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SUBJECT: CONSI DERATI ON OF SEVERE ACCI DENT RI SK I N NRC REGULATORY
DECI SI ONS

PURPOSE:

To provide the Conmi ssion with background on how severe accident risk has
been

consi dered by the Commi ssion in maki ng past regul atory deci si ons and how
t he

risk fromsevere accidents is being considered for potential future
actions.

BACKGROUND:

In a February 12, 1997, staff requirenents nmenorandum (SRM, the
Commi ssi on

directed the staff to provide a summary paper that details consideration
of

severe accident risk, both in past regulatory decisions or rules and
potenti al

future actions. The Commission also directed the staff to provide an
assessnent, and recomendations if appropriate, for formalizing the
agency's

position on consideration of severe accident risk.

CONTACT:

Charles E. Ader, RES

415-5622

Al an Rubin, RES Brad Hardin, RES
415-6776 415- 6561

DI SCUSSI ON:

The Commi ssi on has been considering severe accidents (accidents nore
severe

t han design basis accidents in which substantial damage is done to the
react or

core whether or not there are serious offsite consequences) inits
regul atory

deci sions and actions since its early days. These include decisions in
whi ch



severe accidents have been considered directly in making regul atory
deci si ons

(i.e., specific regulatory requirenents to address accidents nore severe
t han

desi gn basis accidents) and decisions in which severe accidents have been
considered nore indirectly in making decisions (e.g., by considering the
results of cost/benefit anal yses in the decision-making process). The
probability of a severe accident occurring, as well as the potenti al
consequences of the accident, were considered qualitatively by agency
deci si on

mekers during the early regul atory decisions. These qualitative

consi derations involved the use of engineering judgenent and were nade in
t he

context of a deterministic consideration of accidents beyond the design
basi s.

The "risk"™ of severe accidents, as that termis generally used in current
NRC

| exi con as the quantitative product of a probability tinmes a consequence,
was

not utilized by the agency until relatively recently.

Prior to the accident at Three Mle Island Unit 2 (TM), the focus of the
Comni ssion was on design basis accidents. Follow ng the accident at T™M,
there was a shift in the Conm ssion's focus to provide greater

consi deration

of the risks fromsevere accidents in its decision naking. Furthernore,
in

t he past, although the Comri ssion has consi dered acci dents beyond the
desi gn

basis in its decision making and in establishing requirenents, |icensees
and

applicants have not generally been required to consider themexplicitly
in the

design of their facilities. Mre recently, the Commi ssion has required
licensees and applicants to evaluate their plants for severe accident

vul nerabilities. The follow ng discussion provides exanples of the

Comni ssion's consideration of accidents nore severe than design basis
acci dent s.

Inits early consideration of severe accidents, the Commi ssion recognized
t hat

acci dents beyond the design basis, although lowin probability, could
occur.

Typically, reliance was placed upon the concept of "defense-in-depth" to
mnimze the |ikelihood and consequences of such accidents. For exanpl e,
consi deration of accidents beyond the design basis was clearly a

consi deration

in the Comnr ssion's decisions on reactor siting criteria. 1In the
ori gi nal

i ssuance of Part 100, the Statenent of Considerations noted that:

"Further, since accidents of greater potential hazard than those
commonly postul ated as representing an upper limt are conceivabl e,
al though highly inprobable, it was considered desirable to provide



for

protection agai nst excessive exposure doses to people in |large
centers,

where effective protective neasures might not be feasible ... Hence,
t he

popul ation center distance was added as a site requirenent....’

In addition, the source termused for assessnent of the Part 100 dose
gui del i nes was based upon a "substantial neltdown of the core.”

In 1971, a rul enaking was proposed to inplenent a schenme for classifying
reactor accidents into 9 classes with the |Ievel of severity increasing
from

Class 1 (trivial incidents) to Class 9 (severe accidents involving core
nmeltdown). It was intended that accidents in Classes 1-8 be used by
applicants in the preparation of environnmental reports for nuclear
react or

power plants, and these accidents were to be included in the Atom c

Ener gy

Comrission's review. Applicants were not to be required to analyze C ass
9

accidents due to their perceived I ow likelihood of occurrence. In light
of

the TM accident in 1979 and a nunber of criticisnms directed at the

appr oach

descri bed in the proposed rul emaki ng announcenent, the rul enaki ng was
formally

wi t hdrawn in June of 1980.

In an early study, in 1957, the AEC published WASH 740, "Theoreti cal
Possibilities and Consequences of Major Accidents in Large Nucl ear Power
Plants." This study evaluated the potential consequences for several
acci dent

scenari os and discussed in broad terns a range of likelihoods for the
occurrence of such accidents. In 1975, the conpletion of WASH 1400,
"React or

Safety Study: An Assessnment of Accident Risks in U'S. Commercial Nuclear
Power
Pl ant s,
Ri sk
Assessnment (PRA) nethods. This first quantitative perspective of the

i keli hood of severe accidents replaced the previous qualitative
perspective

of "highly inprobable" considered in the decisions on siting. The risk

i nsights provided by WASH- 1400 were al so considered in the staff's

devel oprment

of recomrendati ons on establishnent of enmergency planning i n NUREG 0396
(Decenber 1978) which served as the basis for emergency planning
requirements.

However, as a result of criticisns arising fromthe WASH 1400 Ri sk
Assessnent

Revi ew Group, the Conm ssion issued a policy statenent in January 1979,
addressing the issues raised by the Review Group. These issues included
concerns over cal cul ati onal nethods, data base quality and the inportance

represented a significant advance in the use of Probabilistic



of

uncertainties in the interpretation of the PRA results generated by the
st udy.

The January 1979 policy statenent accepted the Review G oup Report's
concl usion that absolute values of the risks presented i n WASH 1400
shoul d not

be used uncritically either in the regulatory process or for public
policy

purposes. The Commi ssion did not regard the Reactor Safety Study's
nuneri cal

estimate of the overall risk of reactor accidents as reliable. However,
t he

Comni ssion stated "Taking due account of the reservations expressed in

t he

Revi ew Group Report and in its presentation to the Comm ssion, the
Commi ssi on

supports the extended use of probabilistic risk assessnent in regul atory
deci si onmeki ng." Further, the Comm ssion provided additional detailed
instructions to the NRC staff concerning continued use of risk assessment
techni ques and results in response to specific criticisnms raised by the
Ri sk

Assessnment Review Group. The accident at TM in March of 1979 el evated
t he

consi deration of severe accidents in the Commi ssion's decision-making
process.

