SCIE-91-88

FINAL REPORT

OFFICE OF NUCLEAR REGULATORY RESEARCH
RESEARCH ASSESSMENT METHODCLOGY

Task IV - Results
SUBMITTED IN RESPONSE
TO
USNRC CONTRACT NO. NRC-04-87-089
(S.B.A. CONTRACT NO. SB 08710219)

PREPARED BY
SCIENTECH, INC.
P.O. BOX 1406
IDAHO FALLS, ID 83403-1406
PREPARED FOR

U. S. NUCLEAR REGULATORY COMMISSION
WASHINGTON, DC 20555

JUNE 1988

5804 w
_ bat



Hg Ngslur lemoz Comm:uon Rg:ash M|‘£ion Task IV Roan

CONTENTS
e o e 1
T T st M e P A A% ot}
1.2 Objective.............. oy
1.3 Acronyms, Abbreviations, and Defintions. . in}
DESCRIPTION OF METHODOLOGY ... P
PRESENTATION OF RESULTS.........ocoooiiiiiiiinn, 10
3.1 Summanes of Assessments. o A0
B LRI . osisicrconis seiiprvinonsiiossiconsnissiomh T S 10
QO REFERENCES.........oooooiiiemmmianirnsssmmenssns s snnnssons sassssanssssss ssbnsss ssasssnssosssssasssns e 11
APPENDIX A: NRC STRATEGIC PLAN ANALYSIS ... A
APPENDIX B: NRC SAFETY ASSURANCE QUESTIONS. .. ..o oo B
T T R - S B-3
IMP O R T ANT QUE STIONS ..o ieeiastiesiessiresssssessseieses s vasssassssasassecrisinns B-4
VIGILANT QUESTIONS ... ...ocovoioiininionnmiiosissisasssnsssses s L B-6
OTHER ASSESSMENT ATTRIBUTES...........cooooviiiiniinimniiininns L, T L, B-7
USOIUIMBESE ..o eeeitnininss s esas s e st e e en e er st o0 80 s B-7
ADDIOPABIONGSS. .........o.oooieseirisiisseerisenssinsssonres e sk g, T B-7
ROSOUICES ...t iiensaiisiesrassssnse s SRR N SR B-7
APPENDIX C: INTERVIEW PROCEDURE .........cooooiiiiimmniii i iessssisnsssssesssnnes C-1
.1 Pl IMMOIVIBW ...t veseveesssaanss s sassas s s essssesnerss st ssessssesseh s sestrsssesaerasess C-1 -
C.2 INtONVIOW QUOSTIONS. .........ooiiiiiveirnsosieesssursssssserssssmsssrsesssirssissessisssssese i C-2
b T R ST Lo ool = MO R C-3
APPENDIX D: SUMMARY OF ACTIVITIES. .....oooiiiiiiiriniissisimsssssssssssisssssssesons D-1
PRESSURE VESSEL SAFETY iiiiiiiiiesimesisssssironissososssssssssesssnss D-2
e L R S R R S LR e D-4
INSPECTION PROCEDURES AND TECHNIQUES ................... i D-8
CHEMIC AL B R E T S it imrsessesiess e s sssses s et et s D-8
DRI st e R s s el D-10
EQUIPMENT QUALIFICATION METHODS ... D-12
EARTH SCIENCES ... mammmnissesssess s ssssssssssssssssnssss s onsses s D-13
COMPONENT RESPONSE TO EARTHQUAKES ..., D-14
VALIDATION OF SEISMIC ANALYSIS ... D-15
SEISMIC DESIGN MARGIN METHODS ..o D-16
STRUCTURAL TESTS .......oooivnirminirmssmmsssssenmansssssssnssssssssnsasensessanssssasss essses D-17
HLW MATERIALS AND ENGINEERING. ... ..., D-18
HLW HYDROLOGY AND GEOCHEMISTRY ..o e D19
HLW COMPLIANCE ASSESSMENT AND MODELING ..o D-20
LLW MATERIALS AND ENGINEERING ..., D-21
LLW HYDROLOGY AND GEOCHEMISTRY ..o o, D-22
LLW COMPLIANCE, ASSESSMENT, AND MODELING .............ccvvnn.. D-23
CORE MELT PROGRESSION AND HYDROGEN GENERATION - ... D-24
CORE - CONCRETE INTERACTIONS =it D-25
DIRECT CONTAINMENT HEATING ..o iessesinsesssesns oo D-26
CODE MODELS, VALIDATION, AND ANALYSIS ... D-27
HYDROGEN TRANSPORT AND COMBUSTION ..o D-28
STEAM EXPLOBIONE .........cooiicnensersssmncasssasasessessasssnsssossssssnssasensesssssansnsses D-29
FISSION PRODUCT BEHAVIOR AND CHEMICAL FORM - ..................... D-31

6/26/88 Page |



lear Regulato ssion R h 12 3t Task IV Repon

CONTENTS (continued)
‘ NATURAL CIRCULATION IN THE REACTOR COOLANT SYSTEM
......................................................................................................................... D-32
REVIEW o T S X =L wters L 2y S P N e | A .y e B
SEVERE ACCIDENT MANAGEMENT .....ccooviviniimmnesnneiemnsssnnssins o g 0-34
RISK MODEL DEVELOPMENT ... R PPN SRR e « .
RISK UNCERTAINTY METHODOLOGY ............................................ .D-38
RISK REBASELINE ANALYSES .. MEACIDRRE L | « - »
RISK BASED MANAGEMENT METHODOLOGY e D38
MIST ANC OTSG TESTING (BEAW) ..o b e L L D-39
e T O L e e s S R TS S L R oS D-40
o A A P ol T " =0 D-41
CONTINUING EXPERIMENTAL CAPABILITY (CEC) ....cooooviiiiiiiniiiiinins D-42
IR I o el s Mo TR T A I Whut SRR D-43
THERMAL-MHYDRALILES CODERE ... oiiconnmiisiasssiisonisssasstiesssarsssossivssissings D-45
T TECHNICAL SUPPORT CENTER (TSC)......cconnvrrmvemmesrmmssmsssmsnsssssness D-46
HUMAN FACTORS RESEARCH .....oooviiiiiiiiiiniiiinsiniinssissesississesssis s D-47
HUMAN ERRCR DATA COLLECTION AND ANALYSIS. ..o D-48
PEREOMMANTE INDICATIID ..o siioesisnsisinsessssiasertisssssiirossssssssbibsssss D-49
EXTERNAL EVENT SAFETY MARGINS ... sanss D-50
INDIVIDUAL PLANT EXAMINATIONS . ....c.ooviiiiiniiiisiiimmminnsioissseisnssisnsinsns D-51 __
DEPENDENT FAILURE ANALYSIS........oovovieiiiisiiviies sossssessmmsnssmmssssseisss D-52
PLANT AND SYSTEM RISK AND RELIABILITY ....ooviiiiiniiiiniiiiiisssannnns D-53
. REVIEW DOE ADVANCED REACTOR CONCEPTS ..., D-54
SEVERE ACCIDENT POLICY IMPLEMENTATION.........cooooviiiviniiiinniirinins D-55
REDUCE UNCERTAINTY IN HEALTH RISK ESTIMATES ..., D-57
HEALTH PHYSICS TECHNOLOGY IMPROVEMENT ..o ..D-59
DOSE REDUCTION AND STANDARDS DEVELOPMENT ..o D-61

6/26/88 Page Il



Hg Nuclear leaton Commission: Rgnmh Pﬂoﬂtizﬂ»on Task IV Reem

1.0 INTRODUCTION

11 _Purpose

The purpose of this document is 10 report
the results of the application of the research
prieritization methodology Designed for
use in the pnortization of NRC research, the
initial methodology was presented in
November at the end of Task | of NRC
contract No. NRC-04-87-089 (Ref. 1), and
the methodology was further evolved dunng
the Task |l tnal (Ret 2) and the Task Il review

1.2 Objective

The objective of research priontization is to
provide the Director of the Office of
Research (RES) with the information
required 10 aliocate the FY89 RES budget in
a manner which reflects the current strategy
of the agency. While the overnding mission
of the NRC to ensure the publc health and
salety has remained steadfast since 1954
when the Atomic Energy Act created the
Atormic Energy Commission, the year-10-year
challenges which the agency, and therefore
RES. must resolve are constantly changing.

Little more than a decade ago the r 'clear
Industry was in a period of rapid growth.
Many new power plants were being
constructed, and plans for still more were on
the drawing boards  Licensing these plants
presented challenges 10 which the Office of

Research responded developing new,
generally appicable. uzﬂw cwgm 10
expedite the licensing process. Today,

mmvx&w%m
are stil proviing the agency with a state-of-
the-ant capability 1o analyze nuclear power
plamt de and anomalies in nuclear

However, the major Mmtwm the
agency today are oifferent. , @ mature
nuclear industry preserts the NRC with such
Jiverse challenges as aQing of power plants,
protection against severe accidents,
protection of workers in contaminated areas,
and the disposal of nuclear waste. Over
uma, the focus of the agency has shifted in
orger 10 be able to better deal with the
changes in the industry which it regulates

In order to better anticipate andg
accommodate change the NRC has initiated
a strategic planning process. The first NRC
Strategic Plan (Ref. 3) presents nine overall
goals and detailed strategies. The goals
were used 10 provide the basic struct.re
upon which the research prioritization
methodology was constructed, hence, the
results of the priontization reflect the current
mission of agency

No attempt is made to ascnbe quantiiative
values 10 the results of research
pnontization. While numbers more readily
lend themselves to analysis. they also too
readily obscure the reasoning upon which
they are based, making it difficult 10 trace a
judgement back to the basic premises and
facts upon which it was based In this
methodology it is essential that the premises
be fully apparent so that they can be
evaluated and ‘he conclusions tested in
order to arrive at fully-informed consensus
judgements

1.3_Acronyms, Abbreviations,
and Definitions

Salety Assyrancy - an attribute of a
research activity which describes the
research's relevance 10 the NRC mission
This relevance is defined by mapping the
research back 1c a set of questions dernved
from the NRC's Strategic Plan and basic
policy statements, and m in
accordance with the following :

62788 Page |



are concerned with inspection and audting
of operations, analysis of operating
experence, and evaluation of potential
shoncomings of proposed and existing
operations. The answers 1o these questions
fraquently result in reguiatory changes

Category C (Vigilant) questions are those
which must be answered 10 confirm licensing
decisions, mprove NRC's capabiities to
pertorm (censing and enforcemaent
functions, oMer imponant insghts into the
health mpact and safety of operatons, of
Ar0 SXPIOrAOTY 1N NAIUIe, SEEKING New
Knowledge and understanding. Independent
assessment of salety concerns and the
explorations of safety mprovemaents are
aiso addressed by these questions

Usefulness - an attribute of a research
activity which describes the research's
timeliness, its probability of application, and
ns probabilty of successful completion. For
the research prioritization mehodology
there are three assessment levels for
usefuiness.

HIGHLY USEFUL: The activity will clearly
produce information needed 'O answer one of
more salety assurance question, and the
nformaton will become avalable consistent
with @stablished schedules.

VERY USEFUL: The activity is expected 10
produce information useful in answering one
or more safety assurance questions, and the
rlormation 8 expected 10 be avalable on a
timaely basis,

USEFUL The activity s expected 1o produce
information bearng on resolving safety
assurance questons

Appropriateness - an attribute of a research
act which describes the degree 10 which
the should fund the research For the
research prioritization methodology there
are three assessment levels for
appropriateness.

HIGHLY APPROPRIATE: There are

(@) the research requires special skills not
supponed elsawhers,

gg Nuclear Rﬁlatog Comm‘og‘ n ngr_\;h Prioritization Tag IV Regn

(b) the research requires special facines that
nO ONe 9ise suppons,

(c) the research is classified,

(d) the research provides independent
information (0.9. 0 confirm licensing
reQuUIreMents Of 10 establish need &
definition of new icensing requirements.),

(@) the research s key 10 obta:ning needed
information from other countnes

VERY APPROPRIATE 1 s appropriate for
NRC 10 undertake the activity Furttermore
there are no othar organizations (industrial of
governmaental) with clear responsibiity tor
the activity  Without NRC support the
activity would not be pursued,

APPROPRIATE: ht s appropriate 'or NRC 10
fund the activity, however, either industry or
another government shares
responsbiltty for, or will benefit from, the
activity ard could panticipate in funding the
program

Rescurces - An attribute which describes
the resource requirements for the activity

For the research priortization methodology
there are four elements included in the
resources attribute:

COST-TO-DATE: The cumulative costs
spent on the activity pror 1o FY38

COST-TO-COMPLETE: The estimated costs
required 1o the activity 10 completon
(and the year of compietion)

FY88 COSTS: The budgeted costs for the
current fscal year

FY89 COSTS: The estimated budge! for the
upcoming fecal year

6/26/88
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2.0 DESCRIPTION OF
METHODOLOGY

The research prioritization methodology is
predicated upon the fact that rational
decisions can only be made upon the basis
of an explicit valye system Decisions
involve choosing among alternatives, and
the only rational basis for choosing one
alternative over another is 10 choose that
which provides the greatest value NRC
research is no exception 10 this rule there is
value 10 be derived from the results of
research. and this value is the basis upon
which choices are made

The methodology ascribes value for each
research activity in accordance with its
relationship with a system of attributes.
Detined by experts knowledgeable in
nuclear regulation, analysis, and research,
these attributes evolved during the course
of the prioritization process 10 represent a
consensus viewpoint' of how to measure
the value of research results The atiributes
which came out of this process are?:

Safety Asaurance - a measure of how well
the research conforms with the NRC mission
10 ensure public heath and safety

Usatuiness - a measure of how likely t s that
the results of the research will be used, and
that the results will be timaely

Appropriateness - a measurs of how proper 1
8 lor the governmaent, and the NRC in
paricular, to tund the resea:ch.

Resources - a measure of the sunk costs,
current year's cost, next year's proposed
cost, and estimated costs 10 compiete.

(This s the only purely quanttative attrbute
used in the methodology )

(Complete definitions for each of these
annbutes are contained in section 1.3 and In
Appendix B.)

' The ntal anrbutes were defined dunng the
first meeting with the contractor in October 1987,
and refined by the contractor and NRC manage’s
dunng the appication of the methodology

2 There 3 "o Nerarchy 10 the attributes mpied
Dy the order n which the attributes e
presented. Weghting of the annbutes, f any, is
it 10 the perogative of NRC's Director of Nuclkear
Regulatory Research

Figure 2-1 provides a graphic depiction of
the general steps in the methodology. The
first step has already been panially descnbed
in the discussion of prioritization attributes
But there is another par to the first step the
formulation of a list of questions which the
NRC must resolve in order to continue
meeting ts mission Such a list provides a
frame of reference against which 1o measure
research value

The list of questions which the NRC must
resolve provides an absolute frame of
reference for research The questions pose
problems which the agency vndeavors 10
answer, irrespective of whether it is already
doing research 1o find answers or not. To
fully appreciate the implications of this
viewpoint it is only necessary 10 consider a
methodology in which the value of the
research s assessed by comparing one
research project against another. The
results would show only a relative ranking
and would not provide any indication as 1o
whether needed research is not being
done, of whether there is research being
conducted or planned for which there is no
current need

In contrast, the list of safety assurance
Questions defines a basis for measuring the
completeness of the entire program of
research. Questions for which there is no
associated research indicate potential gaps
in the existing research programs.
Research which does notl appear 10 address
a particular question indicates work which
may no longer serve a purpose  Either result
delves beyond merely the order of
the current research, and provides a
measurement of the completeness of the
research program as a whole

6/26/88
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Figure 2-1

Research Prioritization Steps To be a viable yardstick for assessing the
completeness of the research, however, the
list of safety assurance questions should be
an accurate reflection of the current goals of
muu#::':ggsmm the agency To ensure that this was the
‘ AND case, the NRC strategic plan was analyzed
\ SAFETY ASSURANCE using the technique of successive
. GUESTIONS decomposition 1o Dbreak the general
: requirements (goals in this case) down into
8 more specic sub-requirements (strategies)

5 . as llustrated in Appendix A
g INTERVIEW BRANCH From this analysis the first list of NRC
g CHIEFS FOR EACH questions was formulated'  These
3 RESEARCH ACTIVITY questions (presented In Appendix B)
§ \ indicate areas which the NRC must address
! : 1 10 mooidtdho goals oho.! forth in the strategic
plan. ressing these questions may nol
N m&‘m‘ﬁ::fo'"'” ' necessarily require the panticipation of Kes
:_ OUTSIDE EXPERTS AND but the questions indicate potential areas of

COGNIZANT DIVISION research
DIRECTOR

Concurrent with the formulation of the

attributes and the questions, a panel of
I expert was designated, with membership as
shown in Table 2-1. These expens provided
the external viewpoints which were crucial to

VALIDATE ASSESSMENT the success of the methodology (as will be
'mg:"'n“‘ggg’mgv‘“ described shortly). Each judge brought to
ADVISORY GROUPS the process a famiiiarty with those areas of
research within their area of specialization
but it was their F?omm knowledge of the
mission of the NRC and their unbiased view
of spechic resoarch projects which were the

purpose of their involvement.

RESOLUTION OF In the second step of the methodology,
DISCREPANCIES BY interviews were conducted with RES Branch
PANEL OF SENIOR Chiets in order to gain detailed information

RESEARCH MANAGERS about each research activty included within
the scope of the project. The interviews,

usefuiness, appropriateness and f“OUfCO‘

aspects of the vanous activities, yielded a

PRIORITIZATION significant portion of the information upon
m%v which the later assessments were made
RESEARCH Each interview was conducted by one of the
experts named in Table 2-1 using the

Questionnaire contained in Appendix C

The final list transmited by the NRC Project
Officar (Rel. 4) is the end result of three separate
reviews by NRC RES Dwvision Drectors

6/26/88 Page 4



In the third step of the prioritization, each
research activity was assessed in
accordance with the four atiributes
formulated during step one. These four
assessments, illustrated in greater detail by
Figure 2-2, were performed by a panel
consisting of two experts from Table 2-1 and
the NRC Dwvision Director responsibie for the
research in that area. The membership of
the panel meetings is shown in Table 2-2

The outside experts provided unbiased
viewpoints about the research, while the
Division Director brought to the process a
detailed familiarity with the work. For each
activity covered, a consensus assessment
was achieved with regards to safety
assurance, usefulness, appropriateness,
and resources These assessments were
documented in the Summary of Activity
sheets presented in this repon as Appendix
D  With the completion of this step,
contractor involvement in the initial
assessment of the research has been
completed.

Al the time this report was written, the
valigatien of the assessments was
underway During the validation step the
assessments will be reviewed and
challenged by NRC staff and management,
and by advisory groups. Each review will
broaden the perspective and improve the
assessment. The end result will be an
assessment of NRC research which has
been validated' by the people using the
results, by expens in each area of research,
and by the people responsible for the work.
Figure 2-3 presents a more detailed
schematic of how this process is currently
envisioned.

In the final step, the Director of Nuclear
Regulatory Research will be able 10 draw
from the assessments presented by the
Activity Summaries to perform the
prortization. Because of the previous steps
in the process the Director will have at his
disposal.

* & clear description of the purpose of each

T In the context of this work the term “vakdation®
refers 10 the carslul examinaton of the
ASSUMPLIONS (OF pramises) upon which the
AssessMaents are Dased

Task IV Report

* an assessment of the salety assurance
significance of the research (including the
relevance of the research to the NRC
mission),

+ an assessment of the potential utility of
the research results,

+ an assessment of the appropriateness of
NRC involvement,

« and a description of the resources
required for the research

Moreover, the Director will have the benefit
of knowing that the assessments represent
more than a single viewpoint. Because the
methodology seeks consensus viewpoints it
forces each assessment 10 be tested several
times so that the final judgments include
perspectives from both the users of the
research as well as those performing the
research.

6/26/88
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. Table 2-1

Panel Of Experts
EXPERT BACKGRQUND AFFILIATION
Or. David Aldnch Risk Assessment and Resaarch SAIC
Dr. Roger Blond Risk Assessment SAIC
Dr. Roger Mattson Safety and Environmental SCIENTECH
Regulation
Dr. Lawrence Ybarrondo Safety Research SCIENTECH

6/26/88 Page 6



US Nuclear Rwlatog Commission: Research Prioritization Task IV RoEn

Figure 2-2
Expert Assessment of Research
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Table 2-2
Branch Chief Interviews

BRANCHCHIEF ~  BBANCH

Andy Murphy”
Mel Siberderg”

Charles Seman

Milton Vagins

Louis Shotkin
Frank Coffman
Frank Costanzi

Tom King
Robert Alexander

Joseph Murphy

Structural & Seismic Engineering

Accident Evaluation

Materials Engineering

Electncal & Mechanicai
Engineering

Reactor & Plant Systems
Reliabiiity & Human Factors
Waste Management

Advanced Reactors & Generic
Issues

Radiation Protection & Health
Eftects

Frobabiistic Risk Analysis

ASSESSMENT
PANEL

Blond, Mattson. Ybarrondo

Blond, Mattson. Ybarrondo

Houston, Blond,
Ydarrondo t

Arlotto, Aldrich, Mattson
Ariotto, Aldrich, Ybarrondo

Sheron, Aldrich, Blond
Sheron, Blond, Ybarrondo
Costanzi, Aldrich, Mattson
Morris, Blond, Ybarrondo

Marris, Aldrich, Biond

Mouston, Blond, Aldrich

' The assessments in Earth Sciences. and pan of the Accident Evaluation assessments were
conaducted during the Task |l trial of the methodology  Dunng the trial the assessment panels dic

not include ihe

Director.

t Four activities under Mr Siberberg not Included during the trial were assessed at a later date

6/26/88
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Figure 2-3
Validation of Assessments
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3.0 PRESENTATION OF
RESULTS

3.1 _Summaries of
Assessments

The detailed rasults of the priortization, 1o
this point, are presented in the Summaries
of Activities located in Appendix D A more
condensed version of the results is also
presented in the two tables contained in this
section Respectively these tables are

(a) A summary of the assessments ‘or
each activity (Table 3-1)

(B) A cross-reference of the activities and
the Questions 10 which each activity
responds (Tabws 3-2)

Table 3-1 lists the research activities and
summarizes the assessments made Dy the
assessment panels presented in Table 2-2
The far left column shows the page In
Appendix D where a more detailed
description of the activity and the
assessments can be found

Tables 3-2 illystrates how the various

research activities respond o the safety
assurance questions

L2 Qbservations
{DELETED FROM FINAL REPORT)

ommission  Research Prontization

Task |V Repont
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APPENDIX A: NRC STRATEGIC
PLAN ANALYSIS

The NRC Strategic Plan is a critical factor in
research prioritization: it provides the
g on which the list of safety
] n order o

< D

»

at all aspects of the Strateg an
perly aogressed a thorough analyss
of the plan is conducted, using the
lechnique ! succCessive decomposition
Familiar to software engineers and
spechication writers, this techiiQue results in
a multi-layered map of the reQuirements fur a
product. a responsive, focused, effective
research program, in this case Applied to
the Strategic Plan, the resultant maps

liustrate the basic hierarchy of the plan

« Overall Goals
« Spechic Goals
« Strateg es

For example, under the overall goal, for
Jperating Reactors (Section 3 0 of the
Strategic Plan), the specitic goals are
grouped according 1o their correspondence
0 Accident Management, Accident
Mitigation, and Generic Safety Issues
Under each of these three groupings
strategies for realizing the goals are
delineated

though all sections of the Strategic Plan
re analyzed in this manner, only Sections
0 through 80 are presented herein
ections 1.0 and 20 have not been
ncluded since they contain only
introguctory material and go not describe
specific goals or strateges. Sectons 90
through 11.0 pertain 10 management goals
and do not iIndicate areas of research

A
a
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APPENDIX B: NRC SAFETY
ASSURANCE QUESTIONS

In any complex technology area the ability to
make informed decisions depends upon the
quality of information available to the
decision-maker. For decisions the NRC will
be required 10 make in the future, there are
underlying questions which will first have 1o
be answered to enable an informed
decision. Not all questions require research
in the traditional sense of the laboratory
environment, but for some question= this will
be the only means 10 gain the information
essential to continued compliance with the
agency's mission cf ensuring the protection
of public safety. It is this latter category of
questicns with which this task is concerned.

