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sEcya2-323September 24, 1992 (Inf0Ma'..On)

[or: The Commissioners

from: James M. Taylor
^

Executive Director for Operations

Subjeca: SEVERE ACCIDENT RESEARCH PROGRAM PLAN UPDATEc

(DRAFT NUREG-1365 REV. 1) :

I

P_urnoie: The purpose of this paper is to inform the Commissioners of
the staff's update to the Severe Accident Research Proc am
(SARP) which supports the tasks and objectives discussed in
the staff's " Integration Plan for Closure of Severe Accident
Issues," SECY-88-147, and more recently thL certification
reviews of advanced reactors. The principal objectives of
this 9 aper are:

1. To identify severe accident issues that have been
closed or are near completion.

2. To describe the major objectives and elements of the
long term SARP.

'

3. To describe how the SARP activities relate to the
Commission's policy, strategic goals, and other
activities associated with closure of severe accident
issues for existing plants as well as for evolutionary
and advanced light water reactors.

- C0;,T ACT : NOTE: TO i$E MADF PUBLICLY AVAILABLE
Farouk Elts'ila, RES IN 10 WORKING DAYS FROM Tile
492-3525 DATE OF TilIS PAPER

#= ~~.

[~,w, p .4, + .% -7

..

~ , gg.,

,

,

\0
| 149003
i

?



.- .,~ ,,- - - . - . . -. . -- .

.

:.-.

The Commissioners 2
'

4. To describe how the SARP activities relate to the
criteria for containment performance during er ere
accidents set forth in the draft Advanced N ' i .- for
Proposed Rulemakirg on Severe Accidents. ,

Additionally, as a result of recent attention diretied at
the MD COR code peer review and its findings (documented in
the LANL report LA-12240, March 1992) we have provided
separately, as Enclosure 1 to this paper, a summary of the

-

RES response to the significant conclusions of that review. -

Disposition of the peer review-recommendations along with
other MELCOR research activities are part of the SARP
nonetheless, and are also described in the overall plan.

SummarX: Since issuance of the revised SARP (NUREG-1365) in 1989,
significant progress h.s been achieved in a number of
research areas. This progress, together with the evolution
of research user needs related to advanced light _ water
reactors, has necessitated update of the SARP reflecting
those recent developments. This update co the SARP has been
discussed with the ACRS and the NSRRC before submission to
the Commission. Unless otherwise directed, the staff plans
to con +inue to implement this update to the SARP.

Backaround: For the past 12 years, the NRC has sponsored an active
research program on severe accidents in light water reactors
as part of a multifaceted approach to reactor safety. In
August 1985, the Commission issued a Severe Accident Policy
Statement (50 FR 32138) in which the Commission concluded
that, based on available information, existing plants posed
no undue risk to the public health and safety and that there
wos no present basis- for itmediate action for any regulatory
requirements for these plants related to severe accidents.
However, based on NRC- and industry experience with plant-
specific probabilistic risk assessments (PRAs), the
Commission was convinced of the need for both continuing
research on severe accidents and a systematic examination of
each. existing plant to identify any plant-specific
vulnerabilities to severe accidents. These systematic
examinations are now being accomplished under the Individual
Plant Examination (IPE) program.

In 1989, the staff revised the SARP to better focus the
research towards resolution of specific severe accident
issues of importance (i.e., those phenomena that could
result in early containment failure; in particular BWR Mark
I containment liner meltthrough, direct containment heating)

'

as well as to improve the effectiveness of the severe
accident code development program. It was also revised to

'

|

-- . _ . - . _ _ . . - ,. - _



-~ . . - - ._ _ . . . . .
_

,

4

.

The Commissioners -3-

.

support implementation of the staff's plan for closure of .
severe accident issues-in accordance with SECY-88-147. This
-revision was extensively reviewed both in-house, as well as
by our contractors, foreign users of the' codes, and-
oversight committees. This revision was documented in
NUREG-1365.

In addition to the Severe Accident Policy Jti ement
mentioned pr~ : ,tsly, the NRC has also issued other guidance

evere accidents. This guidance can be foundfor addressins ,

in: (1) the Policy Statement on Safety Goals for Operation-
of Nuclear Power Plants, (2)~ the Policy- Statement on Nutlear
Power Plant Standardization, (3) 10 CFR Part 52, and (4)
SECY-90-016 and its_ supplements.

Understanding severe accident phenomena and how they might-
affect plant performance should a severe accident occur is
necessary to allow the NRC to evaluate the extent to wri-h a
plant _has design features to both prevent severe accidenu
and to mitigate their consequences. The SARP is structured
tc provide that understanding.

Discussion: The purpose of this Commission paper is to describe how the
long-term SARP is designed to improve our understanding of
severe accidents and provide the technical. support to the
NRC staff to facilitate closure of the severe accident
issues described =in SECY-88-147 and SECY-90-016. In
developing this SARP update, the staff recognized that the-
nyerall goal is to achieve an adequate level of
understanding of severe accident-phenomena and to reduce the
uncertainties in predicting.these phenomena to the extent

-

practical, and- sufficient to enable the staff to make
regulatory decisions on severe accident issues. However,
the staff also recognized that for some issues it may not be -
practical to attempt to reduce uncertainties further, and
some regulatory decisions or conclusions _will: have to be .

made with full awareness of existing. uncertainties,-

The SARP plan _has produced valuable information, and the
level of knowledge has increased _such that regulatory ,

closure of some of the severe accident issues can be made.
Although regulatory closure can-be made, it will be made
-ith the knowledge thatLuncertainties in the phenomena

.ssociated with some of these highly complex issues still
remains high. Therefore, the NRC will centinue research on
these issues. -The level of effort will be commensurate with
the practical level of uncertainty reduction expected to be
achieved. -The level of effort will also take into
consideration the need to maintain of a level-of expertise

.- - -_ _
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within the NRC and-its research organizations to address
severe accident issues that may arise in the future.

Ma.ior SARP Accomplishments:

The issues that have been completed or are near completion
are: (1) the assessment of the probability of BWR Mark I
containment shell (liner) failure. This program addressed
the Mark 1 liner failure issue from a probabilistic basis
and concluded that without w'ter addition to the drywell,
liner failure was a near certainty, whereas with water
available to__ the drywell, such as via sprays, the
probability of liner failure was extremely low. A final
peer review will be conducted at the end of CY92 to
determine the appropriateness of the approach and
conclusions; the results of the final review will be
reflected in the IPE reviews for BWR plants with Mark I
containments; (2) the development of a severe accident
scaling methodology (SASM) to guide-the formulation-of
experimental programs and analytical methods has been
completed and published as NUREG/CR-5809; (3) the completion
of experimental and analytical research .on fission product

,

release and transport which culminated in the current staff
efforts to revise the TID-14844 source terms; (4) the

-

completion of current staff efforts to revise the
experimental and the analytical research on core concrete
interactions; (5) the completion of the experimental and
analytical research to evaluate static or dynamic loads from
hydrogen combustion or detonation at low temperature; and
(6) the near completion of the TMI-2 vessel investigat' ion-,

program to. investigate the condition and properties of
material extracted from the TPI-2 reactor pressure vessel
lower head, to determine the extent of lower headLdamage and
the structural integrity margin remaining in the pressure
vessel. These results will be used to perform scoping
analyses of potential reactor vessel failure modes.

Finally, there are two major areas of the SARP for which
suhtantial progress has been made over.the' past year:
direct containment heating and MELCOR code assessment and
validation. Using specific-insights and general guidance
from the SASM application to the direct containment heating
issue, the staff has developed a coordinated, peer-reviewed
pregram of prototypic integral tests (at different scales),
separate effects testing, and analytical methods development 1
and application to reactor analysis. Counterpart integral
testing of reactor designs similar to Zion have just
recently (M 1992) been completed at both 1/10th and-
1/40th scak at Sandia National Laboratories and Argonne.

