staff,
and their consultants, pertinent 10 the
sbove topics

The Subcommittee will be considering
portions of the budge! and program of
the Office of Nuclear Regulatory
Research Since the NRC budget

als are now part of the

President’s budget—not ye! submitted to

Congress—public disclosure of
budgetary information is not

See OMB Circular #A-10. The ACRS,
bowever, is required by Section § of the
1978 NRC Authorization Act lo review
the NRC recearch program and budget
and report the results of the review to
Congress. in order 10 perform this
review, the ACRS mus! be able to
engage in frank discussion with

pot be poss ble if held in public session.

1 have determincd. therefore. that itis
necessan 1o closr portions of this
mecting 10 prevent frustration of this
aspect of the ACRS' statulory
respensibilines. in sccordance wi
Exempiion 9(b) to the Government in the
Sunchine Act {552b!c)(9)(B))

Fu-ther information regarding topics
to be discussed whether the me~ling
has been cancelled or rescheduled. the
Chairman's ruling on requests for the
opportunity 10 present oral statements
and the time allotted therefore can be
obtained by a prepaid telephone call to
the Designated Federal Employee for
this meeting Dr Richard P. Savio
(telephone 202/634-3267) between 815
a.m 3nd 5:00 pm., EST.

Dated October 25, 1878,

Joho C. Hoyle,

Adyvisory Commitiee Manogement Officer.
PR Doc 79-33670 Fiied 10-36-7% 844 ax]

SHLING CODE 7980-01-M

Financial Protection Requirements and
indemnity Agreements; Determination
of Extraorginary Nuclear Occurrence

The Commission recently extended
the period for its “extraordinary nuclear
occurrence” (ENO) determination in
regard to the accident al Three Mile
Island until January 31, 1880 The period
{s bercby extended to February 15, 1880.

Dated st Washington. D.C. this 24 day of
October. 1978,

For the Commission.

Samue! |. Chilk,

Secretory of the Cozunission.
P77 Doc. 75-3308 Fiied 10-30-7% B4 s
BULING COOE TEI0-0'-4

[Docket No. §0-158

Consumers Power Co. issuance of
Amendment to Facility Operating
License

The U.S. Nuclear Regulatory
Commission (the Commission) has
{ssued Amendment No. 29 to Facility
Operating License No. DPR-8, issued to
Consumers Power Company (the
licensee). which revised Technical
Bpecifications for operation of the Bi
Rock Point Plant (the facility) located in
Charlevoix County. Michigan. The
amendment is effective as of its date of
fssuance.

The amendment modifies the
technica! Specifications o incorporste 8
procedure for resclor startup in the
gven! ncutron source strength is below
tht which provides the currently
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SCHEDULE FOR NOVEMBER 15-16, 1979

EXTREME EXTERNAL PHENOMENA SUBCOMMITTEE
LOS ANGELES, CA

IEPRSDAY, NOVEMBER 15, 1978

8:30 - 8:45

g:45 - 9:00
9:00 - 9:30
9:30 - 10:30
10:30 - 11:30
11:30 - 12:00
12:00 - 1:00
1:00 - 2:30
2:30 - 4:00 .
4:00 - 5:30
§:30 - 7:00

Executive Session
Introduction - J. Richardson
Overview = P. Smith

NRC Goals, Short Term and Long Term
J. Richardson

Relative Impqrtance of the various Contributions

to Seismic hisk

Project 1, plant/Site selection - C. Chou
Lunch

Project 11, Seismic Input - D. Bernreuter

project 111, Sci Structure/lnteraction
J. Johnson

project 1V, Structural Boilding Response
T. ¥. Lo

status of GRSR Programs ((CLOSED SESSION,
Exemption 9) - L. Shao

FRIDAY, NOVEMBER 16, 1979

8:30 - 9:00
9:00 - 11:00
11: 00 - 12:30
12:30 - 1:30
1:30 - 2:30
2:30 - 5:00
5:00 - 5:30
§:30 - 6:30

Executive Session

Discussions with the Senior Review Group
Project V, Subsystem Response = J. Johnson
Lunch

