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DISCUSSION OF A

GENERIC LETTER ON

BWR CONTAINMENT PERFORMANCE

SEPTEMBER 11, 1986

ROBERT M., BERNERO, USNRC



GENERIC LETTER ON
BWR CONTAINMENT PERFORMANCE

THE SETTING: PLANT EVALUATIONS UNDER THE SEVERE ACCIDENT POLICY
STATEMENT

THE KEY REGULATIONS: GDC 16 AND GDC 50

THE SUBJECTS: 37 BWRS WITH PRESSURE SUPPRESSION CONTAINMENTS

THE METHOD: A GENERIC LETTER OF REQUIREMENTS TO IMPLEMENT
CHANGES BASED ON GENERIC EVALUATION



NRC SEVERE ACCIDENT
o’ POLICY STATEMENT

’

THE MOST COST-EFFECTIVE OPTIONS FOR REDUCING THIS
VULNERABILITY SHALL BE IDENTIFIED AND A DECISION SHALL BE
REACHED CONSISTENT WITH THE COST-EFFECTIVENESS CRITERIA OF
THE COMMISSION’S BACKFIT POLICY AS TO WHICH OPTION OR SET OF
OPTIONS (IF ANY) ARE JUSTIFIABLE AND REQUIRED TO BE
IMPLEMENTED.

IN THOSE INSTANCES WHERE THE TECHNICAL ISSUE GOES BEYOND
CURRENT REGULATORY REQUIREMENTS, GENERIC RULEMAKING WILL BE
THE PREFERRED SOLUTION. IN OTHER CASES, THE ISSUE SHOULD BE
DISPOSED OF THROUGH THE CONVENTIONAL PRACTICE OF ISSUING
BULLETINS AND ORDERS OR GENERIC LETTERS WHERE MODIFICATIONS
ARE JUSTIFIED THROUGH BACKFIT POLICY, OR THROUGH
PLANT-SPECIFIC DECISION MAKING ALONG THE LINES OF THE
INTEGRATED SAFETY ASSESSMENT PROGRAM (ISAP) CONCEPTION,



GDC 16:

CRITERION 16 - CONTAINMENT DESIGN., “--AN ESSENTIALLY

LEAK-TIGHT BARRIER AGAINST THE UNCONTROLLED RELEASE OF
RADIOACTIVITY TO THE ENVIRONMENT AND TO ASSURE THAT THE
CONTAINMENT DESIGN CONDITIONS IMPORTANT TO SAFETY ARE NOT
EXCEEDED FOR AS LONG AS POSTULATED ACCIDENT CONDITIONS REGUIRE.”



GDC 50:

CRITERION 50 - CONTAINMENT DESIGN BASIS. *“--AS REQUIRED BY
SECTION 50.44, ENERGY FROM METAL-WATER AND OTHER CHEMICAL
REACTIONS THAT MAY RESULT FROM DEGRADATION BUT NOT TOTAL
FAILURE OF EMERGENCY CORE COOLING FUNCTIONING, (2) THE

LIMITED EXPERIENCE AND EXPERIMENTAL DATA AVAILABLE FOR DEFINING
ACCIDENT PHENOMENA AND CONTAINMENT RESPONSES, AND (3) THE
CONSERVATISM OF THE CALCULATIONAL MODEL AND INPUT PARAMETERS.”



U, ILING WATER REACTOR

7

24 BWR 2/3/4 WITH MARK CONTAINMENT (ALL LICENSED)
S BWR 4/5 WITH MARK II CONTAINMENT (7 LICENSED)

4 BWR 6 WITH MARK II1 CONTAINMENT (3 LICENSED)

Ui



- INSTITUTIONAL PROCESS

r

CLOSURE OF SEVERE ACCIDENT ANALYSIS FOR CONTAINMENT
- NO FURTHER ANALYSIS UNLESS EXCEPTION IS TAKEN

SPECTRUM OF OPTIONS

- RULEMAKING

- 50.54F LETTER FOLLOWED BY ORDER

- GENERIC LETTER FROM DIRECTOR NRR OR DIRECTOR DBWRL

PROCESS CHARACTERISTICS

- BASED ON TECHNIChL WORK AVAILABLE, IDCOR, SOURCE TERM,
LANT SPECIFIC WORK, NUREG-1050, NUREG-1150

- OPEN TO PUBLIC FOR COMMENT AND PARTICIPATION



. A BWR - MARK I
- <OR REFERENCE

’

REFORE
o  CORE MELT FREQUENCY: 1x10~%/YR
- A FULL SPECTRUM OF SEQUENCES INCLUDING BLACKOUTS

B CONTAINMENT CAPABILITY: UNCERTAIN AND VARIABLE BUT ASSUME 1
OUT OF 2 CORE MELTS GIVES FAIRLY LARGE RELEASE

AFTER
e  CORE MELT FREQUENCY: 1x10~Y/HR
- IPE FOR FRONT END MAY REDUCE BUT NO CREDIT IS TAKEN HERE

¢ CONTAINMENT CAPABILIT}: SUBSTANTIAL ASSURANCE THAT
CONTAINMENT WILL MITIGATE CONSEQUENCES, DEGREE VARIABLE FROM
PLANT TO PLANT BUT 1 OUT OF 50 CORE MELTS GIVING A FAIRLY
LARGE RELEASE SHOULD BE REPRESENTATIVE



: HYDROGEN CONTROL

o~ -

PROPOSED REQUIREMENTS H

. CHANGE TECH, SPEC. AT END OF OPERATION FROM 24-HOUR
ALLOWANCE TO 12-HOUR ALLOWANCE OF NON-INERTED OPERATION AT

REDUCED POWER

’ PERMIT 12-HOUR PERIOD AT REDUCED POWER WITHIN THE OPERATING
CYCLE TO SEARCH FOR UNIDENTIFIED LEAKAGE

RATIONALE

] DEINERTING TYPICALLY TAKES 4-8 HOURS

- LEAKAGE INSPECTION AND MINOR REPAIR CAN BE REASONABLY
ACHIEVED IN 4-8 HOURS

' REDUCED POWER (< 33%) SUBSTANTIALLY REDUCES SHORT-LIVED
FISSION PRODUCT INVENTORY AND DYNAMICS OF POSSIBLE ACCIDENTS



-DRYW A

Ll -

PROPOSED REQUIREMTNTS

—_— Vd

+ REDUCE DESIGN SPRAY RATE (CHANGE NOZZLES) TO ABOUT 10% OF
PRESENT VALUE

+ PROVIDE AC-POWERED BACKUP WATER SUPPLY FOR SPRAY AND

AC-INDEPENDENT WATER SUPPLY, AVAILABILITY BY REMOTE MANUAL
OPERATION OR BY SIMPLE RELIABLE PROCEDURE

DESIRABLE

®  MAKE ALTERNATE WATER SOURCES AVAILABLE TO COOL CORE DIRECTLY
90/10 MODE OF RHR OPERATION

RATIONALE

. WATER SUPPLIES AND EQUIPMENT ARE ALREADY AVAILABLE FOR LOWER
FLOWS

. LOWER FLOWS PROVIDE ALL BENEFITS EXCEPT LOW AT DECAY HEAT
REMOVAL AND DO NOT RAPIDLY FLOOD CONTAINMENT

’ ASSURED DRYWELL SPRAY SUBSTANTIALLY REDUCES AND PROBABILITY
SIGNIFICANCE OF DRYWELL FAILURE OR SUPPRESSION POOL BYPASS



e | LI

L -

PROPO REQUIREMENTS

. RELIABLE CAPABILITY TO VENT WETWELL AT EPG PRESSURE LEVEL
WITH OR WITHOUT AC POWER., FOR VENTING WITHOUT AC POWER
MANUAL PROCEDURE IN ADVANCE MAY BE USED IF NITROGEN PURGE IS
AVAILAELE

B VENT OF 18-INCH DIAMETER OR GREATER

DESIRABLE

- ABILITY TO VENT SLOWER SEQUENCES THROUGH STANDBY GAS
TREATMENT SYSTEM

* BURST RESISTANCE DUCTING IN REACTOR BUILDING TO MINIMIZE
COMPLICATIONS

RA 1ONALE

0 RELIABLE VENTING PREVENTS UNCONTROLLED OVERPRESSURE FAILURE
WHICH CAN CAUSE CORE MELT

@ VENTING WITH DRYWEL! SPRAY GIVES GREAT ASSURANCE OF RELEASE

MITIGATION

10



PROPOSED R REMENT

+ ASSURE RETENTION OF WATER AT LEAST 3 FEET DEEP IN TORUS ROOM
[F TORUS LEAKS ENTIRE CONTENTS

DESIRABLE

’ CONCRETE CURBS OR OTHER BARRIERS WHICH WOULD RETARD DEBRIS
ATTACK OF DRYWELL SHELL

¢ AVOID LOSS OF RECOVERY SYSTEMS FROM WETTING BY TORUS ROOM
WATER

RATIONALE

+ DRYWELL FAILURE BY DEBRIS ATTACK IS MADE LESS LIKELY AND
LESS SIGNIFICANT BY DRYWELL SPRAY AND VENTING

o  RETENTION OF TORUS WATER ENSURES DEBRIS QUENCHING AND SHOULD
"FACILITATE ACCIDENT RECOVERY

11
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ACTIONS PLAUNRD AT 20ROV

HYDROGEN CONTROL

* No Need For Major Design Change

o Admimstrative Control To Limit The Amount
Of Time Containment Is Deinerted 1s Under Study

* Decision Will Be Made After Reliability Evaluation
OF Nitrogen Inerting Function Is Completed



AT TOVD PLALIIRD AT POLGHRINYL

CORE_DEBRIS BARRIERS

* Core Debris Behavior Will Be Evaluated Using
The IDCOR MAAP Code

* Based Upon Industry Studies To Date,
No Modifications Are Anticipated
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ACTIONS PILACNIMID A IPIILCHERITN

CONTAINMENT WETWELIL VENTING

« Capabihity For Venting Wetwell at Containment Design
I'ressure Using Supression Pool As Filtering Medium
Will Be Provided

* Criteria And Guidance For Operational Use Of This Vent
Will Be Prepared To Ensure That The Intended Risk
Reduction Benefits Are Achieved

* Options For Routing The Vent Discharge Are Under
cvaluation. A Selection Will Be Made After Reliability
And Risk Evaluations Are Available



ACTIONS PLAVIIIND AT PULGHERINV

EMERGENCY PROCEDURES AND TRAINING

* Revise Procedures To Incorporate Plant Changes Made
This Outage

¢ Revise Procedures For Station Blackout Event

* Review Procedures Against Current ATWS Event
Analysis For Possible Improvements

e Revise Procedures For Combustible Gas Control

« Operators Will Be Trained In All Emergency
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SEVERE ACCIDENT CONTAINMENT PCLICY

INDUSTRY EVALUATIONS

SEPTEMBER 11, 1986
BETHESDA, MD.

/11



OBJECTIVES:

0 PRESENT RESULTS OF IDCOR/BWROG & UTILITY EVALUATICHS
OF PROPOSED SEVERE ACCIDENT CONTAINMENT POLICY ELEMENTS

0 DISCUSS CONCLUSIONS REACHED BY UTILITIES



CONCLUSIONS - BWR EXECUTIVE MEETING

0 AUGUST 19 MEETING - 20 OF 23 BWROG UTILITIES REPRESENTED
0 CONTINUE CONSTRUCTIVE DIALOGUE WITH NRC

0  AGREEMENTS:
- COMMIT TO IMPLEMENTATION OF REVISION 4 TO EPGS

- NUMARC CONTACTED TO CONSIDER SEVERE ACCIDENT
CONTAINMENT ISSUE AS A GENERIC INDUSTRY ISSUE

- CONTINUE WORKING WITH NRC TO BETTER DEFINE ISSUES
FOR RESOLUTION

- PROPOSE TO BWROG SEVERE ACCIDENT INSIGHT
REVIEW OF EPG REV. 4



IDCOR/BWROG/UTILITY EVALUATIONS:

o WIDE VARIATION IN ESTIMATED COST

o EVALUATIONS PERFORMED ON SMALL NUMBER OF PLANTS

0 OBJECTIVES APPEAR GENERIC - ENHANCEMENTS APPEAR
PLANT SPECIFIC

0 QUALITATIVE ASSESSMENTS OF BENEFITS AND NEGATIVE
IMPACTS PERFORMED



ELEMENT 1 - HYDROGEN
OBJECTIVE:  PREVENT HYDROGEN COMBUSTION CAUSED FAILLRE

REQUIREMENTS :
A. OXYGEN CONTROL (MARK I AND MARK I1)

B. HYDROGENW CONTROL (MARK III)

IDC CR/BWROG EVALUATIONS :

0  OXYGEN CONTROL BY NITROGEN IMERTING ADEQUATE FOR
MARK I AND MARK Ils.

0 LIMITING THE TIME DEINERTED UNDER REVIEW,

0 MARK Il HYDROGEN CONTROL BEING ADDRESSED BY
HYDROGEN CONTROL OWNERS' GROUP (HCOG),



HYDROGEN CONTROL OWNERS GROUP

STRATEGY TO ADDRESS SEVERE ACCIDENTS AND STATION BLACKOUT

MEETING WITH THE NRC ON SEVERE ACCIDENTS

SEPTEMEER 11, 1986



BACKGROUND
* Established HOOG Programs to address Hydrogen Rule requirements for
"Degraded Core Accidents".
= Quarter Scale Testing Program
- Analytical effort

* Station Blackout as a hydrogen generation event (HGE) within the
context of recoverable degraded cores is an issue being addressed.
= Current HOOG evaluaticn indicates that SBO is not a credible HGE

= HOOG responding to NRC questions

* The need for an independent power supply for igniters in the event of
an SBO identified by the NRC in the context of Severe Accidents.



HOOG to supply the design criteria for a backup power supply to the
hydrogen igniters.

* Backup power supply need not be safety related

* Identify impact of addressing Severe Accidents on the design of a
backup power supply.