.
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National Laboratory respectively, Preliminary analysis and
comparison of data shows good agrecrent between results at
dif ferent scales and also indicates reduced containment
loadings as a result of prototypic containment features
which act to mitigate the consequences of a high pressure
melt ejection. The focus of the DCH research program beyond
Ci92 will be on application of the general insights from the
program to resolve the DCH issue for the other types of
cavities and lower subcompartment configurations used in
U.S. PVRs or, as necessary identifying the need for testing
different designs.

As part of our SARP activities to develop and validate
severe accident snalysis computer codes, the staff undertook
a program to conduct a broad-based, in-depth rear review of
the MELCOR code. The peer review, documented in LA-12240,
March 1992, was performed to guide both code development and
validation activities. The recommendations of the peer
review committee have either already been addressed by code
modifications comp u ed since the peer review, or are
planned to be addressed, as appropriate, through corrective
actions and improvements within the next year.
Additionally, the staff has recently instituted the MELCOR
Cooperative Assessment Program to broaden the code
assessment base by including those voluntary efforts of the
code user community.

While we have completed the major research activities on the
hydrogen and fission product release research programs,

-residual research efforts on each of these programs are
still ongoing.

Hydrogen research to date has been limited to tests
involving hydrogen-air-steam mixtures under ambient or
relatively low (100 C) temperature conditions. While this
is sufficient for most severe accident analysis, conditions
can be postulated in which high temperature hydrogen-air-
steam mixtures can exist. We have entered into a joint

agreement for cooperative research with the Ministry of
International Trade and Industry of Japan and the Nuclear
Power Engineering Center (NUPEC) to conduct high-
temperature, high-speed combustion research at the ,

Brookhaven National Laboratory. This data is intended to
supplement the existing data base with information about
combustion phenomena at elevated temperatures. By the
nature of the cooperative agreement, this is a very cost-
beneficial program for the NRC.

- _ - _ - _ _ _ _ - _ _ _ _ _ _ _ - _ - - _ _ _ _ _ - _ __ __-
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With regard to fission product release research,.the recent
- French low power / shutdown PRA indicates thattrisk during
these conditions might be significant (i.e., of the same
order of magnitude as full power risk). The NRC-sponsored

- PRA to study low power / shutdown risk will be completed in
January-1993. It is believed that during a postulated' -

-

severe accident during plant shutdown conditions with the
reactor vessel head is removed, air might. ingress into the
overheated core, and could result in a larger release than
under air-starved conditions typical of severe accidents
that are postulated to occur at power. This program will be-
concluded shortly with the completion of air-rich test to
cover this portion of the severe accident spectrum.

Ma.ior SARP Onacina Activities

Over the next several years, SARP will- focus on two
phenomenological issues and on code development, validation
and assessment. While we expect to complete the major
severe accident experimental programs within the next 2 to 3
years, the development, validation and assessment of the
major severe accident codes (SCDAP/RELAP, CONTAIN, and

-
-

MELCOR) will continue to incorporate the results of
experimental data being generated worldwide:and to
incorporate recommendations from the 3eer reviews that will
periodically be performed to assess t1e adequacy of these
severe accident codes to perform the intended analyses, hie
major two phenomenological issues are: (1) core melt
progression; and (2) fuel-coolant interactions and debris .

coolability.

The core melt progression research impacts the containment
integrity issue. However, as described in the SARP update,
our-approach to assessing containment integrity is--focused
on the particular processes relevant to specific containment
challenges, assuming these processes can be adequately
characterized for the more likely severe accident sequences.
The benefits of the core melt progression phenomena research
will'be related primarily to reduced uncertainty in-risk
estimates, and improved understanding of the melt
progression phenomena. An additional benefit is related to
accident management, in particular the ALWR, where a better-
characterization of the core melt progression is needed to-
assess the efficacy of the measures proposed to arrest-the
core melt -accident within the vessel.

.

,-
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The fuel-coolant interactions and debris coolability-
_ j

j
research is focused to address issues of . interest-applicable
to the evolutionary LWR including the AP600 and SBWR. The- '

AP600 design incorporates a flooded cavity to' reduce the
likelihood of vessel failure, and, should the vessel fail,
to reduce the likelihood of core concrete interactions. The-

SBWR employs a' passive containment flooding. system to flood-
the drywell to a level above the top of the active-fuel and ~
is intended also to flood debris in the cavity following R

vessel failure 'to prevent core concrete . interactions.

In addition, the information from this SARP is useful to the
NRC in preparation of the Part 50 rule change addressing
severe accident criteria applicable to future LWRs. This-
rule change is the second phase of the-effort to decouple-
siting from plant design. Information on the following_
technical areas is expected to be useful for this rule
change: hydrogen control, melt progression, core debris ex-
vessel spreading and coolability, direct _ containment;
heating, fuel coolant interaction,'and containment bypass.
The research program is focused to provide the information
needed to assess particular plant features incorporated to

-prevent or mitigate the consequences of. severe accidents.

Coordination: We have discussed the SARP update with the Severe Accident
Subcommittee of the Advisory Committee.on Reactor Safeguards
on May 27, 1992. Due to the extensive scope of the SARP-
update, a second ACRS Severe Accident Subcommittee meeting
was held on June 25, 1992,- to cover the remaining issues of
the SARP update that were not covered during the May 27,
1992, meeting due_to time. limitations. In its letter to-

Chairmar, Selin dated August 18, 1992,-the Committee found
the updated SARP Plan described in draft NUREG 1365,
Revision 1, a noticeable-improvement over previousiplans
that they have revhwed. The Committee also-found the-plan
to be well written, the goals.and objectives of the
individual projects are more clearly stated than they.have
seen in:the past, and the descriptions of the proposed
research are generally clear and specific. Enclosure-11 to-

this SECY-paper addresses the specific recommendations in
the August. 18, 1992,_ACRS letter.

We have also discussed the-SARP update with the. Severe- '

' Accident Subcommittee of the Nuclear Safety:Research Review:
Committee (NSRRC) on June-2, 1992. In its letter dateo
August 11, 1992, from David Morrison,-Chairman, NSRRC to
Eric Beckjord,_ Director, Office of Nuclear Regulatory _
Research (Enclosure Ill), the Committee agreed with the
programs underway and endorsed the staff's use of' peer

.

.
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review to reach consensus and resolution of technical issue,

The NSRRC Committee also was impressed with the Office of-
~

Nuclear Regulatory Research management of the Severe-
Accident Research Program as reflected in the revisions to
NUREG-1365, the use of and response to peer reviews, and the
extensive international cooperative programs.

The report also has benefitted from reviews by researchers
doing work on severe accidents at the DOE National
Laboratories, from industry representatives, from members of
the academic research community and the Office of Nuclear
Reactor Regulation.