Project Vi- Fragility - R. Dong

System Analysis = G. Cummings

Summary = P/ Smith & J. Richardson

Follow-up from January SSMRP meeting and
conclucing discussion with ACRS Subcommittee
and ACRS Summary

15 min
15 min
30 min
1 hour

1 hour
30 min

1% hours
1% hours

1% hours

1% hours

30 min
2 hours
1% hours

1 hour
2% hours
30 min
1 hour

ATTACHMENT C






OUR FIRST PANEL DEALING WITH THE OVERALL HAZARD MODEL FOR
CENTRAL AND NORTHEASTERN US HAS THE FOLLOWING MEMBERS:

PROFESSOR GILBERT A, BOLLINGER
pn, EDWARD CHIBURIS

DR, MICHAEL A. CHINNERY
PROSESSOR ROBERT B. HERRMANN
DR, RICHARD J. HOLT

PROFESSOR OTTO NUTTLI
PROFESSOR PAUL M. POMEROY
PROFESSOR RONALD. STREET
PROFESSOR MARC SBAR

PROFESSOR NAF1 TOKSOZ




BETWEEN EARTHQUAKE MAGNITUDE AND

70 DEVELOP A RELATION
M THE DATA FROM THE 1968 EARTHAUAKE

DISTANCE WE FOUND FRO
IN CENTRAL ILLINOIS:

I, - lo < 0.4 - 0,005 r - 0.7 log r

S
L = .lacc....a‘;..a{vgu ate yTo 27
WE COMBINED THIS WITH A RELATION BETWEEN ACCELERATION,
SITE INTENSITY AND DISTANCE BASED ON WESTERN US DATA:

~1'/§4‘¢v?44(

1na=l.8+0.6ls-0.3lnr

AND FROM NUTTLI'S WORK IN THF CENTRAL US

| 5 5, " 2 m - 3.5

T0 GET

1n a = 0.009 + 1.15 m, - 0.003r - 0.5 1nT

| LAWRENCE
@ UVERMORE
LABORATORY
e O —
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ONAL APPROACH

KEY ELEMENTS OF THE COMPUTATI

|




INPUT TRANSFER FUNCTIONS

4{‘1’

Carry out dynamic analysis within overall

computational procedure

Seismic
input

v s »| Component
failure
analysis

calculations | Response

J{Dynamlc

TF

r—-—.i

I Frag?lities

Non-seismic
loads

E.ent/fault
tree analysis

System
definition

Prob of release

Failure prob



INPUT RESPONSES

No dynamic analysis carried out within overall

computational procedure

Prob of release
Failure prob

Response Component
failure »

analysis

Event/fault
tree analysis

Non-seismic Fragilities System
loads (may be definition
included in response

calculation)



TRANSFER FUNCTIONS INPUT TO SEISIM
DYNAMIC ANALYSIS IN SEISIM L

Advantages

e Tracking random and modeling uncertainties may be easier

e Transfer functions can be developed in parallel

e Sensitivity studies may be simpler since all inputs and
outputs are contained in SEISIM
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RESPONSES INPUT TO SEISIM
NO DYNAMIC ANALYSIS IN SEISIM (Cont'd). L

Disadvantages

e Handling of modeling uncertainty, except in fragilities
and seismic input may be more difficult

e Correlation relationships and input data identification
are needed with response inputs

e A number of response data sets will be needed to study |
the effect of modeling and input variable uncertainties

e Calculations have to be carried out sequentially



SEISIM OVERVIEW

1=

Operation-———>‘ ERCY

- input

l—

Vector of response
statistics for
each earthquake
definition

Fragility functions

o

System failure logic

Logical description
{ of event sequences
y B

ke

Start

Determine seismic
and non-seismic
induced failure

of structural
elements and system
components

Determine occurrence
of initiating events

Determine states or
failure probabilities
of engineered safety
features

Calculate radioactive
release probabilities

Sensitivity analysis




TYPICAL RESPONSE INPUT VECTOR

e —————

Peak acceleration

Spectral shape parameter

Probability of occurrence

3 3

Characters identifying properties
or attributes of this particular
response vector

f

Mean peak responses

4

Standard deviation of
peak response

Correlation coefficients

% %




COMPONENT/STRUCTURAL FAILURE

OMPUTATIONA

L OVERVIEW

C Start )
*

Input peak seismic
response levels

1

Input fragility
functions for
failures on
structure and
at system

components

.

