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( 1.0 INTRODUCTION in order to better anticipate and
accommodate change the NRC has initiated
a strategic planning process. The first NRC
Strategic Plan (Ref. 3) presents nine overall

1.1 Purpose goals and detailed strategies. The goals
were used to provide the basic structure

The purpose of this document is to report upon which the research prioritization
the results of the application of the research methodology was constructed, hence, the
prioritization methodology. Designed for results of the priontization reflect the current
use in the priontization of NRC research, the mission of agency.i

initial methodology was presented in,

November at the end of Task I of N RC No Lttempt is made to asenbe quantitative'

contract No. NRC 04 87 089 (Ref.1), and values to the results of research
the methodology was further evolved during prioritization. WNie numbers rnore readily
the Task 11 trial (Ret 2) and the Task Ill review , tend themselves to analysis, they also too

readily obscure the reasoning upon which
they are based, making it difficult to trace a;

1.2 Oblective judgement back to the basic premises and
facts upon which it was based. In this

The objective of research prioritization is to methodology it is essential that the premises
provide the Director of the Office of be fully apparent so that they can be,

Research (RES) with the information evaluated and 'ho conclusions tested in
required to allocate the FY89 RES budget in order to arrive at fully-informed consensus
a manner wNch reflects the current strategy judgements,
of the agency. WNie the overriding mission

,

of the NRC to ensure the pubt?c health and
7
; safety has remained steadfast since 1954

when the Atomic Energy Act created the 1.3 Acronyms. Abbreviations.

Atomic Energy Commission, the year to year and Definitions
challenges which the agency, and therefore
RES, must resolve are constantry changing. Safatv Annuranc.t an attribute of a

research activity which describes the
Little more than a decade ago the r. clear research's relevance to the NRC mission.
industry was in a period of rapid growth- TNs relevance is defined by mapping the.

Many new power plants were being research back to a set of questions derived,

constructed, and plans for still more were on from the NRC's Strategic Plan and basic
the drawing boards. Ucensing these plants polley statements, and grouped in
presented challenges to wNch the Office of accordance with the fonowing definitions:
Research responded by developing new,
generally appicable, analytical capabittles to Category A (Vital) quoetions are those<

expodite the licensing process. Today. manaaaw with mast contrbutors to nok-

these same tools, which have evoked apace which could lead to changes having a direct
with the growth of technological knowledge, and substantialimpact on the heetth and
are still providng the agency with a state-of. safety of the pubsc or on national policy
the-art capabilty to analyze nuclear power regarding generation of power or utilizaten of!

plant designs and anomalles in nuclear beproducte thereof. or special nWear

power piant operatia materials. The answers to these questions
could impact directly the licensing of
proposed operations, or the reguimen of

However, the major challenges facing the ex sting operstor.s includeg termination or
agency teday are oifferent. Now, a mature restart of bcensed operatcas.
nuclear industry presents the NRC with such
Overse challenges as aging of power plarts, Category B (Important) questions are ,

protection against severe accidents, thoes associated wah moderate contrbutors
*

protection of workers in cortaminated areas, to nok, ttw answers to which heb ensure
and the disposal of nuclear waste. Over continued safe operation, and which address

tirm, the focus of the argency has sNfted in potential safety issues. These questens

O order to be able to better deal with the are concerned wth inspecten and audaing

changes in the industry wNch it regulates. d '9'''* "8'*^* N 'I'9''' D;

|

I
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are concerned wth inspection and aud. ting (b) the research requires special faciljt|es that

(Q of operations, analysis of operating no one else supports,

j experience, and evaluation of potential (c) the research is classified,
'O shortcomings of proposed and existing (d) the research provides independent

operations. The answers to these questions information (e g. to confirm licensing
frequenth resu!!in regulatory changes, requirements.or to estabdish need &

definition of new leensing requirements.),
Category C (Vigilant) questions are those (e) the research is key to obtaining needed
whch must be answered to confirm (icensing informaton from other countnes
dec: sons, improve NRC's capabihties to
perform heensing and enforcement VERY APPROPRIATE: It is apprepriate for
functens, off er irnportant insights into the NRC to undertake the activity. Furthermore,
hea!th impact and safety of operations, or there are no other organizatons (industrial or
are exploratory in nature, seeking new govemmental) wth clear respons,bihty for
kno*Iedge and understanding. Independent the activity. Wahout NRC support the
assessment of safety concerns and the activay would not be pursued;
explorations of safety improvements are
also addressed by these questions. APPROPRIATE: It is appropriate for NRC to

fund the actNay, however, either industry or
another government agency shares
responsibilty for, or will benefit from, the

Unefulneas an attribute of a research activry ar.d could participate in funding the
activity which describes the research's program
timeliness,its probability of application, and
its probability of successful completion. For
ths research prioritization methodology Resourcep An attribute which describes
there are three assessment levels for the resource requirements for the activity,
usefulness: For the research prioritization methodology ,.

there are four elements included in the
HIGHLY USEFUL: The activsy win clearY resources attrbute:
produce informaton needed to answer one or

fx more safety assurance question, and the COST TO-DATE: The cumulatNo costs,

) enformaten will become available consistent spent on the adNty prior to FY88(V with estabhshed schedules:

VERY USEFUL: The activity is expected to r vi t e ac Nty to m tn
prodves information useful en answenng on* (and the year of completion)
or more safety assurance questens, and the
information is expeded to be avaitable on a FYte COSTS: The budgeted costs for the
timely basis; cur,,ng,j,e jy ,,,

USEFUt.: The actNny is expected to produce FYt9 COSTS: The estimated budget for the
information bearing on resoMog safety upoornN fiscal year
assurance questions

.

Accroorlateness an attrbute of a research
actMty which descrbes the degree to which
the NRC should fund the research. For the
research prioritization rnethodology there
are three assessment levels for
appropriateness:

HIGHLY APPROPRIATE:There are
compelling reasons for the U. S. Govemment
to undertake the activey. Furthermore,
among govemment agencies NRC Ass the .

*

I primary responsMity for this acthty.
Potential compelling reasons are:

(a) the research requires special skills not
supported o!sowhere,

s
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Figure 21 provides a graphic depiction of
2.0 DESCRIPTION OF the general steps in the methodology. The

METHODOLOGY first step has already been partially described
N in the discussion of prioritization attributes, j

But there is another part to the first step: the jThe research prioritization methodology is formulation of a list of questions which the i

predicated upon the fact that rational NRC must resolve in order to continuedecisions can only be made upon the basis meeting its mission. Such a list provides aof an explicit value system. Decisions frame of reference against which to measure -

involve choosing among attematives, and research value.the only rational basis for choosing one
attemative over another is to choose that The list of questions which the NRC mustwhich provides the greatest value. NRC resolve provides an absolute frame ofresearch is no exception to this rule: there is reference for research. The questions pose
value to be ' derived from the results of problems which the agency endeavors to ;

research' ces are made.and this value is the basis uponanswer, irrespective of whether it is already
which choi doing research to find answers or not. To

fully appreciate the implications of thisThe methodology ascribes value for each viewpoint it is only necessary to consider aresearch activity in accordance with its methodology in which the value of the |relationship with a system of attributes. research is assessed by comparing oneDefined by experts knowledgeable in research project against another. Thenuclear regulation, analysis, and research, results would show only a relative rankingthese attnbutes evolved during the course and would not provide any indication as toof the prioritization process to represent a
consensus viewpoint 1 of how to measure whether needed research is not being

done, or whether there is research being
1 the value of research results. The attributes

.
,

M* D ** * O Mwhich came out of this process are2 ]

jSafety Assurance a measure of how well In contrast, the list of safety assurancel the research conforms wth the NRC mission
to ensure putWic hea'th and safety questions defines a basis for measuring the'

;

completeness of the entire program of '

l Usefulness a measure of how likey s le that rosearch. Questions for which there is no
the resuRs of the ruearch wis be used, and associated research indicate potential gaps'

! that the results wal be timely. In the existing research programs, '

Research which does not appear to address
Appropriateness a measure of how proper il a particular question indicates work which I

is for the govemment, and the NRC in may no longer serve a purpose. Elther result; partcular, to fund the research,
; dMe beyond me% arranging the order of
'

Mesources a measure of the sunk coots, the current research, and provides a
current years cost, next years propoeed measurement of the completeness of the
cost, and estimated costs to complete. researth pmgram as a whole.
(This is the onY purely quarWlative attrbute
used in the methodology.)

) (Complete definRions for each of these
attnbutes are contained in section 1.3 and in
Appendix B.)

1 The initial attrbutes were defined durirg the j
first meeting wrth the contractor in October 1947, i

and refined by the contractor and NRC manage's |.

during the applicaton of the methodology, |
*

2 There is no Norarchy to the attrbutes implied !
by the order in which the attrbutes are

'

,

presented. Weighting of the attnbutes,if any,is
left to the perogative of NRC's Director of Nuclear

| Regulatory Research.
,

!
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Figure 21
Research Prioritization Steps To be a viable yardstick for assessing thep) completeness of the research, however, theb list of safety assurance questions should be'

an accurate reflection of the current goals of
FORMULATE ASSESSMENT

ATTRIBUTES the agency. To ensure that this was the
AND case, the NRC strategic plan was analyzed

i SAFETY ASSURANCE using the technique of successive

OUEST10NS decomposition to break the generali

| requirements (goals in this case) down into
3 more specific sub requirements (strategies),i

'

q y as illustrated in Appendix A.

W INTERVIEW 8 RANCH From this analysis the first list of NRC'

| CHIEFS FOR EACH questions was formulated . These1m
4 i RESEARCH ACTIVITY questions (presented in Appendix B)
d| indicate areas which the NRC must address
> * to meet the goals set forth in the strategic
$ ' plan. Addressing these questions may not* ASSESS EACH ACT1VITY necessarily require the participation of RES,

N N ' but the questions indicate potential areas ofOUTsDE PER S AND
research._

COGNIZANT D(VISION
DIRECTOR

Concurrent with the formulation of the
attributes and the questions, a panel of

+ expert was designated, with membership as .-
shown in Table 21. These experts provided
the extemal viewpoints which were crucial to

VAllDATE ASSESSMENT the success of the methodology (as will be
RESULTS THROUGH REVIEW described shortly). Each judge brought to

ERS A the process a familianty with those areas of )3 ygp
research within their area of specialization, I

but it was their general knowledge of the
mission of the NRC and their unblased view
of specslic research projects which were the

1 I i

purpose of their invoNoment. i
l

RESOLUT)ON OF in the second step of the methodology,
DISCREPANCIES BY interviews were coriducted with RES Branch
PANEL OF SUNOR Chiefs in order to gain detailed information

aboui ..ch research aciN y inciuded wmn l- =ANAoERS
; the scope of the project. The interviews,
j which were designed to provide reliable

1 p information regarding the safety assurance,
usefulness, appropriateness, and resource
aspects of the various activities, yielded a

d, PRIORITIZATION significant portion of the information upon i
BY DIRECTCM OF which the taler assessments were made. )

NUCLEAR REOULATORY Each interview was conducted by one of the
RESEARCH experts named in Table 21 using the

questionnaire contained in Appendix C.

; .-
1 The initialist of questions was developed by
the contrador to provule a basis for discussion.
The real list transmeted by the NRC Project
Offect (Ref. 4)is the end result of three separate
reviews by NRC RES DNisbn Direcors

4
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i in the third step of the prioritization, each * an assessment of the safety assurance
i research activity was assessed in significance of the research (including the
! accordance with the four attributes relevance of the research to the NRC
| formulated during step one. These four mission),

| assessments, illustrated in greater detail by * an assessment of the potential utility of
Figure 2 2, were performed by a panel the research results,,

{ consisting of two experts from Table 21 and * an assessment of the appropriateness of
the NRC Division Director responsible for the NRC involvement,

! research in that area. The membership of * and a description of the resources
j the panel meetings is shown in Table 2 2. required for the research.

] The outside experts provided unblased Moreover, the Director will have the benefit
3 viewpoints about the research, while the of knowing that the assessments represent
! Division Director brought to the process a more than a single viewpoirt. Because the

detailed familiarty with the work. For each methodology seeks consensus viewpoints it,

activity covered, a consensus assessment forces each assessmert to be tested several
j was achieved with regards to safety times so that the final judgments include

assurance, usefulness, appropriateness, perspectives from both the users of the
) and resources. These assessments were research as well as those performing the
i documented in the Summary of Activity research,
1 sheets presented in this report as Appendix
3 D. With the completion of this step,
I contractor involvement in the inillal

assessment of the research has been
completed. .

#

; At the time this report was written, the )
validation of the assessments was :

j underway. During the validation step the |assessments will be reviewed and j
: challenged by NRC staff and management, i
1 and by advisory groups. Each review will i' broaden the perspective and improve the '

assessment. The end result will be an |
assessment of NRC research which has I

4 '

; been validated 1 by the people using the
I resuts, by experts in each area of research,
1 and by the people responsbie for the work.

Figure 2 3 presents a more detailed I
-

l schematic of how this process is currently |
4 envisioned.
!

j in the final step, the Director of Nuclear
] Regulatory Research will be able to drew

from the assessments presented by the'

Activity Summaries to perform the'

i
prioritization. Because of the previous steps

1 in the process the Director will have at his
: disposal:

* a clear description of the purpose of each
< research activity,
i .-
1
4

I n the Context et thie wef% the term NGEdak>n*i
; refers to.the eersful examamion of the
1 eseumptions (or promises) upon which the

j e .ni. m . n e.

1

6/26/88 Page 5
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Toble 21
Panel Of Experts

EXPERT BACKGROUND AFFILIATlON

Dr. David Aldnch Risk Assessment and Research SAIC

Dr. Roger Blond Risk Assessment SAIC i
)

Dr. Roger Mattson Safety and Environmental SCIENTECH i

'Regulation

Dr. Lawrence Ybarrondo Safety Research SCIENTECH j
|

|

.-

.

|

.

l
|

|

6/26/88 Page 6 i
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O Figure 2 2
( Expert Assessment of Research

I
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. .A m ops A7: ..,

. .cAnmav e .ccaf roa rm ,
e om.Aem ,

e .
' .

' s............................................................

<

sveawees or Acuras

.

1

I

|

.- |
|
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n

Table 2 2 l
'Branch Chief Interviews

BRANCH CHIEF BRANCH ASSESSMENT
PANEL

"

Andy Murphy * Structural & Seismic Engineering Blond, Mattson, Ybarrondo
; -

I

Mel Silberberg* Accident Evaluation Blond, Mattson, Ybarrondo
Houston, Blond,
Ybarrondot !,

Charles Serpan Materials Engineering Ariotto, Aldrich, Mattson

Miton Vagins Electrical & Mechanical Arlotto, Aldrich, Ybarrondo ;
Engineering |.,

f Louis Shotkin Reactor & Plant Systems Sheron, Aldrich, Blond

'
Frank Coffman Retability & Human Factors Sheron, Blond, Ybarrondo -

Frank Costanzi Waste Management Costanzi, Aldrich, Mattson

(
Tom King Advanced Reactors & Generic Morris, Blond, Ybarrondo

issues

Robert Alexander Radiation Protection & Health Morris, Aldrich, Blond
Effects

Joseph Murphy Probabilistic Risk Analysis Houston, Blond, Aldrich

.

j * The assessments in Earth Sciences, and part of the Acddent Evaluation assessments, were
; conducted during the Task 11 trial of the methodology. Durin0 the trial the assessmert panels did

i
i not include lho DMsion Director,

'
t Four activtles under Mr. Siberberg not induded during the trial were assessed at a later date

1

I !
i

!

|.-

|

b
6/26/88 Page B
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Figure 2 3
Validation of Assessments

\
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O 3.0 PRESENTATION OF
RESULTS

3.1 Summaries at |

Assessments

The detailed results of the priontization, to
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. Respectivety, these tables are

(a) A summary of the assessments for
each activity (Table 31).

(b) A cross reference of the activities and
the questions to which each activity
responds (TatWes 3 2).

Table 31 lists the research activities and
summarties the assessments made by the
assessment panels presented in Table 2 2.
The far left column shows the page in .- 1

Appendix 0 where a more detailed j
description of the activity and the

1

assessments can be found.

O i
Tables 3 2 it!ustrates how the various I

'research activities respond to the safety
assurance questions.

i

3.2 Observations

(DELETED FROM FINAL REPORT)

|
l

1

; |

|

|

6/27/88 Page 10
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p APPENDIX A: NRC STRATEGIC
( PLAN ANALYSIS

The NRC Strategic Plan is a crrtical factor in
research prioritization: it provides the
structure upon which the list of safety
assurance ques.tions is built. In order to
ensure that all aspects of the Strategic Plan
are property addressed a thorough analysis
of the plJn is conducted, using the
technique of successive decomposition.
Familiar tg software engineers and
specdication wrliers, this technque 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
illustrate the basic hierarchy of the plan:

* Overail Goals

. Speedic Goats

. Strategies
,-

For example, under the overall goal, for
Operating Reactors (Section 3.0 of the

O Strategic Plan), the specific goals are
grouped according to their correspondence
to Accident Management, Accident
Mitigation, and Generic Safety issues.
Under each of these three groupings
strategies for realizing the goals are
delineated.

Although all sections of the Strategic Plan
are analyzed in this manner, only Sections
3.0 through 8.0 are presented herein.
Sections 1.0 and 2.0 have not been
included since they contain only
introductory material and do not descr6e
specific goals or strategies. Sections 9.0
through 11.0 pertain to management goals
and oo rd indicate areas of research.

>

.
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changes new questions will arise from time
h APPENDIX B: NRC SAFETY to time. As decisions are made the results of[V <

ASSURANCE QUESTIONS the decisions will affect the interrelationship j
of the questions. Eventually the question
list will havo to be revisited to incorporate

I'such changes.in any complex technology area the ability to
make informed decisions depends upon the The questions are divided into three (3)quality of information available to the .

decision maker. For decisions the NRC will groups, in accordance with their perceived
value to the NRC mission of safety I

be required to make in the future, there are assurance, consistent with the followingunderlying questions which will first have to definitions:be answered to enable an informed
decision. Not all questions require research Catenory A (Vital) questions are thosein the traditional sense of the laboratory
environment, but for some questiorw. this will associated with major contnbutors to risk

be the only means to gain the information which could lead to changes having a
direct and substantialimpact on theessential to continued compliance with the

agency's mission of ensuring the protection health and safety of the public or on

of public safety, it is this latter category of national policy regarding generation of

questions with which this task is concemed, power or utilizaten of by-products
thereof, or special nuclear materials.

Preparing a list of the overall safety The answers to these questions could
,

assurance questions requires a familiarity impact directly the licensing of proposed |

with the mission of the NRC and the current operations, or the regulation of existing |

regulatory process, as well as an insight as to operations, including termination or

the future of the agency, which can be restart of licensed operations. -

satisfied only by a body having wide ranging
perspectives. For these reasons the Catacory B (Important) Questions are

questions are prepared in an iterative those associated with moderate ;
'

fashion which allows a consensus contributors to risk, the answers to which

judgement to be built. help ensure continued safe operation,
and which address potential safety

The NRC Strategic Plan provides a stmeture issues. These questions are concemed
around which the initial set of questions is with inspection and auditing of
prepared. These initial questions are further operations, analysis of operating
developed, with consideration of the experience, and evaluation of potential
guidance from various Commission Policy shortcomings of proposed and existing
statements and rolevant NAS operations. The answers to these
recommendations, by RES Division questions frequently result in regulatory
Directors to obtain a list of questions which changes,
are: .

Category C (Vigilant) questions are those
* complete, in terms of addressing all of which must be answered to confirm

the issues, both now and in the future, licensing decisions, improve NRC's
upon which the agency may be capabilities to perform licensing and
expected to make decisions enforcement functions, offer important

insights into the health impact and safety
* comprehensive, inasmuch as the scope of operations, or are exploratoryin

of each question provides for the nature, seeking new knowledge and
envelopmert of sub tier questions of a understanding. Independent
more speMic nature assessment of safety concems and the

explorations of safety improvements are
e concisely stated so as to minimize also addressed by these questions. .-

contention regarding the pertinent
issues posed by the question

Beyond this ranking based on safety
The questions are dynamic in nature; as the assurance, the questions are further

perception of the mission of the agency organized in accordance with the areas of

6/26/88 Page B 1
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x the NRC Strategic Plan from which they are

J
derived (or to which they will contribute, in

v 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 its 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 level, the first of which
started with the initial question list supplied
by the contractor. The final question listi
represents the consensus viewpoint, at the
Division Director level, of the questions to
which the NRC must respond if it is to cornply
with its mission of ensuring public health and
safety. -

N

4

1 The final question list was prepared by the NRC "

and submitted to the contractor under cover
letter from James W. Pittman, Project Offeet,
Research Prioritization Contract Office ofO Nuclear Regulatory Research, to Larry J.

( Ybarrondo, President, Scientech, Inc., April 7,
1988.
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V "A QUES" O 49 |

Strategic Plan Section 3
Ooeratina Reactors 1

1

Goal: Accident Prevention

A1 What should the NRC require to ensure that a utility maintains its nuclear power plant in
an adequate state of operational readiness, and how (and what) should NRC meitor to
ensure that this is accomplished?

A2 How should NRC determine what unacceptable vulnerabilities to accidents (due to
factors such as external events, sabotage, aging, complex transients, multiple failure
events, etc.) exist at individual plants and how can they be improved?

Goal: Accident Mitigation

A3 What short term containment failure modes exist at individual plants and what is an
acceptable accident mitigation capability for containments?

,

_

A4 What is the best estimate of the course and consequence of the most likely severe
accident scenarios and what should NRC do to improve accident management and
emergency planning capabilities?

Goal: Generic Safety issues

A5 What information and actions are needed for the timely resolution and implementation
of requirements associated with Unresolved Safety issues and high priority generic
satetyissues?

Strategic Plan Section 4
Ooerational Readiness

A6 How can NRC determine whether the quality of construction and operations are
adequate to assure compilance with regulatory requirements?

Strategic Plan Sedion 5
Future Reactor Licensing

,

A7 On what basis should the NRC grant an extension of an operating license for an existing I
ruclest power plant?

|
.

A8 What severe accident prevention and mitigation capabilities should be required of
future nuclear power plants?

,

A9 What changes need to be made to regulations and what should be the requirements for
certification of standard plant designs?

