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MARK I CONTAINMENT PERFORMANCE PROGRAM PLAN

To present staff plans to resolve issues relating to the
performance of MARK I containments during severe accidents.

In this paper the staff proposes a plan to effect closure
of generic MARK I containment performance issues. The plan-
stems from a staff judgment that MARK | contafinments can
have an improved leve) of mitigation under severe accident
conditions, For those issues for which sufficient informa-
tion exfists, closure is to be effected by interim
recommendations to the Commission in April 1966, and fina)
recommendations in August 1988. For those fssues for which
sufficient information aoes not exist to effect closure,
the severe accident research program will be used to
provide bases for potential future recommendations,

Assessments of accident sequences indicate that there is
substantial safety margin in the ability of MARK ] contain-
ments to attenuate accidentally released fission products.
There are, nevertheless, some low probability severe
accident sequences for which the integrity of the con-
tainment function can be seriousiy challenged.

The key issue is reasonable assurance of the capability of
containment systems to mitigate the consequences of core
melt accidents for moderate to low probabi1ity sequences,
This 1ssue should be viewed in terms of defense-ir-depth 1in
that it involves striking a balance between accident
prevention and mitigation. The plan is intended to achieve
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Discussfion:

regulatory resolution of contafiment performance {ssues
starting with Boiling Water Reactor (BWR) MARK 1 contain-
ments 1n 1988, The plan includes development and
application of criteria for Judging of containment perfor-
mance.

The staff briefed the Commissfon on a plan for closure of
severe accident issues, including matters relating to

EWR MARK I containmerts, on July 15, 1987. At this
briefing, the staff indicated its {ntent to pursue an
integrated approach to the resolution of severe accident
{ssues. Included were the Irdividual Plant Examination
(1PE) program, & containment performance program for each
of the various zontainment types, & program 70 improve
plant operations, and a program to provide guidance on
cevere accident managemert strategies. In additfon, severe
accident/source term and risk reassessment research programs
support the integrated program.

The closure plan for MARK I containments calls for 2 two
step process; 1) an NRC staff, researcher and industry
{dentification and narrowing of technical {ssues, and 2) @
staff evaluation process. The issues would include thuse
associated with core melt phenomena, containment failure
modes, and those associated with the efficacy of potential
{mprovements, Many analyses of MARK 1 containment perfor-
mance have been done by the staff, staff contractors and
industry analysts. This work will form the primary bases

for {ssue identification. To aid in narrowing and focusing
issues, additional in-vessel &nd ex-vessel core melt pro-
gression calculations are to be made and related experimental
data are to be assessed. The staff evaluation would serve

to eliminate some generfc {ssues as not sufficfently important
to consider further, to undertake research to provide suffi-
cient information to resolve other {ssues, or to recommend
regulatory inftiatives. It is the fdentification and nar-
rowing of issues, focusing related research, and assessing
whether improvements are justified that the staff will pursue
in this program, ’

An interim report will be provided to the Commission in
Apri) 1988, The report will discuss the major areas of
agreement and disagreement between analysts and researchers
on the important fssues, and will indicate whether analyses
at that time justify recommendations fer near-terw
improvements to MARK I containsents. A fi.21 report for
MAPK 1 containments is scheduled for August 1988,

The containment performence effort is being carried forwerc

by RES in coordination with NRR. The philosophy for an
approach to the evaluation of FARK I issues fs descrited in

a memo from T. £, Murley to V. Stello, Jr., dated June 29, 19€7
(Enclosure 1). This philosophy was used as the basis for




the staff severe accident discussion with the Commission on
July 15, 1987, Enclosure 2 is the staff's plan for resolu-
tion of MARK 1 issues. A descr’ption of staff plans for
{ntegration and closure of a1l severe accident {ssues s
scheduled to reach the Commission in April, Enclosure 3
11lustrates the relationshigs between the primary MARK I
tasks, and indicates several important milestones. This
effort will be coordinated with the anticipated utility ang
staff IPE efforts, and will use such information as can be
provided from utilities.