* Number of igniters required in the event of an SBO

- Make use of existing data base and criteria

- Additional testing, only if necessary, to follow camwpletion of

current Test Program - end of this year

Responsibility of individual Mark III Owners with support of HOOG as
required,

- Define backup power supply source

- Define associated costs

- Meet and discuss with the NRC the details of the design, costs,
and benefits of a backup power supply to the igniters

- Decision and timing for proceeding



ELEMENT 2 - SPRAYS

(BJECTIVE: - SPRAY WATER TO:

1. QUENCH DEBRIS (PRIMARY)

2. SCRUB AEROSOLS (SECONDARY)

3. LQJER PRESSURE (SEC ONDARY)

4. COOL VULNERABLE EQUIPMENT (SECONDARY)

REQUIREMENTS :

1., SPRAY IN DRYWELL

2. BACKUP WATER SOURCES AND PUMPS
- HOSE CONNECTIONS
- USE OF FIREMAINS

IDCCR/BWROG EVALUATIONS:

0  TYPICAL SPRAY CAPACITY 5 - 10,000 GPM/HEADER

0 CONCEPTS CONSIDERED

0 CONNECTION TO HOSE STATION IN REACTCR BUILDING
- APPRIXIMATE FLOV PROVIDED 200 GPM
- DCES NOT PROVIDE SPRAY



ELEMENT 2 - SPRAYS (Continued)

CROSS TIES FROM DIESEL FIRE PUMPS TO RHR
- APPROXIMATE FLCW PROVIDED 1/2 OF FIRE
PUMP RATING

- CLOSE OFF APPROXIMATELY 70%2 CF NOZZLES
TC ACHIEVE SPRAY

FLOW RATES IDENTIFIED APPEAR ADEQUATE

DEBRIS QUENCHING DOES NOT REQUIRE SPRAY

POTENTIAL BENEFIT/RISK WARRANTS FURTHER STUDY



E LEMENT 3 - PRESSURE

OBJECTIVES: 1. AVERT UNCONTROLLED OVERPRESSURE FATLURE

2. CONTROL RELEASE PATH (SCRUBBING)

REGUIREMENTS :
1. SUBSTANTIAL CAPABILITY TO VENT WETWELL

2. REMOTE/RELIABLE CONTROL OF VENT VALVE
3. ABILITY TO RECLOSE VENT

IDCOR/BWROG EVALUATIONS:

0 CONCEPTS CONSIDERED

0 UPGRADE DUCTING AND STANDBY GAS TREATMENT SYSTEM
(SBGTS) TO CONTAINMENT DESIGN PRESSURE CAPABILITY

- NCT FEASIBLE TO UPGRADE SBGTS
0 HARDPIPED BYPASS ARQUND SBGTS

0 HARDPIPED DEDICATED VENT

0 COSTS ARE C MPARABLE FOR HARDPIPED CPTIQNS



ELEMENT 3 - PRESSURE (Continued)

0 VENT SIZING UNDER REVIEW
0 ATWS
0 DHR

0 NEGATIVE IMPACTS NEEDING FURTHER REVIEW
0 SECONDARY CONTAINMENT CONTAMINATION

0 DELIBERATE RELEASE



ELEMENT 4 - CCRE DEBRIS

==

OBJECTIVE: REDUCE LIKELIHOOGD CF FAILWURE BY DIRECT ATTACK

REQUIREMENTS :
1. USE PRACTICAL DEBRIS RETARDING BARRIERS

2. CONSERVE SUPPRESSION POOL WATER AS A
QUENCHING POOL

IDC CR/BWROG EVALUATIONS:

0 DRYWELL

0 CONCEPTS CONSIDERED

PLUG IN PEDESTAL OPENING

INCREASE SUMP SIZE INSIDE PEDESTAL

CURE (UTSIDE PEDESTA L OPENING

CURB AT DRYWELL UNER/FLOCR JUNCTION

ADDITICNAL PEDESTAL OPENINGS TO PROMOTE EVEN
DISTRIBUTION

O NEGATIVE IMPACTS
- LOCA CONSIDERATIONS
- SEISMIC INTERACTICNS
- ALARA CONCERNS



C

ELEMENT 4 - CORE DEBRIS (Continued)

QUALITATIVE BENEFIT LOW

- DEPENDENT ON ANALYTICAL MODELS OF DEBRIS
MOBILITY WHICH ARE VERY UNCERTAIN

0 WETWELL

>

MCST PLANTS CURRENTLY HAVE CAPABILITIES TO HOLD
WATER IN TCRUS CHAMBER OR PROVIDE PROTECTION TO
CRITICAL EQUIPMENT IN C CRNER ROCMS

QUALITATIVE BENEFITS LOW

NO NEGATIVE IMPACTS

NO FURTHER STUDY WARRANTED



ELEMENT 5 - TRAINING AMD PROCEDURES

(BJECTIVE: ENSURE CPERATCRS ARE READY TO USE PLANT FEATURES
TO BEST ADVANTAGE IN SEVERE ACCIDENTS

REQUIREMENTS :
1. CLEAR SYMPT(M BASED STRATEGIES (INTEGRATED)
2, REMOVAL OF UNNECESSARY INHIBITIONS

3. TRAINING/PRCEDURES

IDCOR/BWROG EVALUATIONS:

0 REV. 4 [MPLEMENTATION BY ALL UTILITIES CONSISTENT WITH
PREVIQUS PCST-TMI COMMITMENT

0 PROPCSE REVIEW OF REV. 4 WITH INSIGHTS FR(M SEVERE
ACCIDENT STUDIES



CONCLUSIONS - BWR EXECUTIVE MEETING

0 AUGUST 19 MEETING - 20 OF 23 BWROG UTILITIES REPRESENTED

o CONTINUE CONSTRUCTIVE DIALOGUE WITH NRC

0  AGREEMENTS:

COMMIT TO IMPLEMENTATION OF REVISION 4 TO EPGS

NUMARC CONTACTED TO CONSIDER SEVERE ACCIDENT
CONTAINMENT ISSUE AS A GENERIC INDUSTRY ISSUE

CONTINUE WORKING WITH NRC TO BETTER DEFINE ISSUES
FOR KESOLUTION

PROPOSE TO BWROG SEVERE ACCIDENT INSIGHT
REVIEW OF EPG REV. 4
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PRD CONSULTINE

P R Davis, President
1935 Sabin Or.

Igano Falls, ID 8340
(208) $29-2861

Oct. 30, 1988

Mr Geralg R Tarant

Commissicner, Dept. of Pudlic Service
State of vermont

120 State St.

Montpelier, VT 0%602

Oea~ Commissioner Tarant,

Transmittec herewitn Is one copy of my repere, "A Review of the Vermont
Yankee Containment Safety Study.” Upon your acceptance, this report
constitutes fulfiliment of the provisions in Contract No. 0938124
Rowever, | will endeavor, as time permits, to examine YAEC-1%64 ("BwR
Mar | Containment Evaluation-Vermont Yankee, Oct. 1986) to cetermine If
the results are consistent with and support the Vermont Yankes
Containment Safety Study. ! will provige you office with a letter 17 | fing
any Imporiant QiScrepancies. As you know, | G1d not receive the resort
unt'l Oct 26, one day sefsre | was obligated to matl the enclosed repors in
oraer ta meet the Oct 31 ceacline As we GIS2usSeq, | C1d not congider it
mandatery for my review to evalyate YAEC-1564 since my review was
tasec primartly (s statec In the attached report) on comparison of the
VYCSS with similar contemporary severe accident assessments and
related information, with less empnasis on an In=gepth review of the
VYCSS analysts,

| hepe my report 1s useful to you and the State | en Joyed working with you
ana Pnil Paull on this project. | particularly appreciated the cooperation
0Iven By yai pnd SAIT A SOTEING UD the wrrangements for the review and
3ls0 the odjective and competent evaluation of the materia! as the project
progressed.

Sincerely,

° 2 Davis
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This document was prepared by or for PRD Consulting Company. Neither
PRD Censulting nor any of the contridutors to this cocument:

A MaKes any Warranily Or representaiion, expr ess Ui 1giiey, Wil | S3veyL
Lo the accuracy, completeness, or usefulness of the informaticn contained
In Lhis document, or that the use of any information gisclosed in this
cocument may not Infringe privately owned rights; or

B. Assumes any responsidility for 11adility or camage of any kingd which
may reeuit from the uee of any infarmation disclosed in this ocument,
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A REVIEW OF THE YERMONT YANKEE CONTAINMENT SAFFIY 31150y

I INTRODUCTION TAig report sreoents the reoults of 2 roviow of tho
Vermont Yankee Containment Safety Study prepared by the Vermont Yankee
Nuclear Power Corporation. The review was ungertaken for ang funged by
the State of Vermont, Dept of Public Service. The objectives of the review
were as follows:

1. Perform an overall evaluation of the Vermont Yankee Containment
Safety Stuay.

2. Determine whether the containment study provides a reasonadly
accurate estimate of the prodad!!ity of containment failure from severe
accicents. If the estimate is juaged to be not accurate, determine if It is
tee high or too low ang by what magnitude.

3. lgentify teghnical shortcomings In the study and estimate their effect
on the conlalinment fallue pobability.

4. Cetermine what changes ca) be done which would increase the
protadility that the Vermont Yankee plant containment woulg not fail in
the event of & severe accident. Included will be an evaluation of changes
that Vermont Yankee Nuclear Power Corp. has fdentified In its report,

changes suggestec by the Nuciear Regulatory Commission but not accepted
By Vermont Yankee, and athar natantially affactive rhanges

©N 3CDL &, (wEo, tre vermont Yankee nuclvar Fuwer Suipur ellun subiillled
to the Nuciear Reguiator Commission a document entitled *Vermant Yankee
Centainment Gafety Study” Thig Study evelusted and estimatod the
wivkdLlTity oF 313080 #olanns of ragianctivity fram the Vasmant Vonlinn
Nuc'ear Power Plant as areaylt of a severe Accident. The study employed
cata anc methoaclogy from a techatcal diseipiine eammenly referred Lo a5
Prodadilistic risk assessrent, A brief description of thig aiscipline along
WItA an evaluation of s strengths end |imitations 15 provided in the
follewing subsoction,

¢ ! 5 = In 1975, the U.3. Nuclear
Regulatory Commission publisnec the Reactor Safety Stucy (WASH=1400)
This gecument provided the results of the first serious attempt inthe US.
t0 quantify the risks from thé operation of nuclear power plants. The
tudy empleyed arelatively new technical aiscipline refered Lo as
prodavilistic risk assessment (PRA). In this 2pproach, acciaent intitiating
events are postulated and the!r frequency fs estimated based on actual

=]
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plant operating experience or adoiication of other data. These initiating
events are used as starting events on “event trees”, which are basically
logic dfagrams which consicer the plant response to various combdinations
of safety system success or fatlure following the postulated inftfating
event. M1 1 provides an example of an event tree prepered for o nuclcor
power plant PRA study. The headings on the event tree represent safety
systems (or safety functions which are sypplied Dy systems within the
nlant). The harizental 1ines across the event tree recresent the various
possidle accicent sequences which can occur following the initiating
event. The lines enter each event tree heading from the left and branch
into two segments. The branches represent success or failure of the
system represented Dy the event tree heading, with the too dranch
ingicating success and the bottom dranch indicating fatlure. In some
instances, there 18 no dranching, which indicates that the system has
fatied as a consequence of an earlier faflure of a gifferent system. The
column on the far right of Fig. | indicates whether each of the various
sequences results In successful cooling of the reactor core (s), the core
overheates and releases radioactivity to the containment (¢cm), or the
sequence Is transferred Lo another event tree due to a faflure (LOCA),

The next step in the PRA precess 1s to quantify the probabdility of the
accicent sequences celiniated on the event trees, This is done by
combining the frecuency of the initiating event with the success or failure
probabilities, as acoropriate, for each branch point of the individual
accigent sequences. The faliure prodabilities for each of the event tree
headings is gererally cetermined by one of two methods. |f the event tree
heading regresents a system for which suffictent data exists from testing
Or actuation, then fatlure prodadiiities may be obtained from this source.
If Insufficient gata exists, then fatlure probabilities are estadlished dy
the faylt tree technique. In this instance, fault trees are constructed for
the event tree system of Interest. The fault trees may 2lso de thought of
2s 10g1C a1agrams wnich subdivige the system Into 1ts mechanical,
electrical, and hydraulic components which are arranged through the use of
10g1¢ gates such that the manner in which Ingividual components
contridute Lo system fallyre are depicted. An example of 2 fault tree is
given InFig 2. By assigning each individual component a fatiure rate
which 1s obtained from 2pplicable data bases, the fatlyre rate of the
system ¢an be calcylated,

After the protatt!ily of each acc'cent sequence has been compiuted, the

=2
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binni
prodabdility of various co%mmen: fallure modes fs estimated for each
Sequence or group of sequences which have similar characteristics In the
context of Imposing a threat to the containment integrity. The ;
containment fallure probab!lities are estimated by analyzing the
containment response to each of the accicent sequences, and 2ssessing the
Hk1ihood of various fatlure modes. This process may utflize containment
event trees in which the event tree headings are represented by the
containment safety systems,

Following the assessment of containment failure moces and associated
orodaoilities, a ragfoactive source term Is estimated for each containment
fallure mode. This source term defines the amount of each Important
radioactive species In the core which Is expected to be released to the
environment followIng each of the containment fallure modes. This source
term fs then usea to calculate the pudlic health effects given a spectfic
containment failure moce.

Sy combining the accioent sequence probadtiities with the containment \ 0\
fatlure moce orobanility and the pusliic health effects associated with .6%
eacn containment fallure moce, an estimate of public risk can be obtained. | ’,. e
This risk 1s generally exoressed as either an early fatality which results 6% °%

P
from large doses of radiation, or a latent heaith fatality (cancer) which I% 3
canresult from lower doses of radiation, » %, “a
)
This cescription I3 2 very simplifled overview of the PRA process. In "E_ k
reailty, the process can be extremely complex and exhaustive. A ma jor ’\:,g'
nuclear plant PRA may evaluate miilions of accident sequences. Such an g x 5

man years of effort, As wiiihe dlscussed In later sections, the Vermont
Yankee Containment Safety 3tucy 1s a !imited PRA study which does not,
ang was not Intended to, Include all of the elements of a full scooe PRA

effort typically require. several million dollars and requires 40 or more &? "S

Since the completion of the first major PRA study In 1975, there have been
seme J3S acditional PRA efforts completed for a variety of plants in the
US, and several PRAS Nave aiso ceen completeq for foreign plants. in
general, these studies have estimated low public risks from the ooeration
of nuclear power plants. Typically, the protadiiity of a serious

(Core damage) accident has been found to be on the order of one chance In
ten thousand per year (usually written as 1X! o"/yr ) or less, ang early
fatality risks have generally Leen estimated at less than ore chence in 8
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militon per yr. ( mo’°/yr ) for a person residing within gne mile of the
plant. Similarly, latent cancer fatalities have been generally estimated at
less than one chance in amillion per yr. For compariscn, the average risk
of death from acc!dents and adverse effects for an indivicual in the US. Is
adbout one chance In 2500 ( 4X10™%/yr.) and the average risk of death from
cancer 18 1.9X10™3/yr. based on recently puslished statistics for the year
198Z (most recent year compiled) '3,

The advent of PRA In the assessment of public risks from nuclear power
has represented 2 major anc significant advancement in the assessment of
nuclear power safety. Prior Lo 1975, no realistic and comprehensive
estimate of the risk af nuclear power generation existed. Nuc'ear power
safety was based on cesigning the plants to withstand a spectrum of
design basis accicents which were seiected in an-effort to encompass
what were thought to be all important accidents. This was comdined with
the defense in cepth philosophy which required that multiple tarriers
(Incluging the fuel cladging, the primary system, and the containment)
exist to Inhidit the transport of radioactive material from the core to the
environment. The PRA approach, on the other hand, provices a systematic
ancg integratec assessment of all concelvadle accident sequences coudled
with 2 comprenensive evaluation of plant systems resuiting In 2 numerica!
estimate of public risk. ' ‘

In 2cgition to being used to provide overa!l risk estimates, the PRA
approach has Deen ysed extensiveiy 10 provide some risk perspective on
nuMerous reactor safety issues, and has been a major facter In several
NRC cecisions regarding nuc'ear sower plant safety

Despite the wice acceptance and extensive use of PRA in nuclear power
plant safety and risk evaluations, there remaln shortcomings and
limitations {0 the PRA approach. Further, several important a~eas exist
where controversy and disagreement can de founc ameng PRA researchers.
Some of the more significant of these problems |8 giseussed telow:

A lnagdecuate Data- The accurate estimate of risk from the PRA
approacn requires that statistically significant and applicable cata exist
to evaiuate the frequency of initiating events, system failure rates, and
component faliure rates. In numerous Instances, such data is [imiteg, and
in some cases, such as large seismic Inftiating events, 1t 18 lacking
2itogether.

Ruman Eccac- Curing the course of a postulated severe accicent,

-4



opportunities exist for the plant operators to Intervene In 2n attempt to
improve the potential for acdequate core cooling. It fs also possible for
these attempts to have a deleterious effect {f the operator commits an
error or acts with inadequate or incomplete information from plant
instruments. The potential for and probadliity of such action is extremely
gifficult to evaluate quantitatively since human behavior under various
stress levels is unpredictabdle.

¢ System Denendencies- Detalled system analysis performed as part of
past PRAs has revealed the existence of important system cepencencies,
or instances where 2 system fallure or an initiating event can cause
acaitional system failures by virtue of 1inks hetween the systems.
Sometimes these |inks can be subtle and troublesome to analyze properly.
it {8 8lso &!fficult to demonstrate that alt such important dependencies
have been found as part of a PRA since there coes not exist a valldated
methodology which is universally accepted for finding dependencies.

g External Event Initiators~ In some PRA studies, accidents which are
initiated by events external to or not associated with the operation of the
plant have been estimated to be important contributors to risk. External
evert Inftiators Incluce earthquakes, firn, and high wings. It has been
extremely @ifficull to as3ess the frequency of SUch events because, In
general, they have to be more severe than any event recorced at the piant
site. Thus, frequency evaluations must rely cn extrapolations and
juccement. Furthermere, It is not always easy to evaluate the plant
response to such events since the Impertant contributors are frecuently
beyond the cesign dasis of the plant and no experience exists.

{ L = Since there has never been a severe
We accicent Imayuciear power plant of US. design which has progressed
beyond core damage within the reactor vessel, the assessment of such

progression must depend on analysis and a Iimited amount of small scale,
highly icealized experiments. The physical and chemical processes In
these accident progressions are precicted to be extremely complex
interrelated events. In several areas, analytical techniques a~e limiteg,
and debate and controversy surrounds the most Iikely accident progression
scenarios.