6/26/88 PageB 3
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g Strategic Plan Sedion 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?

1

A 11 What is the threat of hostile action against nuclear materials and facilities, and what is the
1best available technology for safeguarding such materials and facilities? |

|

|
Strategic Plan Section 7 !

Manaaement and Disposal of Nuclear Waste

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

|

MPOR"A s " QUES" Oh S
'

,

|

Strategic Plan Sedion 3 i

Ooeratina Reactors j
,

Goal: Accident Prevention I
I
l

B1 What additional knowledge concoming the response of nuclear reactors to complex |
operating events and accidents does the NRC require? !

|
'B2 What additional knowledge concerning the behavior of materials in nuclear power

environrnents does the NRC require? j

B3 How should NRC evaluate and disseminate operating experience information to !
contribute toward accident prevention?

B4 What are the safety concems and actions NRC should take regarding the aging of
cormonents, systems, and structures importart to safety?

BS How should the safety goal policy be applied to existing reactors?
'

B6 How can human f actors, reactor controls, and artificial intelligence be improved to better
assure safety in noemal operations and anticipated operational occurrences?

Goal: Accident Mitigation

B7 What long term containment failure modes exist and what should be done to address
these? .

.

6/26/88 Page B 4

I



_ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

|

US Nuclear Reculatory Commission: Research Prioritization Task IV R:oort

Goal: Generic Safety issuess

v) B8 What information and actions are needed for the timely resolution and implementation
of requirements associated with medium priority generic safety issues?

i Strategic Plan Section 4
! Operational Readiness

(No applicable questions)

Strategic Plan Sect'on 5
Future Reactor Licensing

B9 What source terms should be considered in design, siting, and emergency planning?

B 10 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|aw of advanced
reactors?

Strategic Plan Secron 6
Nuclear Materials

B 12 How shoi.d NRC assure adequate safety of nuclear materials in transportation and
storage?

|
B 16 (Previously C 5) How should appropriate radiation standards for workers and the public

be derived, measured, and implemented?s

Strategic Plan Sect'on 7
Management and Disnosal of Nuclear Waste

| B 13 How should nuclear power plants and fuel cycle facilities be decommissioned and
disposed of?

,

B 14 What should be the level of radioactive contamination that is Below Regulatory Concem
(BRC)?

B 15 What are the relevant issues and proper techniques to ensure adequate siting,
I

licensing, and monitoring of LLW disposal f acilities? J

| \
| I

|

|

: )

|
1

|
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h V G .A s " QUEST Ob S
G

Strategic Plan Sectbn 3
Ooeratina Reactors

Goal: Accident Prevention

C1 What confirmatory or exploratory research should the NRC pursue 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.)

C2 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
lpotential generic safety issues?

Strategic Plan Section 4 s
Ooerational Readiness

. (No applicable questions)

Oi
Strategic Plan Section 5
Future Reactor Licensing

C-4 How should the regulatory structure be improved or developed for future regulation of
existing and future plants?

Strategic Plan Sedion 6
Nuclear Materials

.

C5 (Now B 16)

C6 How can implementation of ALARA be improved?

C7 What is the environmental irnpact of operating nuclear facilities and how can it be cost
effectively mitigated?

|

Strateg4 Plan Sedion 7
Manaaernent and Disoosal of Nuclear Waste

..

(No applicable Ouestions)
|

1
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OTHER ASSESSMENT ATTRIBUTES/m\

Usefulness

HGHLY USEFUL: The activity will clearly produce informaton needed to answer one or more safety
.

assurance question, and the information will become available consistent with established schedu|es
'

IVERY USEFUL: The activity is expected to produce informaton usefulin answering one or more safety
assurance questions, and the information is expected to be available on a timely basis. |

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

!

!

Appropriateness

HIGHLY APPROPRIATE: There are compelting reasons for the U. S. Govemment 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 else supports,
(c) the research is classiGed. .-
(d) the research provides independent information (e.g. to confirm licensing

requirements,estabfish need & definition of new licensing requirements.),
(e) the research is key to obtaining needed information from other countries I

1

1
'

VERY APPROPRIATE:it is appropnate for NRC to undertake the actNity. Funbermore, there are no'

other orgsnizations (industrial or governmental) with clear responsibility for the activty Without NRC
support the actNty would not be pursued.

APPROPRIATE: It is appropriate for NRC to fund the actMty, however, either industry or another
govemment agency shares responsbility for, or wdl benefrt from, the activty and could part'cipate in
funding the program

Resources

COST TO DATE: The cumulatNe costs spent on the activty prior to FY88

COST.TO COMPLETE: The estimated costs required to bring the actMty to completion (and the year of
completion)

FY88 COSTS: The budgeted costs for the current focal year

FY89 COSTS: The estimated budget for the upcoming focal year

'

.

;
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it is also beneficial to skim through the
) APPENDIX C: INTERVIEW questionnaire with the interviewee prior to

(Q PROCEDURE the actual interview so as to give a flavor of
the kind of questions that are going to be

The following interview procedure and asked. This prevents any major surprises
questionnaire evolved out of the trial and seems to greatly aid the communication

research prioritization. The procedure of information during the interview,

outlines the method used during the setup
and conduct of the interviews The in general each of the following items need

questionnaire is used by the interviewers to to be explained to the interviewee prior to

prompt for information used by the expert taping:

experts in assessing the research activities' . The methodology starts with the i
formulation of a list of questions which )

*

research must answer to ensure that -

C.1 Pre-Interview the NRC can continue to meet its !
mission.

Experience gleaned from the trial research
prioritization process indicates that there are * The mission of the NRC is to ensure the I
several factors which can have a great protection of the public health and '

influence on the success of the interviews safety,
with NRC staff. These factors are at the
control of the interviewer, and can be used . The interviewees have the opportunity to
to advantage in conducting a successful add to this question list through their
interview, responses to the first set of questions.

C.t.1 Environment . The interview is conducted in order to
--

,

provide the experts with additional
The ideal environment for the interview is a information upon which to base

|
s

large room with comfortable furniture, assessments of the research. It is not
moderate temperature, and w'ndows. The the only source upon which
one interview conducted in a small, judgements will be made the experts
windowless office was the least satisfactory, are already well versed in some areas of
We suspect that the setting contributed to the NRC's business.
the apparent discomfort of 'he person being j
interviewed. * The experts wil make the actual I

assesaments
C.1.2 Interview Setup |

* Videotaping is done to ensure a
Experience in the trial prioritlzation effort comprehensive and accurate record.
demonstrates that it is absolutely vital to Should the experts disagree over
make sure that the person being interviewed assessments the tape provides them
has a very clear idea of the methodology, with the means to review the record for
and their part in it, before turning on the clarification without having to schedule
camera and starting the questions. Without a repeat session.
this understanding it is unlikely that the
participart will be relaxed enough to speak = The process is predicated upon the use
freely resulting in a very brief interview of expert judgment,
which yields little new information.

* The assessments offered by the experts
in the most successfulIrterviews we spent, represent a relatively unbiased
on average, around fifteen minutes consensus concoming the research
explaining the prioritization methodology to that the NRC needs to perform as part ,

the person being interviewed prior to tuming of meeting its mission. *

on the camera. This was done using the
Rosearch Prioritization Process diagram from . The experts will not be making decisions
the draft methodology report as a visual aid, about the allocation of the research

w

6/26/88 Page C 1
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|

budget. Budget decisions will be made |

by the NRC. * Purpose of the tape

* The interviewee will be able to review the . The person being interviewed
results of the assessments and
comment on them. . That person's title and area of

responsibility

C.1.3 On-Camera Behavior Cl interview Questions
Although it is importan' 'o establish an
atmosphere in which the interviewee feels at The interview questions are prepared so as

to allow a consistent format to be followedease,it is the responsibility of the
interviewers to ensure that the participants while obtaining all the information required.

,

|

have the opportunity to present themselves, By and large the questions focus on
and the agency they ropresent, in a determining the contribution of the research

professional manner. Accordingly, the to safety, usefulness of the research and the

interviewers should brief the Interviewees appropriateness of the research to be
on the manner in which certain actions and conducted using NRC funds.

language can be perceived when replayed
to drfferent audiences. With tNs Depending upon the interviewee, it may not

preparation, the interviewees can tailor their be necessary to sequentially go through
on<amera image to avoid distracting from each and every query. The more loquacious

the content of what is being said, interviewees are likely to cover the
immediale question as well as the some of
the subsequent questions in one fell ,.

C.1.4 Camera Setup swoop. If it is clear that the question has
been answered it is not necessary to ask it

So as to avoid drawing excess attention to again out of rigid adherence to thes

the camera it is best to have it set up prior to qucstionnaire,
the interviewee's arrival. Any tinkering with
the camera tends to draw attention and can
add to the anxiety of a person already having C.2.1 Question Area Setup

misgivings about having the interview taped.
Within a couple of minutes of tuming the For each of the question areas the

camera on they will usually relax. Interviewer sets up the line of questioning
with a brief description of the area, including:

Few rooms enable a camera angle which will
capture more than the main interviewer and * The purpose of the line of

the interviewee. About 1012 feet between questioning
c wa and subjects is needed, as a

,

attribute to which the questions pertain
An extemal microphone must be used to

Information of this nature is contained in theensure picking up everything, particularfy
from the less voluble interviewee. The small text that precedes each question area
attached microphones on camcorders are in the following questionnaire,

incdequate to provide the sound quality
required.

,

|

|
1

C.1.5 Interview Prologue j
.- )

The first part of the Interview is a prologue to I

identify the tape. Specifically, the
interviewer on camera cites the following:

.

1

* Date

|
|
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( C.3. Questionnaire

NEW RESEARCH I

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

|
N.1 Outside of your own area of responsibility, do you see the need f' r anyo

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? Dy the NRC, industry, or through

some cooperative fund sharing arrangement?
, ,

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

O N.7 When should the research be performed? How vitalis 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)

CUfUENT RESEARCH ]
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 veill 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?
.i

C.5 When do you believe it will be finished?. |
l
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| SAFETY ASSURANCE |

Answers to these questions will aid in the assessment of the Safety Assurance'

significance of the research.

S.1 If you were to I ace your research in one of the three categories of (a)
Vital to safety assurance, (b) Important to safety assurance, or (c),

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?

j | USEFULNESS |
1

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 the NRC, who is the user for the research? (Specify1

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 statement of the results to be delivered to the user?
,

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

!

| APPROPRIATENESS |
!

1

'

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 (c)
i questionable as to whether it should be funded by the NRC.
l
'

A.1 la complementary or similar research being conducted outside of the
| NRC7

A.2 Who benefits the most from the results of the research? The NRC7
Industry? Others? '

,

,

i A.3 Who do you think should share in the funding of the research? Industry?
Foreign organizations?

; 6/26/88 Page C 4
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| BESOURCES

O 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?

WRAP-UP j

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

W.2 Where does your research fit into the NRC Strategic Plan?

.-

O

.

i

.

*
.
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O
I( APPENDIX D: SUMMARY OF |

ACTIVITIES |

Presented herein are the Summaries of i

Activities. These summaries are the '

assessments of NRC research activities, as !
Iprepared 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 certain )cases the information contained in the '

summaries has been modified in order to i

ensurc accuracy and clarity. There is one |

summary for each research activity assessed
during the panel meetings listed in Table 2-

,

2. Each summary descrbes: '

I

* The purpose of the research

* The assessed safety assurance
significance of the research .,

* The assessed usefulness of the
research

* The assessed appropriateness of the
research (for NRC funding)

* The resource requirements for the
research

As an aid to the reader, the page numbers
for the activity summaries are also located in
the first column of Table 3. When reviewing
Table 31 rNro information about a particular
activity can be found by tuming to the
appropriate summary in this appendix.

|

.

-

6/26/88 Page D 1



. ._ ._ . .. _ __ _ _ - _ _ . . _ _ . - - _ _ .. ._

d

;

i

1
US Nuclear Reculatory Commission: Research Prioritization Task IV Report |

|
SUMMARY OF ACTIVITY j

|
PROGRAM ELEMENT: REACTOR VESSEL AND PIPING INTEGRITY |.

Assessment Panel: Arlotto (NRC), Aldrich(SAIC), Mattson(SCIENTECH)4

j Branch Chief: Charies Serpan

PRESSURE VESSEL SAFETY

The purpose of reactor vessel safety research is to provide appropriate, well-validated analytical
procedures to assure vessel safety during normal service and accidents. The most entical facet of
pressure vesselintegrity is embrittlement of the vessel steel caused by neutrons escaping from

y the fuel coreJ$uring normal service. Ernbrittlement shows up as an increasingly higher
1 temperature at which the steel is susceptible to brittle fracture, and as a decreasing level of
] available "upper sher toughness for fractury resistance. Large size irradiation specimens and
i test vessels are used to develop a base of information on the f actors causing the embrittlement,
i because thick section materials respond differently in fracture tests than small 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
j screening criterion in the PTS rule were also set from this research. The embnttlement research

has defined the trends to 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 laboratories areund the world
has produced two updates of the ASME Code Section XI curves used for safety analyses of

'

; cracks found during inservice inspections. Critical wo* yet to be done in irradia00n effects will
extend tne data base for the PTS rule by including tests of the effect of stainless steel cladding on3

crack extension, and of the reduced toughness in * low upper sher materials.

1 Establishment of the time and temperature conditions for reversal of embrittlement through
annealing will be irnportant for attaining initial 40 year service life, and for assuring safety for.

4

license extension. Also to be corrpleted in an integrated fracture analysis method that goes '

1 beyond LEFM to include elastic plastic and fu#y ductile fracture, because such methodology is
; inherent in both the PTS and the ' low upper sher toughness safety evaluations. Vessel wo*

cannot be safely closed off because the material continues to degrade in service through i
4

! radiauon .mbmo.m.ni, and new faceis a tnat .mbmo.m.ni cononue io emerg..

| Safety Annuranes . The embrtitlement trends, screening criterion of the PTS rule, and fracture
] toughness criteria in federal regulations, al set Nmits on the pressure temperature operation of
J nuclear plants thus greatly reducing the vulnerability of reactor vesseis to unexpected,
! catastrophic betitle fracture (A 2). Embrttlement, if not understood and regulated, could prevent a

plant from attaining ts 40 year We (8 2) or could preclude safe license extension (8 4). Overall,
j this actMey is acesseed as CATEGORY A (VITAL).

j unafulnana . The proposed research wis provide the basis for approval of healup and cooldown
curves for plants, for the screening critetton embattlement limit to preclude fracture in a
pressurtzed thermal shedt accident, and for safety evaluation of cracks found during inservice
inspections. The wo* is the basis of of providee validation of virtuaNy every aspect of reactor
vessel regulation, and is assessed as HIGHLY USEFUL

,

I

enpropriataneen . NRC has tacitly assumed leadersNp in safety research for reactor vessels
, because vessel failures are not acceptable, industry certainly has the roeponstility to Nottfy the

safety of pressure vessels in operation, and thus should contreute sigrWilcanity to provide a morei

! complete data base. Such industry efforts ,however, would not negate NRC's need for
j independert and conclusive woA in this area. This actMty is assessed as VERY APPROPRIATE.
i
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Resources Special skills in heavy section steel metallurgy, fracture mechanics, and kradiation
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 to help plants reach normal 40 year Irfe, 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 million for FY89.

i

~
.

i

d

.

1
i

i

d

~

.
,

i

;
i
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, .

SUMMARY OF ACTIVITY

:

PROGRAM ELEMENT: REACTOR VESSEL AND PIPING INTEGRITY
Assessment Panet: Arlotto (NRC), Aldrich (SAIC), Mattson (SCIENTECH)
Branch Chief: Charles Serpan

a

PIPtNG INTEGRITY 1

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 servke and accidents. Currently focused on piping for the prirnary systems of BWRs and
PWRs, the fracture criteria and analysis methodology are also applicable to secondary piping.
Primary system piping in BWRs is typically made from wrought stainless steel which has been
shown to be susceptible to irtorgranular stress corrosion cracking (lGSCC). Stress corrosion

9- cracks can propagate to a size large enough to fracturs under severe accident toads. Fatigue
; cracks can grow in PWR piping and could grow to a critical size if undetected by nondestructive

examination or by leakage. Piping is not subject to radiation embrittlement, but the fracture
,

toughness of cast stainless steel in some PWRs can be reduced significantly through aging for4

long times at normal service temperature. Nonetheless, poing usually operates in the ductile'

regime, and any cracks are expected to develop into detectable leaks before growing so large that
i they could lead to unexpected fracture: this is known as "Leak Before Break' (LB8), and is an
f important part of piping regulation.

I An important accomplishmert of the paping research has been experimental validation of the
industry proposed "fixes' to mitigate and prevent IGSC cracks in BWR stainless steel ppmg and '

i

) welds. The need was urgent because licensees were applyirig procedures designed to stop
'

cracking, and were making repairs and replacements of severely cracked pipe without a technical
basis that adequately proved the safety of the ' fixes'. The NRC's confirmatory research clearty!

i demonstrated both the good and the less desirable aspect of the ' fixes'so that the actions could
3 be accepted by the NRC with assurance of continued safety. At the same time, it was necessary

to validate the fracture analysis procedures to anow decisions on what size crack was tolerable,,

and what had to be repaired or replaced to assure that subsewert crack growth would not lead to4

j a critical-size crack before the next !nspection. The analysis was validated by bending tests of
cracked, full size pipe under intomal pressure and at operati temperature. The results of thesei

tests laid the basis for significart changes in the ASME Code ' XIIW8 3640 rules for
evaluation of cracked stainless steel pipe the rules ac cepted by NRC for safe regulation of that
material. The piping research also provided material property data, pipe fracture experience, and

i analysis procedures vital to accepting the L88 philosophy embodied in the change to 10 CFR 50
General Design Criterion 4 eliminating the dynamic effects of the double ended guillotine break4

1 from the design basis.
4 |

| In the researWi yet to be concheted, the rules lor fracture analysis of cracked carbon stool pipe will I
i be developed, and it wie be shown how to predict the fraciuto of cast stainless steel pipe having a |

|
significatW toughness loss.

| Safety Amauranes This research is needed for the resolution of safety questions A 2 (existing ;

j unacceptatie vulnerabiltles), A4 (severe accident prevention and mitigation), 5 2 (behavior of |
!

0 materials), and 810 (lueurs Roensing). Piping failure remains a vulnerability of existing plants
whch can lead to severe accident conditionsi leaks, cracks, and breaks in piping are among the
most likely venues for breach of the primary pressure boundary wNch lead to a smas or large-break4

! LOCA. Improved understanding of crack growth rates wiu give the NRC a better understanding of i
,

! the limits of vulnerability in ins area. Because of the research's relationship to resolution of -

'

| questions A 2 and A 4 tNs activity is assessed as CATEGOMY A (VITAL).
i

: Mashilosas The research is directfy responstie for validating the basis for the ASME code rules
used to evaluate the acceptability of cracked pipe for continued service, of the need for repair or'

g replacement. The research has provided experimental fracture evidence, and has confirmed the

~
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acceptability of Mixes' for BWR pipe (originally proposed by Japanese and US Industry). At the

/] same time, the research pointed out areas of concem where some of the 7ixes' were detrimental,

{Vj or where limits were needed for safety. Thus, results concoming existing plant vulnerabillties and
materials behavior continue to be incorporated into regulations, codes, and standard procedures
as they become available; results pertinent to future licensing will be timely. Overall, this activdy is
assessed as HIGHLY USEFUL.

Acerocriateness Piping research is very much confirmatory,in that the industry has spent over
10 times NRC's investment in the BWR pipe cracking issue. Furthermore, industry proposals for
LBB were made to NRC before the start of serious work on pipe fracture, and once the ASME
Code rules for pipe flaw evaluation were in place, it became clear that confirmatory work was
urgently needed. Therefore, while it is the responsibility of the NRC to ensure that the public
safety is not at risk due to 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 needed to confirm
industry findings. For this reason the activity is assessed as VERY APPROPRIATE.

Resources Cumulatrve 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 1931, will require $10 million beyond the FY87 total.

-
-
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT: REACTOR VESSEL AND PIPING INTEGRITY
Assessment Panel: Arlotto (NRC) Aldrich (SAIC), Mattson (SCIENTECH)
Branch Chief: Charies Serpan

INSPECTION PROCEDURES AND TECHNIQUES

The purpose of this research is to find ways to improve the reliabihty of inspection techniques
used for examining cooling system components such as pipes and tubes. Metal components of
reactors have very large capacities to resist fracture if they have no cracks or flaws. But the
presence of even smal cracks or flaws can greatty increase the likelhood for failure of a
component during normal service or in an accident. Thus, it is mandatory to nondestructively
inspect such components before service to find service induced defects. Once they are found,
nondestructive testing (NOT) techniques must be capable of accurately sizing them because flaw
size is an important factor in precictions of flaw growth and in fracture mechanics calculations used
for failure analyses. Reliability of both detection and charaderization (determning flaw size.
location, and type) are crtical for safety assurance, and for mairtenance of safety marges. The
focus of the NRC research is on reliabiitty of non destructive examination procedures; the most
recent ermhasis has been on utrasonic inspedion (UT) of stainless steel pipe and walds in
support of the intergranular stress corrosion cracking (lGSCC) psoblem in BWRs. Expansion of
the effort into cast stainless steel has been necessary because of the exceptional disto #1 ion and
attenuation of the UT signal caused by the inhomogeneous coarse grained macrostructure,
making the material virtually uninspectable. Carbon steel of pressure vessels is more easily

,

inspeded by UT, but the very thick sections and stainless steel cladding present special problems
that reduce inspection reliability. Steam generator tubes comprise fully half of the primary system
pressure boundary, and are inspected by oddy current test (ECT) probes traveling inside the
inconel tubes. Degradation modes for these tubes include denting, intergrannular st,ess
corrosion 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 XI, for performance demonstration qualification of inspectors, procedures, and
equipment for UT examination of prima:V system corgonents, including piping, nozzles, and
vessels. A reliabdity data base and improved techniques have been established by the NRC
research program. This culminates nearty a decade's work for evaluation of NOT techniques
practiced in the fleid and in upgrading the aceracy of detection and sizing of flaws in
components. Yet to be developed, however, is the technical basis for upgrading inspection of
reactor vessets, and muti-metanic weld joints. The reliabitly of, and techniques for. ECT
inspection of steam generator tubes has been estabushed in the recently completed Steam
Generator Group Project. Regulatory Guides for inservice inspection (ISI) and tube plugging are
being revised, and the ASME Code Section XI is upgracing, based in part on this research, ECT
inspection procedures and preparing new ECT performance demonstration quilfication
requiremerts. Work stig needs to be done, to recognize signale produced by copper plating
rather than accept them as genuine flaws and to allow evaluation of flaws that may be masked by
the copper,

Continuous monitoring 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 intermedlete scale tests and in pre operational tests of a reador, and wig be
demo 1strated further in an operating PWR. Procedures for such monitoring are in the .

acceptance process for inclusion in ASME XI. *

Inspection crteria for license renewal, . timing, frequency, and location of inspections,
need to be developed (question A 9). Est is also needed of non intrusive tests to
measure the mechanical properties of crtical components to assure that strength, ductility and
fatigue ille are adequate, as claimed by the license renewals (questions B 2, B 4).