While recoonizing the importance of individual plant
variations, the staff has also recognized that there 2re
potential severe accident vulnerabi fties that have a

common character within a class of plant containment
systems, This recognition has evolved from severe accident
research and plant evaluation programs both here and

abroad, including findings from numerous probabilistic risk
analyses starting with the Reactor Safety Study and including
the recent draft NUREG-1150. For BWR MARK I containments

in particular, these vulnerabilities are reflected in rela-
tively high estimates of the probability of containment
failure, given 2 core melt (also referred to as the condi-
tiona) containment failure probability, CCFP). Staff spon-
sored research presented in draft NUREG-1150 indicates that
this conditional probability s h1?h\y uncertain, but could
be quite high for MARK I plants. Industry sponsored research,
on the other hand, has provided estimates of CCFP for two
reactors (Peach Bottom and Vermont Yankee) at less than 10
percent. The staff's judgment {is that these discrepant
views are unlikely to be fully reconciled soon. In view of
the Commission's defense-in-depth philosophy, therefore,

the staff believes it is prudent to examine ways to improve
the capability of MARK I containments to mitigate the poten-
tially large fission product releases that could result from
outlier accident sequences.

Our examination of these differences in expected MARL I
containment performance has resulted in two conc’lusions.
First, many technical differences may be narrowed by
further discussions among staff, researchers, industry
representatives and interested members of the public. The
discussions and any regulatory decisfonmaking can be

fac 1itated significantiy by short term analyses and
sssessments of existing experimental activities relatec to
BWR MARK I core melt phenomena and containmert response.
Second, tome residua) differences are 1ikely to remain that
only answers from a relatively long term research progran
can provice,

In an August 11, 1987, memo from S. J. Chilk to V.
stello, Jr., the Commission requested (MB70715A) an




assessment of whether or not additfonal resources for this
activity could be used effectively, Resources were
bud?etod for FY B8 and subsequent years for related
activities in the recent RES budget submittal., No
additional resources are considered necessary for FY 88,

In summary, the approach {dentified in this paper 1s ex-
pected to result 1n both 1n§rovcnents in our understanding
of the performance of MARK I containments during severe
accidents, and in the {dentification of potential design
and operational fmprovements, BWR MARK I containments are
to be assessed by the end of FY B8, assessments of the
other containment types are to be completed by the end of
FY 89. A report to the Conmission with interim MARK I
recommendations is scheduled for April 1988, An integrated
plan for effecting closure of severe accident issues for
all plants 1s also scheduled for submission to the
Commission 1n April 1988, A final report on MARK I
containments {s scheduled for August 1988,

SR . 7
Yyctor Stello .
xecutive Director for‘Operations
Enclosures

1. June 29, 1987 memo from T, E, Murley to Y. Stello, Jr,
2. Program Plan
3. MARK I Key Activities & Kilestones
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MEMORANDUM FJR:  Victor Stello, Jr.
Executive Director for Operations

FROM: Thomas E. Murley, Director
Office of Nuclear Reactor Regulation
SUBJECT: PROPOSED COURSE OF ACTION ON BWR MARK 1 CONTAINMENT

Your memorandum of April 20, 1987 directed NRR to determine a recommended
course of action with regard to earlier proposals for an initiative to enhance
BWR containment performance in the event of .2 severe core damage accident,

The staff has for some time recognized the potential vulnerability ot BR
Mark I containments under certain severe accident conditions (see

e.9., NUREGs 1079 and 1150) and, as a result, has studied means for reducing
the Mark I containment failure probability. Last year the staff developed 2
set of proposed generic improvements with the general intention of reducing
the conditional probability of Mark I containment faflure during severe
accidents. It was thought that, {f these improvements were implemented, it
would be unnecessary for these BWR plants to have containment performance
evaluated as part of the Individual Plant Examinations (IPE).

In the fntervening time since the generic improvements were put forward there
have been several discussions among the staff, fndustry groups and the
research comunity. The Reactor Risk Reference Document (NUREG 1150) was
completed in February 1987 as well. The conclusfon that seems to have emerged
from these activities {s that there is no clear consensus on whether the

Mark 1 generic {mprovements are needed, whether the cost estimates are
realistic, and whether the proposed improvements would be effective

in significantly reducing risks, After reviewing these matters, I have
conclud:d that & more comprehensive approach to this issue should be taken.
The approach outlined below is nct intended to delay clear safety improvements
but rather to ensure we look at all reactor types and understand those areas
where we are most likely to attain safety improvements.
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In examining the broad question of how to reduce the risks of severe accidents,
the following three are2s must be considered,