Foll owi ng the accident at TM, a nunber of actions were taken to
specifically

address severe accidents. TM Action Plan itens were docunmented in
NUREG- 0660, "NRC Action Pl an Devel oped As a Result of the TM-2 Accident"”
(May 1980)

and NUREG 0737, "Clarification of TM Action Plan Requirenments" (January
1983). This plan included tasks to address core degradation beyond

desi gn

basis conditions with the aimof reducing individual and societal risk.
Sonme

itens in the plan involved the performance of specialized reviews of the
operating plants' designs and operations. Qher itens in the plan, such
as

core melt behavior (including the subsequent fuel-coolant interactions
and

core-concrete interactions) and the effects of potential hydrogen
combusti on

on containment integrity, were incorporated into NRC s Severe Acci dent
Research Program TM Action Plan ItemIl.B.6 resulted in risk studies
of

operating reactors in areas of high population density (i.e., Zion,

Li neri ck,

I ndian Point) to determ ne what additional measures or design changes
coul d be

i mpl emented that could further reduce the probability or the consequences
of a

severe accident. Action Plan ItemI1.B.8 resulted in the Conm ssion

i ssuing a



revision to 10 CFR 50.44 that added requirenents for |ight-water cool ed
power

reactors to include the capability to control hydrogen gas followi ng a
postul ated | oss-of -cool ant acci dent.

Also as a result of TM, 10 CFR 50.34(f), "Additional TM-rel at ed
requirements,” was promulgated in 1982 for a limted set of plants listed
in

the rul e whose designs were currently under review by the staff. Par t
50.34(f)(1)(i) of this rule section required that a plant/site specific
probabilistic risk assessnment be performed to seek plant design

i nprovemnents -

in effect for protection against severe accidents. This was the first

i nci dence where the Commi ssion required applicants to evaluate their

desi gns

for severe accidents using PRA. Wile none of the specific plants listed
in

the new rul e ever conpl eted construction and |icensing, Part

50. 34(f) (1) (i)

was applied to the General Electric CGESSAR-11, the Conmbustion Engi neering
System 80, and the Westinghouse RESAR- SP/ 90 designs during the

Commi ssion's

review of these standard reactor designs. Nunerous potential design

i nprovenents ainmed at reducing the risk fromsevere accidents were

eval uat ed

for the CESSAR-I1 design, the first application of the newrule. It was
al so

stipulated in Part 50.34(f)(1)(i) that the inprovenents nust be
significant,

practical and not inpact significantly on the plant, resulting in the

i ncl usion of cost/benefit in consideration of potential design
enhancenents.

In a later rul enaking, the Commi ssion issued Part 52 to inplenment the

st andard

design certification process that includes by reference the requirenent
t hat

all future reactor design applications include a PRA thereby providing an
eval uation of the design for severe accidents. In Part 52.47(ii), under
"Contents of applications,” it is stated that certified design
applications

nmust i nclude a design-specific probabilistic risk assessnent in addition
to a

dermonstration of conpliance with any technically relevant portions of 10
CFR

50. 34(f).

Following TM, increased use of risk nethodol ogy was made in sel ected
regul atory progranms. One of these early applications was in the use of
risk

i nsights as part of the NRC s Systematic Eval uation Program (SEP). This
activity involved assessing sonme of the earliest nuclear power plants
agai nst

current regulatory requirenents. PRA was utilized as one elenent in
assessing



the risk and safety significance of deviations fromcurrent requirenents
and
providing insights on risk effectiveness of proposed nodifications.

Wil e the Conm ssion perforned eval uati ons of various potential design

i nprovenments to ensure that cost effective neans for reducing plant risk
from

severe accidents were consi dered, these evaluations were performed only
for

safety interests and were not considered in the context of minimzing the
i npact on the environnent for purposes of the National Environnental
Pol i cy

Act of 1969. Then, a decision by the U S. Court of Appeals in 1989
resulted

in a review of Severe Accident Managenent Design Alternatives (SAVDAs) as
a

part of the environmental inmpact review for the Linmerick plant operating
license. A simlar evaluation was subsequently performed for Comranche
Peak

Units 1 and 2 and for Watts Bar Unit 1. Since the Linerick decision, al
initial operating |icense proceedings and design certification

rul emaki ngs

have consi dered SAMDAs as part of the staff's safety review in order to
support conpliance with NEPA. However, the need for SAMDAs is addressed
in

the Environmental |npact Statenment for the plant rather than in the

Saf ety

Eval uati on Report (SER)

As the Commi ssion continued to evaluate potential new requirements for
pl ants

to deal with accidents that were considered to be beyond the norna
desi gn

basis, it issued two rules in the 1980s that dealt with Anticipated
Transi ents

Wt hout Scram (ATWS, July 1984) and Station Bl ackout (June 1988) each of
whi ch

had been identified in previous safety studies as potentially being an
i mportant contributor to risk. In pronulgating these rules, the
Commi ssi on

considered the reduction in risk to the public associated with the

i mpl enmentation of the rule and the costs to inplenment the new
requirements.

In both cases, the Comn ssion established deternministic requirenments

t hat,

when net, served to reduce the risk from severe accidents.

I n August 1985, the Conmi ssion published its "Policy Statenent on Severe
React or Accidents Regardi ng Future Designs and Existing Plants.” In the
policy statement, the Comnission said that it had concluded that existing
pl ants pose no undue risk to public health and safety and saw no basis
for

i mredi ate action on generic rul emaki ng or other regulatory actions to
deal



with severe accidents. However, the Conmission indicated its intention
to

initiate a systematic exani nati on of each nucl ear power plant for
possi bl e

significant risk contributors. In the policy statenment, the Comm ssion
al so

said that it fully expected that designers of new plants would achieve a
hi gher standard of severe accident performance than prior designs.