S/24/84 Page 0 6
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p\ Safety Assurance - The research addresses safety assurance questions A 2 and A-6. Non-I

h destructive examination is the best method for determining the flaw state, and thus, the
vulnerability of reactors to accidents (question A 2). Pre service and periodic in service
inspections are the very best trethod for determining compliance with requirements for the quality
of construction (question A 6) 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) before they reach
enticality gives NRC the ability to take action to protect public health and safety before potential
problems become accidents. Because the research is focused directly on these issues, the
research is assessed as CATEGORY A (VITAL).

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

Anoroprinter ens Ef'ective regulation of nuclear power plants is not possible without reliable
methods of inspection. For the NRC to fulfill the govemmental 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 modem 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
and safety is as low as practicably achievable. This activity is assessed as HIGHLY

,

APPROPRIATE. -

Resources Cumulative costs for this activity total $24.3 million through FY87. Cost for FY88 is
$1.6 million. Proposed cost for FY89 is $2.5 million. Completion of the activity in 1995 is
estimated to require an additional $20 million beyond the FY87 total.

I

,

.

~
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,

) SUMMARY OF ACTIVITY !
|

,

*

PROGRAM ELEMENT: AGING OF REACTOR COMPONENTS
Assessment Panel: Arlotto (NRC), Aldrich (SAIC), Mattson (SCIENTECH) i

Branch Chief: Charles Serpan

CHEMICAL EFFECTS,

i The purposes of this research are 1) to measure the mechanical properties of materials in i

q components of the Shippingport Atomic Power Station (SAPS) that have experienced up to 20 I

years of exposure and aging under real service conditions for mmparison to properties measured
'under accelerated conditions in laboratory experiments,2) to collect data on demmmissioning 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 j
of reactor components to determine how quickly recontamination occurs, if it follows the same' '

trends, and if the decontamination solutions themselves cause other problems such as initiation
,

1 of cracks in the cleaned corgonents , and 4) to determine the fission product removal i

! effectiveness of ESF Ice Condenser Systems. |

Currently, a number of cast and wrought stainless steel sarmies have been taken from SAPS for !
study in other ongoing programs to determine toughness losses and the possibility of service- |

temperature. induced sens412ation that could lead to iGSCC. Immediate work is planned for 1

J removal of material from the shield tank to obtain validation of a proposed dose rate effect of |
embrittlement that could have long range effects on the reactor vessel support structures of many 1.

j PWRs. Further sampling of the reactor vesselitself for validation of embrittlement models will take
'

place in the future when the vessells 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 reserve that utilities will need for final decommissioning and disposal of their
reactor plants: this amount, and the options for how it is to be set aside have been very important
issues in the shaping of the final rule on decommissioning. Much remains to be done to

,

daterm|ne the longer term offects of demntamination solutions on cor@onents in this relatively
.

new task: however, the processes are being used so information is needed to assure that
! unexpected crading 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 f acility is so
efficient that industry is reviewing the possbilty of sponsoring additional tests once the NRC
program is complete.

;

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

i
j Safatv Amaurance The SAPS work wlN be especially important in determining || our predictions of
1 material properties due to a0in0 are correct, and thus wiu provide a measure of the plart

] vulnerability to accidents (question A 2) and material behavior ( B 2);this wo* is
therefore asassaed as CATEGORY A (VITAL). The decommies research is one of the maini

| contreutors to question B 14 and is therefore assessed as CATE Y 8 (IMPORTANT).
| Deoortamination research actually has input into question B 2 on behavior of materials in nuclear j

environments, and 514 on racNoactive contaminatloa levels; therefore, 4 le judged to be i

i CATEGORY 8 (IMPORTANT). The ice Condenser ESF research has input into question 8 9 on |
1 source terms for emergency planning: It is thus assessed as CATEGORY B (IMPORTANT). |
| Overau, the activty is aseeeeed as CATEGORY B (IMPORTANT) on the beeis that more 8 )
{ questions are addressed than any others. I.

4 i
-

i unafulness The Shippingport research wiu be needed for the resolution of the a0ing leeue and is
j assessed as HIGHLY USEFUL, but with the following caveat: Current funding may be ineWficiert
i to pursue an aggressive research program capable of providin0 reeuts timely for use in license
{ renewal. The decommissioning research is the only govemmerW input to questions of oosts and
4 radioactive inventories, both of which are significant economic f actors for industry; the
l I

! I
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O inderendert nature of this work makes it HIGHLY USEFUL The decontamination research will

(V) prorM:e results needed to address the effects of corrosive materials on crack initiation and
grMh, 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
change the system; thus the research is assessed as USEFUL Overall, the activity is assessed as
VE9Y USEFUL.

Accreoriateness The Shippingport and decontamination research address current aging issues
facing NRC, and combined with decommissioning, all three also effect future licensing. Thus, all
are property performed by the NRC.. Although industry has the responsibility to produce the data
required for license renewalin accordance with NRC requirements, these activities have strong
confirmatory 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 important
input into severe accident consequences,it is addressed as APPROPRIATE.

Resources Cumulative costs through FY87 total $25 million. Costs for FY80 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 CNef: Milton Vagins

1
'

AGING

The United States now has approximately 100 nuclear power plants in operation and a few of
these reactors have been operating in excess of 20 years. As the pw'ation of Light Water ;

; Reactors (LWR) has matured and advanced in age, the need for a rWarch program that would J

provide a systematic assessment of the effects of plant aging was recognized. 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
j structural components of cornmercial nuclear plants.For the NPAR Program, aging refers to the i

i cumulative degradation of a system or component that occurs wth time, which if unchecked can ;

! lead to an inpairment of continuing safe operation. The NPAR Program provides systematic :

research effort to: leam from operating experience and expert opinion: identify f ailures due to |a

i age degradation; predict safety problems resuting from age relCed dog adation; and develop !

i recommendations for surveiMance and maintenance procedures that wie aNeviate aging concems. ]
j At the present time NPAR consists of 15 separate, but integrated individual projects that are i

i studying the effects of aging on 12 individual mechanical and electrical cemponents and 6 ;
i systems, composed of such components. Additionally, a id:ther 15 components and 7 systems i

'

have been targeted for study in the coming years. ..

! Safety Aasurance This activity addresses questions A 1 A 2, A 5, A 6, A 7. A 9, B 2, B 3, B 4,
I C 1, C 2 and C 6. The effects of the aging of structures, systems and components of nuclear
j power plants could result in a degraded plant condition which would have a substantial irmact on
j the health and safety of the public. Aging directly affects operational readiness of the plants and
; raises two significant safety issues. Tne first issue concems the increased potential for common-

mode failure. Multiple failures of a particular corgonent due to aging could lead to unacceptable,

j plant vulnerabilities to accidents. A second issue, that of a reduction in the of safety
i afforded by the defense in depth concept, would also be addressed in the N ar Plant Aging

Research (NPAR) Program. This would contrtpute to the basic understanding of how much aging'

contributes to the risk of severe accidents. The NPAR Program wlN also add new insights into the:

i resolution of other high priorty generic leeues and wls assist the NRC in determining when aged
equ' ment no longer meets regulatory requirements and wil quantNy the risk significance of! p

I aging. Such considerations are necessary for decisions regarding continuing safe operation of
1 ficensed plants. They are also needed for decisions regarding extensions of operating licenses
i for existing nuclear power plants and defining what'addnional changes to the regulatory
i requirements are needed for Econse extensions. The oversu assessment of this activity is
j CATEGORY A (VITAL).
i
i unafulness . Phase i engineering research has been completed for selected cornponents and
4 system, inclueng motor operated valves, check valves, aux 8iary feedwater pumps, emergency

diesel generators, electric motors, chargers and Irwerters, batteries, and circuit breakers and,

j relays in safety-related systems and reactor protection systems. Abo, on site assessments of
1 electrical circuits have been performed and aged cornponents have been removed from the
! Shippe' gpott plant for future evaluation. This program has been endorsed and is coordinated
I with NRR and to a looser extent AEOO and the Reglons. The NPAR Program is also providing key
j information to enable the NRC to resolve technical safety leeues and define Rs poacy and ,

i regulatory position in two planned rulemaking activities covering license renewal and
! maintenance. 'the prognosis of developing timely answers to the aging and plant life extension
i questions is very good with the buk of the research being completed in the period 1992 93
i (assuming appropriation of planned funding). This athvity is assessed as HIGHLY USEFUL
|

i
1

'
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f]g Appropriateness NRC needs an independent assessment of the effects of aging and the

| \ efficacy of mitigating methods such 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 implemerdation
of an aging mitigation program by the testimony of both the Chairman and the EDO to the
Subcomrnttee on Energy and Power on November 10,1987. This activity is assessed as HIGHLY

: APPROPRIATE.
1

ReseurcM Cumulative costs through FY87 total $11 mitron. Costs for FY88 is $5.5 mitron.
Cests proposed for FY89 are $8.5 million. Completion of the activdy in 1993 is estimated to
require an additional $39 million beyond the FYd7 total.

|
'
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT: REACTOR EQUIPMENT GUALIFICATION
Assessment Panel: Arlotto (NRC), Aldrich (SAIC), Ybarrondo (SCIENTECH)
Branch Chief: Milton Vagins

EQUIPMENT QUALIFICATION METHODS

Current research in Equipment Qualification (EO) is not very active. The limited work that is being
done is focussed on severe accident EO on new equioment. EO should more properly be

' included in Aging Research.

Safety Assurance This activity weakly addresses question A 2, A 4, A 8 and C 1. The nature of
this program has been to perform confirmatory research to confirm licensing decisions and to
improve analytical tools needed to determine the acceptability of equipment performance under
accident conditions. It is assessed as CATEGORY C (VIGILANT).

.

Usefulness . As currently configured, the research may produce only limited tr: formation which
bears on resolution of safety assurance questions. The activity le assessed as USEFUL.

Accrocriateness This activity requires special facilities, it goes beyond design basis, and it
provides independent information, but industry must also bear the burden in EO. This act'vity is
assessed as VERY APPROPRIATE. -

-

Resources Resource requirements include approximately S._million to date, $_million to
complete,3 0.8 million in FY88, and $0.6 million in FY89.

O

*
.
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{ SUMMARY OF ACTIVITY

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

EARTH SCIENCES
!

The purpose of the Earth Sciences research activity is to provide the basic data required to I

unders*and the causes, frequency, and severity of earthquakes in the U.S. In the past, this !
i activity provided the information needed for NRC's development of 10 CFR Part 100 and its I

! 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 supplemeN the existing data and to i
answer additional questions concoming the seismological risk to nuclear faciEties. 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
i seismograpNc networks. Several programs already in place will continue to produce better
| understandng of tectonic provinces, frequencies and effects of seisrWe events, and the selsmic

wave transmission characteristics of media through which earthquakes propagate,'

f Safety Assurance . TNs activity addresses questions C 1 and, to a lesser extent, A 5. The risk
j significance of tNa activity is high. The seismic contributor to dek *ypicalh occurring at 2 to 4 times ,

the SSE. A high level of uncertainty is associated with predicting the occurrence of the '

earthquake and the vibratory ground motion asacciated with it. The general consensus is that.

; there are significart safety margins in current methods of seismic design However, there is great
uncertainty about large earthquakes, knowledge is gained in every earthquake that occurs, and-

I the current body of knowledge is insufficient to fulh characterize the seismic risk at aN existing
i sites. Future research in tNs activity should provide a better basis for such characterizations
! when additional seismic dsk analyses are required in the future as part of the program to perform

independent plant evaluations for extemal events. The Earth Sciences activity win advance thet

state of knowledge of seismic risk, but the extent and nature of NRC's future role in this area is
'

uncertain. Overal, the actMty is assessed as CATEGORY C (VIGILANT).

j Unafu!naan . The future work under this activity has been well coordinated with NRO through
4 weekty staff discussions. The future program is well coordinated with USGS, the Corps of
| Engineers, and foreign govemment efforts. The programs underway and erMskined for the

future are highty Skely to provide needed improvements in seismic requiren 6 ein. wasary
l development and implementation of the seistNc networks. TNs acsivity is ssesevd as MIGHLY

USEFUL.

: menpdatanaan . The USGS le assuming Federal govemmert responsibility for the new seismic
! networks, and NMC is in the process of phasing out its supportive role in that area. Utittles and

,

i EPRI have seismic monitonng programs at Individual sites. Beyond the transiton of the seismic |
J network support to USGS, the NRC must continue to fund rosestch in earthquake propagation

;

{ and attenuation, soil failure and site response, in addition, the NRC must keep abreast of l

; improving knowledge developed by the scientific community in this area and adjust its
j requiremerts and practices as necessary to reflect contemporary knowledge end residual
j uncertairtles. TNs activity is assessed as APPROPRIATE.
<

! Staengges . Resource requirements include $50 minion to date, 820 minion to complete, $16
'

'

3)
million for FY 44, and $4.1 minion for FY88. TNs activity has received approximateh 50 50
support from other federal and state agencies. SS Mision of the NRC offoet from 1987 through

j 1992 M for replacing the solstNc network and luming it over to the USGS USGS is spending an |

j equivalent amount.

Y
!
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]. SUMMARY OF ACTIVITY
j

| PROGRAM ELEMENT: GEISMIC AND FIRE PROTECTION
2 Astessment Panel: Blond (SAIC), Mattson (SCIENTECH), Ybarrondo (SCIENTECH)

{ Branch Chief: Andy Murphy
L
; COMPONENT RESPONSE T0 E ARTHQU AKES
i

i The purpose cf the Component Respons to Earthquakes research activity is to provide data on
j the seismic response aPragility of safety related buildings, piping, and equipment. The
; cormonent f ailure (f ragiley) data that 4 provides serve as input to the related research activities on
j seismic analysis methods and depign margin assessment. The activty is comprised of several
; analytical-experimental efforts namely, determining how buildings transma casthquake loads to
) safety systems ar'd components, developing more realistic piping design criteria to provide better
i balance of safei between normal operating and accident conditior.a and predicting how and at

what card 4uak . negrwtude t:4 buildings , pipin0, and electrical and mechanical equipment fail tor

: perform their safety functions. TNs last area is also based on earthquake data and data from
seismic qualification tests condated t:y licensees. The activity is only a few years old, and much

1 of the data necessary for its completion remain to be gathered. The output of the pro 0 ram wlN be
: catalogs of dat. concomin0 the failure of Lafety components when vbrated at high amplitude; I

{ thee data are then used Mh estimates of the vbration levels in rWear plants 5 assess the
magr6ude of s.Hthesake tnat the plant can withstand without failure of the cat 1onents to'

j perican their safety function .
~

l Safety Amaurance . This actMty addresses questions A.2, A.9, C.2 and C 1. These questions
#

1 relate to understanding the risk that earthquakes portend for reactors and then, W necessary,
j doing something to reduce that risk Most probabilistic salvty assessments that address extemal

hazards to nuclear power plants fad that the seismic risk is very important, N not dominating,
-

corrpared to the other risks. In these probabdistic assessmerts, there is uncertainty ab:ut the
,

i response of safety cor@onerts to large earthquakes beyond their des'gn basis;l.e., their fragility i

le uncertain Decause of the lack of data on component pGstrm.e,e under severe vibration '
,

contations beyond the seismic design basis. Such data are provided by this activty and are ,

required as input to the seismic margin research aceMiy, which is assessed as vtal o safety |
| assurance. Overall, this atsMey is aseeemed as CATEGORY A (VITAL). i

i :

| :Isatunneca . The reeuts of this assearch are needed to assess current seismic design ortoria (tbased partiaDy on judgmert and conservative assumptions), for ongoing PRA activales, and for, ,

the
-

seismic margine research . Its produces are being used as they becomo ,
availab6e. this ac4Miy has been ey lot only a low years, t is at a h'Oh level of

J procksctMey and is expected to conclude in about three more years. This actMiy is assessed as
;

{ HIGHLY USEFUL
l
'

Anpropriatanaan . The interest in kncwing the utimate dynamic capabaty of safety cornponents
stems from concorps at t he adequacy of me design beels for Econced plants, so it is
appropriate for me gove P be in the lead. NRC is the only agency in the govsmment that
has the responsbuey te m s faty core ming the adequacy of the safety design basis.

i Japan and Tainen hav', .oww v prograrma NRC. Athough EPRI has a program in margin
i assessmert, t has no pr y " a 3ather a: v M Wagity data, and such data are not provided
| by the less severe 4stF > . s e ' Wie. u w ,4 spalty safety reisted etwipmert for the
1 dynamic effects c4 Joen y e a e e, the only way to get the data is for NRC to
; pay for it. Overas, ths'y / , ? * : n.- ' .rd * APPROPRIATE. ,.

Staligtses Special%er -v # ; response and fragdey data. Such sklus are
i gained from exper'ence in t. Wet, s v : %n of these types of tes*a. Resource
j requWnants ie M12 mdhon to dat 4 to cor@iete by FY92,8 3 mision for FY88,

3 and&J.7tr @ . "q9.
,

j %e
!
1 .., - .'
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.

I SUMMARY CF ACTNITY

i
PROGRAM ELEMENT: SEISMIC AND FIRE PROTECTION

: Assessment Panel: Blond (SAIC), Mattson (SCIENTECH), Ybarrondo (SCIENTECH)
Branch Chief: Andy Murphy.

VALIDATION OF SEISMIC ANALYSIS4

The purpose of the Validation of Seismic Analysis research activity is to provide data from systemsi

! configurations typical of actual nuclear power plants to validate the ecmputer models that are used
to analyze the dynamic response of safety systems to earthquakes. Past and future research
consists of dynamic tests of large models to understand systems effects, such as pipe and pipe

,

| support interactions and soil-stnadure interactions. Since the models are so large, the data are
i d#fficult and expensive to obtain, and multi party fureg is appropriate. Future projects include
i the excitation of a decommissioned nuclear power plant in Germany, shaking of a reactor coolant
: loop model on a table in Japan, and measurements obtained from a containment building in a

seismicaNy active ares on Taiwan. The program is about one hat complete, t'ul the remaining |
4

l data are needed to give complete validation of existing methods relied on for licensine decisions.
i

1
|

1 Safety Amaurance . This actMty addresses safety assurance questions A 5, C 1, and C-2. I

! Athough the actMty wHl provide additional assurance that the seismic capabdity of existing
i designs is adequate, which is a concem that falls under safety assurance question A 5, that is not
i the main intert of the actMiy. Rather, the principle concem of this activty is the residJai risk
| ass ociated with large earthquakes beyond the design basis. The,e are two ways to understand |.-

I the residual seismic hazard to rNelear plants; one is to analyze the response of the plant to big i

j ea thquakes using codes of the type that this actMiy helps to vandale; the other is to look at the j
; margin to f ailure of the safety related components and decide if that margin is edequate. The latter
! aps.'oach is not as depender t on the code validation wo* performed in this activty. The former

appraach is the one used for the seismic portion of probabalstic safety assessments, so thisi
i

j activ ty is importart to reducmg the uncertainly of those analyses, at least as far as the state of the |

att is concemed today (see the actMiy on seismic design margin). Overan, because the resuas of |
; this actMty wiu help but not be crucial to a A question and be most useful for Category C |

Questions, t is assessed as CATEGORY B (IM TANT).

; tJaafulnema There is excetent coordnation of this research actMty wth the reactor foonsinD '

) staff. The data remainin0 to be obtained are needed to corryiste the regulatory validation of both |

1 des'gr. codes and probabEistic risk assessment (PRA) . The design codes and the
{ PRAs are used on both current plants and on futare designs, data are beoorrung avasable

when needed by the analysts wortiing for NRC. Overas, the actMiy is assessed as HIGHLY
USEFUL.

| Appmertatanmaa . The seismic analysis codes are being vandated on a world wide scais. The ,

j Canasans, Japanese, French, and Germans have related reewch that is being coonfinated wth
this actMiy. Aies, there is a 1/4 ecale seemic analysis vertlication test joirsty sponsored by EPRI<

! and Taipower that helps to provide the needed data. Because the analysis methods are used by
i designere, t is approonste !$at they be involved in supporting the research. NRC must also be
{ involvsd twaause of the need for indeperidert vertrication of the adequacy of mooels and for

confirmation of the analytical roeute. Because the actMty is needed by NRC to independently.

i vandate analyses both wthin and beyond the design basis, and because the industry has a
{ parasol program for he irterests, the acevty is asesseed as HIGHLY APPROPRIATE.

f
^

Ramources . Special skits are needed in the seismic analysis of congtex strutures. The resource
{ requirements for this actMty include 83 rmulon to date, $4.5 mEBon for cortpletion by FY92, $1.5
1 rnelon for FY88, and $1.3 rrutlen for FYte.
:

!
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SUMMARY OF ACTNITY
}

j PROGRAM ELEMENT: SEISMIC AND FIRE PROTECTION
; Assessment Panel: Blond (SAIC), Mattson (SCIENTECH), Ybarrondo (SCIENTECH)

i

! Branch Chief: Andy Mwphy j
'

|

SEISMIC DESIGN MARGIN hMTHODS |,

1 1

] The purpose of the Seismic Design Margin Methods research activity is to develop and apply !
- novel approaches to the estimation and control of the residual risk te nuclear power plants from '

; extreme earthquakes. The product of the activity will be improved guidance lot assessing the
] inherent capabilities of nuclear power plants to withstand earthquakes above the design level and j

more effective means to identNy any existire vulnerabsities of nuclear power plants to seismic i
4

! events. The actMty involves the Lawrence Liverraore Laboratory and other consultants in the :
I development of system wak down techniques and the testin0 of those techniques in ;
j representative plants. The method depends upon input from another research actMty s

! concoming component response to earthquakes. Also included in this activty are lessons j
j leamed from probabilistic risk assessments of seismic events and earthquake experience data. ,

! The actMiy is only a few years old, and 4 has only a few years to go. R has been appiled by NRC to !

j one plant, and EPRI is now applyin0 It to others. When the me. hods are proven by these trial |
applications, this research wiR end. j,

j <

Salatv Anas.4&Kt. This actMty addres6es questions A 2, A 5, and C 1. The activty has high '-

promise for identifying current, unacceptable seismic design weaknesses in cperating plants, il R |
'

.