1. IMPROVED PLANT OPERATIONS

Every safety stucy since WASH 1400 has shuwn the sensitivity of risk to
human errors,  Our own an2lysis of operating experience confirms the
importance of reducing meintenance, surveillance, testing and control
room errors. Thus, an overall approach to this issue must include &
program to improve plant operations and should consider at least the

tasks below:

(a) Continued improvement of the SALP program;

Pegular reviews by senior NRC managers to evaluate those plants that
, » ) ol » »

m2y not be meceting MNRC and industry standards of operational

performance:

Diagnostic Team ! tions to probe further the performance of
those plants above;

Regulatory actions to improve operational performance where it has
fallen below expected standards;

(e) Improved Technical Specificat.ons:

(f) Continued improvement of Emer ency Operating Procedures (EOPs); and
f S

(9) Expanding EOPs to include Severe Accident Procedures.

COMPREHENSIVE SEARCH FOR SEVERE ACCIDENT VULNERABILITIES

The Severe Accident Policy Statement contemplated a program of Individual
Plant Examinations (IPEs) that would be a systematic approach to examine
211 plants for possible significant risk contributors. The staff has
been working with the IDCOF industry group to develop the IPE methodology
and has reached conclusion on a proposed program. The IPE program will
have to be integrated with the improved operations program and with the
containment performance research program below,

CONTAINMENT PERFORMANCE RESEARCH

The assessment of containment performance during severe accidents

is a very difficult problem, and years of research have not yielded 2
consensus on what improvements are needed, if any. We should anticip2te
there will be the neec r @ long-range, continuing research progras 10
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2ssess the challenges to containments, to evaluate potential
improvements, and to continue improving our understanding of
source terms. Within this long range program there should be
near-terr results where the weight of technological evidence
supports recommendations for containment improvements. The BWR
Mark 1 would be one area targeted for near-term results. Clearly,
this rcsearch effort must be integrated closely with the IPE
pregram which will be examining accident vulnerabilities that
couvid threaten containment integrity at specific plants.

The comprehensive program for reducing severe accident risks outlined above
has not been fully developed. A schematic portrayal is shown in the attached
figure. When developed and implemented I believe the program should lead to
closure of the severe accident issue. Nonetheless, elements of the
containment performance research program and the improved plant operations
program will no doubt extend well into the future as we gain more research
knowledge and more operating experience.

In keeping with the intent of the reorganization that RES develop resolutions
for generic safety matters, ] suggest that RES develop, with NRR guidance and
support, the overall program outlined above. 1 further suggest that RES
develop an interim response to the Commission's request for an options paper
(February 9, 1987, memo from Chilk to Stello). This interim response would
provide an outline of the program discussed above and would provide schedules
for implementing key parts of the program such as IPE and containment
performance evaluations., Finally, because of the importance of this issue,

I will continue to work closely with the Director, RES, to coordinate the
overall guidance for these activities. Similarly, the NRR and RES staffs will

work closely on this program,

Original siga+d by
T™emas E. Xurley

Thomas E. Murley, Director
Office of Nuclear Reactor Regulation

Enclosure:
As stated
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E. Beckjord, RES
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MARK 1 CONTAINMENT PERFORMANCE PROGRAM PLAN

INTRODUCTION - The ability to mitigate the consequences of accidents 1s a
function of the containment systems that are provided at all U, §S. 1ight water
reactors, One class of containments is referred to as MARK ls, which have been
used with 24 licensed BWR reactors., Although all U, S. 1ight water reactors
have containments designed to safely attenuate the energy that would be
released in a loss-of-coolant accident in which safety systems would function
to supply cooling water, MARK 1 containments have among the smallest interna)
volumes. This relatively small volume {s offset, for some accidents, by a
pressure suppression water pool. Such volumes and suppression systems are
important {f safety systems do not function properly and a large pressure rise
ensues from releases of gases such as hydrogen and concrete ablation products.
Ir addition, MARK 1 containments have no deep concrete slabs or water pools
directly beneath their reactors. As a result, for many severe accidents MARK |
containments may be viewed as potentizlly more susceptible to containment
failure than other containment types.

The designs of these containments consider external events (such as earthquakes
and tornadoes), while the containment temperature and pressure design bzces are
determined by a postulated design basis loss of coolant accident (LgCA) in
which operation of the emergency core cooling system (ECCS) would prevent a
core melt from occurring. The peak MARK | containment pressure associated with
such a postulated LOCA has been estimated as high as about 57 psig.

