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Jeater new nuclear plants has resulted in the identifica- REFERENCES *

|docu-
,

tion of several QA programmatic areas that should
*

15 and i be emphasized and upgraded to improve the effec-
_

tiveness of QA programs. Areas of improvement 1. Code of rederal Reglarsons. Title 10: Energy, Chapter I:
have been identified for operational nuclear plants Nuclear Regulatory Commission, Part $0: Domestic 1.icens-

N and for plants under design and construction. The ing or Production and Utilization Facilities, Appendia B
process for implementation of these guidelines has 0"*!'ty Assurance Critena ror Nuclear Po cr Plants and

" * I * * " ''"i" 8 "' ""' U O' " 8 ' '-en on been initiated for several selected operational
2. Nuclear Regulatory Commission. NRC Action plan

.ged in plants, for several plants whose constructior) per-
. . Deseloped as a Result of the Thff 2 Actsdent. NRC Report.imilar

,
mits will be granted soon, and for the one license. NUREG-C 60. Vol. I, NTIS, May 1980.

plants g to-manufacture application for which approval was
3. Code of rederal Regulations. Title 10: Energy, Chapter 1:delayed as a result of the Th!! 2 accident. Thesethese -

Nuclear Regulatory Commission. Part 50: Domestic Licens-
f pro- i guidelines.are intended to be factored into the staff ing of Production and Utilization Facilities, Appendix A:

5iencies review process through the Standard Review Plan General Design Cnteria for Nuclear Power Plants, GPO,

is that and associated Regulatory Guides and staff posi- W8 3-

tions. 4. Nuclear Regulatory Commission, Scismic Desi n Cla33f/It8-items '

E

ge' to The NRC views QA as an extremely vital ' ion. Regulatory Guide l.29, Rev. 3. September 1978.

management tool to ensure the proper implementa- 5. Nuclear Regulatory Commission, Standard Review Plan.bO718 ,

| tion of deign, construction. and operational NRC Report NUREG-0800, NTIS, July 1981.

i. sys-
' requirements and activities to protect the health 6 Code of rederal Regulations. Titic 10: Energy Chapter I:

' ogram and safety of the public. Therefore an effective QA Nuclear Regulatory Commission, Part 50: Domestic Licens-'
uen n and Mzan n Faches, section 3mi program must be established and implemented to ho,

f the ! accomplish this objective. The NRC believes that
1 Nuclear Regulatory Comminion, Dunssng Repirementsr, the i these upgrading measures will materially assist in

n
.

for Pending Applicarsons for Conrtruction Permsts and
strengthening t, e QA program to achieve this 3f,nufac,,,,ng License. NRC Report NUREG-0718, NTIS,j

4e QA objective. March 1%I.r

t staff i
to be

: review | Technical Note: Status Report on Quantitative Safety Goals
:s for '

|

QA The use of quantitative safety goals in the nuclear regulatory process is urged by
many in the nuclear industry as a means of climinating unnecessary regulation

; quire-
| without sacrificing health and safety. It is an attempt to answer the nuclear-age-old
j question "How safe is safe enough?" and to permit cost-benefit balancing of proposed

staff- | safety requirements as a rational alternative to the pursuit of utopian zero-risk cri-<

pponsi- . teria. While the Nuclear Regulatory Commission (NRC) is just now coming to grips

t with the issue, it does so in an environment that has become increasingly responsive to
yresto ! the subject as a consequence of numerous developments since the publication of the
L mfor'

,

{ Reactor Safety Study' (WASH-1400) in 1975.
3r the The nuclear industry, through the Atomic Industrial Forum ( AIF), has long been '.;
::umen- an advocate of development of quantitative safety goals and associated probabilistic-

,

risk assessment (PRA) techniques to rationalize and stabilize the regulatory process.
l of QA Until the Three hiite Island (Thil) accident in hiarch 1979, these industry efforts

had met with little success. In fact, just prior to the accident, the NRC was rapidly
,

backpedaling from applying PRA techniques in licensing in response to the Lewis -

Committee report and its criticisms of WASH-1400. In this' regard, one of the few2>

silver linings of the Thil accident was to reverse this developing negative attitude and
:cident to give firm forward impetus to increased uses of PRA and to the detelopment of
I es for quantitative safety goals. This was a result of post-Thil recommendations of varioust

; Nuctsu sucTv. von 2:. No. 3. May-h 1982
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investigative bodies including the NRC's internal TMI Lessons Learned Task Force,3
the Advisory Committee on Reactor Safeguards (ACRS), and both the Rogovin' and

8
Kemeny commissions. These groups all found in the TMI accident a need to examine
more realistically the true sources of accident risk and to develop a rational approach' -

to deciding where limited resources should be placed to improve safety. Congress also -

has belatedly recognized the need for quantitative safety goals, and both the Senate
and the House have acted toward directing the NRC to deve!op such goals.