Preparing a list of the overall safety
assurance questions requires a familiarity
with the mission of the NRC and the current
regulatory process, as well as an insight as to
the future of the agency, which can be
satistied only by a body having wide-ranging
perspectives For these reasons the
questions are prepared in an iterative
fashion which allows a consensus
judgement (0 be built.

The NRC Strategic Plan provides a structure
around which the initial set of questions is
prepared. These initial questions are further
developed, with consgideration of the
guidance from various Commission Pol
statements and relevant NA
recommendations, by RES Division
Directors 1o obtain a list of questions which
are.

+ compiete, in terms of addressing all of
the issues, both now and in the future,
upon which the agency may be
axpected 10 make decisions

« comprehensive, inasmuch as the scope
of each question provides for the
envelopment of sub-tier questions of a
more spe: fic nature

« concisely stated so as to minimize
conention regarding the pertinent
issues posed by the question

The quastions are dynamic in nature; asthe
perception of the mission of the agency

changes new questions will arise from time
to time. As decisions are made the results of
the decisions will affect the interrelationship
of the questions. Eventually the question
list will have to be revisited to incorporate
such changes

The questions are divided into three (3)
groups, in accordance with their perceived
value to the NRC mission of safety
assurance, consistent with the following
delinitions

Category A (Vital) questions are those
associated with major contributors to risk
which could lead to changes having a
direct and substantial impact on the
health and safety of the public or on
national policy regarding generation of
power or utilization of by-products
thereol, or special nuclear materials.
The answers 10 these questions could
impact directly the licensing of proposed
operations, or the regulation ot existing
operations, including termination or
restan of licensed operations.

Category B (Important) questions are
those associated with moderate
contributors 10 risk, the answers 1o which
help ensure continued safe operation,
and which address potential satety
issues. These questions are concemed
with inspection and auditing of
operations, analysis of operating
experience, and evaluation of potential
shortcomings of proposed and existing
operations. The answers to these
questions frequently rasult in regulatory
changes.

Category C (Vigilant)questions are those
which must be answered to confirm
licensing decisions, improve NRC's
capabilities 1o perform licensing end
enforcement functions, offer important
insights into the health impact and salety
of operations, or are exploratory in
nature, seeking new knowledge and
understanding. Independant
assessment of salety concerns and the
explorations of safety improvements are
also addressed by these questions.

Beyond this ranking based on safety
assurance, the questions are further
organized in accordance with the areas of

6/26/88
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the NRC Strategic Plan from which they are

‘ derived (or 10 which they will contribute, in
the case of questions derived independent
of the Strategic Plan.). Sections 3 through 8
of the Strategic Plan present the overall
safety assurance goals of the NRC for the
various activities it regulates (Sections 9
through 11 of the Strategic Plan relate to
how the NRC conducts s business and are
not addressed herein.) For each of these
sections the applicable safety assurance
questions are defined herein, where no
such questions could be defined at the time
of writing, the phrase "No Applicable
Questions® appears instead.

The questions contained herein are the end
result of three reviews, conducted at the
Division Director avel, the first of which
started with the initial question list supplied
by the contractor. The final question list’
represents the consensus viewpoint, at the
Division Director level, of the questions to
which the NRC must respond if it is 10 comply
with its mission of ensuring public heaith and
safety.

! The final question list was prepared by the NRC
and submitied to the contractor under cover
lotter from James W. Pttman, Project Officer,
Research Priortization Contract, Office of
Nuclear Regulatory Research to Larry J.
Ybharrondo, President, Scientech, Inc., Apnil 7,
1988
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T s —————

Strategic Plan Section 3

S
Goal: Accident Prevention
A1 What shouid the NRC require 1o ensure that a utility maintains its nuclear powaer plant in
an adequate state of operational readiness, and how (and what) should NRC my "itor to
ensure that this is accomplished?
A-2 How should NRC determine what unacceptable vulnerabilities to accidents (due to

factors such as external events, sabotage, aging, complex transients, multiple failure
events, elc ) exist at individual plants and how can they be improved?

Goal: Accident Mitigation

A-3 What short term containment failure modes exist at individual plants and what is an
acceptable accident mitigation capability for containments?

A-4 What is the best estimate of the course and consequence of the most likely severe
accdent scenarics and what should NRC do to improve accident management and
. emergency planning capabilties?

Goal: Generic Safety Issues

A-5 What information and actions are needed for the timely resolution and implementation
::1 roquircmo;\tc associated with Unresolved Safety Issues and high priority generic
aty issues’

Strategic Plan Section 4

A-6 How can NRC determine whether the quality of construction and operations are
adequate 10 assure compliance with regulatory requirements?

Strategic Plan Section §

9
A-7 On what basis shouid the NRC grant an extension of an operating license for an existing
nucle ar power plant?
A-8 What severe accident prevention and mitigation capabiiities should be required of
future nuclear power plants?
A-9 What changes need 1o be made o ro?mﬂom and what should be the requirements for
certification of standard plant designs

6/26/88 Page 8.3
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‘ Strategic Plan Section 6
Nuclear Materials

A-10 What controls should be used to prevent life threatening exposures to medical or
industrial radioactive sources or materials in licensed operations?

A1 What is the threat of hostile action against nuclear materials and facilties, and what is the
best available technology for safeguarding such materials and facilities?

Strategic Plan Section 7

Management and Disposal of Nuclear Waste

A-12 What are the relevant issues and proper technique: '~ characterize and assure
performance of the site and engineered barriers for high level waste disposal?

e 1

Strategic Plan Section 3
eactors .

Goal: Accldent Prevention

B-1 What addttional knowledge conceming the response of nuclear reactors to complex
operating events and accidents does the NRC require?

B-2 What additional knowledge concerning the behavior of materials in nuclear power
environmeris does the NRC require?

B8-3 How should NRC evaluate and disseminate operating experience information to
contribute toward accident prevention?

B-4 What are the safety concems and actions NRC should take regarding the aging of
components, systems, and siructures important 1o safety?

8-5 How should the safety goal policy be applied to existing reactors?

B8-6 How can human factors, reactor controls, and artificial intelligence be improved to better
assure safety in normal operations and anticipated operational cccurences”?

Goal: Accident Mitigation

8-7 What ?bm term containment failure modes exist and what should be done 10 address
these

6/26/88 Page B-4
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Goal: Generic Safety Issues

8-8 What information and actions are needed for the timely resolution and implementation
of requirements associated with medium priority generic safety issues?

Strategic Plan Section 4

(No applicable questions)

Strategic Plan Section §

9
B-9 What source terms should be considered in design, siting, and emergency planning?

810 What are the safety issues and what resolution is required to support the review and
certification of standard plants (ALWR's)?

B-11 What information and actions are needed in support of the rev.ew of advanced
reactors”?

Strategic Plan Section 8
S

B-12 How sr?,‘d NRC assure adequate safety of nuclear materials in transportation and
storage’

B8-16 (Previously C-5) How should appropriate radiation standards for workers and the public
be derived, measured, and implemented?

Strategic Plan Section 7

Management and Disposal of Nuclear Waste

B8-13 How should nuclear power plants and fuel cycle facilities be decommissioned and
disposed of?

B-14 What :houid be the level of radioactive contamination that is Below Regulatory Concern
(BRC)"

B-15 What are the relevant issues and proper techniques 1o ensure adequate siling,
licensing, and monitoring of LLW disposal facilties?

6/26/88 Page 8.5
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Strategic Plan Section 3
S

Goal: Accident Prevention

C1 What confirmatory or exploratory research should the NRC pr:rsue to confirm past
licensing decisions, improve analytical tools, better characterize areas of potential
concern, etc? (This would include items such as seismic monitoring and code
improvement,)

c-2 How can the completeness and precision of probabilistic safety assessments be
improved? What reliance can be placed in such assessments?

Goal: Generic Safety Issues
C3 What improved techniques should be used by the NRC to identify and prioritize
potential generic safety issues?

Strategic Plan Section 4
(No applicable questions)

Strategic Plan Section §

g
Cc-4 How should the regulatory structure be improved or developed for future regulation af
existing and future plants?

Strategic Plan Section 8

Nuclear Materials
cC-5 (Now B-18)
c-6 How can implementation of ALARA be improved?

c-7 What is the environmental impact of operating nuclear facilities and how can it be cost
effectively mitigated?

Strategic Plan Section 7

Management and Disposal of Nuclear Waste
(No applicable Questions)
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Usefulness

HIGHLY USEFUL. The activity will clearly produce information needed 1o answer one of more safety
assurance question, and the information will become available consistent with established schedules

VERY USEFUL The activity is expected to produce information useful in answering one or more salety
assurance questions, and the information 1s expected 1o be available on a imely basis

USEFUL: The activity is expected to produce information bearing on resolving safety assurance
questions.

Appropriateness

HIGHLY APPROPRIATE: There are compelling reasons for the U. S. Governmaent to undertake the
activity. Furthermore, among government agencies NRC has the primary responsibility for this activity.
Potential compelling reasons are:

(a) the research requires special skills not supported elsewhere,
(b) the research requires special facilities that no one elge supports,
(¢) the research is class.ed,
(d) the research provides independent information (e.g. to confirm licensing
requirements, establish need & definition of new licensing requirements.),
I (@) the research is key 0 obtaining needed information from other countries

VERY APPROPRIATE: It is appropriate for NRC to undertake the activity. Funhermore, there are no

other orgerizations (Industnal or governmental) with clear responsibilty for the activity. Without NRC
SUPPOTL hé activity would not be pursued.

APPROPRIATE: Rt is appropriate for NRC 1o fund the activity, however, ether industry or another

governmaent agency shares responsibiiity for, or will banefit from, the activity and could panticipate in
funding the program

Resources

COST-TO-DATE: The cumulative costs spent on the activity prior to FY88

COSUGOO&OL!T!: The estimatad costs required ¢ bring the activity 1o completion (and the year of
complietion)

FY88 COSTS: The budgeted costs for the current fiscal year
FY89 COSTS: The estimated budget for the upcoming fiscal year
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APPENDIX C: INTERVIEW
PROCEDURE

The following interview procedure and
questionnaire evoived out of the trial
research prioritization. The procedure
outlines the method used during the setup
and conduct of the intarviews The
questionnaire is used by the interviewers 1o
prompt for information used by the expert
expens in assessing the research activities.

C.1 Pre-Interview

Experience gleaned from the trial research
prioritization process indicates that there are
several factors which can have a great
intluence on the success of the interviews
with NRC stalf. These factors are at the
control of the interviewer, and can be used
10 advantage in conducting a successful
interview.

C.1.1 Environment

The ideal environment for the interview is a
large room with comfortable furniture,
moderate temparature, and wndows. The
one intarview conducted in a small,
windowless office was the least satisfactory.
We suspect that the setting contributed 1o
the apparent discemfon of *he person being
inerviewed

C 1.2 interview Setup

Experiance in the trial prioritization effort
demonstrates (hat it is absolutely vital 1o
make sure that the person being interviewed
has a very clear idea of the methodology,
and their pant in it, before turning on the
camera and starting the questions. Without
this understanding it is unlikely that the
participant will be relaxed enough to speak
freely - resulting in a very brie! interview
which yleids little new information.

In the most successful iMerviews we spent,
on average, around fifteen minutes
explaining the prioritization methodoogy to
the person being interviewed prior 10 turning
on the camera. This was done using the
Research Prioritization Process diagram from
the draft methodology report as a visua! aid.

It is also beneficial 1o skim through the
questionnaire with the interviewee prior to
the actual interview so as 1o give a flavor of
the kind of questions that are going to be
asked. This prevents any major surprises
and seems 1o greatly aid the communication
of information during the interview

In general each of the following items need
10 be explained to the interviewee prior to
taping

+ The methodology stants with the
formulation of a list of questions which
research must answer to ensure that
the NRC can continue to meet its
mission.

+ The mission of the NRC is 10 ensure the
protection of the public health and
safety.

+ The interviewees have the opportunity to
add to this question list through their
responses 1o the first set of questions

* The interview is conducted in order to
provide the experts with additional
information upon which to base
assessments of the research. It is not
the only source upon which
judgements will be made - the expens
are already well-versed in some areas of
the NRC's business.

+ The axperts will make the actual
assessments

+ Videotaping is done to ensure a
comprehensive and accurate record
Should the axperts disagree over
assessments the tape provides them
with the means 10 review the record for
clarffication without having to schedule
a repeat session.

+ The process is predicated upon the use
of expen judgment.

+ The assess ments offered by the experts
represent a relatively unbiased
consensus conceming the research
that the NRC needs 10 perform as part
of meeting s mission.

+ The experts will not be making decisions
about the allocation of the research

Page C-1



US Nuclear leatog Commission: Research Prioritization Task IV ReEn

budget. Budget decisions will be made
by the NRC.

+ The interviewee will be able to review the
results of the assessments and
comment on them.

C 1 3 On-Camera Behavior

Although it is importan® ‘C establish an
atmosphere in which the interviewee feels at
ease, it is the responsibility of the
interviewers to ensure that the participants
have the opportunity 10 present themselves,
and the agency they rapresent, in a
professional manner. Accordingly, the
interviewers should brief the interviewees
on the manner in which certain actions and
language can be perceived when replayed
to different audiences. With t™is
preparation, the interviewees can tailor their
on-camera image 1o avoid distracting from
the content of what is being said

C.1.4 Camera Setup

So as to avoid drawing excess attention to
the camera 1t is best to have it set-up prior to
the interviewee's arrival. Any tinkering with
the camera tends to draw attention and can
add 1o the anxiety of a person already having
misgivings about having the interview taped.
Within a couple of minutes of tuming the
camera on they will usually relax.

Few rooms enable a camera angle which will
capture more than the main interviewer and
the imerviewee. About 10-12 feet between
camera and subjects is needed, as a
minimum

An external microphone must be used to
ansure picking up everything, particularly
from the less voluble interviewee. The
attached microphones on camcorders are
incdequate to provide the sound quality
required.

C.1.5 Interview Prologue

The first part of the interview is a prologue to
identity the tape.  Specifically, the
interviewer on camera cites the following:

* Date

+ Purpose of the tape
+ The person being interviewed

« That person's title and area of
responsibility

C.2.Interview Questions

The interview questions are prepared so as
10 allow a consistent format to be followed
while obtaining all the information required
By and large the questions focus on
determining the contribution of the research
to safety, usefuiness of the research and the
appropriateness of the research to be
conducted using NRC funds.

Depending upon the interviewee, it may not
be necessary 1o sequentially go through
each and every query. The more loquacious
interviewees are likely to cover the
immediaie question as well as the some of
the subsequent questions in one fell
swoop. If it is clear that the question has
been answeared R is not necessary to ask it
again out of rigid adherence to the
questionnaire.

C.2.1 Question Area Setup

For each of the question areas the
interviewer sets up the line of questioning
with a brief description of the area, including:

+ The purpose of the line of
questioning

* Where applicable, a definition of the
attribute 10 which the questions pertain

Idormation of this nature is contained in the
small text that precedes each question area
in the foilowing questionnaire.
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l! MEW RESEARCH 1

Questions in this area are posed in order to identify research areas not already
identified by the Research Question list.

N.1 Qutside of your own area of responsibility, do you see the need for any
research which is not currently being performed?

N.2 What problem would be resolved by this research?
N.3 Who would be the predominant user of the results of this research?
N.4 How would the results of the research be used?

N.5 How should the research be funded? Ey the NRC, industry, or through
some cooperative fund-sharing arrangement?

N.6 What is your rough estimate of the cost of the research?

‘ N.7 When should the research be performed? How vital is it to the
continued assurance of public health and safety?

N.8 Are there any other areas for which research should be performed?
(Redo N.2-N.7 for each)

Questions in this area are posed to get some background information on
current research

C.1 Describe the research activities in your area of responsibility and
discuss how the results of the research will be used

C.2 What is the current status of the research?
C.3 Who is performing the research?
C.4 When was the research started?
C.5 When do you believe it will be finished?.
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Ariswers to these questions will aid in the assessment of the Safety Assurance
significance of the research.

S.1 If you were to [ .ace your research in one of the three categones of (a)
Vital to safety assurance, (b) Important to safety assurance, or (¢)
Vigilant of safety assurance, where would you put it?

S.2 What is the risk level associated with the identified problem(s) in your
research areas (compared to other areas), and how much of a
reduction do you anticipate achieving?

Answers to these questions will aid in assessing the usefulness of the research

U.1 Have the results of the research already been put to regulatory use in
licensing judgments, regulations, policy documents, or the like?

U.2 Within tha NRC, who is the user for the research? (Specify
organizations and individuals.)

U.3 Describe your frequency of interaction with the user, the level of
Interaction (management, staff...), and the type of interaction (meetings,
letters...)

U.4 Is there a written staterment of the results to be delivered to the user?

U.5 Outside of the NRC, who else could make use of the research results?

Appropriateness is a measure of whether the research should be (a) entirely
funded by the NRC, (b) jointly funded by the NRC and other organizations, or (¢)
questionable as to whether it should be funded by the NRC.

Alls %oér)?plomontary or similar research being conducted outside of the
N

A.2 Who benefits the most from the results of the research? The NRC?
Industry? Others?

A.3 Who do you think should share in the funding of the research? Industry?
Foreign organizations?
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These questions help determine the resource level of the research.
R.1 Is the current budget sufficient to successfully perform the research?

R.2 If not, then what level of funding would be necessary?

AOETRSTVSR PRSI .. I ]

W.1 Has a cost/benefit analysis been performed concerning the results of
the research?

W.2 Whera does your research fit into the NRC Strategic Plan?
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. APPENDIX D: SUMMARY OF
ACTIVITIES

Presented herein are the Summaries of
Activities These summaries are the
assessments of NRC research activities, as
prepared by the panel of experts,
augmented with factual data following a
review of the assessments by NRC
management. No change in the
assessments has been made as a result of
the NRC management revie'v, but in centain
cases the information contained in the
summaries has been modilied in order to
ensur. accuracy and clarty. There is one
summary for each research activity assessed
during the panel meetings listed in Table 2-
2. Each summary descrbes:

* The purpose of the research

+ The assessed safety assurance
significance of the research I’

+ The assessed usefulness of the

research
‘ + The assessed appropriateness of the
research (for NRC funding)

+ The resource requirements for the
research

As an aid 1o the reader, the page numbers
for the activity summaries are also located in
the first column of Table 3. When reviewing
Table 3-1 mure information about a particular
aclivity can be found by turn to the
appropriate sumimary in this appe :
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT: REACTOR VESSEL AND PIPING INTFGRITY
Assessment Panel. Ariotto (NRC), Aldrich (SAIC), Mattson (SCIENTECH)
Branch Chiet: Charles Sermpan

PRESSURE VESSEL SAFETY

The nurpose of reactor vessel safety research is to provide appropriate, well-validated analytical
procedures to assure vessel safety during normal service and accidents. The most critical facet of
pressure vessal integrity is embrittiement of the vessel steel caused by neutrons escaping from
the fuel core guring normai service. Embrittiement shows up as an increasingly higher
temperature at which the steel is susceptible to brittle fracture, and as a decreasing level of
available “upper shelf” toughness for fractur ' resistance. Large size irradiation specimens and
test vessels are used to develop a base of information on the factors causing tha embrittiement,
because thick-section materials respond differently in fracture tests than smali scale laboratory
specimens.

To date, the research has provided definitive validation of linear elastic fracture mechanics (LEFM)
methodology used in the ASME Code for design and operation of vessels, through tests on six-
inch thick 39-inch diameter vessels. The analysis methodology and materials basis for the
screening critenon in the PTS rule were aiso set from this research. The embrittiement research
has defined the trends 10 be expected for increases in nil-ductility transition temperature (NDT) for
vessels currently in service, resulting in a Regulatory Guide that is acknowledged worldwide

Work on crack growth rate, combined with that from some 40 other laboratones armund the world
has produced two updates of the ASME Code Section XI curves used for safety analyses of
cracks found during inservice inspections. Critical work yet to be done in irradiation effects will
extend tne data base for the PTS rule by including tests of the effect of stainless steel cladding on
crack extension, and of the reduced toughness in “low upper shelf* materials.

Establishment of (he time and temperature conditions for reversal of embrittiement through
annealing will be important for attaining initial 40-year service Iife, and for assuring safety for
license extension. Also to be completed in an integrated fracture analysis method that goes
beyond LEFM to include elastic-plastic and fully ductile fracture, because such methodology is
inherent in both the PTS and the “low upper shefl* toughness safety evaluations. Vessel work
cannot be safely closed off because the material continues 1o degrade in service through
radiation embrittiement, and new facets of that embrittiement continue to emerge.

Salety Assurance - The embrittiement trands, screening criterion of the PTS rule, and fracture
toughness criteria in lederal regulations, all set limits on the pressure-temperature operation of
nuclear plants thus greatly the vuinerability of reactor vesseis 1o unexpected,
catastrophic brittie fracture (A-2). Embrittiement, i rot understood and regulated, could prevent a
plant from attaining its 40-year life (B-2) or could preciude safe license extension (8-4). Overall,
this activity is assessed as CATEGORY A (VITAL).

\Jsetuinass - The proposed research will provide the basis for approval of heatup and cookiown
curves for plants, for the screening critenon embrittiement lima 10 preciude fracture in a
pressurized thermal shock accident, and for safety evaluation of cracks found during inservice
inspections. The work is the basis of or provides validation of virtually every aspect of reactor
vessel reguiation, and is assessed as HIGHLY USEFUL.