Lolncertaintiss~ Due to the Iimitations described in a. through e.
preceding, 2s well as accitional ractors, all PRA assessments contain a
considerable amount of uncertainty. The quantification of, and acoropriate
acounting for, this uncertainty In the utilization and Intrepretation of the e
PRA results has been an area of controversy. [t 1S usually not possidleto
MOUS‘J quantify the uncertainties Involved In 2 PRA agsessment. 2 I,““

-
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It should be noted that aaditional research and anlysis s underway In all
of the above areas, and It is anticipated that PRA assessments will
become more accurate and complete as this work progresses

The foregoing areas describing major 1imitations and uncertainties with
respect to PRA assessments will be described fn more detall In subsequent
sections of this report as they 2pply Lo and Influence the results of the
vermont Yarkee Containment Safely Study. The next sudsection of this
Intreguction provices a drief overview of the Vermont Yankee Containment
Safety Study.

L8 Overview of the Vermon! Yankaee Contaiament Safety Study= The

subject of this report IS areview of the cocument entitied " Vermont
Yankee Containment Safety Study” which will be hereafter referred to as
the VYCSS. This document descrites the results of an assessment of the
Vermont Yankee nuclear power plant to determine the probabdility of a
severe release of radoactivity from the plant. The study was a limited
PRA assessment performed principaily to examine the integrity of the
containment structure under severe accident conditions, It does not, and
was not Intenced, to provide an exalicit estimate of pubdlic risk from
cperation of the plant. The approach taken In the study was to modify the
an2lysis and resuits of the Reactor Safety Study (WASH=1400) In an
atterrpt to rencer them 2pplicable to the Vermont Yankee reactor. The
plant used In the Reactor Safety Stucy was the Peach Bottem nuclear
power piant, a plant simiiar, but not fdentical to, the Vermont Yankee
piant. The mogification process in the VYCSS Involved 2djusting the
prebadility of the Reactor Safety Study accident sequences to: 1) account
for Verment Yankee plant specific design features and 2) ut!lize more
current data and accicent sequence progression analysis. A further
mogification Involved a more realistic assessment of the containment
response Lo severe accicents based again on Vermont Yankee plant specific
design features as well as Increased know ledge regarding containment
response and fallure modes from research and anlysis conducted since
197S. A more thorough description of the methods, assumoticns, and
procedures utilited in the VYCSS will be provided In subsequent sections
of this report, particularly in theee areas that are impaortant to supporting
the resuits.

1-6
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The ormcmle results stateg in the VYCSS are that the probad!lity of core
melt for the Vermont Yankee plan: is 3x10° S)DCF yr. or about one‘chance
In 33,333 per year The prodad!!ity of having a largo mso of
ragioactivity from the plant was estimated at 100 /yr.. or adout one
chance In 500,000 per year. In other words, the VYCSS concluded that
there was 2 7% chance of having 2 large release following a core meit
accigent seavence. Conversely, there was a 93% chance that the
containment and 1ts suppoert systems would prevent a la~ge re'ease
following 2 core melt accident. The purpose of the review descrided In
this report, as stateg Inmore detall In the first part of this section, was
to attempt to ascertain 1f this result 1s valig, ang, If not, what a more
realistic value might be. The summary and major ¢conclustons rrom this
review 1s presented in the following section.
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2. SUFTIARY AND CONCLISIONS = The Vermont Yankee Containment Safety
Stugy (VYCSS) provides an estimate of the prodadility of severe core
damage accidents at the Vermont Yarkee nuclear power plant and the
1kelihood and mode of contalnment faliure and resulting radioactive
release as aresult of such accidents This review of the VYCSS consisted .
primarily of comparing the assumptions, analysis, data, and results with
current avallable Information regarding the probadiiity and progression of
SEVere aCCICeNts In orger Lo cetarmIng N tne JLudy wirs e lalenl wilth
this current knowleage. The report was 2130 examined to determine 1f any
Important amissions might exist. Where deficiencies or omissions were
found, an allenipl was nade to evaluate Whelr significonce. The peimary
findings anc conclusions of this review are as follows:

A Overall results - The VYCSS Is considered to present a reasonable
estimate of contalnment fallure probabllities from severe accicents which
coulc be Initiated from internal events only. Although the VYCSS does not
provide any uncertainly analysis, and this is cong!dered a major deficiency
s noted In Item C following, based on selected sensitivity studles and
comparisons performed ay pa L of this review, the VYCSS pronabtiity
resulls foc Internal events appear Lo be generally Consistent with oresent

know eage reqarding severe accident behav lor and within the ¢
aln " WIth respect to external
event Initfators, it s concluded that selsmic events have tne potentjal to

ncrease the probadllity of contalnment fallure 1n conjunction with severe
acldenls o[ Tie 7_@_0!\‘-&“ plen

—

B. Inacequate characterization of results with respect to Iimitations
regarding omission of external events- The VYCSS is consicered ceficient
In not adequately Qualifying Uhe resulls with respect Lo omission of
external events. An evaluation of *he potential contribution from external
events Is given In Sect. 8.

C. Inadequate characterization of results with respect Lo

uncertainties- The YYCSS does not adequately 1) qualify the r n
S of uncertainties, 2) discuss ons of

EX he
resyits This aspect (s discussed in L8, Item2

D. Inadequate basis for some frequenciss and predadiliLies- The report
does not provice an te f
on 3 responae from Vermont Yankee Nuclear
Power Corporation, the basis for these frequenceies and probadiiities 1s
now consicered to be adequately documented (Sect. 8, Item 7).

S|
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€ In2cequate cescription and implication of radicactive release
following containment fatiure= The description of potential consequences
from, and characterization of, radioactive release ranges used in the
VYCSS are considered inadecuate. Detalls are provided In Sect. 8, 1tem 6.

F. Reascnadble assessment of containment fatlyre 1ssues- The VYCSS
provides areasonadble assessment of containment fallyre scenarics and
related prodacilities. However, the report !s considered deficient innot
exploring the effect and like!ihooc of alternative scenartes which would
encempass the uncertainty Involved evalyating important containment
fat'ure moces

C. Generally acequate assessment of containment intregrity
'maravomms- wwmuwmmun of
rywell spr ten core

Jateraction (Soct. 6,8), the VY(CSS acpears Lo acequately adcress N
suggestions regaraing improving containment integrity as well 2s other
recommencations Identified In the VYCSS. Twe adaitienal piant changes
ang meaifications with the potential for reducing the prodadility of a
significant reiease were Identified during the review. These changes were
Ll increase cagacity 2ng relfadility of drywel! coolers, and 2) ghanges to

~ADe 103iC-37a-control-for-the malnsteam (sclation valves. These aspects
are discussed In getail in Sect. 7

o !

o
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3. PROCEDURE- This section cescribes the procedure utilized in reviewing
the VYCSS. It is important to note that resources availadle for the review
were not sufficient to perform an Incependent assessment of the VYCSS by
performing 2 comprehensive PRA from basic methodology. Indeed, the
VYCSS Itself gid not use this approach as noted in Section | preceding.
Further, some of the supporting data and analysis referred to in the VYCSS
was not obtained In time for the review, and a visit to inspect the plant
was not carried out. Such avisit would have been of Iimited value since
the plant is operating, rendering access to the containment impossidle.
Oue to these limitations, the review relied significantly on comparison of
the VYCSS assumptions, data, and results with the substantial body of
similar assessments (other than the Reactor Safety Study) currently
avaliable In an attempt to determine If the VYCSS results were consistent
with and supported by this additional information. It should be
emchasized and recognized that in several areas, to be noted in subsequent
sections, cata and Information are facking to the extent that major
Siffarances of spinien aaist amerg reapsns(nie PNA pesearehers Thuo, it
Is not possible to determine which approach or result {s correct. These
unknowns ¢o not render the VYCSS results (or any PRA results) invalid.
They do, however, contribute to uncertainties in the results, and the
significance of such uncertainties can be important in qualifying and
interpreting the resuits.

The basic approach empleoyed in the review consisted of ive steps, 28
follows: _

a. Acclgent sequence probabdilities- The VYCSS important accigent
sequences were compared with several other PRA studles for similar
Auciesr power pienta to determine 1f the as3e33ed probadilities were
consistent, and if not, what val!g reasons might exist to render them
inconsistent,

8. Accident sequence completeness- The VYCSS important accident
sequences were compared with several other PRA studies for similar
plants to determine if any cequences found to he impartant In Athar
studies are missing from the VYCSS ang, if any were found, to determine {f
the missing sequences wou!c be applicable to VYCSS and what the!r effect
would be on the resuits If they were included.

¢. Conditional Containment Fallure Probab!lity= The VYCSS conditional
containment failure probadi!lity from dominant accident sequences were
comparea with two very recent independent assessments for a similar
plant design. Differences were evaluated, and an estimate of the effect of
any changes In the VYCSS judged to be valid on the bas!s of the comparisen
was mace.

3=1
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0. Containment Failure lssues- A review was performed of the current
state of knowledge regarding important containment faflure modss anc
processes from severe accioents to determine If the VYCSS 2ssessment -
reflects appropriate consideration of this information, and if the VYCSS
resuits In this regard are properly qualified and uncertainties
acknowledged or accounted for. The potential effect of any discrepancies
inthis area were evalyuated.

e. Containment Integrity Improvements- A review was made of
various suggestions and analysis for proviging plant medifications to
improve the ability of the Vermont Yankee containment to sustain the
l0ads Imposed by severe accidents. Such Improvements Include those
suggested Dy the NRC, the VYCSS, and others found potentially beneficial
as part of this review,

f. Generai Deficiencies- Any 2dditional deficiencies, not airectly
related to the above areas, were 1dentified, cescribed, and their
implication evaluated to the extent practical.

The following Section provices tre results of the first two review areas
(2.2nd b.), while Section S provides the resuits of the review of item ¢.
Secticn 6 consicers item @, Section 7, item e, and Section 8, item !,
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4 REVIEW OF VYCSS DOIMINANT ACCIDENT SEQUENCES

This section presents the resuits of a comparison between dominant
accident secuences from several PRA studies to those found to be
dominant in the VYCSS. The main focus of the comparison was to
cetermine If any Important sequences might have been left out of the
VYCSS, or If any Inconsistencies 2ppeared to #xist in establishing accident
probabilities. These two aspects are considered separately In subsections
which follow. It was considered important to make this comparison
primarily because the VYCSS relles ¢n the sequences found in the Reactor
Safety Study which Is now some 1] years old. Severa! assessments of
piants simtiar to VYCSS have been completed in the Interim, and these are
used 23 the basis for the comparison.

Prior to proceding with the results of the comparisen, It s useful to
re-arrange the VYCSS results. This will racilitate subsequent evaluations
on the significance of gifferences which may be found, and will provice
some perspective on the VYCSS resuits which are not currently directly
displayed in the report.

Table | s are-arrangement of the VYCSS results, and has been prepared
Sased on Infermation contalined in Table 4.7, Pg.108 of the VYCSS regort.
,Table 1 lists the accident classes founc to be important in the VYCSS
stucy. These c'asses contain accident sequences which have common
features in terms of their impact on the containment, and as such, are
characterized by similar initfating events and system failures which are
summarized in the seccnd column. The third column provides the computed
prebadility of each accident class. This value Is followed by a percentage
contridution (In parenthes!s) of each accident class to the overall core
melt predability. The next column s the fraction (expressed In percent) of
of each accident class that was found to fall in the EH or EM radfonuc)ide
release categeries. EH designates a containment failure mode which
results In an early release with high levels of ragtoactivity, while £M is an
early release with medium levels of radicactivity. These designations are
important because they represent the two classes of release which were
consicerad to e high release levels in the VYCSS report. All other release
categories were considered Lo be low (Including no containment fallure) or
much later releases implying much lower public health consequences. The
last column in Table ! is the overal! fraction (again expressed in percent)
that each accident class contributes to the total probadility of efther an
EH or EM rejease,

Table | serves to illustrate some mportant features relative 2o the
VYCSS resuits in terms of the overall relationship between accident
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“ classes anc significant releases. For example, the most significant
accident class in terms of contribution to core meit probabllity 1s class
IA, with 3 43R contribution. However, this class is an Insignificant
contributor to the overall EH and EM categories. On the other hand, class
IC 1s a relatively low contributor to core melt probadility (3%), but a very
significant contributor to the overall EH anc EM categories. This Is
because these 2ccident sequences were determined to have a relatively
high probabtiity of damaging the containment and therefore resuiting in 2
significant release. This is fllustrated by the fractional release columns
which Indicate that 20% of the ¢lass IC accidents are expected to resuit In
an EH release, Thus, 2s I1lustrated by the table, there fs a sigrificant
variation In the relative contribution of each accident cateagory to both
core melt probadility and contribution to significant release. These
relationshios will become important in evaluating the Influence of
potentfal changes to the VYCSS results. For example, If It were found that
amore realistic estimate of class |A core melt probability were 1.33E-4,
avery significant ten-fold increase, the core melt probability would be
increased to 1.635-4, a factor of about S. However, the increase in EH and
EMrelease probaiblity. would be very modest, under 20% in Doth cases.
Conversely, 2 modest Increase in prodadility of IC accident class
seguences, or an Increase In the fracticnal contribution of these sequences
to £H or £M categories would result In a2 significant Increase in IH or EM
release prodablliities.

4 * igent Sequence Sronanilities« Thig review consisted of
two phases. In the first phase, the VYCSS results were examined to
determine If the adjustments and mogifications to the accicent sequence
srobabilities used from the Reactor Safety Stugy ') (RSS) 2ppeared to e
valld. As incicated previously, the VYCSS ¢i¢ not ungertake an incepencent
assessment of core me!lt probadility, but rather used the RSS results 28 2
baseline from which modifications were made. The secand phase of the
review consisted of comparing the VYCSS results with numerous resuits
from other PRA stugies completed for plants simila: to Vermont Yankee.
These results from these two phases are descrided beicw

4A 2 Moc!fications to RSS results -

The RSS estimated that the core melt probadility for the Peach Bottom
reactor Is 3.26-S/yr. The VYCSS result 1s 3.0E=S/yr. These two resuits
can ne coneidered identics! since the uncertainticg in the estimaltes are
significantly greater than the gifference. However, the accigent secuence

-~




probanilities which make up the total core melt probadflity for the two
stucies were not fdentical In that the VYCSS made, In some cases,
significant modifications to the RSS sequence probad!iities on the basis of
piant design differences or what was considered to be more applicadle
cata. This gifference can be Important since different sequences, as noted
previously In this section, can have markedly different Influences on the
1kliheod anc mode of containment failure leading to large releases.

Section 4 of the VYCSS provices 2 requantification of the RSS accident

sequence probabilities. A review of this section revealed no significant
errors or cmissions, and m

“Tecuantification of RSS accident sequence probabilities I8 reasenzble and

~no significant changes to any accident sequence probabdility were found to
Lo warranteg—rowever, Two general ceficiencies of note were found 1)
The basis for some of the jences
were not adequately deliniated, and 2) There was an Inadequate treatement
of UnCertainties 1A INE FeguantiTication process. The first problem was
largely resolved on the b2sTs o7 answers to questions provided Dy the
Utility (Vermont Yankee Nuclear Power Corp.) 23 given in Appendix A of
this report, and the second deficiency Is exglored further In Sect. 8.
Further comments on Sectien 4 of the VYCSS are also providec In Sect. 8,
but nene of these are judged to be significant In the context of the overall
VYCSS results and conclusions.

4AD. Comparison with Recent PRA Studles

Since the publication of the RSS, as noted previously, there have been
Aumerous acaitenal PRA studies completed for US. plants Several af
these have been for plants very similar to Vermont Yankee, which 18 a
Bolling wWater Reactor, Type 4, with a Mark | containment. For the
purposes of this comparison, four other PRAS for Type 4 BWRs will be
used. Table 3 lists the plants for which these PRAS were completed, glves
the organtzatiea-wnich sponsored the study, and the performing
organization Asnotedin the Table, the four plants are Peach Bottom,
Limerick, Browis Feriy, aid Shurehain. Two of these plants (Peach Sattam
and Limerick) have Mark | containments, wniie Limerick ang Snorenam nave
Mark Il containments. However, for purposes of core melt comparisens,
the cifference In containment cesign is not consicered Important. The
SWR Type 4 gesign Is essentially tdentical in terms of systems :nc!uce_;:

- Which can influence the protadtity and timing of core melt accicents(”).

n
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As noted provioucly, there have been two Indepencent 2ssessments for the
Peach Bottom plant since the RSS was published. The first such Peach
Bottom results, as Indicated in Tabdle 3, are from an NRC upcating of the
RSS assessment. These results are not yet published, but were prosented
at 2 recent meeting of the Advisory Committee on Reactor Safeguards'2)
The secund Peach Bottorn assessment {s from the Industry Degradec Core
Ruleniaking (IDCOR) pragram whieh {9 @ gragrem to provido an incepencent
(fram NRC) evaluation of severe accigent response in nuclear power plants.