NRC SAFETY GOAL PROGRAM

These various actions and recommendations have prompted the NRC Commission-
ers to proceed with the establishment of a program to develop quantitative safety.

-
goals. Table I lists some important milestones in the development of the NRC safety
goal plan. The NRC program was initiated in April 1980 by a Commission directive
to the NRC Office of Policy Evaluation (OPE) to develop a safety goal plan. The
industry, through the AIF, provided its preliminary input on the establishment of

^ 'afety goals in a June 1980 letter to NRC and a July 1980 presentation to thes 6

ACRS. The OPE outlined its safety goal developme:;t plan in NUREG-0735'

(Ref. 7), which was issued for public comment in October 1980. Shortly thereafter,
the ACRS provided formal input to the program by presenting in NUREG-0739
(Ref. 8) one possible approach to the development of quantitative safety goals.

Following receipt of comments on NUREG-0735, the NRC staff issued in March
1981 a statement on di3cussions of preliminary policy consideration (NUREG-0764
Ref. 9). This was followed by two NRC-sponsored safety goal workshops, the first of
which was held in Palo Alto, Calif., in April 1981. These workshops sought the views
of a broad spectrum of individuals representing the social sciences, the acaderMc com-

,

munity, public interest groups, the legal and medical professions, regulators, and the,
,

nuclear industry.3

The AIF's views were formalized in a position paper sent to the NRC in May
1981 (Ref.10) on the establishment and use of quantitative safety goals. In July
1981, OPE held its second workshop in Harpers Ferry, Va. The focus of this
workshop was a preliminary discussion paper" containing several suggested quantita-,

tise safety goals that drew heavily on the AIF and _ACRS proposals. Since then, OPE
has been developing this paper further and has recently formally submitted a,

;

! Table 1 Milestones in NRC Safety Coal Program
i
! Task

f No. Task Date

L,
1. NRC directs staff to develop safety goals April 1980

!
,

3 N RC safety goal plan (NUREG.0735. Ref. 7) October 1980

2 AIF preliminary safety goal proposal ' July 1980

4 ACRS safety goal proposal (NUREG.0739. Ref. 8) October 1980
5 NRC prelirninary policy statement (NUREG-0764. Ref. 9) March 1981,

i 6 First NRC workshop April 198i
.

#

7 AIF safety goal policy statement May 1981
8 NRC. OPE discussion paper July 1981
9 Second NRC workshop Ju;y 1981

10 NRC. OPE policy s,atement to Commissioners Nosember 1981
Il NRC policy statement. issued for comment February 1982 -

12 NRC policy statement, end of comment period May 1982
13 NRC safety goal pohc) issued September 1982

NUCI.E AR S AF ETY, Vol. 23. No 3. May-kne 1982
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Table 2 Comparison of Quantitatiie Safety Goal Proposals ,

*

ACRS,
.

Safety goal elements AIF NRC-OPE early datent)

Indmdual risk. probabiht) 1 X 10-3 5 x 10-6-1 X 10-8 I X 10 * (5 X 10-6)
-

of fatality per year
Population risk. fatahties 1 2 0.2 (1)

per 1000 M % (e) . 3 r 6

Cost-benefa criterion 5100/ man. rem Not quantified. 55 X 10 /hfe saved
6

'
'

approaimately (il X 10 /hfe saved),

51000/ man rem?'

Large. scale fuel melt. I X 10 ' I X 10 " l X 10 "-

probabihty per reactor 3 car

* .

proposed safety goal policy statement to the Commissioners for their concurrence.t

j This document was expected to receive the approval of the Commissioners by Febru-
ary 1982 for issuance for a 60-d public comment. On the basis of this schedule, it

,

| -

may be reasonably anticipated that the NRC will have adopted a quantitative safety'

goal policy by the fall of 1982.

!