Compute structure
failure probabilities

Y

Compute component failure
probabilities seismic +
operating loads

'

Compute component
failure probabi'ities
seismic + operating +
seismically induced

non-seismic loads

Y

Gutput structurs
and component
failure probabilities

Y

C Stop _)

1



T SEQUENCE COMPUTATION OVERVIEW (L]
( Start )
Y

Input structural system
location and component
failure probabilities

Y

Compute states Or
probabilities of
initiating events

Y

Comput» states or
failure probabilities
of engineered safety

features

|

Calculate accident
sequence probabilities

Y

Output probability
of release histogram
and accident
saquence probabilities

C Sttp i

ACCDEN

P




QUENCE COMPUTATIONS

SIMPLIFIED ACCIDENT SE
(PROBABILISTIC MODEL)

Array of structural
location and component

failure probabilities
Compute |E |E probability
probability. Repeat for point estimate for
each seismic event

all 1Esin IE hierarchy.

ESF failure probability
point estimates for
eact. |E and seismic

‘ event
s—

acciden\ sequence pro-
bability poit estimates for
each |E and seismic event

Compute ESF failure
probability. Repeat for
all ESFs given each 1E

Calculate accident sequence
probabilities. Repeat for
all 1Es in IE hierarchy.

Generate histogram ofj
release probability for
each release category.
Repeat for all |Esin IE
hierarchy




IMPLIFIED ACCIDENT SEQUENCE

(BINARY MODEL)

COMPUTATIONS

—————

Nomenclature.
1E = Initigting event

ESF = Engineersd safety o
festure

—

Locstion failure probabilrty y -
poir” mates for each
L e event® o

ESF component failure
probability point
estimats for each

seismic event®

[Ropewt | For ol IEs

in |E hierarchy

r-‘
‘ Repest | For all Monts
Cario trials
¥
Sum like sccidert sqQuence

|E tailure probability
point estimats for ach
sismic ovent®

wmm

paths @' computs path
”""_"
Genersts histogram of
nl.:o probabilities for
Repest for all (G in
{E hierarchy

probability poift estimste
for sach seismic event®

eThe— ~nint estimates can be sccumulatsd in
heaogram form 0 produce distributions of
faii ire probability snd conditionsl failure
protsbilities = functions of various - -
earth Juske parumeters (8.9, Lame scoalorstion).
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WE HAVE ESTAL LISHED A PAN
iN THE DETERMINATION OF FRAGILITIES ___‘Llﬂ

Battelle Pacific Northwest Lab.

Spencer H. Bush
Engineering Decision Analysis Corp.

Robert P. Kennedy :
George D. Shipway : Wyle Laboratories
John D. Stevei:son Wood\.-;ard-CIyde Consultants

Jerrell M. Thomas Failure Analysis Associates
Peter P. Zemanick Westinghouse Electric Corp.

\ v



PRELIMINARY FAILURE MODES FOR COMPONENTS

Genenic Locauon Governing *|  Seismic Saza/shape Primary Seconiary Tortiary
component n Function code of qualification of faslure failure {asbure
or subsysiem plant stndard maethod squipment mods mode mode
Rasster 6800 NSSS criteria Cylndrical
sssambly ASME sec. 11| Analysis plus fual rods and | Crushing of Bindirg of Core support
including cors | Containment | Heat powsr | jor support, estof fusl | control rods | 1uel pin erid control rod structure
supports, fusl | building o0 NSSS criteria | assemblies | surrounded by | SPacers dereas s s0rvers
and ﬂ.‘ vod for fusl and core upport
sssembies control rods structure L d 0
Reactor coolant . , Large, vertical, [Nozzle/pipe .
systom vassals Conunmal zonml ASME sec. Il Analysis cylindrical, weld m’_% Vessel supports Nozzle with
(RPV,SG and building asslent Laavy wall of llaw s
pressuriaes)