Resource
Commitment: In preparing this SARP update, the staff assumed a

relatively constant level of funding for the next four years
as projected in the Five Year Plan. While it is expected
that some issues will be closed, the funds originally
allocated to these issues will be redirected'to accelerate
closure of other issues or to address new issues identified
as a result of the staff review of ALWR design-specific
features to preclude or mitigate severe accidents. It

should be noted that the staff is leveraging its resources
by participating in international programs such as the FAR0
fuel-coolant interaction research being conducted in
collaboration with the Commission of European Communities
(CEC) at the Joint Research Center .in Ispra, Italy, the
PHEBUS fission product release and transport project
sponsored by Commissariat a l'Energie Atomique (CEA) and-
CEC, the THI-VIP program sponsored by the OECD Nuclear
Energy Agency, and the NUPEC-NRC bilateral agreement on'

high-temperature hydrogen combustion research. The NRC-is-

also deriving substantial benefits from.our cooperative
agreement on severe accident research with the Russian-
Academy of Sciences, in collaboration-with the Russian
Science Center (1.V. Kurchatov Institute). Specific
research being performed in Russia under this agreement
addresses the issues of hydrogen combustion and
distribution, in-vessel core-melt retention -and core
concrete interactions. These programs effectively -utilize
the considerable scientific experience and capabilities as-

-

wel_1 as the physical facilities of the Kurchatov Institute
to supplement our severe accident data base. This
international collaboration, in addition to obtaining-data
at modest costs without spending the large capital costs
associated with building and operating these facilities-

(e.g., $150M U.S. for the PHEBUS project), will enable the
staff to improve its understanding and reduce residual
uncertainties associated with severe accident-issues and

- . - . - .
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maintain the level of expertise needed to address issues
that may arise in the future.

The staff intends to advise the Commission periodically on
the SARP progress toward ac.hieving closure of severe
accident issues and the status of ongoing programs as part
of the semiannual update that is prepared to inform the
Commission of the status of the implementation plan for
closure of severe accident issues (SECY-88-147).

/

'
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for Operations

Enclosure I: MELCOR Review

Enclosure II: Staff's Response to ACRS
Letter dated August 18, 1992, from
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ENCLOSURE I

MELCOR REVIEW

(PEER REVIEW COMMENTS @ L STAFF ACTION)

In mid 1989 the MELCOR code was, for the first time, made available to the
general research community. It was with our full understanding of tne
incomplete state of the code that it was distributed. The code release
agreement required to be signed by prospective recipients explicitly stated
that the code was not complete, it is for precisely this reason that the code
was not placed in the public domsin via the National Energy Software Center.InPrior to this time the code was made available only to NRC contractors.
1989, however, we determined that a broadci release of the code, al'oeit
restricted, would be beneficial to the NRC for a variety of reasons.

Expanding the user base of a code accelerates identification of code problems
in that the number and type of analyses performed expands proportionately.
Feedback from a wider user community provides a mechanism for code assessment
without investment of staff resources. Critical review of existing models and
identification of important missing models is also promoted through the

in point of fact much of what is accomplished through peer reviewprocess,
can potentially be achieved through code user interactions.

It should be pointed out that for FY89 virtually all code development was-
halted while we sought to identify exactly what was needed to be done to
improve the code. The code developer (SNL) and other NRC contractors had
provided recommendations for code improvements but we were also interested
specifically in comments from a broader community.

The feedback from the user community was quite valuable and was passed along
to the peer review group. This crossflow of information between the user
community, NRC and the peer review committee in our view contributed to the
thoroughness of the code review.

Notwithstanding our electing to more widely disseminate the MELCOR code, we
submitted the code to an extensive formal peer review in mid 1990. The.
reasons for this decision include consideration of the extremely broad scope
of MELCOR calculations - from RCS thermal-hydraulics to offsite fission
product releases. As a result of this broad scope of the code's calculational
capability, a multi-disciplined review team is essential for such an -

It is RES policy to submit all major new codes to such a review.undertaking.
In part, this practice, at least for MELCOR, reflects recognition of the large
uncertainties surrounding severe accident phenomena. Uncertainty over
phenomenological behavior and differences of opinion between researchers
ultimately find their way into the discussion of code modeling. For example,

industry has postulated that corium may be cooled ex-vessel by providing a
The MELCORspecified spreading area (EPRI ALWR debris coolability criterion).

code was criticized by the peer review group for not having a model which
would simulate the behavior postulated by EPRI, when in fact there was
virtually no data until very recently (April 1992) which might support such a
model. In other instances work was already underway to address shortcomings
corroborated by the peer review (e.g., incorporation of models for DCH,
natural circulation, and ice condenser performance). It was our objective and
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intent to use the' peer review assessment to guide the future development of
MELCOR.

As identified in the SARP (Section 2.4) the NRC has adopted a tiered strategy
of code development wherein MELCOR represents the top or first tier, i.e.,

MELCOR is intended as a PRA code, its models are in many cases simplified with
parametric capability. This is a deliberate approach that was taken that
reflects the uncertainty of severe accident phenomena. Modelling approaches
for more classical calculations are also often based on simplified approaches
in order to make the code faster running or less unwieldy. It is not critical
at this stage that a full plant code be capable of calculating in a
mechanistic manner the behavior associated with severe accident phenomena; it
is more important that the code have the capability to calculate a range of
outcomes for phenomena which dominate plant response. In areas or
circumstances where more detailed calculations are of interest, the more
mechanistic codes such as VICTORIA (for fission product release, transport and
deposition), IFCI (for fuel coolant interactions) or CONTAIN (for containment
loads and fission product behavior) may be used. It is with this underlying
precept that the staff is evaluating the peer review comments and developing
plans for remedial actions.
The following is a summary of the disposition of those major peer review
recommendations.

MEtCOR Numerics: The Committee concluded that code numerics were a primary
source of concern regarding the technical adequacy of the code, and that
correction of the MELCOR numerics problems should be considered to be a high-
priority activity.

This issue was first brought to our attention early in 1991, by our contractor
at BNL and our international users at HSK in Switzerland. This information
was subsequently brought to the attention of the MELCOR peer review committee.
We agree with the recommendation of the peer review and in fact we redirected
SNL .in the summer of 1991, to devote resources to fix the numerics problems.

At this point we believe we have corrected the significant numerics problems
identified through the end of 1991. As we continue to benchmark and apply the
code, other issues will arise and indeed some new numerics problems _have been
identified which we are correcting.

Models Missina from NELCOR Version 1.8.1: The Committee concluded that models
for the following phenomena, not then currently modeled, should be given high
priority. The NRC and 'the code developers were already aware of each of these
needed models and had already initiated actions on some, and the committee was
aware of that. The committee's thorough review of the needs in'these areas
provided valuable corroboration of the importance of placing this work on high

We agree with the first three items and they were already plannedpriority.
for FY91 (which the committee learned about in their review), the_ remaining
issues are planned in FY92 and FY93.

. - -- ..- . .- - - -.
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PWR primary system natural circulation in components with' ,

o
countercurrent flows: We agree with.the need for natural. .l

circulation capability and a FY92 task addresses development of |
the capability to calculate in-vessel natural circulation. The i

existing hydrodynamics package in MELCOR can handle the primary ;

system natural circulation and it was thought at the time of |

scheduling the FY91 development work that it'could also handle the
steam generator natural circulation. An assessment task had.been ,

scheduled to compare MELCOR results with the FLECHT-SEASET test |
results which would demonstrate that capability. However,

'

difficulty developed with fluid crossover at the top of'the steam
generator tubes. Subsequently, a correction was scheduled for
FY92 to rectify the problem. That work is now nearly complete and
will be finished this fiscal year.

High-pressure melt ejection and direct containment heating: Weo
agreed with the committee and had already scheduled the
incorporation of a model for DCH in FY91-92. Thi, work was

completed in April 1992.

o Ice condenser: We agreed with the need for this capability and
had already scheduled the work for FY91. It was completed in FY91
and is now scheduled for technical assessment in FY92 using data
from a PNL ice condenser test series,

Non-explosive interactions between debris and water: We agreeo
with the need far providing heat transfer from debris to water as
the core debris relocates from the core region to form a debris
bed in the lower plenum of the reactor vessel. As such we have
scheduled work which will be completed this fiscal year. We also
agree that it would be desirable to model the heat transfer from a
debris bed formed below the reactor vessel and the contractor has
been asked to consider this in FY92, but no specific model has
been decided upon at this time and resources are not yet
identified to add this capability. Under the ACE consortium, a
analysis group is being formed to develop models for debris
coolability,

o Fission product vapor scrubbing: We agree that it would be
desirable to add fission product vapor scrubbing capability into
MELCOR and this is anticipated for FY93. This capabiiity might be
in the form of a user specified DF that is supported by-
experimental data.