! COMPARISON OF SAFETY GOAL PROPOSALS

Although the precise goals to be issued for comment by the Commission are not
known at this time, some insight can be gained by a comparison of the three proposals

-
, on which SRC appears to be focusing: the AIF proposal,' the NRC-OPE proposal.883

and the ACRS study.' There are important differences in the overall approach among
the three proposala. T!.c ACRS study, in particular, is a great deal more complex
than either the AIF or the OPE documents and contains some 30 individual numeri-
cal values including both goal' and upper liruit" values for each item addressed.
Despite these differences, there is a surprising degree of commonality. All three pro-
posals address four risk elements: (1) individual risk, (2) population risk,

j (3) cost-benefit criterion (or the as low-as-reasonably achievable princip!c), and
i (4) large scale fuel melt probability.

Table 2 presents a comparison of the suggested values for each element m each of
the proposals. For comparison purposes, the values listed for the ACRS study in

|
Table 2 are those which most closely correlate with the corresponding values in thej
AIF and OPE proposals.j There is at most an order of magnitude difference among the three proposals for
any one value. When one considers the uncertainties involved in the performance of

*

risk assessments to determine whether the goals have be n met, this is not a substan-
tial range. The largest divergent valu:s are for the individual risk goal in which the
ACRS-proposed early individual risk goal (the dominant consideration for individual

|> risk) is a factor of 10 lower than the AIF goal. With respect to population risk, the''

values do not diverge significantly, being within a factor of 2 on the critical parame-

ter. latent risk.
The cost-benefit criterion is addressed explicitly in the AIF and ACRS proposals

'

D with essentially equivalent values proposed for cost-benefit criterion for latent cancer
risk, which is expected to be the critical element in evalua, ting residual population,-

risk. Although the OPE July 1981 proposal endorses the concept of cost-benefit
'

balancing for reductions in residual risk, it does not propose a specific quantitative
value. However, there are indications that the proposal submitted to the Commission-

NUCLE AR sAF ETY, vot. 23. No. 3. May-June 193r-
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M. ers this month includes a value of $1000/ man rem. The value proposed for large scale
}cN5 fuel melt probability is the same in all three proposals, namely 10-d per reactor-year.dR

lt therefore appears that there is at least some basic agreement between the regula-
tors and the industry on the basic principles and structure of a safety goal framework.

;..q Furthermore, the specific values being proposed, with a few exceptions, do not divergehg dramatically. Note however that there are a number of concepts in NUREG 0739M with ' ..d. the industry, through AIF, has strong disagreement. These include
brf (1) additional goals for conditional probability of containment failure given a core
f%$ melt situation, (2) the use of risk aversion factors to magnify the importance of low-bi.5

probability high-consequence events, and (3) the degree of complexity and number of
numerical values to be included. ~

n.m
m

(T14. APPLICATION OF QUANTITATIVE SAFETY GOALSu ~m

[h Although it appears that we may be co'nverging on the approach and values to beD

h used in the establishment of quantitative safety goals, we are far from establishing
how they are to be used in either generic or plant-specific gulatory applications. TheM AIF has attempted to address this important area in its Ay 1981 policy statement 30

', 2 -

by proposing a process for applying the quantitative safety goals in conjunction with@f PRA in the regulatory process. Some of the major elements of this proposal follow.ER
INM The AIF proposal considers the individual and population risk values as primary

safety goals and the cost-benefit criterion and large-scale fuel melt probability of|;~y secondary goals. Figure I shows the relationship of the first three of tvese elements.
*

Eg The primary goals for maximum individual risk and population risk define the bound-P ary for determining when cost-benefit balancing may be used in regulaby decisions.NN
N That is, if the level of risk to the maximum-exposed individual or the risk to the sur-

[M rounding' population is greater than either of the primary risk goal: steps sht Id be
taken to reduce these risks without specific consider ~ation of cost-benefit trade. ifs.

h[[M However, if it is established that the level of residual risk to the indivicual or popula-
ff

t%n is below these primary values, any regulatory requirements aimed r ^"-e
N.,M
IM W NUCLEAR sAF ETY, Vo8 23, No. 3. May-Jwne 1982A '
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t
reducing this residual risk should be subject to the secondary cost-benefit goal as aa

,

| decision criterion. That is, the proposed benefit in terms of population risk reduction *
,

,

I (man-rems per year) should be compared with the annualized total cost of the change