Angroprialenass - NRC has tacitly assumed leadership in safety research for reactor vessels
because vessel failures are not acceptable Industry certainly has the responsibiity 1o sttty the
safety of pressure vessels in operation, and thus should contribute significantly to provide a more
complete data base Such industry efforts however, would not negate NRC's need for
independert and conclusive work in this area  This activity is assessed as VERY APPROPRIATE.

6/26/88 Page D-2



US Nuciear leatog Commission: Research Prioritization Task |V ReEn

’ Basources - Special skills in heavy section steel metallurgy, fracture mechanics, and irradiation
effects, and test facilities for fracture testing of multi-ton pressure vessels and specimens up to 30
feet long are needed for this activity. The Heavy Section Steel Technology (HSST) program,
which has conducted this work since the late 1960's, will be needed for base-line support in the
future 1o help plants reach normal 40-year life, and if plants are to be re-licensed for additional
service. Resources include $100 million through FY87, $75 million to complete by FY98, $6 4
million for FY88, and $8 2 millien for FY89.
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT: REACTOR VESSEL AND PIPING INTEGRITY
Assessment Panel' Ariotto (NRC), Aldrich (SAIC), Mattson (SCIENTECH)
Branch Chiet: Charles Sempan

PIPING INTEGRITY

The purpose of this research is to provide NRC with experimentally validated analysis methods
and criteria for evaluating potential cracking and fracture of nuclear reactor system piping during
normal service and accidents. Currently focused on piping for the primary systems of BWRs and
PWRs, the fracture criteria and analysis methodology are also appicable to secondary piping.
Primary system piping in BWRs is typically made from wrought stainless steel which has been
shown 10 be susceptible to intergranular stress corrosion cracking (IGSCC). Stress corrosion
cracks can propagate 10 a size large enough 10 fracture under severe accident .oads Fatigue
cracks can grow in PWR piping and could grow 10 a critcal size f undetected by nondestructive
examination or by ieakage. Piping is not subject 1o radiation embrittiement, but the fracture
toughness of cast stainless steel in some PWRs can be reducaa significantly through for
long times at normal service temperature. Nonetheless, piping usually operates in the le
régime, and any cracks are expected to develop into detectable leaks before growing so large that
they could lead to unexpected fracture this is known as “Leak Before Break® (LBB), and is an

important part of piping reguiation.

An important accomplishment of the piping research has been e ntal validation of the
industry-proposed Yixes® to mtigate and prevent IGSC cracks in BWR stainless steel piping and
welds The need was urgent because licensees were applying procedures designed to stop
cracking, and were making repairs and replacements of severaly cracked pipe without a technical
basis that adequately proved the safety of the Yixes®. The NRC's confirmatory research clearty
demonstrated both the good and the less desirable aspect of the “fixes® so that the actions coula
be accepted by the NRC with assurance of continued safety. Al the same time, t was necessary
10 validate the fracture analysis procedures 10 allow decisions on what size crack was tolerable,
and what had to be repaired or replaced 1o assure that subsequent crack growth would not lead to
a critical-size crack before the neat ‘nspection. The analysis was validated by bending tests of
cracked, full-size pipe under internal pressure and at operating temperature. The results of these
tests laid the basis for significant changes in the ASME Code jon X1 IWB-3640 rules for
evaluation of cracked stainless stee! Dipe - the rules ac cepted by NRC for safe regulation of that
material. The piping research also provided material property data, pipe fracture experience, and
analysis procedures vital to accepting the LBB philosophy ambodied in the change to 10 CFR 50
General Design Criterion 4 eliminating the dynamic effects ol the double ended guiliotine break
from the design basis.

In the research yet 1o be conductad, the rules lor fracture analysis of cracked carbon ste! pipe will
be developed, and it will be shown how 10 predict the frac Lre of cast stainless steel pipe having a

g
%
i

the resolution of safety questions A-2 (existing
unacceptable vulnerabiities), A-8 (severe accident prevention and mitigation), B-2 (behavior ot
matenals), and B-10 (future ficensing). Piping failure remains a vuinerability of existing plants
which can lead 1o severe accident conditions, leaks, cracks, and breaks in PPIng are among the
most likely venues for breach of the primary pressure boundary which lead 10 a small or large-treak
LOCA. Improved understanding of crack growth rates will give the NRC a better understanding of
the limits of vulnerability in this area. Because of the research's relationship to resolution of
questions A-2 and A-8 this activity is assessed as CATEGORY A (VITAL).

Jseluiness - The research is directly responsible for validating the basis for the ASME code rules
used 10 evaluate the acceptability of cracked pipe for continued service, or the need for repair or
replacement. The research has provided experimental fracture evidence and has confirmed the
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acceptability of “ixes* for BWR pipe (originally proposed by Japanese and US industry). At the
same time, the research pointed out areas of concern where some of the Yixes" were detrimental,
or where limits were needed for safety. Thus, results conceming existing plant vulnerabilities and
materials behavior continue 1o be incorporated into regulations, codes, and standard procedures
as they become availabie, results pertinent to future licensing will be timely. Overall, this activity is
assessed as HIGHLY USEFUL.

Approprialeness - Piping research is very much confirmatory, in that the industry has spent over
10 timeés NRC's investment in the BWR pipe cracking issue. Furthermore, industry proposals for
LBB were made to NRC before the stant of serious work on pipe fracture, and once the ASME
Code rules for pipe tlaw evaluation were in place, t became clear that confirmatory work was
urgently needec. Therefore, while it is the responsibility of the NRC to ensure that the public
safety is not at risk due 10 the peaceful use of nuclear energy, it is also the responsibility of the
regulated industry to conduct the necessary fundamental research to prove that the safeguards
are adequate For piping integrity, NRC research provides the information rieeded to confirm
industry fingings. For this reason the activity is assessed as VERY APPROPRIATE.

Resources - Cumulative costs for this activity through FY87 are $20 million. Costs for FY88 are
$2.4 million. Costs proposed for FY89 are $3.4 million. It is estimated that completion of the
activity, in 1973, will require $10 million beyond the FY87 total.
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT: REACTOR VESSEL AND PIPING INTEGRITY
Assessment Panel. Ariotto (NRC), Aldrich (SAIC), Mattson (SCIENTECH)
Branch Chief: Charles Sempan

INSPECTION PROCEDURES AND TECHNIQUES

The purpose of this research is 10 find ways 10 improve the reliabi ity of inspection techniques
used for examining cooling system components such as pipes and tubes. Metal components of
reactors have very large capaciies 10 resist fracture if they have no cracks or flaws. But the
presence of even small cracks or flaws can greatly increase the likelihood for failure of a
component during Normal service or in an accident. Thus, it is mandatory to nondestructively
nspect such components before service o find service-induced defects Once they are found
nondestructive testing (NDT) techniques must be capable of accurately sizing them because flaw
size i1s an important factor in previctions of flaw growth and in fracture mechanics caiculations used
for failure analysas. Reliability of both detection and characterization (determining flaw size
iocation, and type) are critical for safety assurance, and for maintenance of safety margins. The
focus of the NRC research is on raliability of non-destructive examination procedures. the most
recent emphasis has been on ultrasonic inspection (UT) of stainless steel pipe and ws'ds in
support of the intergranular stress comosion cracking (IGSCC) problem in BWRs. Expansion of
the effort into cast stainless steel has been necessary because of the exceptional distortion and
attenuation of the UT signal caused by the inhomogeneous coarse grained macrostructure,
making the matenal virtually uninspectable Carbon steel of pressure vessels is more easily
inspected by UT, but the very thick sections and stainless stee! cladding present special problems
{hat reduce inspection reliabiity. Steam generator tubes comprise fully half of the primary system
pressure boundary, and are inspected by eddy current test (ECT) probes traveling inside the
nconel tubes. Degradation modes for these tubes include denting, intergrannular stess
-Orosion cracking, intergranular attack, wastage, pitting, wear under anti-vibration bar and fatigue
cracking

A recent significant achievement has been the preparation of mandatory appendices in ASME
Ccde Section X1, for performance demonstration qualification of inspectors, procedures. and
equipment for UT examination of primary system components, iIncluding piping, nozzles, and
vassels A reliabiity data base and improved techniques have been established by the NRC
research program. This culminates nearty a decade's work for evaluation o NDT techniques
practiced in the field and In upgrading the accuracy of detection and sizing of flaws in
components. Yet 1o be developed, however, is the technical basis for upgrading inspection of
reactor vessels, and muti-metaliic weld joints. The rellability of, and techniques for, ECT
nspection of steam generator tubes has been established in the recently completed Steam
Generator Group Project. Regulatory Guides for inservice inspection (IS1) and tube plugging are
being revised, and the ASME Code Section X! is upgrading, based in part on this research, ECT
nspection procedures and preparing new ECT performance demonstration qualification
requirements. Work still needs 10 be done, 10 recognize signals produced by copper plating
rather than accept them as genuine flaws and 10 allow evaluation of flaws that may be masked by
the copper

Continuous montoring of acoustic emission signals for detection of onset of cracking and
continued crack growth during operating service has been demonstrated in a number of
laboratory and intermediate scale tests and in pre-operational tests of 2 reactor, and will be
dema istrated further in an operating PWR. Procedures for such monitoring are in the
acceptance process for inclusion in ASME-X|

Inspection criteria for icense renewal, inciuding timing, frequency, and location of inspections
need 10 be developed (Quesiion A-9) Establishment is also needed of non-intrusive tests 10
measure the mechanical properties of critical components 10 assure that strength, ductilty and
fatigue Ife are adequate, as claimed by the license renewals (questions B-2, B-4)
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Safety Assyrance - The research addresses safety assurance questions A-2 and A-6. Non-
destructive examination is the best method for determining the flaw state. and thus, the
vulnerability of reacters 1o accidents (question A-2). Pre-service and perodic in-service
inspections are the very best method for determining compliance with requirements for the quality
of construction (question A-8). The single most critical aspect of component safety is if a flaw
exists and how big that flaw might be. A large fraction of conservatisms and margins stem directly
form uncertainty over flaws. The ability to locate and assess problems, (flaws) belore they reach
criticality gives NRC the ability to take action to protect public health and safety before potential
problems become accidents. Because the research is ‘ocused directly on these issues, the
research is assessed as CATEGORY A (VITAL)

Usetulness - The results are the key basis for upgraded code and Reg. Guide requirements and
procedures for inspection of reactor pressure vessels piping and steam generator tubes
Technology for continuous monitoring is available ncw for use, and is being codified. the results
have been essential in forming positions for ingpection requirements and for non-intrusive
property measurements, so the future results will be timely. Accordingly this activity is assessed
as HIGHLY USEFUL.

Appropriateress - Efective regulation of nuclear power plants is not possible without reliable
methods of inspection. For the NRC to fultill the governmental responsibility to ensure the safe
use of nuclear power it is essential that the NRC have at its disposal the most reliable inspection
techniques afforded by modern technology. Moreover, it is the responsibility of the NRC to
continually assess and improve these techniques so as to ensure that the risk to public health
:r;dp ‘:ca)f:;y i:’E“ low as practicably achievable. This activity is assessed as HIGHLY
IATE. -

Basourcas - Cumulative costs for this activity total $24.3 million through FY87. Cost for FY88 is
$1. € million. Proposed cost for FY89 is $2.5 million. Completion of the activity in 19985 is
estimated to require an additional $20 million beyond the FY87 total.
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT: AGING OF REACTOR COMPONENTS
Assessment Panel: Ariotto (NRC), Aldrich (SAIC), Mattson (SCIENTECH)
Branch Chief. Charles Serpan

CHEMICAL EFFECTS

The purposes of this research are 1) 1o measure the mechanical propenies of materals in
components of the Shippingpon Atomic Power Station (SAPS) that have experienced up 1o 20
years of exposure and aging under real service conditions for comparison 10 propenies measured
under accelerated conditions in laboratory experiments, 2) to collect data on decommissioning of
reactor facilities as a basis for better estimates of costs and inventories of radioactive and
contaminated materials needing storage or disposal, 3) to evaluate the effects of decontamination
of reactor components to determine how Quickly recontamination occurs, ff it follows the same
trends, and if the decontamination solutions themselves cause other problems such as initiation
of cracks in the cleaned components , and 4) to determine the fission product removal
effectiveness of ESF ice Condenser Systems.

Currently, a number of cast and wrought stainless steel samples have been taken from SAPS for
study in other ongoing programs to determine toughness losses and the possibility of service-
temperature-induced sensitization that could lead to iIGSCC. Immediate work is planned for
removal of material from the shield tank 10 obtain validation of a proposed dose rate effect of
embrittiement that could have long range effects on the reactor vessel suppon structures of many
PWRs. Further sampling of the reactor vessel itself for validation of embrittiement models will take
place in the future when the vessel is delivered to the Hanford Reservation for final burial. Much
Data collected from the SAPS and from German reactors have been valuable in setting the
minimum funding resarve that utilities will need for final decommissioning and disposal of their
reactor plants; this amount, and the options for how it is 1o be set aside have been very important
Issues in the shaping of the final rulé on decommissioning. Much remains 10 be done 10
Zgterming the longer term effects of decontamination solutions on components in this relatively
new task; however, the processes are being used so information is needed 1o assure that
unexpected cracking and failures do not arise. So far, excellent data have been taken of the
simulated fission product removal effectiveness for validation of the codes. The facility is so
efficient that industry is reviewing the possibility of sponsoring additional tests once the NRC
program is complete.

Although the work is this activity is diverse in nature, t addresses many current and future needs
of the agency in areas of aging license renewal and decommissioning.

Satety Assurance - The SAPs work will be especially important in determining f our predictions of
matenal properties due 10 aging are correct, and thus will provide a measure of the plant
vulnerability 10 accidents ( A-2) and material behavior (question B-2); this work s
therefore assessed as CATEGORY A (VITAL). The rasearch is one of the main
contributors to question B-14 and is therefore assessed as CATE Y B (IMPORTANT).
Decontamination research actually has input into question B-2 on behavior of materials in nuclear
environmants, and B-14 on radioactive contaminatio” ievels. therefore, it is judged 10 be
CATEGORY B (IMPORTANT). The ice Condenser ESF research has input into question B-9 on
source terms for emergency planning, it is thus assessed as CATEGORY B (IMPORTANT).
Owverall, the activity is assessed as CATEGORY B (IMPORTANT) on the basis that more B
Questions are addressed than any others.

Jsefuiness - The Shippingpon research will be needed for the resolution of the aging issue and is
assessed as HIGHLY USEFUL, but with the following caveat: Current funding may be insufficieri
10 pUrsuUe an aggressive research program capable of providing results timely for use in license
renewal The decommissioning research is the only government input 1o questions of costs and
radioactive inventories, both of which are significant economic factors for industry; the
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inder endent nature of this work makes t HIGHLY LUISEFUL The decontamination research will
prorauce results needed 10 address the effects of corrosive materials on crack intiation and
growth, and is therefore assessed as HIGHLY USEFUL. The Ice Condenser work may produce
information bearing on better defining the source term for this plant type, but a release
mechanism study in itself does not contribute to risk reduction unless the information is applied to
chEa:qe tgoe :ymm. thus the research is assessed as USEFUL. Overall, the activity is assessed as
VESY USEFUL.

Approprialengss - The Shippingpon and decontamination research address current aging issues
facing NRC, and combined with decommissioning, all three also effect future licensinn. Thus, all
are properly performed by the NRC.. Although industry has the responsibility 1o produce the data
required for license renewal in accordance with NRC requiraments, these activities have strong
corfirmatory features to them and are classified as VERY APPROPRIATE. The ice Condenser
research is appropriate for both the NRC and industry to perform, but because it has imponant
input iNto severe accident consequences, it is addressed as APPROPRIATE.

Resources - Cumulative costs through FY87 totai $25 million. Costs for FY8Q is $1.7 million.
Costs proposed for FY89 are $2.2 million. Completion of the activity in 1994 is estimated to
require an additional $15 million beyond the FY87 total.
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‘ SUMMARY OF ACTIVITY

PROGRAM ELEMENT: AGING OF REACTOR COMPONENTS
Assessment Panel: Arlotto (NRC), Aldrich (SAIC), Ybarrondo (SCIENTECH)
Branch Chief: Milton Vagins

AGING

The United States now has approximately 100 nuclear power plants in operation and a few of
these reacturs have been operating in excess of 20 years. As the p~- ‘ation of Light Water
Reactors (LWR) has matured and advanced in age, the need for a r¢ . carch program that would
provide a systematic assessment of the effects of plant aging was revognized. The Nuclear Plant
Aging Research (NPAR) Program (The Aging Activity) provides the basic data required to
understand the effects that aging has on the safety function of electrical , mechanica' and
structural components of commercial nuclear plants For the NPAR Program, aging refers 10 the
cumulative degradation of a system or component that occurs with time, which if unchecked can
lead to an inpairment of continuing safe operation. The NPAR Program provides systematic
research etfort to: leam from operating experience and expert opinion. dentify failures due to
age degradation; predict safety problems resulting from age-rel. ed deg-adation; and develop
recommendations for surveillance and maintenance procecures that will alleviate aging concems.
Al the present time NPAR consists of 15 separate, but integrated individual projects that are
studying the effects of aging on 12 individual mechanical and electrical cc nponents and 6
systems, composed of such components. Additionally, a iutther 15 componeits and 7 systems
have been targeted for study in the coming years.

- This activity addresses questions A-1, A-2 A-5 A6 A7 A9 B-2 B3 B4,
C-1.C-2and C-8. The effects of the aging of structures, systems and components of nuclear
power plants could result in a degraded plant condition which would have a substantial impact on
the health and salety of the public ing directly affects operational readiness of the plants and
raises two significant safety issues. first issue concems the increasaed potential for common-
mode falure. Multiple failures of a panticular component due 10 aging could lead 1o unacceptable
plant vulnerabilties to accidents. A second issue, that of a reduction in the in of safety
afforded by the defense-in-depth concept, would aiso be addressed in the Nuclear Plant Aging
Research (NPAR) Program. This would contribute 10 the basic understanding of how much aging
contributes 10 the risk of severe accidents. The NPAR Program will also add new insights into the
resolution of other high priorty generic issues and will assist the NRC in determining when aged
equipment no longer meets regulatory requirements and will quantity the risk significance of
aging. Such considerations are necessary for decisions regarding continuing safe operation of
ficensed plants. They are also needed lor decisions regarding extensions of operating licenses
for axisting nuclear power plants and defining what addtional changes 1o the
requirements are needed lur license extensions. The ovarall assessment of this activity is
CATEGORY A (VITAL).

Jselulness - Phase | engineering research has been completed for selected components and
systam, including motor-operated valves, check valves, auxiliary leedwater pumps, emergency
diesel generators, electric motors, chargers and inverters, batteries, and circult breakers and
relays in safety-related systems and reactor protection systems. Al50, on-ste assessments of
electrical circuits have been performed and aged components have been removed from the
ppingpon plant for future evaluation. This program has been endorsed and
with NR wmw.muoomwnm.mmmmmmmm
information to enable the NRC to resoive technical safety issues and and
reguiatory position in two planned rulemaking activities license renewal and
maintenance he prognosis of developing timely answers 10 the aging Iife
. questions is very good with the buk of the research being completed

|

in
(assuming appropriation of funding). This ac.avity is assessed as HIGHLY USEFUL.
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Approprialeness - NRC needs an independent assessment of the effects of aging and the
efficacy of mitigating methods s:ich as surveillance, monitoring and maintenance procedures.

The Commission has defined the need for understanding and mitigating the effects of aging in its
1987 POLICY AND PLANNING GUIDANCE, NUREG-0885. in its soon-to-be-published 5-Year
Plan and in its Strategic Plan. A strong commitment was made to Congress for the impleme .ation
of an aging mitigation program by the testimony of both the Chairman and the EDQ to the

Subcommittee on Energy and Power on November 10, 1987, This activity is assessed as HIGHLY
APPROPRIATE

Basoyrces - Cumulative costs through FYB7 total $11 million. Costs for FY88 is $5.5 million

Costs proposed for FY89 are $3.5 million. Completion of the activity in 1993 is estimated to
require an additional $33 million beyond the FY&7 total
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT: REACTOR EQUIPMENT QUALIFICATION
Assessment Panel: Ariotto (NRC), Aldrich (SAIC

1
Branch Chief. Milton Vagins

~

Ybarrondo ‘SCIENTECH

EQUIPMENT QUALIFICATION METHODS

Jrrent research in EQuipment Qualiification (EQ) is not very active
done s focussed on severe accident EQ on new equipment
ncluded in Aging Research

The limited work that
EQ should more property

adlety Assyrance - This activity weakly addresses question A-2, A-4 A-8 and C-1. The nature ¢
this program has been to perform confirmatory research 10 contfirm licensing decisions and 10
mprove analytical tools needed 1o determine the acceptahilty of equipment performance under

accident conditions. It is assessed as CATEGORY C (VIGILANT)

Msefulness - As currently configured, the research may produce only limited information which
pears on resolution of safety assurance questions. The activity ie assessed as USEFUL

Approprialenass - This activity requires special laciltias, t goes beyond design basis. and it
provides independent information, but industry must also bear the burden in EQ. This actvity is
assessed as VERY APPROPRIATE

Resources Resource requirements include approximately $__ million 1o date, $

milhon 1o
ompiete. § 0.8 million in FY88, and $0 8 million in FYB89

Page 0-12




S Nuclear Requlatory Commission: Research Prioritization Task |V Report

SUMMARY OF ACTIVITY

PROGRAM ELEMENT: SEISMIC AND FIRE PROTECTION
Assessment Panel. Biond (SAIC), Mattson (SCIENTECH), Ybarrondo (SCIENTECH)
Branch Chiel: Andy Mumphy

EARTH SCIENCES

The purpose of the Earth Sciences research activity is 10 provide the basic data required 10
undersiand the causes, frequency, and seventy of earthquakes in the U S. In the past, this
activity provided the information needed for NRC's development of 10 CFR Pant 100 and its
implementation through Regulatory Guides and the Standard Review Plan. Significant work in
this area has been going on for more than a decade. These programs have had major effects on
nuclear power plants. The future program is intended to supplement the existing data and to
answer additional questions concerning the seismological nsk 10 nuclear facilities. In the future
the activity will consist of geological, geophysical, and seismological studies operation of
seismographic networks in the eastern and central U S. . and installation of the National
Seismographic Network in cooperation with the U S Geological Survey to replace the current
seismographic networks. Several programs already in place will continue to produce better
understanding of tectonic provinces, frequencies and effects of seismic events, and the seismic
wave transmigsion charactenstics of media *Yrough which earthquakes propagate

Salety Assurance - This activity addresses questions C-1 and, 10 a lesser extent, A-5. The nisk
significance of this activity is high. The seismic contributor 1o risl: *ypically occurring at 2 10 4 times
the SSE. A high level of uncertainty is associated with predicting the occurrence of the
earthquake and the vibratory ground motion associated with it. The general consensus 's that
there are significant safety margins in current methods of seismic design. However, there 4 great
uncertainty about large earthquakes, knowledge is gained in every earthquake that occurs, and
the current body of knowledge is insufficient to fully characterize the seismic risk at all existing
sites.  Future research in this activity should provide a better basis for such characterizations
when additional seismic sk analyses are required in the future as pan of the program to perform
independent plant evaluations for external events. The Earth Sciences activity will advance the
state of know of seismic risk, but the extent and nature of NRC's future role in this area s
uncertain. Overal, the activity is assessed as CATEGORY C (VIGILANT).