Despite this contuinment design basis which would not result in core melting,
the radfological consequences of a substantial core melt are nevertheless
postulatea in accordance with the provisions of 10 CFR 100.11. This
postulation is used to assure the adequacy of certain plant features such as
containment leak tightness and fission product filter systems, as w21l as the
adequacy of the reactor tite. The temperature and pressure conditions
associated with a core melt accident are not part of the containment design
bases. There {s some assurance, however, that existing contairments are
capable of surviving the temperature and pressure conditions associated with
some severe accidents, as well as for arrested core melt accidents. The TMI
accident 1s an example which represents a partial core melt accident that was
arrested prior to reactor pressure vessel failure, and was one in which the
containnent was not fafled. Furthermore, there is an expectation that some
containment failure events may result in significant fissfon product
attervation in adjacent plant buildings.

Studies of examples of various containment types under beyond design basis
loading conditions (NUREG-1079) indicate survival at load levels of 2 to 3

times design basis LOCA loads and at elevated temperature conditfons. Although
only a few detailed structural analyses of MARK | containments have been
attemptec, inferences and extrapolations from design sssessments and testing on
scale models of containmerts and penetrations at Sandia Nationa)l Laboratery con-
firm these higher failure pressure conclusfons. Such confirmation, however,
assunes containment fsolation devices (including seals) fsolate and do not fail,

PRA asso!snwnts'to date of some MAPK ] plants indicate the initiator for the
most risk sigrificart accident may be 2 station blackout (SBC) event. One
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contemporary MARY. | risk assessment (draft NUREG-1150) indicates an SBO is
dominart, and the probability of core mult accicenis may be very low. Other
scsessments Yor a iimited number of MARK 1 plants dc not confirm the low prob-
ebi1ity conclusfon. It s important to note, therefore, that risk assessments
of other MARK Is could fdentify other risk significant inftiators and substan-
tially different risk levels.

A generfic fssue, A-44, dealing with SBO events 1s close to completion, The
objective of a proposed rule change (51FRO829) 1s to provide assurance that
thgsprobab‘11ty of core melt arising from station blackout will be at or about
10 ¥ per reactor year or less. However, the rule changs may not eliminate the
event as a potentially dominant one at some MARK I plants, nor eliminate concern
over the ability of such a containment design to mitigate such accidents.
Furthermore, analyses of the characteristics of other severe accidents indicate
the potential for generic concerns over the ability of the BWR MARK 1 containment
type to mitigate the consequences of such events. Statec another way, it is

not ciear that the balance between accident prevention and mitigation called

for in the Severe Accident Policy Statement for the various combinations of
reactor types and containments has been achieved.

CHALLENGES - There are a number of potentially important challenges to MARK I
containments. These are:

1) Containment bypass (including failure to isolate
containment on demand, suppression ;201 bypass, and
interfacing system LOCAs);

2) Early overpressure or overtemperature faflures (including
sequences irvolving melt quenching in-vessel, direct
containment heating, and noncondensable gas generatior and
potential 1gn1tion?;

3) Missiles from rapid steam pressures;

&) Core debris attzck on the steel containment liner
resulting in liner melt through;

5) Later overtemperature or overpressure failure; and

6) Basemat penetration.

Recent MARK | assessments have identified early overpressure (2), core debris
attack on the steel liner resulting in liner melt through (4), and later over-
temperature and overpressure (5) failures as the primary challenges. The like-
1ihoods of early faflure and liner melt through arc areas of controversy among
some analysts., The core melt progression phenomena associated wish accident
sequences which could lead to such challenges, therefore, are 21so impertant
fssues reouiring better understanding.

CONTAIKMENT FAILURE MODES - Containment response to challenges can have several
outcomes. These can range from relatively 1ittle leakage to large scale failures.
Large scale failure modes can generally be of two types. One type is a slowly
developing breach of containment; e.g., & progressive failure of gasket material
ircund a containment penetration such as an equipment hatch, a small structural
feilure of a suppressior pool vent pipe expinsior bellows, or 2 structurz) tear

fn the steel liner of a ~oncrete containment. The cther type of failure involves
a very rapid depressurization such as would be displayed by the catastrophic
rupture of cteel containment.* The locations of predicted pressure induced

*
Only two MARK | containmerts are of reinforced concrete construction;
Brunswick Unit 1 and Unit 2.
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structural fatlures for the MARK 1 containment NUREG/CR-3653) are in the drywe))
at either the knuckle between the upper cylinder and lower spherice) section,

or at the drywel) head. Failure in the wetwell air space or suppression pool
have also been postulated. (Leakage at the drywell head prior to failure in
the vatwell airspace has been {dentified.)