^| (dollars per" year) and the resulting ratio compared with the $100/ man-rem
cost-benefit goal. Changes more costly than $100/ man-rem would not be required,
whereas those below this valCe should be implemented. The NRC would bear the bur-,

den of proof for demonstrating that proposed changes to existing regulation or back-
fits of existing plants meet the cost-benefit goal. Applicants or licensees would bear
this bur' den if exemptions from regulations or conditions of license are sought.i

| To provide some idea of where the industry currently may be in terms of risk lev-
els with respect to these goals, Fig.1 indicates where the level of risk reported in
WASH-1400 would fall. Actually, in terms of both maximum individual risk and ^

,

g ' population risk, the WASH 1400 risk level is about a factor of 3,17, and 30 less than.

the ACRS, OPE, and AIF goals, respectively. Other plant-specific PRA studies now,

| being completed generally indicate levels of risk comparab!c with or less than that
reported in WASH 1400. This provides some confidence that the industry has already5

j achieved compliance with the primary goals and that proposed new requirements
should be subject to a cost-benefit test with respect to the secondary cost-benefit
goal.-

The question that is inevitably asked at this point is whether a complete plant-
'

. specific PRA study for all plants should be performed to determine whether the pri-
mary goals have been satisfied. The AIF contends that it is unnecessary to do this and
that the primary application of safety goals should be to evaluate generically the level
of safety provided by NRC's existing regulations. From past and existing studies, we-

are gaining insight into the critical blements contributing to risk and identifying those-

parameters most sensitive to plant risk variations. For example, NRC studies have
indicated that po:ula'imi density is not a significant uriable in comparative risk, even,

between sites with significant relative differences in population density within 50 miles
of the plant. By identifying risk sensitiv,e parameters, it should be possible to draw

! generic conclusions from a representative sampling of plant specific PRA studies.
Such a sampling will be available within the near future because there are 16 plants
for which risk assessment studies have been completed or are scheduled for comple-a

tion before the end of 1982, These 16 plants include several of the earliest operating
3 plants, some plants not yet ih oj cration, a broad range of plant sizes, plants built by
'

all four reactor vendors, plants with all major containment types, and a variety of.

[ plant designs by most of the.a'rsitect-engineers.,
,

: Once the results'of these stddies are in hand, it should be possible to generically
{ determine whether the level 6f risk io the individual or population, which is reflected

,
in designs covered by current regulations, is within the primary goals. However, as a
means of providing confirmation of N:h a generic judgment, the AIF has endorsed

j the performance of limited PRA studies on all plants. It should be emphasized, how-.

ever, that completion of these studies is not considered to be a necessary condition for
licensing of new plants or continuing operation of existing units. These studies would '

'
not be part of a Final Safety Analysis Report.

{ These confirmatory plant-specific studies would be of similar scope to the Interim
'

[ Reliability Evaluation Program (IREP) studies currently 'seing performed by NRC on
; ! selected plants. The objective of the IREP studies is to estimate the overall probabil-

| ity of accidents resulting in core damage without including consequence analysis or - '
,

' i overall estimates of public risk. Here the fourth safety goal-the secondary goal for
| large scale fuel melt-can play an important function. Existing PRA studies indicate

that satisfying a value of 10-* per reactor-year for core melt frequency would providei .

!
'

-

NUCLE AR s AFETY, Vol 23, No. 3, Mav-Me 1982*
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assurance that the individual and population risks are well below the primary goals
proposed. Therefore, if the plant-specific IREP studies indicate compliance with the
large scale fuel melt goal, this should obviate the need for performance of a full-scale *

plant specific PRA study. In this way, the large scale fuel melt goal can serve as a -

confirmatory or screening criterion on a plant-specific basis. However failure to com-
ply with the secondary goal does not indicate that a condition of unacceptable risk
exists. In this event, if the estimated core melt frequency was in excess of 10~' per
reactor-year, a complete plant PRA could be performed to determine directly whether
the primary goals have been met.

WASH-1400 and several other plant-specific PRA studies (including the German
risk study" and the Zion" and Limerick'' PRA reports) indicate probabilities of
large-scale fuel melt below 10-* per reactor year. In addition, these studies estimate

!

levels of individual and population risk that are well within the primary goals. How-
ever the recently completed study on Big Rock Point" indicates a large-scale fuel,

melt probability in excess of the seenndary goal, both for the plant as it exists and
with certain modifications that have been proposed to provide greater core melt

'

accident prevention. It is interesting to note that the Big Rock Point study also indi-
cates levels of individual and population risk well below the primary goals and, in

j fact, well below WASH-1400 risk levels. This is an excellent example of the applica-
1 tion of the secondary large-scale fuel melt goal in which, although this secondary goal'

is not necessarily satisfied, the primary goals have been met directly. Thus the'

cost-benefit goal should be applied to determine the need for additional backfitting.