Mseluingss - The future work under this activity has been well coordinated with NR. | through
weekly staft discussions. The future program is well coordinated with USGS, the Cormps ot
Engineers, and foreign government efforts. The programs underway and anvisicned for the
future are highly likely 10 provide needed iIMprovements in SeISMIC reqQuIren .. a'~. ' A~agsary
dostotFop:Mm and implemantation of the seismic networks. This activity I8  20@sse. 45 IGHLY
‘JSEFU

‘gRropralenass - The USGS is assuming Federal government responsibility 1or the new seismic
networks, and NRC is in the process of phasing out its supporive role in that area. Utiities and
EPRI have seismic monitoring rams at individual sites. Beyond the transition of the seismic
network support 10 USGS, the NRC must continue 1o fund resaarch in eanhquake propagation
and attenuation, soil lailure and site response. In addition, the NRC must keep abreast of
improving knowledge developed by the scientific community in this arez and adjust its
requirements and practices as nece 10 reflect contemporary knowledge and residual
uncentaintes This activity is assessed as APPROPRIATE.

Aesources - Resource requirements include $50 million 1o date. $20 miliion to compiete, $3 6
mullion for FY 88, and $4.1 milion for FY89. This activity has received approximately 50-50
support from other federal and state agencies. $5 Million of the NRC effont ‘rom 1987 through
1992 3 for replacing the seismic network and turning it over 10 the USGS. USGS is spending an
eqQuivalent amount
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Task |V Report

PROGRAM ELEMENT: 3EISMIC AND FIRE PROTECTION
Assessment Panel: Blond (SAIC), Mattson (SCIENTECH), Ybarrondo (SCIENTECH)
Branch Chiet: Andy Murphy

COMPONENT RESPONSE TO EARTHQUAKES

The punose ¢f the Component Respons: to Eanthq: akes research activity is 10 provide data on
the seismic response a '« ‘ragility of safety related buildings, piping, and equipment. The
component failure (fragilry) data that 1 rovides serve as input 10 the related research activities on
S@ISMIC analysis methods and design margin assessment. The activity is comprised of several
analytical-experimental eforts - namely, determining how buildings transmit earthquake loads 10
safety systems ard components, developing more realistic piping design criteria 10 provide better
balance of sale. between normal operating and accident conditior.s, and predicting how and at
what ear’ quak hagnitude t.a buildings | piping, and electrical and mechanical equipment fail to
peronr. their safety lunctions. This last area is also based on earthquake data and data from
seismic qualification tests cond. ud ty licensees. The activity is only a few years oid, and much
of the data necessary for its compietion remain (o be gathered. The output of the program will be
catalogs of dal. concerning the failure of ,afety components when vibrated at high amplitude

the s~ data are then used “th estimates of the vibration levels in nuc'ear plants 2 assess the
magn wde of eaitheyake nat the plant can withstand without failure of the ¢t * onents 1o
pertc:1i: their safety function

Salely Assyurance - This activity addresses questions A-2, A9, C-2 and C-1. These questions
relate to urderstanding the risk that earthquakes portend for reactors and then, if necessary,
d0ing something 10 reduce that nsk  Most probabilistic safwty assessments that address extemal
hazards 1o nuclear power plants f'nd that the seismic risk is very important, f not dominating,
corpared 1o the other risks. In these probabilistic assessments, there is uncertainty about the
response of safety components 10 large earthquakes beyond their des.on basis. | @, their fragility
i# uncenain because of the lack of data on component perfurmance under severe vibration
conctions beyond the seismic design basis  Such data are provided by this acthvity and are
required as input 10 the seismic Margin research activity, which i assessed as vital .o salety
assurance. Overall, this activity is assessed as CATEGORY A (VITAL).

Jsetuinecs - The results of this (esearch are needed 10 assess current seismic design critena

(mnnwm‘mmwmm).mmmm.ww
the $6/SMIC Marging research - s products are being used as they becomy

Appropriateness - The interest in kne wing the ultimate dynamic capability of safety components

stems from concerrs al ¢ the adequacy of the basis for licensed plars so it is
appropriate for the gove -~ vu '~ be in the lead. NRC is the only agency in the govemment that
has the fo L] " ntly cor” ming the adequacy of the satety design basis.
Japan and Tawan hav. oo ¢ progras ~ - YNRC. Although EPRI has a program in margin
assessment, t has noO P : Jather ¢ data, and such data are not provided
Dy the less severe ‘ests vt e safety related equipment for the
dynamic effects ol Jes . , the only way 10 get the data is for NRC 10
pay for it Overall thus , #

Besc yces - Special kns © - 1 - (esponse and fragility data Such skills are
gained from expecence in . - .t , on of these types of tes's.

roq;‘ nantg in . «:mww <ON 1o complete by FY92 . § 3 million for FY88,
and$a7m “
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT. SEISMIC AND FIRE PROTECTION
Assessment Panel. Blond (SAIC), Mattson (SCIENTECH), Ybarrondo (SCIENTECH)
Branch Chief. Andy Murphy

YALIDATION QF SEISMIC ANALYSIS

The purpose of the Validation of Seismic Analysis research activity is 10 provide data from systems
configurations typical of actual nucliear power plants to validate the cumputer models that are used
10 analyze the dynamic response of safety systems 10 earthqQuakes Past and future research
consists of dynamic tests of large models to understand systems effects, such as pipe and pipe
support interactions and soil-structure interactions. Since the models are so large, the data are
aifficult and expensive 10 obtain, and muliti-party fund’'ng is appropnate. Future projects include
the excitation of a decommissioned nuciear power piant in Germany, shaking of a reactor coolant
loop model on a table in Japan, and measurements obtained from a containment building in a
seismically active area on Tawan. The program is about one-hall complete, 21d the remaining
data are needed 10 give compilete validation of existing methods relied on for licensing decisions

Satety Assyurance - This activity addresses safety assurance questions A-5, C-1, and C-2

Although the activity will provide additional assurance that the seismic capability of existing
designs is adequate, which is a concern that falls under safety assurance question A-5 that is not
the main intent of the activity. Rather, the principle concem of this activity is the residual risk

as! ociated with large eanthquakes beyond the design basis. The. e are two ways 10 understand
the residual seismic hazard 1o ruclear plants; one is 10 analyze the response of the plant to big
ea thq akes using codes of the type that this activity helps 10 validate. the other is 1o look at the
mi rgin 1o failure of the satety related components and decide if that margin is adequate. Ths latter
apt 'oach is not as dependent on the code validation work performed in this activity. The former
apptHach is the one used for the seismic portion of probabilistic safety assessments. so this
activ ly is imporant 1o reducing the uncenainty of those analyses, at least as far as the state of the
an is concerned today (see the activity on seismic design margin). Overall, because the results of
this activity will help but not be crucial to a A question and be most usetul for Category C
cuestions, it is assessed as CATEGORY B (M TANT).

Maghuingss - There is excellent coordination of this research activity with the reactor 'censing
staft. The data remaining 1o be ottained are needed 1o compiete the regulatory validation of both
des Jr codes and probabilistic risk assessment (PRA) . The design codes and the
PRASs are used on both current plants and on future designs. data are becoming available
Ueéarmmwwmmwnm. Overall, the activity is assessed as HIGHLY

AQQIORNAlaness - The seismic analysis codes are being valkdated on a workd wide scale The
Canadians, Japanese, French, and Germans nave related res~arch that is being coordinated with
this activity. Aiso. there is a 1/4-scale sesmic analysis verffication test jointly sponsored by EPRI
and Tapower that nelps 10 provide the needed data.  Because the analysis methods are used by
designert, R is apemonate *at they be involved in supporting the research. NRC must aiso be
involv3d because of the need for independent verffication of the adequacy of mooels and for
confirmation of the analytical results.  Because the activity s needed by NRC to independently
valdate analyses both within and beyond the design basis, and becausa the industry has a
paralel program for s interests. the activity is assessed as HIGHLY APPROPRIATE.

Besources - Special skills are needed in the seismic analysis of complex stn.tures The resource
requiremants for this activity include $3 million 1o date, $4 5 million for completion by FY$82, $15
million for FY88, and $1.3 million for FY89.
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PROGRAM ELEMENT: SEISMIC AND FIRE PROTECTION
Assessment Panel: Blond (SAIC) Mattson (SCIENTECH), Ybarrondo (SCIENTECH)
Branch Chief: Andy Mu.phy

SEISMIC DESIGN MARGIN METHQDS

The purpose of the Seismic Design Margin Methods research activity (s 10 develop and apply
novel approaches to the estimation and control of the residual risk 1c nuclear power plants from
extrame earthquakes. The product of the activity will be improved guidance for assessing the
inherent capabilties of nuclear power plants 10 withstand earthquakes above the design level and
more effective means to identify any existing vuinerabilities of nuclear power plants 10 seismic
events. Tho activity involves the Lawrente Livermore Laboratory and other consultants in the
development of system walk-down techniques and the testing of those techniques in
representative plants  The method depends upoi input from another research activity
cCONCerning component response to earthquakes. Also included in this activity are lessons
learned from probabilistic risk assessments of seismic events and earthquake experience data.
The activity is a few years old, and it has only a few years 10 go. It has been applied by NRC 1o
one plant, and EPRI is now applying 1 to others. When the methods are proven by thase tral
applications, this research will end.

Salety Asg.rance - This activity addresses questions A-2, A-§, and C-1. The activity has high
promise for identtying current, unacceptable seismic design weaknesses in cperating plants, f t .
were 10 be applied 10 all plants, which is not now envisioned. The activity is also imponant

because ft can remove the need 10 analyze large seismic events in probabilistic sk assessments.

It is expected that the results of this research will confirm that the margin 1o failure in an earthquake

s typically very large, f equipment is propery anchored. Overall, this activity & assessed as
CATEGORY A (VITAL)

uUsaluingss - The new methods produced by this activity are now becoming available. Their
production is coincident with the development of methods for making individual plant evaluations
of the vuinerabiiity 10 severe accident inttiators onginating inside the plant. The research is useful
'&mnnmmwm,mwmmwmmm.

activity is important onginal contribution 10 resolving controversy. Overall it is
assessed as HIGHLY USEFUL.

Appropriateness - EPRI is cooperating with this research activity. EPRI is conducting
independent applications of the new methods in several plants. It has been necessary for NRC to
provide government suppon for methods development, peer reviews, and trial applications until
there was acceptance of the methods by industry. This area involves the residual fisk beyond the
cesQn basis required by NRC, 80 the government had 10 take the lead  Once the methods have
been proven useful, then it will be appropriate for NRC 1o ruquire that the methods be applied
generally by the industry. Overall, the activity s assessed as HIGHLY APPROPRIATE for NRC

into
Resources - The skills of fragility and systems analysis specialists are needed for this activity
Resource requirements include $1 5 million 10 date, $1 million ‘0 complete by FY90. $0 8 million
for FY88, and $0 .9 million & Y89
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT: CONTAINMENT STRUCTURAL INTEGRITY
Assessment Panel. Ariotto (NRC), Aldrich (SAIC), Biond (SAIC)
Branch Chief. Andv Murphy

STRUCTURAL TESTS

The purpose of this research is 10 permd reliable prediction of the capacities and lalure modes of
the variety of existing containment designs if the  were 10 be loaded beyond their design bases
A key insight emerging from the research on accide:. ... $€s . that the mode and timing of
containment lailures are very imponant in determining acc. '~ ¢ consequences Early failure,
without other mitigating factors, can result in large radioactivity releases, while delayed failure of
even several hours can significantly reduce the amount of radioactive material available for
release Hence, the uttimate concern of the containment performance issue is how well the
containment, conservatively designed for a postulated loss-off-coolant accdent (LOCA), can
withstand the pressure and temperature associated with severe core damage accident For
scenanos in which containment integrity is maintained, consequences are small. In those
scenanos in leading 1o containment failure, consequence predictions depend on both timing and
type of failure. The manner by which it fails would influerce the amount of airbome radioactive
materials that could be released outside the containment. Knowledge of the time interval during
which containment leak-tight capabilty is ensured is impontant because f the time interval
between the release of radioactive material and containment failure is long, substantial fission
product deposition will occur within the containment. Furthermore, the mode in which
comainment fails, o‘go?um failure versus leakage through failure of penetrations, could
influence the amount of radioactive material inside the containment that would be released
outside the containment

Salety Assurance - This research is needed for the resolution of safety assurance . estions A-3
(short term containment failure modes), and A-4 (best estimates of course and consequences)
Potential failure modes and the timing of failure modes in accident sequences are crucial
elements in assessing the risk assocated with individual plants. Because of the relationship of
meLuumtotmnmduMA-awA4mmbmuCATEOORYA
( )

Jsetuingss - The results of the research will be used 10 develop more reliable estimates of laikure
modes for iIndividual plants, Some inttial applications have already been made  especially for steel
containments - an area in which the experimental effort is virtually complete Improved estimates
of containment capacities, performed for the revision of NUREG-1150, were based in large
measure on iNformation developed from this research Industry-sponsored efforts 1o develop
improved estimates of tho likely performance of the Peach Bottom containment heavily on
past experiment son steel containment models. This activity is assessed as HICHLY USEFUL

Appropralengss - Industry-sponsored research and deveiopment on containment performance
was influenced by the design basis accident concept and was focused on developing desgns
that would perform reliasly under DBA conditions. No effort was thought warranted on attempts 10
examine performance beyond that level. When interest In this topic developed, t was accepled
that NRC bore the pame responsibility for developing basic data while applications 1o individual
plants remains an industry responsiility  The research program had been designed in this way
and is assessed as HIGHLY APPROPRIATE

Resources - Cumulative costs for this activity through F 787 are $18 million.  Costs for FY88 are $2
million. Proposed costs for FY89 are $3 8 million 1t is estimated that costs to completion of the
activity, in 1991, will require $10 million beyond the FY87 total.
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT: HIGH-LEVEL WASTE
Assessment Panel: Costanzi (NRC), Aldnch (SAIC), Mattson (SCIENTECH)
Branch Chiet: Frank Costanzi

HLW MATERIALS AND ENGINEERING

The NRC High Level Waste (HLW) research activity has two overall purposes They are (a) the
development of an understanding of the way a repository system works, 10 allow determining whethear
DOE's compliance denmonstration is adequate, and (b) given this basic understanding of the
phenomenciogy, determination of the atinbutes necessary to DOE's compliance demonstration for
NRC reaching a finding of reasonable assurance The research in this area is focused on determining
the implementation criteria for the engineered barrer requirements in 10 CFR 60 The research
activities are focused on identiftying key phenomena and the degree of precision needed for tests
and descaption of performance of waste packages and engineered systems in the physico chemical
repository environment. DOE s conducting the basic research on matenais and the environment, the
NRC is looking at the tests and expenments which will be needed in order 10 determine failure modes
and 10 establish confidence that the findings can be extrapolated out to 1000 years. From the
findings of this research ino failure mechanisms will come an estimate of the source term associated
with package failure

Salety Assurance - This activity directly addresses question A-12. The research in this area will have a
direct effect on how DOE designs and manufactures the waste package and the shaft seals. An early _
failure of the package could lead to a more senous challenge 10 the sites, especially during the first =
300-1000 years when thermal efects are greatest and when analysis of the effects is most difficutt
Even if the site is the primary barrier, doummmwm that the package be capable of imiting
the source term. This activity is assessed as CATE Y A (VITAL)

Wagtulngss - Lack of adequate funding during the nascent stages of the research which can best be
charactenzed as long-term, has preciuded staning on needed research, such as modeling of
Intergranuiar stress Corrosion cracking and compression of the waste package after a seismic event
The research must be completed on schedule to comply with NRC mission of icensing DOE package
and site. On the plus side, international agreements with Japan, Switzedand, France, and oth ars have
ampified available resources Research conducted o date, has
instrumental 10 the decision to place more emphasis on the role of the

10 CFR Pan 60 Review of the work as published in peer journals has been positive  Frequent
Programmatic reviews are conducted at the division level of NMSS, with formal NMSS review of RES
project proposals Moreover, ti.a Wiste Management Review Group (WMRG) assures concordance
between waste "esearch and tec.iny 4 assistance. The results of research in this activity ke the
results of all waste management research conducted by RES, are delivered routinely 10 the user office
uwmmnmmmm.nn The activity is assessed as

Appropnalengss - The independance of the work from DOE research prowdes NRC with the

ummn%ummoohmmwu The
actvity 1S assessed as HIGHLY TE.

Hesouces - Resourme requirements include approximately $10 - 15 mulkon cost 10 date. §10 mullion 10
compiete. § 1 millon in FY88, and $1 millon in FY89.
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PROGRAM ELEMENT: HIGH-LEVEL WASTE
Assessment Panel. Costanzi (NRC), Aldrich (SAIC) Mattson (SCIENTECH)
Branch Chiet. Frank Costanzi

HLW HYDRQLOGY AND GEQCHEMISTRY

The NRC HLW research program has two overall purposes They are (a) the development of an
understanding of the way a repository system works, 10 allow determinii.g whether DOE's compliar e
demonstration is adequate, and (b) given this basic understanding of the phenomenoiogy .
determination of the aitributes necessary to DOE's compliance demonstration for NRC reaching a
finding of reasonable assurance MHydrology and Geochemistry research is looking at how to
characterize the ground water system, the chemistry of the site, response 10 earthquakes, hydrologic
testing and measurement techniques, and the permeability of fractured earth (unsaturated tuff) In
keeping with the NRC's regulatory role, the research is focused on how the data should be
interpreted for assessing acceptability in terms of 10 CFR 60 requirements rather than providing a
duplication of the basic research being conducted by DOE. Some of the research in this area
continues 1o be generic in nature (@ g permeability testing is being conducted in basah) sirce the
results are independent of whether the tests are conducted in basal or tutt

Salety Assyrance - The activity directly addresses question A-12. The NRC must understand the
fundamental physical and chemical mechanisms of ground-water flow and radionuclicde transpent for
the unique nature of a high-level waste repository in order 1o conduct a reliable license review DOE s
Quickly moving forward with its site characterization plans. the results of this research will be used to
structure DOE's site characterzation The activity is assessed as CATEGORY A (VITAL)

Magiuiness - NMSS s using the resulis now in reviewing the DOE site characterization plans The
work 1§ well-coordinated with NMSS via WMRG, reponts and briefings are provided by RES 10
NMSS/WM sta¥ and there have been at least 10 papers published in technical penodicals
International agr sements with Japan, Switzerland, France and others have ampified available
resources As curently funded, the research is sufficient to enabie MRC 1o make licensing decisions
consistent with the mandated schedule The activity is assessed as HIGHLY USEFUL.

Appropraleness - DOE should be leading the work (n this ama, and t is not. DOE should be doing
more basic research in and geochemustry with the NRC its independent abilties
in order 10 property review the submittals. The activity is assessad as VERY APPROPRIATE.

Besources - Resource requirements include approximately $15 million in sunk cost. no more than $10
mullion 10 coinplete. $1 million in FYS8 and $1 million in FY89  Special skills in gechydrology,
geochermistry, and modeiing are required
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Ug Mgar Rﬂlmg Comm:‘ son ngrch Prioritization Task |V Roggn
. SUMMARY OF ACTIVITY

PROGRAM ELEMENT: MIGH-LEVEL WASTE
Assessment Panel. Costanzi (NRC), Aldrich (SAIC), Mattson (SCIENTECH)
Branch Chiel: Frank Costanzi

HLW COMPLIANCE ASSESSMENT AND MODELING

In order 10 be able 1o effectively review the DOE demonstration of satety of the HLW reposiory
against the requirements of 10 CFR 80, the NRC is integrating the measurements and tes!s from the
other research program areas into physical models of components and systems. Models of overall
repository performance are also being modified 1o reflect the improved understanding of repository
subsystem interaction. These models, which include computer solutions for transpon prepared by
SNL and source term modeling at the FFRDC, have been based upon the 1984 Modeling Strategy
document published by NMSS  Currently the SNL sait model is being modified to meet the specific
requirements of the Yucca tuff ste. SNL is being phased out of the work 10 avoid any conflict of
interest with their DOE-sponsored work.

Salety Assurance - The activity directly responds 1o question A-12. NRC policy requires an
independent assessment capability for HLW selt-generated models Long lead times are
reguired 10 devalop and validate these models. product of the work will be used as a basis for
approving overall capability of the site and waste package combination. Analyses such as these must
be performed 1o demonstrate compliance with EPA standards The activity is assessed as
CATEGORY A (VITAL)

Jselulness - The analysis methods made available by the research, and the validation of these
methods, will be available in time for use in the process Coordination with NMSS through
WMRG 15 good. Intemational agreements with Japan, erand. France and others have ampifed
available resources There is one possible constraint of the research as currently funded. at a higher
funding level validation of the models could be bolistered by running more natural analog studies
The activity is assessed as HIGHLY USEFUL.

Apgroprialengss - Adherence 1o NRC policy requires modeling used for licensing to be conducted
independently DO appears 1o be developing ts own model, but the adequacy of this model will not
zm;‘mt?mmwmm. The activity is assessed as HIGHLY

Resoyurces - Resource requirements include approximately $10 million to date, $15 mallion 1o
compilete, $1 4 mdlion in FYS88 and $1 4 million in FY89.
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r Regulato mmission Research Priorttization Task |V Report
. SUMMARY OF ACTIVITY

PROGRAM ELEMENT: LOW-LEVEL WASTE
Assessment Panel. Costanzi (NRC), Aldrich (SAIC), Mattson (SCIENTECH)
Branch Chief. Frank Costanzi

LAW MATERIALS AND ENGINEERING

The research in this activity is focused on the waste package and other engineered features of the
disposal system. Included is an exploration of the alternatives 10 shaliow land burial, soldific ation
methods, containers and their survivability, and testing protocols for forms and containers  Questions
regarding the funci.on of the concrete barriers, proposed by some states, are being studied 10
determine what function the barriers provide. how long they will last, and the effects of their failure
NRC has the licensing authority, but the agreement states will probably issue the licenses. RES
develops the technical criteria for linensing, and NMSS/state programs provide technical information
10 the states in regards to iImplementation.