L L g

: ANSI B31.1 Butt welds in

Primary coolant| ¢, sinment Costent Analysis | Continuous 30 Cmpaning of flaws | Elbow collapse
sysiem piping boundary | ASME sec. 111 beam wpports presence 1
Largs diamater | Contanment. | copiant ANSI B31Y ‘ Cont 3p| Component Butt walds n
piping, 8 in. suxillary and . Analysis — e presonce of flaws Eibow collapw
and greater turbine bldg. boundary | ASME sec. I - . o L L
Intermediate | Contminment . ANSI B31.1 Fabricated Component Butl welds n
diameter piping | and auxillary c.,°°'m ,,‘",,;,v Analysis f:::"“’"‘ 301 peanch supports (welded |  presence of
212 -8in. building ASME sec. 1l connections L| 10 piping) L] Mows L
Small diameter Containment ANSI B31.1 F abricated t
piping, 2 in. and auxillary Coolan:'y pumevenct Analysis C“o::mous 0 Socket welds branch suppor s (welded
and lass building bound ASME sec. 111 ! connecuons L 10 piping L

Preliminary Opinion on Fragihity Parameters

o Stress
L Load
8 Accsleration

A Nuendacamant

Assumed applicable to Zion
Current codes



PRELlMI)_lARY FAILURE MODES FOR COMPONENTS

,-,..':.- Location Governing | Setvme Suzal/shape Primary Tartiary
- n Function cude of quahitication of taslurs tasbure
ovet plant standasd method equpment mode moce
None Batiery oF
OC pow DC Rack -mounted Rack fouiding
| static chasgert) wuilding | powes sowict | |EEE A3 units - She
and 344
Analysis snd relays, hreakers, Ipmen
Switch gaa ey mﬂﬁ"“ ——ean | ™ e mounted in |  wupports Topaanmess
: and 344 racks or consolet
Miscallansout
motor control
ot ol primarily rack
nstrument racks, ElecL conts . imanily 1 F ailure of
Al buildings alure
contiols, sux. house nstrumentation cost elecincal tunclion vack fouilding
relay cabinets, for ESF sysiems equipment
Deoakai pansls, \EEE 323
ocal and 344
i Auxiliary AC-DC po: _____',‘é‘.'l-—-—' Compact Internal
' 323 Test
invertors building co?::?m “"Eiu‘z —_l_*d upnoits wpport MW'.'! 4
]
. w;& o . Beam ke Local I & damage
Cable trays All bulidings | jasuument Asbyes structures upports
AISC
cables
Contanment, Channal vital AISC Bean like seint
Ducung suxillary snd venuiation snd P Analysis structures Sacheg®
wrbine bldgs l cooling v AISC with thin walls

T
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ELEVEN FAILURE MODES ARE IDENTIFIED FOR
THZ TURBlNE—-AUXlLlARY BUILDING

10.
1.

Failure of turbine building rouf bracing system (element, gusset plate,
or bolt failure) — transfer of inertial loads t0 out-of-plane wall

Yielding or buckling of columns between the turbine and auxiliary
building — collapse of roof

Loss of the turbine building vertical braced frame systems (element,
gusset plate, or bolt failure) — column bucking and collapse

Column anchor bolt failure under combined shear and tension —
loss of lateral load transfer capacity

Auxiliary building concrete slab roof diaphragm failure (shear failure
of the slab or failure of shear transfer to collector beams)

Auxiliary building roof truss failure (shear failure of bolts, member, or
gusset plate failure)

Failure of composite wall between turbine and auxiliary building
(failure of shear studs or crushing of concrete) — transfer of load
to braced frame

Auxiliary building shear wall failures (shear failure across a construction
joint, shear failure across plastic hinge joint, flexural failure) —
transfer of load to braced frame

Auxiliary building vertical braced frame failure (shear failure of bolts,
gusset plate failure, element frailure) — loss of lateral support and
eventual collapse

Plastic hinge of roof girder — partial collapse of roof

Out-of-plane bending and collapse of one foot thick walls around
contro! room and oth. r critical equipment