! were to be applied to all plants, which is not now envisioned. The actMiy is also important :
'

because 4 can remove the need to analyze large seisme events in probabilistic risk assessments, i

j tt is expected that the results of this research wdt corWirm that the margm to failure in an earthquake
is typically very large, I egipment is property anchored. Overau, this actMty is assessed as

: CATEGORY A(VITAL). i

i !
] usefulness The new methods produced by this actMty are now becoming available. Their 1

production is coincident wth the development of methods for making IndMdual plant ovabations
1 of the vulnerability to severe accident intiators originatify inside the piant. The research is useful

] for future reactor design and Econsin0 Seismic merge has been a controversial area for years
this actMiy is the most irgottant original contreution to resoMnD that cortroversy. Overas, t is3

j assessed as HIGHLY USEFUL

) Amoronriatenena EPRI is cooperating wth this research actMty. EPRI is corubcting
; mospendent appucations of the new methods in several piants. It has been necessary for NRC to

provide govemment support tor methods development, peer reviews, and trial appscations until'

i there was acceptance of the melhorts by irdustry. This area irwolves the residual rtek beyond the
] desagn basis required by NRC, so Wie govemment had to take the lead. Once the methods have
~

been proven usetul, then a wel be appropriate ter NRC to raquhe that the methods be appiiod
generally by tie industry. Overau, the eclivty is assessed as HIGM.Y APPROPRIATE for NRC
fundmg, phasin 0 Into inchstry fundng.

. Smelmas The skes of fragmy and systems analysis specianets are needed for this actMiy.
1 Resource requirements include 81.5 mimon to date,31 mellon to corglete by FY90,80.8 milton
f for FY84, and 80.9 mduon be FY88.

'
.

l

1

{
:
3
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SUMMARY OF ACTIVITY l

PROGRAM ELEMENT: CONTAINMENT STRUCTURAL INTEGRITY
Assessment Panel: Arlotto (NRC), Aldrich (SAIC), Blond (SAIC)
Branch Chief: Andy Murphy ;

STRUCTUR AL TESTS <

|,

1

The purpose of this research is to perm:t reliabla prediction of the capacities and failure modes of
the variety of existing containment designs if ths; were to be loaded beyond their design bases.
A key insight emerging from the research on accide :..w..ses % that the mode and timing of
containment failures are very important in determining acco"..t consequences. Eariy failure,
without other mitigating Iactors, can resuR in large radioactivity releases, while delayed f ailure of I

even several hours can significantly reduce the amount of radioactive material available for
release. Hence, the unimate concem of the containment performance issue is how well the ,

containment, conservatNely designed for a postulated loss off-coolant accident (LOCA), can
withstand the pressure and ter@erature associated with severe core damage accident. Fora

scenarios in which containment integrity is maintained, consequences are small. In those
scenarios in leading to containment failure, consequence predictions depend on both timing and
type of failure. The manner by which it fails would influence the amount of airbome radioactive
materials that could be released outside the containment. Knowledge of the time interval during )
which containment leak. tight capability is ensured is important because if 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 I
'

containment fails, e.g. gross failure versus leakage through f ailure of penetrations, could |
'influence the amount of radioactNo materialinside the containment that would be released

outside the containment.

SafeN Assurance . This research is needed for the resolution of safety assurance r.;;estions A 3 '

'

] (short term containment f ailure modes), and A 4 (best estimates of course and consequences).
| Potential f ailure modes and the timing of failure modes in accident sequences are crucial

elements in assessing the risk associated with individual plants. Because of the relationship of
,

the research to the resolution of questions A 3 and A-4 this actNity is assessed as CATEGORY Aj

j (VITAL).

UseMness . The resuRs of the research wil be used to develop more reliable estimates of failure
modes for individual plants, Some initial apphcations have already been made, especially for steet

j containtnents . an area in which the experimental effort is virtuap complete, improved estimatesy
of containmort capacities, performed for the revision of NUREG 1150, were based in large i

measure on information developed from this research. Industry sponsored efforts to develop
i improved estimates of the holy performance of the Peach Bottom containment rely heavily on

past experiment son steel contairimert models. This actNity is assessed as HICHLY USEFUL.

Accrocriatenens . Industry sponsored research and development on containment performance
was influenced by the design basis accident concept and was focused on developing designs i

that would perform reliaWy under DBA condtions. No effort was thought warranted on attempts to )
examine performance beyond that level. When interest in this topic developed, R was accepted

,

that NRC bore the prime responsbility for developing basic data while applications to individual j
plants remains an industry responsbility. The research pro 0 ram had been designed in this way '

and is assessed as HIGHLY APPROPRIATE. .

,

Resources . Cumulative costs for this actNity through FY87 are $18 million. Costs for FY88 are $2
million. Proposed costs for FY89 are $3.6 trullion, it is estimated that costs to cormletion of the
activty, in 1991, wdl require $10 million beyond the FY87 total.

s
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SUMMARY OF ACTIVITYr
- (

PROGRAM ELEMENT: HIGH LEVEL WASTE'

Assessment Panet: Costanzi(NRC), Aldrich (SAIC), Mattson (SCIENTECH)
Branch Chief: Frank Costanzi

1112 MATERf ALS AND ENGINEERING

The NRC High Level Waste (HLW) research activity has two overall purposes. They are:(a) the
development of an understandng of the way a repository system works, to allow determrkng whether
DOE's compliance denenstration is adequate, and (b) given this basic understandng of the
phenomenology, determination of the atthbutes necessary to DOE's compiance demonstration for
NRC reacNag a findng of reasonable assurance. The research in tNs area is focused on determining,

the implementation enteria for the engineered barrier requirements in 10 CFR 60. The research
'

actisities are focused on identifying key phenomena and the degree of precision needed for tests
and descdption of performance of waste packages and engineered systems in the physico chemical
repository environment. DOE is conducting the basic research on materials and the environment; the
NRC is looking at the tests and experiments wNeh will be needed in order to determine failure modes
and to estabish confidence that the findngs can be extrapolated out to 1000 years. From the
findngs of this research irto failure mechanisms will come an estimate of the source term assodated
with packarge failure.

Safety Assurance . TNs actMty directly addresses question A 12. The research in this area wil have a
direct effect on how DOE designs and manufactures the waste package and the shaft seats. An earty .
failure of the package could lead to a more serious challenge to the sites, especially during the first

'

3001000 years when thermal effects are greatest and when analysis of the effects is most difficult.
Even if the site is the primary barrier, defense in-depth requires that the package be capable of Emiting

i the source term. This activity is assessed as CATEGORY A (VITAL).

Usefulnang . Lack of adequate funding during the nascent stages of the research, which can best be
charactertred as long term, has precluded starting on needed research, such as rnodeling of
intergranutar stress corrosion cracking and compression of the waste package after a seismic evert.
The research must be completed on schedule to comply with NRC mission of licensing DOE package
and site. On the plus side,infomational agreements with Japan, Switzer1and, France, and othars have
amplified available resources. Research conducted to date, has provided system rnodels for analyses
instrumental to the decision to place more emphasis on the role of the package in the requirements of
10 CFR Part 60. Review of the woA as pubished in peer joumals has been positive. Frequent
programmatic reviews are conducted at the dvision level of NMSS, with formal NMSS review of RES
projed proposals. Moreover, ti;# wuste Management Review Group (WMRG) assures concordance
between waste research and tecstrbi assistance. The results of researctiin tNs actrvity, the the
resuRs of al waste management research conducted by RES, are delvered routinefy to the user office

i

sia research sunwnaries leeued by the Waste Management Branch, RES. The activity is assessed as |
HIGHLY USEFUL..

Anprocriatanana The independence of the woA from DOE research prov6 des NRC with the
knowledge necessary to adequately assess and Econse the DOE waste package submttal. The
activity is assessed as HK3HLY APPROPRIATE.

Rescurces . Resource requirements include approximately $10 15 rnilon cost to date, $10 rntlion to
complete, $ 1 m3cn in FY88, and $1 millon in FY89.

'
,

i
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'

PROGRAM ELEMENT: HIGH LEVEL WASTE
Assessment Panel: Costanzi(NRC), Aldrich (SAIC), Mattson (SCIENTECH)

,

|
Branch Chief: Frank Costanzt

|

HLW HYDROLOGY AND GEOCHEMISTRY

The NRC HLW research program has two overall purposes. They are:(a) the development of ait
understanding of the way a repository system works, to allow determinileg whether DOE's compliance i

demonstration is adequate, and (b) given this basic understanding of the phenomenology,
determination of the attributes necessary to DOE's compliance demonstration for NRC reaching a
finding of reasonable assuranco. Hydrology and Geochemistry research is looking at how to
characterize the ground water system, the chemistry of the site, response to 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 to CFR 60 requirements rather than providin0 a
duplication of the basic research being conducted by DOE. Some of the research in this area
continues to be generic in nature (e g.,permeabilty testing is being conducted in basalt) str%e the
results are independent of whether the tests are conducted in basalt or tuff.

Safetv Ansurance The actNRy directly addresses question A 12. Ths NRC rnust understand the
fundamental physical and chemical mechanisrns of ground water flow and radionuclide transpcrt for s
the unique nature of a high-level waste repository in order to conduct a reliable license review. DOE is
quickly moving forward wth its site characterization plans; the resuRs of this research will be used to
stn>cture DOE's site characterization. The actNty is assessed as CATEGORY A (VITAL)

Usefulness NMSS is using the results now in reviewing the DOE site characterization plans. The
work is wericordinated with NMSS via WMRG, reports and briefings are provided by RES to
NMSS/WM staff, and there have been at least 10 papers published in technical period'cals.
Intemational agtsements with Japan, Swtzerland, France and others have arnpisfied available
resources. As currentty funded, the research is sufficient to enable NRC to make licensing decisions
consistent with the mandated schedule. The actMty is assessed as HIGHLY USEFUL

Anormoriateness . DOE should be leading the work In this area, and t is not. DOE should be doing
more basic research in hydrology and geochemistry with the NRC maintaining its independent abilities
in order to property review the DOE submetais. The actMty is assessed as VERY APPROPRIATE.

Resources Resource requirements irclude approximatefy $15 mision in sunk cost, no more than $10 !
rnliion to complete, $1 melon in FY68 and $1 melon in FY89. Special skills in geohy$rology, !
geocherrnstry, and modeling are required.

|

.

d
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SUMMARY OF ACTIVITY

O
,

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

|

HLW COMPLIANCE ASSESSMERT. AND MODELING

in order to be able to effectively review the DOE demonstration of safety of the HLW repostory
against the requirements of 10 CFR 60, the NRC is integrating the measurements and tests from the
other research program areas into physical models of cor@onents and systems. Models of overall
repository performance are also being modified to reflect the improved understanding of repository
subsystem interaction. These models, which include computer solutions for transport 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 salt modelis being moddied to meet the specific
requirements of the Yucca tuff site. SNL is being phased out of the work to avoid any conflict of i

interest with their DOE sponsored work.

Safety Assurance The actMty directly responds to question A 12. NRC porcy requires an
independent assessment capability for HLW using self generated models. Long lead times are
required to develop and validate these models. The product of the work will be used as a basis for
approving overa!! capability of the site and waste package corrt>ination. Analyses such as these must
be performed to demonstrate compilance with EPA standards. The activity is assessed as
CATEGORY A (VITAL) .-

Usefulness - The anatysis methods made available by the research, and the validation of these
methods, will be available in time for use in the licensing process. Coordination with NMSS through |

O WMRG is good. Intemational agreements with Japan, S*ttzertand, France and others have amplified
available resources. There is one posst>le constraint of the research as currently funded: at a higher
funding level, validation of the models could be bolstered by running more natural analog studies.
The activty is assessed as HIGHLY USEFUL. l

.

Accroortateness Adherence to NRC policy requires modeling used for licensing to be conducted
independentty. DO3 appears to be developing its own model, but the adequacy of this model will not

) be known until the site charactertzation is performed The adMty is assessed as HKiHLY
: APPROPRIATE.

Rascurces Resource requirements incbde approximatePy $10 million to date,815 million to
cormlete, $1.4 rnillion in FY88 and $1.4 mdlion in FY89. |

|

I

4
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SUMMARY OF ACTWTTY ]

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

LLW MATERIALS AND ENGINEERINQ

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 a!!amatives to shallow land burial, solidific5 tion
methods, containers and their survivability, and testing protocols for forms and containers . Questions
regarding theJunct.on of the concrete barriers, proposed by some states, are being studied to
determine what function the barriers provide, how long they willlast, and the effects of their failure.
NRC has the ticensing authort' y, but the agreement states will probabiy issue the licenses. RES
develops the technical enteria for ik:ensing, and NMSS/ state programs provide technical information
to the states in regards to implementation.

Safety Assurance 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 require
better data on waste forms and long term waste immobilization. Public perception of the nsk from low-
level waste is a f actor for decisions. The states in which the LLW disposal sites will be located depend
upon the NRC to establish technical crteria. The actNity is assessed as CATEGORY B (IMPORTANT).

Usefulness . Although closure is still some 30 years off, f acility design is already underway. The .

Concem is that delaying the establishment of closure criteria could lead to licensing problems later i

which could have been resoNed more economically during the design phase, in terms nf ,

coordination, the LLW program interacts with WMRG and has informal coordination with candidate ;
states, Southem States Energy Board, DOE, and EPA. The product of the research currently being i

performed is delivered to users via Research Summaries issued by RES, Waste Management Branen.
These summaries, which provide a more timely method of disseminating information than the normal
reporting mechanisms, describe the problem being addressed, the progress made, and the |
regulatory significance of the findings. The actNty is assessed as HIGHLY USEFUL , However, more ;

resources are needed now in order to adequately develop regulatory crteria for closure of the LLW !

sites. ;

|

Amorooriateness . DOE /NE programs address allematNe designs for LLW, but their research is )
tundamental rather than regulakry EPRI has some research in the cost and design of LLW

'

allematNes which is coordinated with the NRC work, and there is also coordination wth research in |
Japan and the U.K. The actNty is assessed as HIGHLY APPROPRIATE for addressing the regulatory I

concems wth which NRC wil be concemed

Resourcan . Resource requirements include $6 million to date, le million to complete, $1.5 million in
i
'FY68, and $1.2 million in FY80.

.

x

_
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SUMMARY OF ACTIVITY

t

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

LLW HYDROLOGY AND GEOCHEMISTRY

The main concern of this research activtty is the determination of the disposal site source term
associated with LLW. RES is developing a surte of models for performance assessment based on
known behavior in current and old sites. Dispe sal site performance is determined by its hydrologic
and geocnemical characteristics. There are major uncertainties in this area, such as that associated
with the effe&ts of vegetation; while plants help in keepirv; the site dry, they also present problems,

with mobilization of nuclides. Data about a Canadian LLW site made available through AECL (Chalk'

RNer) is being used in this research; the AECL data are well characterized, there are good records,
and RES has ready access to the data. Specific research is being conducted by UCLA/ Univ of
Maryland (Beltsville demonstration), PNL (site models, geochemistry, mobilization in soils), BNL

,

(source term), and MIT (stochastic hydrology).

Safety Asturance This research addresses question B 15. As with HLW, LLW disposalis mandated
by federal statute. This research willidentrfy the capabilities and limitations of current hydrologic flow
and centaminart transport models as applied to NRC's LLW licensing and regulatory program. This
actMty is assessed as CATEGORY B (IMPORTANT).

.

Usefu! ness Both the states and NMSS are users of the information and there is coordination with
*

NMSS via WMRG Coorcination with 'ederal and state agencies is faciltated through the LLW
technology coordinating committee. The activity is assessed as HIGHLY USEFUL.

Ancrecriatenest . It is the responsibility of the NRC to license LLW disposal facilities. This

;| responsibility presupposes a level of knowledge adequate to perform the l' censing in a mariner
protective of public health and safety. Since the detaile1 knowledge to perform this licensing

!
surpasses the level of effort already expended in outwarey sirrJar appearing EPA programs, a ls
appropriate for the NRC to perform this research. We also believe that EPRI should be encouraged to
do more research in this area: they are already doing research on leaching of coal piles and )contamination of ground water, but they are doing little to address hydrology and geochemistry with '

respect to radionuclides. Overall, the research being conducted by the NRC is considered HIGHLY ;

APPROPRIATE because t is needed to evaluale licensee submittals,
d

) Resources . Resource requirements include $6 mdlion to date, $4 million to cortplete, $0.7 million in
j FY86, and $0.7 mdhon in FYS9.

'

.

.
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SUMMARY OF ACTNTTYp
V i

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

LLW COMPLIANCE. ASSESSMENT. AND MODELING

The research in this activay is concerned with the modeling cl the hydrology el 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 to be used in predictive models of
site performance. RES is developing performance assessment methods and validating the methods
using the characteristics of existing LLW sites such as Chak River. |

|Safetv Assurance . The activity, which addresses question B 15. Compliance models provided by
this research are needed by the candidate LLW disposal sites. The activity is assessed as
CATEGORY B (IMPORTANT)

Unafulness . It is projected that specifications for the assessment models needed by the states will be i

available from the NRC in 3 5 years, consistent with schedule requirements. There is good i

coordination wth NMSS via WMRG. The actNty is assessed as HIGHLY USEFUL .

Amorocriateness Since there is no policy requiring an independent model, the research is correctly |
focussed on regulation in as much as t will give the agency the knowledge to specify the :

-

characteristics of adequate models. The actMty is assessed as HIGHLY APPROPRtATE.

| Resources . Resource requirements include $5 million to date, $5 million to cortplete,50.7 million in !
..

FY88, and $0 8 miiron in FY89. ;

I
'

i

1

|

..

1
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SUMMARY OF ACTIVITY |
1!

V
PROGRAM ELEMENT: REACTOR CONTAINMENT SAFETY
Assessment Panel: Blond (S AIC), Mattson (SCIENTECH), Ybarrondo (SCIENTECH)
Branch Chief: Mel Silberberg

CORE MELT PROGRESSION AND HYDROGEN GENERATION -
J

The Core Matt Progression and Hydrogen Generation Research Activity provides a data base and
analytical rnedels of the goveming physical and chemical processes attendant to core metting in
light water reactors (LWRs). The experimental research consists of in pile integral tests, includng
examination of TMl 2 core debris, laboratory separate effects experiments, and determination of
basic meta!)urgical data. Also the research consists of the development and validation of;

mechanistic computer models for in vessel core melt progression and hydrogen generation,
including the response of the reactor coolant system (RCS) prior to its breach by the core debris
and the rrode of vessel failure. This research provides tile input on the melt mass, ejection rate,a

composition, and temperature needed to assess the core melt threat to containment integnty.,

Five taooratories perform dfferent aspects of this complex research.'

Safety Assurance .TNs activity strongly addresses questions A 2, A 3, A 4, B 1, B 9 and C 2.
Because there are many possible core mWt scenarios in LWRs, and because these scenarios
affect the amount and characteristics of the core debris, fission products, and hydrogen that
escape from the RCS, much of the uncertainty in predcting th1 course and consequences of

i
core met acodents lies witNn the scope of this acsMty. Currently there are large quantitative .-

1
uncertaintles in the potential challenges to containment from core meltdowns. Understandng the
state of the damaged core is important for managing an accident beyond the design basis in order
to irrit its consequences. Understandng the progression of the core melt through the time of
failure of the RCS is important for managing actions that could be taken during a core melt down toy prevent earty containment failure. Overal, this acsivity is assessed as CATEGORY A (VITAL)

Usefulnenn_. The research has not yet resolved important dfferences of opinion among industry,
laboratory, and govemment scientists on subjects vital to safety enhancemert and the reduction

; of uncertainty,includog hydrogen generation mode of vessel failure, characteristics of the
i ejected debris, etc. Two detailed mechanistic computer codes for predicting tystem response

are available : MELPROGrTRAC for use in unrecovered accdonts s'id risk assessment, and
SCOAP/RELAP$ for use in acddent management by core refloodng. At tNs ime, neither code
has been accepted for use by industry although the codes have been used extensively in the
U.K., particutarty in the Sizewet B Irwiry, and in Japan and other coufMes. Neither have 10COR'

and NUMARC been using these detailed codes in severe acodont actMties. There is some
competition among the laboratories that may be nonproWetve. There has been long standng
dsagreement with IDCOR on the IDCOR models with an earty cut off of hydrogen generation

| despite the abundance of experimental evidence to the contrary and rejection of the IDCOR
! model by the infomational edentific community. The Kouts Panel recommended concentration of I

: the research on the late phases of core met progression as treated by the MELPROCVTRAC |

code, wNie others rooommend INPo use of SCOAP/RELAP5 for earty phases of core melt I

progression and noddert management. TNs acsMty is assessed as VERY USEFUL

Anpreoriateness Because core molting is beyond the design basis and not included in NRC
Scensing requirements, research in tNs ares, should be led by NRC. Given the significance of the

]
research to hydrogen control, however,it Is also appropriate to continue seeldng cooperative
fundng from EPRI, INPO and NUMARC. TNs acavity is assessed as VERY APPROPRIATE. ,.

Retources . Currotatiw costs for tNs activity through FY87 are $50 rN! Eon. Costs for FYB8 are
$5.7 milion. Proposed costs for FY89 are $5.7 m16cn. Itis estimated that costs to completion of
the activity,in 1995, will require $50 milon beyond the FY87 total.
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SUMMARY OF ACTIVITY,

T

J
PROGRAM ELEMENT: REACTOR CONTAINMENT SAFETY '

Assessment Panel: Blond (S AIC), Mattson (SCIENTECH), Ybarrondo (SCIENTECH) |
Branch Chief: Mel Silberberg !