The Limerick ang Shoreham PRA studies (references 8 and S) have
undergone NRC review. These reviews (referances!0 andil) resultedina
requantification of accicent sequence probabilities in those instances
where the reviewers felt the PRA study was deficient.

The results of all of the zssessments gescrided In the preceding are
presented intadle 3. In this table, the dominant accicent sequence
probadilities have been 2rranged into the same accident classes, as
appropriate, Lhal weie used In the VWWECSS in order 2o facilitate
comparisons. The tadble thus shows the accident class prodadilities for
each study, 2s we!ll as the total core melt prodadility (in the l1ast row).

Comparing the total computed core melt probability (1ast row of tadle 3)
shows that the VYCSS estimate 18 about In the migale of the results given,
with three assessments lower than VYCSS, and four greater. The VYCSS
result s about four times greater than the lowest value (IDCOR-Peach
Bottom), and 2bout seven times less than the higest (Browns Ferry). This
comparison filustrates two observations; 1) the VYCSS results is within
the range, and therefore consistent with, other core me!t probability
assessments, and 2) there {s substantial variation among the results used
in this comparison (the range extends to almost a factor of 26 from
lowest 1o highest result). The reascns for these substantial variations are
not considered in depth In this study. The gifferences are primartly
related to creqit given for operator action, the use of aifferent data bases,
and, 10 3 lesser extent, plant specific design Sifferences and site specific
inittating events (such as loss of off site power).

In examining ingividual accicdent class probabiiities, 1t was found helpful
10 comdine some of the VYCSS classes in order to render the resuits
comparadle, e‘nle they were consicered as single sequence classes in
some of the oths: stucies. These Incluce classes |Aand 1D as well as iC
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and |V as ingicated in the first column, Further, some of the studies
included accident sequence classes which were not considered as separate
in the VYCSS. These include those designated as TPQI and TPQE on the
table. Inthece cases, the sequence resulted in 2 1088 of coolart accident
(stuck open relfef valve) and were apparently considerec as LOCAS in the
VYCSS (ang RSS) study, or accicent class L1l

In comparing the accident class proadadbility results from tadle 3, 1t is
noted that, in some cases, sudstantial differences exist. For classes |A,
1D (1oss of make-up water 10 the core) the VYCSS results are within and
nezrer the higher end of the probadility range, and thus are corsistent
with the other assessments. For ¢lass IB, the VYCSS resulis are also
within the probability range of the other assessments, although near the
lower end of the range. This sequence 1s 10ss of all AC power (plant
blackout), and was assecsed in the VYCSS to have a somewhat lower
probadility than the RSS because of the proximity of, and electrical
connection te, the Vernon hydro electrical generating station. The credit
assessed 1n the VYCSS for this additional power source was feund to be
reasonadle 'n terms of reducing the predability of AC power 108S.

ror the next combination of classes. IC and 1V (anticipated transients
without scram) the VYCSS prodadility assessment is 2lso within the range
of sther ascessments, being adbout 3 factor of S higher than the lowest
(NRC 2ssessment for Peach Bottom) and a factor of about 12 less than the

highest (Browns Ferry). The majcr reason for the difference between the
VYCSS ATWS probability estimate ang that for Browns Ferry as assessed

by EG&G s credit taken in the VYLSS for implementati the ATWS

Fuied) Thisrule 18 Deing T™rTEmented at BWR plants and contains

features which will have a significant influence in recucing the
probadility of ATWS, The rule was being formulated at the time the
Browns Ferry assessment was published (1982). Based on the review of
the VYCSS and this comparison of cther assessments, it is congluded that
the VYCSS estimate of ATWS prohahility s reasanahle.

For accident class |1 (1oss of containment® heat removal), the VYCSS
2ssessment 1§ again within, although closer to, the highs srebabliifty enc
of the range of other assessments. The VYCSS result is a factor of about
200 nigher than the lowest (Peach Bottem, NRC), anc a factor of S0 lower
than the highest (Browns Ferry). This class therefore has a very large
range. The primary reason for the aifference among the assessments is

P ==
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the Credit taken for operator action 2nd use of plant equipment not
specifically cesigned for containment heat removal. For example, the two
assessments for Peach Bottom take credit for manuzl venting of the
containment drywell. This accident develops very slowly (many hours),
and time is available for positive operator intervention and alignment of
other ecupiment which may be available at the plant. The VYCSS result s
considerec reasonable and consistent with other results although
substantial uncertainty, to be considered later, 1s associated with the
probability estimate for this class.

Table 3 shows for accident class 111 (1oss of coolant acc'dents) that the
VYCSS result Is at the high end of the probability range but within 2
factor of 7 of 21l 2ssessments except the very low Limerick result. This
Is consicered reasonadie agreement.

The V accident class (containment bypass) was not ‘ound to be a
significant contributor for any of the assessments pxcept that the
Shoreham PRA 2ss!gned this class a probability of 28-7, which is not a
significant contributor (less than 1R) to the Shoreharn core melt
probadliity of 44£-5. Since the VYCSS did not provide a bas!s for the
conclusion that this sequence would be a negligible contributor, the utility
(Vermont Yankee) was asked for the basis. Their response is Included in
Appendix A as response #10. The response indicates that this accident
class is estimated to have 2 prodabtifty of 1E-7, quite comparable to the
Shoreham result, and Insignificant in terms of the overall VCYSS core melt
prebability (less then a IR contributor). It should alse be noted that,
based on Tadle | results, this accident class would not be a significant
contributor to the probabiiity of a large release even If a large fracticn of
the accident class contributed to high releases.

As shown In Table 3, the two accident classes (TPQI ang TPGE) not
considered separately in the VYCSS were not found to be significant
contridutors (iess than 10%8) for any of the stucies,

From this comparison, It 13 concluded that the VYCSS assessment of core
melt probadility Is consistent with other independent studies and PRA
reviews, Further, all important accident classes appear to have been
consicered. As noted Inthe Table 3 comparisons, the overall core melt
prodaviiities ranged from a factor of 7 higher than the VYCSS result to a
factor of about 4 lower,

4-5
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TABLE I-Distribution of Significant Radionuciide Release per Accident
Class from the Vermont Yankee Containment Safety Study

ACCIDENT Core MIt. Fractional 8 Overail %
Class Type Prod(R) B B M
IA  Lossof Makeup-High Pressure 1.33£-5(43) 0 0 -3
18 Plant Blackout 6.206-6(20) 0 2 S
IC  ATWS-Loss of Maksup 2.860E-6(8) 20 i1 96 17
1D Lesscf Maxeup- Low Press 3.90E-6(13) 0 1 0 3
I Loss of Containment Heat Removal  2,10E-6(7) 0 26 0 3
I Lossof Coslant Accicents 7.30£-7(2) 0 0 ik
IV Anticipates Transient W/0 Seram  2.20£-6(7) 0 30 0 <

bap
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Table 2. PRA Studles for Bolling Water Reactors, Type 4

Plant Spensor  PerformingOrg.  Date Publisheg Reference
Pexch Bottom  U.S.NRC Sandte National Labs (early 1587) (2)
Pexch Bottom  IDOOR IT Corp; various con- 1986 (3)
tracto=s

| 1merink Phil. Elestric Seience Agplizetions, 1983 (4)

Co Gereral Electric
Shoreham Leng is. Lighting  Sclence Applicaticns 1983 (S)

Ca.
BrownsFerry  U.S NRC £G4Q Icans Inc. 1982 (6)

L-8
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CLASS  VYCSS  PEACH BOTTOM BROWNIZ
IDOOR  NRC FERRY

AID  1.726-S  4.1E-8 2.4E-7 586-7 6.0E-5 6.0£-5 6.8E-S S.0E-S
i8 6.2t-6 45E-7 8.7€-6 29¢-§  3.1E-5 3.1€-5 13E-5 1.3E-S
Ic)y  48E-6 7.36~6 1.0£-6 $SE-5  3.7€-6 376-8 45E-S 4SE-5
I 8e-7 1.SE-7 1.0E-8 108-4  32£-6 3.2¢-6 1.1E-§ 9.0£-6

LIMERICK
NRC

i 7.3E-7 1.46-7 LIE=7 (1) 2.46-9 (1) SS8E-7 (1)
v (2) (1) (n (1) (1) (0 3T L)
03 (4) () () 1.1€+7  9.0E-7 9.0E~7 1.76-7 1.7€-7
TPeE®)  (4) () (9 106-7 (S) (8) (S) (9

TOTALCMP 30E-5  7.96-6 9.86-6  20f-4 1.5E-§ 9.9€-5 4.4E-5(7)1.2¢-4

(1) Not found to b9 8 cuminant accidant cless

(2) Estimated by Varmont Yankes 10 be 1.0E=7/yr., s8 Appandix A, Answar 10

(3) Transient sccicent with stuck cpen relief valve fol'owed by loss of containment heet remove!
(4) Considersd, 8 ¢n the RSS, 2 2 & loss of coolant escicent and included unger 11

(5) Not found t0 De & separats cominant eccident cless

(6) Transiant acsident with stuck open rellef valva followed Dy cors injection feilure

(7) This valus is sctusily described ss @ "cors vulneredle” condition in the Shorsham PRA, 8nd 8
small factor was 20p!ied 1o estimata tha enrm mait prehantlity given & corg vulnersd!e cngiiion,
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S. COMPARISON OF CONTAINMENT FAILURE PROBABILITY WITH RECENT
RESULTS- This section proviges a comparison between the VYCSS
2ssesament of containment fatlure probad!iily ang moge with two recent
similar assessments for BWR Type 4 plants with Mark | containments.
These assessments were chosen because they are the most recent
available, they were done for a reactor and containment design (Peach
Bottom In both cases) similar to Verment Yankee, and they were performed
Dy two different agencies, namely the IDCOR group 2nd the NRC 2nd the!r
contractors. It should be noted that many of the assessments used in the
preceding section are not suitadle for this comparison for various rePasnns
The Limerick and Shoreham assessments, for example, are for plants with
Mark |1 containment designs and would not be suitadle for the Mark |
design of Vermont Yankee. Further, the Browns Ferry assessment used In
Sect. 4 did not Include an Indepencent assessment of contammen. fatlyre
predadility.

The IDCOR 2nd NRC 2ssessments of Mark | containment failure grobabmty
assessment have been recently summarized in 2 draft report the results
of which were presented at a recent ACRS meéting(2). These results were
used, with some intrepretation, to prepare table 4. it should be noted that
the results, particularly the NRC results, are preliminary and subject to
revision as thelr assessment s refined. Table 4 considers two accigent
sequence classes; Station Blackout (designated as Class 18.1n Table 3 and
In the VYCSS assessment) and ATWS (Classes IV and 1C). These sequences
have Deen found In previous PRA 2ssessments to be the dominant
contributors to the proability of containment fatlure resuiting in2
significant release. Examination of Table | reveals that these two
sequences were dominant contributors In the VYCSS 2ssessment also. For
example, ATWS sequences contriduted S6% to the probability of the most

serious release (EH), and ATWS sequences contributed S7% to the EM
release probabflity. The Station Blackout sequences were less significant,
contributing only 18 to the EN category, and 7% to En

Tad!e 4 shows the fractional release probability for the two sequences for
each of the stucies. It should be emphasized that the descriptors high,
med. and low are qualitative and are based on judgement regarding the
similarities of the releases. The rootnotes are provided to give acaitional
Information regarding the mechanics assumed for each release. Thus,

S-1
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these Calegories are eQuivaient only In 2 rough sense and are useq in an
attempt to 2ssess any Significant Cifferences rather than as the basis ror
recuantification of the Cyvss resuits, :

The tanle Indicates that ror the Statfon Blackoyt accloent, the vycss
Would estimate a MUCh lower congitiona) failyre Prodadility of a high or
medium release than either of the IDCOR or NRC StuCies As noted on the

questionanle cue to the Procedures 1nvo!v1ng their use, This fssye Is -
exdlored in Sacs 8 of this report, Given these considcnttons, and the
further discussion in this repore, it 1s extremely Qifticult to 2ssess the
conditiona) Prodabt) Ity or drywel; fallure tor the station blackout
SéQuences There 1 very little aplicable experimenta) ata, ang any

on

-0nJitienal Prodadility of a high or MeCium rejease (given a core mejt)
“em the current Cyyss estimate o7 72 to 2dout 208 This is a rather
10Cest increzse rop SUCh a grast e change in the conaitiona; :ro::aomty of
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2 highrelease from the station blackout sequence. The .55 conditiona! °
predadility is considered an upper 1imit for CYVSS because of the features
mentioned which should inhidbit the drywell liner faflure mode. On the
other hend, it does not seem possible with present knowledge to rule out
Such a2 conditional probabdiiity value. Thus, while the CYVSS assessment In
this regard s consicered reasonable, the uncertainties are quite large.

For tne ATWS sequences, the CYVSS assessment fs between the IDCOR and
NRC 2ssessments. Given an ATWS sequence, the conditional probadbility of
2 high or mecium release is.22,.51, and .31 for the IDCOR, NRC, and CYVSS
2ssessments respectively. This is considered reascnably good 23~eement.
To 2ssess the sensitivity of tnese values ano to provide some Insight un
the patential range of uncertainty, the CVYSS results were recomputed
using the NRC results. The NRC fractions were 2pp!ied to both types of
ATWS secuences (accident ¢classes IC and IV In the VYCSS). The results
Showed that the congitional release probability for an £H or EM release
would be ralsed to 2bout 10% compared with the 78 for the existing VTCSS
estimate. This change fs considered instgnificant In view of the overall
uncertainties.

Thus, It 1s concluced from this comparison that the Vermont Yankee
concitional containment failure probability for a moderate or nigh early
release cculd be 2s high as aoout 20, but this Is consicered an upper 1imit.
Further, no deficiences were found In the CYVSS which were judged to lead
to 2 significant potential for changing the best estimate resuits.

However, there were some problems encountered in assessing the use of
arywell sprays to mitigate drywell sontainment failures. These are
discussed and evaluated in Sect. 7. :



6. ASSISMENT OF ISSUES RELATED TO CONTAINMENT FAILURE MCDES AND
EFFECTS- In this Section, the important containment failure moges
consigered In the VYCSS are evalyzted. it should be notec that the time
availanle for this review was limited, and therefore the focus Is on the
key modes of containment failure (see Sect. S preceding for the
indentification of these important moces).

B.A Specific Containment Fallure Modeg- The important containment
fallure modes are those with potential for causing early failure when the
118810 procucts might be suspended tn the containment. Because the
complete detaiis of the particular Vermont Yankee reactor geometry were
not available, use was made of data provided in the VYCSS Appendices, In
conjunction with the Peach Bottom BWR4, Mark | design 2s a reference.

Based on the discussion in the VYCSS, tmportant containment fallure
modes are those which do not meet the following criteria:
The containment should remain Intact without excessive le2kacge for at
least 24 hours 2nd the following imits must be satisfied to Insure this
candition: 1) minimize spread of molten core matertai to the drywel!
liner, and 2) ¢onot exceed over-temperature or over-pressure 1imits
of the containment crywell,

These two limits shou!d be congidered in conjunction with both high
oressure and low prassure core melt sequences. The containment fatiure
moces with the potential to violate these criteria are consicered
separately, for high and low pressure sequences, in the following
sybsections.