POTENTIAL IMPROVEMENTS = A smal) number of relatively low-cost faprovemeils
Rave been assessed by the staff, fts contractors, two utilities (Vermont Y.nkee
and Boston Edison), and I0COR, These improvements may substantfally mitigate
potentia) affsite releases. Sowe of these potential improvements are;

a) Hydrogen control - In normal operation MARK Is are {nerted by replacing
much o‘ the oxygen in the containment atmosphere with nitrogen. Both the time
MARK 1 containments are allowed not to be inerted, and the ability to keep such
containments inerted during long duration station blackout sequences, have

been ouestioned. Informatior provided by the Yermont Yankee licensee indicates
ti.at the relatively brief periods of time required for 1nert1n? and defnerting
during startup and shutdown periods may be acceptable. An an2lysis of
improverments proposed for Pilgrim by Boston Edison indicates improved nitrogen
supplies are potentially warranted for long term ar.{dent sequences.

b) Containment spray - During a station blackout, power for pumping water to
~ ntaTnment sprays o« the vesse)l would ot be available. One proposal has been
.» cross~tie an existing diese) powered fire punp to the water system for use
in the vessel to prevent core melt, or for coniainment spraying if vessel
failure has occurred. This proposa’ has been round technically feasible by
INCOR and the Yr-mont Yankee and Pilgrim licensres. An alternate (Hope Creek)
i to nrovide an external valve on the Reacter Building which would allow water
. be supplied via a fire truck. Providing spray water durir accidents such
as a station blackout would serve several functio.s. Such water can help
aissipate heat, cool core debris, ard scrub fis fon products from the
containment atmosphere. Because th: pumping capabylity of the fire :ater
system is a fraction of that of thr contaiument spray system, t"e use of the
fire pump without other mod‘fications would not produce an ader ate containment
spray pattern. By relatively sim,le medifications, the existirg containment
spray hesds may be modified to e:sure an adequate spray coverage for fission
product scrubbing and heat removal for some scenarfos. Indeed, Boston rdison
has proposed blocking 6 of 7 nozzles in each spray head. The impact of such
modificztions on other accidents sti1] reouires assessment,

¢) Ventino - Venting the containment can reduce core melt probabilities fer
some accidents, and prevent overpressure or overtemperature failures for others.
It may also b fowed 23 a last ditch effort to prevent the conta{nment from
burstirg (ovr . ssure) 'f done before the core melts, 1ittle in the way of

fission pr~*  would '’ leased. If done after core melting, svbstantial
fisstion p ‘¢ coula - - 'sed. These fission products are of two types;
nobl o3 . ¢ - yroducts, Filtering or scrubbing can be effective
in reduc $i s n - fon products. However, only relatively long
geriod h o © ows o oo . zan he effective in reducing thefr potentia

folog*cel * - = . 1 suppression pool 1s an excellent potential
pout-accide.. -ic: . the other fission products, Therefore, any venting
shr - * ba of the we! ’space to at least take advartage o~ <uppressior

» ybbing of non . :tle gas fission products. To the staf.  krowledge,
: .te €iltered vents such as havz been or are being installe’ in Europe
\" /., Sweden, France and Germany; have not been considered for a BWR MARK I*

i the U, S,

-
A filtered vented cont~‘nment has been proposed at one U. S. MARK Il
plant.

B R R R RS,
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It 45 no%ed that venting procedures using existing equipment have been incor-
porated in the emergency procedures for some U. S. reactors. To the staff's
knowledge, a1] MARK | plants have such procedures for utilizing varfous sizcd
penetrations.

Most existing BWR MARK | wetwel)l vent paths outside primary containment are in-
capable of operating in, or withstanding the pressures and temperatures asso-
ciated with, severe accidents, 1T such vents were use’ without modification,
their fatlure could result in contamination and hydrogen fgnition in vita)
spaces outside containment, By connecting wetwell 2frspaces to the existing
Standby Gas Treatment System (SG7S) stack with valves anu piping capable of
withstanding severe accident temperatures and pressure, and providing for
remote manual operatfon *, fission products wouid b~ discharged without con-
taminat1ng vital areas, and would gain benefit from Cispersion at a high (up

to about 100 meters) level.