I

CORE CONCRETE INTERACTIONS.

!The Core . Concrete Interactions research activrty provides experimental data and modeling to
understand an important element of the effect of a core melt down in a light water reactor with
conventional containment.11 concems the physical and chemical processes that would occur if
molten core materials were to come in contact wrth concrete in the containment structure.
Included in the actNity are the release of combuttble and non-condensable gases, reduction of
molten metals, intertayer heat and mass transfer in debris pools, and degradation of concrete i
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 canducts small scale
separate effects tests and rnodal development. The activity began around 1975; the end product i

is the abi! tty to analyze the core and concrete interactions adequately for severe accident
decisions.

Safety Arturance This activty strongly addresses questions A 3, A 4, B 9 and C 2. It Irwolves a
significant source of uncertainty about containment performance for core met down accidents,
namely, whether gases ernitted by core concrete interactions could combust and cause earty |

-

containment failure. This activity is necessary for timely resolution of VITAL safety questions i

concoming the potential for earty containment f ailure in two types of pressure suppression
containment Mark I, Mark lli, and ice condenser. The propensty for earty dry won Ermr failure in the
Mark i design is being gNon high priorrty for resolution by NRC because of the potential t holds for
unacceptable risk at a number of operating plants, in addition, this actNRy is important for reducing i

the uncertainty of containment respunse and the nature and magnitude of radioactNe materials
released in a core meR down for all LWR containment types. This actNRy is assessed as '

( CATEGORY A(VITAL) !

iUsefulness . Rosearch results wiu probably be used in the Individual Plant Examinations for
evaluations of vessel met through conditions. Emegency planning, implementation of Severe ;
Acodent Policy, and design of future LWR's wid be affeded by the outcome of this research. The
acceptability of risk for Mark | contamments and associated backfts that might be needed are vtally |

dependent on earfy conclusions about core concrete interaction. The results for the Mark I |
| containmort are expected in 1968, and the actkty is espeded to be complete in 1992, This I

|actNWy is assessed as HIGH.Y USEFUL

Anorooriatanass . There are users of this acskty besides NRC, particularty other nations with
operating LWR's. The BETA pr00 ram in FRG la coordneted wth the US research, as is source
term research by EPRI. Industry would not fund this research because 4 is beyond the licensing
basis. NRC must fund this research because it concems vial questions about the adequacy of
the licensing basis and risk acceptabilty. This actNty is assessed as HIGHLY APPROPRIATE.

Reworeen . Special skins la thermal hydrauncs, metallurgy, and chemistry are required. Resource
requirements include $21 million to date, $t0 ralhon for Cortpletion, $1.7 million for FY68 and
$1.8 mi!! ion for FY89.

.-

O
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SUMMARY OF ACTNITY

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

DIRECT CONTAINMENT HEATING

The Direct Containment Heating research actMty provides experimental data and computer
modeling to understand the pirysical processes associated with the possible high pressure
ejection of molten core materials from a light water reactor during a core meNdown accident. The
actMty investigates the effect of such processes on the reactor cortainment and accident source i

terms. The actMty is relatNety new since this potential mechanism for earty containmert f ailure
was only recently recognized. The actMty invoNes large scale (t/10th linear) tests using high

'
temperature met simularts and a few separate effects tests (small scale in air and water to date,
larger scale later) and modeling of Reactor Coolant System (RCS) faibre and core debris
redistribution using the computer codes MELPROG and CONTAIN Two laboratories are
performing the work.

Safetv Anurance . This actMty is related to questions A 3, A 4, A 7, A-8, B-9 and C 2. The
possbillty that the RCS will fail before the vessel does is being investigated under the aegis of the

|actMty * Natural Circulation inside The RCS*.. The answers this actMty may provide are expected
to significantly reduce uncertainties in risk assessment at relatNely low cost over the next few

'

years. The resuus of this research may lead to a guidance to 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 materials so ejected ]would be entrained or distrbuted sufficiently to lead to excessNe heating and pressurization of |
the containment atmosphere and over stressing of the containment. Ex vessel hydrogen i

generation and subsequent combustion increase the Ikelihood of containment failure. The I

research resuRs are intended to resolve these uncertainties. However, any experimental data will j
Ikely be of reduced scale. The need for an analysis capabety in this area parallels that in the core
concrete interaction actMty, which this actNty legs by about five years in model development. ;

Overan, this actkey is assessed as CATEGORY B (IMPORTANT.)
'

unafulnang . . The portions of this actMey pertaining to accident management that investigate the
feastiiey and desirabety of rescing RCS pressure under core met condtens are H60HLY :
USEFUL because they may contrbute to reducing rtok and uncertainty. The portions that deal
we.h modelm0 of behaviors of entrained particdes of a monen core materials and hydrogen
processes are lone-range programs. Depressusteation may not be found to be posette or useful,
therefore knowledge of the high pressure melt elecalon could be essential to address the DCH
issue that has a potentiaBy disastrous consequence, il depressurtration proves feastie and
desirable in the future, this actMty should be stopped. OveraN, this acekty is assessed as VERY
USEFUL

Anoroortalanana . This actMty addresses areas beyond the safety design basis for tu clear power
plarts, and a concems the adequacy of the current licensing basis. Therefore, t is as .opriate for
NRC funding and not for inchstry funding. Because the actMty is new and ori0 nated in the U.S.,i

there is only NmNed coordination of intomationalinterests. The Industry is not supportNe of this
acsMty in its severe accedent programs Overat, this acsMty is assessed as HIGiLY
APPROPRIATE.

,

.

83306g33 Severe acadert analysts and uni @e faceties are re@ ired for this activty. Resource
requirements include $2.2 rnmion to date, $t 2 trition to complete by 1995,8t.2 million in FY88,
and $1.7 truNen for FY89. .

)
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SUMMARY OF ACTIVITY

\

PROGRAM ELEMENT: REACTOR CONTAINMENT SAFETY
Assessment Panel: Blord (SAIC), Mattson (SCIENTECH), Ybarrondo (SCIENTECH)
Branch Chief: Mel Silbert> erg

| CODE MCDELS. VALIDATION. AND ANALYSIS

The Code Models Validation, and Analysis research activity provides computer modeling of the
overall plant response to core melt accidents in light water reactors (LWR's), it consists of codei

I development and analysis work at five laboratories invoMng four codes, STCP, SCDAP,
MELPROG, and CONTAIN. A related code MELCOR is under development by the risk
assessment group in the Office of research. The codes are arranged in two tiers, namely, faster
running simple rnodels and slower running detailed models. The development of BWR models
has lagged the developmen. of PWR rnodels.

Sa'ety Assurance . This research actMty strongly addresses questions A 2, A 3, A 4,81, B 9
and C 2. The actMty produces the analytical tools through which essentially all severe accident
research results are applied by the NRC. The results of this actMty can be used in the
assessment of industry results in individual plant evaluations (IPE's) and probabilistic safety
assessments and to resolution of vital safety questions invoMng Mark I and ice condenser
containments. The risk reduction potential associated wth applying these analysis tects is h'gh
because of the better understanding of core rnelt behavior that they provide. This actMty is
assessed as CATEGORY A (VITAL.) .

UnsMness This activty is assessed as VERY USEFUL because of the acceptance of the codes
p in the intemational arena even though there is a separate effort relative to industry codes. The'

results of the code development have been used in licensing. (Shoreham 25% power review and(u 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 to require of each plant through the IPE. Industry shows no sign of
using the NRC codes for IPE's. Overall assessment of plant response is needed for accident
management decision making, and industry is most likey to use MAAP and SCDAP for those
purposes, while STCP and the mechanistic codes are Ikely to be used infomationalty.

i Ancrooriateness . Since IPE's are to be required of teensees, this actN#y H assessed as VERY
| APPROPRIATE, Disa0reement between industry and NRC on code models has procbded cost
I sharing for common codes and has led to separate efforts. Unte definthe experimertal evidence

can be obtained, the separate efforts represent uncertalrty in the state of the art. The program
has extensive foreign support in both code use and cooperative development.

Resources This actMty requires coordinatbt) of the sklas of uniqueY qualified analysts in the
| Laboratories. Resource requiremords include $35 mmon to date,846 mision to complete by
| 1995, $3.9 mision in FY88, and $6.6 million in FY89.

|

.

|

|
|
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SUMMARY OF ACTIVTTY

PROGRAM ELEMENT: REACTOR CONTAINMENT SAFETY
Assessment Panel: Houston, Blond, Ybarrondo
Branch Chief: Mel Silbert> erg

HYDROGEN TRANSPORT AND COMBUSTION

The Hydrogen Combustion Research actMty provides an experimental and theoretical database
to be used to quantify the threat to safety related equipment and the containment structure
posed by hydrogen combustion. It consists of experimental and theoretical tasks to improve the
understandirg of: (1) hydrogen transport; (2) d# fusion flames, deflagration, accelerated flames
and deflagration to detonation transition (DDT) and the detonation combustion modes; (3) the
effect of combustion on iodine source term; and (4) the feast >ilty of selected hydrogen mitigation
systems.

Safety Annurance This research actMty strongly addresses safety assurance questions A 3, A 4,
A 5, A 4,8 7,810 and C 1. This actMty produces the analyticalloons for assessing the
consequences of hydrogen combustion for both aded core and more severe accidents.
Information generated can be used to addfess the priority Generic Safety Issue 121 on
hydrogen control for large dry PWR corsainments and wel provide the NRC wth an additional
capabilty to determee an acceptable accident mitigation capabety for the PWR ice Condenser
contanments. Overal this actMty is assessed as CATEGORY B (IMPORTANT).

s
unafulnana The data base developed from hydrogen correustion research wlH be used by a
large group of people in as much as the consequences of correustion effect other areas such as
direct containmort heating, equipment survival, and containmort integrity. In the past,
confirmatory research was needed to provide the NRC wiih the capability to close out unresolved
hydrogen control issues, such as flame acceleration and DDT ser the PWR los Condenser plants.
Analytical tools developed under this actMty are avatable for use in rule irnpiementation efforts
such as assesseg the adequacy of both interim and permanent hydrogen cortrol systems. This
acsMty is assessed as VERY USEFUL.

This actMiy is assessed as VERY APPROPRLATE. It has generated an. - . . . . .

independent data base for the NRC to use in review of the hydrogen cortrol systems selected by
the utilities.

Bagangh Emportmental facsales and code development, ameesment and appucation are
required sor this assMey. Resouses restrements include si t mimon to date, ts.s mason to
corroiste by FY98,80.7 mlWen in FYSS, and 80.7 mIIen in FYet.

..
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A SUMMARY OF ACTIVITYU ,

PROGRAM ELEMENT: REACTOR CONTAINMENT SAFETY I

Assessment Panel: Houston (NRC), Blond (S AIC), Ybarrondo (SCIENTECH)
Branch Cnief: Mel Silberberg i

STE AM EXPT.OSIONS |
|

Past research has been directed towards assessing the probability of direct alpha containment ,

failure mode via steam explosion generated large mass missile. Alpha centainment failure mode I
is a process in which an in-vessel steam explosion tosutart from the slumping of a large mass of
core melt into lower plenum water accelerates a slug of overh'og materialinto the upper head,
detaching the head and expelling It through the containmeat. This research consisted of: (1)
experiments with tens of kg corium-thermite melts on the conditlons under which energetic Steam
explosions occur and the energetics of such explosions,(2) modeling steam-explosion ,

mechanisms, and (3) analysis of the alpha-cortainment failure mode process. The expert Steam j
Explosion Review Group (SERG) convened by NRC in 1964 concluded that the probability of the
alpha containment failure mode was less than 0.01 per core met, and thus did not constrtute a
signtficant risk.

Because of the conclusions of the SERG report and severe budget constraints, further steam i

explosion experiments have been stopped, contrary to the recommendations of both the SERG l
panet and the Kouts panel. Quite aside from the very particular alpha containment f ailure made,

,

both explosive and non-explosNe rapid steam generation from melt-coolant interactions with -

|
-

'

accompanying hydrogen generation and fission product release are very signif' cant in core met
|progression and must be accounted for. Curre t NRC research in this area consists of the ;

O development and validation of the semi mechanistic Integrated Fuel-Coolant interaction (IFCI)
model of both explosNe and non-explosive met wa;er interactions and hydrogen generation for
incorporation into the MELPROG mechanistic in-vessel met progression code. IFCI can also be

,

used on a stand alone basis. One laboratcry is currertly pertorming this research. j

j SafeN Annarance This activty,which is relevart to questions A 3 A 4 A 8,81, B 7, B 10. C 1 |and C 2, is assessed as CATEGORY C (vigil. ANT). All amdent managemert actions when there,

1 is moRen or liqutied (eutectic) materialin the core inwNe this actNty. While no research
spec (carty directed to accident managemert has been performed, nearty au the past and currert

j
experimerts and models are directh applicable to accidert managemert considerations. Some,

j
j new work en the rates of quencheg of both hot solid and monen debris and on the analysis of the

i

'

costabdty of large complex masses of partialh rnoten debris (as at Th412) would be desirable for i
,

accidert management use.

Unafuhass This acstvty is assessed as VERY USEFUL The rssearch in this actNty and the j
'

research in this area by others have not yet pro &ced a truh mechanistic model of exp40sNe and l
| non-expbshe rapid steam generation for general use. There is also some cortinuino 6fference i

of opinion among the emperts on the upper bound of the alpha containmort failure mode |
'

probabday. The IFCI model wul be avaiable for gcneral use, and it wel provde a urge bol for i
; assessing, giJarttatNefy, the effects of explosNe and non explosNe rapid steam generation as a
l part of reactor ao:idert anahsis

I Accrocriateness This acthty is assessed as HIGHLY APPROPRIATE. Because core met is
, beyond the design basis and is not included in NRC licensing requirements, t is appropriate that |NRC should lead the research h tNs area. There is general awareness of and hierest in steam' '

i-

explosions and the broader class of thermal explosions outside the NRC, in both the loreign and |

'
domestic communities. Close coor$ nation with outside rosearch and support of the NRC |,

research are importart, and this has been achiewd. Cooperation on accidert management '

research should be sought wth INPO, NUMARC, and EPRI.
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!,
Resources . Resource requirements include about $5 million to date, $1.5 million to complete in
1992, $185,000 for FY88, and $185,000 for FY89. Additional research to address specific core
reflooding questions for acodent management, including coolability limits, would require'

additional funding.
I

J

l

I

!

|.

|

'
.
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g SUMMARY OF ACTNITY

PROGRAM ELEMENT: REACTOR CONTAINMENT SAFETY
Assessment Panel: Houston (NRC), Blond (SAIC), Ybarrondo (SCIENTECH)
Branch Chief: Mel Si|bert> erg

FISSION PRODUCT SEHAYlOR AND CHEMICAL FORM. !

This activity provides the capabihty to estimate source iermt from the containment for postulated
'

severe accident sequences. Specsfically, the activ ty provides experimentaldata and modeling on
fission product and aerosol behavior in the fuel, the reactor coolant system, and the containment.
The experimental program consists of mostly outof reactor experiments and few in-reactor ;

expenments. There are a total of fNo national and commerciallaboratorietiinvcNed in this activty.
-

Safety Anuraneg.. This activty , which is vital to question B 9, B 10 and C-5, important to A 4 and
C 2, and relevant to A 7, B-8, A 9 and C 1,is assessed as CATEGORY 8 (IMPORTANT). The
quantales, timing, and chemical forms of fission produds released from fuel dominate the i

subsequent transport behavior of these fission products in the reactor coolant system and I
'containment. This willirmact the degree of deposition of fissen products at both locations and

the final source term leaving the containment. Additionalty, aRhough containment loading issues !

such as direct containment heating and core concrete interactions directly influence containment )
failure times, the consequences of these processes need to be estimated with computer codes
developed in this activity, so this actMty also contrt)utes to safety questions invoNing Mark I and ;
ice condenser containments. Research resuRs from This activty wie also reduce the uncertainty its

'

|
-

severe accidert risks. Fission product revaportzation and late lodine release, are found to
contribute large uncertainties in Draft NUREG 1150 risk estimates affecting severe accident
source terms for late containment f ailure accidents. These fission products are rnodeled as being
permanently removed from source term consideratbn but may revaportze or resuspend at a later
time when the source term in the containment is smati.

UuMnen This actNRy is assessed as VERY USEFUL The immediate objectNo of research in
the in-venet fission product release area is to prov6de information on the prototypicality of the less
expensNe out of pile experimerts relatNe to the expensNe in reactor experiments, if out of-
reactor experiments prochace similar results to those from In reactor experimerts and for the same
reasons, large savin 0s in program costs can be erMeioned in future exportmental programs.
Research on containment fission product chemistry is providing experimental and analytical
support to the revision of Standard Rev6ew Plan section 6.5.2. Finacy, au research resuas from
This actkty wiB be used for emergency planning, equipment quaglication, Safety Goal and Severe
Accident iolicy implementations and future reactor design and licensing.

Appropriateness . This acsMey is assessed as VERY APPROPRIATE. Research results from this
,

actNey are of interset to other organizations, such as EPRI, within the U.S., and other countrie: I
such as the United Kin 0 dom, the Nethertands, Federal Republic of Germany, and Canada. These 1

organizations and countr6es are partners on vut Severe Fuci Damage Procam where research in |

this actNty is coofdmated National Science Foundation support should ateo be sought for this )
rosearch.

Resources Special Irweector, out of-reactor, and diagnostic faciuties, and experts in the area of I

fission product chemistry, either experimental and theoretical, are re@ ired to pedorm the tasks in
this actNty. Resource re@iremerts include $26 rMuon to date, $7 million to cor@lete by 1993,
$ 1 mision for FY84, and $1.3 mdlion for FY80. '

,

\

N
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|

US Nuchar Reoulatory Comm"sion: Research Prior:lzation Task IV Recort {
SUMMARY OF ACTIVITY |

PROGRAM ELEMENT: REACTOR CONTAINMENT SAFETY
Assessment Panel: Houston (NRC), Aldrich (SAIC), Band (SAIC) :

Branch Chief: Mel Sit >ert> erg |

NATURAL CIRCULATt0N IN THE REACTOR COOLANT SYSTEM -
t

The Natural Circulation in the Reactor Coolant System (RCS) Research Actkity provides analyses I

predicting the RCS thermal hydraulic behavior from accident initiation to core melt and vessel |
failure. This actMey,in concert with the core met progression activity, will fumish the initial 1

conditions to be used in other research actMiles including Direct Containment Heating Core. ;

Concrete trieractions, and Hydrogen Cornhustion. The actMiy is currently focused on the multi. !

dimensional natural ektnalation flows during a risk <$ominant high-pressure station blackout :

accident. Issues beme addressed are: the structuralintegety of the RCS pressure boundary prior :
to vessel f ailure and the influence of circulatory flows on the met progression processes. This ;

acttvty invokes the use of three state of-the. art computer codes: COMMIX, MELPROG/ TRAC, I
and SCDAP/RELAPS at three different National Laboratories.are bein0 used to support the I

!analyses.

Safety Amaurance This actMty, which is important to questions A 3, A 4 and C.t and relevant to
questions A s,8 7. B-9 and 510, is assessed as CATEGORY B (IMPORTANT). R wil provide
answers to vital questions on accident mana0ement at rotathely low cost over the next few years.
Results will assess the Hkeghood of 74T+ :r=9 melt ejection, and provide guidance to the ,

*

operators on how to prevent and mitigste 7"+:--_=e met ejection durin0 a severe accident.
There is general agreement between the M analyses sponsored by NRC and by EPRI -
name4, the RCS pressure boundary may faa either at the surge line which conneas the
pressurtzer to a hot leg or at the hot nog connection to the vessel"be6 ore * the failure of the vessel
lower head. As a reeut, the RCS may be depress wired to a low pressure betore the molten core
f ails the vesset lower head and enters the cortainment. However, uncertainties exist regardin0
the size of the f ailure in the surge line or the hot leg, which wiE determine the rate of
depressuttration. Uncertainties also esist for the calculated ter@erature history of the line
and other piping. Future research win be performed to irgrove our understanding and to
the uncertainties.

I
Wastimens This actMiy is assessed as VERY USEFUL, because of the significance to tuture
reactor noensing. The ac9vty may ales provide pMance to the operators en how to prevent or
mitigate high pressure met election to the containmort.

Annepriananmaa This actNey is aseeeeed as VERY APPROPRIATE. Athough deMng into areas
beyond the design basis, the research we have signelsence ter aooident managemoet.
Consistent wipi the inner considerellen EPRI has eonertiuted to the understanding of natural
circulation in the RCS by preveding usolul este and onde caenuindons.

assomosa. Severe nooidert and ;t -O,c.& anesysts are rewired tor this anMey.
Resource reWipements inchade $14 mulen to date, $2.3 mition to corgiste,80.4 melon tor
FYse and 90.7 prdBon ter FYet.

.

|
l
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US Nuclear Reculatory Commission: Research Prioritization Task IV Report

9)MMARY OF ACTMTY
7
\

PROGRAM ELEMENT: REACTOR ACCIDENT RISK ANALYSIS i

Assessment Panel: Houston (NRC), Aldrich (SAIC), Blond (SAIC)
|Branch Chief: Joseph Murphy

REVIEW OF PR A'S

The purpose of this research is to review PRA's submitted to NRR. While some of the work could )
be classified as technical assistance, RES is also trying to develop less costly ways to perform the >

redews. Currently averaging $450K per review, the reviews are as costly to perform as is the |
original analysis. Guidelines being developed under this effort focus the review upon the
boundary conditions and assumptions, with spot checks performed as required to confirm the i

accuracy of the calculations. Currently PRA reviews are performed by BNL . t effective, the ;

guidelines developed in this actNty could he$ in shifting some of the review work to other i

laboratories, as wel as back to the NRC. ,

,

Safety Assurance . This activity is strengty responsNe to safety assurance questions A 2
(unacceptable vulnerabilMies), A 3 (short term containment failure modes), A 4 (course and
consequence of severe accidents) A 5 (USI resolution), B 1 (additional knowledge about ;

comples operating events), ard B 6 (human fadors, etc. In normal operations.) The resuRs of tNs |

research wiR provide a greater knowledge of the risk levels resuRart from a variety of initiators, and
failure associated wth human factors, severe accidents, and other */ulnerabiltles. A prerequiste i

Ifor determining the risk level posed by a gNon plant is knowledge of the accuracy of the PRA -

inputs. Reviews can be effedive in spotting major oversights in PRA's and are therefore a vtal ;

contrbutor to safety assurance. This actNty is assessed as CATEGORY A (VITAL).