SUMMARY

lt appears that substantial progress has been made in the effort to establish quan-
titative safety goals. The NRC deserves a great deal of credit for its vigorous pursuit
of this objective. The ACRS has been an important catalyst in ensuring continued
effort in this area, and it is enco"nging to note the high priori'y assigned to the
development of quantitative safety goals by NRC Chairman Nunzio J. Palladino.
We may, therefore, look forward with some optimism to adoption of a safety goal pol-
icy before the middle of 1982.

Much remains to be done, however, in.actuauy applying these goals as regulatory
decision tools. In particular, we still need agreement on the methodology to be used in

, performing the PRA studies that will be used in the regulatory process. The NRC has
| sponsored a joint effort with the American Nuclear Society and the Institute of

Electrical and Electronic Engineers to describe acceptable methodology in a PRA pro-
cedures guidebook due to be issued in mid-1982.

Even more important, a clear policy needs to be developed on the generic and
plant specific uses of PRA and safety goals to contrv rule changes, backfits, and
exemptions from regulations. In this regard, I am encouuged by the process outlined

*

in the NRC's proposed Plan for Early Resolution of Safety issues'' and, in particu-
lar, its proposed application of cost-benefit criteria to prioritizing unresolved issues.
Clearly, quantitative safety goals and PRA cannot be used as the sole decision-
making tools, and the role of qualitative engineering judgment must be defined'~in thist

; process. Although there has been an understandable; tendency toward skepticism
regarding licensing reform, I believe if there is any way to rationalize this process we,

|. are on the right track.

E. P. O'Donnell, Vice resident
Envirospher,. Company
Two World Tnde Center
New York. New York

'
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NRC Report NUREG/CP-0020. NTIS. September 1981.
12. F. u . Heuser. Assessment of Accodent Rusts from German Nuclear Pomer Plants, presented at

Atomic Industrial Forum W orkshop on Licensing and Technical Issues-Post TMI. Mar. 9-12. 1980.'

(Paper of same title presemed at CSNI Speciahst Meeting on Regulatory Revieu in the Licensir g Pro-
ceu. Nos. 7.19'9. Madrid. Spain. as ai!able from NTIS as CONF 7911101 17.]

13 Commonw ealth Edison Company. Zion Nuclear Plant Umts I and 2 Probabuhsisc Safear Study.
Dockets 50-295 (Unit 11 and 50 304 (Unit 2). Sept. 8.1981. availa' ole at NRC Pubhc Document
Room

la PhilaWu n:ctric Company. Lsmeruck Generanng Stat:on L mts I and 2 frobabshstsc Risk Assess-
ment. Dockets 50 352 (L nit 1) and 50 353 (Unit 21. Mar.17.1981. asailable at NRC Public Docu-
ment Room

15. Consumers Por er Company. B:t Rock Point .% clear Pom er Plant Probabihty Rssk Assessment.
Docket 50155. Mar 31. 1951. asailable at NRC Public Document Room.

16 Nuclear Regulatory Commission. Summary of Plan for Early Resolutson of Safety issues Pertasmng
tu .%/rar Power Plants Per TMI Action Pian. NRC Memorandum SECY-8l-513. Aug. 25.1981.
asailable at NRC Public Document Room.
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SEVENTEENTH DOE NUCLE AR AIR CLE ANING CONFERENCE

Denver. Colo.. Aug. 2 5.1982

The Sciemeenth DOE Nuclear Air Cleanirg Conference. arranged by the Harsard Air CicamnF Labop
tory and sponwred by the U. S Department of Energy. mitt be held at the Denser Hilton Hotel from 11
a m . Monday. Aug 2. to noon on Thursday. Aug 5.1952 The conference usll feature inuted and contri-
bi.ted paper > cn e i t new and important desclopments in nuclear air cleaning research and (2) field experi-
e9ce and air cleaning .ipphcations of sncial interest to nuclear plant oMrating personnel. Contributed
papers on all asrect of nuclear air and gas cleaning technology are scheited for inclusion on the program
and later pubhcation in the proceedings of the conference. For more information. centact Melvin W. First.
Sc.D. Conference Chairman. Sesenteenth DOE N. A C.C.. Harsard School of Pubhc Health. Department
of Enuronmental Health Sciences. e65 Huntington Asenue. Boston. Mass. 0~2115.
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