At Fhe same tinme that the Conm ssion was developing its Severe Acci dent
g?;;gﬁent t hat addressed the procedures that the Commi ssion intended to
gzgorse severe accident issues, the Comr ssion was al so developing its

gggftéolicy to establish goals that broadly defined an acceptable |eve

0

risk. 1In 1986, the Commi ssion issued its "Policy Statenment on Safety
Goal s
for the Operations of Nuclear Power Plants."” This policy statenent

focused on

risks to the public fromthe rel ease of radioactive materials to the
environment for normal operations as well as from accidents. The
Commi ssi on

established two qualitative safety goals which are supported by two
guantitative objectives. The quantitative objectives are to be used to
determ ne that the safety goals have been achi eved.

Prior to TM, the staff began to explore the use of PRA nethods and cost
benefit infornmation to prioritize generic safety issues. After TM, the
st af f

began to systematically rely on regul atory anal yses for NRC regul atory
deci sions. Regulatory analyses, by their nature, evaluate proposed
actions

that may be needed to protect the public health and safety, and as such,
consi deration of severe accident risks has consistently been an integral
part

of these analyses. The principal element of a regulatory analysis is an
evaluation of the costs and benefits, in which health and safety benefits
are

esti mat ed based on PRA information on the change in risk. In this

eval uati on,

the benefit of averting the consequences of severe accidents (averted
person-rem is converted to dollars based on NRC s policy of using a
$2000 per

person-rem conversion factor. This factor allows a direct conparison
bet ween

the potential health and safety benefits and the costs of a proposed
regulatory initiative. |In addition, part of the regulatory analysis

i ncl udes

a safety goal evaluation which could elimnate a proposed requirenent
from

further consideration if the predicted reduction in risk resulting from
i mpl enent ation of the requirenment is below a threshold screening val ue.



These

safety goal evaluations rely on PRA results in which the estinmated change
in

the core damage frequency per reactor-year and the conditiona
probability of

early containnment failure and bypass are conpared to safety goa
screeni ng

criteria. The screening criteria devel oped by the staff were derived
froma

subsi di ary safety goal for CDF of 1x10-4 per reactor-year and a
condi ti onal

probability of early containnent failure or bypass (CPCFB) of 0.1
consi st ent

with the Commi ssion's guidance to the staff for evaluating the
Evol uti onary

Li ght Water Reactor designs. This process that evolved for evaluating
costs

and benefits of potential plant inprovenents was to becone a ngj or
consideration in the inplenmentation of the Backfit Rule, 10 CFR 50. 109.
Details regarding the preparation of regulatory anal yses are provided in
NUREG BR- 0058, Revision 2, "Regulatory Analysis CGuidelines of the U S
Nucl ear

Regul at ory Conmi ssion. ™"

I n Novenber 1988, the staff, with Comm ssion approval, issued Generic
Letter

88-20 that asked licensees to conduct Individual Plant Eval uations (I PES)
to

| ook for plant-specific vulnerabilities to severe accidents. The staff

i ssued

a supplenment to Generic Letter 88-20 in June 1991 that asked |icensees to
evaluate their plants for vulnerabilities to severe accidents from

ext erna

events (I PEEEs, e.g., fires, seisnmic events). Although the Comr ssion
initially left it to licensees to identify inprovenents to their plants,
t he

Comni ssion reserved the right to i npose additional requirements using
cost/benefit criteria under the Backfit Rule. The staff has provided the
Commrission with the status of and progress on | PE and | PEEE reviews on a
regul ar basis. The staff has essentially conpleted its review of the

| PEs

submitted by the licensees. 1In total, the licensees have reported that
approxi mately 500 i nprovenents in plant design or operation have been

i mpl enmented as a result of the IPE effort. The I PEEE subnmittals are
presently

under goi ng revi ew.

In 1990, NUREG 1150, "Severe Accident Risks: An Assessment for Five U S
Nucl ear Power Pl ants," was published. Internally initiated accidents and
externally initiated accidents (two plants) up through offsite
consequences

and quantitative risk were evaluated. This docunent reflected the

st at e- of -

the-art understandi ng of severe accident phenonenol ogy and anal ysi s



nmet hods

i ncluding uncertainties in plant risk. This assessnment and its
document ati on

have provided a nodel for subsequent PRA studies including those used in
t he

design certification reviews for the ABWR System 80+ and AP600 ALWR
desi gns.

As indicated above, Part 52 mandates that a PRA acconpany any future

pl ant

application for design certification. 1In addition to the severe acci dent
eval uation provided by the PRA, future plant applications must also

addr ess

the technically relevant portions of 10 CFR 50.34(f) and the applicable
reviews discussed in SECY-90-016 (January 12, 1990), "Evolutionary Light
Wt er

Reactor (LWR) Certification Issues and their Relationship to Current
Regul atory Requirenents,"” and SECY-93-087 (April 4, 1997), "Policy,
Techni cal ,

and Licensing Issues Pertaining to Evolutionary and Advanced Li ght Water
React or (ALWR) Designs." The Conm ssion has successfully applied these
requirements as a significant part of the design certification reviews
for the

ABWR and the System 80+ designs. The AP-600 design is undergoing a
simlar

review process at this time. The Comm ssion expects that if |icensees
reference a certified design, they will maintain the design features that
wer e

i ncluded to prevent and mitigate severe accident risk.

Much of the current Conmm ssion activity in the area of severe accidents
is

bei ng coordi nated under the PRA I nplenmentation Plan, for which the |atest
quarterly report is SECY-97-076 dated April 3, 1997. A nmmj or ongoing
program

included in the PRA Inplenentation Plan is that of the devel opnment of

ri sk-i nfornmed, performance-based regul ations for operating plants
(Direction

Setting Issue DSI-12). General guidance for risk-informed activities has
been

devel oped and issued for public comrent. These general docunments are the
draft Regul atory CGui de DG 1061, "An Approach for Using Probabilistic Risk
Assessnent in Risk-Informed Decisions on Plant-Specific Changes to the
Current

Li censing Basis"; its companion Standard Review Plan, "Use of
Probabilistic

Ri sk Assessment in Plant-Specific, Risk-Infornmed Decisionnaking: General
Gui dance, Draft SRP Chapter 19, Revision L"; and draft NUREG 1602, "The
Use of

PRA in Ri sk-Infornmed Applications.”™ Also, a series of draft
application-specific regulatory guides and standard revi ew pl ans
addressing the topics of

i nservice testing, plant technical specifications and graded quality
assurance



have been devel oped and issued for public coment. Simlar docunents for
i nservice inspection are currently being prepared for comrent. When

approved,

t hese docunents will provide a framework for future consideration of

ri sk-infornmed regulatory activities. |In addition to the devel opment of
these risk-informed gui dance docunents, |icensee pilot plant applications

dermonstrating

the use of this new approach to risk-infornmed inservice testing, graded
quality assurance and technical specifications are currently under review
by

the staff.