- The activity addresses question B-15 Compliance with federal statute demands
the formulation of a justifiable technical basis for LLW disposal, development of which will ire
befter data on waste forms and long term waste immobilization. Public perception of the nsk from low-
level waste is a factor for decisions. The states in which the LLW disposal sites will be located depend
upon the NRC 1o establish technical criteria. The activity is assessed as CATEGORY B (IMPORTANT)

Wseluiness - Athough closure is stil' some 30 years off, facility design is already underway. The
concem s that delaying the establishment of closure criteria could lead to licensing problems later
which could have been resolved more economically during the design phase In terms of
coordination, the LLW program interacts with WMRG and has informal coordination with candidate
states, Southern States Energy Board, DOE, and EPA. The product of the research currently being
performed is delivered 10 users via Research Summaries issued by RES. Waste Management Brancn
These summaries, which provide a more timely method of disseminating information than the normal

reponing mechanisms, describe the problem addressed. the % made, and the
reguiatory significance of the findings. The activity is assessed as Y USEFUL . However, more
resources are needed now In order 10 adequately develop reQuiatory criteria for closure of the LLW

sites.

Agpropriateness - DOE/NE proyrams address atemative designs for LLW, but their research is
fundamental rather than reguiatory. EPRI has some research in the cost and design of LL'W
aternatives which is coordinated with the NRC work, and there is aiso coordination with research in
Japan and the U K. The activity is assessed as HIGHLY APPROPRIATE for addressing the regulatory
concems with which NRC will be concemed

Besources - Resource requirements include $6 million to date $8 million 1o compiete. $1 § mullion in
FY88, and $1 < million in FY8S.
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Task |V Repent

PROGRAM ELEMENT: LOW-LEVEL WASTE
Azsessment Panel. Costanzi (NRC), Algrich (SAIC), Mattson (SCIENTECH)
Branch Chiet. Frank Costanzi

LLW HYDROLQGY AND GEQCHEMISTRY

The main concern of this research activity is the determination of the disposal site source term
associaied with LLW RES is developing a suite of models for performance assessment based on
known behavior in current and oid stes. Dispr sal site performance is determined by its hydrologic
and geocnemical characteristics  There are major uncerntainties in this area. such as that associated
with the effects of vegetation. while plants help in keeping the site dry, they also present problems
with mobilization of nuclides Data about a Canadian LLW site made available through AECL (Chalk
River) is being used in this research, the AECL data are well characterized. there are Qood records.
and RES has ready access (o the data. Specific research is being conducted by UCLA/Univ of
Maryland (Beftsville demonstration), PNL (site models, geochemistry, mobilization in soils), BNL
(source term), and MIT (stochastic hydrology).

- This research addresses question B-15. As with HLW, LLW disposal is mandated
by federal statute This research will identity the capabilties and limtations of current hydrologic flow
and contaminant transport models as applied to NRC's LLW licensing and regulatory program. This
activity s assessed as CATEGORY B (IMPORTANT).

Jsgtuiness - Both the states and NMSS are users of the information and there is coordination with  ~
NMSS via WMRG. Coordination with ‘ederal and state agencies is faciltated through the LLW
technology coordinating committee.  The activity is assessed as HIGHLY USEFUL.

Appropralengss - It is the responsibility of the NRC to license LLW disposal facilities This
responsibility presupposes a level of knowledge adequate to perform the licensing in a marner
protective of public heaith and safety Since the detaile’ knowledge 10 poﬂom”:n licensing
. programs. 1t is
appropriate for the NRC 1o perform this research. We aiso believe that EPRI should be encouraged 1o
&M.Mhﬂm;mmmmeﬂbMdﬂmw

A are 'WW“ with
respect 1o radionuciides Overall, the research being conducted by the NRC is considered H Y
APPROPRIATE because 1 is needed 10 evaluate licensee submittals

Besources - Resource requirements include $6 million to date, $4 million 1o complete. $0 7 million in
FY88, and $0.7 million in F Y89
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PROGRAM ELEMENT: LOW-LEVEL WASTE
Assessment Panel. Costanzi (NRC), Aldrich (SAIC), Mattson (SCIENTECH)
Branch Chief. Frank Costanzi

kLW COMPLIANCE. ASSESSMENT, AND MODELING

The research in this activity is concerned with the modeling of the hydrology of the sites in order to be
able to predict movement of radionuclides. Information from other program areas (hydrology and
geochemistry) is utilized to determine the appropriate parameters 10 be used in predictive models of
site performance RES is dovobon?‘ perormance assessment methods and validating the methods
using the charactenstics of existing LLW sites such as Chalk River

Satety Assurance - The activity, which addresses question B-1§ Compliance models provided by
this research are needed by the candidate LLW disposal sites  The activity is assessed as
CATEGORY B (IMPORTANT)

Usetuiness - It is projected that specifications for the ascessment models needed Dy the states will be
available from the NRC in 3-5 years, consistent with schedule requirements. There is good
coordination with NMSS via WMRG  The activity is assessed as HIGHLY USEFUL

Appropridlengss - Since there is no policy requiring an independent model. the research is correctly

focussed on regulation in as much as it will give the agency the to the -
charactanstics of adequate models The activity is assessed as HIGHLY Mrs.

Basources - Resource requirements include $5 million 10 date, $5 million 10 compilete, $0 7 million in
FY88. and $0 8 million in FY89
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S Nuclear Regulatory Commussion. Research Pnoritization Task |V Repont

SUMMARY OF ACTIVITY

PROGRAM ELEMENT. REACTOR CONTAINMENT SAFETY
Assessment Panel: Blond (SAIC), Mattson (SCIENTECH), Ybarronde (SCIENTECH)
Branch Chiel: Mel Silberberg

CORE MELT PROGRESSION AND HYDROGEN CGENERATION -

The Core Melt Progression and Hydrogen Generation Research Activity provides a data base and
analytical mv deis of thogonmmq physical and chemical processes artendant 1o core melting n
hght water reactors (LWRs) The expenmental research consists of in-prle integral tests, incluaing
examination of TMI-2 core debris, laboratory separate-effects expenments, and determination ot
basic metaliurgical data. Also the research consists of the development anc validation of
mechanistic computer models for in-vessel core-meit ression and hydrogen generation,
Including the response of the reactor coolant system (RCS) prior 10 its breach by the core debris
and the mode of vessel failure.  This research provides the input on the meft mass, ejection rate,
composition, and temperature needed 10 assess the core-mel threat 10 containment integnty
Five laporatones perform different aspects of this complex research

Safety Assurance - This activity strongly addresses questions A-2 A-3 A4 B-1 B9ana C-2
Because there are many possible core melt scenanos in LWRs, and because these scenanos
atfect the amount and charactenstics of the core debns, fission products, and hydrogen that
escape from the RCS, much of the uncenainty in predicting thy course and consequences of
core mel acadents lies within the scope of this activity  Currently there are larne quantitative
uncenainties in the potential challenges 1o containment from core meltdowns. Understanding the
state of the damaged core is important for managing an accident beyond the design basis in order
to imit its consequences. Understanding the progression of the core melt through the time of
failure of the RCS is important for managing actions that could be taken dunng a core melt down o
prevent earty contanment failure  Overall, this activity is assessed as CATE Y A (VITAL.)

WSgiuingss - The research has not yet resoived important differences of opinon among industry
laboratory, and gQovernment scientists on subjects vital 1o safety enhancement and the reduction
of uncenainty, includig hydrogen generation mode of vessel failure, charactenstics of the
ejected debns eic. Two detalled mechanstic computer codes for predicting tysiem response
are avallable  MELPROG/TRAC for use in unrecovered accidents and nsk assessment, and
SCDOAP/RELAPS for use in acadent management by core reflooding. Al this Yme, neither code
has been accepted 'or use Dy industry the codes have been used extenswely in the
U K . particularty in the Sizewell B inquiry, and in Japan and other counties. Neither have IDCOR
and NUMARC been usiiig these detalled codes in severe acoident activites There is some

the research on the late phases of core-mel as treated by the MELPROG/TRAC
cooe. while others recommend INPO use of /RELAPS tor :Mnuum-m
progression and accident management This activity is assessed as VERY U'SEFUL

w-mmmummamw and not Included in NRC
kcensing requirements research in this area should be led by NRC  Given the significance of the
research 1o hydrogen control, however 1 is also approprate 10 continue cooperative
funding from EPRI. INPO and NUMARC. This activity is assessed as VERY APP TE

Hesources - Cumulative costs for this activity through FY87 are $50 milion. Costs for FY88 are
$5 7 milion Proposed costs for FYS9 are $5 7 milion. It is estimated that costs 1o completion of
the activity, in 1995 will require $50 milkon beyond the FY87 total
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT: REACTOR CONTAINMENT SAFETY
Assessment Panel: Blond (SAIC), Mattson (SCIENTECH), Ybarrondo (SCIENTECH)
Branch Chief. Mel Silberberg

CORE - CONCRETE INTERACTIONS -

The Core - Concrete Interactions research activity provides expenmental data and modeling 10
understand an imponant element of the effect of a core men down in a light water reactor with
conventional containment. It concerns the physical and chemical processes that would occur
molten core materials were 1o come in contact with concrete in the containment structure
Included in the activity are the release of combustible and non-condensable gases, reduction of
mofen metals, interlayer heat and mass transfer in debris pools, and degradation of concrete
containment structures. One laboratory provides both large-scale integral experiment and
medium-scale aerosol release tests coordinated with an analytical program of code development
and assessment (CORCON and VANESA), while another laboratory ¢ onducts small scale
separate effects tests and modal development. The activity began around 1975 the end product
IS the abiity 10 analyze the core and concrete interactions adequately for severe accident
decisions

Satety Assurance - This activity strongly addresses questions A-3, A-4 B9 and C-2. It involves a
sgnificant source of uncenainty about containment performance for core mel down accidents,
namely whether gases emitted by core concrete interactions could combust and cause earty
containment failure  This activity is necessary for timely resolution of VITAL safety questions
concerning the potential for earty containment fdunnmmud SUPPression
containment, Mark | Mark Il and ice condenser.  The propensity for earty dry well inar failure in the
Mark | design is being given high priority for resolution by NRC because of the potential it hoids for
unacceptable risk at a number of operating plants. In addition, this activity is important for reducing
the uncenainty of containment respunse and the nature an magnitude of radioactive materals
released in a core meh down for all LWR containment types. This activity i assessed as
CATEGORY A (VITAL)

umﬂmwhmuhﬂpmuundhmwmammm
evaluations of vessel mel-through conditions. planning, implementation of Severe
Acadent Policy, CMMOOWQLWR\'IN wmm«umm The
acceptatyity of nsk for Mark | containments and associated backfits that might be needed are vitally
dependent on earty conciusions about core concrete Interaction. The results for the Mark |
containment are expected in 1988, and the activity s expected 10 be complete in 1992 This
activity is assessed as HIGHLY USEFUL.

Appropnaleness - There are users of this activity besides NRC, particularty other nations with
operating LWR's. The BETA program in FRG s coordinated with the US research, as is source
term research by EPRI Mmmwummummm
basis NRC must fund this research because it concems vital questions about the

the icensing basis and risk acceptabity This activity is assessed as HIGHLY APPROPRIA

Besources - Special skills (0 thermal hydraulics. metaliurgy. and chemistry are required  Resource
r‘moms%u1 million 1o date, $10 million for compietion, §1.7 million for FY88 and
1 8 milion for
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Nuclear Requlatory Commission: Reseéarch Prioritization Task |V Repont
SUMMARY OF ACTIVITY

PROGRAM ELEMENT. REACTOR CONTAINMENT SAFETY
Assessment Panel. Blond (SAIC), Mattson (SCIENTECH), Ybarrondo (SCIENTECH)
Branch Chiet Mel Siberberg

RIBECT CONTAINMENT HEATING

The Direct Containment Heating research activity provides experimental data and computer
modeling to understand the plrysical procedses associated with the possible high pressure
ejection of molten core matenals from a light water reactor during a core mefidown accident The
activity investigates the effuct of such processes on the reactor containment and accident source
terms. The activity is relatively new since this potential mechanism for earty containment failure
was only recently recognized The activity involves large scale (1/10th linear) tests using high
temperature melt simulants and a few separate effects tests (small scale in ar and water 10 date.
larger scale later) and modeling of Reactor Coolant System (RCS) failure and core debns
redistribution using the computer codes MELPROG and CONTAIN Two laboratories are
perorming the work.

Sataty Assurance - This activity is related 1o questions A-3 A4 A7 A8 BSandC-2 The
possibilty that the RCS will fail before the vessel does is being investigated under the aegis of the
activity “Natural Circulation Inside The RCS" . The answers this activity may provide are expected
10 signiicantly reduce uncenainties in risk assessment at relatively low cost over the next few
years. The results of this research may lead 10 a guidance 10 reactor operators on how to avoid the
high pressure ejection of molten core materials from the RCS during a core meltdown There is
high uncertainty among NRC contractors and industry scientists over whether matenals so ejected
would be entrained or distributed sufficiently 10 lead 10 excessive heating and pressurization of
the containment atmosphere and over-stressing of the cortainment. Ex-vessel hydrogen
generation and subsequent combustion increase the likelihood of containment failure The
research results are intended to resolve these uncertainties. However any experimental data will
Ikely be of reduced scale. The need for an analysis capabilty in this area paraliels that in the core
concrete interaction activity, which this activity lags by about five years in model development.
Overall, this activity is assessed as CATEGORY B (IMPORTANT )

Jsetuingss - ™e portions of this activity pertaining 10 accident management that investigate the
feasibiity ang desirability of reducing RCS pressure under core melt conditions are HIGHLY

plants. and t concems the adequacy of the cument basis Therefore tis &, oprate for

Besources - Severe accdent analysts and uniqua facilities are required for this activity Resource
$ Include $2 2 million 'o date, $12 million 10 compiete by 1995, §1.2 million in FY88
and $1.7 million for FY89.

62698 Page 0-26




Nuclear Requlato mmigsion  Research Prioritization Task IV R
SUMMARY OF ACTIVITY

PROGRAM ELEMENT. REACTOR CONTAINMENT SAFETY
Assessment Panel: Blond (SAIC), Mattson (SCIENTECH), Ybarronde (SCIENTECH)
Branch Chief. Mel Silberberg

CODE MCDELS. VALIDATION, AND ANALYSIS

The Code Models, Validation, and Analysis research activity provides computer modeling of the
overall plant response 10 core melt accidents in light water reactors (LWR's). It consists of code
development and analysis work at five laboratories involving four codes, STCP, SCDAP,
MELPROG, and CONTAIN. A related code MELCOR is under development by the nsk
assessment group in the Office of research. The codes are arranged in two tiers, namely. laster
nNNIng simple models and siower running detailed models. The development of BWR models
has lagged the developmen of PWR models

- This research activity strongly addresses questions A-2 A-3 A-4 8.1 B9
and C-2 The activity produces the analytical tools through which essentially all severe accident
research results are applied by the NRC. The results of this activity can be used in the
assessment of industry results in individual plant evaluations (IPE's) and probabilistic safety
assessments and 10 resolution of vital safety questions involving Mark | and ice condenser
comainments. The nsi: reduction potential associated with applying these analysis tcals is high
because of the befter understanding of core melt behavior that they provide. This activity is
assessed as CATEGORY A (VITAL )

Wagtuingss - This activity s assessed as VERY USEFUL because of the acceptance of the codes
in the international arena even though there is a separate effort relative 1o industry codes. The
results of the code development have been used in licensing (Shoreham 25% power review and
Seabrook reduced EPZ requirement ) The NRC codes are capable of confirming the validity of
the Severe Accident Policy Statement. and that will provide independent assessment of the
analyses that NRC intends 1o require of each plant t the IPE. lnmwyohowsmxot
using the NRC codes for IPE's. Overall assessment of response s needed for
management decision making, and industry s most iikely 10 use MAAP and SCDAP for those
puposes. while STCP and the mechanistic codes are likely 10 be used internationally.

AQQIOROAIENESS - Since IPE's are 10 be required of licensees this activity /s assessed as VERY

APPROPRIATE Disagreement between industry and NRC on code models has preciuded cost
shanng for common codes and has led 10 separate efforts  Until definttive experime tal evidence
can be oblained. the separate effons represent uncenainty in the state-of -the-ant. The program

has extensive loreign suppon in both code use and cooperative development

Hesources - This activity requines coordingtion of the skifls of uniquely quaiftied analysts in the
Laboratories. Resource requirements include $35 million 10 date. $46 million 10 complete by
1995, $3.9 million in FYB&, and $6 6 million in FY89.
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US Nuclear Regulatory Commission: Research Prioritization

SUMMARY OF ACTIVITY

PROGRAM ELEMENT: REACTOR CONTAINMENT SAFETY

Assessment Panel. Houston, Blond, Ybarrondo

ranch Chie!. Mel Silberberg

HYDRQGEN TRANSPORT AND COMBUSTION

gen Combustion Research activity provides an experimental and theoretical databa
sed 10 Quantify the threat 10 safety-related equipment and the containment structure
0sed Dy hydrogen combustion It consists of expenmental and theorelical tasks 10 improve the
Jnderstanging of: (1) hydrogen transpon; (2) diffusion flames, deflagration, accelerated flames
and deflagration to detonation transtion (DDT) and the detonation combustion modes. (3) the
effect of combustion on iodine source term; and (4) the feasibility of selected hydrogen mitigatior

systems

adlgty Assurance - This research activity strongly addresses safety assurance questions A-3 A.4
A5 A8 B-7 B-10and C-1. This activity produces the anaiytical 1008 for assessing the
onsequences of hydrogen combustion for both degraded coré and more severe accidents
vormation generated can be used 10 address the high priority Genenc Safety Issue 121 on
hydrogen control for large dry PWR comainments and will provide the NRC with an additional
capabiifty 10 determine an acceplable accident mitigation capability for the PWR ice Condenser
sontainments. Overall this activity is assessed as CATEGORY B (IMPORTANT)

Wagluingss - The data base developed from hydrogen combustion research will be used by a
arge group of people in as much as the consequences of combustion eMect other areas such as
JireCt containment heating, equipment survival, and containment integrity. in the past
onfirmatory research was needed 10 provide the NRC with the capabilty 10 close out unresolved
Nydrogen control issues, such as flame acceleration and DOT for the PWR Ice Condenser plants
Analytical tools developed under this activity are available 1or use in rule iImplementation efforts
SuUCh as assessing (he adequacy of both interim and permanent hydrogen control systems This
activity IS assessed as VERY USEFUL

ADQIORNIAIENSSS - This activity is assessed as VERY APPROPRIATE. it has generated an
ndependent data base for the NRC 1o use In review of the hydrogen control systems selected by
the utilities

Besearch - Expenmental faciities and code development assessment and apphcation are
reQuired for this activity  Resource requirements include $11 million 10 date. $3 8 million to
compiete by FYS2, $0. 7 million in FYB8, and $0 7 million in FYB9




“§ N:ﬁmr Rmmon C,omgwn ﬂnoish mmam Task IV Roan
SUMMARY OF ACTIVITY

PROGRAM ELEMENT REACTOR CONTAINMENT SAFETY
Assessment Panel. Houston (NRC), Blond (SAIC), Ybarrondo (SCIENTECH)
Branch Chief. Mel Silberberg

STEAM EXPLOSIONS

7as! research has been directed towards assessing the probability of direct alpha containment
falure mode via steam-explosion-generated large-mass missie Aipha containment failure mode
1$ @ process in which an in-vessel steam explosion resulant from the siumping of a large mass of
core melt into lower-plenum water accelerates a siug of overly'ng material into the upper head.
detaching the head and expelling t through the ainmet. This research consisted of (1)
expenments with tens of kg corium-thermite melts on the conditions under which energetic steam
explosions occut and the energetics of such explosions, (2) modeling steam-explosion
mechanisms. and (3) analysis of the alpha-containment failure mode process. The exper Steam
Explosion Review Group (SERG) convened by NRC in 1984 concluded that the probability of the
alpha conainment failure mode was less than 0 01 per core melt, and thus did not constitute a
signdficant nsk.

Because of the conclusions of the SERG report and severe budget constraints, further steam
explosion experments have been stopped. contrary 10 the recommendations of both the SERG
panel and the Kouts panel Quite aside from the very particular aipha containment failure made,
poth explosive and non-explosive rapkd steam generation from melt-coolant interactions with
accompanying hydrogen generation and fission-product release are very significant in core melt
progression and must be accounted for  Cume™ NRC research in this area consists of the
development and validation of the semi-mechanistic Integrated Fuel-Coolant interaction (IFCI)
model of both explosive and NoN-explosive Mel-wa.er interactions and hydrogen ation for

Salety Assurance - This activity, which is relevant 10 questions A-3, A4 A8 B-1 B-7 B-10,C-1

and C-2. '8 assessed as CATEGORY C (VIGILANT). Al accident actions when there
s moflen or iquified (eutectic) matenal in the core involve this activity no research

specfically directed 10 accident management has baen performed, nearty all the past and current
expenments and models are divectly appiicable 10 accident considerations. Some

new work ¢ the rates of quenching of both hot solid and mollen and on the analysis of the
codlabity of arge compiex masses of partially molten debris (as at TMI-2) would be desirable for
accdent management use.

Y APPROPRIATE Because core met s
the Dass and s not Inciuded N NRC licensing requirements, 1t is appropriate that
~ There & general awareness of and nerest In steam
S:PI0SIONS and the Droader Class of thermal explosions outside the NRC. in both tne reign and
€ communities Close CoOMINation with outside research and suppon of the NRC
‘ ! achieved Cooperation on accident management
should be sought with INPO, NUMARC, and EPRI

B
i
igd
il
i
:

i
|
?

626/88 Page D 29



“i”"c r Requl on. Research i2at Task IV Repont

Basources - Resource requirements include about $5 million to date, $1.5 million to complete in
1992 . $185,000 for FY88, and $185,000 for FYB9 Additional research to address specific core

reflooding questions for accident management, iInCluding coolability limits, would require
additional funding
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PROGRAM ELEMENT: REACTOR CONTAINMENT SAFETY
Assessment Panel Mouston (NRC), Blond (SAIC), Ybarrondo (SCIENTECH)
Branch Chiet. Mel Siberberg

EISSION PRODUCT BEHAYIOR AND CHEMICAL FORM -

This activity provides the capability to estimate source \2rm3 from the containment for postulated
severe accident sequences. Specifically, the activity provides expenmental data and modeling on
tission product and aerosol behavior in the fuel, the reactor coolant system, and the containment
The experimental program consists of mostly out-of-reactor expenments and few in-reactor
expenments There are a total of five national and commercia' laboratories: involved in this activity

- This activity . which is vital to question B-9, B-10 and C-5, impontant 1o A-4 ang

containment. This will impact the degree of deposition of fission products at both locations and
the final scurce term leaving the containment  Additionally, athough containment loading issues
such as direct containment homg? and core-concrete interactions directly influence containment
failure imes, the consequences of these processes need 10 be estimated with computer codes
developed in this activity, 80 this activity also contributes 10 safety questions involving Mark | and
e condenser containments Research results from This activity will aiso reduce the uncenainty v
severe accident nsks Fission product revaporization and late odine release, are found 10
contribute large uncentainties in Dratt NUREG-1150 risk estimates affecting severe accident
source terms for late containment failure accidents. These fission products are modeled as being
permanently removed from source term consideration but may revaporize or resuspend at a later
lime when the source term in the containment is small.