Unafulness . Because of the cortplexity of a PRA, R has been derficut for NRR to speedy the.

requirements of a PRA review. The resuRs of thc research may produce irdormation bearing on
the resolution of the saf assurance questions, but because of the lack of clear specNications, !

the research is not as I as a might otherwise be. This research is assessed as USEFUL.

Apomortatanans . Clearty, t la the responsbility of the NRC to pettorm the review of the PRA's. |
This actNity is assessed as HIGHLY APPROPRIATE. |

Resources . CumulatNo costs through FY87 total $0.4 mielon Prior reviews, including some
FY87 actNey, were funded by NRR. Costs for FYS8 are 80.9 trusion. Proposed costs for FY89 are

'

$1.6 million. Cortpletion of the actNty is estimated to require an addtional $1.8 trmlhon per year
unti all industry sponsored PRA's which are submitted have been revisM.

..
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US Nuclear Reculatory Commission: Research Prioritization Task IV ReDort

SUMMARY OF ACTIVITY

PROGRAM ELEMENT: REACTOR ACCIDENT RISK ANALYSIS
Assessment Panel: Houston (NRC), AhMeh (SAIC), Blond (SAIC)
Branch Chief: Joseph Murphy

SEVEME ACCIDENT MANAGEhMNT

in FY84, the purpose of this actMty is to provide a chapter for Accident Management strategies for
Y) REG 1150. These stralogies will prov6de the trWormation to support operator decisons, during
severe accident saustions, which could reduce the probatmy of core met This work has
included studies of the NUREG 1150 plants, and other plants will be studied in the future. This
research is consistent wth the larger severe acendent management researchproject (* Individual
Plant Exammations' adMty) being conducted in the DMalon of Reactor and Piart Systems. In
FYet, and beyord, this task will examine auet PRAs are they are performed to evaluate potential
accidert management strategies,

amfaty Amaurance . This research is strongly responsive to safety assurance questions A 2, A 3,
A 4, and C 2. E is also relevant to safety assurance questions A-4,51, and 5 7. Stralogies for
dealing with wineratstles and accident sequences can help plant operators avoid sagtonces
which could lead to core met. tocause the results of this research could directly contrtpute to
the resolution of these questions, this actMty is assessed as CATEGORY A (VITAL).

Unafulnaan . .The research should provide NRR with the necessary badiground of knowled0s '.
required to effectively audt the accident management of the utestles. Wilhout this
knowledge the NRC wit not have a basis a0minst which to the ulIRy strateglos.
Coordination wth other accident mana0ement research being conducted wthin NRC could be
improved. Because the results of this research could direcdy conertute to the resolution of

,

these questions, this actMty is assessed as VERY USEFUL.

Wnaan . 4 is the responsibay of the utlette. to develop accident management
strategies. TNs research we provide knowtoege needed to review the usates're. This
aaMiy is assessed as APPROPRIATE.

Bagmans . Costs for FYtt (first year of adMty) are 40.2 mimon. Proposed costs for FYSS are
80.4 mmon. Convieson of the amMiy in 1ses is essmated to require an adenonal 81.s mmon
beyond the FYS7 total.

.

.

. . . .
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US Nuclear Regulatory Comm"slon: Research Prioritizr# ion Task IV Report

SUMMARY OF ACTNITY

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

l MISK MODEL DEVELOPMENT
:

The purpose of this research is to complete the deveicpment of the MELCOR and MACCS
codes, which are used to determine severe accdont source terms (MELCOR) and public ,

consequences resulting from accidents (MACCS.)
'

'

MELCOR is on the verge of becoming an application code, at which point R will cease being a
development effort and will become a maintenance effort. Prior to this, however, the code will

i need to undergo verification and validation. The BWR version of the code will be completed
first,with the PWR version stated for completion in the following year. MELCOR will replace the i

,

; older, costN, source code package. Currett research includes updating physical .nodels as |

IrWormation becomes avastable and trial use, as wel as trying to instar the code on a PC 4 already
runs on a VAX.; i

|

Similar work is being done on the code MACCS. The NRC intends to publish MACCS 1.5 this !
year, and the code will be ready for applications in another year. ,

i

i Safety Anurance . This research has a strong relationship to safety assurance questions A-4, B. |.

j 7, B 9, and C 2; and a weaker relationship to queellons A 2, A-8, and B-5. These programs could I
'

j be vMal for safety assurance, but untN the todos are compared weh strnitar codes and validated I
; against experirnental programs this actMty is ranked as being CATEGORY B (IMPORTANT). |

! thafulnata . .The present regulations do not consider severe accidents beyond the design |
basis. However, the Severe Accident Policy Statement requires that such analysis be performed.

; The activey is assessed as USEFUL
,

1 '

Appmpriatanans . Clearty, t is the responstaty of NRC to review PRA and perform independent |
auets as necessary. This actkty is assessed as HIGHLY APPROPRIATE. !

1

] BeaQusas . Cumulatke costs in FYS7 total $1.1 mmon. Costs lor FY88 are $1.8 mason.
Proposed costs for FYtt are $1.8 mmon, Corgistion of the activty in 1983 is estimated to-

j require an adstional $8.3 mlB40n beyond the FYS7 total

.i

:

.

!
I

i .-

1

:

4
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US Nuclear Reculatory Commission: Research Prioritizallon Task IV Report

SUMMARY OF ACTNITY

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

RISK UNCERTAINTY METHODOLOGY

The purpose of this research activity is threefold: (a) to develop statistical techniques to be used
; in processes involving expert elicaation, (b) to perform a backend analysis as part of a broader

MELCOR application, and (c) periorm the LaSalle (??) study of severe accident results.

f Safety Amaurance . This actMty is responsive to safety assurance questions A 2 A 3, and A 4.
The methodology provides a yardstick for risk measurement and takes some of the subjectMty

| out of PRA. The risk uncertairty methodology is assessed as CATEGORY C (VIGILANT) to safety ,

J assurance.
!

unafulnana . . The results of this research could be used by the PRA branch of NRR and by RES

| to assess source terms wth state 4f the art tools. This actMty is assessed as USEFUL. |
!

Appropriatanaan . This effort is underway to irmrove NRC capabilities for performing plant audits.
;

| It is assessed as being HIGHLY APPROPRIATE.

Raseurcan . Cumulative costs through FY87 total $1,1 rmliion. Costs for FY88 are $1.5 million. .-

i Proposed costs for FY89 are $1.2 mdliott Cormletion of the activty in 1993 is estimated to i

4 regilre an additional $5.8 million oeyond the FY87 total.

I

i l

i

.
I

!

!i

J i

J l
|

!

i

,

J

!

;

1

] .-

a

1

:
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US Nuclear ReQutatory Commission: Research Prioritization Task IV Report

SUMMARY OF ACTIVITY
T

PROGRAM ELEMENT: REACTOR ACCl0ENT RISK ANALYSIS
Assessment Panel: Houston (NRC), Aldrich (SAIC), Blond (SAIC)
Branch Chief: Joseph Murphy

RISK REBASELINE ANALYSES

This research has two purposes:(a) to finish NUREG 1150, and (b) to extend NUREG 1150 to
include extemal events wthin the 1150 results and extend front and back end analyses in order
to be able to analyze B&W and C E piar.ts. The Commission sees this as a way to fusill Rs
obligation to,ACRS to provide an independent audit of PRA's.

,

'

Safety Assurance . This research is responske to safety assurance questions A 5, B-8, and C 1.
Completion of NUREG 1150 should identty potential gaps in regulation resuRant from system
itteractions. This actkty is assessed as CATEGORY B (IMPORTANT) to safety assurance.

Usefulness . .The resuRs of this research could be used by the EDO and Office Directors to
prioritize risk issues in the PRA arena, and to provide the knowledge required to determine the
appropriate research balance between accident mitigation activities and accident prevention
activities for research. TNs actNity is assessed as USEFUL

|

Appropnateness . It is the responsbTrty of the NRC to gain such knowledge as may be required to ,

carry out regulation of the nuclear industry, so this is an appropriate actNty for NRC funding. This .- |
activty is assessed as VERY APPROPRIATE. ,

i

Resources CumulatNe costs through FY87 total $2.7 melhon Costs for FY88 are $3.8 million, i

Proposed costs for FY89 are $2.2 million. Cormietion of the actNty in 1993 is estimated to
\ require an add #tional $11.4 million beyond the FY87 total although a routine sarmling of plants

may require additional expendtures thereafter,

1

)
|

*
.

h
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US Nuclear RequfatoqCommission: Research Prioritization Task IV Report

SUMMARY OF ACTNITY

)\
PROGRAM ELEMENT: REACTOR ACCIDENT RISK ANALYSIS
Assessment Panet: Houston (NRC), Aldrich (SAIC), Blond (SAIC),

Branch Chief: Joseph Murphy :

i RISK B ASED MANAGEMENT METHODOLOGY
i |

The purposes of this research are:(a) to cornplete the development of SARA,(b) to load data into |
the management tool, and (c) to apply SARA to the priontization of generic issues and multi plant
action tems. SARA provides the NRC with the ability to test PRA assurmtions as variables. Using
SARA, an analyst can explore the effect on overall plant risk of proposed plant rnoddications.

Mmrance This research is responsive to safety assurance questions B 1 (additional
; knowledge of response to cormlex operating events), B 0 (human factors, reactor controls, and
] artificial intelligence applicability to operations), and C 1 (irgroved anatytical tools). Overan, this

actNty is assessed as CATEGORY C (VlGILANT.) ;
, ,

Usefulness . SARA may be used in the review of submttals in response to the IPE generic letter. |

This activty is assessed as USEFUL. |
!'

Anoropriateness SARA provides the NRC with the tools a will need for trending and tech. spec.

|
optimization. This actNty is assessed as APPROPRIATE.

.-

Retourcee . CumulatNe costs through FY87 total $2.2 minion. Costs for FY84 are $1 migion.
,

j Proposed costs for FY89 are $1.6 miRen. Completion of the actNty is estimated to require an
additional $2 million per year in the future to analyze new issues, priorsize new MPAs, and loanI

|
j new PRA and IPE results into the data base.
,

.

d

4

|
11

:
1

1 !
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!
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j US NucPar Reculatory Commission: Research Prioritization Task IV Report |
i,

SUMMARY OF ACTIVITY l

i i

PROGRAM ELEMENT: PLANT PERFORMANCE ,

Assessment Panel: Sheron (NRC), Aldrich (SAIC), Blond (SAIC) l,

1 Branch Chief: Louis Shotkin j
i

haST AND OTSG TESTING fB&W);
'

I

! This research activity has two main purposes, the first of which is to provide experimental data and !

analysis to satisfy the requirement of the TMl task action plan item II.K.3.30, * Revised S8LOCA I

i Method to Show Cormliance with 10 CFR Pa 150, Appendix K.* The other purpose is to confirm |
,

J licensing decisions made with respect to Babcock and Wilcox (B&W) power plants. The projects, i

j which are sponsored under a mixture of joint and separate funding arrangements, have already |
produced data tu resolve the thermal hydraulic issues related to the TMI 2 S8LOCA of 1979 and i:

i were used to support requests by Florida Power Corporation and Sacramento Municipal Utility
; District for exemptions from the requirement to instaN high point vents for reactor coolart systems

(as required under 10 CFR 50.44(3)(iii)).
'

TMI task action plan item II.K.3.30 requires that S8LOCA models be compared to applicable data.
; A program under joint NRC/ industry sponsorship was established to provide this data. This !,

] program consists of integral and separate effects tests conducted in experimental f acilities mimic j

the unique behavior of 84W plants. The key integral facility is the Muti-loop Integral System Test ;
;

; (MIST) facility. A scaled irtogral test facility known as the University of Maryland 2 x 4 loop is used ;

| to address MIST design anomalies and the effects of scale distortion Other separate effects
j experimerts are conducted to study the unique thefmal- He behavior of the B&W Once. .

; Through Steam Generator (OTSG) and the B&W hot leg bend. !

: ;

I Plant transients at Osvis-Besse and Rancho Seco in 1985 demonstrated the complex behavior of |

B&W plants, underscoring the need for research which wiu resut 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 perceived

; risk of $8LOCA at a B&W piart. |
Safahr Amaurance . The research is most directfy responsive to safety assurance question C 1

,

i inasmuch as R prov6 des information corfirmatory of past Boonsing decisions. There is also a less

| direct toistionship with questions 51,84 and C 2. Whee the research provides additional

|
knowledge concoming response to corgiox operating events 1), R has already provided the

unksw hirgrovementsininformamon needed ter the leeues R was dosioned to resolve. e

) operselons (84) and probehasse tasseements (C 2) are indicallve of spin off appilcations.
; Overed, the actMey is acesseed as CA Y C (VIGILANT).

|
1

| unaluineen . The receech facAlles used under the aegis of the actMty are capable of repilcating I
the betuvier of the B&W pient. The resues are expeaed to be usefulin answerino the relevert i

safety assurance questone. E is our understaneng that the roeues obtained so f ar are adequate i

to resolve most of the leeues on which the research is locused Overas, the aaMty is assessed as |
VERY USEFUL. j

| AnornpriManaan . Confirmadon of licensing decisions is clearty the responshuty of the NRC. The

{ actMty is assessed as HIGH.Y APPROPRIATE.

! Besougas Cumulative costs through FYS7 total $14 melon. Costs for FYSS are $2.3 million ,
,

Proposed costs for FYt9 are $3.9 rtJalon. C+41 ; of the actMty in 1991 is estimated to ;
;

4 require an adettonal $4 minion beyond the FYS7 total. ;

i \
'

i |
! i
s !

l' !
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US Nuclear Requtatory Commission: Research Prioritization Task IV Report

SUMMARY OF ACTIVITY

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

2Dt3D

The purpose of this research is Mo fold: (1) to resolve licensing concerns for effectiveness of
core cooling provided by PWR emergency core cooling systems (ECCS) during large and medium
break LOCAs, and (2) to provide large scale data for assessmert of the scaling capabilities of
computer codes to predict the accident response of PWRs during large and medium break
LOCAs. The 20/3D actMty provides experiment data and computer code (TRAC) anatyses in
support of the ECCS rule revision, and an evaluation of code uncertainty in modeling ECC bypass
around the downcomer, cootability of a partlauy damaged core, steam binding effect during
reflood, rnufti-dimensional flow effect in the core, and effectiveness of upper plenum injection and
vent valves.

In the past,20/3D provided full scale test data on mixing of the high pressure injection fluid with
the primary coolant fluid already present in the cold legs to help resolve the pressurized thermal
shock (PTS) issue. 20/3D also provided fun-scale test data on counter current flow behveen
steam and water to help resoNe whether a stable flow pattom exists in a reflux condenser mode of
cooling during a small break.

Data from the continuing tests are anticipated to be used in revising 10 CFR 50 Appendix K rules.
2D/3D wiX also provide data which can be used to assess and tr@ rove the multi-dimensional

O capability of TRAC. Testing has been cormleted in both Japanese f acilities belonging to 2D/30.
About half of the 30 planned German tests have been completed. FRG JAERI and the NRC are
cunently negotiating to extend joint funding of 2D/3D for two more years beyond the September
30,1988 expiration.

Safety Assurance . This actMty most strongly addresses safety assurance question C 1 inasmuch
as R is confirmatory in nature. There is also a less strong relationship to questions A 2, B 1, B-10
and C 4. ResuRs beneficial to determinirq existing vulnerabiNtles (A 2) are articipated to be in the
nature of spin-offs however, rather than as a defined end product. A simNar evaluation is made
concoming the actMties' cortrt>ubon to additional knowledge of complex operation everts (B 1),
review and certrication of standard piarts (B-10), and prioritization of potertial generic safety
issues (C-4). ECCS bypass is no longer the vital Iseue that it was in the late 1970's - thanks in
large pari to the success of researcti Ike 2D/3D, which has supplied data and computer code
(TRAC., RELAP) analyses supportNo of tie ECCS' rule revision. Overal, the activty is assessed
as CATEGORY C (VIGILANT).

Usefulness . 2D/3D is Ikely to produce information useful in answering the indecated questions. It
is wou coordinated with NRR, AEOD and ACRS through meetings, telephone calls, weekly and
monthly reports, qulck look and data reports. Period;c review by the T/H Regulatory Research
Review Group is also conducted. This actNty is assessed as VERY USEFUL

Amorooriateness . It is appropriate for the NRC to furd research confirmatory of licensing
decisions, but because of the benefits to JAERI and FRG, this actMty is joirtly funded. The
assessment is APPROPRIATE.

'

.

Resources Cumulative costs through FY87 total $85 mil; ion. Costs for FY88 are $2.7 million.
Costs proposed for FY89 are $1.7 minion. Completion of tra actMty in 1990 is estimated to
require an addttional $5 million beyond the FY87 total.
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US NucPar Reculatory Comm"sion: Research Priccitiz~lon Task IV Reoort

SUMMARY OF ACTIVITY

PROGRAM ELEMENT: PLANT PERFORMANCE
'

Assessment Panel: Sheron (NRC), Aldrich (SAIC), Blond (SAIC)
Branch Chief: Louis Shotkin

ROSATV

The purpose of this research is to improve NRC understanding of the transient phenomena i

related to SBLOCAs and operational transients. ROSA IV will also provide information for the
development and assessment of innovative ECCS operating procedures and accident
management procedures which will enable the reactor operator to property respond to plant
accidents and transients, and to safely recover the plants.

ROSA IV is jointly funded by the NRC and JAERI. JAERI is responsible for the design,
construction and operation of the two facilities comprising ROSA IV: NRC is responsible for
providing best estimate codes (TRAC PWR, RELAPS) and advanced two-phase fic v instruments
in retum for access to all test results. About 28 of the 40 planned tests for the first phase have
been completed. Negotiations are underway to extend the agreement (which expires January
31,1988) through 1992 to allow completion of the 40 first Phase tests plus 20 more second
Phase tests. |

In the past, dats from ROSA IV have been used to f acilltate benchmarking of the TRAC and
RELAPS codes.

~

Safety Assurance The research is most strongty responsive to safety assurance question C 1, -

inasmuch as it is predominantly confirmatory in nature. There is also a less strengty def?ned
relationship to questions A 2, A 4, B 1, B 6, B 10 and C 2. Relationship to existing vulnerabilities
(A 2), course and consequences of severe accidents (A-4), operating events (B 1), human
factors (B 6), certification of s*sndard plants (B 10), and probabilistic safety assessments (C-2) is
considered to be of a spin-off nature. Overall, the activity is assessed as CATEGORY C'

(VIGILANT).

Usefutness The results of the research wiR be useful to improving the analytical tools TRAC and
RELAPS, but there is no particular regulatory need on which the research is focused The activity
is well coordinated with NRR, AEOO and ACRS through meetings, telephone calls, weekty and,

! monthly ieports, quick look and data reports. Periodic review by the T/H Regulatory Research
l Review Group (RRRG) is also conducted. Overat, the adMty is assessed as VERY USEFUL.

Amorocriateness Improvement of the analyticalloons used during regulation is clearty the

| responsitMy of the NRC. The actMiy is assessed as HIGHLY APPROPRIATE.
1

Resources Cumulattve costs for ROSA IV through FY87 total $4.5 mmon Cost for FY88 is $0.8
mmon. Cost proposed for FY80 is $1.3 rndilon. Completion of the adMty in 1992 is estimated to

|
require an additional $2 mdllon beyond the FY87 total.

|
|

*
,

\
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US Nuclear Reculatory Commission: Research Prioritization Task IV Report

SUMMARY OF ACTWITY

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

!

CONTINUING EXPERIMENTAL CAPABILITY (CEC)

The purpose of the CEC is to provide NRC with future thermal hydraulic experimental capability as
needed. Because of the long lead times required for cedain facihty types, particularty large
integral tests, planning and construction must anticipate future needs long before the
experimental resuns are needed. Because all U. S. Integral thermal hydraulic facilities are
scheduled to be shut dc un by the end of FY1988, this program was initiated in FY 1986 to
evaluate the needs and design basis for an Irmroved scaling integral f acility (CEC ISIF). A
potential need le also foreseen for integral system data to support advanced LWR's currently
being studied by industry and DOE.

Safety Assurance Amoroortateness. Resources Since there is no current funding for this
activity, no assessmcnts were made.

. <

.-

1

! ,

l |

|

!

l

*
. i

1
;
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SUMMARY OF ACTIVITY

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

B ASIC STUDIES

The purpose of this research is to obtain experiment data, and assessment of the data, to
advance NRC knowledge of existing safety margins in operating plants. Included within the Basic '

Studies activity 1re three areas of research: (1) a test loop at the UnNerstty of Maryland which will
provide integral and separate effects data crucial to the MIST and OTSG testing of the Babmck &
Wilcox design, (2) the assessment of condensation induced water hammer in operatir'g nuclear
power plants, and (3) rosearch into boron mixing in the lower plenum of BWR's during ATWs
transients, and thermal mixing for PTS considerations. Additionalty, the evaluation of transient
reactivity feed back implication in U.S. Reactors as delineated in the Chernobyl Accident
Implications Report (NUREG 1251) has been initiated.

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

-

Safety Assurance The B&W research being conducted at the University of Maryland is
responsive to the same questions as already identified for MIST /OTSG: strengty responsNe to C-
1, less responsNe to B 1, B 6, and C 2. Lkewise, this particular piece of research is assessed ass

CATEGORY C (\1GILANT).

The water hammer research is responske to C 1 in as much as R wB1 provide the NRC wrth
improved analytical tools in this area. Amordingty, t is assessed as CATEGORY C (VIGILANT).

|

The boron mixing research is rnost strangPy related to resolution of safety assurance question C 1,t

but t also is only a little less responsNe to A 2, A 4, and B 1. Certainly the findings to date indicate
that the resuRs could shed new light on complex transients for the BWR plant (A 2), and he$
define the course and consequence of likely severe accident scenarios (A 4). Additionally, the
research wWI provide improvement of analytical tools for cakulation of boron mixing. Overall, the
activty is assessed as CATEGORY B (IMPORTANT) on thi basis that even though t is
predominantly responske to C 1, the fair'y strong relationAlp to the A and B questions merits a
higher category of assessment.