Additional reactor coolant system fission product depositiono
processes,.and

o fission product. reactions with surfaces: There may be some
enhancement to the accuracy of the calculated MELCOR source terms
by inclusion of certain models to handle these effects and the
contractor has been asked to make a recommendation to the NRC on
this in FY92. Depending on the recommendation and the anticipated

~ - - .
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measure of improvement to MELCOR, a decision will be made in late
FY92 as to the resolution of this concern. Consideration is being
given to parametric treatment of the phenomena.

Existina MELC0k Models Needina Revision: The Committee's review of the MELCOR
phenomenological packages identified individual models that were of concern.
The Committee considered which models should receive priority attention using
as screening criteria: (1) the time of containment failure, and (2) the
magnitude of the source term. The Committee recommended the following items
be given the highest priority among models needing upgrading. The first three
items were already planned for the FY91 or FY92 workscope (which the committee
learned about in their review) and the last item should be addressed within a
year,

An evaluation should be made to determine whether the watero
condensation / evaporation model used in the Hydrodynamic Behavior
Package is implemented adequately: Concurrent with the
recommendation to evaluate this model, an assessment task was
being pursued at SNL using the data from the LACE LA4 experiments.
That assessment did in fact cover the behavior of aerosols in a
condensing environment and there were a series of sensitivity
studies performed with the code to compare with the data. The

implementation of the model of concern tn the peer reviewers was
Thethus checked-out and the performance of MELCOR was confirmed.

results of this work, however, were not reflected in the peer
review report. The report on the assessment (SAND-91-1532) was
printed and released in September 1991,

inconsistencies in treatment of chemical reactions between CORCONo
and VANESA should be resolved, and improvements should be made to
the CORCON/ MOD 2 phase diagrams: We agree with the peer reviewers
and have scheduled an upgrade to the MELCOR CORCON (and VANESA) |

modeling which will involve implementation of the proposed CORCON
M003. This will provide improvements to the phase diagrams and
remove the inconsistencies in chemical modeling.

The model for condensation in containment (mass transfer) shouldo
be revised: We agree to consider revising the model for
condensation in the presence of noncondensibles. However, we are
still investigating the need for this revision, including
following-up discussions with the peer reviewers to assure we have
a detailed understanding of the perceived model shortcomings and
the potential for improvement. Assuming the proposed improvements
will have a significant enhancement for the MELCOR capabilities,
the model will be implemented in FY93.

The pool scrubbing model should be improved: According to ore set
o

of calculations done at BNL, the pool scrubbing model in MELCOR
cal:ulates decontamination factars that are quite low when
compared witn the results of an earlier code, even' though the
MELCOR model was largely derived from the previously available
model. As stated in the peer review report, there may be an

._.
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implementation error in MELCOR, although any such error has not
been located. We anticipate that an additional- assessment- effort
on this question as a part of our expanded MELCOR assessment will
provide further clarification on the decontamination facters.
When this has been completed (likely within 'the next year) we can
better address whether changes need to be made in MELCOR.

,

Need for Exoanded MELCOR Assessment: The Committee had concluded that the
ability of MELCOR to calculate severe accident phenomena was not sufficiently
demonstrated. Such a demonstration would be based on a documented collection
of (1) sensitivity studies, (2) benchmarking activities using experimental
data, and (3) code-to-code assessments. The Committee concluded that an
expanded assessment program should be pursued at a high priority. The NRC

agrees with the need for code assessment and validation but has limited the
number of assessment calculations until the numerics issue is resolved in
order not to waste efforts in using the uncorrected code.

In addition, we are in the process of initiating an international cooperative
effort for technical assessment of the MELCOR code, the MELCOR Code Assessmen:
Program (MCAP). The objective is to accelerate the technical assessment,
consistent with the peer reviewers comments, by employing the expertise of
many of the code users both inside and outside the U.S. Thus, many cases can

be run in a shorter time. This will also allow expansion of the user
community and at the same time improve the understandings and abilities of'the
users to run the MELCOR code,

pocumentation: The peer review committee found the body of existing MELCOR-
documentation represented a significant and positive accomplishment. However,

the Committee was concerned about several aspects of the documentation. With
respect to the code reference manual, it determined that the level of detail
was less than desired and recommended that careful consideration be given to
producing a MELCOR-equivalent of the "Models and Correlations" document
prepared for the various NRC-sponsored thermal-hydraulics codes. With respec:
to the code user guides, the Committee recommended.that a structured and
ongoing process of collecting, documenting, and distributing practical user
guidel.ines to the MELCOR user community be developed and executed.

While it appears that some improvements to the MELCOR documentation are
warranted, a balance must be achieved between comprehensive, but unwieldy,
documentation that is suited for critical review of the code and limited
documentation suitable for' general users. A new set of documentation
equivalent to the TRAC code "Models and Correlations" document would be highij

.

resource intensive and somewhat duplicative of information already available
in the manuals. Nevertheless, ;ome resources are directed, primarily in FY91.
to upgrade reference manuals to cover the most critical needs. Further,-

development of a practical user guidebook for MELCOR will involve a small
multi-year effort as insights from user applications are assembled and as-thsy
become available on a periodic basis. We expect to have input to this from
the MCAP.'

.
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ENCLOSURE 11

Resoonse to ACRS Comments
letter to Chairman Selin dated Auaust 18. 1992.

" Subject: Severe Accident Research Procram Plan"

Mark 1 Liner Failure

The ACRS raised a valid concern about the ex-vessel steam explosion in the
event that water is present on the containment floor prior to vessel failure
and debris relocation. Our preliminary investigation of this issue indicates
that steam-explosion-induced containment failure is not possible. We intend
to discuss this and provide the basis'for this conclusion in the final closure
report of the Mark I-liner failure issue.

Regarding the comment on plausible later containment failure as first
identified-by Dr. S. Hodge of ORNL, we would like to point out that the
NUREG/CR-5423 document considers two possible melt release scenarios that nave-
been judged by the peer reviewers to provide a reasonably conservative
envelope of melt release, zirconium content, and melt superheat for the Mark I
liner analysis. Dr. Hodge's letter indicates that in the long term (beyond 12
hours after vessel breach), the rest of the core and structural debris will be.
drained from-the reactor vessel, and debris height will rise above the water
level leading ultimately to failure of the liner on a long term basis '(i.e.,

We considerduration longer than considered in the NUREG/CR-5423 document).
those conditions to be beyond the scope of the study which was to examine theAll otherlikelihood of early containment failure by liner thermal failure.
failuru modes, e.g., overpressurization by noncondensable gas generation or
steam generation, are to be addressed by utilities in the conduct of the IPEs
(SECY-090-023). Finally, we fully concur with the ACRS conclusion that
further work on the Mark I liner failure issue is not warranted.