Criteria for emergency venting through relatively small containment penetrations
has been approved for licensed BWRs as part of the implementation of post TMI
improvements., However, the smaller vents are generally not capable of sufficient
pressure relief during severe accidents to ensure containment integrity. Un-
r-cessary and untimely venting could put the public near a reactor at some

risk. The rrocedures for venting, and the control of decisionmaking, have been
rafsed as {ssues that require further assessoent. Therefore, 2 systematic
assessment of the negative safety impacts of containment vents will be made,

d) Core debris control = Proposals by the staff have been made to provide for
core debris control on the drywell floor of the containment in the form of
guide walls, and in the torus room under the steel suppression pool liner in
the form of an additional water/debris catcher. Preliminary ~ssessments of
containment guide walls indicate they are uniikely to be effective in directing
core debris away from downcomers or the containment wall, Curbs in the torus
room in the reactor building would be expected to form a dam if core debris
penetrated the steel suppression pool liner, and would retain suppression poo)
water. The water would help quench core debris and scrub fission products.

¢, Enhanced Reactor Building Fission Product Attenuation = If core debris
fails or typasses the steel suppression pool liner in the torus room, a direct
path for fission products through ventilated spaces in the reactor buildi.ng
would exist, Attenuation of fission products !see draft NUREG-1150) coulé be
enhanced significantly by the use of sprays from the plant fire system. The
enhancement could be accomplished by efther a significant design change with
14ttle procedura) impact, or 2 smal) design change with a significant procedural
Impact. The former has been studied and found to be relatively cdstly. Whet
h..s not been fully considered is an improvement such as use of firc hose nozzles
to provide a low flow rate "fog* in important airspaces. The noz»les would be
clamped to hand raiis, and inicfated prior to major reactoer building contaminaticn,

f) Basemat isolation - The possibilfty e fsts that the basemat may be penetrated
by core debris, and contaminate water supplies. Methods for isolating such

core debris have been evaluated in the U. S. (Research Letter 150), and were

used 2t Chernoby!. Because of the torus design of MARK Is, this :(ype of event

fs considered relatively unlikely. Because of this, such an undertaking cculd

be done on an ad huc basis with only references provided in plant emergency
procecures.

| .
One possible mears of powering such valves in station blackout events msy be
by the use of tmal) portable DC generators. Such generators could 2lso be usec

to power ADS valves and reduce accident likelihoods and consequences.
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9) Automatic Depressurization - The automatic depressurizatfon system (ADS)
ma{ not be ava!laE'e during SBU scenarfos, System availability has been gener-
ally recognized #s important in preventing core damage. However, the use of
the system to mitigate the high pressures, temperatures and fission products in
the vesse] after core melting, but before vesse! failure, may be useful, The
advantiges of improvements to the system for mitigation purposes have not been

fully examined,

h) Procedures &nd Training - Existing cnergency procedures and training at
BWRs With MARK 1 cor!i1nmcnas have not been fully developed with respect to
risk significant severe accident challenges. Improvements in existing proce-
dures and operator training should substantially improve the capability of
operators to cope with severe accidents., (It 1s noted that procedures and
training are also related to other severe accident programs such as IPEs and
improved licensee porformance.)

CONTAINMENT PERFORMANCE RESOLUTION PROCESS - Resolution of 1ssues 1s to be
achieved by a two stage process. e first stage will cons’st of issue
characterization, parametric studfes, experiment assessments and a critical
focusing on each of the relevant iechnical issues. Both phenomenclogical

fssues ar¢ potential improvem.nt 1ssues potentfally important to the mitigation
of MARK | severe accidents are to be identiffed. Examples of phenomenological.
issues are the manner in which a core disassembles in-vessel, how debris in the
bottom of the vessel attacks the lower head and may induce failure, ejection of
debris, and core debris attack on the contatnment liner, Examples of potential
improvement 1ssues Include the usefulness of venting, containment sprays, ADS
enhancements, hydrogen control improvements, core debris control, reactor
building fission product attenuation, and basemat isolaticn. Parametric studies
will iInclude assessments of related experiments, and analytical evaluations of
the impacts of « range of core melt progression assumptions and potentfal im-
provements on containment performance, After inftial fssve characterization, 2
meeting will be held with representatives from RES contractors, industry, other
experts and interested members of the public on each fssue, The second stage
will be a sorting and evaluation process performed by the staff where each

fssue will be cat.;o.zed as being either a) resolved or unimportant, b) poten-
tially resolvable by future research, or c¢) candidates for regulatory initiatives.
The criteriz to be used for judging if a regulatory fnitiative will recommended
(to effect closure) include the backfit ru’e (needed for safety, or & justifiable
safety enhancement), and the Safety Goal Policy and implementation plan.