23



TWELVE FAILURE MODES ARE IDENTIFIED FOR THE
CONTAINMENT BUILDING L

Shear and diagonal tension cracks in the containment vessel

Crushing and spalling of concrete in the vessel wall

Yielding and failure of the reinforcing steel and loss of prestress
Gross shear failure due 1o loss of dowel action and aggregate interlock
Axial shear failure along buttress plates

Buckling of vessel wall

Shear failure in the foundation slab due to uplift

Failure of a tendon gallery wall and collapse of gallery

© NSO OHWNE

Shear failure of concrete internal structure anchor bolts at liner
interface

10. Shear failure of internal structure ring and shield walls
11. Failure of the concrete structure enclosing the pressurizer
12. Failure resulting from impact of adjacent structures or equipment



NINE FAILURE MODES ARE IDENTIFIED FOR
THE INTAKE STRUCTURE (CRIB HOUSE) 1%

1. Longitudinal guide wall failure from shear failure, flexural failure,
or concrete crushing from out-of-plane response

2. Operating floor diaphragm failure from shear failure of slab
initiating from cut-outs or failure of shear transfer to walls

3. Service water pump enclosure failure from loss of roof diaphragm
due to shear failure at roof-shear wall junction or initiating from
cut-outs — fiexural failure and collapse of out-of-plane walls

4. Failure of north and south shear walls — loss of lateral support
— flexural failure and collapse of out-of-plane walls

5. Failure of concrete walls at the intake end of the structure due
to out-of-plane bending — partial flow blockage

6. Failure of concrete strut in open area from combined axial
compression and biaxial bending — loss of north and south
foundation walls from excess lateral soil pressure

7. Tensile, shear, or buckling failure of underground pipes due 10
relative motion of structure

8. Failure of masonry block walls due to rigid body rocking
and collapse

9. Collapse of rocf top trolley frame due to lack of E-W lateral
bracing



RVEILLANCE REPORTS AR

Design basis ZPA (VI Faluse Falure
Component Event ZPA and spect (traeliodd) S percent modes Comments
DC powss (batreries, | F aanando UBC 1028 sustec) Sigmtwcant Hack & interlace Telaphone company
Charges. o) Fob. 8, 1970 0.36¢ ? fodure SCE substation
ec. (V)
b) Santa Barbars usC 049 ! Sagihicant Racks ucse 4
——m a) San F wo g Sugruiicant Racks, inlerlace Telephons O SCE
- sina ¥ 1 :
Fab. 9, 1971 usc 0.3% substation, stc. (1) !
e ———— ____...____,______,__.———_,__,____,_———-
L) Sants Barbard usC 049 Racks, weslace Substanon sauipment
<) Muyage Ken Oxi ] 0.25 Racks, inter lace Subsiation equipment
Control centers al San Fos nando . T eleyhons €O- SCE
wll mounted usC 0.3%
(>~ 18 x 247} //—-—-—'"""
b) Santa Barba® 04y
e —
Floor mounted ‘
(36" % 18 x 247)
£ mergency drasel
- — e
i
Substalion ») Sen F o naNdo
uipment 0.2¢ St 01510 0.4y
e AR R modes :
L) My KenOkt Several Anchors, racks Several substations
! 0.2% o, o and celays, WP fadures
\ \ \ o el i
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APPROACH TAKEN BY THE SSMRP WITH REGARD TO THE USE OF SUBJECTIVE INPUTS
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JoINT WiTH NRC, COMMITTEE FORMED TO GUIDE THE SSMRP IN USE OF
SUBJECTIVE INPUTS (SCSI)

o RECOMMENDATIONS TO THE SSMRP

Use THE SERVICES OF SEVERAL CONSULTANTS TO ASSIST THE SSMRP 1IN
ELICITATION, EVALUATION, USE AND VALIDATION OF EXPERT OPINIONS

INVESTIGATE ALTERNATIVE APPROACHES TO ELICITING, EVALUATING,
WEIGHTING, AGGREGATING, ETC. EXPERT OPINIONS

ENCOURAGE FURTHER RESEARCH
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SGME CONCLUSIONS

1.