The di scussi on above provides a general perspective on how the
Conmi ssion's

consideration of risk from severe acci dents has evol ved over tine.
At t achnment

1 provides additional information on Comri ssion policy statenents,
regul atory

deci si ons, and other actions that involved consideration of severe
acci dent

risk. It is enphasized that the discussion in this paper and the itens
in

attachnent 1 are not intended to be all inclusive, but rather to provide
a

summary of the evolution of the Conm ssion's consideration of severe
acci dent
risk leading to current practice.

CONCLUSI ON:

The Commi ssion has historically considered severe accident risk in making
regul atory decisions. The degree to which severe accident considerations
have

affected the Commission's regulatory activities has increased regularly
and

substantially over time both in scope and in |evel of sophistication as

i mproved information about severe accident risk has been devel oped. This
i ncludes information on the frequency of severe accidents as well as

t heir

consequences. As nore information has becone avail abl e, additional

i nsights

have enhanced the ability of the Comm ssion to make risk-infornmed
deci si ons.

The Commi ssion's safety goal policy and regul atory anal ysis guidelines
have

pl ayed a strong role in devel oping requirenments to address severe

acci dent

risk.

For future regulatory decisions and actions, the staff recommends that



t he

Commi ssion continue its current practice of considering severe accident
risk

as appropriate in assessing safety issues and the need for regul atory
action

either on a generic or a plant-specific basis. More specifically, the
continuing application of the Backfit Rule (Part 50.109), the guidance
provided in the Severe Accident Policy Statenment, and the ongoing

ri sk-i nfornmed regul atory devel opnent effort under DSI-12 will provide the
st af f

Wit h gui dance for addressing severe accident issues in the future. The
st af f

al so believes that continued consideration of the Comr ssion safety goals
al ong with cost/benefit consideration is appropriate in assessing the
need for

future regulatory actions. (Note that in response to an SRM dated July
21

1997, the staff is preparing an evaluation and recomrendati on regarding

t he

nmerits of elevating the subsidiary core damage frequency (CDF) goal of
1x10-4

per reactor year to the status of a fundanmental safety goal.) Based on
continuing research at the NRC and in other countries, the know edge base
on

the probability and consequences of severe accidents will continue to
increase. This will lead to inproved understandi ng of severe acci dent
phenonenol ogy that will inprove the quality of future regulatory decision
meki ng. I n a separate Conmm ssion paper, the staff has provided a
recomrendation to the Comni ssion regarding generic rul enaki ng on severe
accidents for future |ight water reactors (SECY-97-148).

COORDI NATI ON: OGC has reviewed this paper and has no | egal objection.

L. Joseph Callan
Executive Director
for Operations

At t achnent : Comm ssi on Consi deration of Severe Accident Risk
O ATTACHVENT

COWVM SSI ON CONSI DERATI ON OF SEVERE ACCI DENT RI SK

Updated Source Term In 1962 the U. S. Atom ¢ Energy Conmm ssion published
TI D- 14844, "Cal cul ation of Distance Factors for Power and Test Reactors”
whi ch

specified a release of fission products fromthe core to the reactor
contai nment in the event of a postulated accident involving a
"substanti al

nmel tdown of the core.” This "source term" the basis for the NRC s
Regul atory

Guides 1.3 and 1.4, has been used to determ ne conpliance with the NRC s
reactor site criteria, 10 CFR Part 100, and to eval uate other inportant
pl ant

performnce requirements. During the past 30 years substantia



addi ti ona
i nformati on on fission product rel eases has been devel oped based on
significant severe acci dent research.

As a result of this research, a revised accident source term has been
devel oped for regulatory applications for future LWRs ( NUREG 1465,

"Acci dent

Source Terns for Light-Water Nucl ear Power Plants,"” February 1995).

I nsights

from severe accident research on fission product rel ease and transport
wer e

used in developing the revised source term The revised source termis
expressed in terns of tinmes and rates of appearance of radioactive
fission

products into the containnment, the types and quantities of the species
rel eased, and other inportant attributes such as the chem cal forns of

i odi ne,

given a severe core-nelt accident. This nechanistic approach provides,
for

regul atory purposes, a nore realistic estimate of the anpunt of fission
products present in the containnent froma postul ated severe acci dent

t han was

i ncluded in TID 14844. This source term can have inplications on issues
such

as Part 100 reactor siting criteria, equipnment qualification, control
room

habitability, and assessnments of severe accident risks in plant
envi r onment al

i npact statenents.

NEPA and Cl assification of Postul ated Accidents The Nati onal
Envi r onment al

Policy Act (NEPA) was passed by Congress in Decenber 1969. The initial
response to this law by the Atomi ¢ Energy Commi ssion (AEC) was criticized
by

environmental i sts as being too narrow, and the Calvert Ciff's Decision
in

July 1971 by the U S. Court of Appeals for the District of Colunbia

required

the AEC to broaden its scope in evaluating potential environmenta

i npact s of

nucl ear power plants. In this connection, in Decenber 1971, the AEC
pr oposed

that a rul emaki ng be held to amend Appendix D of 10 CFR Part 50 to

i nclude an

"Interim Statenent of CGeneral Policy and Procedure: |nplenmentation of the
Nati onal Environnmental Policy Act of 1969." The proposed Annex to
Appendi x D

specified certain standardi zed assunptions to be nade in evaluating risks
due

to postul ated accidents in environnental reports subnitted by applicants
for

construction pernmts or operating |icenses for nuclear power reactors.