Usefulness The UnNorsty of Maryiand research wiu be usefulin confirmeng past licensing
decisions, most notably those pertaining to B&W plants, and is assessed VERY USEFUL.

The water hammer research wiu provide an addtional tool in this area and may therefore pro &ce
information bearing on resoMng C 1. It is assessed as USEFUL.

The boron mixing research is assessed as HIGHLY USEFUL because of the resuRs it wiu provide
to posst>le deregulation.

Overau, the actNity is assessed as HIGHLY USEFUL on the strength of the boron mtxirg reseash. .

l Acercoriateriess The UnNorsity of Maryland work and the water hammer work are both
confirmatory of regulations and are assessed as HIGHLY APPROPRIATE. The boron mixing
ressa ch is also regulatory in nature, but in as nuch as the end resut to date indicate a posstie

! deregt lation, it is assessed as VERY APPROPRIATE.,
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1533m333 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 actP/ity.

.

I
.

I
!

,

I
i
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SUMMARY OF ACTIVITY

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

THERMAL HYDR AULIC CODES

The purpose of this research is hvo fold: (1) to refine and maintain the systems codes TRAC.
PWR, RELAP 5 and TRAC BWR and (2) to develop a methodology to determine the uncertainty
of the code resuMs for a given transient and a gNert plant design. These codes are used to (a)
understand and evaluate the implications of transients in operatirg reactors (b) evaluate
emergency operating procedures (c) audit licensee licensing submittals, including changes to
technical specifications, (d) provide training to NRC staff in plant transient behavior, (e) assist in
resolution cf issues such as pressurized thermal shock, and (f) evaluate the front end of risk
dominant accident sequences. Current application of the Code Scalability, Applicability, and
Uncertainty (CSAU) methodology will define, quantitativety, how well a given code handles a
given transient and plant.

The thermal hydraulic codes have been used to perform several hundred, documented, full-scale
plant analyses of transients. These codes have provided the NRC with an independent technical
capability to analyze transient and accident response. This activity will ensure the continued
refinement of the codes concomMant with the general growth of knowledge in thermal-hydraulics ,

and will further ensure the technical vigilance needed to maintain and apply the codes in a timely i

.
*

manner.

Revision of th acceptance criteria for ECCS performance given in 10 CFR 50 Appendix K LOCA
will allow realistic calculation of LOCA phenomena. ValidMy of anaPysis resuts conducted under

( the provisions of the revised criteria will require that the uncertainty of the resuRs remain under a
specified level. The CSAU methodology is being developed to enable the calculation of the
uncertainty.

Safety Assurance . This research is stror. gly responsive to safety assurance question C 1. TN
codes themseNes are Considered reasonably mature, but the CSAU research willimprove the

|
codes. The adNity is, therefore, assessed as CATEGORY C (VIGILANT).

Usefulneas . The research wlR provide information needed to ir@ rove the codes; R ls assessed as
HIGHLY USEFUL

Amorocriateness . Improving regulatory tools is cicady the responst>ility of the NRC. The activty is
assessed as HIGHLY APPROFRIATE.

Resources . Cumulative fundng through FY87 to8als $80 miMon. Costs for FY88 is $2.7 million.
Costs proposed for FY89 is $5 million. Completion of the activty in 1990 is estimated to require
an addMional $7.7 milton beyond the FY87 total.

(

*

.
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SUMMARY OF ACTIVITY

i
J PROGRAM ELEMENT: PLANT PERFORMANCE
| Assessment Panel: Sheron (NRC), Aldrich (SAIC), Uond (SAIC)

Branch Chief: Louis Shotkin;

!

| T44 TECHNICAL SUPPORT CENTER fTSci

The purpose of this research is to ensure the continuing availability of a group of expert staff and.

i appropriate operational safety assessment methods, for use on a priordy basis, to assess the
safety significance of operationalissues as wed as the benefts and hazards of allemate regulatory'

actions related to these issues. To maintain this expertise the NRC will undertake a
comprehensive assessment and synthesis of existing thermal hydraulic research associated with2

! safety issues or magor areas of irwestigation, or, as appropriate, plans for research to enable issue
closure, as wen as an evaluation of appropriate regulatory actions.

i

| Eramples of completed tasks conducted under the aegis of TSC include ai evaluation of B&W
! plant operational safety to suppo#t NRC's reassessment of 84W plant safety, and an analysis of

the safety signliicance of instrumert tube ruptures which penetrale the lower reactor vesset head,.

j Enarmies of continuing suppo#t include an analysis of reactor vessel depressurtzation to mitigate
! direct containment heating, as needed for support ECCS rule revision. Future issues to be
j addressed by TSC cannot easily by defined, but will be associated with safety significant events in

operating reactors, including severe accident managemert evaluations and safety eNessment of4

|
advanced LWR concepts. ,.

Safety Amauranes This actMiy is most strongly responsive to question C 1. It is aho relevant, but
to a leaser dert a, to questions A 2 A 4,81, and S 4. TSC is quintessential technical vigilance.
The avatahi;ity of a cadre of experts wie irmtove NRC analytic capabaties and enable NRC to
betar charactertre areas of potential concem in timely fashion. TNs actMiy is assessed as
CATEGORY C (VIGILANT).

Maaligang Because the wo#k conected under TSC by definition Irwolves priority safety issues,
these tasks we be provided weh necessary resources and expoet sean to assure that reeues are
timely and that the wock is closely coordiriated wth appropriate offices of the NRC. This activty is
assessed as HIGHLY USEFUL.

Apampriatenaan Because TSC taska are principsey directed at estabushmert of NRC positions
or acsions reistive to irgottant safety leeues, they are HIGM.Y APPROPRIATE tor NRC funding

Sageuses Cumuladve cosas through FYS7 total $2 miton. Cost ter FYSS is $0.9 muuon. Cost
proposed for FY80 is $1.7 mmon. The aceMiy is not articipated to have a defined completion
date, but an annual cost of $4 mBlon beyond FYSW is expected.

'

.
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT: HUMAN PERFORMANCE
Assessment Panel: Sheron (NRC), Blond (SAIC), Ybarrondo (SCIENTECH)
Branch Chief: Frank Coffman

!

HUMAN FACTORS RESEARCH I

;

iThe purpose of this research is to explore methods to better understand the causes of human
error and to identify methods for reducing human errors that present : osk to public health and I

safety, Past accomplishments of NRC and industry in response to the TMI 2 accident addressed ,

nuclear power plant staffing and qualdications, control room design, emergency operating ;
procedures, and display of safety parameters. Despte that effort, human error and inadequate
management continue to be signdicant contributors in events which can have direct, immediate
impacts on public and health and safety. This research program supports strong
recommendations from the National Academy of Sciences (NAS) for continuing hurnan factors
research at the NRC (Revitatzing Nuclear safety Research,1986; Human Factors Research and
Nuclear Safety,1968) in the kilowing research areas: Human performance and human reliability;
Man machine interface; Procedures: Organization and Management; and, OualNications and
training. The anticipated future products of this safety research win be the capability to identify,
priontize, and resolve human f actors concems in the operation, maintenance, and management i

of nuclearpowerplants. i

Safety Amaurance . This adNty is strongly responsive to questions A 2 (determine what t
,.

unscceptable vulnerabilities exist), B-4 (safety in normal operations and anticipated operational
occurrences), C 1 (accident prevention throcgh charactertration of areas of potential concem), [
and C 2 (completeness and precision of procabdistic safety assessments), and is less strongly .

related to questions A 4 (improve accident management and emergency planning) and B-3 |
'

(evaluate and disseminate operating experience). Success of this program win result in a reduced
incidence of human errors and management inadequacies that lead to events w*,'ch can affect
pubic health and safety. Human errors can not be totally eradcated, but this research should
resut in a reduction of risk th improved performance of personnel and managemert. This i

actMty is assessed as CATE Y 8 (IMPORTANT).

| Unafulnama . The Commission's Policy and P!anrung Guidance (1987) ernphastzes the importance
l of human factors research. NRR and AEOO have reinforced that emphasis by identifying spec #ic

user needs in each of the five NAS recommended areas. The priorty of this research is expected !
to be concluded successfupy and to reeut in regulatory products that can be appued immediately !

by the NRC user offices. This actMty is assessed as USEFUL. ,

Anoropriatanaan Resolution of human factors concems related to safety should resut in f
increased protection of pubic health and safety through improved regulation of irukstry in human j

f actors areas related to pertermance of personnel and management. It will sieo benefit the nuclear ;

industry in terms of increased plant availabisty, re&ced cost of operation, etc. Since both the (
NRC and the nuclear industry are expected to benef t from this wortt, human factors research is |
categott:.ed as APPROPRIATE.

!

| Resourens . Previous NRC human factors research ended in 1985. This is a new effort wth costs |

| of $1.6 rnllion for FY88, and $1.8 million for FY88.
b

| .- !

|

! I.>

!
!
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SUMMARY OF ACTMTY

!
PROGRAM ELEMENT: HUMAN PERFORMANCE f

Assessmert Panel: Sheron (NRC), Blond (SAIC), Ybarrondo (SCIENTECH) [
Branch Chief: Frank Coffman |

'

HUMAN ERROR DATA COLLECTION AND ANALYSIS
i

The purposes of this research activity are to provide Irmroved quantification methods, data, and !
procedures for: (t) conduc'ing human reliabilty analysis segments of nuclear power plant (NPP) ,

probabilistic risk assessments (PRAs),(2) utilizing results of these anayses to support resolution |
of generic safety issues, (3) Identitying future human performance assessment research needs, )
and (4) supporting other NRC human factors initiatives. To date, methods and data emerging from l

this actMty are being used inside and outside the NRC to quantify and estimate human
performance at NPPs. In the future, the Commesion has determined that istiability and risk
assessments w. be used as a technical basis for regulatory deceion making in the areas of
generic safety issues resolution, backfittin0, implememation of safety goals, and severe accident j
management policies. Upwards of 86% of NPP safety related events involve human error, ,

Reviews of past PRAs su000st that large uncertainties exist in human error quantifications due, in ;

part, to a paucity of rigorous methods and input data. The aut$ect research responds to these |
Ineeds. Future products, first, involve developmert and transfer to PRA practitioners of a var 6ety

of performance quantification methods which incorporate state 4f thr. art technologies in the |
areas of consensus expert judgement, corguter modeling, and field reporting. Second, they ;

'

involve acquisition of human error probabilty data from nuclear settings, methods for apphing .

field data from non-nucisar seeings in anahain0 perktmance of NPP personnel, and
Irmismentation of a data base mana0ement system as a cettral repoellory of human and hardware .

ifailure data to support NRC risk related anahses and regulatory decision making, Third, they
involve development of procedures for fusy integratin0 the human reliabdity analysis into the PRA |
process to reduce PRA uncertainties and to enhance the abdity to assess the overallimpact of |
human pettormance on NPP risk. Additiorel prochacts in the areas of cognitive and behavioral :

modeling employing computer simulation techruques can be expected to siendlicanty improve :
6the NRC's ability to gain insights into NPJ pereennel errors of omission and commasion under

abnormal plant conditions and during beyond design basis events, f
Safety Amaurance . The aclMty is strongh responsive to questions A 1 (oneure that a utility
maintains an adequale state of operational readiness), C-1 (accidert provetaton through
charactertration of areas of potential concom), C 8 (oormietenses and precision of ps-t r :
safety assessments), and C 4 (techniques to ident#y and prtortlas potential generte salety
issues), and is less strongh related to guestions A 4 ( Improve accidert management and
emergency plannine), B 1 (knowledge of comptes events and accidents), S 3 (evahaste
and elseemmate operating egottence), and B 4 (assure in normal opershons and
anecipated operamenal occurrences). Overal, the aclMiy is assessed as CATEGORY C
(V10lLANT).

WadhakMas . The data needed and the subset being obtained is defined in NUREG/CR-448.
TNs acWveyis assessed as USEFUL.

. Almost every PRA done wthin the U.S. has used THERP which came from this. - , . . .

wortt. Ircstry has a great deal to gain from such research. The activity is assessed as
APPROPRIATE.

'

,

Beagagr,sg Resource requirements include $4 million through FYS7,8 million to cor@iete by
FY ,80.9 mdison in FY88, and $1.1 trulhon for FY89.
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'
SUMMARY OF ACTIVITY |

|'

! PROGRAM ELEMENT: RELIA 81LITY OF REACTOR SYSTEMS -

'
iAssessment Panel: Sheron (NRC), Blond (SAlC), Ybarrondo (SCIENTECH)

i Branch Chief: Frank Coffman
!

1 PERFORMANCE INDICATORS !
1 i

i The purpose C this research is to apply reliability engineering methods and human performance
,

i considerat: ens to develop, evaluate, and interpret more objective and predictive indicators than - '

are currently in use by the Commission. Past accomplishments include the development and use i,

4 of a set of performance indicators to help recogrWas symptoms of poor or declining safety !
! performance at operating plants. Currenth, performance indcators are one of several inputs to
j NRC senior management decision making regarding the need to adjust plant spec #ic regulatory
- programs. In the future, improvement of the objective and predictive regulatory indica: ors for the |

large number of diverse operating plants requires continuing evaluation of the effectiveness of ;

t the current performance indicators as plants age and managemert systems change. Anticipated 3

1 future products of this research are a continually irgrowing set of performance inecators with !

j which NRC can anticipate and react to problem areas on a platt specNic arW generte basis. |
:

j Safety Insurance . This activity is strongly responsive to questions A 1 (how should NRC monitor ;

j adequate operational readiness) and C.1 (accident prevention through characterizatiott of areas !
j of pc'ential concern), and less responsive to questions A 2 (determine unacceptable |

vulnerabilities at plants), B 3 (evaluate and $sseminate operating experience), and C-5 (irgrove . !4

J reguielory structure). Improved inscators we lead to irgroved insight into the safety of operating !

and Mure plants. The activtry is assessed as CATEGORY A (VITAL). }

) Umatunnaan . AEOO is taking steps to irglement interim research resues produced in 1987.

} Enarmies inciude improved indicators based on research on generic leeue backlog, and
i unavailability of safety systems. The product of this research wiu be tied to PRA, c.Gehi, and i

management policies. NRC's Cornmessiorvapproved plan for performance indicators (SECY 46-
,

! 317) includes requirements for this irgrovement of both risk based and programmatic inscators
1 The acekty is aseeemed as HN3HLY USEFUL. !

Appepriatenaan . Where indicators to be used by NRC are similar to these used by industry,
steps are taken to avoid noodose queammi. But expertence teaches that this program is clearty ii

; an area invoMng vital concerns, even if industry was unirwolved, resulting in an !
assessment of HKlM.Y IATE. j

Renauften . Resource requirements include $2 iMion through FYS7, $2 mimon to complete by
FY._,80,75 miulon in FY88, and 40.9 mimon for FY89.

,

e 1

I
f

I
:
!
;

.|.
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'

SUMMARY OF ACTIVITY
'

i

PROGRAM ELEMENT: RELIABILITY OF REACTOR SYSTEMS
Assessment Panel: Sheron (NRC), Blond (S AlC), Ybarrondo (SCIENTECH)
Branch Chief: Frank Coffman

EXTERN AL EVENT S AFETY MARGINS

The purpose of tFs research activity is to 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 vulnerabilities to severe accidents (see Individual Plant Examination activity (IPE)).
NRC and industry experience with plant specific Frobabilistic Risk Assessments (PRAs) has
indicated that extemal hazards (earthquake, floods, etc) can be dominant contributors to severe
accidents. Thus any systematic examination for plant specift winerabilities to severe accidents
would be incomplete without consideration of extemal hazards. The future needs of the NRC
from this research are to define which and to what degree extemal hazards must be considered in
the IPE. This activity willinclude efforts to review the results of submitted IPEs for Extemal Events
(IPEEE). Severe accidents are the major contributors of risk to the public from the operation of
nuclear power plants and extemal events can be a major contributor of risk to severe acciderts.
No major generic vulnerabilities to severe accidents from extemal events are believed to exist.
But, the anticipated future products of this research, the IPEEEs, will help to identify ways to
further reduce risk and may identify major plant specific winerabilities to extemal events.4

' safety Amaurance . This activity is strongly responske to questions A 1 (how should NRC rnonitor ,,

t-

adequate operational read m), A 2 (determine unaccept t4 winerabilities at plants), A 3
(short term containment fa%s modes and acceptable mitigat',oa), and A 4 (improve accident
management rnd emergency planning), and is less strongly related to A 5 (information and
actions needed for USrs and GSI's), A 6 (severe accident prevention and mitigation for future
plants), B 1 (knowledge of complex operating events and accidents), B-3 (evaluate and
disseminate operating experience), B-5, B 6 (assure safety in normal operations and anticipated
operational occurrences), B 7 (lon0-term containment f ailure modes), C-1 (accident provantion
through characterization of areas of potential concem), and C 2 (irmrove cormleteness and
precision of PRA's). The actNity is assessed as CATEGORY A (VITAL).

Usefulness . The research is being carried out in direct response to a Commission Policy
Statement. This research is timely and directly appacable to both determining what extemal
events should be inckJded in the IPEEE and guiding industry in their plant specific IPEEEs. The |

actMiy is assessed as HIGHLY USEFUL
'

Apornortaleness . The IPEEE implementation is a regulatory research activity that is the
responsedsty of the NRC. But NRC is also wortdng with industry in this matter through NUMARC
for developing abbreviated methods to search for plant specific winerabilities. This actNay is
assessed as HIGHLY APPROPRIATE.

I

Resources . Major funding for this actNey started in FY 1988. Resource requir9ments include
$0.4 million through FY87 $6-6 mellion to complete by FY92, $0.3 million in FY86, and 51.5 million
in FY89.

.- :
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SUMMARY OF ACTIVITY

V PROGRAM ELEMENT: ACCIDENT MANAGEMENT
Assessment Panet: Sheron (NRC), Blond (SAIC), Ybarrondo (SCIENTECH)
Branch Chief: Frank Coffman

INDIVIDU AL PL 4NT EXAMINATIONS

The purpose of this research activity is to 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 winerabikties to severe accidents. Past accomplishments of this activity have been
to technically illustrate the importance of Accident Management as a logical result of any
examination for plant specific vulnerabilities since the cause and consequences of a severe
accident can be greatly influenced by the operator's actions. Future needs of the NRC are to
continue to evaluate proposed accident management strategies, especia!!y those which do not
involve significant changes in plant design, but rather procedures and training, because
substantial safety benefits can be achieved quickly and cost effectNely from the latter. Severe
Accidents are the major contributors to of risk to the public from the operation of nuclear power
plants. No major generic winerabilities to severe accidents are believed to exist. The anticipated
future products of this research,the IPEs, will help to identty ways to further reduce risk and may
identrfy major plant specific vulnerabilities. Also, the associated implementation of accident
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, ,.

Safeta Annurance This actNity is strongly responsNe to questior S A 1 (how should NRC monitor
adequate operational readiness) . A 2 (determine unacceptable vulnerabilities at plants), A 3
(short term containment failure modes and acceptable mitigation), and A-4 (improve accident
management are emergency planning) , and is less strongty related to A 5 (information and

'

m:tions needed for USrs and GSI's), A 8 (severe accident prevention and mitigation for future
plants), B 1 (know4dge of complex operating events and acciderts), B-3 (evaluate and
disseminate operating experience), B-5, B 8 (assure safety in normal operations and anticipated
opstational occurrences), B 7 (long term corWainment failure modes), C 1 (accident prevention
through characterizat' n of areas of potential concem), and C 2 (irmrove completeness ando
precision of PRA's). The actNty is assessed as CATEGORY A (VITAL).

Usefulness Tne IPE irmlementation is in dired response to a Commesion Policy Statement.
The associated accident management research is timely and diredly applicable to both guiding ,

industry in their plant, specific moddent management planning and in assisting NRC in evaluating
industry accadent management plans. This actNty is assessed as HIGHLY USEFUL. ;

Anorooriatenana . The IPE implementation is a regulatory research actN#y that is the responst>ility
of the NRC but effectke plart specific implementation will require industry cocperation. NRC is
wortdng with industry in accidert management implementation through NUMARC. This actNty is
assessed as HIGHLY APPROPRIATE.

Pasources . Major funding for this actNty started in FY 1988. Continuing accident rnanagernera
research and resources to review the large nurit>er of IPEs submitted over the next few years will
require annual funding of about $2.5 rnillion through at least FY 1992. Resource requirements
include $1.2 million through FY87, $1015 million to complete by FY92, $1.5 million in FY88, anc
$2.5 million for FY89. ,-

,

2

I

L

i
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US Nuclear ReQulatory Commission: Research Prioritization TaskIV Ag
SUMMARY OF ACTIVffY

d
PROGRAM ELEMENT: RELIABILITY OF REACTOR SYSTEMS
Assessment Panel: Sheren (NRC), Blond (SAIC), Ybarrondo (SCIENTECH)
Branch Chief: Frank Coffman

QEPENDENT FAILURE ANALYSIS

The purpose of this tr., search activity is to provide methods for the assessment of the risk
significance of common cause failures, requirements for the collection of the appropriate data,
and the identification and development of defensive strategies to defeat common cause f ailures.
Methods for assessing other dependent failures, such as design and construction errors, will also
be considered. Many of the incidences that are reported to AEOD 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 Fai!ures in Reliability and Safety Studies." Techniques
for treating location dependencies have been developed and successfully 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 evolving at this time.

Safety Assurance . This research contributes to question A 2 (cetermine unacceptable
vulnerabilities), B 1 (knowledge of complex operating everds and accidents), B 3 (evaluate and
disseminate operaSN experienceJ, B 11 ( review of advanced reactors), C.1 (accident preventen
through characterizaten of areas of potential concem), and C 2 (irgrove conpleteness and -

precision of PRA's), it is research designed to evaluate potential shortcomings of proposed and
existing plarts. The activity is assessed as CATEGORY C (VIGILANT).

O, usefuren . TNs reseyen answers usu.s inai ne appnece ai the iim. in. res.nen aV, completed, is currently being applied at the NRC and its contractors, and will be concluded
successfully. This activity is assessed as USEFUL

Aporooriateness TNs project benefits from the participation in a cooperative project with the
UKAEA on dependent failures. Wahout NRC support and collaboration in this area, important
data on dependent failures would not be available. This activity is assecsed as APPROPRIATE.