6.A.2. Orywell Liner Melt-through- The meit-through of the drywell steel
liner is a mechanism for faflure for the Srowns Ferry plant that was
jeentified during the NRC sponsored containment 1o2ds working group
meetings heid In 1984 In the problem that was consicered as part of this
effort, the whole core of the reactor was assumed to be released from the
reactor vessel. The geometry of the Browns Ferry piant is similar to
vermont Yankee in that It has one coorway exiting frem the pecestal
region (sup-pile reom), and has flcor sumps located within the sub-ptle
room. The analysis of the thermal attack for this case indicated that the
drywell liner meit-threugh would be assured under conditions of: 2) 1arge
melt poo! contacting the drywell wall (67 deoth), b) relatively high moiten
socl temperatures (2550K), and ¢) no significant heat losses from the
molten pocl bouncary. The situation 2ppears 10 be different than this for
vermont Yankee 2s 2!luded to on page 126 of the VYCSS aue primarily %0
vhe emaller core oroviging only 2 1° moiten core pooi depth for uniform
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soreacing conaltions out to the drywe!l wall. However, detalls of the
cuantitative basis for the VYCSS evaluation are not clear, and the range of
uncertainty is not agaressec. Three Important aspects that affect the
actual behavior will be consicerec 1) specific geometry of the Vermont
Yankee Toor, 2) actuar s perature of the meTt at time of contact with

the arywell Tiner, and 37 efrec L oF pressure in the primary system at time

of vessel meit-through. ‘

First, the specific geometry is imoortant because this will have a large
effect on the material motion, If there are sumps within the sub-plle
rocm, they they may be capadle of accomodating 2 significant melt mass
following moiten core melt-through of the reactor vessel. For example, in
recent analysis by Sandia Natfona’ Labs for the NRC, the Peach Bottom
SUMDs were found to have a C2pacity of 235 cubic reet, whieh Is Capabie of
accomocating the equivalent mass of 20% of the core. Furthermore, the
meiting process s now not considered to be Instantanecus, but 2 more
realistic continuous meltdown over tens of minutes. In this case the
initial meit mass may e completely accommodated By the pedestal sumps,
ana as the moiten melt continues to ex!: the reactor vessel, moiten
core=concrete Interaction would provide a cavity minimizing the spread of
the meit out of the sub-pile room. This scenario is considered 2
reasonadle best-estimate scenarip 2t this time for those accicents In
Which the primary system is at low pressure auring core melting. As an
upper [imit, If the effect of the SUMPS and the progressive meiting
behavior is ignored, then a molten peol can form, spreading out of the
sub-pile room. In this case, for aven aistridution over the flcor, the 1
depth used in the VYCSS is valic, and this Is consicered Insufficient te
cause liner fallure. However, the melt must exit threugh the sub-piie
room doorway, and may preferentially poo! up at the goorway exit ang
attack the drywe!l liner ad Jacent to the doorway. Therefere, a reasonable
medification to prevent this scenario could De to enhance the uniform
Spreacing of the melt by, for example, small concrete dams on the drywell
floor. Given uniform spreading of the melt, drywell 1iner melt-through
seems quite improdable.

The second consideration is the meit temperature. At this time, the
initial temperature of the meit exiting the core fs not well known,
Therefore, it IS prudent to consider relatively high inftial melt
ernperatures (2800-7100K) and then consistently tave inte account t-
Various ways the me!t will lose energy as 1t proceecs toward the Iiner



wall. Some of the heat sinks would be. 1) heat 1¢ss to the water and stee!
In the reactor vesse! lower plenum, 2) heat iess to the concrete floor, and
3) heat loss by ractation and cenvection to the atmosphere and structures
over the pool. This final consideration Is one of the boundary conditions
that must de 2iso considered for temperature conditions in the drywell.
Glven the 1” gepth of the pool from the VYCSS 2nalysis, the conclusion that
the melt will be relatively cool at drywel! liner contact fs consicered
reasonable. However, due to th inties '
consicered prudent to consider thicker localized pools to 2ddress the
SensTTIVTEy o the 2nalysis to these conditions

’—-_’f .
§.AD. Direct Heating- Finally, the effect of pressure In the rezctor vesse!
2t the time of icwer plenum faflure 1s important. When the pressure
vessel Is at low pressures, then the previous qualitative description and
consicerations 2pply. If the pressure vessel Is at high pressure, the melt
will be ejectec 2t high pressures and dispersed throughout the drywell. In
this sftuation, the melt wiil contast a number of solid surfaces including
the drywell liner wall as dispersed droplets. Therefore, 2s the VYCSS
states, the heat load on structures will be more uniform. However, the
specific geometry of the drywel! is again important and must te
considered to evaluate this case. For example, the location of the pedestal
goorway exit shoulc De considered. As giscussed in the preceding, there is

|

only one coorway exit from the sub=pile room. This syggests that the melt
: th the high 2sses will preferenuany impact the
1M u \ 1

to the door. It is not clear that this design
specific situation was considered in the VYCSS analysis. It would be
userul to quantitatively examine this scenario to determine 1f It could be 2
consiceration for a reasonabdle range of core melt masses and
temperatures,

For this particular high pressure case, cverpressure {8 probabdly net 2
concern because the pressure rise will be accommodated by the
suppression pool. The rise time for girect heating pressurization fs
slower than the time It takes to clear the vents in the suppression pool.
TIereTore, the direct neating energy is transformed Into suppression poo!

feating (and possibly vaporizatlon) which means that gverpressure failure
of the arywell Is unlikely from this phencmencn.

8.AC. Over-temperature/Cver-grassure Failures- Fallures from excessive
pressure and/or temperature may also occur. These fallure considerations
seem to De reascnalbly considered In the VYCSS. However, the effect of
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uncertainties on the heat up ang pressure build=up in the dr'yweH was not
specifically discussed.

with 2 uniferm poo! cepth, the over-temperature failure potential may be
important and Is influenced by the effect of the heat 10ss from the sufface
of the pool $o the drywell stryctures adove the pool. For example, TUTs™
important to consider the presence of miscellaneous structures in the
drywell near the poo! surface. It 1s not clear to what extent these were
included In the VYCSS analysis, and the effect of related uincertainties on
the heat up of the drywell structures. Also, in the structural analys!s
there was no specific mention magde of the locations for the critical
arywell penetrations (except for the vents to the suppression peol) that
could be affected by the liner temperature rise. If these penetrations are
low In the drywell, near where the molten pool could be, then the effect of
heating could be important to crywell integrity. It would be useful to
provide sensitivity caiculations to correlate penetration temperatures
with heat flux from the melten pcol.

In the case of the molten poo! concentrated within the sub-ptie roem, the
over-pressure concition would be of concern particularly If the metailic
concentration in the pool Is high (far examole from molten steel

structures In the reactor yessel). in this case, the molten-Core concrete
interaction would hold the poc! temperatures at inttially high levels
gausing more nonconcensible gas procuction and fission product release
from the pool. In the VYCSS, this possible configuration did not seem to Be
evaluated, and would appear to be 2 useful additonal consideration. It
should be noted that the large containment volume relative to core volume
of the Vermont Yankee plant will tend to del2y the over-pressure railure.

&2 Conclyusions- The important containment failure modes in the VYCSS
were reviewed. The review indicates that for the cases consicered in the
study, reasonable conclusions have been reached. However, therare g
number of variations of the scenarios that were not congidered that could
haye an Imaact on the three modes of early containment failure.
Consideration of these scenarios-would provige additional support that the
VYCSS containment fatlure probabiiities are reascnasle, and would provide
some perspective on the effect of aiternative possidble scenar!os.
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7. CONTAINMENT INTEGRITY IMPROVEMENTS- This section evaluates
imgrovements to the Vermont Yankee glant which have the potential for
decreasing the probability of containment fatlure in the event of 2 severe
accicent. These improvements fall into three categories which 2re '
discussed In sep2rate subsections which follow. The three categories 27¢:
1) Improvements suggested by the NRC, 2) improvements tcentified in the
VYCSS, and 3) improvements (dentified curing this review of the VYCSS.

0
o

| ntainm a et \NRC -
Section S of tne VY(CSS discusses recent improvements which have Deen
suggested by the NRC for BWR plants with Mark | containments. These
improvements were recently (Sept. 23, 1986) discussec in detzli curing
meeting between the NRC staff and the Advisory Committee on Roactor
Sa’equards A review of the transcripts from that meeting! 18 ingicates
that the VYCSS properly describes and characterizes !l of the NRC
suggestions. The VYCSS evaluates each of the five NRC suggestions and
derives an assessment of their apalicad!iity in the context of the Vermont
Yankee plant cesign and severe accident evaluation. The following tatle
l1sts the five NRC suggestions and summarizes the VYCSS response (2s
described In Sects. S and 7) to each:

. NRC SUGGESTION , VYCSS RESPONSE

1. Kygrogen combustisn control No 80gitional consider ation required
2. Control of meiten gebris in orywell No 832!t ionel consideration regquired
3. Improve relfadtlity of containment sprays Further study recommendsd

4, Containment venting Further study recommenced

S. Augment Lraining/procesures for severs sccidents Further study recommences

The remainder of this sub-gsection evaluates the VYCSS response to the
NRC suggestions and provides 2 judgernent on the appropriateness of the
response |n the context of providing additional measures to ensure
containment integrity in the event of severe accidents. Each of the
suggestions is considered separately.

7A2. Hydrogen Combustion Control= The NRC suggestion for this issue
consists of two parts; minimize time that containment 1s not inerted
during operaticn, and minimize the potential for oxygen ingress during the
course of severe accicents. With respect to the former, the VYCSS
Indicates that the Vermoent Yankee plant has historically been deinerted
only 1.1R of the time with the plant at power, and this is considered
acceptable (Pg. 115) by the VYCSS although no basis is p~oviced In orger
to evaluate this conclusion, 2 sensitivity stucy was done in an attempt to

7=1



cetermine tne potenttal influence on contzinment faflure prodaflity Dy
having the contzinment de-inerted IR of the time. If 1t s conservatively
assumed that a ce-Inerted containment will always cause containment
failure with either a Righ or mogerate radioactive release, then, usirg the
resulis of Table 47 (Pg. 108) of the VYCSS it can be seen that this
contridution would relae the early nigh or moderste releases from 78 to
8% of the CMP. This 1s obtained by multiplyling the total CMP by .01 and
adging the resuit to the existing VYCSS estimate of EH anc EM release
prohanilities. This conservative sensitivity study shows that tne effect
of naving a de-inerted containment 1% of the time !s negligible, and 2
substential increase would be required to have a significant effect.

hresoect Lo Oxygen Ingress during severe accicents, the VVCSS
ncluges that cue to plant mogifications in using nitrogen for these

tne use of arywell sprays (%0 prevent depressuyrization anc air ingress
throush vaCuum Dreakers), oxygern Ingress S not 3 concern.

Tre VYCSS response to the nycrogen control issue Is consicered 2decuate
2ng va'ic with one exception. The VYCSS does not provice an aceauate
cascription and anzlysie of wnen 2a¢ haw grvwell sorav actuat on wil! be
inhtoited, 2n¢ how such Inhidbition will assure that air ingress will not
occur. Thereferences to crywell spray inhidition ( for example, see
Aooengix A, Answer #9) in the VYCSS ingicate that the drywell soray 's
innipited on the besis of excessive erywel! pressure ang tempe-ature 10
av21¢ the potential containment coliapse from negative pressure. The
(AniDition 'S apparently not based on any consideration of 3ir ingress cue
sening of vacuum brezkers. The issue of drywell spray actuation
durirg severe accicents at vermont Yancee s consicerec furtner in Sect. 8.

7AD Control of Molten Debris in Biywell= The NRC concern regerding
moiten cecris control in the arywell relates to the possidility that the
molten cebris may flow to the Intersection of the drywell fiocr ang steel
wall liner, if this occurs, the 1ine~ may fall, ang a racloactive rejease may
secu which Dypasses the suppression pool. The VYCSS concludes that
s issue 'S not pertinent to the Vermont Yarkee plant Secause the emall

core 312e will Tfkely prevent the cZcurrance of moiten cebris=liner

vteraztion, ang the use of drywell sprays will inhidit migraticn of meiten

LR
LAl

sebr 8 1o the liner. 1t 18 further argued (Pg. 136) that barriers to meiten
ebi la inigr et1on weuld be counter proguctive cince they weylc Iamidit
grywell spray flow to the sub=pi'e room.

i
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The rssue of molten deoris-grywell liner interaction is a controversial
2spect of severe accident behavior for Mark | plants. As such, the fssue is
consicered separately in Sect. 6. While the VYCSS arguments on this fssue
abpear pertinent, two consicerations appear Incompletely assessed. First,
2s pointed out in the previous sub-section, the use of drywel! sprays under
Severe accicent conditions is inhibited by high crywell pressure and
temperature. As aresult, it Is not clear from Information in the VYCSS to
what extent theee epraye can be relied upon to arrest the progression of
molten debris across the crywell floor, Second, It does not appear that the
VYCSS has fully explored the alternate placement of physica! barriers (for
example, near the drywe!l liner wall) which would net inhibit drywell
spray flow to the sub-piie room, o= the use of small local barriers to
2ssure uniferm aistripution of the melten debris (See Sect. 6).

0
n

7Ac. Improve Reliability of Drywe!! Sprays- The VYCSS concurs with the
NRC suggestion that this aspect needs further study, and several areas 2re
Icenzified, starting on Page 116, to improve drywell spray reliasility.
These areas 2re considered appropriate and valid. The problem of
inhidbiting the spray actuation when high drywell pressures and
temperatures ex!st Is not addressed, however (see Sect. 8 for 232itional

disucssion) Further, the possib!lfty of low NPSH for the ECCS pumps
idgntified on page $ not grener (n the discussion on
reliadilmty. appear, however, that this is 2 ma) cern for

Vermont Yankee since alternate scurces of water (other than the
sudpression pool) are available. '

7Ad. Containment Venting- The VYCSS icentifies this suggestion as an
'33ue recuiring further study. Various aspects of the benefits and
potentiai getrimental effects are discussed throughout the VYCSS, and
these considerations appear valid. The discussion regarding further stucy
of the Issue (starting on Pg. 121) also 2ppears consistent with the NRC
postion, ang encompasses those areas which 2ppear to be Important with
one excepticn. The only deficiency noted In the VYCSS with respect to this
Issue s the lack of any consideration regarding the addition of a
completely separate venting system; the svaluation consicers only
modification to existing plant equipment.

7Ae. Augment Training/Procecures for Severe Accidents- The NRC
objective for this suggestion I to assure that the plant cperators make
the Dest use of plant systems for the prevention and mitigation of severe
accidents. The VYCSS response to this suggestion (starting on Pg. 139)
2ppears appropriate anc complete.  The only deficiency found was the lack
of 2ny giscussion regarding the schecule for the Implementation of th

hanges icentified for future consideration.

™3
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¢t Integrity |margvem ifs he VYCSS-
Scattered throughout the VYCSS are suggestions and recommendations for
2dditional analysis and study regarding potential piant impre/ements for
reducing the risk from severe accidents. in Sect. 6.2 on page 178, the
VYCSS explicitly discusses “continuing efforts regarding severe acc'dent
analysis” These efforts 2re groupad fnto three categories. The first
category covers "procedure changes (which) are recommended for final
evaluation and Implementation” These changes consist of six ftems. The
first five items all pertain to improved recovery from station blackout
scenarios, and the sixth pertaing 1o Improved procecures to respond to the
ATWS accident. Asnoted previously in Sect. S of this report, the station
slackout ang ATWS sequences are dominant contributors to containment
fallure leading to 3 significant release. Thus, the VYCSS recommendations
address those sequences of significance, and they are considered
aspropriate

The secona category of VYCSS improvements are described as
"recommended for further study 2ugmented by detalled analysis to ensure
that the positive and negative impacts of potential changes are well -
understood” Three (tems are recommenced, 2ll of which are consicered to
e appropriate and potentially important. The three tems are upgrading of
the Emergency Cperating Procedures, enhancement of containment
spray/reactor injection capadtiity, and enhanced capability-for venting of
the containment. As the VYCSS points out, all of these items have
positive ang negative 2spects wnich need to be carefylly evalvated before
any ¢hanges are implemented.

The third category s cescrided as “areas which merit further study”, and
consists of four items. These Incluce eviuation of RHR pump response to
high suporession pool temperature, evaluation of nitrogen supply L0
safety/relief valves, reliab!lity evaluation of the service water system,
and re!fapiity evaluation of the standdy llquid control system. All of
these items appear to be appropriate (tems for consiceration.

while all of the above items appear 2ppropriate and recognize the
important severe accicent issues, it s not clear which items Verment
vankee Nuclear Power Corporation nas committed to accomplish and on
what time schegule. The VYCSS impliies that all of the items will be
acdressed, But they are described as “recommendaticns®, not commitments.