Si nce



it was not practical to consider all possible accidents, a schene was
devi sed

for classifying accidents into a spectrum of potential accidents ranging
in

severity fromtrivial (Class 1) to very serious accidents (Class 9)

i nvol vi ng

core nmeltdown. Classes 1-8 were to be addressed by applicants in their
environmental reports for review by the AEC. Class 9 accidents were not
required to be anal yzed due to their perceived low |ikelihood. The

pr oposed

Annex was formally w thdrawn and the rul emaki ng suspended in June 1980.
Anmong

the reasons given for the withdrawal were that the Annex did not properly
prescribe attention to the kinds of accidents (Class 9) that doni nated
accident risk, the definition of Class 9 accidents was inprecise, the
prescriptions of assunptions to be used in environnmental analysis did not
contribute to objective consideration, and i nadequate consi derati on was
gi ven

to the prevention and mtigation of accidents.

Severe Acci dent Managenment Design Alternatives (SAMDAs). The U. S. Court
of

Appeal s, in Limerick Ecology Action v. NRC, 869 F.2d 719 (3d Cir. 1989),
effectively required the NRC to include consideration of certain SAMDAs
in the

environmental inpact review perfornmed as part of the operating |license
application for the Linmerick Generation Station. The review of SAMDAs for
Li meri ck was published as a Supplenent to NUREG 0794, "Fina
Envi r onment al

Statenment Related to the Operation of Linmerick Generation Station, Units
1 and

2," dated August 1989. Subsequent to the Linerick review, SAMDAs have
al so

been consi dered and docunented in a Supplenment to NUREG 0775, "Fina
Environnental Statement Related to the Operation of Comanche Peak Steam
El ectric Station, Units 1 and 2," dated October 1989.

The purpose of the requirenent to consider SAMDAs in the environnenta
i npact

reviews was to ensure that plant design changes with the potential for
i mprovi ng severe acci dent safety performance were recogni zed and
eval uat ed.

For exanple, the staff assessed TVA's SAMDA evaluation for Watts Bar,
Unit 1.

TVA had identified a set of potential SAMDAs for Watts Bar through a
systemati c assessnent of the key contributors to risk at the plant.
Quantitative estimates of risk reduction associated with potential design
i mprovenents were devel oped based on the PRA. The risk reduction

potenti al

for each enhancenment was based on cal cul ating the change in the core
damage

frequency (CDF) and total risk. This calculation, along with the cost
i npact

of candi date design i nprovenents, was used to deternine a cost/benefit



ratio

for each enhancenent. A systematic screening criterion considering the
esti mated cost per person-rem averted for the various SAVDAs (i ncl uding

t he

i npact of uncertainties in the averted offsite risk estimtes) was used
to

eval uat e which design inprovenents warranted i npl enmentation at Watts Bar.

Subpart B of Part 52 of Title 10 of the Code of Federal Regulations (10
CFR

Part 52) does not specifically require an environmental inpact statenent
(EI'S)

for a standard plant design certification. However, a NEPA eval uation
in the

formof an EI'S that considers severe accident nitigation design
alternatives

is an essential element of an application for a conbined |icense under
Subpart

C of 10 CFR Part 52, for those applications that reference a design
certified

under Subpart B. Therefore, a cost-benefit analysis of various design
alternatives related to the prevention and nitigation of severe

acci dent s,

simlar to that described above, is included as part of the design
certification rul emaking for standard designs.

Antici pated Transients Wthout Scram (ATWS). The Conm ssion issued
requirements to reduce the risk from ATWS events for PWRs and BWRs (10
CFR

50.62). ATWS accidents had been a concern because under certain
post ul at ed

conditions they could lead to severe core damge and rel ease of

radi oactivity

to the environnent. |In pronulgating the ATWS rule, the Commi ssion stated
t hat
this new regulation would "significantly reduce the risk of nuclear power
pl ant operation.” The staff prepared a regulatory analysis for the ATWS
rule

in which they used PRA infornation to evaluate the costs and values (to
estimate the value/inpact ratio) of various alternatives for inplenenting
t he

new ATWS requirenents.

The estimated benefit frominplenenting the rule was a reduction in the
frequency of core damage per reactor-year due to ATWS and the associ ated
reduction in risk to the public from accidental rel ease of radioactive

material. Thus, severe accidents were considered in pronulgating the
ATWS

rule in order to reduce the risk froma postul ated acci dent beyond the
desi gn

basis. These remarks apply equally to the station blackout rule in the
fol | owi ng di scussi on.

Station Bl ackout Rule. Station blackout (SBO) involves the concurrent



failure

of both offsite and onsite energency AC power supplies. This condition
represents an acci dent beyond the normal design basis. [In 1975, the
results

of the Reactor Safety Study (WASH-1400) showed that station bl ackout
coul d be

an inportant contributor to the total risk from nucl ear power plant

acci dent s.

Subsequent technical evaluations and risk studies showed that no undue
risk

existed with or without promrul gation of the station blackout rule.
However,

station blackout could still be an inportant contributor to residua
risk.

Therefore, the Conmi ssion issued the Station Blackout Rule (10 CFR 50. 63)
to

enhance safety by accident prevention and thereby reduce the |ikelihood
of a

core damage acci dent caused by a station blackout event. |IPE results
from

draft NUREG 1560, "Individual Plant Exam nation Program Perspectives on
Reactor Safety and Pl ant Performance," dated Novenmber 1996, indicate that
significant reduction in CDF is achievable through the inplenentation of
t he

SBO rule. For 15 plants, including both PWRs and BWRs, for which risk
reduction values were provided, the average val ue of CDF reduction was
reported to be 2x10-5 per reactor year.

Policy Statenment on Severe Reactor Accidents Regardi ng Future Designs and
Exi sting Plants. This policy statenent (April 1983) describes how the
Comni ssion intended to resolve safety issues related to reactor accidents
nor e

severe than design basis accidents. The focus is on guidance for

regul atory

deci si on maki ng on how severe acci dent issues should be treated for

exi sting

and future nuclear reactors, with special focus on certification of new
standard pl ant designs. Although the Comr ssion concluded that existing
pl ants do not pose an undue |evel of risk to the public, the Conm ssion
expects new standard plants will achieve a higher standard of severe

acci dent

safety performance than prior designs.