Chemical Form of lodine Released to Containment

The ACRS questioned how the results of the recently completed work on the
chemical form of iodine released into-the. containment (NUREG/CR-5752) will
influence calculated risk of existing plants or how the information will be
used in the review of the IPts. The-0RNL information that the-major form
(95%) of iodine released into containment will be Csl, a particulate, has

i already been included in the severe accident analyses used'by licensees in
evaluating the backend, or level 2, of the IPEs. These analyses have included
those performed with RAAP, and STCP (through analyses for NUREG-IIS0). The|. ORNL information that the remaining 5% of the iodine will be HI and I, is not

l included in any code. However, the search for containment failure
L vulnerabilities by the IPE process is not expected to be influenced by the

omission from the codes of this ORNL level of volatile content, because the,

l

effect on the release of iodine. is small (Section 4.13 of NUREG-0956,
" Reassessment of the. Technical Bases for Estimating Source Terms", July > 1986).
Therefore, the presence of the remaining 5% both volatile and particulate
forms of iodine is not likely to change the estimated level of risk at current

It also may not allow elimination of equipment such as charcoalpl ants .
filters (whose design was bcsed on 95% volatile iodine), but might allow.

~
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reduction in some such equipment. This will be considered in the context of
10 [fB Part 50 changes.

Direct Containment Heatina

The ACRS noted that-in many of the PWR PRAs, including two of those treated in
NUREG-1150, containment hy-pass is the risk-dominant failure mode, and DCH
issue resolution will not have a significant effect on the estimated risk or
on risk uncertainty for these plants. While we agree with the ACRS comments,
it is worth mentioning that the by-pass accident is risk dominant not because-
it is frequency dominant, but because the consequences are calculated to be

The reason the consequences are high is that the codes that werehigh.
available, when the NUREG-1150 study was undertaken, for analyzing by-pass-
sequences had a conservative description of the aerosol behavior that takes
place as aerosols are transported through the break in the by-pass sequences,
be it through the check valves in the V-sequence or the steam generator tubes

When more realistic aerosol physics are taken into accountin SGTR accidents.
in these analyses, the magnitude of the radionuclide release will be reduced.
Since the issuance of NUREG-ll50, NRC has developed the VICTORIA code to
obtain a more realistic estimate of the radionuclide releases associated with
by-pass accidents. Most likely, the results from such analyses may show that
the risk associated with by-pass accidents is smaller. Absent identification
of the dominant accident sequences for.all operating plants, technical
resolution of DCH is needed; and as the ACRS indicated, resolution of the DCH '

Hsue appears to be within reach.

Hydrocen

The Committee has some concerns regarding the effects of hydrogen detonations
on AP600 containment and other issues related to hydrogen distribution and
control. It should be noted that our presentation was focused on the-research
program that is being carried out by the Office of Nuclear Regulatory Research
and did not address any plant-specific analysis, particularly the AP600 where
the staff review had not been formally _ initiated. .The' following section
presents our response to specific ACRS concerns on hydrogen.

Detonation Loading

The problem of structural loading due to detonations has to be considered in
view of the very low likelihood associated with these events. Detonation of-
the entire hydrogen content of the containment structure is a very unlikely
event since it-is very difficult to initiate _a detonation in the hydrogen-air-

| steam mixtures expected within the main containment volume under severe
accident conditions. Since the consequences of detonation may be severe, and
detailed plant specific loading and structural analysis are often required,
our research.has emphasized the formulation of criteria for initiating and
. sustaining detonations so measures can be taken to eliminate them rather than
analyzing their consequences.

- _ - _ _ _ _ _ , _
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The NRC is aware of the possibility of shock and detonation reflections within
the containment, and previous NRC-sponsored studies (NUREG/CR-3719, NUREG/CR-
1762) on detonation propagation have_ included the effects of shock and

-detonation diffraction within the complex geometry of an ice-condenser plant
Although the detonations were. initiated with aand.a generic BWR design.

simple spherical or planar shape, the resulting wave pattern naturally evolves =
into a complex shape due to the interaction of wave with~the containment.
These two-dimensional computations have demonstrated that wave _ reflection and
interaction _ processes can generate pressures up to 80 bars. However, these

pressures are very localized in space, very short in duration, and depend
strongly on the initiation location and geometry of the containment. Clearly,
characterizing localized loads is a formidable problem for generic severe
accident analysis. .-

Given the intrinsic uncertainties in accident analyses, the benefits of three-
dimensional computations are dubious. Even more important than a highly
refined gas-dynamic analysis is a detailed structural analysis. In order to
understand the consequences of these transient and localized loads, detailed
structural response computations must be carried out in addition to the gas-
dynamic simulation of the detonation itself. Such structural responso
computations have not been done in our evaluations for either existing or
proposed plants to our knowledge.

No specific cetonation studies have been carried out on the AP600
configuration, but the current NRC research program on hydrogen combustion is
examining the generic issue of detonation and detonation loads on structures. .
If accident sequences that are associated with a significant detonation hazard
are identified, then plant-specific analyses could be carried out.

Plant-Specific Issues

The distribution of hydrogen, the location of igniters, the effectiveness of
igniters in various atmospheres, and the role of passive cooling systems in
producing localized concentrations of hydrogen are all plant-specific issues
that will be examined through the certification review process. Extensive
prior work on deliberate ignition systems (EPRI NP-3878, NUREG/CR-4138,
NUREG/CR-2486, NUREG/CR-3468, NUREG/CR-3273)~has demonstrated that under the
conditions of severe accidents in the- AP600, igniters will be effective unless
the mixture is inert. As mentioned subsequently, the only exception is the

-

possibility of a local explosion due to flame acceleration or transient jet
initiation.

'

Enhancement of the hydrogen concentration by the heat removal system is
Acertainly an issue and should be examined as part of the review process.

similar issue was identified and studied for the Sequoyah ice-condenser plant
(NUREG/CR-1762).

The effect of hydrogen concentration on heat removal is also
an issue that will be examined as rart of the review process.
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How Likely is a Detonation?

The likelihood of a detonation depends strongly on the mixture composition,
temperature, and pressure. Further, the source and type of ignition and the
degree of confinement by the compartment or containment play important roles.-
These issues have been extensively examined in the last decade (NUREG/CR-5525,
NUREG/CR-5275,NUREG/CR-4961,NUREG/CR-4905).

For typical severe accident conditions with a uniform overall hydrogen
concentration of approximately 10%, a detonation will be very difficult to
initiate or propagate as a result of steam dilution even in the absence of
igniters. The on.y credible mechanism for initiation is through transition to
detonation caused by a hot turbulent jet or an accelerating flame. However,

even this mechanism is unlikely to result in a detonation in a lean, steam-
diluted atmosphere. A local region of the containment that is rich in
hydrogen and/or with a low concentration of steam might undergo a detonation-
like event (local explosion). The possibility of the existence of such
regions-will be a subject of the certification review. The current NRC
research program is examining the issue of local explosions and the initiation
of detonations by jet flames.

Fuel-Coolant Interactions

On the issue of fuel-coolant interactions (FCI), the Committee questioned
whether the information produced from the small programs supported by the NRC
will resolve the issue. We are aware that previous attempts to resolve this
highly complex issue were tinged with controversy, but we are optimistic that
the NRC FCI research program, will address the fundamental aspects of the FCI
issue and will result in a regulatory closure of this issue. Our-approach is
consistent with the recommendation of the Steam Explosion Review Group
(NUREG-1116), which indicated that the conditional probability of a-mode .

failure is small and recommended additional work on the amount of fuel-coolant
mixing and the explosion yield. The model that will be used for closure of
the FCI issue is characterized by the precept that, except for the quantity of
the melt and core support plate failure area, all parameters are related, and
the sequence of events is represented as combinations of-causal relationships.
Each causal relationship can be dealt with on its own, allowing experts to
continue refining respective portions independently of each other. Four
efforts are currently underway to refine understanding of these causal

The first [at the University of California, Santa Barbararelationships.
(UCSB)] is to examine the interface-transfer laws in three-phase systems, with
one phase in film boiling. The second effort, also at UCSB, is to examine the-
integral aspects of the premixing process with emphasis on the performance _of
the three-fluid modeling approach. The third effort, at the University of
Wisconsin, addresses the thermal-energy-to-mechanical-energy conversion to
ensure that no major uncertainties due to scale-up are ignored. Finally, the-
fourth effort conducted at the FARO facility in Ispra is- to study the fuel.
break-up phenomena during premixing and to quantify the steam and hydrogen
generation rates. Results of the first effort have been reported at the 1992
National Heat Transfer Conference, San Diego; the second effort is near
completion and will be published soon. The thf effort is ongoing and
preliminary results will become available in early 1993. For the fourth

r w
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effort, the FAR0 experiment, to be carried out in early 1993, will provide
The recently completed NRC program at UCSBdata adequate for that purpose.