Waetuingss - Thus activity is assessed as VERY USEFUL  The immediate objective of research in
the in-ve«sel fission product release area is 1o provide iInformation on the prototypicality of the less
expensive out-of-pile expenments relative 10 the expensive in-reactor experiments If out-ol-
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ar Requ! Commission Research Prioritizath Task |V Repont
SUMMARY OF ACTIVITY

PROGRAM ELEMENT. REACTOR CONTAINMENT SAFETY
Assessment Panel. Houston (NRC), Aldrich (SAIC), Biond (SAIC)
Branch Chiel. Mel Silberber~

NATURAL CIRCULATION IN THE REAZTOR COOLANT SYSTEM -

The Natural Circulation in the Reactor Coclant System (RCS) Research Actvity provides analyses
prodncm? the RCS thermal-hydraulic behavior from accident inttiation 1o core melt and vesse!
failure. This activity, in concert with the core melt progression activity, will turnish the inttial
conditions 10 be used in other research activities including Direct Containment Heating, Core-
Concrete Interactions, and Hydrogen Combustion. The activity s currently focused on the multi-
gimensional natural croulation flows dunng a risk-dominant high-pressure station blackout
accident Issues being addressed are the structural integrty of the RCS pressure boundary prior
10 vessel failure and the influence of circulatory flows on the melt progression processes This
activity invoilves the use of three state-of-the-an computer codes COMMIX, MELPROG/TRAC,
and SCOAP/RELAPS at three different National Laboratones are being used 10 suppon the
analyses

Satety Assurance - This activity, which is important 10 questions A-3, A-4 and C-1 and relevant 10
Questions A8, B-7, B-9 and B-10, is assessed as CATEGORY B (IMPORTANT). It wil provide

operators on how 1o prevent and mitigate mel gjection during a severe accident
There is general agreement between the analyses sponscred by NRC and by EPRI -
namely the RCS pressure boundary may tail ether at the surge ind which connects the
pressunzer 10 a hot leg or at the hot leg connection 10 the vessel "before” the failure of the vessel
ower head. As a . the RCS may be depress irized 10 a low pressure bafore the molten core
fails the vessel lower head and enters the containment However, Uncenainties exist regarding
the size of the failure in the surge line or the hot leg, which will determine the rate of
depressurzation  Uncerainties auo-umtmamuw:mmwun

and other pping.  Future research will be performed 10 IMprove our understanding and

the uncenainties

Wsaluingss - This activity is assessed as VERY USEFUL, bacause of its significance o future
reactor icensing  The aciivity may also provide QUINAnce IC the operators on how 10 prevent or
mitigate high-pressure mel ejection 10 the containment.

AQQIRQNAleness - This acthity s assessed as VERY APPROPRIATE  Ahough deMng nto areas
beyond the desiQn basis, the research will have significance 1or accident management
Consistent with the latter consideration, EPRI has contributed 10 the understanding of natural
circulation in the RCS by provideng useful data and code cakulations.

Aesources - Severs accident and themal-hydraulics analysts are required 107 this activity
Resource recquirements include $1 3 mdlion to date. $2 3 milion 10 complete, $0 4 million for
FY88 and $0.7 million for FY89.
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TUMMARY OF ACTIVITY

PROGRAM ELEMENT: REACTOR ACCIDENT RISK ANALYSIS
Assessment Panel: Houston (NRC), Algnch (SAIC), Biond (SAIC)
Branch Chiet. Joseph Mumphy

BEVIEW OF PRA'S

The purpose of this research is 10 review PRA's submitted to NRR. While some o the work could
be classdied as techncal assistance, RES is also trying 10 develop less costly ways 10 perform the
re. aws Cumrently averaging $S450K per review, the reviews are as costly 1o perform as s the
ongina: analysis Guidelines developed under this effon focus the review upon the
boundary conditions and assu . with spot checks performed as required 1o confirm the
accuracy of the caiculations.  Currently PRA reviews are performed by BNL - I effective the
guidelines developed in this activity could help in shifting some of the review work 10 other
laboratones, as wel as back to the NRC

Satety ASSUrance - This activily is strongly responsive 10 safety assurance questions A-2
(unacceptable vuinerabilties), A-3 (shor term containment failure modes), A-4 (course and
consequence of severe accidents) A-5 (USI resolution), B-1 (adattional about
complex operating events), and B-6 (human factors, etc. in normal operations ) results of this
research will provide a greater knowledge of the risk levels resultant from a vanety of intiators, and
falure associated with human factors, severe accidents, and other ‘Auinerabilities A prerequiste
mwommwmmmammhmummunm
nputs  Reviews can be effective in spothing majpor oversights in PRA's and are therefore a vital
contrbutor 1o safety assurance This activity is assessed as CATEGORY A (VITAL).

Jsetuingss - Because of the complextty of a PRA. It has been difficult lor NRR 10 spectty the
requirements of a PRA review The results of thg research may produce information on
the resolution of the safety assurance questions but because of the lack of Clear spectications,
the research is not as as t mght otherwise be. This research is assessed as USEFUL.

Appropriatengss - Clearty, & is the responsibility of the NRC 10 perform the review of the PRA's
This activity is assessed as HIGHLY APPROPRIATE.

Besources - Cumulative costs through FY87 total $0 4 million. Prior reviews, inCuding some
FY87 activity, were lunded by NRR. Costs for FYB8 are $0 9 million. Proposed costs for FY89 are
$1 6 maion Completion of the activity is estimated 10 require an adattional §1 8 mulion per year
until all industry sponsored PRA'S which are submitied nave been revisyd.
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT. REACTOR ACCIDENT RISK ANALYSIS
Assessment Panel. Houston (NRC), Aldrich (SAIC), Blond (SAIC

Branch Chiel Joseph Murply

SEVERE ACCIDENT MANAGEMENT

1 FY88, the purpose of this activity is 10 provide a chapter for Accident Management strategies !

REG 1150 These strategies will provide the information 10 sSUPPON Operalor decisons, durng
severe accident stuations, which could reduce the probability of core melt This work has
ncluded studies of the NUREG-1150 plants, and other plants will be studied in the future. This
research is consistent with the larger severe acsdent management research project (“Individual
Plant Examinations” activity) being conducted in the Division of Reactor and Plant Systems In
FY89. and beyond, this task will examine audit PRAS are they are performed 10 evaluate potentia
accdent management strategies

Salaly Assurance - This research is strongly responsive 10 safety assurance questions A-2, A.3
A4 and C-2 Nis also relevant 10 satety assurance questions A-8 B-1 and B-7 Strategies for
Jeaing with vuinerabiltias and accident sequences can help plant operators avoid sequences
which could lead to core melt.  Because the results of this research could directly contribute 1o
the resolution of these quastions, this activity is assessed as CATEGORY A (VITAL)

Sefuingss - Ths research should provide NRR with the necessary background of knowledge
required 1o effactively audit the accident management strategies of the utiities Without this
knowiedge the NRC will not have a basis against which 10 judge the utility strategies
~oordination with other accdent management research being conducted wrhin NRC could be
mproved  Because the results of this research could directly contribute 10 the resoltion of
these questions, this activity is assessed as VERY USEFUL

AQQroROAIENESS - 1 18 the responsibility of the utiitie. 10 develop accident management
strateges  This research will provide knowledge needed 10 review the utilties' capabiities This
activily is assessed as APPROPRIATE

Hasources - Costs for FYB8 (first year of activity) are $0 2 milion. Proposed costs for FY89 are
$0 4 miion. Completion of the activity in 1993 is estimated 10 require an additional $1 § million
beyond the FY87 total




PROGRAM ELEMENT: REACTOR ACCIDENT RISK ANALYSIS
Assessment Panel: Houston (NRC), Aldrich (SAIC), Blond (SAIC)
Branch Chiet. Joseph Mumphy

BISK MODEL DEVELQPMENT

The purpose of this research is 1o complete the deveiopment of the MELCOR and MACCS
codes, which are used 10 determine severe accident souice terms (MELCOR) and public
consequences resulting from accidents (MACCS )

MELCOR isonthe v of becoming an application code. at which point it will cease being a
gevelopment effon will become a maintenance effort. Prior 10 this. however, the code will
need 10 undergo verfication and validation. The BWR version of the code will be completed
first with the PWR version slated for compietion in the following year MELCOR will replace the
older costh source code package Current research includes updating physical nodels as
mmumwmmmw.uwlnmbmmwaaPCJM
runs on a VAX.

Similar work is being done on the code MACCS  The NRC intends 1o publish MACCS 1 5 this
year and the code will be ready for applications in another year.

Safety Assurance - This research has a strong relationship 1o safety assurance questions A-4, B-
789 and C-2. and a weaker relationship 1o questions A-2, A-8, and B-5 These programs could
be vital for safety assurance. but until the Lodes are compared with similar codes and validated
against expenmental programs this aciivity is ranked as being CATEGORY B (IMPORTANT).

Jasiulngss - The present regulations do not consider severe accidents beyond the design
basis However the Severe Accident Policy Statement requires that such analysis be pertormed
The activity is assessed as USEFUL.

Agpropratengss - Clearty, t is the responsibility of NRC 10 review PRA and perform independent
audns as necessary This activity & assessed as HIGHLY APPROPRIATE

Basources - Cumulative costs in FY87 1otal §1.1 millon. Costs for FYBS8 are $1.6 million.
Proposed costs for FY89 are §1.6 million. Completion of the activity in 1993 is estimated 10
require an additonal $8 3 milion beyond the FY87 total
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SUMMARY OF ACTIVITY

PROCRAM ELEMENT: REACTOR ACCIDENT RISK ANALYSIS
Assessment Panel. Houston (NRC), Aldrich (SAIC), Blond (SAIC)
Branch Chief: Joseph Murphy

RISK UNCERTAINTY METHODOLOGY

The purmpose of this research activity is threefold: (a) 10 develop statistical techniques to be used
N processes involving expen elictation, (b) to perform a backend analysis as pan of a broader
MELCOR application, and (¢) perform the LaSalle /7?) study of severe accident results

Safety Assurance - Thic activity is responsive 10 safety assurance questions A-2, A-3, and A-4
The methodology provides a yardstick for risk measurement and takes some of the ivity
out of PRA. The nisk uncenainty methodology is assessed as CATEGORY C (VIG 10 safety
assyrance.

Jsetuiness - The results of this research could be used by the PRA branch of NRR and by RES
10 #8508$ SOUrCe lerms with state-ofthe-ant 1ools.  This activity is assessed as USEFUL

Approprialengss - This effont is underway 10 improve NRC capabilities for performing plant audits
It is assessed as being HIGHLY APPROPRIATE.

Sasources - Cumulative costs through FY87 total $1.1 million. Costs for FY88 are $1.5 million. .
Proposed costs for FY89 are $1 2 million  Completion of the activity in 1993 is estimated to
require an additional $5 8 million oeyond the FY87 total.
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT. REACTOR ACCIDENT RISK ANALYSIS
Assessment Panel. Houston (NRC), Aidrich (SAIC), Blond (SAIC)
Branch Chiet: Joseph Mumphy

RISK REBASELINE ANALYSES

This research has two purposes (a) 10 finish NUREG 1150, and (b) 1o extend NUREG 1150 10
include external events within the 1150 results and extend front and back end analyses in order
1o be able 10 ze BAW and C-E plarits. The Commission sees !'vis as a way 10 fultill ts
obligation 1o ACRS 10 provide an independent audt of PRA's.

Salety Assurance - This research is responsive 10 safety assurance quastions A-5 B-8 and C-1
Completion of NUREG 1150 should identity Mmtdruhn?aldbn resutant from system
interactions. This activity is assessed as CATEGORY B (IMPORTANT) 1o safety assurance

Jsetulness - The results of this research could be used by the EDO and Otfice Directors 10
prioritize risk issues in the PRA arena. and 1o provide the knowledge required 1o determine the
appropriate research balance between accident on activities and accident prevention
activities for research. This activity is assessed as USEFUL.

Appropriateness - 't is the responsibility of the NRC 10 gain such knowledge as may be required to
carry out reguiation of the nuclear industry, so this is an appropriate activity for NRC funding. This -
activity 8 assessed as VERY APPROPRIATE.

Beasources - Cumulative costs through FY87 total $2.7 million. Costs for FYB8 are $3 8 million
Proposed costs for FY89 are $2.2 million. Completion of the activity in 1993 is estimated to
require an additional $11 4 million beyond the FY87 total athough a routine sampling of plants
may require additional expenditures thereailer.
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT: REACTOR ACCIDENT RISK ANALYSIS
Assessment Panel: Houston (NRC), Algrich (SAIC), Biond (SAIC)
Branch Chie!. Joseph Murphy

BISK BASEQ MANAGEMENT METHOOQLOGY

The purposes of this research are (a) 10 compiete the development of SARA (b) to wad data into
the management tool, and (c) 10 SARA 10 the priontization of generc issues and multi plant
action tems. SARA provides the NRC with the ability 10 test PRA assumptions as vanables Using
SARA an analyst can explore the effect on overall plant nsk of proposed plant modifications

Salety Assurance - This research is responsive to salety assurance questions B-1 (additional
knowledge of response 1o complex operating events), B-0 (human factors, reactor controls, and
anficial "Mm‘w ons), and C-1 (improved analytical tools) Overall, this
activity is assessed as CA Y C (VIGILANT )

Jseluiness - SARA may be used in the review of submittals in response 1o the IPE generic letter
This activity is assessed as USEFUL

Approprigtengss - SARA provides the NRC with the tools it will need for trending and tech spec
optimization  This activity is assessed as APPROPRIATE.

Besources - Cumulative costs through ' Y87 total $2 2 million. Costs for FYBE are $1 million.
Proposed costs for FY89 are $1 6 milkon  Completion of the activity is estimated 10 require an
adotional $2 million per year in the future 1o analyze new issues, priortize new MPAS, and loan
new PRA and IPE results into the data base
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT: PLANT PERFORMANCE
Assessment Panel: Sheron (NRC). Aldrich (SAIC), Blond (SAIC)
Branch Chiet' Louis Shotkin

MIST AND QTSG TESTING (B&W)

This research activity has two main purpeses, the first of which is 10 provide expernimental data and
analysis 10 satisty the requirement of the TMI task action plan tem |1 K.3 30 "Revised SBLOCA
Method to Show Compliance with 10 CFR Part 50, Appendix K.* The other purpose I8 to confirm
licensing decisions made with respect 1o Babcock and Wilcox (B&W) power plants. The projects,
which are spons~red under a mixture of joint and separate tunding arrangements, have already
produced data tu resolve the thermal-hydraulic issues related to the TMI-2 SBLOCA of 1979 and
were used 10 suppon reauests by Florida Power Comporation and Sacramento Municipal Utility
District for exemptions from the requirement 10 install high point vents for reactor coolant systems
(as required under 10 CFR 50 44(3)(iil)

TMI task action plan tem |1 K 3.30 requires that SBLOCA models be compared 1o applicable data
A program under int NRC/industry sponsorship was established to provide this data. This
program consists of integral and separate etfects tests conducteq in expenmental faciities mimic
the unique behavior of BAW plants. The key integral facility is the Multi-loop Integral System Test
(MIST) facity A scalec integral test facility known as the University of Maryland 2 x 4 loop is used
10 address MIST design anomalies and the effects of scale distortion. Other separate sflects
experiments are conducted to study the unQua thermal- lic behavior of the B&AW Once-
Through Steam Generator (OTSG) and the B&W hot leg U-bend.

Plant transients at Davis-Resse and Rancho Seco in 1985 demonstrated the complex behavior of
BAW plants, underscorning the need for research which will result in a better understanding of the
OTSG thermal-hydraulic behavior during steady state, transient, and accident conditions
SBLOCA data generated by this research will confirm licensing decisions regarding the perceied
risk of SBLOCA at a BAW plant.

W-NWhMMnWﬂonnmwﬂbﬂc-!
inasmuch as t provides information conf of past licensing decisions. There is aiso a less
direct ralationship with questions B-1, B-6 and C-2 'While the research provides additional
KNowleage CONCeMINgG response 10 complex operating events (B-1), it has already provided the
iMormation needed for the issues t was designed 10 resove links w*h improvements in
operations (B-6) ana probahilistic assessments (C-2) are indicative of spin-off applications
Overall the activity & assessed as CA Y C (VIGILANT).

JUsefuiness - The ressach fachities used under the aegis of the activity are capable of replicating
the bahuvior of the BAW plant. The results are expected 10 be useful in answeing the relevant

safety assurance Questions 1t is our understanding that the results obtained so far are adequate
10 resoive most of the i8sues on which the research is focused Overall the activity is assessed as

VERY USEFUL.

Appropriateness - Confirmation of licensing dscisions is clearty the responsibility of the NRC - The
activity is assessed as HIGHLY APPROPRIATE.

Resources - Cumulative costs through FY87 total §14 million. Costs for FY88 are $2.3 million
Proposed costs for FY89 are $3 9 muion. Compietion of the activty in 1991 is estimated to
require an additional $6 million beyond the FY87 totai.
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT: PLANT PERFORMANCE
Assessment Panel. Sheron (NRC), Aldrich (SAIC), Biond (SAIC)
Branch Chief: Louis Shotkin

2030

The purpose of this research is two-foid: (1) to resolive licensing concerns 1or effectiveness of
core cooling provided by PWR emergency core cooling systems (ECCS) during large and medium
break LOCAs, and (2) to rovide large-scale data for assessment of the scaling capabilties of
computer codes 10 predict the accident response of PWRs during large and medium break
LOCAs. The 20730 activity provides expenment data and computer code (TRAC) analyses in
suppont of the ECCS rule revision, and an evaluation of code uncertainty in modeling ECC bypass
around the downcomer, coolability of a partially damaged core, steam binding effect dunng
reflood, multi-dimensional fiow effect in the core, and effectiveness of upper plenum injection and
vent vaives.

in the past, 20730 provided full-scale test data on mixing of the high pressure injection fluid with
the primary coolant fluid already present in the cold legs 10 help resolve the pressurized thermal
shock (PTS) issue. 20/3D also provided full-scale test data on counter-current flow between
stéam and water 10 help resolve whethar a stable flow pattern axists in a reflux condenser mode of
cooling during a small break

Data from the continuing lests are anticipated to be used In revising 10 CFR 50 Appendix K rules.
20730 will also provide data which can be used to assess and improve the multi-dimensional
capability of TRAC. Testing has been completed in both Japanese facilities belonging to 203D
About half of the 30 planned German tests have been completed FRG. JAERI the NRC are
cunently nagotiating to extend pint funding of 20730 for two more years beyond the September
30, 1988 expiration.

Salety Assurance - This activity most strongly addresses safety assurance question C-1 inasmuch
as 1.8 confirmatory in nature. There is also a less strong relationship to questions A-2, B-1, B-10
and C4. Results Deneficial 1o determining existing vuinerabilities (A-2) are anticipated 10 be in the
nature of spin-offs however, rather than as a defined end product. A similar evaluation is mace
comnmmuwlbo'mnm of compiex operation events (B-1),
review certification of standard plants (8- 10), and lbndmid#mtww
issues (C-4) ECCS bypass s no the vital ssue that t was in tho late 1970's - thanks in

part 10 the success of research like 20730, which has supplied data and computer code
(T . RELAP) analyses supportive of the ECCS rule revision. Overall, the activity s assessed
as CATEGORY C (VIGILANT).

Usetuingss - 20730 s likely to prochice information useful in answering the indicated questions It
s well coordinated with NRR, AEOD and ACRS through meetings, telephone calls, weekly and
monthly reports, Quick-look and data repons. Penodic review by the T/H Regulatory Research
Review Group is also conducted. This activity & assessed as VERY USEFUL

Appmpralensss - 1t is appropriate for the NRC 1o turd research confirmatory of licensing
decisions, but because of the benefits 10 JAERI and FRG, this activity is pintly tunded. The
assessment is APPROPRIATE.

Resources - Cumulative costs through FY87 total $85 milion. Costs for FY88 are $2.7 million.
Costs proposed for FY89 are $1.7 million. Compiletion of thy activity in 1990 is estimated 10
require an adotional $5 million beyond the FY87 total.
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT: PLANT PERFORMANCE
Assessment Panel. Sheron (NRC), Aldrich (SAIC), Blond (SAIC
Branch Chief. Louis Shotkin

ROSA:IV

The purpose of this research is 10 improve NRC understanding of the transient phenomena
related 10 SBLOCASs and operational transients. ROSA-IV will also provide information for the
jevelopment and assessment of innovative ECCS operating procedures and accident
management procedures which will enable the reactor operator 10 properly respond to plant
accidents and transients, and 1o safely recover the plants

ROSA-IV is pintly funded by the NRC and JAERI. JAERI is responsible for the design
sonstruction and oparation of the two facilities comprising ROSA-IV: NRC is responsibie for
providing best-estimate codes (TRAC-PWR, RELAPS) and advanced two-phase fic v instruments
n return or access 10 all test results. About 28 of the 40 planned (ests for the first phase have
been completed Negotiations are underway 10 extend the agreement (which expires January

31, 1988) through 1992 to allow completion of the 40 first Phase tests plus 20 more second
Phase tes!s

n the past, data from ROSA-IV have been used 10 laciltate benchmarking of the TRAC and
RELAPS codes

Salety Assurance - The research is most strongly responsive 10 safety assurance question C-1
nasmuch as it is predominantly confirmatory in nature. There is also a less strongly def'ned
relationship 10 questions A-2, A-4 B-1, B-6, B-10 and C-2. Relationship to existing vulnerabilties
A-2), course and consequences of severe accidents (A-4), operating events (B-1), human
factors (B-8), centitication of standard plants (B-10), and probabilistic safety assessments (C-2) is
sonsidered 1o be of a spin-off nature. Overall, the activity is assessed as CATEGORY C
VIGILANT)

Jsetulness - The results of the research will be useful to improving the analytical tools TRAC and
RELA®S but thare is no particular reguiatory need on which the research is focused The activity
is well coorginated with NRR, AEOD and ACRS through meetings, telephone calls, weekly and
monthly reports, quick-look and data reponts. Perodic review by the T/H Regulatory Research
Review Group (RRRG) & also conducted. Overall, the activity is assessed as VERY USEFUL

Appropratengss - Improvement of the analytical 100l used during regulation is clearty the
responsibilty of the NRC. The activity s assessed as HIGHLY APPROPRIATE

Resources - Cumulative costs for ROSA-IV through FYS7 total $4.5 million. Cost for FY88 is $0 8
million. Cost proposed for FY89 is $1.3 million. Complation of the activity in 1992 is estimated o
require an additional $2 million beyond the FY87 total




US Nuclear Regulatory Commission. Research Priortization Task IV Repor
. SUMMARY OF ACTIVITY

PROGRAM ELEMENT. PLANT PERFORMANCE
Assessment Panel. Sheron (NRC), Aldrich (SAIC), Blond (SAIC)
Branch Chief: Louis Shotkin

CONTINVING EXPERIMENTAL CAPABILITY (CEC)

The purpose of the CEC is 10 provide NRC with future thermal hydraulic experimental capability as
needed Because of the long lead times required for certain facility types, particularly large
integral tests, planning and construction must anticipate future needs long before the
experimental results are needed. Because all U. S. integral thermal hydraulic facilities are
scheduled 10 be shut dc ~n by the end of FY 1988, this program was intiated in FY 1986 to
evaluate the needs and design basis for an improved scaling integral facility (CEC-ISIF) A
potential need is also foreseen for integral system data to support advanced LWR's currently
being studied by industry and DOE

Satety Assurance. Aporoprialeness. Resources - Since there is no current funding for this

activity, no assessments were made
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT: PLANT PERFORMANCE
Assessment Panel: Sheron (NRC), Aldrich (SAIC), Blond (SAIC)
Branch Chief: Louis Skatkin

BASIC STUDIES

The purpose of this research is to obtain experiment data, and assessment of the data. 1o
agvance NRC knowledge of existing salety margins in operating plants. Included within the Basic
Studies activity 1re three areas of research: (1) a test loop at the University of Maryland which will
provide integral and separate etfects data crucial to the MIST and OTSG testing of the Baboock &
Wilcox design, (2) the assessment of condensation induced water hammer in operating nuciear
power plants, and (3) research into boron mixing in the lower plenum of BWR's during ATW's
transients, a:J thermal mixing for PTS considerations. Additionally, the evaluation of transient
reactivity feed back implication in U S. Reactors as delineated in the Chemoby! Accitent
Implications Report (NUREG-1251) has been inttiated.