Resources . Resource requirements include $1.2 rnillion through FY87, $2 million to complete by
FY ,,, $0.2 rnillion in FYS8, and $0.3 million in FY89.

..
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT: RELIA 8ILITY OF REACTOR SYSTEMS
Assessment Panet: Sheron (NRC), Blond (SAIC), Ybarrondo (SCIENTECH)
Branch Chief: Frank Coffman

PLANT AND SYSTEM RISK AND RELIABILITY

The purpose of this research activity is to provide tools, methods, procedures, and apply reliability
techniques to address specdic reliabildy issues related to the safety of nuclear power plants. Past
accomplishments in this research area consist of the Integrated Reliabilty and Risk Analysis
System (IRRAS) being used by NRC contractors as a tool to and in the resolution of generic safety
issues and in the development of PRA based inspections of plants. Also, research resuRs from
the techntal specification evaluation program are being used by NRR. Future neerts in this
research area consist of developing procedures for the evaluation of technical specdications,
developing the IRRAS, developing a PRA models and results data base, and adapting reliability
engineenng methods to better focus resources on important issues and to help resolve issues
and prevent problems. Future work will address methods, problems, and reliability issues as they
are identified.

Safety Annurance_. This research has relevance to questions A 2 (determine unacceptable
vulnerabildles at plants). A 5 (information and actions needed for USrs and GSI's), B-3 (evaluate
and disseminate operating experience), B 8 (medium priority generic safety issue resolution), C.1
( accident prevention through characterization of areas of potential concem), C 2 (improve
completeness and precision of PRA's), and C 4 (identity and priorttlze potential generic safety
issues). It is assessed as CATEGORY B (IMPORTANT).

UsefulnesL This research provides a mechanism for research insights to be used in the
regulatory process, is cunently being applied at the NRC and its contractors, and will be
concluded successfully. This activity is assessed as USEFUL

Anpropriateness . While industry has developed and is using the PRA techniques,NRC has
taken the lead in advancing the stateethe art. This activity is assessed as APPROPRIATE.

Resources . Resource requirements include $3 million through FY87, $5 million to complete by
FY , $1.5 million in FY88, and $2.5 ralleon for FY89.

..
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(N SUMMARY OF ACTIVITY
\ )
V PROGRAM ELEMENT: STANDARDlZED AND ADVANCED REACTORS

Assessment Panel: Morris (Nr.C), Blond (SAIC), Ybarrondo (SCIENTECH)
Branch Chiel: Tom King

REVIEW DOE ADVANCED RE ACTOR CONCEP_TS

The purpose of this activdy is to provide licensing guidance on three advanced reactor conceptual
designs submitted by the US Department of Energy (DOE) . . one modular High Temperature
Gas cooled Reactor (HTGR) and two rnodular Liquid Metal Reactors (LMRs), in order to assure
that the designs are licensable DOE has requested that NRC review the designs at this earfy
stage, and provide guidance on the designs from the standpoint of licensing requirements. The
desgners will then be able to factor the findings of the reviews into the final design prior to
subrntting a formal application for licensing.

This activity is being conducted as part of the staff's implementation of the Commission's
Advanced Reactor Policy Statement, and the end result will be a safety evaluation report on each
reactor concept under review.

Safety Assurance . This activity is strengty related to thc resolution of question A 8 end less
strongly related to questions A 9, B 11, and C 4. The actNity does not have any direct or
immedi.te irrpact on public health and safety and is not associated with existing f acilities, but it will
have an impact upon future licensirg. The results of this activity will be instrumental in the .

formulation of licensing requirements for advanced reactors of designs significantly different than
LWRs and as such wsil have a direct bearing on future national energy polcy. Because of the

A tremendous leverage which these early results are likely to have, this activity is assessed as
CATEGORY A(VITAL.)

Use'utness . This research is needed in order to be able to formulate the licensing guidance,
Nluding accident prevention and accident mjtigation capabilities which future nuclear power
ponts will be expected to meet. Addressing licensing of the conceptual designs at this stage will
yied requirements which are timety in that they will be able to influence reactor design at an earty
stag 6 Overal, this actMty is assessed as HIGHLY USEFUL

Accretriateness . It is the responsibility of the NRC to develop the requirements for licensing
; lear reactors and to ensure corgliance with these requirements. The activity is assessed as

HIGHLY APPROPRIATE.

Resources CumulatNe costs through FY87 total $2.2 rn!! ion. Costs for FYB8 are $1 million.
Cost proposed for FY89 are $1 million. Completion of the actNity in 1991 is estimated to require
and addttional $4 rnition.beyond the FY87 total. FINS included in this actNity are A3827 (BNL)
and A9477 (ORNL).

.
.

v
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SUMMARY OF ACTIVITY

PROGRAM ELEMENT: SEVERE ACC10ENT PROGRAM IMPLEMENTATION'

Assessment Panel: Morris (NRC), Blond (SAIC), Ybarrondo (SCIENTECH) ;

Branch Chief: Tom King '

SEVERE ACCIDENT. POLICY .lMPLEMENTATION

The purpose of this research activity is to develop requirements which will ensure the
implementation of the Commission's Severe Accident Poucy Statement in future Light Water
Reactors (LWRs). Accordingly, this activity funds the development of rulemakJng and supporting ;

4

Reg. Guides. Results willinclude requirements for future applicants to submit a PRA, to evaluate"

a range of severe accidents and to comply with appropriate acceptance criteria to be defined.

'Safetv Anurance . TNs activity is strongly responsive to questions A 8, A 9, B 9 and B 10, and is
less stronoty related to question 011. The actMty will have a direct impact on the licensing of the t

ABWR and APWR designs currently under review by NRR. Because of the irmact which the L

lresults from this research will have upon future reactors, it could ettect national energy policy,
Although this activity is important in that regard, safety could be assured by resolving the issues
on an ad hoc basis. This actMty is assessed as CATEGORY A (VITAL).

4

Usefulness . The results of the research are needed for the resolution of issues related to the-

adequacy of severe accident prevention and mitigation of future LWR designs and will produce ..

the Bcensing requirements for severe acodonts in time to support the A8WR and APWR licensing

] reviews. Resolution of cor@les issues through rulemaking win avoid the need to adjudicate them
; during certification hearings. This activity is therefore assessed as HIGHLY USEFUL.

! AppreMatanaan . It is the responsibility of the NRC to estabish and enforce requirements for !,

ticensing nuclear reactors. The actMty is assessed as HIGHLY APPROPRIATE. !

Rasaurces . There are no cumulative costs since the actMty is starting in FY88. Costs for FY88 |
are 80.2 rrulton in FY88. Costs proposed for FY89 are 80.2 millon. Completion of the activity by |

! FY90 is estimated to require a total commtment of $0.66 trillon over the three fiscal years. Onty I

one FIN (B5706) is invoNed in tNs actMty. L

L

!-

i

!;

'j
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,

- EllA@LITY OF RES FUNDING FOR RADlATION PROTECTION AND
HEALTH EFFECTS

Acceptance of a proposed Radiation Protection and Hea4h Effects research
project is dependent upon meeting one or more of the following enteria
developed for use within the Radiation Protection and Health Effects Branch:

A. Data to be obtained must be needed by the Advisory and Condensus
'

Standards organizations whose recommendations form the basis fer
NRC regulations and guidance.
'

B. 0ata to be obtained rmst be needed by the NRC staff for the
development of standards on topics not included in Advisory or
Consensus Standards organization recommendations.

C. The project must provde data which close gaps in technology that have
been compensated for through the adoption of conservative
assumptions in the blandards development process.

I

D. Data to be obtained must contnbute to rational porcy making in the NRC
regulatory program.

E. Information obtained must contribute to the data base undertying the s
development of NRC positions or the monitoring of licensee
performance.

[ F. Information obtained must assist the NRC statt in the resolution of
\ practical problems in the Standards Development, Licensing and

inspection programs.

CL The project must contrbute to improvement in measurements required
by the NRC for radiation protection ardor for demonstrating

Icompilance.

i
|

!
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SUMMARY OF ACTIVITY

d
PROGRAM ELEMENT: RADIATICN PROTECTION AND HEALTH EFFECTS

'Assessment Panel: Morris (NRC), Aldtch (SAIC), Blond (SAIC)
Branch Chief: Robert Alexander

REDUCE UNCERTAINTY IN HEALTH RISK ESTIMATES

The purpose of this research is to determine the appropriate relationship between radiation exposure
and indtvidual health nsk. The improved or new health nsk estimates resulting f rom this research wdi
be used as the basis for revisions to NRC regulations and regulatory guides on radiation protectior'
including 10'CFR 20 and its supporting regulatory guides. Also PRA risk coetticients and the related
analysis of accident risks will be improved which wdlimpact the implementation and formulation of
safety goals.

,

Specific continuing research projects comprising this activity include: I

Continued NRC support of the National Council on Radiation Protection (NCRP), the i*

International Commission on Radiological Protection (ICRP), and the Committee on n

Interagency Radiation Research and Polcy (CIRRPC). Recommendations from these bodies '

have been, and continue to be, crucial to the continued improvement of radiation protection i

Lstandards such as 10 CFR Part 20 (FIN Nos. 01560, A9140, Gt030).

A major long term interagency research program on ceButar and molecular effects of .*

radiation to reduce the large uncertainties in estimates of low doses heath effects. Greater
,

precision in these health effects estimates would improve PRAs, emergency response '

O planning, siting review and implementation of the Commission's safety goals. (Feasbility
study to begin in FY 88.) t

Major research projects which respond to immediate needs include: {
A study of the heath effects of industrial exposure to thorium and the long term pattom*

,

of deposttion of inhaled thorium and Rs daughter products in human tissue, conducted to'

reduce the uncertainty of estimated health risks for workers at sites where thorium is
processed. (FIN A2050)

'

A study to determine the adequacy of current neutron dose Imits NRC adoption of a*

controversialICRP recommendation would lower the neutron dose limit by a f actor of 2; animal
studies conducted in this study wil form a basis for agency decision in this matter. (To be L

!

irvtiated in FY 89).

A study to reduce the uncertainties in radmuchde transfer functions for the transport of*

radioactNe malertals through the placenta to the embrycaetus. These improvements wdl be
used in the proposed revision of 10 CFR 20. (FIN 82923)

-

Improvement of the health effects models for reactor accidents documented in |*

NUREG/CR 4214. NUREG/CR 4214 is the technical basis for health effects estimates
'

contained in NUREG 1150: Irtprovements in these estimates will subsequentry yield better
estmates for the heath risks posed by nuclear power. (FIN At415).

.

,

'

|.

,

i
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Sgthjanurance . (See NOTE preceding this page.) The diversity of research conducted viithin this
,

actNity requires examination of the individual projects in order to arrive at an assessment. While A is felt I

that the work on placental radionuclide transf er functions is responsive to question A 10 inasmuch as ;

it is not known whether current exposure limits are adequate, the remainder of the research is 1

deemed responsive to C 6. Depending upon the results of the research, fundamental changes in the ;

standards for pregnant women may be indcated to ensure the health and safety of the embryo.ietus. :

Other research projects in this activity will resurt in improvements of the existing standards rather than
sweeping revisions. based on these consideratens the placental research is assessed as
CATEGORY A (VITAL), while the balance of the activrty is assessed as CATEGORY C (VIGILANT).

UteVnett . All of the research projects in this activity will produce informaten needed to resoNe the
relevant question. Each project is correctly focused on reducing the usertainties in health risk
estimates;the knowledge gained from the research willimprove NRC capabildy to establish standarcs
for the protecten of the public from the effects of radioactive materials. The research appears to be on
a schedule consistent with supporting timely decisions. Overa!1, the activdy is assessed as HIGHLY
USEFUL.

Anerecriaterets it is a responsibildy of the govemment to ensure the protection of the public from
unnecessary risks associated with the uses of nuclear materials. Of the various govemmental
agencies, it is the NRC which has been charged wdh the dominant role in fulfilling this respons.bility
inasmuch as the results of this research willimprove the capabildy to ensure INd protection, a fellow s
that this activty is assessed as HIGHLY APPROPRIATE.

Resources . Cumulative funding through FY87 was $3 4 million. Funding for FY88 is $0.7 million.
Funding proposed for FY89 is St.5 milion. Completion of work scheduled through t990 is estimated,
to require $3.7 million beyond the FY87 total. Support for work scheduled in FY 91 through FY 93 is
estimated at $4.6 milion.

..
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/) SUMMARY OF ACTIVITY

b !

PROGRAM ELEMENT: RADIATION PROTECTION AND HEALTH EFFECTS
Assessment Panel: Morns (NRC). Aldrich (SAIC), Blond (SAIC)
Branch Chief: Robert Alexander

HEALTH PHYSICS TECHNOLOGY IMPROVEMENT

The purpose of this research is to improve the precision of extremity dosimetry, bioassay, and air
sampling techniques so that the precision of these measurements is on a level comparable to that
already acNevable wfth whole body dosimetry. The reason for wanting to acNeve such an
improvement is to correct an inconsistency in NRC requirements in which performance Criteria have
been estabushed only for whole body dosimetry.

:

Specific cor.3nuing research projects compdsing tNs activity include:

Development of performance standards, testing procedures and accreditation*

programs for extremity dosimetry, bioassay, air sampling and instrumentation. ObjectNo is to
improve licensee performance on radiation protection measurements required by NRC
regulation.

Major research projects which respond to immediate needs include:
,

. <

Developmert of emergency chemical and radiological bioassay procedure to be used in*

the evaluation of accdontal human exposure to UF6 and to materials containing Am 241, Pu,
O Cm and Po 210. Review of an accident invoMng UF6 indicated that such a procedure is

required to ensure prompt corrective action (FIN A3289).

Several SBIR projects testing new measurement techniques, such as fibre optic*

applir ations to intemal dos; metry measurement 3, for appl 4 ability.

Ongoing technical assistance on an as needed basis for interpretation of bioassay*

results, attomatNo radiation protection guidance and other items as ldentified by NRC staff.
(FIN B0475)

i

!
Safety Assurance . (See NOTE preceding the actNty ' Reduce Uncertairey in Heath Risk Estimates *.)
The research of tNs adNty is responsive to @esf.on C 6. overat, this actMty is assessed as
CATEGORY C (vigil. ANT). -

Usefulnean . At of the research projeds in this actMty wil produce iniormation needed to resoNe the
relevant safety assurance westion. The projects are focused on Irmroving capabaties for extreaty
dosimetry, bioassay and air sampling techNgues. Knowledge gained from the research wdl irmrove
NRC capabedty to regulate radiation esposure. The research appears to be on a schedule consistent
wth supporting timely decisions . CNerau, the actNty is assessed as HIGHLY USEFUt

Accrocriateness . It is a responsbWty of the govemment to ensure the protection of the pubhc from
unnecessary nsks associated wMh the uses of nucleer materials. Of the varcus govemmental
agencies, R is the NRC wNch has been charged wth the dominant role in fuldting tNs responsbety.

'

Inasmuch as the resuRs of tNs research win improve the capabitty to ensure tNs protecten, a follows ,

that tNs activry is assessed as HIGHLY APPROPRIATE,

Resoun en . Cumulative funding through FY87 was $0.4 minion. Fur 6ng for FY88 is $0.2 maion.
Funding proposed for FY89 is 50.6 mdlion. Completion of work scheduled through 1990 is estimated

y
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I to require $1,4 mMon beyond the FYt? total. Support ior work scheduled in FY91 through FY93 is
t estimated at $1.8 mmon.
)

i
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p SUMMARY OF ACTIVITY

O
PROGRAM ELEMENT: RADIATION PROTECTION AND HEALTH EFFECTS
Assessment Panet: Morris (NRC), Aldrich (SAIC), Blond (SAIC)
Branch Chief: Robert Alexander

DOSE REDUCTION AND STANDARDS DEVELOPMENT

There are two purposes to this research activity: (a) to develop new methods of monitoring licensee
pertermance indicators in the area of radiation protection, and (b) to modify current radiation protecten
standards and guidance in accordance with the recommendations of advisory bodies. Both purpcses
are reflectNe of an agency commMment to continually evaluate and improve those capabilities required
to fulfill the mission of ensuring public health and safety.

Specific cortinuing research projects comprising this activity include:

Computer programming and processing support for operation of the Commission's*

Radiation Esposure trWormat6cn Reporting System (REIRS). REIRS data enable NRC to
statistically evaluate effectNoness of NRC/ticensee radiation protection and ALARA efforts.
(FIN B0635)

Developmert of an intemational data base on cost effectNo dose reduction techniques*

and entical analysis of U.S. plart performance on doce reduction, This work maintains NRC
vigilance in the area of dose reduction (FIN A3259). .

.

Major research projects which respond to immediate needs include:

A study of tne biological hazards presented by * hot' particles of beta $amma omrtters*

attached to the skin. Existing methods of dose estimation are not apcik:able; this effo't
provides confirmatory research to evaluate an approach suggested by NCRP. (Initiated in FY
88)

Development of regulatory guides applicable to implementation of the revised 10 CFR*

Part 20 Radiatlon Standards. Adoption of the ICRP 2600 dose limaation system and ICRP-
30 dosimetry requirements necesstates issuance of new guidance to licensees. (FIN 88207)

A study to determine N workers exposed to uranium in NRC licensed actMtles are*

subject to greater risk than cufferty thought. This research addresses urinary tract ailmerts
reported by workers at Nuclear Fuel Serv lees (FIN D2017).

An investigation of planned releases of radioactNo effluents to determine if the*

releases, though wthin the imRs prescrbed by 10 CFR Parts 20 and 50 at the time of release,
reconcentrale thrWgh depostion in sludge or chemical absorption by biota (to be intiated in

i FY89).

S4 ety Assurnq . (See NOTE preceding the actMty ' Reduce Uncertairty in Health Risk Estimates *.)f|
' The research of this actMty is responsNe to questions C 4 and C 7. Oversa, this actNty is assessed as

CATEGORY C (VlGILANT).

Usafulness . All of the research projects in this actNty wiu produce information needed to address
questions regarding radiation protection standards and ALARA. Knowledge gained from the research .

w A improve NRC capatmy to regulate radiation esposure. The research appears to be on a schedule
consistert wth supportin0 timeY decistoris. Overal, the actMty is assessed as HIGHLY USEFUL

)
,
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. While 4 is apptopriate for the NRC, as an agency of the govemment, to support. - . - . .

research app *W>le to ensuring regulatory capabildy,4 is the responsbility of the rego'ated industries
to cerform the fundamental research required to prove effectiveness of new methodobgies
proposed for use by licensees. This is bome out by the greater volume of INPO and nuclear industy
research being conducted in the area of dose reduction. Overall, this activdy is accessed as Vh AY
APPROPRIATE.

Reneureen . Cumulative turding through FYS7 was $1.5 million. Funding for FY66 is $0 8 mi!! ion.
Funding preposed for FYd9 is 51.2 million. Completion of work scheduled through 1990 is estimated
to require $3 2 million beyond the FY87 totat. Support for work scheduled in FY91 through FY93 is
estimated at $3.7 minion.

.
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SUMMARY OF ACTIVITY

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

Assessment Panel: Moms (NRC), Aldrich (SAIC), Blond (SAIC)
Branch Chief: Robert Alexander

FUEL CYCLE, TRANSPORT ATION. SAFEGU ARDS. AND MATERIALS S AFETY

The purpose of this activdy is to develop new rules for radiation protection and safeguards as needed
to respond 'o user staff requests of Comtrnssion directives. Currently the work is litnted to support of
rulemaking in two areas: (a) transportation and (b) matenals safety. There is no actNe research in the
areas of fuelcycle or safeguards. |

Research in support of transportation regulation is a small effort ($75K for FY89) to assess the i

capabilities and appropriateness of continued use of Department of Transportation ' specification
packages.* These containers, whose use is allowed under existing regulations, are being evaluated 6

!to detemine their capabildies wth respect to current package performance standards.

Research in support of material safety is being conducted in response to a Commission directNe
,

calling for the development of criteria through which a smalllevel of radioactNtty or gJantity of i

raccactive matertal can be classdied as Below Regutatory Concem (BRC). BRC levels are those |
levels of esposure which pose so Itttle health risk that govemment interventiun is limited or
unwarranted. The Commission has directed the development of BRC levels applicable to radioactive
waste and is exploring the poteitial for generic BRC criteria. The scope of activty extends to BRC .

*
.

applicable to LLW materials used in medical practice, pharmaceuticals, and unNorsaies, and '

generated at nuclear power plants, decommissioning, consumer products and recycling of materiats t

and equipment. Both Congress and the EPA have expressed concem over the estimated costs of as
LLW disposal under the wrient unddlerentiated system. Under BRC,indNidual pettioners for BRC ,

!status will pay for the research to p;t together a data base upon which the BRC levels w3tl be
developed.

Sararv Amanranca . ARhough Indkiduals could be erposed to onty very low doses, large nurtters of
people may be invotved in some of the licensed practices. The safety implications may be signdicant
for the population as a whole. The research is relevant to the resolution of safety assurance Question
B 14,515 and 816. RES will process the petriions for BRC status, defining the aggrepriate BRC i

levels for ditterent types of waste, Since the research is focused onty upon B 15, a is assessed as
CATEGORY B (IMPORTANT).

Unafu'namn . The ac Nay is cof@letely focused upon the detintion of genenc BRC levels. The impact
wm be to set appropriate levens of redonogical cortamination such that the residaat risks are small and ,

the costs of reducing them lufther are not justdied on a cost bene's basis, in tNs regard, rulemaking i

on LLW disposal, decommissioning, cornumer products and recycling of materials and equpment will (
be based on the generic BRC Wels. TNs actNty is assessed as HIGHLY USEFUL

| Amorocriatanaan . EstablisNng timrts for acceptable radiation esposure is property the respons4xisty of
! the NRC, and the research la required to estab6th the limes. This actNey is assessed as HIGHLY

APPROPRIATE.
i
'

Renecen . CumulatNo funding through FY87 was $0.5 rnaion. Funding for FY88 is 50.4 mittion.
Funding proposed for FY89 is 50.4 million. Completion of identdied work in 1990 is estimated to I
require about 50.1 milton beyond the FY87 total; however, based on planned follow on actNa4s and !

'
-

past experiences with regard to rulemaldng support, budget levels of approximatety $1 rnmcrvyear are
bemg requested.

,

O |
f
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