7-4
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reviewing the VYCSS, one of the objectives was to fdentify adaitional
improvements not considered by the study or suggested by the NRC which
2p2eared to have the potential for impreving the probabdility of maintatning
containment integrity in the event of 2 severe accident. Two such
imarovements were Igentified, as follows:

&

>

|

Upgrace the capacity and relladtlity of the drywe!l coolers- At
present, according to the VYCSS, the crywell coolers wil! be
isolated during severe accidents. It 2lso 2ppears that their
capacity Is Insufficient to remove decay heat until tens of hours
after core shutdown. However, If the capacity of these units could
Se upgraded, and their relfabiiity 2ssured during severe accidents,
It 2ppears they could be effective {n recucing the 1ikithood of
crywell faflure from overtemperature or overpressure. They alse
could remove some of the heat lo2ding on the suppressicn poo! for
transients, and extend the time of, or prevent, overpressure
centainment failure.

Recuce the frequency of main steam Isolation valve (MSIV) closu ¢S
for transients and/or make provisions to reopen these valves
follow!ng transients. This modification could improve the
Iikelthecd that the main condensor would be avalladle as a heat sink
for some accicent sequences. The VYCSS does acknowledge (Pg.
IS1) the possidility of re-opening the MSIVs for the ATWS event.
However, there I8 no giscussion regarding the likely success of
such 2 strategy, or what cperator actions would be required.
Further, there appears to Se no consiceration for changing the

MSIV closure logic, or re-opening the vaives for cther, more iikely,
transient events.

It should be emphasized that neither the cost, feasibility, nor quantitative
risk reducticn potentfal was evaiuated In formulating the above
suggestions for pg ential improvements. Further, it (s not meant to imply

by making the suggestions that 2ny plant improvements are necessary to
dacrease severe accident risks,
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8. Misceilaneous Comments 2nd Discussion of Issues

This section presents a 1isting of comments which were ceveloped In
conjunction with the review of the VYCSS report which are not girectly
related Lo ftems discussed in previous sections. Some of these comments
were considered significant and an expanded aiscussion is proviced. Those
considered significant in terms of impacting the important results are
fgentiffed and an evaluation of their impact s addressed where
2ooropriate. Editortal 2nd other minor comments not relevant to the
interpretation or validity of the results are not Included.

The comments and a giscussion, where aporopriate, follows:

1_Characterization of results- The conclusions given in the VYCSS (page
178) state that "..the best estimate single-point conditional containment
tatlure probadtlity 1s 7R, Also, the cover letter transmitting the CYVSS
(weigand to Denton, Sept. 2, 1986) Indicates (third paragraph) that
"Vermont Yankee has concluded that the dest estimate of prodability of
containment fatlure {s once every S00,000 years, which corresponds tea?
percent containment failure probadtlity in the uniikely event of a serious
accident resulting in core melt.” These statements appears to be improper
characterizations of the VYCSS results for two reasons. First, the
probability of containment failure given 2 core meit 1s not 7%, but actually

D328 based on the results presented on Pg. 108 of the report. The 7R value

{s the probadility of containment failure resulting in an early radioactive
release of high or medium magnitude. Second, the one in 500,000
(25-6/yr.) prodadility quoted in the cover letter appears to be based
directly on combining the VYCSS core melt probadility result (3.0-%)
times the containment failure probadility with significant release, or 78
(07). However, on page 58 of the VYCSS it 1§ stated that "As noted
earlier (Section 4.1), this approach (referring to the approach used in the
VYCSS) 1S not capable of supporting a “bottom line” value for the core meit
frequency al Vertiunt Yankee® while the meaning and fatent of this
“statement 1s not entirely ¢lear (there {8 ne corresponding admonition
“noted” in Section 4.1, contrary to the statement contention) 1t seems 1o
imply that overall core melt probadility numbers caiculated in the study
are Insufficiently sccurate tq use In a bottom line sense. While this
statement on page S8 may be too Severe 2 characterization of the overail
core melt probability results, 1t seems to uncermine the ungualified
statement of resylts In the transmittal letter. This apparent giscrepancy

{s closely reiated to the uncertainty discussien which follows.
Q!



2 lncertainties~ The report 1s considered deficient in not provicing 2
reasonable assessment of uncertainties. The assessment of uncertainties
1S s21¢ to be beyond the available resources. However, this feature of PRA
nalyses has been f 0 it

any giscussion getracts from the usefuiness and credibility of the
ZESESEment tven 2 judgemental estimate of uncertainties with
"2D0TprTate dTscussion of the basis (2s opposed to 2 rigerous statistical
based assessment) would have been an important addition. Insteaa, the
repnrt coes not even incluce much qualitative insight on the significanc
of ncertainties which would 2dd some perspective to the results. To
compeund the problem, there agpear to be several inconsistent and
¢unfusing references to the results in the context of their percelfved
uccuracy. For example, on page 37 it is stated that “Because this
parameter (congitional faflure prodadility of the containment given 2
severe accicent as calculated in the VYCSS) was not the intended purpose
of earlier analyses, the containment conditional fatlure probabflity that
can be inferrec from such analysis 1s a gongervative ypoer bound estimate
(emphasis adceq) acequate only for use In the integrated pudlic risk
estimates.” The VYCSS assumptions, analysts, and data do not appear to
support the contention that the results are a conservative upper bound
estimate, nor is 1t Clear how these results are judged to be-adeguate only
for use in the (which?) Integrated pudlic risk estimates. Further, on page
36 1t s conceced that "Because of the limited time available for this
Verment Yankee specific analysts, this uncertainty was not explicitly
Quantiffed; rather 2 'best estimate’ value was developed However, despite
the attempt at a best estimate caiculation, there may still be excessive
conservatism in the evalyation.

Another characterization of the results in this context appears on page 48,
to wit; “in the text which follows the term “best estimate” is used to
characterize the processes and results (for the containment fatlure
probability evaluation). This term {8 intended t0 Indicate that the
evaiuation was performed in an objective manner that attempted to
balance uncertainties.. The analysis provides a 1ormal means for
investigating possible challenges leading to core meit or cont2inment
fatlure and hence characterizing In approximate terms the probabdility of
containment failure.” Again, on page 81, 1t 1s stated that “The process has
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led to a number of procedural insights which could e enhanced Lo preserve
the best-estimate nature of the numerical assessment.” Also on page 81,
there appears to be a range of uncertainty proviced in some of the results,
but there is no basis provided. For example, "The best-estimate of
successful containment performance for such a definition (early or
intermediate fallure times with high or moderate release) 1s in the range
of G0 to G3R..0ther ranges for varicus measures of conta!nment
performance apsear on page 81, and they have ranges of 10%, encompassing
the Dest estimate value. Further, on page 178 (6.0, CONCLUSION) 1t s
stated that “For all severe accident types Involving core camage 2nd
having the potential of causing a significant radionuciide release, the
conditional containment failure prodabtlity 1s 2-108." These resuits do
not seem to suoport the earlier contention ("conservative upper bounc
estimate’), and no ciscussion fs proviced ingicating how such ranges were
deriveq.

»

In the comparisons proviced In Sect. S of this report, some discussion of .

the ranges of resuits found in PRAS for BWR4s was given. On the basis of

that evaluation, an utllizing other jucgements, It is estimated, roughly,

that the VYCSS core melt probability has an uncertalinty of about a factor
[ of S, and the containment conditional fallure prodability for an early

release of high or mocerate magnit.de has 2 range of perh2ps 4% to an
upper bound of 20% (vs. the VYCSS "best estimate” of 7%).

4_External Events- The VYCSS excludes consideration of external events
(Pg. S4). While this iimitation does not Invalidate the results for the
events considered, It does open the question of the potential Influence of
external event consicerations on the resuits. Further, the resuits stated
in the report (particularly In Section 6.0, CONCLUSIONS), and in the cover
letter, do not express this Iimitation, nor 1s there any qualitative
Judgement offered regarding the potentfal effect of this limitation. In
order to provide some perspective on the pessible significance of external
events for the Vermont Yankee plant risks a |/terature search was
undertaken to cetermine If risk assessments for plants in the reglon of the
Vermont Yankee site (1.e. Northeast U.S.) found external events to be
significant. 1t should be emphasized that such a survey.cannot conclude
that external events ars or are not important for Vermont Yankee because
1) As pointed out in Reference 10, external event risks are very plant and
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site specific, anc therefore external event risks from one site cannot pe
extrapolated, In generai, to another, 2) external event risk estimates are
exceedingly uncertain and controversial, and not much conficence can be
placed in the results'’'®, and 3) no PRA has been publiished for 2 BwR4
with aMark | containment in the Northeast US. Notwithstanging these
limitations, it Is useful to 2ssess the overall significance of external
event risks from other PRA stucies In order to obtain some perespective
on trends and potentia! significance as asplied to the Verment Yankee
case.

The results of six publighed PRAS for plants In the Northeast US. which
have Incluced an 2ssessment of external event risks were examined in this
survey. These Include Milistone 3!V, Limerick’ , Shoreham',
Seadbrook' 'S, ang ingian Point Units 2&3('2) The Millstone and Inctan*Point
plants are PWRs (with reactors built by Westinghouse), while the Limerick
and Shoreham plants are BWRS, Typed, with Mark |l containments. In
summary, in 21l ¢f these PRAS, external events were found to be
significant (In most cases dominant) in terms of contridution to the-
prodability of serfous release. Inmost c2ses the dominant external event
contributer In this regard was seismic events. In all cases, however, the
overall risks computed were very low. Fer example, In the Shereham case,
the estimated frecuency of 2 significant release (capabdle of causing one or
more early fata'aties) was 2.5E-7/yr, and was gominated by seismic
events.

The only vaiid conclusion from thig survey !s that external events have
been found to be important contributors te nuclear plant risks in the
regfon of the U.S. In which Vermont Yankee {8 located. This impifes that
such risk contributions coulad be important for Vermont Yankee.

4 Use of Drywell Sorave~ The VYCSS assessment of the potential use anc ! 1
effectiveness of crywell sprays IS somewhat confusing and apparently '
incomplete. For example, there does not appear to be an adequate
consideration of the potential for a steam overpressure spike when the
spras wate~ may centact the peol of molten cdebris late in some accident
sequences. !f this contact does not occur, as might be the case earifer in
the sequence, it may be possible for the sprays to congense ang cool the
dyrywell atmospnere to an extent that the recucticn of pressure could
open vacuum brezkers and allow oxygen to flow into the drywell, rafsing |

\
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the potenttal for hydrogen combusions. wnile this possipility is
reccgnized, it coes not seem to be evaluated for some of the accicent
Sequences. On Page 115, 1t is stated that arywell spray actuation limite
would actually preciuge operator actuation In cases where excessive
negative drywell pressures could resulit. However, 1t I8 not clear for
which.accigents, ang at what times this Innibit congition would eccer, nor
fs it clear how this factor has been considerec In evaluating the
containment response for various sequences,

Mwm =The VYCSS glvides release magnitudes
Inta 6 categories (pg. 108), anc these magnituces are briefly ¢zscribeg in
terms of time Intervals and fraction of “equivaient” lodine release.
However, there In no discussion provided concerning why these particular
time periocs are significant, or why the particular fodine fractions were
chosen to characterize ¢!fferent release. It would be particularly nelpfu!
If the report could discuss the significance of these releases and release
times in terms of public health consequences. without this information, it
s not pessivie to evaivate the Cetailed significance of the results in
terms of release paramaters vS. prodadliity provided in tanle 4.7 Many
other ragicnue!ices (l.e,Cs, Te, Ba, Sr, ) can be important contibuters to
puUdlIC risk and their release potentia! is not explicitly fdentified in
gescriding the releases,

: Ller %= On page 48
ana 49 several benef|ts are |isteg which are said to derive from the fact
that the Vermont Yankee plant has a lower core power level than the
WASH=1400 plant (Peach Bottom) while the containment volume 18
essentially identical. Indeed, the Vermont Yankee power level of 1583Mw:
Is only about half that of Peach Bottom (3293Mwt), and the containment
drywell volumes are comparable ( 134,000 cu. L. for Vermont Yankee Vs,
139,000 for Peach Sottom acceraing to Arpendix A of the VYCSS). These
design parameters mean that the core power to containment v. ume ratio
Is consiceranly less for Vermont Yankee than for Peach 8ottom, and this
cifference s sald (Pg 68) to result in much delayeg containment failures
Dy overtemperature or overpressyre compared to Peach Bottom. However,
the primary energy acsording.mecta for all severe accidents is the water
In the suppression pool. The ability of this water volume to absord cecay
heat (or core power for ATWS) will be the primary determining factor in
temderature and pressure rise rate. From Atcencix A of the VYCSS It zan
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O $2en that the Vermont Yankee plant enjoys only a very modest benefit
- (2bout 14% greater) when the two p ants are compared on the basis of core
power to suppression pool volume ratfo. Thus, while some benefits would
definitely accrue from the relatively low Vermont Yankee core power
level, they may not be 2s significant as Imp!ied in the VYCSS. /

7 _BSasis for Freauency and Prodavility Valyes = In severa! instances
throughout the report, 1t was judged that an inadeguate basis was proviced
for the frecuency and protan!iity values. The more significant of these
Instances were 2s follows:

PAGE NO. CESCRIPTION

62 Unavalladllity for Vernon Hydro given statfon blackout §
68 Calculateg times for containment failure

74 Concitional fatiure probabiiities 6f containment failure

79 Unavailedility of water injection

The tas!s for the vaiues uses in eazh of these four instances were
requested frem the utility during the review. The basis was promptly
supplied In all Instances, and they appear reasonable ang adequate. The
uttlity response to this requast 1s providad in Appendix A to this report.
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I1. Milistone Unit 3 Prodabdilistic Safety Study, Nertheast Utilities, Aug.
1983.

12™incian Point Probadtiistic Sarety Study, Consolidated Edison Co. and
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APPENDIX A
Resporses from Vermont Yankee Nuglear Power Com~poration to Questions

Developes During the Review of the Vermont Yankee Containment Safety
Stuev

A=l
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PRELIMINARY QUESTIONS ON THE VERMONT YANKER
CONTAINMENT CAFETY STUDY

VESTI p!

_Page 12 - The pacagraph at the top of the page states that fallure of the HPCI
in the case of & small LOCA would reguire cperstion of the ADS to raduce
vessel prassure. The flrst paragraph on Page 11 states that the ACIC way Le
considered as a Sackup te HPCI in the event of a very small LOCA. Plaise
indizate for which break sizes the RCIC, scting alone, can e censidered 3

viaSle means of cere cocling.
ANSWER 3

~ve Reactor Core Isclation Cocling (RCIC) System can deliver 4C0 gallens per
minute maxeup water to the reactor. The Migh Pressure Coolant Injection
(UBLTY Svstem can deliver 4,250 gallons per minute of ceolant injection to tha
‘cedctor. Altheugh RCIC's design regquirement is to provide het shultdown core
cooling for transients in which the rain condenser is unavalledle, its
capacit); ol 430 gon (o2 sppoonimately one. tenth that of KPCI) can provide
makeup %¢ maintain adegquate Teactor Level for very small leaks in the cfesctor
scolant pressure doundary. The sctual leax size is » function of the decay
test Level, the leak ilccation, and the leak gecmeiry. Typically, stean line

leaks of less than two inches in diameter are within RCIC System capacity.



Page 62 - Plaase provide the dasis for the Vernen Hydro unavailabdility values

listed on this pags.
- ANSWER 2

The Dest svailadle infeormation indlcates that the plant was uncvallnSlo for a
tetal of 2 hours and 24 minutes in & 21-year poriod.' The average
wnavailability is, therefors, 1.3 x 10’5. In respense to @ grid collapse,

the hydroelectric station rust separate from the grid to allow the tieline teo
re=ain available. The only active action identified was the autcomatic opening
of a single normally clesed feed dreaker (8). Therefore, H can de

approximated as:

-$
Hes1l1.3x10 « b (falls to open)x»®

-t
= 6.6 x 1C

=ne z-,'~ater for operator (nappropriste sction are as follows:

BT
Prase 1 0 - 2 heurs % |
Phase 11 2 - 4 hours .08
Phase IIZI 4 - 1C hours 0%
Prase IV 10-24 hours .01
= Tt should de noted that only two events were recorded: one of 2 hours

amd 10 ~inutes and one Aaf ¢ minutes, The station recovared guickly from
the lattar event, which was initlated by a Lightning strike.

e (1) BWR Individusl Plant Evalustion Methedology.