(the second effort) is already revealing some promising results (e.g., the key
hypothesis in previous quantification of steam-explosion-induced containment
failure was the depletion of the liquid coolant in the explosion zone). This
water depletion phenomena seems to be firmly established based on the results
from UCSB. We intend to have a peer review of the new information prior to
pursuing the need for additional major research in this area.

In-Vessel Core-Melt Proaression

The ACRS suggested "that the models that result from {in-vessel core-melt
progression research] should be taken as representing only one possible severe
accident progression. Future severe accidents, if they occur, may take as
unexpected a course as those few that we have experienced. Thus predictions
of their course and consequences with models based on limited past experience
may be misleading." The ACRS also asked "how typical is the TMI-2 accident,
even for a PWR, and how well is it understood?"

The melt-progression research is directed toward application over a broad
rang' of severe accident conditions. A major part of the research is to
dett mine the range of applicability of the blocked core-melt-progression
phensmenology of the TMI-2 accident, which appears to be large, and to provide
a technical basis for the more general application of this phenomenology.
Apparently these considerations were not made clear in the melt-progression
presentation at the Severe Accident Subcommittee meeting.

The core conditions found in the TMI-2 core examination are consistent with
the behavior observed in essentially all the integral core-degradation tests
that had been performed in the tests in PBF and ACRR, in tne LOFT FP-2 test,
and in the German CORA ex-reactor tests. These results wero all for the " wet
core" conditions of coolant boildown, and not for the " dry core" conditions
resulting from the depressurization blowdown in U.S. BWRs. This obs1rved
behavior was the melting, relocation, and frcezing of the unoxidized metallic
zircaloy and control rod materials in the process of producing a core-blockage
across the fuel rod stubs.

The development of this blocked core sequence in essentially all of the wet
core integral tests indicates that this sequence has general applicability in
unrecovered as well as reflooded accidents. However, there are two major
questions on the range and the details of the applicability of these
phenomenological results of TMI-2 to severe accidents in general. The first
question is related to dry core conditions, following 'he actuation of the
automatic depressurization system. It has been hypothesized that for BWRs,
metallic melt will drain to the lower head rather than form a core blockage as
happened in TMI-2. However, whether or not this actually occurs is uncertain.
The second question relates to the threshold and the location of meltthrough
of the pool-supporting crust system in a blocked core sequence. Two major

experiments in the melt-progression research and associated modeling program
are directed at obtaining phenomenological information on these two questions
for application to the broad range of severe accident sequences (unrecovered
and reflooded), in addition to the TMI-2 accident sequence itself.

- .. ._
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The ACRS also commented that .it " believed that additional fundamental separate
effects experimt.nts are needed to better define the crusting behavior and the
thermal hydraulics associated with molten pool conditions." - As d m.ussed in
the SARP update, we will thoroughlf peer review the melt progression program
in light of the results that will M obtained this fall from the ongoing
experimental program. Based on the results of the peer review, we will

_

determine whether or not additional experiments are needed to reduce the
uncertainties in late phase melt progression any further. The ACRS

recommendations will be presented to the peer reviewers.

Lower Head failure Analysis

The 'ACRS commented that " lower head failure analysis (NUREG/CR-5642) of the
THI-2 vessel should be of considerable value if it can be shown that what
happened there has general applicability." As a point of clarification, the
objective of the work reported in NUREG/CR-5642 is to present generic models
of reactor vessel lower head failure analyses for the full range of reactor
vessel designs presently used in the U.S. commercial nuclear power plants and
for a wide range of corium melt compositions and characteristics. These

models are being applied in the THI-2 Vessel Investigation Project (VIP) to
analyze tne TMI-2 reactor vessel margin to failure. A separate report on the
TMI-2 analysis will be issued at the completion of the VIP.

The ACRS suggested that further attention be given to "the uncertainties or
the contributors to uncertainty in the results-of the lower head failure

Several peer reviewers of draft NUREG/CR-5642 also felt thatanalysis."
additional work was needed to address uncertainties in modeling assumptions.
We agree with these comments, and the final report.will be revised to clearly
discuss the assumptions, range of applicability, and uncertainties in each of
the failure models and how these uncertainties affect model predictions.

As was stated in the ACRS letter, "it was reported to us that SCDAP/RELAPS
still does not provide a good estimate of lower head temperatu_re rise (during
a severe accident)." Because of the lack of sufficient experimental data,
severe accident codes, including SCDAP/RELAP5, have not been validated for the
late phase of core melt progression-(i.e., ceramic material melting and
relocation, blockage formation and meltthrough, melt release from the core to
the lower plenum). These-late phase melt-progression phenomena play a vital
role in estimating the lower head temperature rise and the mode and timing of
vessel failure. Section 2.2 of NUREG-1365, Revision 1, discusses NRC's
planned ex-reactor and melt-progression-experiments that will provide improved
understanding of core blockage vs. melt-drainage behavior, and metallic and
ceramic crust behavior, respectively. Results of these experiments will be
used for further assessment and validation of SCDAP/RELAP5 and MELCOR, which
should in _ turn-lead to improved estimates of the THI-2 accident.

Review of Severe Accident Codes

With regard to the ACRS question on the staff plans to use MELCOR in
evaluating IPE results, there are no specific plans to use MELCOR in the
review of IPEs. In general, the review of IPEs has been focusing on a review
of the process used by the licensee, to assure that the process would be

t
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capable of. meeting the.objectises of Generic Letter 88-20.- The level-_of-
review planned to-accomplish this purpose is discussed in Appendix D to
NUREG-1335, " Individual Plant- Examination: Submittal Guidance." - The staff
is, however, considering whether audit-calculations with MELCOR would be
desirable;for-some IPE. in the future, if any important discrepancies remain-

-in MELCOR at-that-time, cautions explicitly addressing those discrepancies
would be provided to the IPE reviewers.

The ACRS recommended that the RES staff should consider the development of
procedures to make it less likely that significant problems would exist at
an advanced stage of a code's development. We agree with this comment and
have taken steps to improve the process-for making-modeling improvements to
severe accident codes. The NRC has put a contract in place to provide an
independent assessment and evaluation of models that are proposed for
implementation in severe accident codes. The evaluations will be carried-

fout by a panel of three experts know'edgeable in phenomena.related to the
proposed models. The panel will provide an independent assessment of
proposed modeling capabilities, limitations, and adequacy.of the models.
The panel's report will recommend whether the models under consideration
should or should not be implemented in given severe accident codes, or will
recommend alternative models for implementation in the same code.
Performing an independent review prior to making modifications to a code
will provide means to improve code development activities and -avoid
problems in the future.