The expectation that new designs can achi eve a higher standard of severe
acci dent safety performance is based on the growing information that has
cone

fromresearch and operating reactor experience that has inproved our
know edge

of specific severe accident vulnerabilities and cost-effective nethods
for

their mtigation. Realistic evaluations of core-nelt accidents and
potenti al

contai nment failure are expected to be performed for these designs taking
into



account severe acci dent phenonena such as dynanic and static | oading from
combustion of hydrogen and ot her conbustibles, static pressure and

t enperature

| oadi ngs from st eam and non-condensi bl es, basemat penetrati on by
core-nelt

materials, and effects on aerosols on engi neered safety features.

For existing plants, the Conm ssion policy stated that no further

regul atory

actions to deal with severe accident issues are required unless

si gni fi cant

new safety information arises to question the conclusion that existing
pl ants

pose no undue risk to public health and safety. To verify this
concl usi on,

licensees of each operating reactor were expected to perform an acci dent
safety anal ysis designed to discover instances of particul ar

vul nerability to

core melt or to unusually poor containnment performance given a core nelt
(See

| PE di scussi on bel ow).

Wth regard to future reactors, the Comr ssion deternined that, for new
designs to denpnstrate acceptability regardi ng severe acci dent concerns,
t hey

must undergo a Probabilistic Ri sk Assessnment (PRA) to eval uate potenti al
severe accident vulnerabilities and to develop insights into

desi gn-specific

pl ant behavi or under severe accident conditions.

Integration Plan for Closure of Severe Accident |Issues. |In 1988 the
st af f

sent a plan to the Comm ssion for closure and integration of severe
acci dent

i ssues (SECY-88-147, May 25, 1988). This plan provided a coordinated
effort

to ensure fulfillnment of the Commission's Severe Acci dent Policy

St at enent .

The six main elenments of the plan are: (1) the individual plant

exam nation

(I PE) program (2) a containnent performance inprovenents (CPl) program
for

each of the six containnment types, (3) a programto inprove plant
oper ati ons,

(4) a severe accident research program (SARP), (5) an external events
program

and (6) an acci dent managenent program Conpletion of the elenents of
this

pl an woul d constitute a basis to ensure that the residual risks to the
public

from severe accidents at nuclear power plants are mninized in an

ef fective

manner. Each year the staff informs the Conm ssion on the status and



pr ogress
in inplenenting the elenents of the integration plan. The |atest update
was

provi ded to the Conm ssion (SECY-97-132, June 23, 1997). Therefore, that
information will not be repeated in this paper.

There were regul atory decisions that have been made in which severe

acci dent

risk was an inportant factor in the decision-nmaking process. The CP
program

assessed generic severe accident challenges to each LWR contai nnment type
to

det ermi ne whet her additional regul atory gui dance or requirenments
concerni ng

needed contai nment features are warranted. Such assessnents were deened
necessary at the tinme because of the relatively large uncertainty in the
ability of LWR containments to successfully survive sone severe acci dent
chal | enges. For each contai nnent type, a nunber of generic potenti al
contai nment and plant inprovenents were evaluated to deternine the
potenti al

benefits in ternms of reducing the core nelt frequency, contai nment
failure

probability, and offsite consequences. A cost-benefit analysis was done
to

determne the priorities and recommendati ons for the various

al ternatives.

Based on the results of this analysis, the staff issued a generic letter
(Generic Letter 89-16) to licensees with Mark | contai nnents requesting
t hat

har dened vents for contai nnment pressure relief capability be install ed.
Subsequently, all operating MARK | plants installed hardened vents.

Al t hough

no generic inprovenents were identified for the other contai nnent types,
a

nunmber of insights were identified that were provided to |icensees
(Generic

Letter 88-20, Supplenent 3) for use in their Individual Plant

Exami nati ons.

Fol | owi ng SECY-88-147, the staff issued a revised SARP Pl an ( NUREG 1365,
August 1989). A significant portion of the revised SARP was directed

t owar d

i ssues that related to najor areas in the Integration Plan. 1In
particul ar,

i ssues and acci dent sequences that lead to potential early contai nnent
failure

(e.g., direct containnent heating and BWR Mark | contai nnent shel

nmel tt hrough) were the focus of near-termresearch because these issues
wer e

considered to be of high risk significance. 1n 1992 the staff issued an
update to the SARP Pl an (NUREG 1365, Rev. 1, Decenber 1992). Anong ot her
things, this update identified the near-term severe accident issues that
wer e

cl osed or were near conpletion and described the progress in



under st andi ng
ot her inportant severe acci dent phenonena.

Significant efforts have been applied to assess the risk from and the
i keli hood of, potential early containnent failure in the event of a
severe

accident. Two of these issues have been resolved: early failure of the
Mark |

contai nment due to direct contact between core debris and the
cont ai nnent, and

t he al pha-node (steam expl osion) contai nment failure. For the issue of
contai nment attack fromcore debris, it was concluded that if water is
assuned

to overlie the nolten core naterial as it spreads on the drywell fl oor

t owar d

the containment liner, containment failure would be physically

unr easonabl e.

In the absence of water, however, it was concluded that the contai nment
barrier would be failed. This information was provided to licensees for
t heir

consi deration in devel opi ng acci dent managenent procedures. As a result,
t he

BWR owners' group prepared a docunent entitled "Emergency Procedures and
Severe Accident Guidelines" that increases the priority for using drywell
sprays to provide water to the drywell to prevent liner neltthrough in

t he

event of a severe accident. The staff will continue to work with the
Omner s’

Group to ensure that the final guidelines are consistent with the

t echni cal

conclusions of the liner mneltthrough issue.

The al pha-node failure of the contai nnent (steam expl osion) was
identified in

WASH- 1400 as a potentially inportant contributor to early contai nnent
failure

Al pha-node failure was postulated to occur as a result of an in-vesse

st eam

expl osion that produces a nissile that could subsequently result in
contai nment failure. This node of containnent failure was al so eval uated
during the IPE reviews for certain plants. However, it has been

concl uded

that the overall |ikelihood of early failure fromthis challenge is |ow
Al pha-node failure was al so evaluated in NUREG 1150 and was deternined to
have

a likelihood too low to be an inportant severe accident issue. In June
1995,

the Second Steam Expl osi on Revi ew Group Wirkshop (SERG 2) was held to
revi ew

the status of fuel-coolant interaction research. The results of this
revi ew

neeting were published in NUREG 1524, "A Reassessnment of the Potentia
for an

Al pha- Mode Contai nnment Failure and a Review of the Current Understandi ng



of

Broader Fuel - Cool ant Interaction |Issues,” in August 1996. The overal
conclusion of the majority of the international experts participating in
SERG 2, was that al pha-node failure was a very |ow probability event and
t herefore

resolved froma risk perspective.