(2) A. D. Swaln and H. E. Guttmen, Hendbock of Humen Reliadility .
nalysis With Emphasis on Nuclear Power Plant Applications,

NUREG/CR-127

axs b (fails) to cpen) = 6.5 % 10-4/demand, Seadrook PRA,

e
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Assuming that required sction (opening) of the normal feed dreaker to aach
arergency bus is addressed in the electric power system model, then two ;
breakers have to clcse to feed elther bus. Inm sddition, it is sssumed that
the diess. breaker must open (this is conservative since fallure of this
breaker Lo close may have desn the cause of “dlesel failure to supply

" emargency bus™). So that V cen be approximated as:

Vellx 1072

\
~he factor C reflects those loss of off-site pover svents that would also
render the Vermon Hydroelectric Station Unavailable. A review of 114 off-site
powar events identified 24 that were caused by extreme extermal phencinana
(e.g., lightning, ice storms, heavy snow, teornadoes, ets.)., Events such as
saltwatar spray and Florida grid instabilities were assessed not de Dde
szpi.izable Lo the Verment Yankes sita. Mare detailed analysis of tha
garticular arrangerent at Vemmon and Vermont Ys~kee is needed tLO assess c.
However, if il L8 ASSUMEC tnNdl NCL ai. OL Lhs @venis Ele appoicalie i Vermarn.

Yarkee, then C could range from 4 Xx 10—: to .3.

The upper estimpte (0.1) ir used for the point artimste ouantificatieon in thi

aralysis.

In sumrary e unavailadility of Verron Mydrc as an effective AZ power source

s the emargency Suses given a staticn dlackout is:

-

UeHeOe+ev el

vermon Hydro

Vernon Hydro Unavailadiilty
Unavailability Fer Events Other
For Extrema External Than Extceme
Phepomena Events Extegme: Phgngrens
Phase I 0 - 2 hours 5 4 |
Phase I 2 - & hours - .0S
Phase 111 4 - 10 hours : o ' 4 .01
Phase IV 10-24 hours 1% .01

The Vernen Hydro vnavalilability for extrems extecnal phendmena avents has Seen
incorporsted into the gquantification of Var—snt Yankee staticon Slackout

sequances in 8.3,
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QUESTION 3

Page 63 - Provide a relerence for the “previous esvalualiuvia™ (efeiied Lo in

the last pacagraph.
AiSw

Refarances:

.,

SLI-8218, “"Inadegquate Cors Cocling Detectlion in Boiling Water Reacters,”

prepared for 3WR Owner's Group, S. Lavy, Inc., Nevembar 1682.

2. SLI-8221, "Review of SheoreNam Water Level Measurement Systers,” S, Leavy, *
Inc., Novemder 1982.

-

3 Shoreham PRA Report.

-d -
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QUESTION 4

Page 68 - The flcst pacagraph refers to "detarministic calculations” to
support late containment failuras. Plaase supply or reference thess

‘ealculstions.
ISWE

The severe azcident phancmenclogy was analyzed for several accicent sequences
using Both MARCH/RMA and MAA? 3.0 codes, performed by Risk Managemant
Associates and Fauske and‘Alsociutcl. Ine., respectively. For the statien
Blackout accident sequences, tNe reasults of both MARSH/RMA «ud HAAD 3.0
arnalyses indicated that the containment failure Dy coverpressure would not
otcur within 24 hours aftar the initiation of an accident. Reference:

YAEC-1584, Aprendices C and D.



LY P8 OO0 LD'T@ VIUFD DUCDCOCINC

Page 74 -~ Pleass eoladorata on the sasis for the conditional containment

failure prebabilities provided st the bottom of the pags.
SWwE

The tases for the conditional prodabdbility of early containment falilure (CI)

for each class of accident are as follows:

Ace nt C1 . 3 Easis
1A 10°3 [
3 10-3 B
1¢ .33 ®
10 103 ')
 # ¢ ~ 1.9 3
sdaé lO" [
1.0 B
NoLss
a. “ne &ppropriave fasivre n0de wat Judgel L8 be Rydroger dumm The
.
protability is based on the Shoreham PRA study.
». Tre failure protability was estimated as the fraction of sczident

sequences in Class IC that would result in elevated containment pressucs

(240 psia) Sefore resctor vessel fallure.

e. For these sequanzes, containrment ls assumed to have farlie¢ prier to cors

)
meit..
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LOs

vasis for the estimates of unavails y

‘ a4 v " i e
this page, and indlcate why Classes IL, 1V, 3 d V are

'

are as follows:

iy 2o inmarnt failura)
early gonSparmert S8:.409)

a . - " vatan
cessuce System, FeecCwatal oYstle

orive Systam

T i .
Jnaveiladility

" s
\ phas

wak assigned

L
-
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QUESTION 7

Page 77 - Please p e Sesis for the

failuces given in pacagraph,

Y

Based on tha PRA studies of Shoreham and Limerick, s 50% probadility is

assigned o the leakage fallure given a slow overpressure challange to the

containment
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QuESTION §

»

Page 80 - Please provide a refearence for the “recent investigations” referred

to in the ficrst full paragraph.
18w 3

Refarence: NUREG/CR-4550, "Plant Accident Sequance Likeliheod

Characterization - Peach 3ctiom Unit,"™ Draft, Volume 21II, May 1986,



QUESTION §

Page 115 -~ Item 4 indicates that procedures include limits te prevent

initi{ation of drywell sprays to avold excess negative drywell pressures.

(Elsewhere in tha repert, the use of drywell sprays is shown to te an effective

severe accident mitigation measurs., Please elaborate on whan procedurss would

ANSW

"allow use of drywell sprays during severe accident progressions.

Orywell sprays are initlated whanever:

1.

Drywell teamperature cannot Se maintained belcow the drywell temperature
design limit, or

-~
Torus sirspace pressure exceeds the Suppression Chamder Spray Initiation

Pressure (SCSIP), eor

Containment pressure zannot be mainta’/ned delow the contsinment pressurs
design limie, ;

.

These acticns are predicated on the torus sirspace tempersture and
pressure teing below the drywell spray initiation pressure limit curve.
This curve assures that the containment will not collapse or otharwise
fail due to negative prassure resulting from the spray initiaticn and the
subsequent evapcrative and convective cooling of the containment

atacsphers,

13
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QUESTION 10

Page 106 - Table 4.5 indicetes that "interfecing LOCA" (Class V) avanis are
estimated to have a "negligidle” freguancy. There does not sewn to be any

Justification provided in the repert for this conclusien. Please provide

‘ndditiontl information.

wER

Reference: “Peach Bottem Individuasl Plant Evaluation.” Tha freguency of
interfacing LOCA (Class V) was estimated as Ic-7lyo|r in PRIPE. This
frequency for Class V is ;llbm.d to be applicadle te Vermont Yarkea, snd it is
negligible for the purpose of evalusting containment conditional fallure

prodadlility.

NOV @4 86 16:56 VTDPS BR2E282342 e



General - Pleass provice Rererence il (YAEL-1364).
ANSWER 211

- YAEC-1564 was developed as 8 detailed description of the analyses used and
rasults obtalned in the Verment Yankes Containment Safety Study. The
methodologies selectad and thelr specific application to the verment Yarkes
plant are considered dy Vermont Yankee to de new work in the field, and have
potantially eignificant commercial value. Vermont Yankes would be pleased Lo
provide this matecial, if necessary, for review provided its corfidentiality
can e assured through formal agreemant. We are availadle to discuss the

datails of such an agreement at your convenience



PROPOSED BwWR
SEVERE ACCIDERT
CONTAINMENT REGUIREMENTS

*--R, M. BERNERO

DECEFBER &, 13986
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AUGUST &, 1985

PRESENT REACTORS ARE SAFE ENOUGH, BUT...

SEARCH FOR OUTLIERS

CONSIDER EALANCE OF PREVENTION AMND MITIGATION
- SPECIAL CONSIDERATION OF CONTAIN ENT PERFORI'ARCE

[



THE_SEARCH FOR OUTLIER

SEARCH FOR SIGNIFICANT VULNERABILITY
- FIND OUTLIERS NOT NECESSARILY GUANTIFY INLIERS

INDIVIDUAL PLART EXAILATION
- UNLESS ALREADY DORE

- IDERTIFY OUTLIERS

- BACKFIT AS APPROPRIATE

WHERE TECHNICAL ISSUE GOES BEYOND CURRENT REGULATORY
AEGU IREMENTS
- GEMEAIC RULEFAKING PREFERREL

- ALSO USE BULLETINS, ORCERS Ur GERERIC LETTERS
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CRITERION 16 - CONTAIWMENT DESIGN. "--AN ESSENTIALLY
LEAC-TIGHT BARRIER AGALIST THE UNCOWTROLLED RELEASE OF
AADIOACTIVITY TO THE ENVIRONMENT AND TG ASSURE THAT THE
CONTALWiENT DESIGN CONDITIONS INPORTANT TO SAFETY ARE WOT
EXCEEDED FOR AS LOWG AS POSTULATED ACCILEiT CONDITIONS

AEGUIRE.”

GDC 50:

CRITERION 50 - CONTAINFENT DESIGN BASIS. "--AS REQGUIRED BY
SECTION 30.4b, ENERGY FROIL METAL-WATER AND OTHER CHEMICAL
REACTIOWS THAT ilAY RESULT FAQM DEGRADATION BUT HOT TOTAL
SATLUAE OF E1ERGENCY CORE COOLING FUICTIONING, (2) THE

L1DITED EAPERIENCE AiD EXPERINEWTAL DATA AVAILABLE FOr DEFIING
ACCIUENT PHENG!IENA AND CONTAINMENT RESPONSES, AND (3) THE
CONSERVATISY OF THE CALCULATIONAL IMODEL AND [NPUT PARAFETERS.”



[DCOR/HRC PROCESS

ThO PARALLEL PRUGRAMS TO STUDY SEVERE ACCIDENTS IN
REFERENCE PLANTS

- HRC SEVERE ACCIDENT PROGRANM

- 1DCOR

CORPARE AWD RESOLVE TECHNICAL ISSUES

IDCOR PREPARE AND SUBHIT IPE METHODOLOGY FOR WRC REVIEM
NRC GENERIC LETTER TO DO IPE

- WITH GUILELINES & CRITERIA

- BY APPROVED METHODOLOGY

CORDUCT IPE

ICENTIFY AND EVALUATE QUTLEIRS

ORDER FIXES

e



NG WATER REACTOR

e 24 BWR 2/3/4 WITH MARK 1 CONTAINMENT (ALL LICENSED)

o 5 BWik 4/5 WITH HARK Il CORTAIRWMERT (8 LICENSED)

o 4 bk 6 WITH FMARK 111 CONTAINUENT (4 LICENSED)
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IABLE | - U S BWR PLANT-SPECIFIC PRA STUDIES '
PROGRAN REPORT  CORE/ REACTOR CORE - DAMAGE EVENTS MEDTAN, CONTATNMENT
PLANT NAME REPORT VEAR  CONTAIMNMENT  POMER (WT)  FREQUENCY PRA CONSIDERED  WEAN OR COND 1T IONAL
£STIMATE POINT FAILURE
£STIMATE PROBABIL 1 TY
Peach RS WASH 1400 1975 Bwk-4/mx | 29 )llo.s Internal’ Median Mot evaluated
Bollom -5 External
Peach 10008 Tech Summary 1984 BwR-4/M | EFe ] 4x10 Internal Mean 0.2
Botlom Task 21 -5
Peach 196 1P€ 1986 R a1 3293 2x10 Internal Mean Mot evaluated
Bottom
Millstone IREP ﬂ.;:;(l 19683 BWR-3/m | 1127 )llO-‘ Internal Median Mot evaluated
Millstone NUSCO Millstone 1 1986 BRI/ | ; 172‘ S-IO" Internal Mean Mot evaluated
PSS
Brown. Ferry  INEP WUREG/CR 1982 BR-as 1 3293 207! Internal Polnt Not evaluated
2801 Estisate
Vermeat wess Vress 1986 pR-AM L 1593 m0~® Internal Wean 0.0
Yankee
Big Rock Consumers Big Rock 1981 #vR-1/0ry 158 107} Internal/ Nean 0.25
int Polint PRA -3 External
8ig Rock £GAG/BNL EGAG-EA- 1982 BwR- 1/Dry 158 1x10 Internal/ Hesn 0.2%
oint $533 Rev. 1 External
Liserick PEPCO Liserick PRA 1981 A 11 129) Ti0’? :mu Mean 1.0 .
= aternal
Liserick ™ WUREG/CR- 1981 peR-anm 11 29 o™t Internal/ Hean 1.0
3028 External
Shorehas LILCO Shoreham PRA  198) PR A TT 243 su10”° Internal :o:u Mot evalusted
Shoreham BN WUREG/CR- 1985 BWR-A/MK 1T 243 w0t Internal ':m Mot evaluated
4050 ‘ - Estinate
Shoreham 1Pe Shoreham IPE 1986 BwR-4m 11 20% Bx10 Intarnal Mean Mot evaluated
Susquehanna  IPE 1 196  Bm-acw Il 129 2077 Internal — S oa s
‘ ' -5
Grand Guif  RSSIAP u:rs.;cl 1981 g6/ 111 3803 w10 Internal Median Mot evalusted
Grand Gulf  10COR Tech Sumary 1984 R 6 111 3833 ax10® Internal Mean Mot evaluated
as
GESSAR GE GESSAR 11 PRA poR 6/ 111 3579 a0t Internal/ Mean Mot evaluated

External



XEACTOR SAFETY STUDY - PEACH BOTTON S0& EARLY RELEZASE

IDCOR - PEACH BOTTOM 204 EARLY RELEASE

VERMONT YAWKEE - 74 EARLY RELEASE

NUREG-1150
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WR_CONTALWIENT - ARK

SMALL VOLUME
- MORE RAPID OVERPRESSURE
- ESPECIALLY VULNERABLE TO HYDKOGEN BURis

S/{ALL DRYWELL FLOOR

. LOWER HEAD AREA CLOSE TO DRYWELL WALL

. POTEWTIAL FOR DIRECT DEBRIS ATTACK

- DIRECT RADIATION AND CONVECTIOW HEATING

—
.

LIMITED PASSIVE CAPABILITY 3UT GPTIONS FOR ACTIVE RESPONSE

5-ELENENT APPROACH

- HYDROGEN CONTROL

- SPRAY IN DRYWELL

- PRESSURE RELIEF

- DEBRIS CONTROL

- PROCEDURES AND TRAINING
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(TALAMENT IMPROVEMENT STRATEGY

PREVENT HYDROGEM COMBUSTION BY INERTING

REDUCE DRYWELL SPRAY FLOa RATE
- PERMITS ALTERMNATE SUPPLIES TO PRODUCE SPRAY
- EXTENDS WATER SUPPLIES

PROVIDE RELIABLE BACKUP SUPPLIES FOR DRYRELL SPRAY

PROVIDES SHALLOW POOL OF WATER ON DRYWELL FLOOR

DIRECT SPRAY COOLING OF ANY CORE DEBRIS LEAVING LOWER
HEAD AREA -

SPRAY SCRUBBING OF DRYWELL VOLUFME

DIRECT COOLING OF WALLS

WETWELL PRESSURE RELIEF TC STACK
- POOL SCRUBBING
- ELEVATED RELEASE

DEBRIS CONFINEMEWT

TRAINED OPERATORS
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- CONTAINMENT PRESSURE = 0.5 MPa (58 psig)
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Figure 2. Vent Size Requirement as a Function of Power

800 900

(This figure is reproduced from IDCOR Report, “"Evaluation of BUR Accident Mitigation

Capability Relative to proposed NRC Changes," August 1986.)
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FIGURE _g 3

EXPECTED WHOLE BOOY RADIATION DOSE (REM)

FROM RELEASE OF 100% NOBLE GASES
(1 HOUR DECAYED AND S HOURS DURATION OF
RELEASE) FROM 3412 MWt LWR YS.DISTANCE
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S+ 1. Graphs assume one hour holdup and decay prior -
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to release. Greater delay in release can produce
lower doses (e.g., 4s much as a factor of about
30 at one mile for 12 hours of fnreactor holdup
compared to one hour).