The ACRS was also " concerned that the modeling of parts of the severe
accident sequence, which the code [SCDAP/RELAP5) treats, are said to be
based on bounding models rather than on best estimates. This could lead to
generation of misinformation ... " In response to this comment, all of the
late phase models, with one notable exception, in SCDAP/RELAP5 should be

*

considered best estimate models in that they reflect to the best of our
ability what is shown by severe accident experiments or the TMI-2 accident.
In those-limited instances where user input can have a significant
influence on the treatment of: phenomena, default values are included in the
code that reflect the best judgement of the values to be used. These input
options are necessary in some cases because understanding of the phenomena
is not sufficient to force a single value for all ranges of conditions. As
our knowledge base improves, ultimately these user input options should be
eliminated except where necessary to perform uncertainty analysis.

As for the one notable exception where a bounding model is used,
SCDAP/RELAP5 does not have a best estimate model for the interactions
between the-melt, structures, and water as melt relocates from the molten
pool to the lower plenum. As discussed earlier under the:FCI section, we
intend to have a peer review of the new information generated from that

-

research program. At that point, an FCI best estimate model will t
recommended for incorporation in the severe accident _ codes.

It is our recommendation that the results of calculations performed for the
lato phase behavior should be treated with caution since there are very
little data to perform quantitative code assessment results for these-
conditions.

|
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Use of Risk Analysis in the Plannina of Severe Accident Research
~

The ACRS stated that it is not convinced that enough attent|on-is being
,

.

given|to the results of risk analysis in the planning of severe accident
research. The ACRS also stated that although,there are somuho would
argue that the risk is already sufficiently low % additional research is

The ACRFnot warranted, the ACRS has not yet reached that conclusion.
-

would like to see more evidence that the choice of research areas- and the
approach to the research is made with risk reduction as a principal focus. ,

We agree with the ACRS that the areas of research and the research approach
should be mada with risk reduction as a principal focus, By way of
background, the thrust-of the SARP, up to the time NUREG-1365 was issued in
1989, was to establish and refine the technical and scientific base of
knowledge in the areas of severe accident phenomenology-and to reduce the
uncertainties in this knowledge base _ and the risk assessment that depends
on it, NUREG-ll50 was initiated so that risk-perspectives deriving from
this improved knowledge base could be ascertained. In 1989, the staff
identified an integrated program to bring severe accident regulatory issues
to closure, and the direction of the SARP was shifted to focus on the
issues that contribute significantly to risk, i.e., those accident

scenarios that could it ad to early containment failure. At that time, the

first draft of NUREG-llo0 identified Mark I liner melt through and direct
containment heating issues as the dominant risk contributors and identified
the source term uncertainties and core melt progression uncertainties as
the leading uncertainties in the overall risk for tbse plants analyzed.
Through the focusing of the research program, and the resultant improved
knowledge, the final NUREG-ll50 concluded that some of the issues that were
found to be risk dominant at the time the draft report was issued were no
longer dominant risk contributors, e.g., direct containment heating (DCH)
for the five plants studied. Although we accept this conclusion and have
factored it in our research planning and issue resolution, it was
inappropriate to terminate research based on those results for three

(1) in many cases, NUREG-1150 relied on expert judgement toreasons:
estimate the-uncertainty ranges associated with a variety of issues. It

was necessary to examine the importance of each issue as well as the
underlying basis for the expert judgement to determine if more information

- was needed to reach regulatory closure, (2) the single-valued importances
usually presented in PRAs are generally based on the contribution to the
calculated mean value of the risk, However, the entire distribution must

- be considered, since the predicted risk is very sensitive to variations in '

the tails of certain distributions, and (3) results can be very plant-
. specific and the issue might be a dominant risk contributor for other
plants. Therefore, technical understanding of an issue may need to be
mproved if we are to resolve the issue for other plants. For example, the

reduced risk from DCH f_or thefZion and Surry plants as reported'in the.
final NUREG-1150 report:was based on research results which indicated that
there is high likelihood that-the primary system will be depressurized at
time of vessel breach. Depressurization analyses and the code used for
these analyses were the results of the ongoing work on core melt
progression and natural circulation during severe accidents. However,.
because of.the different types of accident sequences that may be dominant

,- - . .- - -- - _ _ _ . _ _ -
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from plant to plant, and design differences that affect system response to
severe accidents, we cannot conclude that for all plants and'for all
accident conditions, the RPV will be depressurized with a high degree of

Therefore, we also performed research to understand better thecertainty.
loads associated with DCH for those situations where high pressure melt
ejection could not be pre::1uded. Final resolution of the DCH issue will
take into account the results of analyses of the potential for
unintentional depressurization and the magnitude of the containment load
should DCH occur if the RCS remains at the high pressure (and the
uncertainties in these analyses). In addition to the large variation of
accident scenarios, the situation is aggravated further by the fact that
there are at least 14 different containment configurations that can have an
impact on the magnitude of DCH loads. Therefore, general understanding of
mechanisms that can enhance or mitigate DCH are needed, and the
significance of the uncertainties associated with these analyses, relative
to the overall uncertainties in the risk estimates, must be considered.
That is the focus of the DCH research program. In summary, risk results
are key to our planning and we are focusing our research on those areas
that can directly influence our current understanding of risk and risk
uncertainty.

Closina Comments

We agree with the Committee's recommendation for better communication among
the various units working on parts of a larger problem, but we did not
intend to leave any impression that there is a lack of communication. For

example, while it is true that the direct containment heating (DCH)
research is being managed by the Accident Evaluation Branch (AEB), Division
of Systems Research, the overall direct containment heating issue '

resolution takes into account the probability of the initiating events
(Probabilistic and Risk Analysis Branch, Division of Safety Issue
Resolution), the probability of the RCS remaining at high pressure at time
of vessel failure (Reactor and Plant Systems Branch, Division of Systems
Research), the magnitude of the loads associated with high pressure melt-
ejection (AEB), and the structural capability of the containment
(Structural & Seismic Engineering Branch, Division of- Engineering). The

staff is familiar with the work done outside their individual branche's.
Research results generated in all of these branches that are relevant to
DCH issue are being usea by the staff to resolve the DCH issue.
Furthermore, we work closely with the Division of Systems Technology of NRR
to keep the appropriate branches and people there well informed on the
directions, results and implications of SARP programs. Our presentation to
the ACRS did not include either presentations by these individual br.nches,
or a presentation which explicitly described the integral nature of or

We will emphasize these relationships in future presentations onprogram.
the severe accident program.
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8 Nuclear Safety Research Review Committee
j Washington. D.C, 20555

.....
11 August 1992

Mr. Eric S. Beckjord
Director
Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington,DC 20555

Dear Mr. Beckjord:

Enclosed please find a copy of a report of the review of the "Sevem Accident
Research Prognm Plan Update," Draft NUREG 1365, Revision 1, that was prepared by
NSRRC's Severe Accident (SA) Subcommittee based upon its meeting on June 2-3,
1992. The S A Subcommittee's report was reviewed by the members of the NSRRC and
was discussed by a quorum of the members in a telephone conference call on
August 10,1992. Members participating in the telephone conference call were David
Morrison, Herbert Isbin, Thomas Beulette, Spencer Bush, Sol Burstein, Edwin Kintner,
Fred Molz, and Richard Vogel. The Committee concurs with the findings and
recommendations made by the SA Subcommittee and submits the Subcommittee's
report verbatim to you as a report of the Committee.

If you have any questions on this NSRRC report, please contact Dr. Herbert Isbin
or me.