Direct containment heating (DCH) was identified as one of the inportant
contributors to early containnment failure for PARs in NUREG 1150 and in
t he

IPEs. DCH refers to the process whereby under certain accident

scenari os,

nol ten core debris is ejected under high pressure fromthe reactor vesse
into

t he contai nment atnosphere. The subsequent rapid heating of the
cont ai nrent

at rosphere, in conjunction with possible hydrogen conbustion, can lead to
early containment failure. The staff has conpleted a significant portion
of

its evaluation of DCH which involved a substantial amunt of testing and
analysis. The results indicate that for 41 Wstinghouse |large, dry and
subat nospheri ¢ contai nnent reactors, DCH poses no tangible threat to
contai nment integrity. The resolution of this issue for a substanti al
nunber

of plants elinmnates this natter fromfurther analysis. (It should be
not ed

t hat several concerns have been raised by an individual regarding the
resolution of DCH  These concerns are being reviewed by the staff.)
Additional work is under way to resolve this issue for the remaini ng PWR
pl ant s.

Policy Statenment on Safety Goals for the Operations of Nucl ear Power

Pl ant s.

The Commission's policy statenent on safety goals (August 1986) focuses
on

risks to the public fromthe rel ease of radioactive materials to the
environment for normal operations as well as from accidents. The
Commi ssi on

established two qualitative safety goals which are supported by two
gquantitative objectives. Based on the quantitative objectives, the staff
is

using a subsidiary safety goal objective for core damage frequency (CDF)
of

1x10-4 per reactor year for screening purposes in prioritizing regulatory
activities and for maki ng conpari sons between predicted plant perfornmance
under severe accident conditions and the Conmi ssion's safety goals. The
st af f

is also proposing the use of a CDF guideline of 1x10-4 per reactor year
for

use in risk-informed decision nmaking along with a large early rel ease
frequency (LERF) of 1x10-5 per reactor year.

In devel oping this policy statenment, the Comr ssion considered that
severe



core damage accidents can lead to nore serious accidents with the
potenti al

for Iife-threatening offsite release of radiation, for evacuation of
menber s

of the public, and for contam nation of public property. 1In order to
avoi d

t hese adverse consequences, the Conm ssion also stated that it will

conti nue

to pursue a regulatory programthat has an objective of providing
reasonabl e

assurance (while giving appropriate consideration to the uncertainties

i nvol ved) that a severe core damage accident will not occur at a U S
nucl ear

power plant. A nunber of uncertainties (e.g., thermal-hydraulic
assunptions

and the phenonenol ogy of core nelt progression, fission product rel ease
and

transport, and contai nnent | oads and performance) arise because of a | ack
of

severe accident experience or detailed knowl edge of accident
phenonenol ogy

along with data related to probability distributions. However,
sensitivity

studi es can be performed to determ ne which of these paraneters are nost
important to probabilistic estimates. Sensitivity studies such as these
have

been used during the design certification reviews of the ABWR System 80+
and

AP600 advanced ALWR desi gns.

Prioritization of Generic Safety Issues. After TM, many new generic
safety

i ssues were raised. The TM-2 action plan called for early resolution of
generic safety issues. Prior to TM, a nethodol ogy was devel oped to
prioritize issues based on a quantitative estimate of the risk reduction
associated with the potential change in requirenments that could result
from

resolving an issue and the estimted costs to inplenent such a change.
After

TM, risk-informed prioritization was further devel oped and utilized as
an

i nput to generic regulatory decisions involving the use of resources by
licensees. The primary purpose of prioritizationis to assist in the
tinmely

and efficient allocation of resources to those generic safety issues that
have

a high risk inplication. The methodology and criteria for assigning
priorities are docunmented in NUREG 0933, "A Prioritization of Generic

Saf ety

| ssues."” High, medium low, or drop priority rankings for each issue are
determ ned based on the estimated i npact/value ratio (dollars per

person- Rem

and change in core danmge frequency per reactor-year associated with the
i ssue. The value, or risk reduction estimtes, are based on the expected



reduction in radiol ogi cal consequences that the resolution could effect.

Regul atory Analysis. The NRC perfornms regul atory anal yses for all

pr oposed

new requirenents. This analysis includes an assessnent of the val ue and
i npacts of the proposed actions (e.g., rules, bulletins regulatory

gui des) by

denmonstrating that a substantial increase in the overall protection of

t he

public health and safety is justified in light of the costs for

i mpl enmenting

the new requi rement. NUREG BR-0058, Rev. 2, "Regulatory Analysis

Gui del i nes

of the U.S. NRC," provides guidance on perfornming regul atory anal yses.
Severe accident risk is considered in these regulatory analyses. Part of
t he

regul atory analysis includes a safety goal evaluation in which changes in
t he

esti mated core damage frequency per reactor-year are considered in
addition to

the estimated conditional probability of early containnment failure or
cont ai nment bypass. NUREG BR-0184, "Regul atory Anal ysis Technica

Eval uati on

Handbook, " provides nore details on the preparation of regul atory

anal yses to

aid NRC in deciding whether or not a proposed new regul atory requirenent
shoul d be inmposed. This report includes a discussion on the safety goal
evaluation as well as detail ed guidance on the performance of the

val ue-i npact

anal ysis portion of the regulatory analysis. An inportant part of the
val ue

part of the equation is an estimte of the expected change in radiation
exposure to the public due to changes in accident frequencies or
consequences

associated with the proposed action. Inprovenment in the state of

know edge

for factors such as accident frequencies or consequences can ultimtely
| ead

to a reduction in uncertainty.