The process and related target dates are summarized below:
MARK | CONTAINMENT PERFORMANCE RESOLUTION PROCESS' 2

1. Prepare Program Plan

2. Prepare Commission Information Faper nsgocﬂng to Nov. 1987
SRMs, Include early fdentification of challenges,
failure codes, potential improvements and primary
cercric issues related to the containment type being
consfidered, ldentify details of the process for
narrowing and resclving issues. Cecrdinate with NRR,

'$¢e Enclosure 3 for relationship of activities and schedule dates.
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b. Seek ACRS comment on plan and closure criteria.
¢. Revise plan based on ACRS and Commission comment.

2. Preprre for and hold a meeting with representatives from
Natfonal (abs, fndustry, other experts and interested members

of the public to narrow and, to the cxtent possible, resolve
phenomenological and improvement issues, Identify detafls of
the criterfa the staf’ wil) use to judge whether or not an
fnitiative 1s warranted, Consider the use of “success states"
defined in terms of the magnitude and tinin? of releases from
outlier accident sequences based on a definition of a 1a

release., Use avaflable resources (NUREGS, etc.) to formulate
fnitia) issue characterization, and request merting invitees to
coement on characterizations prior to the meeting, Issues are
to be related to containment challenges, faiiure modes and
potential improvements, Use contractors to help with issue
characterizations, to facilitate a meeting, resolve issues, and
to prepare summaries. Use reviews of PRAs (1.e., Peach Bottom,
Cooper, etc,), utility containment safety stuc ‘es (Vermont Yankee
and Pilgrim), IDCOR evaluations, and the anticipated NUMARC
evaluation to characterize issues, Undertake parametric core melt
and containment challenge calculatfons, where practicable, and
review experiments to aid in focusing issues,

Dec,, 1987
vec,, 1907

¢, formulate initia) fssue characterization Dec., 19867
b, 1ssue meeting invitation Jan., 1988
€. revise issue characterizations based on Feb., 196§
comments, develop preliminary bases ‘or staff
evaluation of fssues 1n terms of the magnitude and
timing of fission product releases for outlier
sequences, and hold meeting.
d. {ssue draft summary for comment Mér., 1588
. fssve final summary hpr., 1888
3. Prepare interim report to Commission with possible Apr., 1980
recommendations for improvements. Identify primary areas of
agreement and disagreement among parties, For those fssues
for which analyses indicate that safety improvements could be
effective (e. g. & form ~f venting), recommend a regulatory
inftiative.
4. ldentify a) issues that are resolved or are ,June. 1988

unimportant, b) fssuves that may be best resolved by vuture
analytical and experimenta) research, and ¢) candid*te {ssues
for regulatory inftfatives using the criterfa based on the
Backfit Rule and Safety Goals. Complete Backfit/Sifety Goezl
assessment,

5. Prepare Commission paper and/or NUKkig «ith staff re. smendatior:,

. complete draft Commission Paper

. ACRS discussion

CRGR meeting

. complete final vommission Paper

undertake implementation of Commission
approved intiztives (e. g., rulemaking,
Generic Letters and licensee implewentation)

Tanons

June, 1988
July, 1988
July, 1988
Aug., 1982
To be

determined
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€. Continue long term MARK I research, To be

determinec |
7. 1f werranted, astess other containment types. To be

determined

RESOURCES - Existing RES resources related to severe accidents and MARK |

containments of approximately $1M and 4FTEs are considered adequate for FY €5,

These resources include those earmarked for resolutfon of MARK I {ssues, and

those allocated for longer term BWR severe accident/source term research,

Addftiona) resources during this perfod would not be expected to accelerate

gomplction because of the time required for assessing, narrowing and resolving
ssues,