As discussed for the MIST and OTSG Testing activity, the data obtained from the thermal mixing
experiments were used to suppon the PTS rule. Data from the boron mixing research has shown
a higher degree of thermal mixing than indicated by GE data, leading 1o the NRC judgement that
the existing abnormal transient operator guidelines for BWR operation are conservative
Consideration of this finding could allow BWR owners 10 re.ax the current guidelines for ATWS

Salety Assurance - The BAW research being conducted at the University of Maryland is
responsive 10 the same questions as already identitied for MIST/OTSG  strongly responsive to C-
1, less responsive to B-1, B-6, and C-2 Likewise, this panticular piece of research is assessed as
CATEGORY C (\ IGILANT)

The water hammer research is responsive 10 C-1 in as much as t will provide the NRC with
improved analytical tools in this area. Accordingly, it is assessed as CATEGORY C (VIGILANT)

The boron mixing research is most strongly related to resolution of safety assurance question C-1,
but t also is only a little less responsive 10 A-2, A-4, and B-1. Cenainly the findings 1o date indicate
that the results could shed new light on complex transients for the BWR plant (A-2), and help
define tha course and consequence of likely severe accident scenanos (A-4) Additionally, the
research will provide of 1o0ls for caloulation of boron mixing. Overall, the
activity is assessed as CATEGORY B (M TANT) on th basis that even tis
predominantly responsive to C-1, the fairly strong relationship to the A and B questions merits a
higher category of assessment.

uJseluingss - The University of Maryland research will be usetul in confirming past icensing
decisions, most notably those pentaining 1o BAW plants, and is assessed VERY USEFUL

The water hammer research will provide an additional tool in this area and may therefore produce
information beanng on resolving C-1. 1t is assessed as USEFUL.

The boron mixing research is assessed as HIGHLY USEFUL because of the results t will provide
to possible dereguiation.

Overall, the activity is assessed as HIGHLY USEFUL on the strength of the boron mixing resea’ch

Approprateness - The University of Maryland work and the water hammer work are both

confir natory of reguiations and are assessed as HIGHLY APPROPRIATE  The boron mixing
ressa ch is also reguiatory in nature, but in as much as the end result 1o date iIndicate a possbie
dereg lation, 1t is assessed as VERY APPROPRIATE.
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Besources Cost for FY88 is 1 million. Cost projected for FY89 is $2 4 million. No completion
date per se, has been identified since this is a continuing acti/ity

626/88 Page D-44



JS Nuclear Regulatory Commission. Research Pricritization Task |V Repont

—— e PR S ]

SUMMARY OF ACTIVITY

PROGRAM ELEMENT: PLANT PERFORMANCE
Assassment Panel: Sheron (NRC), Aldrich (SAIC), Blond (SAIC

ranch Chiel: Louis Shotkin

THERMAL-HYDRAULIC CODES

he purpose of this research is two fold: (1) 10 refine and maintain the systems codes TRA
PWR RELAP 5 and TRAC-BWR and (2) 10 develop a methodology 1o determine the uncenainty
of the code results for a given transient and a giver plant design. These codes are used 10 (a
inderstand and evaluate the implications of transients in operating reactors, (b) evaluate
emergency operating procedures, (C) audit licensee licensing submittals, inCluding changes 1o
technical spectications, (d) provide training 1o NARC staff in plant transient behavior, (@) assist in
resolution ! iIssues such as pressurized thermal shock, and () evaluate the front-eid of risk
Jominant accident sequences Current application of the Code Scalability, Applicability, and
Jncertainty (CSAU) methodology will define, quantitatively, how well a given code handles a
given transient and plant

The thermal-hydraulic codes have been used 10 perform several hundred, documented, full-scale
plant analyses of transients. These codes have provided the NRC with an independent technica
capabilty 10 analyze transient and accident response  This activity will ensure the continued
refinement of the codes concomitant with ihe general growth of knowledge in thermal-hydraulics
and will further ensure the technical vigilance needed 1o maintain and apply the codes in a timely
manner

Revision of th acceptance criteria for ECCS performance given in 10 CFR 50 Appendix K LOCA
will allow realistic calculation of LOCA phenomena. Validity of analysis results conducted under
the provisions of the revised criteria will require that the uncertainty of the results remain under a
specified level. The CSAU methodology is being developed 10 enable the calculation of the
uncenainty

Salety Assurance - This research is strorgly responsive 10 salety assurance question C-1. The
codes themseives are considered reasonably mature, but the CSAU research will improve the
codes. The activity is, therefore, assessed as CATEGORY C (VIGILANT)

Jsetulngss - The research will provide information needed 10 IMprove the codes. 1S assessed as
HIGHLY USEFUL

AQDIORAZIENESS - IMproving reguiatory 100ls is clearty the responsibillty of the NRC . The activity s
assessed as HIGHLY APPROFRIATE

Rasources - Cumulative funding through FYB87 totals $60 mition. Costs for FY88 is $2 7 million
Costs proposed for FY89 is $5 million. Compietion of the activity in 1990 is estimated 0 require
an adantional $7.7 million beyond the FY87 1otal




SUMMARY OF ACTIVITY

PROGRAM ELEMENT: PLANT PERFORMANCE
Assessment Parel: Sheron (NRC), Aldrich (SAIC), ond (SAIC)
Branch Chiel: Louis Shotkin

T/ TECHNICAL SUPPORT CENTER (TSC)

The purpose of this research is 1o ensure the continuing availability of a group of expen stat and
appropriate operational safety assessment methods, for use on a priority basis, 10 assess the
salety signiicance of operational issues as well as the benefits and hazards of atemate reguiatory
actions related 10 these issues  To mainain this expertise the NRC will undertake a
comprehensive assessment and synthesis of lem thermal hydraulic research associated with
salety issues or major areas of investigation, or, as approprate. plans for research 10 enable issue
closure, as well as an evaluation of appropriate regulatory actions

Eramples of completed tasks conducted under the aegis of TSC include a" evaluation of B&AW

plant operational safety 1o support NRC's reassessment of BAW plant safety, and an analysis of

the safety significance of instrument tube ruptures which penetrate the lower reactor vessel head
Examples of continuing suppornt include an analysis of reactor vessel depressurization to mitigate
direct containment heating, as needed for support ECCS rule revision  Future issues 10 be

addressed by TSC cannot easily by defined, but will be associated with safety-significant events in
operating reactors, Including severe accident management evaluations and safely az ,essment of
advanced LWR concepts. .

Satety Assurance - This act'vity is most strongly responsive 1o question C-1 It is also relevant, but
10 @ leaser de- <2, to questions A-2 A4 B-1 and B-6 TSC is quintessential technical vigilance
The avalahidty of a cadre of experts wil improve NRC anaiytic and enable NRC 1o
bettsr characterize areas of potential concem in timely fashion. activity is assessed as
CATEGORY C (VIGILANT)

Jsatulness - Because the work conducted under TSC by definition involves priority safety issues,
thess tasks will be provided with necessary resources and expen staff 1o assure that results are
M“MNM'MWWMMGNNM‘ This activity s
assessed as HIGHLY USEFUL

Appropriateness - Because TSC tasks are principally directed at establishment of NRC postions
of actions relative 10 iImportant safety issues, they are HIGHLY APPROPRIATE for NAC funding

Resoures - Cumulative costs through FY87 total $2 million. Cost for FYB8 is $0 9 million. Cost
proposed for FYB9 is $1 7 millon. The activity is not anticipated 1o have a defined completion
date, but an annual cost of $4 million beyond FY8Y is expected
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SUMMARY CF ACTIVITY

PROGRAM ELEMENT: HUMAN PERFORMANCE
Assessment Panel: Sheron (NRC), Blond (SAIC), Ybarrondo (SCIENTECH)
Branch Chie!. Frank Cotman

HUMAN FACTORS RESEARCH

The purpose of this research is 10 explore methods 10 better understand the causes of human
error and 10 entity methods for reducing human errors that present = 1isk 10 public health and
salety. Past accomplishments of NRC and industry in response 10 the TMI-2 accident addressed
nuclear power plant stafting and qualfications, control room design, emerngency operaling
procedures. and display of salety parameters. Despite that etfort, human error and inadequate
management continue 10 be signiicant contributors in events which can have direct, immediate
impacts on public and hea'th and safety.  This research program suppons strong
recommendations from the National of Sciences (NAS) for continuing hurnan factors
research at the NRC (Revitalizing Nuciear Research 1986 Human Factors Research and
Nuclear Satety, 1988) in the following research areas: Human performance and human reliability
Man-machine interface. Procedures. Organization and Management, and. Qualfications and
training. The anticipated future products of this salety research will be the capability o dentify,
priortize. and resolve human factors concems in the operation. maintenance, and management
of nuclear power plants

Salety ASSurance - This activity is strongly responsive 10 questions A-2 (determine what
unacceptable vuinerabilities exist), B-8 (safety in normal operations and anticipated operational
occurrences). C-1 (accident prevention through characterzation of areas of potential concem),
and C-2 (completeness and precision of probabilistic safety assessments) and is less strongly
related 10 qQuestions A-4 (Improve accdent management and emergency planning) and B-3
(evaluate and disseminate operating expenence) Success of this program will result in a reduced
incidence of human errors and management inadequacies that lead 1o events w” ch can atfect
pubec health and safety  Human errors can not be totally eradicated, but this research should
result in a reduction of risk improved performance of personnel and management This
activity is assessed as CA B (IMPORTANT).

Jsetuiness - The Commission's Policy and Planning Guidance (1987) emphas zes the imponance
of human factors research. NRR and AEOD have reinforced that emphasis by dentifying speciic
user needs in each of the five NAS recommended areas The priorty of this research is expected

loNMMNthWquwmw
by the NRC user offices This activity is assessed as FUL.

Appropnalengss - Resolution of human factors concems related 1o safety should result in
increased protection of public healtth and safety through improved regulation of industry in human
factors areas related 10 performance of personnel and management. It will aiso benefnt the nuciear
INAustry in terms of increased plant availability, reduced cost of operation. etc Since both the
mwmww-wnwmmmwmmu
categori.ed as APPROPRIATE.

Rasources - Previous NRC human factors research ended in 1985 This is a new effort with costs
of $1 6 million for FYY 88, and $1 8 million for FY89
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‘ SUMMARY OF ACTIVITY

PROGRAM ELEMENT. HUMAN PERFORMANCE
Assessment Panel. Sheron (NRC), Blond (SAIC), Ybarronde (SCIENTECH)
Branch Chie!. Frank Colfman

HUMAN ERRQR DATA COLLECTION AND ANALYSIS

The purposes of this research activity are 10 provide improved quantification methods, data. and
procedures for (1) conducting human reliabilty analysis segments of nuclear power plant (NPP)
probabilistic risk assessments (PRAs), (2) utilizing results of these analyses 10 suppon resolution
of generic safety issues, (3) dentitying future human performance assessment research neads.
and (4) supporting other NRC human factors inftiatives  To date, methods and data emerging from
this activity are being used inside and outside the NRC to quantify and estimate human
poﬂomrunNPPs In the future, the Commission has determined tha -sliability and risk
assessments w . be used as a technical basis for regulatory decision making in the areas of
generc safety issues resolution, backfitting, implementation of safety goals, and severe accident
management policies  Upwards of 65% of NPP safety-related events involve human error.
Reviews of past PRAs suggest that large uncertainties exist in human error quantifications due, in
pan. 10 a paucity of ngorous methods and input data. The subject research responds 1o these
needs Future products first. involve development and transier 1o PRA practitioners of a vanety
of performance quantification methods which incorporate state-of-the-an technoiogies in the
areas of consensus expen judgement, computer modeling, and field reponting  Second. they
involve acquisition of human error probability data from nuclear seftings, methods for applying -
fleid data from non-nuciear settings in analyzing performance of NPP personnel, and
Wdlmmmmulmmmdwwhmm
failure data to support NRC nsk-related analyses and decision making,. Third, they
involve development of procedures for lully integrating the human reliability analysis into the PRA
process 10 reduce PRA yncertainties and 10 enhance the ability 10 assess the overall impact of
human performance on NPP risk. Additional products in the areas of cognitive and behavioral
modeling employing computer simulation techriques can be expected 1o significantly improve
mnac:m insights into NP, personne! errors of OMission and COMMISSION under
onNs and during beyond design basis events.

Salety Assurance - The activity is strongly responsive 10 questions A-1 (ensure that a utility
maintaing an adequate state of operational readiness), C-1 (W preverion
characterzation of areas of potential concem), cuoonm precision of
safety assessments) ww(wnmn mmmm
1SSUeS), and is less bWA-A(W management and

% MWNM) B-3 (evalate
mom) and B-6 ( N normal operations and
anticipated operationai ocourrences) Overall the activity i assessed as CATEGORY C

(VIGILANT).

Usetulness - The data needed and the subset being obtained is defined in NUREG/C R 468
This activity is assessed as USEFUL

Appropnalengss - Aimost every PRA done within the U S has used THERP which came from this
work. InCustry has a great deal to gain from such research  The activity § assessed as
APPROPRIATE

Resources - Resource requirements include $8 milion through FY87 §__million to complete by
FY__, $0.9 million in FY88, and $1.1 million for FY89
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT: RELIABILITY OF REACTOR SYSTEMS
Assessment Panel. Sheron (NRC), Blond (SAIC), Ybarrondo (SCIENTECH)
Branch Chiel. Frank Coffman

PERFORMANCE INDICATORS

The purpose <. this research is 10 apply reliability engineering methods and human performance
considerat.ons 10 develop. evaluate and interpret more objective and predictive Indicalors than
are currently in use by the Commission Past accomplishments include the development and use
of a set of performance INdicalors 10 help recognize symploms of poor or declining safety
performance at operating plants.  Currently, performance indicators are one of several inputs 10
NRC senior management decision making regarding the noed to adjust plant-specific regulatory
programs  In the future. improvement of the objective and predictive regulatory indicziors for the
large number of diverse operating plants requires continuing evaluation of the effectiveness of
the current performance indicators as plants and management systems change Anticipated
tuture products of this research are a continually iImproving set of performance INdiCators with
which NRC can anticipate and react to problem areas on a plant specific and generic basis.

Salety Insurance - This activity s strongly responsive 10 questions A-1 (how should NRC mondor
adequate operational readiness) and C-1 (accident prevention characterzation of areas

of pclential concern), and less responsive 10 questions A-2 (det unacceptable

vuinerabilities at plants). B-3 (evaluate and disseminate operating experience) and C-5 (improve .
reguiatory structure) Improved indicators will lead 1o iImproved iNsight INto the safety of operating

and fLi*ure plants. The activity is assessed as CATEGORY A (VITAL).

Usetuiness - AEQD s taking steps to implement interim research results produced in 1987
Examples include improved Indicators based on research on generic issue backiog, and
unavailability of safety systems The product of this research will be tied 1o PRA, organzation, and
management policies NRC's Commission-approved plan for performance indicators (SECY-86-
317) ncludes requirements for this | of both risk-based and programmatic indicators
The activity is assessed as HIGHLY FUL.

Appropralengss - Where indicators 10 be used by NRC are similar 10 these used by industry,
steps are taken 10 avoid neediess duplication But expenence teaches that this program s clearty

nnmmmz' vital concerns, even if industry was uninvolved, resulting in an
assessment of mmuﬁ

Aesources - Resource requirements include $2 million through FY87, $2 million to complete by
FY__, $0.75 million in FY88, and $0 9 million for FY89
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT: RELIABILITY OF REACTOR SYSTEMS
Assessment Panel: Sheron (NRC), Blond (SAIC), Ybarrondo (SCIENTECH)
Branch Chiet: Frank Cofman

EXTERNAL EVENT SAFETY MARGINS

The purpose of th 3 research activity is 10 respond to the Commission's Severe Accident Policy
Statement which identified the need for a systematic examination of each existing plant for any
plant-specific uinerabilities 10 severe accidents (see Individual Plant Examination activity (IPE))
NRC and industry experence with plant-speciic Frobabilistic Risk Assessments (PRAs) has
indicated that external hazards (earthquake, floods, etc) can be dominant contributors 10 severe
accidents Thus any systematic examination for plant-specific vuinerabilities 10 severe accidents
would be incomplete without consideration of external hazards The future needs of the NRC
from this research are to define which and 10 what degree external hazards must be considered in
the IPE This activity will include efforts 1o review the results of submitted IPEs for Extemal Events
(IPEEE) Severe accidents are the major contributors of risk 1o the public from the operation of
nuclear power plants and external events can be a major contributor of rigk 10 severe accidents.
No major genenc vuinerabilities 10 severe accidents from external events are believed 10 exist
But, the anticipated future products of this research, the IPEEEs, will help to identity ways to
further reduce sk and may dentity major plant-specific vuinerabilities 10 external events.

Salety Assurance - This activity is strongly responsive 10 quastions A-1 (how should NRC monitor
adequate operational read 1), A-2 (determine unaccept ™ wuinerabilities at Llants), A-3
(short-term containment fai., « Modes and acceptable mitigat.on), and A-4 (improve accident
management ~nd emergency pla ). and is less strongly related 1o A-5 (information and
actions needed for USI's and GSi's) A8 (severe accident prevention and mitigation for future
plants), B-1 (knowledge of complex operating events and accidents) B-3 (evaluate and
disseminate operating expenence), B-5 B-6 (assure safety in normal operations and anticipated
operational occurrences), B-7 (long-term containment failure modes), C-1 (accident prevantion
through characterization of areas of potential concern), and C-2 (improve completeness and
precision of PRA's). The activity is assessed as CATEGORY A (VITAL).

Jsetuingss - The research is being carmied out in direct response 10 a Commession Policy
Statement. This research is timely and directly appiicable 1o both determining what external
events should be included In the IPEEE and guiding industry in their plant-specific IPEEEs The
activity is assessed as HIGHLY USEFUL.

Approprateness - The IPEEE implementation is a reguiatory research activity that is the
responsiity of the NRC  But NRC i also working with industry in this matter through NUMARC
for developing abbreviated methods 10 search for plant-speciic vuinerabilities This activity s
assessed as HIGHLY APPROPRIATE.

Rasources - Major funding for this activity started in FY 1988 Resource requiroments include
;v through FY87, $5-8 million 1o complete by FY92, $0.3 million in FY88, and §1 5 million
89
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PROGRAM ELEMENT: ACCIDENT MANAGEMENT
Assessment Panel. Sheron (NRC), Blond (SAIC), Ybarrondo (SCIENTECH)
Branch Chief. Frank Coftman

INRIVIDUAL PL ANT EXAMINATIONS

The purpose of this research activity is 10 respond to the Commission's Severe Accident Policy
Statement which ider:tified the need for a systematic exam.nation of each existing plant for any
plant-spectic vulnerabilities 10 severe accidents. Past accomplishments of this activity have been
10 technically dlustrate the importance of Accident Management as a logical result of any
examination for plant specific vuinerabilities since the cause and consequences of a severe
accident can be greatly influenced by the operator's actions. Future needs of the NRC are 10
continue to evaluate proposed ccident management strategies, especially those which do not
involve signiicant m.a in plant design, but rather procedures and tr , because
substantial safety s can be achieved quickly and cost effectively from the latter Severe
Accidents are the major contributors 1o of risk 1o the public from the operation of nuclear power
plants. No major generic vuinerabilities 1o severe accidents are believed 1o exist The anticipated
tuture products of this research the IPEs, will help 10 identity ways 10 funther reduce risk and may
dentity maor plant-specific vuinerabilties Also the associated implementation of accdent
management plans will bolster the defense in depth concept by extending planning and
procedures for dealing with reactor accidents beyond the point that current emergency operating
procedures typically cover -

Salet, Assurance - This activity is strongly responsive 10 questions A-1 (how should NRC monitor
adequate operational readiness' = A-2 (determine unacceptable vuinerabilities at plants) A-3
(shon-term containment failure modes and acceptable mitigation), and A-4 (improve accident
management ane emergency planning) . and is less strongly related to A-5 (information and
aciong needed for USI's and GSi's), A8 (severe accident prevention and mitigation for future
plants), B-1 (knowludge of complex operating events and accdents), B-3 (evalvatc and
disseminate operating expenence) B-5 B-6 (assure safety in normal operations and anticipated
opé ational occurrences), B-7 (long-lerm containment failure modes), C-1 (accident prevention
through characterizaton of areas of potential concern), and C-2 (improve completeness and
precision of PRA's). The activity is assessed as CATEGORY A (VITAL).

Jsehuingss - Tne IPE implementation is in direct response 10 a Commission Policy Statement.
The associated accident management research is timely and directly applicable to both guiding
INAuStry In their plant, specic accident management planning and iIn NRC in evaluating
Industry acodent inanagement plans. This activity is assessed as HIGHLY FUL.

Agpropnatengss - The IPE implementation is a regulatory research activity that is the responsidiity
dnmumum-mwmwmmmm NRC is
working with indust'y in accident management implementation through N - This activity is
assessed as HIGHLY APPROPRIATE.