Sincer,ely,

f.
5W ./ .ryc W

David L. Morrison
Chairman
Nuclear Safety Research Review Committee

DLM/sje
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REVIEW OF THE '' SEVERE ACCIDENT-RKBEARCH PROGRAM PLAN UPDATE"
Draf t NUREG-1385, Revision 1

Tho Severo Accident (S.1) Subcommittoo aubmits the followhg report for approval by
ths Huoloar Safoty Rcocarch Review Committee (NSBRC). * *

The Severc Accident HSRRC Subcommittee mot with NEC RES on June 2.1892, to review
NOREG-1365, Revision 1. Procontations were mada covering the 11 mm.}or SA lanuos,
cnd the discuanions served to provide additional clarification and input, including i

c aign. ment of prioritloa, the budgets for FY 1192 and the eo.)ected FY 1903, |
milestones, and unor identitioation. Also included were new re , arch resulto, and i
brintings of peer reviews. The current otatus of the NRC review of MAAP was given. |
Tha Committee has in prior nestings reviowed the process of idenrRination of HRC l

needs and requirementa for research, and in the ccurse of the Bubcommittee*a
diccussions, recognition was made tuat as the various research programa progrees
thSt there may be other potential usera of the research findings. The Subcommittee
recommanda that RES uce the most effective meana for including the additional
information provided to the Subomalttee, along with other suggestions being made
in this report,in updating the SARP report or in futuro Five-Year Plans which might
well alMnate the need for the periodic reviaions to NUREG-1305. The Subcommittee
recognizes that RES~o ronponna to this report also represente an appropriate way
to document additions, clarificationa, and improvementa in the Sovere Accident
R;aOarch Program.

| The priorJtino nonigned to the 11 major SA locues are noted ae follown:

Righ Priority
' Closure of Mark I Liner Failure

Closure of Direct Containment Heating (DCH)
Advanced Light Water Reautora
Severe Accident Coden

Medium Priority
Fuel-Coolant Interactions and Debria Coolability
Core Malt Progrannion and Ilydrogen Generat. ion
Hydrogen Transport and Combustion

Iasuen Almont Complete and Continuing Studiec Conr.idorod
Confirmatory including International Work

Scaling
Source Term
THI-2 Vossal Investigation Pro.)ect,

! core-concrete Interaction (with refinemente
| to the CORCOH-MOD 3 code and continuation

of validation)

Tha SA Sub::ommittee conoura with RES on the general onlering of prioritico and on'

tho programs underwav. Ronulto of these research programa are applicable to
| operating p3Anta, updating the source term, go serio rulemaking involving nevere
!
,

|
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ccchienta, probahL11ty risk acacasmente, and reoolution of generic safety leauca.

The SA Subcommittee also noten its concurrence with the goals of SARP:

"... complete all the major severe accident experimental
programs within the next 2 to 3 years"

and
"... closure of all severe accident issues ... in 4 years"

For termination of a research activity, RES augmented the SARP report on criteria
for closure with discussion of how judgments are to be used for regulatory closureThe Subcommitteeof an innue, and what specifically la needed to close an issue.
recommendo that the SARP report reflect additionally the comments made by the RESCommittee meetings in the past have conaideredDeputy Office Director on clonure.
this matter, and the Committee would like to be involved for such specific actions
in the future. Further, the Committee takes note of the recent memos involving the15, 1992, renponse
June 3,1992, Comnianioner F. Remick to E. Beckjord, and the June
"Clocure of Research Projects and Maintenance of Capabilitien".

RES's use of peer reviews to reach consensus and resolution of technical laaues
provides an open procean for experts to interact with the ongoing researchAdditionally, theThe Subcommittee otrongly endorses this activity.
Subcommittee otrongly endoraes the various international and cooperative research
programs.

Not only do such international programa provido partnera inprograms underway.
charing costs, but provide a broader technical base for ensuring more effectiveSevere accident codesresearch and enhanced safety of nuclear plants worldwide.
are being used also en an international baals. For example, MELCOR involves usersin a newly organized MELCOR Cooperative
(both domeatic and international)The Subcommittee recognizes the continuing need forAcaesament Program, MCAP.
research involving ongoing code improvements, and the need for the current andUsers of codes as well asplanned annessment tacka, using a disciplined approach.
code developera have been aware of problems and . limiting applications of the severe
accident codes, and these problems have been restated and augmented through peer
reviewa. The Subcommittee van briefed on the progress of the RES response to peer

The Subcommittee encouragen RES in its continuing programs toreview findings.
resolve code deficiencies and to hold code covelopers to atrict standards of

Further, the Subcommittee notes RES'o programa for reducing theacrutability.
number of coden under development and for planning assesaments for the remaining

These are areas that the full Committee will address in future meetings.codes.

Further, the Subcommittee recognized that while computer codes play an important
role in practically all aspects of modern science and engineering, the NRC research
program dealing with severe accidento has developed knowledge and inalahta that go
beyond what can be incorporated in a code. It is this knowledge and insight that is

fuct of research activitica, and should guide the limitations andthe primary p1
applicationa of code development as a means for summari::ing and conveying
information in a form that is manipulated easily. The experience of Subcommittee
membern in ..aat the relative novelty of modern computere and graphico systema can
sometimeo induce individuals, including highly akilled peer reviewers, to over-
emphasize the importance of computer codes at the expense of the broader knowledge
base that la behind them.

that research requirea the coordination andThe SA Subcommittee also agrees
!
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management of "...a continuing foouncing and refocuaning..." to "...provida the baala.

The Suucommitteefor improved judgmenta as to where to expend future efforta."
recognizca that RES has a six-point integrated plan for closure of severe accident
issues, and, in future meetinga with RES, wiu discuss progres s by reviewing auch
elementa as the annenament of individual plant examination and incluelon of external
eventa, inauen involved with containment performance improvementa, fuel-coolant
interactions and debris coolability, and how research findinga affect accident
management.

The Subcommittee concura with RES that major accompunhmenta in the eevere accident
program ino]ude the procena for reviewing and directing the programa which involves
peer reviewa; the progress made with the Mark I Liner Failure Issue including the
Risk-Oriented Accident Analyala Methodology (ROAAM); and the setting and achieving
of muestones for the 11 major nevere accidentinauen. Animportant new developmentThe proposedfor resolving the DCH inoue was presented to the Subcommittee.
activity la a six-month cooperative program between Sandia and the University of
California, Santa Barbara, and will use the integral test data and the methodology
of ROAAM. Preliminary indications using the results of the integral facilities at
Argonne and at Gandia are very promising for resolving the DCH inaue for Zion-like
containmento. Teat results to be obtained this year for the Surry-like containmenta
vill be used to confirm resolution of the I:':H iacue for these containmente, too.
Succesaful completion of this program willguide what additional considerations need
to be given for containmento not Mko Zion nor Surry.

The Subcommittee agreen that progress has been made in improving the data base and
analytical studies for flacion product release and transport, in code developmenta
for VICTORIA, for in-vessel source termo, and for CONTAIN, for ex-vessel source
terme; in core-concrete research and code developmenta; reaching closure ona renidual issue involving high-hydrogen transport an ' combustion with enly
temperature mixtures to be atudied and resolved; and with the THI-2 vessel
investigation project.

With respect to the Severe Accident Scaling Methodology (SASM), the Subcommittee
rocognizes the key to ita application for a specific case, such as DCH, lies in the
exploratory research that in required to identify key phenomena. This was
accomplished in the integral testa that have been undertaken at Sandia and at

The Subcommittee concurs with RES that no further work needs to be doneArgonne.
with SASM.

severe accidenta involving advanced light waterPrograma being initiated for
reactora vill be followed through the cooperative efforts of the-NSRRC Advanced
Reactors Subcommittee and the Severe Accident Subcommittee.

Overall, the Subcommittee was impressed with RES management of the Severe Accident
Research Program aa reflected in the revisiona to NOREG-1365, the use and response
to peer reviews, the broadening of the technical support through user programa
involving severe accident codes, and through the extensive international
cooperative programa.