USF OF EXPERT OPINIONS IS ~ COMPLEX ISSUE

THERE DOES NOT SEEM TO BE ANY 'BEST' METHOD FOR ELICITING, EVALUATING,
ETC. OF EXPERT OPINIONS,

CONSENSUS MAY NOT ALWAYS BE THE BEST. DIVERSITY OF OPINIONS SHOULD
BE RETAINED.

SMALL GROUP ELICITATIONS USUALLY REALIZE BETTER QUALITY OPINIONS

A sTuDY OF THE SENSITIVITY OF THE QUTPUTS TO THE METHODS USED AND T
THE DIVERSITY OF OPINIONS BETWEEN EXPERTS IS IMPORTANT

RESEARCH ON THE TOPIC SHOULD CONTINUE
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MINIMUM LIST OF EVENT TREE INITIATING EVENTS RECOMMENDED
FOR SSMRP ANALYSIS OF ZION (L

1. Reactor vessel rupture (R)

— A vessel rupture large enough to negate the effectiveness of the ECCS
systems required to prevent core melt

2. Large LOCA (A)

— Rupture of primary coolant piping equivalent to break of a single pipe
whose diameter is > 6", i.e., a break of one or more primary system
pipes whose total cross-sectional area is > 28.3 square inches

3. Medium LCCA (M)

— Rupture of primary coolant piping equivalent to tive break of a single
pipe whose diameter is < 6" but > 3"



MINIMUM LIST OF EVENT TREE INITIATING EVENTS RECOMMENDED
FOR SSMRP ANALYSIS OF ZION (Cont'd) g

4. Small LOCA (S1)

— Rupture of primarv coolant piping equivalent to the break of a single pipe
whose diameter is <3*' but > (~) 1.5”

5. Small-small LOCA (S2)

— Rupture of primary coolant piping equivalent to the break of a single pipe
whose diameter is <(~) 1.5” but > 0.5"

6. Transient (T,)

— A transient with PCS event is defined as any abnormal condition in the
plant which (a) requires that the plant be shut down, (b) does not directly
affect the operability of the PCS, and (c) does not qualify as a LOCA or

vessel rupture

7. Transient (T,)
— A transient without PCS event is defined as any abnormal condition in the
plant which (a) requires that the plant u. shut gown, (b) causes the PCS to
become inoperative, and (c) does not qualify as a LOCA or vessel rupture



UNIT 1 SYSTEMS CONSIDERED LIKELY TO

IDENTIFICATION OF ZION
K IN THE SSMRP ANALYSIS

BE MAJOR CONTRIBUTORS TO PLANT RIS
(ORDER NOT IMPORTANT)

1. Auxiliary feedwater system

Basis: a. A 40-foot section of the line from the secondary water (condensate)

Inerable to failure of the turbine building. All
gency power to operate for extended time.

" 2. Emergency AC power (diesel generator) system
Basis: a. The air start system on each diesel is not completely redundant. Two
tanks feed into one unsupported line.
b. There may be a possibility of the swing diesel being locked-out due toc a
relay race situation under certain failure conditions
c. A steam pipe tunnel is located in the vicinity of the diesel fuel tanks
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IDENTIFICATION OF ZION UNIT 1 SYSTEMS CONSIDERED LIKELY TC 0]
BE MAJOR CONTRIBUTORS TO PLANT RISK IN THE SSMRP ANALYSIS
2

(ORDER NOT IMPORTANT) {Cont'd)

3. Component cooling water system
Basis: a. Many manually operated valves in the system
b. System is generally located in one place in the auxiliary building
c. System heat exchangers aré apparently bolted directly to the floor and

have no seismic restraints

4. Service water system
ter pumps. Although the system is

Basis: a. Common header for six service wa
described as consisting of two headers with a crosstie, the crosstie is

apparently normally open.

5. Containment spray injection system
the containment dome are

Basis: a. All three supply' lines to the sparger rings in
located with in a 90° sector (approximately) of the containment
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WE HAVE CONSTRUCTED A FEM FOR INTERNAL STRUCTURE LL..Ll
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COUPLING BETWEEN NSSS AND INTERNAL STRUCTURE IS
CONSIDERED BY MODELING THE NSSS WIT

H THE STRUCTURE _

Most likely NSSS Seismic Analysis Model RCP SG
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