2. Dose estimates are based upon MCCS computer
code calculations using revised (relative to
CRAC and CRAC2Z) meteorological samp!ling models.,
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PROFOSED RESUIREMENT:

HYDROGEN CONTROI

PRESENT REGUIREMENTS I/'PGSED 3Y 10 CFR PART 50.44 ANC C
TECHNICAL SPECIFICATIONS SHALL BE ADHERED TO, NO ADCITIORAL
REGUIREMENTS ARE PROPOSED.

NTALNFES R
ALL BWRS WITH MARK I CONTALWNEWT SHALL PROVILE AT LEAST TWO
BACKUP WATER SUPPLY SYSTENS FOR TrE CONTAINNENT DRYWELL SPRAY,
CNE OF WHICH SHALL BE FUNCTIORAL DURING STATION BLACKOUT.
WATER TO THE SPRAY.SYSTEN FROM THESE BACKUP SUPPLIES SHALL
5E AVAILABLE BY REVOTE FAWUAL OPERATIOW OK BY SIMPLE
PROCELURES FOR CONNECTICH AND STARTUP WHICH CAX BE INPLENENTED
LURING A SEVERE ACCIDENT SCENARIC.

M ADDITION, THE SPRAY NHOZZLES SHALL Bt ASJUSTED SO THAT
AN EVENLY DISTRIBUTED SPRAY PATTERW WILL BE DEVELOPED 1il THE
DRYWELL WHETHER WATER IS SUPPLIES BY THE PRIFARY SOURCE

OR EITHER OF THE BACKUP SCURCES. A FLOW RATE ON THE ORDER
OF 1/10 OF THE PRESENT FLOW RATE IS CONSIDERED TYPICAL,

THE LICENSEE SHALL SELECT THE FLOW BASED ON AN ANALYSIS OF
PLANT SPECIFIC PRAFETERS.
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PROPOSED RESUIREMENTS (COWT'D.)
PRESSURE RELIEF

THE L1CENSEE SHALL SELECT A PRESSURE BETWEEN DESIGN
PRESSUKE AND 1% TIMES DESIGH PRESSURE AT WHICH TO OPEN

Al EXHAUST PATH FROM THE WETWELL VAPOR SPACE TO THE HIGHEST
VENT PGINT (STACK OR PIPE) AVAILABLE. THIS LINE SHOULD

3 CAPABLE OF HANDLING WATER VAPOR FLOW ESUIVALENT TO 1%
DECAY HEAT AT THE VERT PRESSURE SELECTED WITHOUT
SIGHIFICANT CHANCE OF RUPTURE BEFORE THE DESIRED RELEASE
PCINT. THE LINE SHALL BE EGUIPPED WITH ISOLATION VALVES
WHICH CAN BE OPENED_AWD RECLOSED aY REMOTE MAWUAL OPERATION
OR BY SINPLE PROCEDURES WHICH CAN BE IFPLEMENTEZD DURING
SEVERE ACCIDENT SCEWARIJS INCLUDING STATION BLACKOUT.

CORE DeBR UNTR

THE LICENSEE SHALL ENSURE THAT THE WATEX IN THE SUPPRESSION
POOL IN THE EVENT OF TORUS FAILURE IS HELD WITHIN THE
CONFINES OF THE TORUS ROOM AND THE CORNER ROQMS AND

CANNOT FLOW OUT TO OTHER PARTS OF THE PLANT.

THE LICENSEE SHALL IMPLEMENT EMERGENCY OPERATING PRUCEDURES
AND OTHER PROCEDURES BASED ON ALL SIGHIFICANT ELEMENTS
APPROPKIATE TO ITS PLAWT CF ENERGENCY PROCEDURE GUIDELINES,
REVISION &,

15
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QUALITY AND DESIGN STANDAR

SINCE THESE REGUIRENENTS ARE INTENDED TO BE AN OPTIMIZED USE
OF EXISTING ZGUIPMENT IT IS EXPECTED THAT ADDED EQUIFFENT,

OF ITSELF, NEED NOT PEET THE GUALITY OR DESIGN STANDARDS OF
SAFETY RELATED EQUIPHENT. NEVERTHELESS, MODIFICATIONS TO OR
NEAR EGUIPMENT OR SYSTE!S WHICH ARE ALREADY SAFETY RELATED
SHALL NOT COMPROIISE THE GUALITY OF SUCH EGUIPMENT OR SYSTEMS.

[MPLEMENT -

THE EQUIPHENT CHANGES REGUIRED HEREIN SHALL BE INSTALLED DURING
THE FIRST REFUELING OUTAGE WHICH BEGINS NINE (9) FONTHS AFTER

THE EFFECTIVE DATE OF THIS LETTER. THE PROCELURES A{D TRAINING
REQUIRED SHALL BE IIPLENENTED O A SCHEDULE REVIEWED AND APPROVED
3Y THE NRC. GIVEN THE 1}PLEFENTATION OF The GENERIC IMPROVEIEATS
OF NAKK 1 CONTAINMENTS THERE 1S NO WEEL FOR AN INDIVIDUAL PLANT
EVALUATION (IPE) EOR CON NENT PERFORMANCE. THIS DOES NOT REMOVE
THE WEED FOR AN IPE WAICH COVERS THE SYSTEM RELIABILITY OR CORE
MELT FREQUENCY PORTION OF THE SEVERE ACCIDENT GUESTION.
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VERE A gNT P Y STATENENT

OPERATING NUCLEAR POWER PLANTS REGUIRE NO FURTHER REGULATORY
ACTION TO DEAL WITH SEVERE ACCIDENT ISSUES UNLESS SIGNIFICANT
HEW SAFETY INFORMATION ARISES TO QUESTION WHETHER THERE IS
ADEGUATE ASSURANCE OF NO UNDUE RISK TO PUBLIC HEALTH ANC
SAFETY.

[N THE LATTER EVENT, A CAREFUL ASSESSHENT SHALL BE MADE OF THE
SEVERE ACCIDENT VULNERABILITY POSEL BY THE 1SSUE AIID WHETHER
THIS VULNERABILITY IS PLANT OR SITE SPECIFIC OR OF GENERIC
IMPORTANCE.

THE MOST COST-EFFECTIVE OPTIONS FOR REDUCING THIS VULNERABILITY
SHALL BE IDENTIFIED AND A DECISION SHALL BE REACHED CONSISTENT
WITH THE COST-EFFECTIVENESS CRITERIA OF THE COMIIISSION'S
EACKFIT POLICY AS TO WHICH OPTION OR SET OF OPTIONS (IF ANY)
ARE JUSTIFIABLE AND REQUIRED TO BE IFPLENENTEL.

IN THOSE INSTANCES WHERE TdE TECHNICAL ISSUE GOES BEYOND CURRE}
REGULATORY REQUIREMENTS, GENERIC RULEMAKING WILL BE THE PREFERF
SOLUTION. 1IN JTHER CASES, THE 1SSUE SHOULD BE DISPOSED OF
THROUGH THE CONVENTIONAL PRACTICE OF ISSUING BULLETINS AND
ORDERS OR GENERIC LETTERS WHERE MODIFICATIONS ARE JUSTIFIED
THROUGH BACKFIT POLICY, OR THROUGH PLANT-SPECIFIC DECISION-
MAKING ALONG THE LINES OF THE INTEGRATED SAFETY ASSESSIENT
PROGRAM (1SAP) CONCEPTION.
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COMNMISSION RESPONSE TO A HEARING GUESTION
_JULY 16, 1966

QUESTION
IS A 20 PERCENT CHAKCE GF FAILURE IN THE EVENT OF A CORE
MELTDOWH AW ACCEPTABLE FAILURE RATE?

THE NRC HOLDS THE POSITION THAT THE LIKELI400D OF CORE MELT
ACCIDENTS IN AWY PLANT SHOULD BE VERY LOW AND, IN ADDITION,

THAT THERE SHOULD BE SUBSTANTIAL ASSURANCE THAT THE CONTAINMENT
WILL MITIGATE THE CONSEQUENCES OF A CORE MELT SHOULD ONE OCCUR
IN ORDER TO ENSURE LOW RISK TO THE PUBLIC. IT IS NOT MERELY

A JUESTION OF HAVING LOW RISK BUT OF HAVING AS WELL THE DEFENSE-
[N-JEPTH ASSURANCE OF COI'BINED PROTECTION 3Y PREVENTION AND
MITIGATION. ..



COST: $0.7-2.2M

TABLE 3 COST-BENEFIT ANALYSIS

18A

BENEFIT: (1) FCM
BASE

CALCULATION  1x10"/yr
LOWER FCM 10" 2 /yr

LESS CHANGE
IN CONTAINMENT 1x10™4/yr

BETTER
CONTAINMENT
T0 START 1x10”%
WOPTIMISTIC"
CALCULATION  1x10°°
WPESSIMISTIC

-4

CALCULATICN x10

CCFP
BEFORE

0.5

0.5

0.5

0.2

0.2

0.9

(1) FCM = Frequency of Core Melt
CCFP = Conditional Containment Failure Probabiiity

AVERTED L0OSS PRESENT VALUE expressed as A/8 where
per year times 8 (roughly
the averted loss per year

CCFP
AFTER

0.0%

0.0%

0.1

0.05

0.05

0.1

equivalent to discount at
times 30 (no discount).

AVERTED
LOSS/YR

Saxlos/yr

SAxlO‘/yr

$4x105/yr

$2x10°/yr

$2x10%/yr

$2x105/yr

AVERTED
LOSS
PRES. VALUE

$3M/$12M

$0.3M/81.2M

$3M/$12M

$2M/$6M

$0.2M/$0.6M

$16M/S60M

A is the averted loss
12%/yr rate) and B is



PROPCSED ACTION

DEC, 9 & 12, 1986 ACRS REVIEW
DEC. 19, 19€6 CRGR REVIEW

JANUARY 1987 REVIEW OF ACRS AND CRGR REACTION WITH
COry"ISSION '

FEB. 1, 1987, PUBLISH PROPOSED GENERIC LETTER FOR COMMENT

MAY 1587 ISSUE FINAL GENERIC LeTTER

SIFILAR LETTERS ON MARK 11 AND MARK 111 TO FOLLOW



(RGR RRIFFING ON NIREG-1150 *

DEC 15 1986
APPROACH

PRELIMINARY RESULTS - ACCIDENT FREOHENCIES

PRELIMINARY RFSILTS - RISK

RISK UNCERTAINTY ANALYSIS

CONCERNS :
- PRESENTATION OF RESULTS
- PREMATURE UISE

J. A, MURPHY

Foim-871-70
K/aa



ORJFCTIVES

70 PROVIDF M GRFATER UNDERSTANDING CF FREQUENCY, RISKS, AND UNCERTAINTIES
DUE TO SEVFRF CORE DAMAGE ACCIDENTS AT NUCLEAR POWER PLANTS, BRASED ON THE
ASSESSMENT OF INTERNALLY INITIATED ACCTDENT SEQUENCES AT FIVF PEFERENCE
PLANTS THAT HAVE DIFFERENT PLANT AND CONTAINMENT DESIGNS;

TO ASSFSS THE USEFULNESS OF THF METHODS USED AND THE TMFORMATION GAINED
IN: (1) EVALUATING AND PROVIDING INSIGHTS TO DECISION MAKERS ON VARTOUS
PLANT-SPECTFIC AND GENERIC SEVERE-ACCIDENT REGULATORY MATTERS, AND (2)
HELPING FOCUS THE LIMITED RESOURCES OF THE NUCLEAR REGULATORY COMMISSTON
TN A MORE EFFECTIVE MANMER; AND

T OBTAIN COMMENTS ON THE AROVE FOR CONSIDERATION IN PREPARING THE FINAL



NOTE : NUREG-1150 PROVIDES DATA AND INSIGHTS REGARDING THE RISKS
ASSOCIATED UNCERTAINTIES, IT DOES MOT RECOMMEND REGULATORY

ACTIONS
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ACCIDENT FREQUENCY UNCERTAINTY ANALYSIS

PROPAGATION OF DATA UNCERTAINTIES THROUGH RELIABILITY
MODFLS IN STAMPARD PRA FASHTON

SENSITIVITY STUDIES TO INVESTIGATE NIFFERENT MODELING
ASSUMPTICNS
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COMPARISON OF SEVERE CORE DAMAGE
FREQUENCIES OF REFERENCE PLANTS

}fﬂEOLENCY‘ PER REACTOR YEAR

©-3

i I
C -
1E-S |
: 1

IE—-G._:-

1E-'7 A A A ) | L
SURRY 20N SEQUOYAH PEACH BOTTOM GRAND GULF



PercENT CONTRIBUTION
10 CorrE DAMAGE
FREQUENCY

STATION BLACKOUT

Loss OF CFFSITE POWER
Loss ofF Bus

LOCA

INTERFACING LOCA

ATWS

Loss oF COMPONENT
CooL1nG WATER

SEVERF Corf DAMAGE
FREQUENCY (YR )

PRINCIPAL CONTRIRUTORS TO CORE DAMAGE
FREQUENCIES FOR REFFPENCE PLANTS®

PLANT
SURRY PEACH BOTTOM SEQUOYAH GRAND GULF  ZION
38 86 5 a9 2
y - - . 1
20 - 3 - -
28 1 59 - 9
4 < . : =
6 12 ] 1 -
: g . . 79
2.6x107° 8.2xi0°f 10607 " 2. 75105 3 Sx10”®

*PRINCIPAL CONTRIBUTORS 10 CORE DAMAGE FREQUENCY APr NOT NECEZAR’L_Y PPINCIPAL CONTRIBUTORS TO

RISK,



RISK UINCERTAINTY ANALYSIS

UNCERTAINTIES NOT ADDRESSED ADEQUATELY IN RSS

UNCERTAINTIES LARGE SINCE UNDEPSTANDING CF SEVERE ACCIDERT rrENOMENA
IS NOT COMPLETE

KNOWLEDGE BASE HAS IMPROVED SUBSTANTTALLY SINCE RSS, BUT STILL MNRE
TO BE LEARNED

THEREFORE

SUBJECTIVE JUDGMENT OF EXPFPTS, BASED ON EXTANT KMCWLEDGE, REQUIRED T0 NEFINE
REASONABLE RANGES OF POTENTTALLY IMPORTANT ISSUES

SUBJECTIVE JUPGMENTS BY EXPERTS NEVER SURSTITUTE FOR GOOD SCIFNCE, EITHER
FXPERIMENTAL VALIDATION 1S NFEDFED OR REGULATORY DECTSION MUST BE SUFFICTENTLY
CONSERVATIVE TO FNCOMPASS UNCERTATHTIES



METHOD FOR RISK_UNCERTAINTY ANALYSES

SELECT POTENTIALLY RISK IMPORTANT FACTORS, AND PARAMFTERS DRIVING THEM
- FREQUENCY
- COMTAINMENT PERFORMANCE
- SOURCE TERMS

IU'DGEMENTALLY SELECT DISCRETE VALUES AND WETGHTS FOR PARAMETERS, USING
AVATLARLE DATA AND ANALYSES

DEVELOP REASOMABLE RANGE WITHIN WHICH MEAN VALUE OF RISK WOULDM LIKELY LIE,
USING STATISTICAL SAMPLING TECHNIQUE
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METHOD FOR DISPLAYING RISK RESULTS UNDER STUDY

HOW DO WE RFST COMNVEY THE INFORMATION ORTAINED
WITHOUT MISLEADING THE INITIATIVES?

HOW SHOULD WE CONSIDER UNCERTAINTY EXPLICITLY
IN AM INTEGRAL FASHION?
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SUMMARY COMPARISONS WITH SAFETY GOALS

INDIVIDUAL  RISK OF EARLY FATALITY PER YH
=

E <3— JGOAL

-

SURRY W/ DCH SURRY NO DCH

ZION

1
SEQUOYAH

P. BOTTOM GRAND GULF
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1E-8
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1E-10

SUMMARY COMPARISON TO SAFETY GOALS

o G o
Y i GO AI_:] LATENT FATALITY REK TO AVERAGE

et NDIVDUAL WITHN 10 MLES
:
| i
3
.

e L L i L

SURRY W/ DCH SURRY NO DCH ZION SEQUOYAH P. BOTTOM  GRAND GAF
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