MANAGEMENT - The organizatfonal unit responsible {s the Severe Accident Issues
Branch in RES, Project management for MARK I resolution is to be provided by
the branch chief. Inputs from other branches in RES &nd NRR are to be
solicited, Furthermore, & senfor level management steering group composed of
representatives from RES, NRR anc AEOD 1s to provide oversight,
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L PROCRAM PLAN MTG. | PLAN ISSUES
e 11730 12/30 /[
EXPERIMENTAL, ANALYTICAL 3 cnsmcms ASSESSMENTS
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SUPPORTING RESEARCH

EXPERIMENTAL

ACRR FACILITY CORE MELT DF-4 EXPERIMENT (SNL) = This DF-4 BWR early
nclt.grogrgssion experiment with control blade, canister wall and fuel
pins has been completed. It represents an initfal) data base for
modeling BWR early melting in the ORNL assessment of Peach Bottom,

The documentation of the experiment {is to be completed by 2bout

April, 1988.

B,C/INTERACTIONS (SNL) - One intermediate mix test has been completed

and analyzed. Other tests are planned and documentation is to be
completed. Information from the one completed test {s expected in
December, 1987,

EUTECTICS IMPACTS ON CORE MELT PROGRESSION (ORNL) ~- Some small scale
tests (a few kg.) are expected to be completed by January, 1988 with-
documentation to follow. The results are to be used in the ORNL
assessment of Peach Bottom,

SIMULANT MELT SPREADING & CONTACT (BNL) - Benchtop tests have been
completed and applied in analyse of melt spreading, including the
presence of an overlying water pool. Documentation is to be completed
and the results used by ORNL.

MOLTEN CORE CONCRETE INTERACTION TEST - Information on molten materia)
spreading was obtained from an intermediate scale test (187 kg.).

This test 15 used to support analyses of melt spreading within contain-
ments by ORNL.

HIGK TEMPERATURE HYDROGEN COMBUSTION - The combustion behavior of
hvérogen, oxygen, steam, carbon monoxide and carbon dioxide mixtures
in the reactor building is being irvestigated usln? recently developed
models. These models cannot be experimentally vesified at temperatures
above 150 degrees C, but an initial peer review will be completed in
November. The results are to be used by ORNL.

ANALYTICAL

MARK 1 MELT SPREADING (ORNL) = This 1s @ "first effort® parametric
analysis using results from the experiments identified above to develop
code models for the eutectics formed by zirconfum and uranium oxides.

The 1iquid/solid temperaiures of constituents affect predictions of
concrete ablation, outgassing and aerosol containment emissions. Melt
spreading velocity and liner erosfon rate predictions are also affected.
LINER MELT (BNL) - Liner failure predictions are to be made as functions
of time based on ccre melt spreading, liner contact erosion and lrltin?.
BWR CORE MELT PHENOME!'OLOCY (ORNL) This represents an initial parametric
medeling effort. The UF-4 tests, the TMI-2 examination, and cther severe
fue) damave experiments are consistant with the BWR models to be used for
MARK 1 :.al, e¢, Further review ¢i the models within the context of

ererg.;g research on overall B¥R cure melt progressfon s to be conductec.




d.

PARAMETRIC ASSESSMENTS (ORNL)

1) REACTOR BLDG FISSION PRODUCT ATTENUATION FOR PEACH BOTTOM &
BRCWNS FERRY (ORNL) :

2)  ADVANTAGES OF ADS IMPROVEMENTS (BNL/ORNL)

3)  FIRE WATER SPRAY ADVANTAGES (ORAL)

4) ADVANTAGES OF CURBS & WATER IK TORUS ROOM (ORNL)

§) ADVANTAGES OF VENTING IMPROVEMENTS (INEL/ORNL)

€)  UNCERTAINTY ASSESSMENT(ORN.)

ENGINEERING ASSESSMENTS

ISSUE CHARACTERIZATION (BNL/STAFF)

USE OF CURBS IN THE DRY WELL & TORUS ROOM (ORNL/STAFF)
USE OF FIRE WATER/SPRAYS AND SAFETY IMPACTS (OURNL/STAFF)
ADS IMPROVEMENT (ORNL/BNL/STAFF)

VENTING IMPROVEMENTS & SAFETY IMPACTS (INEL/ORNL/STAFF)

HZ CONTROL IMPROVEMENTS (STA'F)

IMPROVEMENT COSTS AND BENEFITS (STAFF/INEL)
REGULATORY ISSUE EVALUATION (STAFF)

Fo - anow
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