Resources - Major funding for this activity started in FY 1988 Continuing accident managemer:
research and resources 10 review the large number of IPEs submitted over the next few years will
require annual lunding of about $2 5 million through at least FY 1992 Resource requirements
include $1.2 million through FY87, $10-15 million to complete by FY92, $1.5 million in FY88, ano
$2.5 million tor FY89.
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT: RELIABILITY OF REACTOR SYSTEMS
Assessment Panel. Sheron (NRC), Biond (SAIC), Ybarrondo (SCIENTECH)
Branch Chiet. Frank Cottman

DEPENDENT FAILURE ANALYSIS

The purpose of this research activity is 10 provide methods for the assessment of the risk
signiticance of common cause failures, requirements for the collection of the appropnate data,
and the wuntification and development of defensive strategies 1o defeat common cause failures
Methods for assessing other dependent failures, such as design and construction errors, will also
be considered Many of the incidences that are reponed 1o AECD are the result of
dependencies. Also, most of the significant events at plants are the direct result of
dependencies among equipment. Past accomplishments include NUREG/CR-4780,
"Procedures for Treating Common Cause Failures in Reliability and Satety Studies * Techniques
for treating location dependencies \ave been developed and successiully applied in the Risk
Methods Integration and Evaluation Program. NUREG/CR-4780 was developed jointly with EPRI
Future needs of the NRC in this area and anticipated future products are evoiving at this time.

Salety Assurance - This research contributes to question A-2 (determine unacceptable
vuinerabilities) B-1 (knowledge of complex operating everds and accidents), B-3 (evaluate and
disseminate opera’ "g experience; B-11 ( review of advanced reactors), C-1 (accident prevention
through characterization of areas of potential concern), and C-2 (improve cor. pleteness and e
precision of PRA's) It is research designed 10 evaluate potential shortcomings of proposed and
euisting plants. The activity i« assessed as CATEGORY C (VIGILANT)

Jsetuness - This research answers issues that are applicable at the time the research is
completed. is currently being applied at the NRC and ts contractors, and will be concluded
successtully This activity is assessed as USEFUL

- This proiect benefits from the panticipation in a cooperative pro,ect with the
UKAEA on dependent railures. Without NRC support and collaboration in this area, ant
data on dependent failures would not be available This activity is asse.sed as APPROPRIATE

Resources - Resource requirements include $1 2 million through FY87, $2 million tc complete by
FY__ $0 2 million in FYS88, and $0 3 million in FY89.
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT: RELIABILITY OF REACTOR SYSTEMS
Assessment Panel. Sheron (NRC), Blond (SAIC), Ybarrondo (SCIENTECH)
Branch Chief' Frank Cottman

PLANT AND SYSTEM RISK AND RELIABILITY

The purpose of this research activity is to provide tools. methods. procedures, and apply reliability
techniques 10 address specific reliabiiity issues related to the safety of nuclear power plants ast
accomplishments in this research area consist of the Integrated Reliability and Risk Analysis
System (IRRAS) being used by NRC contractors as a tool 1o ad in the resolution of generic safety
iSsu@s and in the development of PRA-based inspections of plants. Also, research results from
the techn'cal specification evaluation program are being used by NRR. Future neens in this
research area consist of developing procedures for the evaluation of technical spectications.
develouing the IRRAS developing a PRA models and results data base. and adapting reliability
engineenng methods 10 better focus resources on imponant issues and 10 help resoive issues
and g‘wlof:dprobhm. Future work will address methods, problems. and reliability issues as they
are identii

Salety Assyrance - This research has relevance 10 questions A-2 (determine unacceptable
vuinerabities at plants), A-5 (information and actions needed for USI's and GSi's), B-3 (evaluate
and disseminate operating expenence), B-8 (medium priority generic safety issue resolution), C-1
( accident prevention through charactenzation of areas of potential concem), C-2 (improve
completeness and precision of PRA's), and C-4 (identity and prioritize potential genenc safety
issues) Itis assessed as CATEGORY B (IMPORTANT)

Jsgluiness - This research provides a mechanism for research insights 1o be used in the
reguiatory process, is cumently being applied at the NRC and its contractors, and will be
concluded successfully. This activity is assessed as USEFUL

Approprialeness - While industry has developed and is using the PRA techniques NRC has
taken the lead in advancing the state-ol-the-art. This activity is assessed as APPROPRIATE

Besources - Resource requirements include $3 million through FY87, $5 million to compiete by
FY__. $1.5 million in FY88, and $2 5 million for FY89.
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. SUMMARY OF ACTIVITY

PROGRAM ELEMENT. STANDARDIZED AND ADVANCED REACTORS
Assessment Pangl: Morrig (NRC), Blond (SAIC), Ybarrondo (SCIENTECH)
Branch Chief: Tom King

BEVIEW DOE ADVANCED REACTQR CONCEPTS

The purpose of this activity .8 10 provide licensing guidance on three advanced reactor conceptual
designs submitted by the US Depantment of Energy (DOE) - - one modular High Temperature
Gas-<cooled Reactor (HTGR) and twe modular Liquid Metal Reactors (LMRs) In order 10 assure |
that the designs are icensatie. DOE has requested that NRC review the designs at this early

stage. and provide quidance on the designs from the standpoint of icensing requirements The

dgesigners will then be able 10 factor the findings of the reviews into the final design prior 10

submitting a formal application for licensing

This activity is %Mod as part of the staf's implementation of the Commission's
Advanced Reactor Statement. and the end result will be a safety evaluation repon on each
reactor concept under review.

Salety Assurance - This activity is strongly "elated 10 the esolution of question A-8 and less
strongly related 10 questions A-3 B-11 and C-4. The activity does not have any direct or
immediue impact on public health and safety and is not associated with ex’sting facilities, but it will
have an impact upon future icensing  The results of this activity will be instrumental in the % |
formulation of licensing requirements ‘or advanced reactors of designs significantly difterent than |
LWRs and as such will have a direct bearing on future national energy policy. Because of the |
tremendous leverage which these early results are likely 10 have this activity i assessed as
‘ CATEGORY A (VITAL)
|
|
|

Jsetuiness - This research is needed in order 10 be able to formulate the licensing guidance,
Acluding accident prevention and accident matigation capabilities which future nuciear power
punts will be expected to meet Addressing licensing of the conceptual designs at this stage will
yien! requirements which are timely in that they will be able 1o influence reactor design at an earty
stage Overal this activity is assessed as MIGHLY USEFUL

AQQrog talengss - 1t is the responsibility of the NRC 1o develop the requirements for licensing |
Llear reactors and 10 ensure compliance with these requirements.  The activity is assessed as
HIGHLY APPROPRIATE. |

Resources - Cumulative costs through FY87 total $2 2 million. Costs for FY88 are §1 million |
Cost proposed for FY89 are $1 million Completion of the activity in 1991 1 estimated 10 require |
wnal’mm,mnnnwv FINS included In this activity are A3827 (BNL)

andg AS477 ( ).
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT SEVERE ACCIDENT PROGRAM IMPLEMENTATION
Assessment Panel. Morrs (NRC), Blond (SAIC), Ybarrondo (SCIENTECH)
Branch Chigl: Tom King

SEVERE ACCIDENT POLICY IMPLEMENTATION

The purpose of this research activity is 10 develop requirements which will ensure the
implementation of the Commssion's Severe Accident Policy Statement in tuture Light Water
Reactors (LWRs) Accordingly. this activity funds the deveiopment of rulemaking and supponing
Reg Guides Results wil inciude requirements for future apphcants to submit a PRA 10 evaluate
a range of severe accidents and 10 comply with approprate acceptance critena 1o be defined

Satety Assurance - This activity is strongly responsive to questions A8, A-9 B-9 and B-10 and is
less strongly related 10 question B-11. The activity will have a direct impact on the kcensing of the
ABWR and APWR designs currently under review by NRR Because of the impact which the
results from this research will have upon future reactors, it coukt effect national energy policy
Although this activity is important in that regard, safety could be assured Dy resoiving the issues
on an ad-ho¢ basis. This activity is assessed as CATEGORY A (VITAL)

Jselungss - The results of the research are needed for the resolution of issues related 10 the
adequacy of severe acuident prevention and mitigation of future LWR and will produce
the licensing requirements for severe accidents in ime 10 suppon the R and APWR licensing
reviews Resolution of complex issues through rulemaking will avoid the need 10 adjudicate them
during centification heanngs This activity is therefore assessed as HIGHLY USEFUL.

Appropralengss - 't is the responsitslity of the NRC to establish and enforce requirements for
icensing nuciear reactors. The activity is assessed as HIGHLY APPROPRIATE

Agsources - There are no cumulative costs since the activity is staning in FYB8 Costs for FY88
are $0 2 milion 'n FYB& Costs proposed lor FY89 are $0 2 million. Comndmmwg::
FY90 is estimated 10 require a 1otal commitment of $0 65 milkon over the three fiscal years

one FIN (BS708) is involved in this activity.
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ELGIBILITY OF RES FUNDING FOR RADIATION PROTECTION AND
HEALTH EFFECTS

Acceptance of a proposed Radiation Protection and Health Efects research
project is dependent upon meeting one or more of the following critera
developed for use within the Radiation Protection and Health Effects Branch

A Datato be obtained must be needed by the Advisory and Consensus
Slandargs organizations whose recommendations form the basis for
NRC regulations and guidance

8 Data to be obtained must be needed by the NRC stuff for the
development of standards on 10PCs ot INchuded in Advisory of
Consensus Standards organization recommendations.

C  The project must prov. je data which close Qaps in technology that have
been compensated for through the adoption of conservative
assumptions in the standards-development process

D Datato be obtained must contribute 10 (ational policy making in the NRC
reQuiatory program

E Information obtained must contribute 10 the data base undertying the
development of NRC positions of the monitoring of licensee
performance

F  Information obtained must assist the NRC staft in the resoiution of
practical problems in the Standards-Oevelopment, Licensing and
Inspection programs

G The project must contribute 10 IMProvement in measurements required
by the NAC for radiation protection and/or for demonstrating

S —————————————————————— e e it

6/26/88
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT. RADIATION PROTECTION AND HEALTH EFFECTS
Assessment Panel. Morns (NRC), Aldrich (SAIC), Blond (SAIC)
Branch Chie!: Robent Algxander

REQUCE UNCERTAINTY IN HEALTM RISK ESTIMATES

The purpose of thig research is 10 determing the appropriate relationship between radiation expos.u’e
and ingnvidual heath nsk The improved or New he Jth nsk estimates resuting from thig research wil
be used as the basis for revisions 10 NRC regulations and latory guides on radiation protectior
incluging 10°CFR 20 and fts supponting reguiatory 3“"‘ PRA nsk coefticients and the related
analysis of accident nsks will be improved which will impact the implementation and formulation of
salety goals

Specitic continuing research projects comprising this activity include

. Continued NRC support of the National Council on Radiation Protection (NCRP), the
International Commission on Radiological Protection (ICRP), ang the Committee on
Interagency Radiation Research and Policy (CIRRPC) Recommendations from these bodies
have been and continue 10 be. crucial to the continued improvement of ragdiation protection
stancards such as 10 CFR Pan 20 (FIN Nos. D1580, A9140, G1030)

. A major long lerm ineragency research program on cellu'ar and molecular efects of -
radiation 10 reduce the large uncenainties in estimates of low doses heath effects Greater
precision in these health effects estimates would improve PRAs emergency response
planning, siting review and impiementation of the Commission's satety goals (Feasiility
study 10 begin in FY 88 )

Major research projects which respond 1o immediate needs include

. A study of the health effects of industrial exposure 10 thorium and the long- term pattern
of depostion of inhaled thorium and its daughter products in human tissue. conducted to
reduce the u'mom of estimated health rigks for workers at sites where thorium is
processed | )

. A study L determine the adequacy of current neutron dose imits NRC adoption of a
controversial ICRP recommendation would lower the neutron dose mit by a factor of 2 animal
:mmn“nnNMﬂmnmmmenﬂmmr (To be
ntiated n ).

. A study 10 reduce the uncenainties In radionuchde transter functions for the transpon of
rachoactive matenals through the 10 the embryotetus These improvements wil be
used in the proposed revision of 10 CFR 20 (FIN B292))

. Improvement of the heaith efects models for reactor accidents documented in
NUREG/CR-4214. NUREG/CR 4214 is the technical basis for health effects estimales
contained iIn NUREG-1150 improvements in these estimates will subsequently yiekd befter
estimates 1of ihe health risks posed by nuciear power (FIN A1415)
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Salety Assurance - (See NOTE preceding this page ) The diversity of research conducted v.ahin this
activity reQuires examination of the individual projects in order 1o arnve at an assessment. While # 1§ felt
that the wor on placental radionuciide transter functions is responsive 10 question A-10 inasmuch as
118 not known whether cument @xposure imits are adequate. the remainder of the research is
deemed responsive 10 C-8 Depending upen the results of the research, fundamental changes in the
stangargs 'or pregnant women may be Indicated 10 ensure the heatth and satety of the embryotetus
Other researc) projects in thig activity will result in improvements of the existing standards rather than
sweeping revisions based on these consideratons the placental research is assessed as
CATEGORY A (VITAL), while the balance of the activity 8 assessed as CATEGORY C (VIGILANT)

LSRILINgSS - All Of the research projects in this activity will proguce information needed 1o resoive the
relevant question Each project is correctly 1ocused on reducing the uncenainties in health rigk
estimates the knowledge gained from the research will mprove NRC ty 10 estahiish standarcs
tor the protection of the public from the effects of radioactive matenals. research appears 1o be on
a ;ceh:mio consistent with supponing timely decisions Overall. the activity is assessed as HIGHLY

9] UL

ASRIORrialNgss - It s a responsidiity of the government 10 ensure the protection of the public from
UNNeCessary nsks associated with the uses of nuclear matenals Of the varous Qovernmental
agencies. i 8 the NRC which has been charged with the dominant role in lultilling this responsib. ity
INasMUCh as the results of this research will mprove the capabilty 10 ensure this protection At follows
that this activty § assessed as HIGHLY APPROPRIATE

Rasources - Cumulative lunding through FY87 was $3 4 million Funaing for FY88 is $0 7 million
Funding proposed for FY89 is §1 § million  Completion of work scheduled ¢ 1990 is estimateq
10 require $3 7 million beyond the FY87 total  Suppon for work scheduled in FY §1 through FY 93 s
estimated at $4 6 million
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT RADIATION PRCTECTION AND HEALTH EFFECTS
Assessment Panel Morng (NRC), Aldrich (SAIC), Blend (SAIC)
Branch Chief. Robent Alexander

HEALTH PHYSICS TECHNOLOGY IMPROYEMENT

The purpose of this research is 10 IMprove the precision of extremity dosimetry Dioassay and ar
sampling techniques $o that the precision of these Measurements is oN & level comparable 10 that
already achievable with whole body dosimetry The reason for wanting 10 achieve such an
improvement is 10 correct an inconsistency in NRC requirements in which performance criterna have
been established only for whole-body dosimetry

Speciic cor .nuing research projects comprising this activity include

. Development of performance standards, testing procedures and accreditation
programs for extremity dosimetry bioassay ar sampling and instrumentation  Objective is 10
improve licensee performance on radiation protection measurements required by NRC
reguiaton

Majpor research projects which respond 10 iImmedidte needs include

. Development of chemical and radiviogical bioassay procedure 10 be used in
the evaluation of accdental exposure 10 UF6 and 1o materials containing Am-241 Py,
Cm and Po-210. Review of an accident involving UF8 indicated that such a procedure s
required to ensure prompt corrective action (FIN A3289)

. Several SBIR projects testing new measurement techniques. such as fibre optic
appications 10 internal dossmelry measurements, lor applicability

. Ongoing technical assistance on an as-needed basis for interpretation of doassay
r:wn.sé:’n‘omtm radiation protection guidance and other ite ms as Jentified by NAC staft
(FIN )

Salety ASSUrance - (See NOTE preceding the activity “Reduce Uncenainty in Health Risk Estimates” |
NMdNM'WDWC‘ overall this activity is assessed as
CATEGORY C (VIGILANT).

WJEBNUNESS - Al of the research projects in this activity will produce INforMation needed 10 resoive the
relevant salety assurance question The proects are focused on WMPOVING capabiities for extre ity
dosimetry, bioassay and ar samping lechnques Knowledge ganed from the research will wmgrove

NRC capabiity 10 reguiate radiation exposure The research appears 10 be on a schedule consisten!
with sUpPOMIng timely decisions  Overall the actaty is assessed as HIGHLY USEFUL

ADRIORIAIENESS - 1 I8 A responsDiity of the government 10 ensure the protection of the pubixc from
UNNECeSSAry Nsks assoCiated with the uses of nuciear matenals Of the vanous gQovernmental
agencies. 1 s the NRC which has been charged with the dominant role in LFING this responsbiity
INaSMUCH as the results of this research will IMErove the Capabity 10 ensure this Protection A 1oliows
that this activity § assessed as HIGHLY APPROPRIATE.

|
Resources - Cumulative tunding through FY87 was $0 4 million Funding for FY88 s $0 2 midlion ‘
Funding proposed for FY89 s $0 6 midlion Completion of work scheduled through 1990 is estimated ‘
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10 require $1.4 million beyond the FY87 total. Suppon for work scheduled in FY91 through FY93 s
‘ estimated at §1 8 million
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT RADIATION PROTECTION AND HEALTH EFFECTS
Assessment Pane! Morns (NRC), Aidrich (SAIC). Blond (SAIC)
Branch Chie! Roben Alexander

ROSE REQUCTION AND STANCARDS DEVELOPMENT

There are two purpOsSes 10 this research activity (a) 10 develop new methods of monitoring licenses
Pertormance IndiCators in the area of radiation protection. and (b) 10 modity cyrrent radiation protecton
s.andards and Quidance in accordance with the recommendations of advisory bodies Both pumpcses
are reflective of an commitment 10 contirwally evaluate and Improve those capabiities required
10 fultill the mission of ensunng pubic health and safety

Spectic continuing research projects comprising this activity include

' ter programming and processing suppon for operation of the Commission's
Ragiation Exposure Intormation Reponing System (REIRS) REIRS data enable NAC 10
l:l:‘lﬁcl.y evaluate effectiveness of NRC Iicenseo radiation protecticn and ALARA eftons
(FIN BO83S)

. Development of an international data base on cost effective dose reduction techniques
and critical analysis of U S plant performance on doce reduction This work maintaing NRC
vigilance n the area of dose raduction (FIN A3289)

Major research projects which respond 10 immediate needs include

. A study of the biological hazards presented by "hot* panticles of beta-gamma emiters
attached to the skin. Existing methods of dose estimation are not apghcable this etoq
pr.pvtm confirmatory research 1o evaluate an approach suggested by NCRP  (Intiated in FY
88)

’ Development of reguiatory guides appiicable to implementation of the revised 10 CFR
Pan 20 Radiation Standards Adoption of the ICRP-26/30 dose limitation system and ICRP-
30 dosimetry requirements necessiates issuance of new guidance to licensees (FIN B8207)

. A study 10 determine f workars exposed 10 uranium in NRC-licensed activities are
subject 10 greater risk than cumently thought. This research addresses urinary tract alments
reported by workers at Nuclear Fuel Serv ces (FIN D2017)

. An investigation of planned releases of radioactive effluents 1o determine i the

roum,nuﬁmmmmmuy1ocrnmaonlo-nmubm.
?Yo:.m wigh deposition in shudge of Chemical absorption by biota (1o be intiated in
).

Salely ASSUrance - (See NOTE preceding the activity “Reduce Uncerainty in Health Risk Estimates” |
The research of this activty is responsve 1o questions C-6 and C-7 Overall this activity is assessed as
CATEGORY C (VIGILANT).

USaUngss - All of the research projects in this activity will produce INformation needed 1o address
Queshons W radiation protection standards and ALARA Knowledge Qained from the research
will improve capabilty 10 reguiate radiation exposure The research appears 1o be on a schedu's
mmmmmvm.nwmnmum@uvmrm
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Ragy! : R A Task IV al
SUMMARY OF ACTIVITY

PROGRAM ELEMENT FUEL CYCLE MATERIALS TRANSPORTATION AND SAFEGUARDS
RESEARCH AND STANDARDS DEVELOPMENT

Agssessmant Panel. Morng (NRC), Algrch (SAIC), Blond (SAIC,

Branch Chie! Roben Alexander

EUEL CYCLE, TRANSPORTATION, SAFEGUARDS. AND MATERIALS SAFETY

The purpose of this activity 1S 10 develop new rules for radiation protection and saleguards as neecded
10 respond ‘0 user stat! requests of Commission directives. Currently the work is imited 10 suppon of
nlemaking in two areas  (4) transportation and (b) matenals salety ré 8 NO ACtive research inthe
areas of tuel cvcle or sateguards

Research in suppon of transportation reguiation s a small efont (§75K for FY89) 10 assess the
capabiities and appropriateness of continued use of Depantment of Transponation “specitication
packages * These contane’s whose use 18 allowed under existing reguiations. are being evaluated
10 deternune their capabilties with respect 10 curment package performance standards

Research in suppon of material safety is being conducted in response 10 a Commussion directive
caling 1of the development of criena through which a smail level of radioactivity or quantity of
racioactive matenal can be classtied as Below Reguiatory Concem (BRC) BRC levels are those
levels of exposure which pose SO IMtle Nealth nsk that government interventun i kmited or
unwarranted  The Commission has directed the developmert of BRC levels appiicable 10 radoactive
waste and s exploning the pote tial for genenc BRC crtena  The scope of activty extends 1o BRC -
apphcable 10 LLW materials used in medical practice pharmaceuticals and universties and
generated at nuClear power plants decomMMSSIONING, CONSUME! Products and recycling of materals
and equpment Both Congress and the EPA have expressed concern over the estimated costs of
LLW gisposal under the current undifterentiated system. Under BRC individual pettioners for BAC
status will pay for the research 10 put together a data base upon which the BRC levels will be
developed

SAlety ASSUAncE - Artough Individuals could be exposed 10 only very low doses. large numbers of
people may be involved In some of the icensed practices  The safety /mplcations may be sgnifcant
for the population as a whole  The research is relevant 1o the resolution of salely assurance queston
814815 and B-16 RES will process the petitions for BRC status, the approprate BRC
levels for diferent of waste Since the research i focused only upon B8-15 115 assessed as
CATEGORY B (M ANT).

WLSSIUNgss - The aciivity 8 completely focused upon the denntion of genenc BRC levels The impact
will be 10 se! approprate evels of COMAMINGLION SUCh that the resclual nsks are small and
the costs of reducing them further are not justfied on a cost-bene’t Dasis In thig regard. rulemarng
ON LLW 0isp0osal. Jecommissioning. cConsumer products and of materials and eQuipment will
be based on the genenc BRC evels  The activity 8 assessed as Y USEFLL

ALQIoRNAleness - Establishing limits for acCeptabie radation exposure § Propery the respons bty of
%N:g’::::mwomnmnm This activity & assessed as HIGHLY
A |

Resources - Cumulative lunging through FY87 was $0 § milion Funaing for FY88 & $0 4 million
Funding proposed tor FY89 1s 80 4 miion  Compietion of Gentfed work in 1990 is estimated 1o
require about $0 1 miion beyond the FY8T total however based on planned follow -on activiies and
past erpenences with reQard 10 NUeMaking suppon. budge! leve's O approumately $1' milliorvyear are
peng requested
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