I ndi vi dual Plant Exanmination (IPE) and |ndividual Plant Examni nation of
External Events (I PEEE) for Severe Accident Vulnerabilities. In the
Comni ssion policy statenment on severe accidents in nuclear power plants,

t he

Comni ssion concl uded, based on available infornation, that existing

pl ants

pose no undue risk to the public health and safety and that there is no
present basis for imrediate action on generic rul emaki ng or other

regul atory

requirements for these plants. However, the Commi ssion recogni zed, based
on

NRC and industry experience with plant-specific PRAs, that systematic
exani nations are beneficial in identifying plant-specific vulnerabilities
to



severe accidents that could be fixed with | ow cost inprovenents.

Theref ore,

in November 1988, the staff issued Generic Letter 88-20 that requested
each

existing plant to performa systematic exam nation (i.e., IPE) to
identify any

pl ant-specific vulnerabilities to severe accidents.

The general purpose of this exanination was for each utility (1) to
devel op an

appreci ati on of severe accident behavior, (2) to understand the nost
likely

severe acci dent sequences that could occur at its plant, (3) to gain a
nor e

gquantitative understandi ng of the overall probabilities of core danmage
and

fission product releases, and (4) if necessary, to reduce the overal
probabilities of core damage and fission product rel eases by nodifying,
wher e

appropriate, hardware and procedures that would help prevent or mtigate
severe accidents.

In addition to internal events, risk assessnents had al so indicated that
t he

risk fromexternal events could be a significant contributor to core
damage in

sone instances. Therefore, in 1991, the staff issued Supplenment 4 to
Generic

Letter 88-20 that requested each utility to performa systematic

i ndi vi dua

pl ant exam nation for severe accidents initiated by external events

(1 PEEE) .

The general purpose of the IPEEE was sinmilar to that of the interna
event | PE

that was requested in Generic Letter 88-20. Utilities were requested to
submit the results of their I PE and | PEEE for each plant to the NRC

Policy Statenment on the Regul ation of Advanced Nucl ear Power Pl ants.
Thi s

policy statement (July 8, 1986) states that advanced reactors are
expected to

provi de enhanced margins of safety and/or utilize sinplified, inherent,
passi ve, or other innovative nmeans to acconplish their safety functions.
Features shoul d be considered in advanced designs that mininize the
potenti al

for severe accidents and their consequences by providing sufficient

i nher ent

safety, reliability, redundancy, diversity, and i ndependence in safety
syst ens.

Policy Statenment on the Use of Probabilistic Ri sk Assessnment Methods in
Nucl ear Activities (August 1995). Using information from PRAs enhances
t he

traditional determnistic approach to regulation by providing a | ogical



nmeans
to prioritize potential challenges to safety based on their risk

si gni fi cance.

Significant inprovenents in PRA techniques (e.g., NUREG 1150), as well as
t he

results of a substantial research program on severe acci dent
phenonenol ogy

since TM, enabled the Comrission to greatly inprove its nethods for
assessing

cont ai nment performance after a core-damage accident. Therefore, the
Comni ssion issued a policy statenment to expand the use of PRA in al
regulatory matters as a conplenent to the NRC s deterninistic approach
and

def ense-i n-depth philosophy. 1In the policy statenent it is stated that

t he

obj ectives of the use of a probabilistic approach in regulation are:

(1) to allow consideration of a broader set of potential challenges to
safety,

(2) to provide a logical neans for prioritizing these chall enges based on
risk

significance, and (3) to allow consideration of a broader set of
resources to

def end agai nst these chall enges.

PRA I nplementation Plan. |In parallel with the publication of the fina
policy

statenment, the staff devel oped an inplenentation plan to define and
organi ze

the PRA-rel ated activities being undertaken. Each quarter the staff
provi des

an update to the Conm ssion on the progress of activities in the PRA

| rpl enentation Plan. (The nost recent quarterly update was SECY-97-076,
dat ed

April 3, 1997.) These activities cover a wi de range of PRA applications
and

i nvolve the use of a variety of PRA nethods. For exanple, applications
i nvolve the use of PRA in the assessnent of operational events in
reactors;

devel opi ng gui dance for NRC i nspectors on focusing inspection resources
on

ri sk-i nportant equi pnent; and regul atory guides for inservice testing,
gr aded

qual ity assurance, and changes to plant technical specifications. Key
i ssues

that are being addressed in developing this guidance relate to

ri sk-inforned

deci sion making, in particular, criteria to all ow changes to overal

pl ant

risk. SECY-97-077, dated April 8, 1997, provided the Commi ssion with
four

draft Regul atory Cuides, three draft Standard Review Plan sections, and
draft

NUREG- 1602, "The Use of PRA in Risk-Informed Applications,” that support
i mpl ement ation of risk-infornmed regulation for power reactors.



One of the four draft regulatory guides that has been rel eased for public
comrent describes the general approach for using PRA in naking

ri sk-inforned

deci sions on plant-specific changes to an operating plant's current

i censing

basis (CLB). This general approach is docunented in Draft Regul atory

Gui de

DG 1061 (Attachnent 2 to SECY-97-077). |In this draft docunent, guidance
is

provided on using risk information in support of licensee-initiated CLB
changes that require review and approval by the NRC. This effort is a
part of

the activities associated with Direction Setting Issue 12, QOperating
React or

Program Oversight. Consideration is explicitly given on assessing the

i npact

t hat proposed changes to the plant's CLB have on the risk associated with
t he

pl ant's design and operation. One of the principles used in inplenenting
this

ri sk-infornmed decision naking is that proposed increases in risk should
be

smal | and shoul d not cause the NRC safety goals to be exceeded. Core
damage

frequency (CDF) and large early rel ease frequency (LERF) are proposed as
nmeasures for nmaking risk-infornmed regul atory decisions. Therefore,

i ncreases

in CDF and LERF resulting from proposed CLB changes are linmted to snal

i ncrenments. Regulatory Guide DG 1061 includes acceptance gui delines for
various conbinations of initial (baseline) plant CDF and LERF and

cal cul at ed

changes in these val ues expected to result fromthe inplenmentation of a
proposed risk-informed, perfornmance-based change in plant operation

Resul ts

of plant-specific PRAs are conpared with the acceptance gui delines taking
into

account significant nodel uncertainties in PRAs including the
phenonenol ogy of

acci dent progression and mechanisns for the rel ease of fission products.



